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EXECUTIVE SUMMARY

1.
Traumatic Brain Injury (TBI) covers a clinical spectrum from mild to severe.  TBI is not a new phenomenon.  The UK and the US have a long history in the clinical management of TBI although most of it has focussed at the moderate and severe end of the spectrum.  Concerns have been raised in media and Government circles, on both sides of the Atlantic, that mild traumatic brain injury (mTBI) may be more prevalent than hitherto seen and that there is a cohort of sufferers with unmet clinical needs. A comprehensive literature search and historical review have added to DMS information on mTBI.

2.
MTBI represents the milder end of the spectrum of TBI presenting with non-specific symptoms such as malaise and lack of concentration, symptoms difficult to differentiate from other post conflict conditions such as Post Traumatic Stress Disorder (PTSD).

3.
The UK SG set up a mTBI project in June 2007 to undertake an extensive review of current clinical and laboratory research strands and develop a mTBI clinical pathway and surveillance system.  The team consulted widely, with clinical and laboratory specialists, at home and overseas and analysed a wide range of evidence from around the World in order to inform the UK’s position on mTBI and how it should be managed.  Epidemiologically:

a.
The reported worldwide incidence of mTBI cases seen in hospital is 100-300/100,000 per year although the incidence in self-reported population studies is often more than 600/100,000 per year.

b.
The rate reported from the US is that mTBIs are sustained by 12-16% of all service personnel suffering injuries. UK data suggests that the mTBI rate is less than 2% of all injuries. 

c.
80% of all civilian brain injuries seen at UK A&E departments are mild and 80% of mTBI cases are symptom free after 3 months. The majority of mTBI symptoms resolve rapidly within 2 – 3 weeks of injury.

4.
The headline conclusions of the project have been:

a.
There is no evidence that mTBI is having an adverse effect on operational capability within the UK Armed Forces.

b.
The incidence of mTBI within the military population remains unclear.  However, there appear to be, as yet unexplainable, differences in the incidence of mTBI between UK populations and their US counterparts, the UK incidence being lower.

5.
Key UK developments have been:

a.
The introduction into deployed theatres of a diagnostic and surveillance tool, based on the WHO classification of mTBI but aligned with the US surveillance tools, sufficient to acquire prospective brain injury data to allow better understanding of incidence and disease patterns, and to inform health planning.

b.
Educational material on mTBI for military General Practitioners, the Chain of Command and individuals. The material gives reassurance that for the majority of individuals, the symptoms are self limiting but if persistent, help is available. Further education material will be introduced into routine training.

c.
The creation of the mTBI 4 level treatment programme based on education, initial counselling, outpatient assessment and possible inpatient management, centred on the Defence Medical Rehabilitation Centre (DMRC) at Headley Court.

d.
The UK and US are closely aligned concerning taxonomy and classification of mTBI and are working together on a number of areas of clinical and laboratory research that will shed more light on mTBI.

6.
DMS research will continue, concentrating upon:


a.
The pioneering research into blood markers for neural damage indicative of mTBI, led by the research team at Dstl.


b.
Ongoing assessment of the effectiveness of resuscitation strategies in survivors of head injuries.


c.
Retrospective analysis of mTBI symptoms in UK servicemen and women.


d.
The use of functional magnetic resonance imaging to investigate evidence of brain damage in mTBI.

7.
DMRC Headley Court will provide the DMS Centre of Excellence for mTBI, re-enforced by ongoing epidemiological and research findings.

INTRODUCTION

1.
Traumatic Brain Injury (TBI) covers a spectrum of injury from mild to severe. Such injuries are seen in both military and civilian populations as a result of exposure of the skull and brain to sudden changes in velocity.  Road traffic accidents (RTAs), contact sports (such as rugby, boxing and American football), war fighting and other scenarios involving exposure to blasts can all cause  individuals to be subjected to such changes in velocity and TBIs may be sustained as a result. TBI is not a new phenomenon and has been the subject of considerable investigation in the field of contact sports, particularly in the US where it came to prominence with the publication of a report to congress in 2003
 that made recommendations into how national research was to be carried forward. 

2.
The US Defence and Veterans Brain Injury Centre (DVBIC), formerly the Defence and Veterans Head Injury Program (DVHIP) (established in 1991) co-ordinates military TBI evaluation and data collection. In 2005, mild Traumatic Brain Injury (mTBI) attained a high profile within Congress when data suggested that its incidence in the military was higher than previously suspected.   In January 2007, the US Department of Defence (DoD) established a TBI Task Force, to undertake an assessment of the diagnosis, treatment, research and resources required to manage mTBI. 

3.
In the UK, Defence Medical Services (DMS) staffs have been involved in work on TBI for several years although more focussed on the moderate and severe sectors of the spectrum. The UK already routinely screens all the personnel who are admitted to the Defence Medical Rehabilitation Centre (DMRC) Headley Court with multiple injuries for signs of brain injury. In addition the Defence Science and Technology Laboratory (Dstl) Porton Down has been researching aspects of traumatic brain injury as a component of the combat casualty care programme.  Dstl is undertaking world-leading research on neural markers subsequent to head injury and this work is of particular interest to the US.

4.
Both the UK and US military medical communities face similar challenges concerning the clinical manifestations of mTBI (including the symptoms, signs, and results of special investigations that will define a case) and the management of cases in the short, medium and long term.  This is particularly so at the mildest end of the spectrum where seemingly inconsequential head trauma might provoke disabling and enduring symptoms.

5.
Consequent upon  increasing concern at the potential incidence and significance of mTBI, the UK Surgeon General (SG), in June 2007, directed that a project be set up, to run for 6 months, to conduct an extensive review of the clinical issues and research being conducted in the areas of diagnosis and management of mTBI
. The team consulted widely with laboratory and clinical specialists, in the UK and overseas, both military and civilian.

6.
An interim report was delivered on 14 Sep 07 which outlined the direction of the project and recommendations for further work, including evidence-based interventions.  The report formed the basis for discussion at a plenary meeting at the project mid-point when the future direction for the project was agreed. 

7.
Educational material dealing with awareness and early management of the symptoms of cognitive disturbance has been issued via the chain of command down to individual level.  Separate advice has been promulgated to Service General Practitioners.

8.
The diagnostic/surveillance questionnaire has been rolled out and staffs are being recruited to administer and run the mTBI enhancements to the Moderate Brain Injury Programme at DMRC.

AIM

6.
The aims of the mTBI project were to:

a. Bring together current knowledge on mTBI from national and international sources.

b. Examine current UK research and that of NATO and other Allies, including civilian fields, and to recommend future DMS research.

c. Consider potential interventions, both scientific (epidemiological) and clinical, to be implemented in advance of the results of research, with particular regard to force protection measures, in liaison with Dstl and the Defence Clothing Integrated Project Team (IPT), as required.

d. Examine the impact of mTBI on operational capability and liaise with front line commanders.

e. Make recommendations on future clinical activity.

f. Develop health surveillance methods both to gather data on exposure to blast and other relevant injury, and to collate data on all head injuries, in conjunction with current information management activity in the Permanent Joint Headquarters (PJHQ), the Royal Centre for Defence Medicine (RCDM), the Defence Analytical Services Agency (DASA) and the Defence Medical Information Capability Programme (DMICP).

g. Develop education requirements to inform the executive Chain of Command and medical personnel on the background, relevance and implications of mTBI and in liaison with the Defence Medical Education and Training Agency (DMETA) and Director General Training and Education (DG T&E).

h. Be mindful of the parliamentary and media impact of any emerging recommendations and liaise with Director Medical Finance & Secretariat (D Med F&S) in this area.

i. Ensure implementation of any recommendations endorsed by SG during the period of the work.

BACKGROUND

7.
MTBI sustained during military operations  is almost certainly not a new phenomenon.  Shell shock during World War 1 and post-concussion syndrome (PCS) during World War 2 share striking symptomalogical similarities with mTBI.  The historical context of these injuries is therefore critical to a complete understanding of mTBI’s significance today and MoD commissioned a review from Professor Edgar Jones of the Institute of Psychiatry at Kings College, London (KCL) to address this. The full report is at Annex A with a summary below. 

8.
A Brief Historical Context.   Professor Jones’ report has looked at mTBI specifically from an historical context and his comments concerning labelling, aetiology and prognosis relate to the difficulty in using previous experience and knowledge in comparison with current practice.  It is accepted that without a valid case definition (label) it is impossible to undertake any meaningful, contemporaneous research into aetiology, diagnosis, treatment or outcome of any medical condition.  Prof Jones’ report may be summarised as follows:

a.
Symptoms in both shell shock and mTBI are common and non-specific.  As such they allow a range of hypotheses about causation and prognosis.

b.
Both shell shock and mTBI are naturally recovering disorders.  The sub-population of chronic cases are, however, notoriously resistant to treatment.

c.
‘Shell shock’ and ‘mTBI’ are purely descriptive labels, and do not assist in questions of aetiology or prognosis. 

d.
There are good reasons for caution before endorsing a new label such as mTBI.  Labels are often applied before an apparently novel disorder is properly understood.  Those that strike a popular chord are often misleading and can inhibit understanding and effective treatment.

e.
The experience of shell shock and post-concussional syndrome has shown that it is impossible to draw clear distinctions between organic and psychological effects in the case of cerebral injury.  Any injury involving trauma to the brain is likely to have psychological consequences.

f.
The psychological consequences of physical injury, including but not restricted to head injury, have in the past tended to be regarded as less important than organic effects.  As a result, they have received less attention and have sometimes attracted pejorative connotations.

g.
Chronic psychological disorders can be as debilitating and as resistant to treatment as some severe organic injuries.

h.
Shell shock was addressed most effectively in specialist rehabilitation units where the clinicians had the better understanding of symptoms and prognosis.  Treatment in general hospitals tended to reinforce the idea that the disorder was a serious medical condition.

i.
Retraining before discharge, designed to restore morale and improve the serviceman’s transferable skills, plausibly reduced disability and dependency on the war pension system.

j.
The lessons of shell shock teach us to avoid inappropriate diagnoses of mTBI; if these lessons are not learned then cases of mTBI may multiply and some individuals may become chronic. 




