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Abstract

Background   

Traumatic Brain Injury (TBI) is a major problem accounting for half of trauma deaths. 

Biomarkers have been identified as a possible aid to diagnosis, prognosis and guide 

for treatment of TBI. As part of the Combat Casualty Care Project, novel assays for 

biomarkers of TBI had been developed at Dstl. It was necessary to validate these 

biomarker assays with human samples. A cohort-control study was therefore designed 

and set up to compare CSF and serum from control patients with those with severe 

TBI.  

Hypothesis   

Traumatic brain injury causing a significant rise in levels of biomarkers of TBI.

Materials and Methods 

Control samples of CSF and serum were taken from patients who had a lumbar drain 

inserted as part of their routine care. In those patients who had sustained a severe 

TBI and had an External Ventricular Drain inserted as part of their normal care, CSF 

and serum were taken. Off-line assessment for biomarkers (Spectrin breakdown 

products (SBDP) 145 and 120, phosphorylated Neuro-filament H (pNF-H) and 

Microtubule Associated Protein 2 (MAP-2) ) was then undertaken. 

Results    

Seven patients were recruited and had results analysed to the trauma group with 

three control patients between February 2011 and May 2012.  No control patient 

expressed SBDP in their CSF, whereas 4/7 expressed SBDP 145. No SBDP was 

detected in plasma in either group. Using MAP-2 and pHF-H either one or both of the 

biomarkers were elevated in all of the the trauma patients compared to the control 

samples. 

Discussion

The biomarkers used measure different constituent processes of TBI, of which not all 

may occur in all TBI patients. This preliminary study demonstrates that by using a 

panel of biomarkers, severe TBI can be distinguished from control samples.
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Introduction and background to study

The fields of head injury (HI) and traumatic brain injury (TBI) are complex; it could be 

regarded that there is as much controversy as there is defined fact with regard to the 

subject. There is agreement though that it is a major problem, affecting all population 

groups but in particular the young, and that our understanding of the pathology and 

the clinical outcomes have improved to various degrees over the last few decades. 

Despite these considerable advancements there remains problems with assessing and 

classifying these injuries, our understanding the pathophysiology of the injuries, 

prognostication of injury and developing appropriate therapeutic interventions. One of 

the major reasons for difficulty is that the injuries are often highly variable and the 

injury course unpredictable.

An example which demonstrates some of these problems could be to look at the 

different methods of assessing TBI. TBI can be classified in several ways which were 

summarised in Saatman et al’s report on the TBI Workshop convened by the American 

National Institute of Neurological Disorders and Stroke (NINDS) held in 2007 

(Saatman et al., 2008). The main classifications that were identified by the NINDS 

working group were systems based on aeitology, on symptomatology and on the 

pathological processes. All of these methods of classification have positive and 

negative factors. 

The aetiological group of classifications look at the mechanism that causes the TBI. 

This looks in particular at “specific forces at specific magnitudes”. These are of 

particular value in designing experimental models of TBI, to compare different 

injuries. In clinical use this can look at penetrating compared to non-penetrating 

injury, or contact with non-contact injuries, or open with closed head injuries. In 

clinical cases though, due to the differences in each circumstance causing injury, 

these classifications can be of limited value as often the exact magnitude of force is 

unknown, and confounded by several other factors. 

Of more value clinically are the classifications based on the patients symptoms, 

therefore looking at the clinical manifestation of the TBI. The most common method 

for this could be the Glasgow Coma Scale (GCS) described initially by Teasdale and 

Jennett in 1974 (Teasdale and Jennett, 1974). This allows injuries to be classified as 

severe, moderate or mild. Several problems have been identified with this and other 

methods of measuring symptoms including assessing intoxicated or sedated patients, 

or polytrauma patients where the other injuries can skew the scoring systems. It is 
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also recognised the patients with the same overall scores can have very different 

pathological processes taking place. The motor score is recognised as being of 

greatest value but again has limited value. Initial assessment can also fail to predict 

deterioration. 

