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Abstract
It is crucially important to detect subarachnoid haemorrhage (SAH) in all patients in whom it has occurred to select patients for

angiography and preventative surgery. A computerized tomography (CT) scan is positive in up to 98% of patients with SAH

presenting within 12 h, but is positive in only 50% of those presenting within one week. Cerebrospinal fluid (CSF) bilirubin

spectrophotometry can be used to determine the need for angiography in those few CT-negative patients in whom clinical

suspicion of SAH remains high; it may remain positive up to two weeks after the event. A lumbar puncture (LP) should only be

performed .12 h after the onset of presenting symptoms. Whenever possible collect sequential specimens. Always ensure

that the least blood-stained CSF sample taken (usually the last) is sent for bilirubin analysis. Protect the CSF from light and

avoid vacuum tube transport systems, if possible. Always use spectrophotometry in preference to visual inspection. All CSF

specimens are precious and should always be analysed unless insufficient sample is received. Centrifuge the specimen at

.2000 rpm for 5 min as soon as possible after receipt in the laboratory. Store the supernatant at 48C in the dark until analysis.

An increase in CSF bilirubin is the key finding, which supports the occurrence of SAH but is not specific for this. In most

positive cases, bilirubin will occur with oxyhaemoglobin.
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Introduction

Subarachnoid haemorrhage (SAH) is spontaneous arterial
bleeding into the subarachnoid space, usually from a cer-
ebral aneurysm.1 Patients who have bled and in whom the
diagnosis is initially missed often present with a further
bleed, in a poorer condition and with a worse outcome
than those in whom the correct diagnosis is made
promptly.2,3 It is thus crucially important to detect SAH in
all patients in whom it has occurred.

The initial investigation – the demonstration of blood on
a computed tomography (CT) scan – will, in experienced
hands, be positive in 98% of patients with SAH presenting
within the first 12 h after an event,4 but positivity falls
with time to about 50% in patients presenting after one
week.5 Patients with a positive CT usually proceed to angio-
graphy, a resource-intensive procedure, to confirm the

presence of an aneurysm and locate its site so that it can
be treated to prevent a re-bleed. There is a need for a pro-
cedure for detecting those CT-negative patients presenting
with a history suggestive of SAH who actually have sus-
tained SAH,4 and to eliminate the possibility of SAH in
the remainder without the need for angiography. Best esti-
mates are that a UK hospital may see up to 150 patients
per annum with symptoms of SAH who are CT-negative;
some 2–3% of these will be proven to have a ruptured
aneurysm.4

Following haemorrhage into the CSF, red blood cells
undergo lysis and phagocytosis; the liberated oxyhaemoglo-
bin is converted in vivo in a time-dependent manner into
bilirubin,6 and sometimes methaemoglobin.7 Of these
three pigments, only bilirubin arises solely from in vivo
conversion. However, CSF bilirubin will also be increased
when CSF total protein or serum bilirubin is increased.
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Oxyhaemoglobin and methaemoglobin may both be
produced in vitro as well as in vivo.8

Bilirubin may be detected in CSF by spectrophotometry
or by visual inspection for the yellow discoloration (xantho-
chromia) it imparts to CSF. Evidence clearly indicates that
visual inspection is not a reliable method.9,10 Analysis of
bilirubin in CSF using diazo methods has not been ade-
quately validated and should not be used.

We now propose revised guidelines for the specimen
requirements, transport, handling and analysis of CSF and
interpretation in suspected SAH with a negative CT scan.
Notes to these guidelines, printed as Appendix 1, provide
the reasoning behind our recommendations.

Specimen requirements and transport

A protocol for specimen requirements and transport is pro-
vided in Appendix 1, although modification may be required
to meet local needs. Essentially, the requirements are:

† CSF samples should ALWAYS be analysed if sufficient
sample is received.

† The specimen for spectrophotometry should be the least
blood-stained fraction of CSF to be taken (usually the
last and ideally at least the fourth [Note a]).

† The volume requested must be that which enables the
analysis to be undertaken without dilution (Note b),
and will be determined by local requirements.

† The specimen should be protected from light (Note c).
† Use of pneumatic tube systems to transport the specimen

to the laboratory is best avoided,11 but the overriding
consideration is rapid transport of the sample to the lab-
oratory (Note a).

† A simultaneous blood specimen should be taken for
serum bilirubin and total protein measurement.

† The timing of sampling relative to that of possible haem-
orrhage should be recorded. This should be no less than
12 h (Note d).

It is advised that prospective protocols are discussed with
users of the service.

Specimen handling

The specimen designated for spectrophotometry should be
centrifuged at .2000 rpm for 5 min as soon as possible
after receipt in the laboratory and in any case within 1 h
of collection. The supernatant should be stored in the dark
at 48C until analysis (Note c).

Analysis

† Perform a zero-order spectrophotometric scan on the
supernatant between 350 and 600 nm using a recording
spectrophotometer and a cuvette with a 1 cm path
length. Use an initial full-scale deflection (FSD) of 0.1
absorbance units (AU). If any peaks exceed 0.1 AU,
scale as appropriate but never use an FSD , 0.1 AU
(Note e).

† The specimen should not be diluted.

Inspect the scan and identify and record the presence of the
following haem pigments:
† Oxyhaemoglobin: absorbance maximum between 410 and

418 nm.
† Bilirubin: either a broad peak in the range 450–460 nm or

a shoulder adjacent to an oxyhaemoglobin peak if
present.

† Methaemoglobin: the rarest pigment and if present usually
manifests as a broader peak than oxyhaemoglobin, occur-
ring between 403 and 410 nm.

Calculate the net bilirubin absorbance (NBA) according to
Chalmers’ modification12 to the original method of
Chalmers and Kiley13 as follows (Note f ):
† Draw a predicted baseline, which forms a tangent to the

scan between 350 and 400 nm and again between 430 and
530 nm. This baseline should never cut the scan.

† Measure the absorbance of the scan above this predicted
baseline at 476 nm; this is the NBA. If the baseline forms a
tangent to the scan before 476 nm, then the measured
NBA is by definition zero.

† Also measure the absorbance of any oxyhaemoglobin
peak above this predicted baseline; this is the net oxyhae-
moglobin absorbance (NOA).

Illustrative zero-order spectra are shown in Figures 1a–e.