METHODS

9.
A scoping methodology was used to ensure adequate coverage of the subject
.   The delivery of the aims of the project fell into 3 areas:

a.
Understanding the current peer reviewed literature evidence base.

b.
Identifying current and potential future clinical interventions by engaging clinical specialists at home and overseas.

c.
Gaining insights into current and future laboratory research strands by engaging research specialists at home and overseas.

LITERATURE SEARCH

10.
Search Strategy.    A literature search undertaken through the Defence Medical Library Service (DMLS) of world-wide civilian and military literature (excluding those not published in English) generated approximately 200 references.  The key words ‘mild’, ‘traumatic’, ‘brain’ and ‘injury’ were used and the search was carried out using the following sources:

a. Medline 1950 - 2007.

b. CINAHL 1982 - 2007.

c. SportDiscus 1830 - 2007.

d. PSYCInfo 1806 - 2007.

e. EMBASE 1974 - 2007.

f. References obtained personally following meetings with experts.

g. Work submitted for publication or in progress.

h. Grey literature (Internet, newspapers, other non peer-reviewed work).

11.
Summary of the Literature Search.  Abstracts were screened for relevance and 126 papers requested.  Whilst there has been some published US military work, the majority is civilian. Of all of the literature reviewed, 2 papers have been highlighted of being of particular importance - Hoge et al
 and an accompanying editorial
.  These 2 papers provide an excellent starting point for an understanding of the complexities of the subject. The full literature review is at Annex B. The key notes are:

a.
Background Information.

(1)
Traumatic brain injuries cover a wide spectrum of pathology and include both penetrating and non-penetrating brain trauma.

(2)
Symptoms of mTBI are non-specific
 and overlap with other recognised disorders such as Post Concussion Syndrome (PCS) and post-traumatic stress disorder (PTSD).  Recent literature has confirmed the strong association between mTBI and PTSD.

(3)
Most brain injuries seen at UK Accident and Emergency (A&E) departments are mild (80%) and most of these (80%) will be symptom free three months after the injury.

(4)
In civilian practice, more males than females sustain mTBI because they are more likely to participate in contact sports and undertake more risky behaviours.  This is mirrored in the military population.

b.
Military context.

(1)
Current UK operations have generated an increase of all injuries sustained by service personnel.

(2)
The nature of the current conflicts has led to an increase in the number of blast injuries being sustained by UK Armed Forces personnel.

(3)
There is significant media and Parliamentary interest in mTBI in UK Armed Forces personnel.

(4)
Similar media and Governmental interest in the US has led to allocation of significant resources for mTBI research.

c.
Definitions.

(1)
The most widely used definition of mTBI (and that recommended to the World Health Organisation (WHO)) is
: 

(a)
An acute brain injury resulting from mechanical energy to the head from external physical forces. Operational criteria for clinical identification include:

(1)
1 or more of the following: 

· Confusion or disorientation

· Loss of Consciousness for 30 mins or less

· Post-traumatic amnesia for less than 24 hours

· and /or other transient neurological abnormalities such as focal signs, seizures and intracranial lesion not requiring surgery;

(b)
GCS score of 13-15 after 30 mins post injury or later upon presentation for healthcare

(c)
These manifestations of mTBI must not be due to drugs, alcohol, medications, caused by other injuries or treatment for other injuries (eg systemic injuries, facial injuries or intubation), caused by other problems (eg psychological trauma, language barrier or co-existing medical conditions) or caused by penetrating craniocerebral injury.

(2)
Application of the above definition allows mild traumatic brain injury to be distinguished from either trivial or moderate/severe TBI.

d.
Persistence and Overlap of Symptoms of mTBI.

(1)
Persistent symptoms beyond 3 months have little correlation with the initial exposure itself but are strongly correlated with pre-existing psychiatric and social factors and compensation seeking.

(2)
Persistence of symptoms after 3 months is seen in a minority of patients but such symptoms can cause significant functional impairment.  The persistence of symptoms one year after injury is evident in about 1-2% of patients.

(3)
A wide range of symptoms assigned to mTBI overlap with other recognised psychological disorders. 

e.
Epidemiology.

(1)
World-wide the true incidence of mTBI is unknown.

(2)
The reported worldwide incidence of mTBI cases seen in hospital is 100-300/100,000 per year. The incidence in self-reported population studies is often more than 600/100,000 per year.

(3)
Unpublished data suggests that the mTBI rate seen in current conflicts is likely to be less than 2% of all injuries. However, the data that have generated this incidence have not been collected with a view to satisfying the Holm/WHO definition.  

(4)
The rate reported from the US is that mTBIs are sustained by 12-16% of all service personnel suffering injuries.

(5)
80% of all civilian brain injuries seen at UK A&E departments are mild. 

f.
Diagnosis and Taxonomy.

(1)
Recent evidence points to the possibility that there is a physical basis to mTBI but a psychological element cannot be ruled out.

(2)
There is only weak evidence for the validity of cognitive testing in making a diagnosis but there is some evidence (mainly from animal studies) for the potential of biochemical markers, such as serum proteins, to aid diagnosis.

(3)
There is debate around the use of terminology such as ‘mild’ and ‘minor’, which are currently being used interchangeably by research communities. MOD is using the term ‘mild’.
(4)
There is evidence that a symptoms based diagnostic system is a more valid process.

g.
Injury Mechanisms.   The main injury mechanisms causing mTBI in civilians are road traffic accidents (RTAs), falls and assaults.  Within the military population, occupational exposure from blast poses the greatest risk.

h.
Pathophysiology of TBIs.

(1)
Diffuse axonal injury following sudden changes in velocity resulting in brain shearing is thought to be the cause of mTBI.

(2)
There is some evidence to suggest that limited accelerations may cause reversible brain injuries.

i.
Concussion and Post-concussion Syndrome (PCS).

(1)
mTBI and PCS share many of the same symptoms although the mechanism of injury may, in some situations, be different.

(2)
Much effort has been put into developing practice guidelines to mitigate against the effects of sports induced concussions. 

(3)
Persistent symptoms following mTBI and the symptoms of PCS are likely to be the same condition and may also share a common pathophysiology.  Some researchers have stated that the term concussion is preferable to mTBI.

j.
High-risk populations.   Young males and those who participate in contact sports, persons involved in assaults or falls and any individual with a previous mTBI, are all at increased risk of sustaining a mTBI.

k.
Treatment and Interventions.

(1)
Early educational intervention focussed on an expectation of rapid recovery and the normalisation of symptoms mitigates against persistent symptom development in the majority of cases.

(2)
The period of rest advocated by sporting governing bodies is variable depending on the sport undertaken and which set of guidelines are being followed.

l.
Prognosis and Prevention   

(1)
The evidence suggests that most symptoms resolve rapidly (within 2-3 weeks of injury) and most cases will be symptom-free within 3 months.

(2)
There is evidence that mTBI increases the risk of seizure up to 4 years after injury but the absolute risk remains very low.

(3)
There is good evidence that provision of information to normalise symptoms and raise an expectation of recovery is successful at reducing the likelihood of persistent symptoms.

m.
Knowledge gaps

(1)
There is a requirement to identify predictor variables for long-term sequelae following mTBI.

(2)
The threshold of imparted energy at which mTBIs are sustained is unknown.

(3)
The true incidence in both UK civilian and military populations is unknown.

(4)
The correlation of mTBI symptoms to functional images, as a potential aid to diagnosis, is currently in its infancy.

CLINICAL ISSUES

12.
Several methodologies were scoped to set up a clinical management and epidemiological surveillance system to support the long term investigation and management of mTBI in UK service personnel. The literature review identified UK experts in the field who might add value to this area of the study. A list of contacts made and meetings held during the project is contained at Annex C.  A methodology for defining mTBI based on blast exposure was scoped and discarded as it was not possible to estimate the exposure and it was felt that too many false positives might be identified which might lead to the development of a cohort of ‘worried well’ individuals.

13.
A symptoms-based approach to the identification of clinical cases of mTBI was adopted, supported by published evidence, and based on the WHO definition for mTBI and interoperable with US diagnostic processes. This led to the development of operational criteria for the diagnosis of mTBI which could be used both in acute clinical settings and in the development of an epidemiological surveillance program and is fundamentally compatible with US diagnostic criteria.  

14.
Whilst much research effort is being expended into identifying clinical methods to aid diagnosis of mTBI, there is currently no peripheral marker available to aid laboratory diagnosis and no sufficiently sensitive imaging technique able to identify accurately and consistently cases of mTBI. 

15.
It is concluded, therefore, that the diagnosis of mTBI will remain problematic until such time as blood markers or agreed diagnostic imaging criteria are achieved.  However, a clear case definition, accurate and timely symptom reporting and a detailed history of the circumstances and mechanism of the injury, affords the best chance of accurate case finding.  
PROJECT FINDINGS AND DEVELOPMENTS

16.
The findings and developments produced by the project team are summarised under the following headings: 

a. Current knowledge.

b. Current research (UK, US, Canada).

c. Impact on operational capability.

d. Development of health surveillance methods.

e. Interventions.

CURRENT KNOWLEDGE

17.
Current UK Military mTBI Issues. 
a.
Military mTBI Data.

(1)
Despite an accurate incidence of mTBI amongst UK service personnel being unavailable, there is no evidence that mTBI is adversely affecting the operational effectiveness of UK forces.  The experience of UK clinicians is that  UK service personnel with probable mTBI (and even moderate brain injury) may only present to medical care many months after injury, often as a result of a change in working environment or personal circumstances that brings any cognitive dysfunction to fore.

(2)
RCDM has identified 585 cases of traumatic head injury, of all severities, out of 36,000 admissions to deployed operational emergency departments (the OpEDAR database) in Iraq during the period February 2003 - November 2007.  This represents only 1.6% of all medical presentations during the period.  However, these data must be treated with caution as they predate the adoption of the WHO definition, and include any individual whose symptoms suggest that they may have had a traumatic brain injury.  