There are broadly two pathology based groups looking at the injuries or abnormality 

needing treatment, one from an anatomical perspective and the other from a 

physiological perspective, although there is crossover between the two groups. From a 

patho-anatomical point of view it is possible to consider injury by the type of tissue 

disrupted, starting externally at the skin and working inwards through bone, meninges 

to cerebrum or cerebellum and then also considering vascular injuries. The injury can 

then be classified further by looking at the extent of the injury, exact location, 

distribution and number of lesions. This type of classification is useful for many 

lesions, but does not allow adequate description of certain diffuse injury patterns, 

such as cerebral ischaemia or oedema (which may be more related to the ongoing 

process of the injury rather than the initial injury), or for certain mechanisms of injury 

such as gun-shot wounds (where the track of the injury produces some of the injury 

but other injury can be caused by transmitted energy from the ballistic round to other 

surrounding tissues). This approach has improved with the development of cross-

sectional imaging, and several scoring systems have been developed to attempt to 

allow comparison of different injury patterns. These include the Marshall score and the 

Rotterdam score (Marshall et al., 1991; Maas et al., 2005). Investigations continue to 

try to look at the underlying pathological changes, as it is hoped that a better 

understanding will allow for better understanding of the prognosis and hopefully the 

development of better treatments. 

The most common patho-physiological descriptor for TBI is to consider if the injuries 

are either primary or secondary injuries. Four main types of primary injury have been 

described in TBI - Contusion, Haematoma, Subarachnoid Haemorrhage and Diffuse 

Axonal Injury (DAI) (Saatman et al., 2008). DAI was initially considered to be the 

profound severe injury which occurred when patients were found to be in deep coma 

from the outset with no obvious mass lesion, and was therefore a sign of severe 

injury. As imaging has improved it is now possible to see signs on MRI which 

represent injures of a DAI type in less severely injured patients. Further to these four 

types of injuries there are specific secondary injuries such as ischaemia, cytotoxic 

oedema and vasospasm (traumatic vasospasm being described by Oertel et al in 
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2005) (Oertel et al., 2005). All of these specific secondary injuries may be targets for 

potential therapies in the future.

These difficulties in trying to classify the myriad of head injuries demonstrates some 

of the problems which then occur in managing and prognosticating patients. 

Prognostic modeling is important in trying to advise medical staff and patients about 

individual patients injuries, but also is importance in the development of therapeutic 

trials (Saatman et al., 2008). One of the first instances of an accurate prognostic 

model was the Glasgow Coma Scale (Reilly et al., 1975). This is a low fidelity model 

though, looking only at clinical severity and not taking in to account other factors 

which we are now able to measure. Further models have subsequently been 

developed, although when tested on larger patient databases their accuracy had been 

questioned (Hukkelhoven et al., 2006). Two new models more recently developed and 

validated using large databases of data collected from clinical trials are the CRASH 

and IMPACT calculators (Menon and Zahed, 2009; Lingsma et al., 2010). As Menon 

states in the associated editorial to the CRASH prognostication tool, care should be 

used with all types of predictive models as they are useful for groups of populations, 

but should be considered very carefully if being used in the decision making processes 

for individual patients (Menon and Harrison, 2008).

The reason the NINDS TBI workshop spent time examining the classification of 

injuries was so as to try to allow more focused study of TBI, and for this to then to 

work through in to use in clinical studies and development of therapies. Without a 

simple agreed classification, it was felt development of therapies would not progress. 

The group stated that the “Hetrogenicity of head injuries is considered one of the 

most significant barriers in finding effective therapeutic interventions”. Although, there 

is evidence that there has been improvements in the understanding with regard to the 

pathological processes involved in TBI the number of successful therapeutic 

interventions has been limited (Saatman et al., 2008).

Biomarkers

Biomarkers may be a possible solution to some of the problems surrounding TBI. A 

biomarker has been defined as a “a characteristic that is objectively measured and 

evaluated as an indicator of normal biological processes, pathological processes or 

responses to a therapeutic intervention” (Biomarkers Definitions Working Group, 

2001).
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Biomarkers of neuronal injury have been sought since the 1950’s (Ingebrigtsen and 

Romner, 2002; Kleindienst et al., 2007). There are several reasons for this continued 

interest in biomarkers of brain injury; it has been hoped that biomarkers may allow:

• Earlier diagnosis of the severity of injury 

• Allow better prognostication and prediction of outcomes

• Improve our understanding of the pathological processes and allow us to monitor 

these processes 

• Allow monitoring of current and novel therapeutic interventions

(Li et al., 2010; Kochanek et al., 2008; Saatman et al., 2008).