Reporting and interpretation

The following is the most appropriate advice that we can
provide regarding reporting and suggested interpretative
comments. For each case, the final interpretation should
take into account the available clinical information and the
known dynamic production of haem pigments following a
bleed as outlined in the Introduction. Following SAH, the
appearance of the CSF may be bloodstained and the CSF
protein may be raised. Bilirubin is the key spectrophoto-
metric finding. Most positive cases exhibit both bilirubin
and oxyhaemoglobin. Bilirubin occurring on its own
would not be expected within the first few days, but
becomes an increasingly possible finding as the second
week progresses.

NBA � 0.007 AU and NOA � 0.02 AU

Report as: ‘Bilirubin and oxyhaemoglobin not increased. No
evidence to support SAH.’

NBA � 0.007 AU and NOA .0.02 AU but ,0.1 AU

Report as: ‘Bilirubin not increased. Small amount of oxyhae-
moglobin detected. No evidence to support SAH.’

NBA � 0.007 AU and NOA � 0.1 AU

Report as: ‘Oxyhaemoglobin is present in sufficient concen-
tration to impair the ability to detect bilirubin. SAH not
excluded.’

................................................................................................................................................
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NBA . 0.007 AU and NOA � 0.02 AU or NOA . 0.02
AU but with no visible oxyhaemoglobin peak

(a) Serum bilirubin �20 mmol/L and CSF protein
�1.0 g/L.

Report as: ‘Increased CSF bilirubin. Consistent with SAH.’
(This would be an unusual pattern within the first week
after an event.)

(b) Serum bilirubin .20 mmol/L and CSF protein
�1.0 g/L.

Apply formula to calculate an adjusted NBA (Appendix 2).

If adjusted NBA . 0.007 AU

then report as: ‘Increased CSF bilirubin. Consistent with
SAH.’ (This would be an unusual pattern within the first
week after an event.)
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Figure 1(a–e) Representative spectrophotometric scans showing net bilirubin absorbance (NBA) at 476 nm above a tangential baseline as described in the text.

1(a) A normal cerebrospinal fluid with essentially no bilirubin; scan and baseline (not drawn) are superimposable. 1(b) NBA within the reference range. 1(c)

Oxyhaemoglobin with zero NBA. 1(d) Oxyhaemoglobin with NBA within the reference range. 1(e) Oxyhaemoglobin with an increased NBA. In practice, such

scans are best visualized filling the whole of an A4 page in landscape mode

................................................................................................................................................
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If adjusted NBA � 0.007 AU

then report as: ‘Increased CSF bilirubin but probably totally
accounted for by increase in serum bilirubin. Not suppor-
tive of SAH.’

(c) CSF protein .1.0 g/L, whatever the serum bilirubin.

Report as: ‘Increased CSF bilirubin. This finding may be
consistent with: SAH; an increased bilirubin accompanying
the increased CSF protein; or other source of CSF blood.
Interpret result with caution in relation to SAH especially
if within first week of event.’

NBA .0.007 AU and NOA .0.02 AU with visible oxy-
haemoglobin peak

Report as ‘Bilirubin and oxyhaemoglobin increased.
Consistent with SAH’

Methaemoglobin detected

This is an unusual finding and probably related to artefac-
tual conversion of oxyhaemoglobin (Note k). Therefore,
when methaemoglobin is present, the significance of the
finding is the same as if oxyhaemoglobin had been detected.

Decision tree

A decision tree (Figure 2) outlines the steps involved in
producing the key laboratory information for the detection
of a subarachnoid bleed.

Standards based on these guidelines

(1) The laboratoryshouldprovide instructions for userswhich
provide details of requesting, specimen requirements,
transport and interpretation (see example in Appendix 1).

(2) There should be standard operating procedures (SOPs)
in place for specimen handling, analysis, reporting and
interpretation.

CT

SAH Lumbar puncture if safe to 
do so at >12 hr post event

Spectrophotometry
and total protein

Adjust for serum bilirubin if appropriate

NOA >0.02 with visible OHb peak

Chalmers calculation
NBA

NBA ≤0.007

NBA >0.007

CSF Total Protein 
<1.0g/L

NO

INCONCLUSIVE
(NOA may mask 

low NBA)

Positive 
blood

Negative blood/ 
equivocal

Interpret with 
caution

NO

NOA <0.1

YES

No evidence to 
support SAH

NBA = Net Bilirubin Absorbance
NOA = Net Oxyhaemoglobin Absorbance
SAH = Subarachnoid haemorrhage

YES

Consistent 
with SAH

NO

Adjusted NBA >0.007

YES

NOYES

No evidence to 
support SAH

Consistent 
with SAH

Figure 2 Bilirubin absorbance in cerebrospinal fluid for detection of intra-cranial bleed
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(3) The laboratory must participate in an appropriate exter-
nal quality assurance scheme.

(4) It is unlikely that a laboratory will build up sufficient
expertise unless a minimum of 25 specimens are ana-
lysed annually.

(5) The nature of the analytical service that a laboratory pro-
vides, e.g.whether it is available onlywithin certain hours
or at all times, will be dependent upon local needs. In par-
ticular, these will be determined by the tertiary centre’s
referral policy, access to its beds and availability of angio-
graphy. Both the analytical and interpretative aspects of
the service should be provided together.

(6) To meet the requirements of clinical governance all spec-
trophotometric scans should be kept in an appropriate
form for recall for a minimum of two years.

(7) Spectrophotometers should be serviced regularly and
undergo regular absorption and wavelength checks.

Notes to the guidelines

(a) In addition to the oxyhaemoglobin which appears after
a SAH, it also commonly arises either from the in vitro
lysis of red cells in the CSF obtained following puncture,
or from the trauma of the puncture itself. As explained
in note (g) below, such oxyhaemoglobin may interfere
with the detection of bilirubin and is a confounding
element in interpretation. Therefore every effort
should be made to eliminate it. It is for this reason
that CSF taken for spectrophotometry should be col-
lected into a separate container to those in which the
first few mL of fluid are placed, and why transport by
pneumatic tube is not recommended.

(b) As explained in note ( j) even small increases above the
reference range are sufficient to be consistent with a
SAH and therefore indicate the need for angiography.
Dilution of the specimen will decrease the certainty
with which such increases may be detected.