(3)
DMRC have to date been referred very small numbers of patients (single figures) suffering de novo mTBIs
.  DMRC have, however, admitted 48 brain injury patients during 2007, although these cases are moderate and severe injuries.

b.
UK/US Comparisons.   The incidence of mTBI sustained by UK military personnel appears to be lower than the US experience.  The reasons for the difference in comparison to US figures are not fully understood.

c.
Awareness.   Unsurprisingly, awareness of mTBI within the UK military was, at the beginning of the project, generally poor.  However, as the project has developed, clinical communication has improved and raised awareness of the issue.  In parallel, information has been produced for service personnel and the chain of command to raise awareness.

d.
UK/US Alignment of Data Gathering.  Where the UK  can align itself with the USin such areas as data collection, this willenable valid comparisons of experience and clinical outcomes.  The UK has based its screening and diagnostic tool on the WHO definition of mTBI using the framework of the US Military Acute Concussion Evaluation (MACE). It must be noted that the MACE questionnaire has not yet been validated in a US military environment.

18.
US Perspectives.   There is much convergence between the current US perspective of mTBI and that of the UK although there are some significant divergences particularly in the policy and process for screening for mTBI. The following points summarise the current US position as at 17 Jan 2008
:

a.
There is concern about the potential long term adverse health effects that mTBI and repeat concussions might have on military personnel.  The time taken to be fully deployable again after mTBI is unknown. The UK shares this concern.

b.
The natural history of mTBI is not completely understood.  Research is addressing the question of long-term consequences of mTBI in civilian and military populations.  The US National Football League is considering the introduction of cognitive screening pre-season for professional players.

e.
Whilst some form of screening is undertaken on pre and post deployed populations, there are multiple screening tools used with no overarching policy or process.  Most screening tools are based on the Military Acute Concussion Evaluation (MACE) questionnaire but there is a danger that a great deal of data is being gathered without a valid analysis strategy.  This opens up the possibility that statistically significant findings might be found by chance (Type 2 statistical error) which might result in incorrect conclusions being drawn.  There is a wish to dispense with this screening programme once accurate diagnosis and documentation can be made in theatre.  MTBI specific screening questions have been added to the periodic health assessment, pre-deployment health assessment and post-deployment health re-assessment programmes.

f.
There is agreement with the UK view that mTBI cannot be diagnosed from a collection of symptoms recorded historically.  There is an acceptance that the gold standard is to make the diagnosis as close to the time of injury as possible.  

h.
There is agreement with the literature and the UK view that educational information provided close to the time of injury is likely to be beneficial in both reducing symptoms and preventing persistence of symptoms beyond 3 months.  

i.
In early August 2007 Secretary of the US Army outlined present and future priorities for the US Army.  These included the development and rollout of a chain teaching programme on PTSD and mTBI and the establishment of a Center of Excellence for TBI and PTSD. 

k.
Concurrently the US military has been centralising some of its mental health care assets as part of an ongoing reorganisation programme.  The Center of Excellence for Psychological Help and Traumatic Brain Injury was scheduled to have initial operating capability from 30 November 07 and should become fully operational within the next six months. The Center, to be funded by the Department of Defense, will involve the Veterans Agency and the U.S. Department of Health and Human Services and is to be located at the new National Military Medical Center at Bethesda.

CURRENT RESEARCH

20.
UK Military mTBI Research Players.   UK research in mTBI relevant to the military environment is being undertaken by Dstl, South Tees NHS Trust Emergency Department and KCL.

21.
Dstl.   Dstl are involved in three areas of work that are relevant to mTBI.

a.
A programme to identify markers of neural damage in peripheral blood.

b.
Identifying a series of measurements that could be recorded to assess the effectiveness of resuscitation strategies in survivable blast injuries.  Maintenance of perfusion pressure to the brain could have significant consequences for the final clinical outcome of TBI patients and this may have relevance to cases of mTBI.

c.
Commenting on the feasibility of using instrumentation in helmets to ascertain the level of blast experienced by service personnel on operations, potentially matching a research project is being undertaken utilising accelerometers in helmets by the US Army (see para 28)  Dstl have outlined a number of issues related to the potential deployment of helmet mounted sensors.  These are discussed in full at Annex E. The issues include:

(1)
Whether data from such a study will produce either useful or interpretable data.

(2)
Whether the function of sensor equipment may be compromised by the use of other electronic equipment currently in use in operational theatres or indeed whether the sensor will compromise the performance of the helmet. 

22.
South Tees NHS Trust Emergency Department.   Research is underway at James Cook University Hospital Middlesbrough, endorsed by the Surgeon General’s Research Strategy Group (SGRSG), into mTBI in adults seen in accident and emergency departments.  Blood samples are being taken to assay a specific peripheral marker.  The study is recruiting between 20-30 patients per month with a follow-up rate of about 50%.  Initial data analysis is planned for Spring 2008.  A precis of the project is at Annex F.

23.
King’s Centre for Military Health Research (KCHMR).   The KCHMR is an academic department within Kings College London (KCL), that receives funding from the MoD.  KCMHR are working on 3 work strands as a result of collaboration with the project team:

a.
A retrospective analysis of mTBI symptoms in UK servicemen identified during the Operation TELIC cohort study (a subset of UK Armed Forces personnel already under investigation by KCMHR) has been submitted for publication
.  This paper provides evidence that whilst some mTBI symptoms are related to head injury, they are often non-specific. 

b.
A planned analysis of personnel identified on the Operational Emergency Department Attendance Register (OpEDAR) database as sustaining head injuries during current operations.  This work will cross-reference such cases to the TELIC cohort and matches will be analysed to determine if any psychological patterns appear.  This work will be in collaboration with RCDM.  Initial analysis of the data is expected to be available in Spring 2008.

c.
A prospective randomised controlled trial has been proposed requiring 300 service personnel (150 mTBI cases, 150 controls) and the use of high resolution functional imaging to investigate whether organic damage is identifiable.  The proposal for this work, in collaboration with RCDM and DMSD, is contained at Annex G. 
25.
US Research. US DoD researchers are collecting significant amounts of data, which it is hoped will inform future work.  However, there are concerns about the overarching strategy, policy and process regarding data collection.  There is evidence that there is no single data gathering process.  The priorities for further US work are:

a.
To understand the natural history of mTBI.

b.
To prevent mTBI through education.

c.
To define a natural marker to assist with case definition.

d.
The management of mTBI and symptomatic treatment.

e.
Of particular interest are the following projects:

26.
Automated neuropsychological assessment metrics (ANAM).   ANAM is a computerized measure of information processing speed, cognitive efficiency, and memory. There has been considerable Congressional pressure to introduce ANAM into the pre-deployment screening programme and 101st Airborne Division is currently being tested. However, there is concern as to how the data will be analysed.  Furthermore, the ANAM tool has yet to be validated in a military context.  There is currently no widespread base-lining of ANAM scores. The goal, however, is to determine whether personnel are fit to deploy in the first place and then whether they are fit to re-deploy if during an operational tour they sustain an mTBI.  However, without a base line comparator it remains to be seen how this will be achieved. 

28.
US Research Into Blast Injuries.   The US Army is undertaking research using accelerometers, mounted in helmets, to register decelerations on impact.  This is a pilot study in high risk groups.  There are also research projects being developed that will use pressure wave sensors to investigate blast energy and potentially to attempt to correlate this data with overt brain injury or mTBI symptomatology.

29.
Canadian Research.   Key Canadian research initiatives are:

a.
Diagnostic Assessment of Cerebral Impairment in Canadian Forces Operations – Phase I: FY 06, 07.  This phase is:

(1)
Using the Hypoxic model, to assess readily available non-invasive and portable neural monitoring technologies (high density EEG and cerebral oximetry) in investigating exposures to transient concussion.

(2)
To establish a linkage or correlation between neurophysiological monitoring and cognitive performance capability.

b.
Development of neurobiological models of mild traumatic brain injury and comparison of effective mTBI markers as a potential diagnostic tool in various models in order to:

(1)
Determine if diffuse traumatic axonal injury is a key contributor to poor neurological outcome and morbidity caused by primary traumatic brain injury using the blast model.
(2)
Validate and compare potential biochemical markers associated with diffuse axonal injury and other pathological consequences for appropriate identification and assessment of non-visible primary head injury.

This work links very closely to Dstl research into peripheral markers.

d. Investigation of the effects of closed head injury using neurophysiological, neuroimaging and neurocognitive assessment in order to:

(1)
Establish a linkage or correlation between neurophysiological monitoring and cognitive performance of closed head injury in the Canadian Forces operational or closely-matched civilian population.

(2)
Establish a linkage or correlation between post-traumatic stress disorder and objective measurements made using non-invasive neural imaging and monitoring technologies.

(3)
To establish a linkage or correlation between mild traumatic brain injury and objective measurements made using non-invasive neural imaging and monitoring technologies.

(4) To gather data from a CF operational environment for further development of non-invasive and portable neural monitoring technology.

e.
Investigation field deployable rapid diagnosis for mTBI.  This work consists of 5 inter-related research areas that are broadly as follows:
(1)
Development of a common definition and scoring system for mTBI.

(2)
Recognition and detection of mTBI in soldiers.

(3)
Evaluation of neurophysiological and neuro-imaging techniques.

f.
Understanding the underlying mechanism of TBI - Cellular neurophysiology of traumatic axonal injury.

g.
Intervention strategies for mild traumatic injury.

30.
Research Gaps.   There are still many research gaps but all current research strands are attempting to answer three central questions:

a. Identification and measurement of mild traumatic brain injury in various military deployment situations and how these measurements might be used to make triage decisions regarding re-deployment of personnel.

b. What early interventions can be used to minimize the biological injury that arises from closed head trauma which includes both preventive physical measures and post-injury biological measures applied to blast-induced brain trauma?

c. What is the relationship of mild traumatic brain injury to medium or long term neurological and functional outcomes and how can these sequelae be mitigated?