For biomarkers of neuronal injury, it was suggested in 1983 that an ideal biomarker of 

brain injury should- (Bakay and Ward, 1983). 

• Have high specificity for brain

• Have high sensitivity for brain injury

• Be only released after irreversible destruction of brain tissue

• Rapidly appear in serum

• Be released in a time-locked sequence with the injury

• Have reliable assays available for immediate analysis

• Have low age and sex variability

• Have clinical relevance
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Biomarkers in TBI have been be described by Kochanek et al. into two groups; those 

which are markers of structural damage and those which quantify an on-going 

pathological processes (such as cellular, biochemical or molecular cascades) 

(Kochanek et al., 2008). Over the period of the last 25 years the interest in 

biomarkers has increased considerably (Kochanek et al., 2008). Several review 

articles have been written on the use of biomarkers in the study of Traumatic Brain 

Injury (Bakay et al., 1986; Ingebrigtsen and Romner, 2002; Kochanek et al., 2008; 

Svetlov et al., 2009; Li et al., 2010; Shoemaker et al., 2012). These major reviews 

carry similar themes within their conclusions, namely:

• That a combination of markers maybe more useful than a single marker alone. 

• There is a desire that biomarkers will be for use in detection of mild injury. 

• That the need for further research in to biomarkers is a high priority. 

Particular biomarkers of interest include levels of Spectrin-Break Down Products 

(SBDP - alphaII-spectrin is part of the axonal cytoskeleton; in TBI it is cleaved in to 

specific fragments by different protases demonstrating both apoptotic and necrotic 

processes), Microtubule associated protein -2 (MAP-2 - a marker of dendritic injury) 

and phosphorylated Neurofilament-H (pNF-H, a marker of axonal injury).

Aims

A novel quantifiable assay of αII-spectrin breakdown products had been developed at 

Dstl, which may be of utility in assessing the degree of traumatic brain injury in 

human casualties. This assay was subsequently shown to be able to quantify the 

levels of recombinant αII-spectrin breakdown products. The next stage was to 

therefore determine whether the assay was capable of detecting native αII-spectrin 

breakdown products from samples taken from trauma casualties. The aim of the study 

was to determine whether Severe Traumatic Brain Injury is associated with 

quantifiable increases in levels of SBDP (as a biomarker of neuronal injury in the blood 

and/or cerebrospinal fluid) using a newly developed assay and other commercially 

available assays by comparing patients with severe traumatic brain injury compared 

to those without (control). A secondary aim was to see if there is a severity response 
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relationship in the blood samples taken. This would only be pursued though if there 

was a measurable effect in the initial study.

Methods

Overall study design

The study was a collaboration between the Combat Casualty Care research team at 

Dstl Porton Down and the Department of Neurosurgery at the Wessex Neurological 

Centre (WNC), Southampton University Hospital Trust. The clinical elements including 

sample collection were conducted in the hospital, and the scientific elements including 

sample analysis were conducted at Porton Down. The study was designed as a cohort 

quantitive study to compare the levels of specified1 biomarkers of brain injury in both 

CSF and serum in two groups of patients. Samples of CSF and blood were taken from 

both groups of patients as part of their normal routine care. Small additional samples 

of plasma and CSF were taken at these clinically determined time-points for off-line 

analysis using the new assay. 

Two groups of patients were compared:

• The study group patients - patients who have suffered a severe head injury requiring 

admission to the Wessex Neurological Centre Intensive Care Unit for care. 