(c) Stability studies have shown that CSF stored in a plastic
tube and exposed to spring daylight through a north-
facing window showed a bilirubin decay rate of at
least 0.005 AU/h. CSF specimens must therefore be pro-
tected from light to avoid this phenomenon, which may
lead to false-negative results.

(d) Current consensus is that CSF should not be examined
for bilirubin earlier than 12 h after an event. This is
based on two strands of evidence.
(1) That bilirubin forms 9–15 h after a bleed.6,14 We

have been unable to review the evidence on which
this statement has been made.

(2) That in a series of 111 patients positive for blood on
CT, all subject to LP after 12 h, xanthochromia was
present in all.15 This evidence must be reviewed
with caution due to the ambiguous definition of
xanthochromia.

It is also commonly believed that xanthochromia will be
evident in all patients up to two weeks following a
bleed. Again this is based on an inappropriate group,
those who were positive for blood on CT.15 In patients
who are negative for blood on CT who may be negative

due to late presentation or small bleeds, we cannot be
certain about this period of two weeks. In our experi-
ence, we have detected an increased CSF bilirubin in
two patients subsequently shown to have ruptured
aneurysms where the CSF was taken at 11 and 14
days after the onset of symptoms.

(e) Derivative spectroscopy has been found to be of value
by some analysts, but requires considerable experience
in interpretation. It is therefore not recommended.

(f ) We have confirmed that, on 58 CSF specimens with
bilirubin NBA 0.003–0.251 (24 of which contained
oxyhaemoglobin in addition to bilirubin), there was
no significant difference between the NBA obtained
by the original Chalmers and Kiley method13 and that
by the modification of Chalmers.12

(g) Out of 740 spectrophotometric scans reviewed from
CT-negative patients in four participating centres, 425
had no oxyhaemoglobin and �0.007. Angiograms
were performed in 31 of these 425 patients and no
aneurysms were found.

(h) From the same series, 204 CSFs were reported as
containing oxyhaemoglobin with NBA � 0.007.
Twenty-nine of these patients had angiography. In
only two instances was an aneurysm found and in
one of these the NOA was .0.1 AU.

(i) Experiments using a combination of increasing bilirubin
and oxyhaemoglobin concentrations have indicated that
at an NOA of .0.1 AU there begins to be an under
recording of NBA.

( j) Originally, Chalmers and Kiley13 indicated a reference
range for NBA of 0–0.007; values 0.010–0.015 were
classed as equivocal and values .0.015 as positive. In
the series quoted above, CSFs from three patients with
proven ruptured aneurysms have yielded NBA of 0.008,
0.015 and 0.016. In addition, we are aware of three
CT-positive patients with proven aneurysms where the
CSFs have yielded NBA of 0.008, 0.012 and 0.019. We
therefore recommend that values of a NBA . 0.007 are
a clear indication for angiography. In the series quoted
above, 27 patientswithNBA . 0.007 proceeded to angio-
graphy of which 12 were found to have aneurysms.

(k) While there is documented evidence for the production
of methaemoglobin following SAH, it was such an
uncommon finding in the series quoted (in four
patients, one of whom was angiography positive) that
no clear indication of its significance could be obtained.
Very recent work, which needs to be confirmed, has
implicated high concentrations of iodine (widely used
as a skin disinfectant) as being involved in in vitro
methaemoglobin formation.
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Appendix 1

Exemplar protocol for the collection, handling and
transport to the laboratory of cerebrospinal fluid
requiring spectrophotometric scanning for the
detection of bilirubin

Principle
This test is performed to try to identify those patients who
have had a SAH but in whom the CT scan is negative.
The spectrophotometric scan detects bilirubin in CSF and
this finding is consistent with a bleed into the CSF.

The formation of bilirubin after haemorrhage is a time-
dependent process and bilirubin may not be detectable
soon after the event (e.g. onset of severe headache). On
current evidence, it is recommended that CSF is not
sampled until at least 12 h after a suspected event. The
opening pressure should always be recorded when perform-
ing a LP. LP is contraindicated in patients with papilloe-
dema, focal neurological deficit or reduced consciousness.

Please indicate on the request form:

† Clinical indication for request.
† Result of CT scan.
† Time of onset of symptoms/event.
† Time of LP.
† If the differential diagnosis includes meningitis.

Specimens
† CSF may also be required for microbiological examin-

ation and for protein and glucose estimation. Sufficient

CSF will therefore be needed for all of these required
investigations.

† Label three 28 mL sterile universal containers and one
yellow-top fluoride EDTA tube each with the patient’s
name, hospital number, ward, date of birth, time that the
CSF was obtained and the sequence order of sampling.

† The first specimen should be a minimum of 0.5 mL of CSF
placed in a yellow-top fluoride EDTA tube for glucose and
protein estimations. This specimen should be sent to
Clinical Biochemistry.

† Microbiology requires at least 5 mL of CSF divided into two
sequentially numbered sterile 28 mL universal containers
labelled ‘second’ and ‘third’. These two specimens must be
delivered to theMicrobiologyDepartment as soonaspossible.
Use of the pneumatic tube delivery system should be avoided.

† A furtherminimum of 1 mL of CSF should be placed in the
final (labelled ‘fourth’) sterile 28 mL universal container
for the spectrophotometric scan. (NB 1 mL is about 20
drops from the Luer connector on a needle). Protect this
sample from the light by placing it in a thick brown envel-
ope outside the usual plastic specimen bag.

A blood specimen should be taken at the same time for
serum bilirubin, total protein and glucose estimation that
are needed to aid interpretation.

These samples must also be delivered to the Clinical
Biochemistry Department as soon as possible. Use of the
pneumatic tube delivery system is best avoided.

If this procedure is not followed analysis is likely to be
compromised.

................................................................................................................................................
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Text in italics indicates those details subject to local
requirements.

Appendix 2

Adjustment of net bilirubin absorbance for an
increase in serum bilirubin

The predicted absorbance (PA) of a CSF at 476 nm due to
bilirubin can be calculated according to the equation.16–18

PA ¼ CSF total protein (g/L)
Serum total protein (g/L)

� Serum bilirubinmmol/L� 0:042AU
ð1Þ

Then adjusted NBA ¼ measured NBA-PA ð2Þ

We recommend use of this formula because it has been vali-
dated for use:

(1) In neonatal jaundice,19 albeit often at higher bilirubins
than are encountered in adults;

(2) In a group of 12 patients with increased serum bilirubin
and CSF protein up to 1.0 g/L where predicted – actual
NBA produced a mean value of – 0.002 AU.