31.
MTBI Diagnostic and Surveillance Tool.   

a.
The UK diagnostic and surveillance tool has been developed from the US MACE questionnaire by RCDM in collaboration with DMSD and KCHMR.   It is based on the WHO definition and comparable with US data collected using the MACE questionnaire and is at Annex H.
b.
The tool has been piloted in operational theatres and following refinement has been rolled out to the pre deployment HOSPEX brief for deploying troops from January 2008 and has been deployed into the field.  The deployed version is at Annex H. Data collection will be coordinated by RCDM in the first instance with subsequent analysis undertaken by DASA as required.  
CLINICAL MANAGEMENT

32.
A treatment protocol has been developed by the project team in conjunction with RCDM and DMRC.  The constituent parts of this protocol are the diagnostic tool (referred to above), a clinical algorithm for the acute management of mTBI cases and a 4-level programme of treatment, developed by DMRC.

33.
Clinical Algorithm.  A clinical algorithm for the management of mTBI cases in theatre or during peacetime operations and training has been developed and is at Annex I.  The algorithm is evidence based, utilising best practice for the treatment of acute head injuries and also the early management of mTBI patients accepted in the literature as reducing the likelihood of persistent symptoms.

34.
Treatment Plan.   DMRC has been engaged in the production of health information
 on mTBI and the development of a treatment plan for personnel who have sustained mTBI.  Evidence of similar interventions used successfully for the treatment of mTBI by other researchers in a variety of situations and countries has underpinned the development of the treatment plan and an overview is contained at Annex J and includes the following four- level protocols: 

a. Level 1.  Information will be given to all deployed Service personnel using a variety of media.  The intervention is based on the rationale used in head injury warnings given in A&E departments in the UK and is aimed at enabling the individual to identify problems and providing advice on immediate actions.  The information will also be available on web-based pages.  The information aims to normalise symptomatology, to reassure the individual and provide useful information about mTBI and simple measures that will provide symptomatic support.  Examples of level 1 fact sheets are provided at Annex K.

b. Level 2.  A centralised cell will provide telephone-based support for patients who remain symptomatic despite the information provided at level 1 or for those who have additional concerns.  A clinical interview (either telephone or in the outpatient department) will form the basis of the assessment process.  This capability will be fully in place from 01 Apr 08. Support and feedback to the patient’s medical centre will be provided.  Level 2 material has been written and has been submitted for peer review by external medical academics.

c. Level 3.  Patients experiencing symptoms beyond 3 months will have a formal outpatient appointment with the mTBI Programme treatment team at DMRC to determine the most appropriate management pathway.  The management in level 3 is based around 3 week-long periods of treatment, repeated at approximately 6-week intervals, a phased return to work and the ability to return to full duties at any time, as improvement allows.

d. Level 4    Patients who remain symptomatic despite management at level 3 will be managed according to their individual needs.  This may require admission for inpatient management, which is already available at DMRC.  Those failing to respond to treatment will almost certainly be referred to a medical board.

35.
Resources.  
a.
Clinical and administration staff have been recruited to implement level 2 of the clinical management pathway.

b.
Whilst there has been a significant increase in inpatient capability at DMRC, the additional requirement for inpatient accommodation in order to deliver level 4 is currently being planned by DMRC, including looking into short term solutions.  There are currently no TBI patients failing to be accommodated.

36.
Education.   In addition to the educational material rolled out with level 1 of the mTBI clinical management pathway, to the chain of command and to Defence General Practitioners, wider awareness of mTBI issues will be provided by adapting the education given in the Battlefield Casualty Drills programme that deals with Operational Stress Reactions. 
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Executive Summary

1.
The report may be summarised by ten key points:

a. Symptoms in both shell shock and mTBI are common and non-specific.  As such they allow a range of hypotheses about causation and prognosis. 

b. Both shell shock and mTBI are naturally recovering disorders.  The sub-population of chronic cases are, however, notoriously resistant to treatment.

c. ‘Shell shock’ and ‘mTBI’ are purely descriptive labels, and do not assist in questions of aetiology or prognosis. 

d. There are good reasons for caution before endorsing a new label such as mTBI.  Labels are often applied before an apparently novel disorder is properly understood.  Those that strike a popular chord are often misleading and can inhibit understanding and effective treatment.  

e. The experience of shell shock and post-concussional syndrome has shown that it is impossible to drawn clear distinctions between organic and psychological effects in the case of cerebral injury.  Any injury involving trauma to the brain is likely to have psychological consequences.

f. The psychological consequences of physical injury, including but not restricted to head injury, have in the past tended to be regarded as less important than organic effects.  As a result, they have received less attention and have sometimes attracted pejorative connotations.

g. Chronic psychological disorders can be as debilitating and resistant to treatment as some severe organic injuries.

h. Shell shock was addressed most effectively in specialist rehabilitation units not least because clinicians had a better understanding of symptoms and prognosis.  Treatment in general hospitals tended to reinforce the idea that the disorder was a serious medical condition.

i. Retraining before discharge, designed to restore morale and improve the serviceman’s transferable skills, plausibly reduced disability and dependency on the war pension system.

j. If the lessons of shell shock are not learned then cases of mTBI may multiply and existing ones become chronic thereby reinforcing pressure for financial compensation.

INTRODUCTION

1.
Mild traumatic brain injury (mTBI) is now claimed to be a ‘signature’ injury of the Iraq and Afghanistan conflicts.
 
 
  In both territories the widespread use of improvised explosive devices, together with conventional mines and mortars, has led to in increasing numbers of troops suffering head or neck injuries.
 
  Blast-related TBI can result in one of three ways: wave-induced changes in atmospheric pressure (primary), by objects put in motion by the explosion (secondary) or by people themselves being forcefully propelled (tertiary).  There are two ways in which the brain may be injured by a blow to the head: a generalised effect in which the force is transmitted to the brain as a whole, which results in unconsciousness or concussion; and a localised bruising effect or contusion.

2.
Not only does TBI affect service personnel in theatre, it also has the capacity to be an enduring concern for returned veterans.  Taber outlined ways in which US troops in Iraq and Afghanistan are at risk from TBI.
  The study concluded that “the potential neuropsychiatric implications of such widespread exposure to blast are still uncertain”, though initial estimates are high.  The Defense and Veterans Brain Injury Center reported that 59% of injured soldiers returning from these theatres suffered at least a mild TBI while in combat.
  We know from the example of shell shock that this has the potential to be a common disorder.  

3.
During the First World War, shell shock came to occupy a similar position of prominence, while post-concussional syndrome assumed an equivalent importance in the Second World War.  The nature of these earlier disorders, their clinical presentation, military context, hypotheses of causation and issues of management, are explored to discover contemporary relevancies to the pressing issue of mTBI.    

4.
The following core themes are explored in this report:

a. Symptoms: What are the core symptoms of mTBI and do they bear any resemblance to those found in earlier disorders such as shell shock, ‘commotio cerebri’ and post-concussional syndrome?

b. Labels: Shell shock rapidly found favour amongst both servicemen and their doctors because it provided a ready explanation tied to the characteristics of trench warfare.  Post-concussional syndrome has retained popularity from its first use in the late 1930s, though its meaning has changed over time.  The report will explore whether effort directed towards diagnostic terms and issues of taxonomy were productive, or whether a focus on symptoms alone might prove more effective. 

c. Organic/psychological dichotomy: In both World Wars attempts to explain enduring disorders related to brain injury polarised between those who sought to limit justifiable symptoms to cerebral lesions and those who identified wider psychological effects.   Whilst modern imaging techniques may identify neuropathology hitherto unknown, it is important to acknowledge that brain injury arising in a context of danger or risk is likely to have psychological consequences. 

d. Data: In the past, military authorities encountered problems in obtaining reliable data.  Commanders, aware of the stigma attached to neuropsychiatric disorders, tended to understate referrals, while military physicians charged with treatment found themselves under competitive pressure to return patients to active duty and often overstated recovery rates.  Statistics collected during both World Wars have to be treated with caution and there is little reason to suppose that the biases that operated then have now disappeared.  Currently, published rates of post-traumatic stress disorder (PTSD) are higher for US troops returning from Iraq and Afghanistan than for UK servicemen.  This evidence poses the question, whether a similar difference will be found for mTBI and whether individual nations engaged in the same conflict report markedly different levels of battle casualties?

e. Specialist units: During both World Wars it became increasingly clear that assessment and treatment was more effective if entrusted to specialist units.  For acute cases, forward neuropsychiatric units were established, while dedicated base hospitals were set up to treat severe or chronic cases.   This report will explore whether there is any evidence for the utility of rehabilitation programmes designed to return service personnel to duty and whether any speciality was particularly effective. 

f. Retraining programmes: To prevent the discharge of servicemen into chronic invalidity, retraining programmes were devised to assess aptitude and offer vocational courses.  The report will explore their effectiveness.

DEFINITIONS

Mild Traumatic Brain Injury
5.
Although head injury is a significant cause of disability and death in adults, the majority of cases (85% to 95%) are classified as ‘mild’ to ‘moderate’, and most of these recover within weeks to months without specific therapy.
  Mild traumatic brain injury (mTBI) is defined as a cerebral event that leads to loss of consciousness for less than twenty minutes or post-traumatic amnesia lasting less than 24 hours.
  Post-traumatic amnesia refers to the period of memory loss between the incident itself and the next fully remembered events.  However, some US studies have changed the definition of ‘mild’ to include loss of consciousness for less than one hour rather than 20 minutes.
  A wide-ranging literature survey concluded that for most cases there are no objectively measurable cognitive deficits attributable to mTBI beyond 1-3 months’ post-injury, though self-reported symptoms are common.
  The disorder is accompanied by a range of common and non-specific symptoms: headache, dizziness, irritability or outbursts of anger, double vision, ringing in the ears, loss of concentration and forgetfulness.
  None of these are pathognomonic and can be found in a variety of neurological and psychological disorders.  Although a study conducted in 1986 showed that most subjects recover within three months of injury (only 8% having significant symptoms at follow-up a year later),
 recent US investigations suggest a higher proportion with enduring disorders. 

6.
The wider spectrum of TBI includes serious and life-threatening conditions, which require that each case be carefully investigated.  Diagnosis is not straightforward nor, in the absence of a simple test, can it be performed quickly.  Indeed, observation of symptoms over time was considered important by military neurologists during the Second World War when attempting to distinguish between post-traumatic neurosis, post-concussional syndrome and significant brain lesion.  