• The control group patients - these were initially patients admitted for pituitary 

surgery and having a lumbar drain inserted as part of their routine care. The control 

group was changed to include also those patients admitted for repair of CSF leak, 

requiring lumbar drain insertion due to low patient numbers in the surgery cohort2. 
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1 Alpha-II-Spectrin Breakdown Products (SBDP120, 145), Microtubule Associated Protein 2 (MAP-2) and 
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2 The change was necessary as after opening recruitment to the trial the number of suitable candidates was 
only one in the first eight months. This was felt to be due to a change in clinical practice with more 
transphenoidal hypophysectomies being performed endoscopically, meaning there was less of a need for 
lumbar drain insertion. Subsequently a further change has been made to include patients undergoing spinal 
anesthesia for non-neurological procedures with no history of neurological disease. 



Inclusion and exclusion criteria

Study 
group 
patients

Inclusion Male or female patients in the age range 18 - 90 years.

Severe head injury, assessed on Glasgow Coma Scale as 
being <8 or patients who were felt likely to have 
deteriorated to a GCS <8 with evidence of injury on 
imaging

Patients subsequently managed within the first 72-hours 
of injury on the Neuro-Intensive Care unit at WNC.

Clinical requirement to have insertion of an EVD as part of 
their normal intensive care management (to allow 
measurement of intra-cranial pressure and to allow 
drainage of CSF to reduce their intracranial pressure 
(Timofeev et al., 2008)). 

Study 
group 
patients

Exclusion Evidence of other major traumatic injury (i.e. long bone 
fracture, internal haemorrhage). Those not expected to 
survive twenty fours hours were also excluded.

Control 
group 
patients

Inclusion Initially patients admitted for pituitary surgery and having 
a lumbar drain inserted as part of their routine care.

Patients with pituitary tumours were chosen as their 
pathology does not involve neurological tissue and 
therefore was felt to be less likely to provide a false 
positive result (as opposed to patients with other 
neurological conditions requiring Lumbar Drain or Lumbar 
puncture - such as Normal Pressure Hydrocephalus or 
Idiopathic Intra-cranial Hypertension).

The control group was changed to include also those 
patients admitted for repair of CSF leak, requiring lumbar 
drain insertion.

Control 
group 
patients

Exclusion Recent (defined as within six months) history of head 
injury or meningitis. 

Table 1 - Inclusion and exclusion criteria for the study.

Study design

Patients suitable for inclusion in the study (head injury) group were identified as soon 

as possible after admission to Wessex Neurological Centre. Their relatives were 

approached to see if they were willing to consent for relatives inclusion in the trial. 

In the control group patients identified as meeting the inclusion criteria were 

approached either at clinic (routine or pre-assessment) or on the day before surgery 

to consent to take part in the trial. In both groups the patients were only needed to 
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participate for the time taken to take samples – which was no longer than ten 

minutes. All participants in the trial were given an appropriate patient information 

sheet. 

Consent was be obtained by discussion with the Principle Investigator, explaining the 

background of the trial, the need for taking samples of blood and CSF (but pointing 

out that these samples would be taken as part of normal clinical care). In both groups 

if patients or their family wished to subsequently withdraw consent the patient would 

be withdrawn from the study. The patients’ General Practitioners were informed of 

their patients’ participation in the trial, and a copy of the patient information sheet 

was forwarded to the patients GP.

It was recognised that the patients in the study groups were severely ill, which is a 

distressing time for both them and their families. It was therefore important to 

carefully explain why the study was being carried out and how it was not altering to 

the care the patients were receiving. 

Number of patients required and likelihood of attaining patient 

numbers at the study site

We made a conservative assumption that 80% of patients with a severe brain injury 

will show a positive biomarker response, and that 10% of patients with no injury will 

show a positive response. Using Fishers Exact test (power 0.9; alpha 0.05; with a 1:1 

control:subject ratio) indicated group sizes of 10 patients in each group to determine 

whether brain injury was associated with elevated biomarker levels compared to 

controls. 

Wessex Neurological Centre is the major Neurosurgery unit for the central southern 

area of England, serving a population of around 2.7 million patients. It has a 13-

bedded Neuro-Intensive Care Unit where most severe head injuries from the area are 

treated, having been referred through the Neurosurgery on-call system. 