We do not recommend it for use where the CSF bilirubin
is increased due to an increased CSF protein alone,
or where there is an increased serum bilirubin and
the CSF protein is greater than 1.0 g/L, because of lack
of validation.

For further information please refer to recently published
correspondence.20
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14 EQAS results: any use in problem solving?
J Kane, Salford

14 Decision limits, assay bias and UK NEQAS
J H Barth, Leeds

14 Misconduct in medical research
P Wilmshurst, Shrewsbury

15 Principles of research ethics
I S Young, Belfast

15 Statistics without data, and other things 
that go bump in the night
A Blumsohn, Sheffield

15 The inside view on getting 
research published 
T Groves, London

15 Standardisation of insulin measurement
P M Clark, Birmingham

16 Laboratory aspects of proteinuria 
in diabetes
P H Whiting, Leicester

16 Self monitoring of blood glucose
M J O’Kane, Londonderry

16 Diabetes in ethnic minorities 
J Smith, Birmingham

17 Why bother with specialist investigation? 
its impact and future
V Marks, Guildford

17 The impact of specialist diagnostics on
cardiovascular disease
G A A Ferns, Guildford

17 The impact of specialist diagnostics on
metabolic bone disease
W D Fraser, Liverpool

18 Interfacing with current and future 
specialist diagnostic needs as seen 
from the diagnostics industry
S Blincko, Dartford 

18 Current and future specialist diagnostics,
an industry perspective
P Bialk, Rotkreuz, Switzerland

19 Newborn screening for MCADD: 
collaborating to produce evidence for UK
newborn screening policy 
C Dezateux, London

19 UK newborn screening standards 
and policies
D Elliman, London

19 The impact of introducing universal 
newborn screening for sickle cell disease 
in England
A Streetly, London

20 Newborn screening in the UK: 
past, present and future
J R Bonham, Sheffield

20 Nutrition: should we follow the 
NICE guidelines in nutrition? 
C le Roux, London

20 Cardiovascular – cardiac markers: 
hype or hope?
S Martin, Bury St Edmunds

21 Evidence-based clinical monitoring: 
finding some facts among the fictions
P Glasziou, Oxford

21 Clinical applications of pharmacogenomics
M Pirmohamed, Liverpool

21 Clinical applications of proteomics
A D Whetton, Manchester

21 Quality assurance in molecular 
diagnostics
M Pazzagli, Florence, Italy 

22 Metabolomics: opportunities 
and challenges
M Gibney, Dublin, Ireland

22 Quality assurance: the ongoing quest
J C Boyd, Charlottesville, USA



25 Fetuin-A and arterial stiffness in a cohort of
chronic kidney disease patients   
E R Smith, Brighton

25 Testing compliance/absorption/metabolism of
prednisolone in severe asthmatic patients   
J E Heynes, Birmingham 

25 Development and comparison of assays for the
investigation of CYP2D6 variants 
M Barr, Glasgow

26 The prognostic utility of B-type natriuretic 
peptide in patients undergoing cardiac surgery   
J McNeilly, Aberdeen

26 The utility of cystatin C in the immediate 
post-liver transplant period in children
E Okokon, London

26 An improved assay for the measurement 
of pancreatic faecal elastase-1 using 
a novel dry faecal collection device   
P Kampanis, Birmingham

Siemens Poster Prize 
28 Three cases of congenital adrenal 

hypoplasia with novel mutations in the
(NROB1) DAX-1 gene
C M Florkowski, B Wheeler, P Hunt, 
K McKenzie, H C Potter, P M George,
Christchurch, New Zealand 

28 Oh MI goodness? Markedly elevated 
troponin I in a 13 year old female
J Vernazza, S Barnes, London 

28 Biochemical investigation of abnormal 
electrolytes in a neonate
B Tennant, T Rangarajan, D Cassidy, J Geen,
Merthyr Tydfil 

29 A rare case of polyclonal Mu Heavy Chain
Disease
J Forsyth, S Mayne, N Lawson, Derby 

29 A mysterious case of hypoglycaemia
C Dibden, J Elliott, F M Creagh, 
A D R Mackie, A Blumsohn, Sheffield 

29 A noble man
S M E Oxford, S Rainbow, D Wright, 
M Jacyna, Harrow 

23 Quality issues with POCT
A Thomas, Cardiff 

23 Quality in healthcare and the human factor:
lessons from the aviation industry
M Bromiley, London

23 Cystic fibrosis: sweat, blood and years
J S Elborn, Belfast

23 Dyslipidaemia in childhood
P Durrington, Manchester

24 Prevention of hyponatraemic deaths in
paediatric practice 
S Playfor, Manchester

Immunology
31 Prevalence of HIV infection in rural South Africa

A J Groenewald, H J van Wyk, C M Walsh,
Bloemfontein, South Africa

31 Allergy: a 21st century epidemic.
How the laboratory can help
S Darch, London 

31 Cerebrospinal fluid analysis in 
multiple sclerosis and neuroborreliosis: 
free light chains compared with 
oligoclonal bands and IgG, IgA, 
IgM synthesis
U Wurster, Hannover, Germany
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Microbiology
32 Diagnosis of sepsis in a paediatric setting

comparing blood cultures and the SeptiFast
PCR system
E A Green, K Harris, N Klein, J Hartley, London 

Gut
32 Ghrelin and obestatin transport by lipoproteins

E Holmes, I Davies, G Lowe, M Baines, 
L Ranganath, Liverpool 

32 Improving the reliability of the faecal 
elastase test
S Knowles, M J W Russell, J M Rowbottom, 
J M Forsyth, N Lawson, Derby 

33 The urea breath test: a review of current 
assay performance
S Knowles, M J W Russell, J M Forsyth, 
N Lawson, Derby 

33 Faecal lactoferrin: comparison of the 
quantitative IBD SCAN and qualitative 
IBD EZvue
L Foye, P Wilson, R Sidhu, A Lobo, 
M McAlindon, A Wright, D Sanders, 
S Morley, Sheffield 

33 Measurement of plasma 5-hydroxyindoleacetic
acid and 5-hydroxytryptamine in the study of
gender and menstrual status in irritable bowel
syndrome
H Perry, W Atkinson, B Keevil, L Houghton,
Manchester