Shell Shock

7.
There is no accepted definition for shell shock.  The term was first used in a medical publication, the Lancet, on 13 February 1915 by Captain Charles Myers.
  Nevertheless, he offered no definition and later admitted that he had not been responsible for devising the term.
  The Report of the War Office Committee of Enquiry into ‘Shell-Shock’, published in 1922, concluded that ‘the cases divide themselves into three main classes:

a. Genuine concussion without visible wound as a result of shell explosion.  All witnesses were agreed that cases in this class were relatively few.

b. Emotional shock, either acute in men with a neuropathic predisposition, or developing slowly as a result of prolonged strain and terrifying experience, the final breakdown being sometimes brought about by some relatively trivial cause.

c. Nervous and mental exhaustion, the result of prolonged strain and hardship’.
  

8.
Because of controversy surrounding its nature and the belief that it encouraged claims for compensation, in summer 1939, when war seemed inevitable, the British authorities reiterated the ban on the term shell shock, first introduced in 1917.
  It was not to be used as a diagnosis for civilians or service personnel and, in fact, the term is rarely found in medical records for the Second World War.

Post-Concussional Syndrome

9.
Post-concussional syndrome is an imprecise diagnosis that has changed its meaning over time.  In 1939, Schaller coined the term ‘post-trauma concussion state’ to describe on-going ‘disturbance of consciousness with no immediate or obvious pathologic change in the brain’.
  This was not considered a functional psychological disorder and he sought to differentiate it from ‘post-traumatic psychoneurotic state’; in other words he conceived it as an organic neurological disorder, albeit mild.  He proposed 13 symptoms or behavioural characteristics that would enable a clinician to distinguish between the two disorders.  In traumatic neurosis, Schaller argued, patients were mentally alert, often depressed, exaggerated in statement and behaviour, had repeated headaches and tended to deteriorate over time.  By contrast, those with post-concussional disorder were aggressive, irritable, experienced amnesia, did not exaggerate, rarely had headaches, tended to improve with treatment and exhibited intolerance to heat and alcohol.  Similarly, Russel generated a list of eight symptoms which he believed would enable clinicians to distinguish between organic paresis and ‘hysterical hemiplegia’, a key difference being the natural history of the two disorders.  In the former, ‘the paralysis is never subject to changes’ whereas in the latter ‘the progress of the disability is capricious and variable’.

10.
By 1941, the term post-concussion syndrome had caught hold, though clinicians still struggled to find a way to distinguish the disorder from the psychological effects of a traumatic experience.  Wittenbrook argued that headache, dizziness, fatigue, tinnitus, memory impairment, poor concentration and nervousness alone could not reliably differentiate it from ‘post concussion neurosis’, a disorder where functional symptoms were the product of personality.
  Wittebrook thought that post-traumatic amnesia was a key indicator of cerebral pathology.  Fulton, too, acknowledged the difficulty of distinguishing psychological cases from ‘organic concussion resulting from blast’.
  

11.
Disagreement over aetiology followed a course already familiar from the First World War.  Schaller believed that in post-concussional state a blow to the head or a blast effect led to ‘reversible changes of brain function, with demonstrable pathologic change’, whilst post-traumatic psychoneurotic state was due to the ‘precipitation of psychic complexes, following a period of medication, in patients presenting inadequate personality traits’.
  This hypothesis bears comparison with the contemporary idea that mTBI may reflect subtle or hidden cerebral pathology detectable only by advanced imaging techniques.  Wilder Penfield, the distinguished Canadian neurologist, believed that subdural adhesions could be found in patients who suffered from post-traumatic headache, which sharply contrasted with the uncompromising non-organic explanation proposed by Colin Russel, head of a Canadian Army neurological hospital:

Whereas in the last war the soldier who cannot ‘stand the gaff’ considered himself a victim of ‘shell shock’… in this war he has learned that the complaint of headache following a blow on the head is apt to serve as entitlement to invalidism and discharge.
 

12.
Today post-concussion syndrome is no longer regarded as an unexplained organic consequence of cerebral lesion. Post-1945 studies by Lishman and others (see below) demonstrated that those with severe head injury also unsurprisingly suffered psychological consequences.  Furthermore, they found that the number and severity of psychological symptoms was not associated with objective organic injury.  As a result, post-concussion syndrome is now commonly characterised as a functional disorder relating to symptoms that endure after any cerebral lesion has healed.  Indeed, a recent study identified the disorder in those who had experienced traumatic injury unrelated to the brain.

SYMPTOMS 

Shell Shock: military context
13.
During the First World War, British troops found themselves exposed to significant risk of head wound.  The introduction of the steel helmet at the beginning of 1916 may have saved lives at the expense of increased rates of concussion.  However, until 1917, 90% to 96% of soldiers with a penetrating head wound died, though this figure fell slightly thereafter.
  Engaged in static trench warfare, front-line soldiers experienced artillery barrage and mortar attacks, together with the threat of devastating mines.  It is estimated that 60% of deaths were caused by shrapnel.
  Lt. Colonel John Rhein, consultant in neuropsychiatry to the American Expeditionary Force (AEF), reported that 50% to 60% of soldiers with shell shock admitted to his base hospital claimed to have been concussed; “a man states that he had lost consciousness or memory after having been blown over by a shell”.
  Furthermore, a study of 1,000 admissions to a British specialist shell shock unit between November 1916 and May 1917 found that only 16.8% had definite evidence of concussion.
 

14.
Head wounds and brain injury following exposure to exploding ordnance were a significant cause of invalidity in the opening phase of the First World War.  These casualties offered Gordon Holmes, consultant neurologist to the British Expeditionary Force (BEF), an unprecedented opportunity to test the localization of brain function.  Cerebral trauma found itself at the cutting edge of military medicine.  But what appeared to be a straightforward association between cause (shell explosion) and effect (head wound) soon became clouded and a cause of controversy.  

15.
Increasing numbers of servicemen who had been close to a detonation presented with symptoms that could not be ascribed to visible brain damage.  They suffered from amnesia, poor concentration, headache, tinnitus, hypersensitivity to noise, dizziness and tremor but did not recover with hospital treatment.
  Diagnosis became problematic because their clinical presentation was similar in many respects to soldiers who had a head wound.  The term shell shock evolved in an attempt to describe cases that arose in the context of exploding ordnance but where symptoms could not be explained by the presence of an obvious organic lesion.  Shell shock entered the medical debate with the publication of a paper in the Lancet in February 1915 by Captain C.S. Myers, a specialist in psychological medicine.
 

16.
In May 1915, following bitter fighting in the second battle of Ypres, the number of battle casualties rose significantly.
  Among them were growing numbers of servicemen with a diagnosis of shell shock but despite their increased incidence the military made no significant progress in understanding the disorder, still less in designing an effective management strategy.  This was partly a question of priorities.  In the context of a rapidly expanding army and a war of attrition, the British Army struggled to open sufficient hospital accommodation for the wounded in France.
  The growth of the BEF and unexpected levels of bacterial infection created pressing medical priorities, forcing shell shock to a lowly position on the military agenda for 1915.  As a result, cases were transferred to base hospitals in France and the UK for observation in general wards.
  Without an informed treatment strategy, this puzzling disorder spread throughout the British Army.  By autumn 1916, with manpower losses following the Somme offensive, the issue of shell shock finally came to the fore.  The flow of casualties from the front had to be stemmed and an effective intervention devised to return combat troops to active duty.

Shell Shock: symptoms
17.
Shell shock was characterised by a wide range of non-specific symptoms, which made it difficult to distinguish it from other post-combat syndromes such as soldier’s heart, effort syndrome, rheumatism and some cases of non-ulcer dyspepsia.  A random sample of 1,856 veterans awarded a pension for a post-combat disorder arising in conflicts from the Boer War (1899-1901) to the Gulf War (1991) subjected to cluster analysis failed to distinguish between specific diagnoses.
  Ninety-four possible symptoms were collected for each individual and the 25 most common then analysed by clusters.  The 249 cases of shell shock included in the study did not stand apart from other forms of war syndrome.  Although 181 (84%) shell-shocked veterans fell into a neuropsychiatric cluster, this also included 130 cases of rheumatism from the Boer War and 216 cases of Gulf-related illness.  The symptoms of shell shock were not exclusive to a particular conflict or to a particular diagnostic label.  Because servicemen diagnosed with shell shock reported so many symptoms (which typically included palpitations, shortness of breath, chest pain, joint and muscle pain, fatigue, difficulty completing tasks, tremor, headache and dizziness), it was not a discrete entity.  

18.
Although clusters of symptoms may be of limited value in diagnosis, it has been suggested that specific symptoms or the progression of symptoms over time can help to distinguish between different categories of post-combat disorder.  Emilio Mira, a psychiatrist who had treated civilians suffering from the effects of air-raids on Barcelona during the Spanish Civil War argued that the presence of amnesia was a powerful indicator of a cerebral injury.
  Yet, based on his experience of treating shell-shock patients during the First World War, Culpin argued that amnesia for many was the product of an unconscious process designed to block unpleasant memories, which could be recovered by hypnosis or suggestion.
  Indeed, Hadfield reported the case of an air-raid warden who had been concussed during the Blitz.  In the immediate aftermath he suffered amnesia, wandering in a fugue state for four days.  He subsequently experienced eighteen months of headaches, insomnia and severe neck pain, but as a result of psychotherapy was able to recall in detail the experience of being blown in the air and the districts he had walked through.
 

Post-concussional syndrome

19.
Headache was identified by a number of researchers as a key symptom in post-concussional syndrome.
  Guttman found it in more than 50% of cases, Russell in 42% and Rowbotham in 80%.
  However, headache could not be regarded as pathognominic and clinicians were agreed that it could not resolve any question of causation, being a feature of organic and psychological disorders.