A recent audit had demonstrated that over a six-month period 57 patients were 

admitted to the Neuro-Intensive Care Unit with moderate or severe head injury, 

although the number requiring EVD was only a small proportion of these. An audit in 

2008 has shown that in a six-month period 23 patients underwent trans-sphenoidal 
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hypophysectomy within WNC, but again only a small proportion of these require 

lumbar drain insertion. 

Sample collection

At the time of EVD or LD insertion or as soon as convenient afterwards (after the 

normal samples required for the patients management had been taken for analysis), a 

further sample of up to 5mls of CSF was taken for analysis. At the same stage (or 

within 24-hours) 5mls of blood was withdrawn. It was envisaged that in the trauma 

group the sample of CSF and blood would be taken from the patient between 2 and 

72-hours after injury had occurred.

All samples were taken at the same time as samples were taken as part of the routine 

clinical management of patients. Each blood sample (in control cases only a single 

sample but in head injury patients up to four samples could be taken) was 5ml, drawn 

in to a citrated blood vacutainer tube. It was therefore envisaged a maximum blood 

volume taken in a 72-hour period would be 20ml, which would have had no detectable 

physiological effect on the patient. Control CSF samples are taken from material which 

would normally be discarded as part of clinical investigations. 

The volume of CSF was limited to 5ml per sample in head injury patients (maximum 

volume will be 20ml over 48 hours) this will be taken from expected EVD drainage.

Sample analysis

The samples were immediately centrifuged at 1409 x g at 4°C for ten minutes. The 

cell free supernatant taken and frozen for later analysis. The samples from each group 

were treated identically. The samples were then transferred to Dstl for a Western Blot 

analysis looking for the breakdown products of αII-spectrin (the novel assay). Analysis 

was also undertaken using commercially available assays for Neurofilament-H 

(Biovendor - Asheville, NC, USA) and Microtubule Associated Protein-2 (Cusabio - 

Wuhan, China). A direct calculation of the definitive concentration of the CSF and 

serum biomarker levels could be obtained as a standardisation curve had been 

produced. It was felt that the entire sample was likely to be destroyed in the analysis, 

but any remaining sample will be destroyed at completion of the trial.
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Data collection, handling and record keeping

Personal data concerning patients involved in the trial were held only at SUHT / 

UHSFT by the Chief and Principle Investigators3. Data containing patients details were 

stored on a password protected SUHT/UHSFT server. Each patient / control was given 

an unique anonymised code which was used to label all samples. 

Once the samples had been prepared for analysis they were transported to Dstl. No 

personal patient information was transferred from SUHT/UHSFT to Dstl. The samples 

sent to Dstl were identified by their anonymised code only. 

Research Governance, Monitoring and Ethics & R&D approval

This study was conducted in accordance with the Research Governance Framework for 

Health and Social Care (2005) and Good Clinical Practice. 

The study was initially peer-reviewed internally at both units and the protocol 

developed and amended as required. The study was submitted to the SUHT Research 

and Development Department in March 2010 and received initial sponsorship in April 

2010. The project was assigned the SUHT reference NEU 0157. The project was then 

submitted to the National Research Ethics Service to go before the Southampton and 

South West Hampshire Research Ethics Committee (REC) A in June 2010. The 

committee considered the application on July 13th 2010 and asked for some minor 

amendments. These were submitted on the 4th September 2010 and the project was 

given ethical approval on the 30th November 2010 (REC reference number 10/

H0502/53). The project was registered with the NIHR Clinical Research Network 

Portfolio (Project reference 27424).

The project was given full SUHT R&D approval on the 20th December 2010 and 

started recruiting patients in January 2011. The first TBI patient was recruited in 

February 2011 and control patient in November 2011. All amendments to protocols 

were approved by the R&D department as necessary.

The project was amended in January 2012 to include new criteria for control patients 

and due to the need to change the Chief Investigator at Wessex Neurological Centre. 

The amended protocol also took in to account the name change by Southampton 
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University Hospitals Trust to University Hospital Southampton Foundation Trust 

(UHSFT). 