34 An improved assay for the measurement 
of pancreatic faecal elastase-1 using 
a novel dry faecal collection device
P Kampanis, L Ford, J Berg, Birmingham 

Liver
34 Factors affecting gamma 

glutamyltransferase in normal subjects
S Bulusu, I Ali, S Bax, S Sivakumar, 
F Warburton, London 

34 The role of BNP as a marker of structural
cardiac disease in patients with cirrhosis
R L Langworthy, M J Austin, A J Portal, 
J A Wendon, M Heneghan, R Sherwood,
London

35 The role of gamma-glutamyl transpeptidase in
screening requests for alkaline phosphatase
isoenzymes
M H Al-Mossawi, B Shine, Oxford 

Nutrition
35 Monitoring and management of 

hyperglycaemia during parenteral nutrition
L H French, T M Trebble, Portsmouth 

35 An observational study of selenium status in
patients receiving parenteral nutrition
J Baker, A Taylor, N Karanjia, C Livingstone,
Guildford 

36 The incidence of micro-nutritient deficiencies
after gastric bypass bariatric surgery
T Likhari, A J Hartland, A Khan, A Elshaw,
Walsall 

36 Plasma zinc in patients with burning 
mouth syndrome
N B Roberts, E A Roberts, E Dwyer, 
R C Hall, E A Field, Liverpool 

36 The effect of magnesium supplementation 
in the treatment of chronic alcoholic 
patients in the acute setting
R W A Peake, I M Godber, D Maguire, Wishaw 

Toxicology/TDM
37 Application of biochip array technology for

multiplex testing of drugs of abuse in 
different sample matrices
M L Rodriguez, M Piper, D McAleer, 
R I McConnell, S P FitzGerald, Crumlin 

37 Opiate confirmation using LC-MS/MS: 
application of international drug identification
criteria to routine clinical practice
E J Fox, S Twigger, K Allen, Leeds 

38 Development of a simultaneous LC-TMS assay
for the detection of lamotrigine and
phenobarbitone using positive and negative
ionisation modes
A M Yates, B G Keevil, Manchester 

38 Stability of thiopurine S-methyltransferase
activity in whole blood
R Marrington, C Webster, Birmingham 

38 An audit of the assessment of the poisoned
patient in a District General Hospital
S Harris, G Evans, D Walker, K Griffiths, Bangor

39 Urine ethyl glucuronide as a marker of 
recent alcohol misuse
N Walsham, A Marsh, R Sherwood, London 

39 Measurement of methadone and 
metabolite in human breast milk by 
direct tandem mass spectrometry
E R Smith, A Smith, P Sharp, B F Rocks,
Brighton 

39 Interference from cyclosporin A metabolites 
is still a problem even with tandem mass
spectrometry
R S Carling, E O’Driscoll, G Hemnani, 
J Calvin, G Hammond, Cambridge 



40 Routine thiopurine drug monitoring by 
rapid determination of whole blood 
metabolite levels
V Graham, L Ford, J Berg, Birmingham 

40 Amisulpride and sulpiride interfere in the
CEDIA® DAU buprenorphine test
L Couchman, A Marsh, R Evers, R McAllister, 
C Paton, R J Flanagan, London 

40 Continuing confusion over units 
in ethylene glycol poisoning
G M Frederick, N Lawson, Derby 

41 Application of LC tandem-mass spectrometry 
for the assay of sirolimus in whole blood
A T Hughes, L Fass, N B Roberts, 
G Hammond, Liverpool 

41 Mercury exposure leading to nephrotic 
syndrome and polycythaemia
D Bathia, K Allen, K Newton, Leeds 

41 A fishy tale: a case of methylmercury toxicity
D Bathia, K Allen, K Newton, Leeds 

42 Analysis of iron in serum from Becton Dickinson
SST vacutainer tubes
M S Devgun, S Blackwell, Wishaw 

Oncology
42 Clinical audit: the appropriateness of 

requesting tumour markers by primary care
practitioners. Impact of national guidelines; 
IOW experience
A Al-bahrani, R Twiselton, G Weston-Petrides, 
C Summerhayes, R Peatey, Isle of Wight 

42 The role of carcino-embryonic antigen 
in the identification of recurrence of 
colorectal cancer
D Thompson, K Smith, A Saha, S Gonsalves, 
R P Baker, D A Burke, P M Sagar, P J Finan,
Leeds 

43 Tumour marker audit
C Hyam, P West, London 

43 Total PSA assays for screening
S Lamph, C Sturgeon, P White, S Halloran,
Guildford 

43 Comparison of faecal occult blood and 
tumour M2-PK in the investigation of 
colorectal cancer
J S C Waldron, D Smith, T Ellison, 
S Willmott, D Cade, S Mallya, Crewe 

44 Bowel Cancer Screening Programme:
Southern Hub results
N G Stubbs, J Slyfield, Guildford 

Cytokines
44 Quantitative profile of cytokines and 

cytokine related markers in real time with
biochip array technology
M L Rodriguez, R I McConnell, F M McPhillips, 
D McAleer, S P FitzGerald, Crumlin 

44 The effect of in vitro wounding on cytokine
production by human dermal fibroblasts
A P Brown, W Fergusson, P Pemberton, 
A Yates, M J Thornton, I Laing, Manchester 

Methods
45 Evaluation of the Biomedica serum

osteoprotegerin and the soluble receptor
activator of nuclear factor-kappa B ligand
assays
R M Saldana Chaparro, London 

45 Validation of Nanodot Array Luminometric
Immunoassay: an assay for the simultaneous
measurement of tumour markers
L M Wainwright, Portsmouth 

45 Changes in analytical acceptance for 
HbA1c had an impact on storage of 
samples prior to analysis
A A Gidman, D J Cartwright, Cambridge 

46 MacroAST: ‘big’ problems with AST
S Mapplebeck, P Birmingham, K Parham, 
V Thurlow, I Bailey, G Griffiths, C Corns, 
M Fahie-Wilson, Southend 

46 Haemolysed samples on the Roche Modular
system: adult and paediatric samples compared
M J Waterson, T McDonald, Torquay 

46 An audit of the frequency of low level
haemolysis
M Waterson, Torquay 

47 An unusual case of multi-parameter interference
on Roche E170 immunoassay system
L M Cranfield, M Sullivan, L Tillbrook, 
Westcliff-on-Sea 