20.
Individual symptoms, suggested Derek Denny-Brown, professor of neurology at Harvard, did not hold the key but their timing and number could distinguish between severe head injury and post-concussional syndrome.  In the opening phase of the Second World War, Denny-Brown worked at a British military hospital for head injuries and based this judgement on 18 months of clinical experience.  In cases of organic damage, he argued, symptoms are immediate and severe with a trend to progressive recovery, while in the latter there was often a delay in onset and tendency to get worse rather than better.
  This observation had also been made by Schwab and Fenton in the aftermath of the First World War: ‘instead of passing away in a few days, as they normally do, [symptoms] begin after a comparatively free interval, become apparent again with a definite degree of persistence and exaggeration’.
 

21.
However, this hypothesis was not supported by a number of clinical investigations.  A follow-up study of 1,020 military personnel with closed head injury by Sir Charles Symonds led him to the conclusion that ‘the practice of dividing the post-contusional cases into two groups, labelling the one organic and the other functional or neurotic’ was ‘unprofitable and misleading’.
  Indeed, Lewis in 1942 and Guttman in 1946 underlined the similarities in the presentations of head-injured and non-head-injured soldiers seen in army psychiatric units.
 
  They seemed equivalent in terms of family and personal histories of psychological disorder and even range of symptoms.  Furthermore, a study of 200 US Army personnel exposed to high-explosive blast conducted by Barrow and Rhoads in 1944 identified significant psychological effects in those who survived without apparent physical injury: ‘these patients were listless and apathetic and they seemed overcome with fatigue and lassitude’.
  Although most recovered quickly from this state, others continued to report symptoms for which no organic basis could be found.  

22.
A study conducted by Captains Drayer and Glass at 43rd Station Hospital in the Italian campaign failed to identify any differences in symptoms between those soldiers admitted with battle exhaustion and those having been exposed to blast ‘as manifested by haemorrhage or rupture of an eardrum’.  Both groups were ‘indistinguishable’ and characterised by ‘irritability, headache, tremor, battle dreams, startle reaction, and a phobia of further combat’.  
  It appeared, therefore, that no clear-cut pattern existed that could reliably divide head-injured patients into those whose symptoms were primarily psychological and those that were organic in origin.  

23.
In addition, Denny-Brown concluded that the ‘relationship between the degree of initial traumatic damage done to the cranium in head injury’ and subsequent symptoms such as headache, dizziness, intellectual deficit and disability was ‘obscure’.
  His study of 430 cases of head injury admitted to Boston City Hospital between July 1942 and December 1943 showed that severity of wound was not in itself a sufficient predictor of disability, though neuropsychiatric symptoms (headache, dizziness, difficulty in concentration, nervousness and insomnia) had the highest correlation with extended convalescence and difficulties returning to full occupation.
  In other words, it was difficult to predict outcomes even in those patients for whom there was objective evidence of contusion or concussion.

24.
With this knowledge in mind, British military doctors largely abandoned any attempt to divide servicemen with post-concussional syndrome into different categories based on whether or not they had a defined head wound.  Specialist neuropsychiatric units, such as Mill Hill and Northfield, adopted a pragmatic approach designed to avoid invalidity and promote morale and competence.
  They retained cases within the armed forces and offered occupational therapy and vocational training based on aptitude tests.  Having observed the debilitating effect of the shell-shock label, the key, it was thought, was to return service personnel to purposeful activity without paying too much attention to causation.

25.
Post-war investigations by Lishman showed that post-concussional syndrome was characterised by subjective symptoms not directly accessible to observers.
  In addition, a retrospective study of 670 World War Two servicemen with head injuries showed that 144 (21.5%) had marked psychiatric disability on follow-up one to five years later.  Enduring symptoms included headache, dizziness, fatigue and sensitivity to noise.  Assessed by a range of criteria (depth of penetration of injury, amount of brain tissue destroyed or length of post-traumatic amnesia), 71 (10.6%) subjects consistently emerged as having the milder injuries.
  Lishman estimated that physical injury contributed little more than 7% of total disability and suggested that the emotional impact of the traumatic experience could precipitate psychiatric symptoms in those who are psychologically vulnerable.  

26.
In 1981 Trimble concluded that post-concussional syndrome was far from being a clear-cut diagnosis: ‘there is considerable psychiatric morbidity following head injury… Neurotic symptoms are not only the prerogative of the mildly injured’.
 

27.
A recent study by Meares et al compared symptoms in two randomly selected populations: 90 subjects with mTBI and 85 subjects who had suffered a traumatic exposure but not experienced brain injury.
  Although 43% of the mTBI sample had the symptoms of acute PCS at follow-up within 14 days of the traumatic injury, 43% of the non-brain injury controls also met the criteria.  PCS (defined as the presence of three or more symptoms from a list of ten) was not found to be specific to mTBI, but could arise in those without brain injury.  The term is perhaps misleading in that it implies that ‘concussion’ is a causative element.  The symptoms of acute PCS are non-specific and common: fatigue, dizziness, poor concentration, memory problems, headache, irritability, malaise, mood swings-emotional lability and insomnia).

28.
There is currently no way of knowing whether post concussional syndrome and shell shock are the same phenomenon.  Because shell shock was a catch-all term (including concussion, cases of psychological trauma and even malingering), no one has ever attempted to compare the symptoms of the two disorders in a scientific manner.  A major study by Jones et al (2002) which compared random samples of servicemen with shell shock and other disorders such as non-ulcer dyspepsia, disordered action of the heart and so-called Gulf War syndrome, showed that there were important similarities but no exact matches - more like varieties of a species.
  To discover whether mTBI is the same, in terms of symptoms, as post concussional syndrome or shell shock would require us to re-run the experiment including a random sample of soldiers with PCS and a random sample of service personnel with mTBI. 

LABELS

29.
Diagnostic labels have proved popular in the past but often come with at a cost.  Shell shock itself rapidly gained acceptance amongst soldiers and military doctors.  A compelling term, it succinctly expressed the experience of trench warfare and what a soldier subjected to artillery barrage might feel.  However, many came to regard the label as inimical to treatment and recovery.

30.
The term ‘shell shock’ was widely applied to military patients before the disorder was properly understood.   Some servicemen sought a diagnosis of shell shock during the First World War because of the clear advantages it brought.  During 1915 and 1916 it carried entitlement to a wound stripe and gave a soldier a valid claim for a war pension on discharge from the armed forces.  As well as providing the patient with several months rest in a base hospital, a diagnosis of shell shock also offered a mantle of military credibility.  Lord Peter Wimsey, for example, the fictional detective of Dorothy L. Sayers was recorded as having been invalided from the Rifle Brigade in France with shell shock, a fact that did nothing to diminish his heroic status, but did explain some of his eccentricities.  Because some had hypothesised that it represented the outward expression of a cerebral wound, the issue of psychiatric stigma did not apply.  Initially, there was no shame attached to the disorder.   As a result, servicemen admitted to specialist neurological centres in France when asked of what they suffered invariably answered,

“shell shock sir.”  To the soldier’s mind it was as much an entity as scarlet fever, with the further addition that, being incurable, shell shock was more to be dreaded.
 

31.
However, the battle of the Somme in summer and autumn 1916 led to a turning point in both understanding of shell shock and the way that sufferers should be managed.  Increasing numbers of soldiers were invalided from the front and many were shown to have symptoms without having been close to an exploding shell.  They, in particular, could not have experienced concussion and their symptoms had either to be psychological in origin or malingering.

32.
By this time the label shell shock was well established among soldiers, the medical profession and the general public.  Greater understanding of the disorder and the military need to discourage its indiscriminate use, led to a major policy change.  Use of the term was to be strictly controlled and its status as a legitimate wound was questioned.  In November 1916 Arthur Sloggett, Director General of Army Medical Services in France (DGAMS), authorised two new classifications: ‘effects of explosion (wound)’ for those who were unable to perform their duties as a soldier as a result of direct contact with ‘a specific explosion… without producing a visible wound’; and ‘nervousness’ for those whose symptoms were characterized by anxiety.
   These descriptions were introduced to avoid use of label shell shock, which was now the subject of controversial dispute as to its status and effects.

33.
The introduction of specialist units for the treatment of shell shock in December 1916 (initially known as ‘Special Medical Units’) was accompanied by new regulations for assessment and treatment.  Regimental medical officers were instructed not to use the term but to write ‘Not yet diagnosed, nervous’ on a soldier’s casualty card together with a brief description of the context in which the breakdown occurred.
  On arrival at a forward psychiatric unit, a specialist was required to assess whether the soldier was to be diagnosed as ‘shell shock (wound)’ or ‘shell shock (sick)’.  The former was to be used only for soldiers in combat who had been close to an explosion and therefore who might have suffered an organic lesion.  Doctors were required to obtain corroborative evidence from the soldier’s unit,
 though in practice this proved impractical during offensives.  Such casualties were to be offered the treatment appropriate to a battle casualty.  By comparison, those who reported symptoms in combat without having been close to exploding ordnance were to be designated ‘shell shock (sick)’; they were to be treated with a degree of suspicion as there was no obvious cause of their illness.  

34.
In reality, these distinctions were rarely adopted by medical officers or specialists.  Analysis of admissions to a forward psychiatric unit showed that the label shell shock (sick) was almost never used.
  In part, doctors in the front line or close to the battlefield rarely had the time to make such precise judgements and in the absence of corroborative evidence were largely reliant on the soldier’s self report.
   More than this, however, the term shell shock had become so well established that a set of new regulations made little impact on well established beliefs.  Because of this, in April 1918, Lieutenant General G.H. Foulke, the Adjutant General to the British Armies in France, recommended that cases of shell shock should no longer be classified as ‘battle casualties’ but recorded as sickness.

35.
Despite the efforts of specialists in psychological medicine and the military authorities, shell shock continued to be regarded as a legitimate medical disorder by most soldiers, the press, politicians and the general public.  It was popularly conceived as a physical consequence of exploding ordnance and as such a lasting and debilitating disorder.  Thus, a misconceived label, if applied early and allowed to establish itself, can plausibly inhibit understanding and treatment.  Mild traumatic brain injury as a label possesses some of the characteristics of shell shock.  A relatively new term (possibly introduced in 2004), in the UK it appears to have replaced the more neutral ‘mild head injury’ (MHI).
  Striking a popular chord, mTBI carries an implication of serious pathology and covers a wide range of non-specific presentations.