Results

Patient recruitment

Between February 2011 and May 2012 a total of 13 patients were recruited. Ten of 

these were TBI patients, and three controls (one on the initial trial criteria and two 

from the amended criteria). As of May 2012 the samples from all the control patients 

had been analysed and those from the first seven patients completed and they are 

described below. 

Trauma patients 

All ten trauma patients recruited to date have been male patients.  Median data 

demographics, and time between injury and sample collection for the group of 

patients is given in table 2. Four patients had emergency surgery prior to CSF being 

taken. 

Median 
Age

Median 
ISS

Median 
NISS

Median 
GCS

CRASH 
14d 

mortality 
prediction 
(median) 
inc CT

CRASH 6/12 
unfavourable 

outcome 
prediction 

(median) inc 
CT

Impact 
Score 
6/12 

mortality 
(median 

%)

Impact Score 
6/12 

unfavourable 
outcome 

(median %)

Time from 
Injury to 
insertion 
of EVD 

(Median) 
h

Time from 
EVD 

insertion 
to sample 
(Median) h

31y5m 38 57 8 22.1 58.3 18 34 36 33

Table 2 - Patient demographics for seven trauma patients. Results expressed as median values. 
Includes outcome prediction scores using CRASH and IMPACT calculators demonstrating severity 

of injuries. 

At six-months post injury two patients were dead, three patients were classed as 

having severe disability (Glasgow Outcome Score (GOS)= 3) and two had moderate 

disability (GOS = 4).
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Control patients

Of the three control patients the first case was a pituitary tumour in a female patient. 

The other two were CSF repairs in one male and one female patient. The average age 

was 48 (range 42 to 55). Samples were taken for all at LD insertion time. 

SBDP Biomarker results from CSF 

No control patients expressed SBDP in their CSF. In the brain injured group 

approximately 60% of the patients SBDP 145 but all lacked SBDP 120. 

Concentrations of SBDP 145 in CSF ranged from 50-1500ng/ml. Figure 1 shows a 

Western Blot from CSF for patients 1, 2 and 3. The results indicate that neuronal 

damage in these patients was via necrosis rather than apoptosis, however this did not 

present in all brain injury cases. Figure 2 displays the results for CSF SBDP comparing 

the two groups in graphical format. 

Figure 1. Western blot showing three patient samples are on the left hand side with a 

standardisation curve in the right hand six lanes.
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Figure 2. CSF SBDP 145 levels

Figure 3 demonstrates the CSF SBDP 145 levels compared to both the initial injury 

severity (GCS) and compared to patient outcome at six months (GOS).

Figure 3. CSF SBDP 145 levels compared to both the initial injury severity (GCS) and compared to 
patient outcome at six months (GOS).
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There appears to be no relationship between the levels of SBDP145 and the initial 

state of the patient measured by the Glasgow Coma Score (see fig 3; Kendalls rank 

coefficient P=0.7726). However there appears to be a positive relationship between 

the level of SBDP145 and outcome at six-months as measured on the Glasgow 

Outcome Scale (see fig 3; Kendalls Rank coefficient P=0.0302). It must be 

acknowledged that the number of patients currently in the study is too small to make 

a robust assessment of this nature and the project is continuing to accumulate further 

data to underpin such an analysis in the future. 

SBDP Biomarker results from plasma

The limit of detection for SBDP in plasma was approximately 50ng/ml of plasma. No 

patients presented with SBDP above the limit of detection.

pNF-H and MAP2 results for CSF and Plasma 

The results for CSF analysis for MAP-2 and pNF-H is shown in figure 4. They indicate 

that patients with brain injury will have either one or both of the biomarkers 

measurable that we were looking for, and these indicating both axonal damage (pNF-

H) and dendritic damage (MAP-2) occurring (figure 6.4). 

Figure 4. CSF levels of MAP-2 and pNF-H. All three control patients are within the blue box.

There was a similar finding for plasma levels of MAP-2 and pNF-H (figure 5). 
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Figure 5. Plasma levels of MAP-2 and pNF-H. All three control patients are within the blue box.

Discussion

This preliminary study, although only showing interim results, has demonstrated that 

in each of the TBI injured patients there has been a measurable rise in at least one of 

the candidate biomarkers. This is in contrast with there being no significant rise in any 

of the biomarkers in the control patients. These results, although successful do have a 

number of limitations which are discussed below. 