47 Development of an ID-MS method for
measurement of pentosidine, an advanced
glycation end-product
C Tomkins, C Webster, Coventry

48 An on-line turbulent flow extraction 
LC-MS/MS method for the quantitative 
analysis of testosterone in plasma
S Robinson, M Kozak, Hemel Hempstead 

48 Parathyroid hormone analysis on Beckman®
Access 2 compared to DPC® Immulite 2500
S S Bajwa, A Viljoen, Stevenage 



48 Bilirubin interference in paracetamol assays:
Some reagents don’t do what it says on the 
tin . . . but does it matter?
S J McCann, M J Al-Jubouri, Prescot 

49 Development and evaluation of a simplified
procedure for measuring the oxidative stress
marker malondialdehyde
J Shepherd, A Anderson, E S Kilpatrick, Hull 

49 Urine protein/creatinine results and ratios: 
can we use boric acid containers?
J Armer, J Martin, Bolton 

49 Bilirubin interference on the Olympus AU2700:
should we cancel tests at the levels of 
icterus recommended by Olympus?
J Armer, C Williams, Bolton 

50 Audit of traceability of laboratory 
calibration material
W Brown, Harrogate 

50 Pseudonormonatraemia and 
pseudohypernatraemia in critically ill patients
M Griffiths, E Chow, N Fox, R Gama,
Wolverhampton 

50 The evaluation of the Nicotine Metabolite assay
on the Immulite 2000 immmunoassay analyser
and its use in urine in pregnancy
R O’Kelly, C Lynch, C Regan, J O’Leary, 
Dublin, Ireland

51 A simplified procedure for measuring vitamin D
by LC-MS/MS suitable for large throughput of
clinical samples
S Knox, J Harris, L Calton, A M Wallace,
Glasgow 

51 Therapeutic monitoring of the antifungal drug
itraconazole using LC-MS/MS
E J Fox, A Cox, V Maddox, R Barton, 
R Hobson, K Allen, Leeds 

51 The development of a simple LC-MS/MS
method for whole blood and plasma choline
measurement
C Griffith, L Owen, G McDowell, B Keevil,
Manchester

52 Development, validation and clinical 
application of an automated paraoxonase 
assay
E Holmes, M Baines, L Ranganath, Liverpool 

52 Evaluation of a salivary oestradiol assay 
for the monitoring of hormone 
replacement therapy
G Purcell, D Henson, L Morgan, Nottingham 

52 25-OH Vitamin D calibration study 
between UK liquid chromatography - 
mass spectrometry users
A M Yates, L J Owen, L J Calton, 
S D Gillingwater, B G Keevil, Manchester 

53 The effect of matrix on 25-OH 
vitamin D2 and D3 calibrators
A M Yates, L J Calton, L J Owen, B G Keevil,
Manchester 

53 Evaluation of a direct ISE method for the
measurement of sweat chloride
S M E Oxford, S McArthur, A Trewick, 
D Wright, Harrow 

53 High-throughput measurement of 
25-hydroxy vitamin D3
S Costelloe, E Woolman, S Rainbow, 
L Stratiotis, G O’Garro, S Whiting, M Thomas,
London 

54 A highly sensitive assay for testosterone
measurement by tandem mass spectrometry
using a Waters Quattro Premier XE system
H Hawkes, G Holder, D Andrews, R Cramb,
Birmingham 

54 Comparison of manual and automated
spectrophotometric assays for salivary 
α-amylase
N Djedovic, S Rainbow, S Laing, 
M Cardinale, Harrow 

54 Adjustment of direct bilirubin results in
haemolysed neonatal samples
E R Smith, G Weaving, A Walker, 
B F Rocks, Brighton 

55 Securing funding for novel assays in 
West Norfolk: the BNP story
K J Ashurst, C P Chan Seem, King’s Lynn 

55 Development of a quantitative capillary
electrophoresis method for detecting 
β2transferrin: a marker of cerebrospinal 
fluid leakage
J A Glaysher, I Watson, Liverpool 

56 Development of an in-house ultrasensitive
ELISA for C-reactive protein
H Owen, S Davis, D Hullin, Llantrisant 

56 Stability of free catecholamines and 
free methyl-derivatives at pH 2.0, 4.0, 
6.0 and 8.0 and different temperatures 
over 10 weeks
M Sargazi, G Higgins, N Roberts, Wirral 



56 Analysis of buprenorphine and
norbuprenorphine in urine by HPLC-MS/MS
L Couchman, A Marsh, P Morgan, R Evers, 
R J Flanagan, London 

57 Evaluation of imprecision of Advia Centaur® 
TNI-Ultra™ automated immunoassay
M Redpath, G Chalmers, C Dibden, B Morris, 
A Blumsohn, Sheffield 

57 Comparison of liquid chromatography tandem
mass spectrometry and radioimmunoassay for
measurement of salivary cortisol
S Haslam, L Owen, B Keevil, C Glen, 
P Wood, Manchester

57 Prevalence of hyperprolactinaemia due to
macroprolactin with the Roche Prolactin II 
assay and audit of a macroprolactin screening
programme
P Mackenzie, S Mapplebeck, J Ahlquist, 
S Brough, A Dawnay, M Fahie-Wilson, 
Westcliff-on-Sea 

58 Salicylate measurement: is there a merit in
using in-house reagents on a modern laboratory
analyser in the 21st century?
M S Devgun, J McNicol, C McDonald, Wishaw 

58 Rapid bile acid testing: the case for an 
in-house service
K J Ashurst, C P Chan Seem, King’s Lynn 

58 Simultaneous determination of
guanidinoacetate, creatine and creatinine in
urine, plasma and CSF by underivatised liquid
chromatography tandem mass spectrometry
R Carling, S Hogg, J Calvin, Cambridge 

59 Selected Ion Flow Tube Mass Spectrometry
assay of methanol, ethanol and isopropanol 
in aqueous samples by headspace vapour
analysis
L Rowbottom, C Workman, N Roberts, Liverpool 

59 Underestimation of vitamin D by ELISA in
patients taking vitamin D supplements: 
a significant problem
A Bowron, J Scott, F Morgan, T Thorpe, Bristol 