36.
Our current state of knowledge does not permit us to conclude that labels make a difference to outcomes. In the past, servicemen treated in military and civilian hospitals were given a diagnosis so a control population without a label would be hard to find.  A definitive answer to the question would involve setting up a random controlled trial of mTBI patients assigning them to two groups (one with labels and one without) before they entered treatment programmes.  Ideally, it would also include follow-ups to see if any effects are sustained.  

ORGANIC VERSUS PSYCHOLOGICAL EXPLANATIONS

37.
Because shell shock was characterised by a wide range of common symptoms, this opened the door to multiple aetiological explanations.  At first, it was considered that forces of compression and decompression caused a cerebral lesion, a form of “commotio cerebri”. 
 
    Frederick Mott, then Britain’s leading neuropathologist and recruited by the War Office to discover the aetiology of the disorder, argued that in extreme cases shell shock could be fatal if intense commotion affected ‘the delicate colloidal structures of the living tissues of the brain and spinal cord’, arresting ‘the functions of the vital centres in the medulla’.
  Alternatively, it was speculated that carbon monoxide released by the partial detonation of a shell or mortar could damage the central nervous system.
  In other words, the disorder was formulated at the outset as an organic problem even though the pathology remained unclear.

38.
However, research conducted by Myers, consultant psychologist to the BEF, during 1915 and 1916 led to a new hypothesis.  Based on his own observations, an increasing appreciation of the stress of trench warfare and the finding that many shell-shocked soldiers had been nowhere near an explosion but had identical symptoms to those who had, Myers suggested a psychological explanation,
 even to the extent of characterizing them as ‘traumatic neuroses’.
 
  For these cases, the term ‘emotional’, rather than ‘commotional’ shock was proposed.   This confusion over the nature of the disorder subsequently encouraged the decision to introduce two categories of shell shock: ‘wound’ and ‘sick’.  

39.
Whilst this distinction possessed an internal logic, in reality it failed to work. First, a soldier might cease to function in a battle while not being close to a shell explosion.  Strictly speaking, he should have been designated as ‘shell shock (sick)’ but analysis of admission books to a specialist unit, reveal that doctors almost uniformly used the ‘wound’ label for anyone referred from a front-line unit.  Secondly, a soldier worn out by prolonged active service might break down while in a base area.  If he were unable to report an instance where he had been concussed by an exploding shell, a doctor was required to label him as ‘sick’ whereas his symptoms were a direct consequence of battle.

40.
The psychological explanation gained ground over the neurological in part because it offered the British Army an opportunity to return shell-shocked soldiers to active duty.  Increasingly short of front-line troops, any initiative that promised to restore such cases to fitness was attractive.  As a result, in November 1916 Arthur Sloggett, Director General of Army Medical Services, authorized two new classifications: ‘effects of explosion (wound)’ for those who were unable to perform their duties as a soldier as a result of direct contact with ‘a specific explosion… without producing a visible wound’; and ‘nervousness’ for those whose symptoms were characterised by anxiety.
   In part, these descriptions were introduced to avoid use of label ‘shell shock’, which was now the subject of controversial dispute as to its status and effects.

41.
In addition, four dedicated shell-shock units were set up in France close to the front line (so-called ‘forward psychiatry’) for acute cases: at 4 Stationary Hospital, near St Omer, to serve First and Second Armies, at 6 Stationary Hospital, Frevent, for Third Army, at 21 Casualty Clearing Station, Corbie, for Fourth Army, and at 3 Canadian Stationary Hospital, Doullens, for Fifth Army.
  Furthermore, specialist base hospitals were established for those already suffering from chronic effects (notably Maghull, Craiglockhart and the Maudsley).  Considerable resources were diverted towards the investigation and clinical management of this apparently novel disorder.

42.
When the United States entered the war in April 1917, they too faced the same steep learning curve.  A month later, Major Thomas Salmon was ordered to the UK and France to study the question of shell shock and make recommendations for US Army policy.
  In essence, he recommended a system of forward psychiatry supported by a large specialist “clearing hospital for mental cases”, Base Hospital No. 117 set up at La Fauche.
  Despite this careful planning, shell shock spread through the American Expeditionary Force and rose to rose to significant levels during the Argonne offensive.
  

43.
Why, then, did the US Army fail to prevent an epidemic of shell shock amongst their troops?  First, the imprecise nature of the term allowed it to become a catch all for any disorder that was either psychological or neurological.  The nature of trench warfare made it inevitable that there would be head wounds, cases of concussion and soldiers suffering the effects of psychological trauma.  If the US Army had a failing, it was not one of prevention but of management.  

44.
The idea that shell shock was at best a psychological disorder and at worst malingering gained ground during the interwar period and influenced planners before and in the early stages of the Second World War.  To illustrate its true nature, in their Textbook of Psychiatry Henderson and Gillespie quoted the case of 2,500 US troops with shell shock awaiting passage to America when the Armistice was declared.  It was claimed that all but 400 recovered within two days of the Armistice.
  The implication of this report was that most soldiers with shell shock had a functional disorder designed in the main to assist their transfer from the combat zone.  There was scant recognition that some may have been worn down be prolonged exposure to intense stress or suffering the psychological effects of a concussive head injury. 

45.
In 1942, John Fulton, professor of physiology at Yale, recognised the difficulty of attempting to distinguish ‘psychogenic war neurosis [shell shock] from a case of organic concussion resulting from blast’.
  In the same year, Kurt Goldstein, professor of neurology at Tufts, had questioned whether indeed it was possible to distinguish between ‘psychogenic symptoms’ and ‘those organically produced’.  In After-effects of Brain Injuries in War, which was based on his experience of treating German soldiers with head wounds during the First World War and peacetime research in a specialist unit at Frankfurt,
 Goldstein wrote that:

The whole dichotomy itself is probably at fault, for… the organic patient will react to his condition with functional symptoms also.  Furthermore the functional symptoms may be no less disturbing to the patient than those organically produced.
 

46.
Preliminary results of a study of UK troops returning from Iraq suggest a very strong association between the symptoms of mTBI and those of post-traumatic stress disorder (PTSD).
  Indeed, studies of civilians with mild head injury had shown an association with PTSD.
  It appears, therefore, that it can be difficult to distinguish between the effects of mild head injury and an exceptionally stressful experience.    Even with the social acceptance of PTSD, service personnel still prefer to be labelled as suffering from mTBI than a psychological disorder.  Shell shock too was largely free from stigma when used in the early phase of the First World War because it was perceived as a wound, or a neurological lesion. Raynor, a divisional psychiatrist serving with the AEF, recalled “with what tenacity men clung to a diagnosis of ‘shell shock’… something which was generally recognized as incapacitating and warranted treatment in a hospital”.
  

47.
Although it may be better for self esteem and career prospects for a veteran’s symptoms to be attributed to mTBI rather than PTSD, it is also important to note that labels themselves affect prognosis. For example, a study of post-concussional syndrome by Whittaker et al. suggested that subjects who believe that their symptoms have lasting and deleterious effects are at heightening risk of experiencing an enduring disorder of this kind.
  In other words strongly held negative beliefs play a part in maintaining symptoms and functioning – exactly the reasoning which led the British Army to discourage use of the term shell shock in 1917.

DATA

48.
Statistics for both World Wars are unreliable.  Published data and official sources were contaminated by the need to preserve morale and to demonstrate military effectiveness.  Battle casualties were played own and indicators of high morale emphasised or exaggerated.  Not even scientific journals could be trusted during times of war.  Even post-war studies have been clouded by such statistics when scholars have taken numbers at face value.  For example, a history of military medicine during the Second World War, published by Oxford University Press in 2004, uncritically included exaggerated outcome measures (that 98% of patients were successfully returned to duty within three weeks of admission) claimed by Major Harold Palmer who had treated neuropsychiatric casualties from the Western Desert.
  At the time, contemporaries had been sceptical of this apparent success story.
  Unless statistics are retrospectively extracted from original records, they should be treated with caution.

49.
A tantalising account appears in Death’s Men, Soldiers of the Great War, published in 1979, about numbers of battle casualties.  In 1914, Winter claims, 1,906 cases of behaviour disorder without obvious physical cause were admitted to medical units of the BEF, a total that rose to 20,327 (9% of battle casualties) in the following year.
  Winter also claims that only 3% of servicemen diagnosed with shell shock had a discernable brain lesion.
  Sadly, Winter provided no source for these statistics and it has not proved possible to verify them.  An official report compiled in December 1914 and quoted by Johnson and Rows suggested that between 7% and 10% of officers and 3% to 4% of men admitted to hospitals in Boulogne were invalided to the UK suffering from the effects of ‘nervous and mental shock, due to strain, stress and exhaustion’.

50.
In October 1917, Salmon reported that shell shock was responsible for one seventh of all discharges from the British Army, one-third if wounds were excluded.
 By the end of 1918, the British government had awarded 32,000 war pensions for shell shock, a figure that was to rise dramatically once soldiers were discharged from the forces.

51.
Shell shock had initially caught the popular imagination in part because it related to a genuine medical emergency, a head wound or neurological lesion.  As Southard observed the term ‘compared with the more acutely terrible and life-in-the-balance thing we know as traumatic or surgical shock’.
  In 1917, however, when it had become clear that many cases were not directly related to a head injury, the medical authorities attempted to restrict use of the diagnosis.  Disputes over its aetiology and management, further served to inhibit the design of an effective protocol.  The involvement of the media and politicians, ostensibly to support the claims of individual veterans, added an emotive element that distorted policy and research.
  In November 1917, for example, Myers was refused permission by Sloggett to submit a paper to the BMJ on shell shock because orders had been issued to the press bureau that nothing relating to the disorder should be released to newspapers.
  Thus, a preoccupation with media relations is nothing new.

Data collection

52.
Accurate statistics for disorders that are controversial or carry stigma are notoriously difficult to collect.  First, servicemen are reluctant to report symptoms that may lead to such a label; commanders may suppress information or refuse to refer servicemen from their unit because their existence may imply a failure of morale or leadership; and doctors treating these disorders may falsify returns lest they be accused of lack of efficiency.  All of these issues were encountered during the First World War when shell shock became a prominent battle casualty.