Firstly, the numbers of patients involved in each of the groups to date are small. To 

achieve statistical significance further recruitment is on-going. We are continuing to 

recruit patients and as of October 2014 25 trauma patients and 16 control patients 

have been recruited. Results of the analysis of these samples is expected early in 

2015. 

Secondly, although a rise in biomarker was seen in all the TBI patients the samples 

were taken at range of a time-points, both with regard to the timing after injury and 

timing after insertion of the EVD. Some of the cases also had emergency surgery prior 

to the CSF samples being taken. This makes analysis of the results difficult. The time 

profiles of expected rises in the different biomarkers is known and is different for each 

of the biomarkers. Single point measures also give no information as to whether these 

levels were peak levels, or if the levels were on the rise or on the fall at the time 

taken. The same comments are true also for the appearance of the biomarkers in 

plasma but with the additional complication of not knowing the effect of blood brain 

barrier injury on the biomarker appearance. Future studies would therefore need to 

look in detail at the temporal appearance of the biomarkers, and comparison of the 
17



levels in CSF with those in plasma. The aim of this study though was as a proof of 

principle study and it was necessary to only obtain those results which were clinically 

appropriate for these patients. 

The patients recruited in to the trial had varying types of head injury, and this was 

therefore likely to involve a range of different pathological processes. It is known that 

the biomarkers reflect different sites of injury and different pathological processes, but 

wether they reflect all the ongoing processes is not known. As a group, from the start 

of this project we have been aware that it was unlikely that a single biomarker was 

ever going to provide a measure of injury in all patients. We would suggest that these 

results may indicate that by using a panel of biomarkers patients with severe head 

injury can be distinguished from normal control samples. 

It is also necessary to comment on the value of the Glasgow Coma Scale and it is 

shortcomings. An isolated GCS value has often been considered of limited value - the 

trend of the values is recognised as more important. It is also known that the motor 

score is the most significant marker of prognosis, but the cases in our series reflect 

the problems in using GCS in the prognostic calculators (both CRASH and IMPACT). 

Some of the cases had a good initial GCS at roadside, but with a rapid drop on 

transfer to hospital; where as others had a poor initial GCS (which may have been a 

temporary loss of consciousness giving a GCS of 3-5) but who subsequently improved 

with limited initial treatment. Trying to decide therefore which GCS value to use in the 

prognostic calculator becomes difficult and could allow for variation between assessors 

using the tools. In their initial paper Jennet and Teasdale suggested that the GCS 

should be the best post-resuscitation score, but as using current protocols patients 

are often sedated and paralysed as part of their treatment this is no longer possible.

Further development of this project should address several current unknowns. The 

effect of combined injuries is likely to be important, therefore concomitant systemic 

trauma on biomarker levels needs to be investigated. The time-course of expression 

of the marker is currently unknown - this has important implications for the timing of 

sample taking to avoid false negative results. Is the trend of the values over a period 

of time going to be of more value than just the single values? Are the biomarker levels 

in plasma not a marker so much of the brain injury but rather a marker of injury to 

the blood brain barrier? At the levels that the biomarker are detectable in plasma 

sensitive enough? Is the measurement of biomarkers in both the CSF and plasma 

proportional to the amount of injury and therefore prognosis? If this were so it could 

18



be that detection of low levels may be seen in more mild types of head injury, 

provided the same pathological processes are ongoing? 

These points could lead to the question “is development of a biomarker to assess 

traumatic brain injury too difficult?” It is unlikely that there will a short-term quick 

solution and it will require considerable effort to achieve success. The trial above has 

now been revised twice, to include recruitment of further control subjects, and 

traumatic brain injured patients serum only in those patients without EVD insertion. 

Worldwide there are several other groups also trying to address these problems, in 

particular in the USA, where despite multi-million dollar funding results are still 

awaited.

Whilst a successful assay had now been developed which could detect levels of SBDP 

recombinant material, further work is still required to allow us to pick up “native” 

material as detection is difficult due to the sample “noise”. 
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