60 Development and evaluation of a method using
ICP-MS for assay of whole blood and plasma
manganese
C Rees, E Roberts, N B Roberts, Liverpool 

60 An assay for the quantitative analysis of
alendronate in urine using LC tandem mass
spectrometry
L F Gorman, J F Dutton, S Gillingwater, 
W Fraser, Liverpool 

60 A comparison of new generation high density
lipoprotein cholesterol homogeneous assays
compared with previous generation and
ultracentrifugation assays in patients with a
range of triglyceride concentrations
D McKillop, D McIlveen, L Carson, E Duly, 
P Auld, P Sharpe, Craigavon 

61 Development of an acid hydrolysis method 
for the quantification of urinary total opiates 
by LC-MS/MS
A J Armitage, C Webster, Birmingham 

61 Utility of the YSI and Beckman DxC glucose
analysers for clamp studies: a method comparison
M J Turzyniecka, K Sensier, J Wood, Southampton 

61 Measurement of plasma 5-hydroxyindoleacetic
acid by liquid chromatography tandem mass
spectrometry
H Perry, B Keevil, Manchester

62 Measurement of urinary dopamine by liquid
chromatography tandem mass spectrometry:
apparent freedom from interference
H Perry, K Graham, B Keevil, Manchester

62 Evaluation of an atomic absorption method for
measuring serum and urine strontium
A M Milan, S Holland, R Thakrar, S J Iqbal,
Leicester

62 Implementing a fast method for urine steroid
hydrolysis prior to GCMS analysis
R P Vincent, S Christakoundi, S M Hadi, 
C Greenaway, N F Taylor, London 

63 Comparison of flame atomic absorption and
spectrophotometric assays for serum copper
P J Twomey, C Morrow, S Hanley, K B Raja,
Ipswich 

63 Automated immunoturbidimetric methods for
caeruloplasmin are not standardised
K B Raja, S Hanley, C Morrow, P Twomey,
London 

63 The detection of 25-OH vitamin D2 by the
DiaSorin Liaison 25-OH vitamin D assay
A Morovat, Oxford 

64 Selective analysis of quinine and quinidine in
serum/plasma by fast HPLC
P Morgan, L Couchman, M Owen, 
R J Flanagan, London 

Instrumentation
64 Evaluation of ammonia, lipase, lithium,

cholinesterase and lactate on the 
VITROS 250 chemistry system
C W Lam, J R Koh, Singapore 



65 An “epidemic” of specimen haemolysis 
caused by a pneumatic tube transport system
G Ellis, Livingston 

65 Tosoh G8: can a 1.6 minute run time still deliver
quality HbA1c results?
A Parnham, S Carey, Ashington 

65 Analyser Monitoring Programme: 
October 2006 - September 2007
E French-Mowat, S Halloran, Guildford 

66 Detection of haemolysis in neonates:
low vs HI tech
A Sharma, S Neale, J Jeffery, R Ayling, Plymouth 

66 Lean processes across specimen 
reception and an integrated analytical 
platform generate sustainable reductions in
turnaround times
R Taylor, T James, I Draisey, M Gales, 
S Justice, Z Maunsell, J Kay, B Shine, Oxford

66 Analyser Monitoring Programme for
immunoassay analysers
C Piggott, S Halloran, Guildford 

67 Rationalising pathology services at 
Royal Gwent Hospital simplifies workflow,
reduces demands on staff and cuts turnaround
times
G Llewellyn, B Massingham, S Sharland, 
P Waters, Newport 

67 Evaluation of hCG analysis on the Olympus
AU3000i immunoassay analyser
A Forster, R Harris, P Mughal, A Parnham, 
North Shields

67 Roche Modular: assessment of serum indices
for general chemistry analytes
P A Miall, H Finney, London 

68 Evaluation of the Menarini F360 benchtop
analyser
B Shah, S Brown, T James, R Taylor, Oxford 

68 Simultaneous measurements of cyclosporin,
tacrolimus and sirolimus by liquid
chromatography and tandem mass spectrometry 
C Ingram, A Morovat, I Smith, Oxford 

68 Improved TAT achieved through radical
automation in routine virology
D Ellis, J Roche, S Lees, Manchester 

69 Evaluation of the consolidated Beckman Coulter
UniCel® DxC 880i analyser 
T Rieger, I Herzum, J Funke, A Kirov,
Oberhausen, Germany

Miscellaneous
69 Spurious hyperkalaemia due to EDTA

contamination: common and not always 
easy to identify
M P Cornes, C Ford, R Gama, Wolverhampton

69 Managing demand for thyroid function tests 
at Mid Cheshire Hospital
M Davies, S Mallya, Crewe 

69 An audit to assess the uptake of recently
introduced laboratory tests within the 
Thames Region
P West, London 

70 An audit of the detection of new serum
paraproteins in a District General Hospital
P West, London 

70 Interference with Roche’s enzymatic 
method for creatinine by phenindione: 
report of two cases
A Sankaralingam, R Swaminathan, London 

71 PITSTOP: an example of cross discipline 
and primary-secondary care co-operation
targeting improved men’s health
A Parnham, N Mandava, A Reynolds, 
North Shields

71 How effective is reflective testing compared 
with reflex testing?
R Srivastava, M Murphy, Dundee 

71 An audit of the demand for tumour markers
during 2004-2007 in Wirral
M Sargazi, M Leonard, Wirral 

72 Pilot audit on the management of 
hypernatremia in hospitalised patients
P Gupta, I Haq, S J Iqbal, Leicester 

72 Utility of reflective testing assessed in 
terms of number needed to diagnose
P Gupta, P P Shivarudrappa, M Webster,
Leicester 

72 CYP2B6 G516T genotyping in patients with 
HIV: a pharmacogenetics study of the
antiretroviral, efavirenz
V Powers, A Bowron, M Gompels, Bristol 

73 Pneumatic air tube transport systems: 
a recognised but often forgotten cause of 
in vitro haemolysis
H T Shepherd, M Bosomworth, Leeds 

73 Taking guidance to the user: 
10 words in 10 seconds?
S Smellie, Durham 



Cardiovascular 
74 Plasma coenzyme Q10 is an independent

predictor of total mortality in patients 
with chronic heart failure
C M Florkowski, S L Molyneux, A M Richards, 
P M George, Christchurch, New Zealand

74 Audit of referrals to the lipid clinic following 
the publication of JBS2 guidelines
M Arias, H Ashby, A Haddon, M Labib, Dudley 

74 The prognostic significance of cystatin C in
patients undergoing cardiac surgery
J D McNeilly, W J Mutch, B Cuthbertson, 
D Rae, G Gibson, K Buchan, H El-Shafei, 
R Jeffrey, P Gibson, G S Hillis, B L Croal,
Glasgow 

75 The prognostic utility of B-type natriuretic 
peptide in patients undergoing cardiac surgery
J McNeilly, B Cuthbertson, W Mutch, G Hillis, 
D Ray, P Gibson, R Jeffrey, K Buchan, 
H El-Shafei, G Gibson, B Croal, Glasgow 

75 The impact of the provision of extended
laboratory service for troponin T assay on 
hospital admissions
S M Coughlin, I Walker, W Wassif, Bedford 

75 Audit of 24 hour ambulatory blood pressure 
versus clinic measurements for adjusting 
anti-hypertensive treatment
J Raju, D Kennedy, S Ramachandran, 
Sutton Coldfield 

76 Is the measurement of plasma choline in
patients presenting with symptoms of 
acute coronary syndrome predictive of
subsequent events?
C Griffith, R Body, B Keevil, G McDowell,
Manchester

76 Obestatin and cardiovascular risk factors
E Holmes, M Baines, L Ranganath, Liverpool 

76 An audit assessing the establishment 
and utility of NT-proBNP analysis in support of
community heart failure services
P Auld, J Hamilton, J McCall, P Nicholls, Belfast 

77 The use of BNP as a prognostic indicator
following cardiac surgery
R L Langworthy, S Attaran, J Desai, L John, 
A El-Gamel, R Sherwood, London 

77 Can laboratory intervention improve cholesterol
monitoring and target attainment?
M Parsons, Z Wang, C Street, Colchester 

78 Guideline-led cholesterol monitoring:
is it appropriate, timely and effective?
Z Wang, M Parsons, C Street, Colchester 

78 Are serum C-reactive protein levels too 
variable to be used for individual 
cardiovascular risk stratification?
H Owen, S Davis, D Hullin, Llantrisant 

78 Fetuin-A and arterial stiffness in a cohort of
chronic kidney disease patients
E R Smith, L Tomlinson, G Weaving, S Holt, 
B F Rocks, Brighton 

Diabetes
79 HbA1c and oral glucose tolerance test in 

subjects with impaired fasting glycaemia
T Likhari, T Aulakh, B Singh, R Gama, Walsall 

79 An audit of the appropriateness of glucose
tolerance testing by GPs
M Waterson, Torquay 

79 Implications of body mass index on estimated
glomerular filtration rate: obese patients with
type 2 diabetes on metformin
V Mishra, K Hayden, J Wilding, Liverpool 

80 The relationship between HbA1c and
fructosamine in patients with diabetes and 
sickle cell or haemoglobin D trait
L J Morgan, A A Syed, J Carr-Smith, M N Roch, 
R A Round, P G Nightingale, I M Stratton, 
S C L Gough, J M Smith, S E Manley,
Birmingham

80 Oral glucose tolerance tests in 
primary care: a reliable test?
S A Bowles, D Ewins, N Goenka, 
K Heathcote, R Worth, Chester 

80 Adiponectin, leptin and C-reactive protein 
in type 2 diabetes and obesity
M Al-Habori, Sana’a SA, Yemen

81 Comparison of osteoprotegerin and 
biochemical markers of bone metabolism and
calcium homeostasis between diabetic 
patients and normal subjects
R M Saldana Chaparro, N L Petrova, 
A Korzon-Burakowska, F Warburton, 
P Vadgama, M E Edmonds, C Moniz, London 

81 Significant differences in N-terminal 
telopeptides of type 1 collagen (NTX) and
vitamin D between type 1 and type 2 diabetics
R M Saldana Chaparro, F Warburton, 
P Vadgama, London 
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81 Prorenin, diabetes and kidney function
B J Toole, C J Dorrian, A M J Wallace, Glasgow 

82 Prevalence of diabetes mellitus in rural 
South Africa
H van Wyk, A J Groenewald, C M Walsh,
Bloemfontein, South Africa

82 Oral glucose tolerance test audit
C Hyam, P West, London 

82 Management of glycaemic control and
cardiovascular risk factors in diabetic patients
with renal impairment
K Stepien, A Darkins, L Morgan, R Temple,
Norwich 

83 Interpretation of OGTT results: confusion when
the two-hour glucose is lower than fasting
D Grenshaw, L Cranfield, C Corns, J Ahlquist, 
A Day, M Fahie-Wilson, Slough 

83 Adiponectin and type 2 diabetes
H Delaney, T L Dew, J Alaghband-Zadeh,
London

83 Elevated serum sialic acid and NAG 
enzymuria are associated with early renal
impairment in diabetics
A Kalansooriya, I Holbrook, P Jennings,
P H Whiting, Leicester 

84 Audit of postprandial glucose requests in
pregnant women following introduction of a
combined patient information sheet and 
request form
S P Prosser, J Dale, M Labib, Dudley 

84 Urinalysis on Clinitek 500 analyser and
quantification of urine total protein and urine
albumin in a group of diabetic patients
M S Devgun, L Cosgrove, Wishaw 

84 Does ‘normal’ fasting glucose out-rule 
glucose abnormalities?
P G McGing, R Al-Agha, E Wright, B Kinsley, 
F Kyne, Dublin, Ireland

Lipids
85 How far are we from Joint British Guidelines

cholesterol targets?
M Ramaswamy, D Darby, A-M Kelly, 
G Horsman, Manchester 

85 Use of ApoB and ApoB/ApoA1 ratio to 
monitor patients with mixed hyperlipidaemia on
lipid lowering drugs
A El-Kadiki, T A Gray, Sheffield 

85 Paradoxical falls in HDL-C with fenofibrate
G M Magee, P Sharpe, Belfast 

86 Gross hypertriglyceridaemia: 
not just for Christmas
H J Cox, E S Kilpatrick, D P Narayanan, Hull 

86 Is calculating LDL-C using the Friedwald 
formula reliable in patients with mild 
hypertriglyceridaemia?
U Mayana, J Smith, D Vallance, M Labib,
Dudley 

86 How well do we screen for familial 
hypercholesterolaemia?
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