53.
In 1919, Major Dudley Carmalt-Jones, who ran the ‘Shell Shock Centre’ at No. 4 Stationary Hospital, Arques, recalled that there had been ‘vicious’ competition between the four forward psychiatric units and between ‘rival methods of treatment for the return of patients to their units’.
  Even Carmalt-Jones, who published the lowest return-to-duty rate (40%), was susceptible to these pressures.  A re-evaluation of discharges from his Centre showed that the true rate was 17%.

54.
Sloggett as DGAMS insisted on weekly reports of numbers suffering from infectious diseases.  In a static trench war, an epidemic of dysentery could disable a significant element of the fighting force.  He and his staff monitored levels of diphtheria, dysentery, enteric fever, venereal disease, trench foot and other contagious disorders.
  In February 1917, for example, Surgeon General W.W. Pike, director of army medical services for the First Army, sent out instructions to all doctors involved with such patients detailing procedures, diagnostic criteria and the need to keep accurate returns.
  Because shell shock could also spread rapidly through a unit thereby disabling it as a fighting force, Sloggett decided in July 1917 that weekly statistics should also be collected for this disorder.  As a result, regimental medical officers were required to send returns to their medical commanders at divisional level where they were to be collated and passed to headquarters.  

55.
However retrospective study of the statistical returns presented to staff officers bore little resemblance to the numbers being admitted to specialist units.  Surgeon General H.N. Thompson, Pike’s successor, kept weekly reports of the numbers of soldiers admitted and discharged from the specialist unit.
  Few other ranks or officers were recorded as being sent to base units and most appeared to return to active duty.  Yet an examination of the medical records themselves reveals that the very opposite was happening.  Over the ten months of its operation in 1917, 20% of discharged soldiers being sent to base duties, 27% to other hospitals and 35% to convalescent depots.

56.
Even specific reports on shell shock undertaken by trusted physicians produced misleading statistics.  During summer 1917, doubts about the effectiveness of these specialist shell shock units, based on the suggestion that discharged servicemen continued to circulate through the wider hospital system, prompted an investigation by Lt Colonel Gordon Holmes, consultant neurologist to the BEF.  Having conducted an audit of the shell shock unit at No. 62 Casualty Clearing Station during August, September and November 1917 he reported that 57 (10%) their patients had a second admission for shell shock and only 15 (2.8%) had multiple readmissions.
  However, his actions spoke louder than his words as he closed the centre at No. 4 Stationary Hospital in November 1917.  Significantly, Holmes did not explore the possibility that those returned to combatant duties sought other routes from the front, including disciplinary offences, desertion and admission to other types of hospital. Other studies suggested that the re-admission rates reported by Holmes understated the true incidence of relapses. Of 150 cases of shell shock referred to No. 12 General Hospital in France in 1916, Wiltshire found that 27% were men who had ceased to function after an earlier breakdown.

57.
In April 1917, Colonel Sir William Herringham, consulting physician to the Third Army, was asked by Sloggett to assess the first three-months operation of the four shell shock centres.
  Although no copy of his report has survived, Herringham’s memoirs, A Physician in France, give a hint as to his findings.
  He believed that most of those admitted to shell shock units had a pre-existing vulnerability: ‘a temperament, which either from an inborn predisposition, or from adverse circumstances’ made them more likely to breakdown.
  Mild cases often recovered with ‘rest, good food and encouragement’.  Although some admissions were returned to forward units, Herringham believed that ‘probably the greater part broke down again’, though he acknowledged that the circumstances of war prevented any meaningful follow-up study.
 

Statistical variance between United States and United Kingdom
58.
Although deployed to the same war zones, Iraq and Afghanistan, reported rates of both mTBI and post-traumatic stress disorder (PTSD) appear to be significantly higher amongst US troops than their UK counterparts.  For example, the Defense and Veterans Brain Injury Center reported that 59% of injured soldiers returning from Iraq and Afghanistan suffered at least a mild TBI while in combat.
  Furthermore, a study by Hoge et al found elevated rates of depression and PTSD amongst US troops returning from Iraq (15% to17%) and Afghanistan (11%).
  However, it is perhaps too early to draw definitive conclusions about respective rates as a study by Fear et al of a random sample of 5,869 UK military personnel (4,928 regulars and 941 reservists) deployed on TELIC 1 (18 January 2003 to 28 April 2003, the war-fighting phase) found that 67% had at least one symptom of mTBI, and 42% had at least one moderate/severe symptom.
 

59.
To discover whether any variance is a contemporary effect or more general across time, statistics for shell shock during the First World War were compared.  In the post-war period the US Army Medical Department conducted wide ranging studies of battle casualties.  Official reports suggested that shell shock amongst US forces varied considerably according to different phases of battle.  During offensive operations from July 1918 until the end of the war, rates rose as high as 9.58 per thousand men deployed and were typically around five per thousand.
  These levels are low when compared with those recorded for UK troops and US troops in the Second World War.  In the Mediterranean theatre between 1942 and 1945, for example, neurological disorders were reported as being 7 per 1000 and psychiatric disorders at 41 per 1000 for US troops.
  Equivalent figures for the Southwest Pacific area were not dissimilar: 6.9 per 1000 and 44 per 1000 respectively.

60.
It is not clear why reported rates of shell shock for US troops were low when compared with British figures.  Entering the war late, the US Army had the opportunity to study British and French methods of treatment and to set up an integrated psychiatric service before the American Expeditionary Force (AEF) deployed in significant numbers and went into combat.  There was also a limited measure of psychological screening before the AEF left for Europe.  It is possible, therefore, that the specialist service devised by Major Thomas Salmon contributed to the low rates.  Alternatively, research has shown that published official statistics for psychiatric casualties are rarely accurate.

61.
Currently, we cannot explain why there is a variance between US and UK mTBI rates.  It could be because of differences in the types of troops being deployed (the proportion of part-time soldiers or reservists versus regulars), the nature of military exposure or simply a function of recording procedures.  Furthermore, we cannot be sure that national disparities have not occurred in the past because of incomplete or biased evidence.

SPECIALIST TREATMENT UNITS

62.
Herringham was pessimistic about treatment: ‘if these patients [shell shock] could not be quickly cured, it was very difficult to cure them at all’.
  It was recognised that the further a soldier was transferred from the front line, the less likely he was to return to active duty.  At Maghull Red Cross Hospital, for example, of 731 discharges only 21% went back to military duties and very few to battalions at the front.
 Gordon Holmes, consultant neurologist to the British Expeditionary Force, recalled that base hospitals situated in France achieved return-to-duty rates of 30% to 40%, while those in the UK were as low as 4% to 5%.
  In response to these findings, Myers urged that all cases of shell shock be treated in France and in November 1916 proposed the creation of four specialist units located about ten miles from the trenches.

63.
Although retrospective research has shown that only 17% of those admitted to specialist units at the front were returned to active duty,
 to date no equivalent study of rear psychiatric hospitals has been undertaken.  As a result, we remain reliant on contemporary estimates and anecdotal reports.  Between January 1916 and December 1919, the Maudsley Hospital, the War Office’s principal neurological clearing centre, assessed 12,438 shell-shock casualties from France.
  Yet no analysis was made of outcomes or prognosis.

64.
Once the Armistice had been signed care of veterans fell to the Ministry of Pensions which opened a network of out-patient clinics and specialist in-patient units.  By December 1925, the Ministry had re-structured its in-patient facilities to a national network of ten hospitals: Castle Leazes, Newcastle; Harrowby Camp, Grantham; Weard Camp, Saltash, Plymouth; Coombe Park, Bath; Ewell, Epsom; Orpington, Kent; Craigleith and Edenhall in Scotland; Craigavon, Northern Ireland; and Leopardstown Park, Dublin.
  According to official statistics, the number of patients treated by Ministry staff peaked in 1921 (2,951) and declined steadily during the interwar period, levelling off at 370 in 1935.
  However, as will be seen below, this progressive reduction in patient numbers was less a product of effective treatment rather than a policy of curtailing pension rights.  Although officials reported that hospital and clinic capacity consistently met the demand, the vast majority of veterans with psychological disorders were left to fend for themselves during the interwar period.  There was considerable stigma attached to any form of mental illness and it appears that ex-servicemen were reluctant to attend Ministry facilities, while doctors became increasingly sceptical of their clinical value.

65.
Given the costs of in-patient treatment, the Ministry conducted a series of investigations during 1925 and 1926 into the effectiveness of their clinical and occupational programmes at Saltash (450 beds) and Harrowby Camp (230 beds).  The key problem was identified as the chronic nature of neurasthenic symptoms and the fact that most patients had not worked since their discharge from the army.  Occupational therapy (brush making, house repairs, basket making, boot repairing and agricultural work) was designed to re-accustom men to employment.  Termed ‘hardening’, it took the form of manual labour in workshops for not less than six hours a day.
  Yet the medical superintendents of both hospitals were pessimistic about outcomes.  At Saltash, it was estimated that only 6% of patients were likely to become effective citizens and for a further 28% a possibility of improvement, while at Harrowby the most optimistic estimate was 15%.
  As a result, the Ministry’s medical advisors concluded that the ‘maintenance of this special class of post-war inefficients is likely to remain a public liability in some form or another for many years to come’.  Nevertheless, these results were considered sufficient to justify the closure of the more costly specialist neurological hospitals in favour of institutions where the emphasis was on occupational therapy.  Apart from Kirkburton, reserved for cases of major mental illness, the only neurological hospitals retained by the Ministry from December 1925 were Ewell for severe borderline cases, Leopardstown Park (136 beds), Latchmere (58 beds) and Rotherfield Court (40 beds), the last two treating only officers.  Given that there were only 370 neurasthenic ex-servicemen being treated as in-patients by 1935, it appears that most may have been discharged to a life of chronic invalidity, supported by a war pension.

66.
The general conclusion is that a chronic sub-population of shell shock cases existed and that these proved resistant to treatment even in specialist units.  However, since the 1930s there has been considerable advance in treatment (both in terms of medication and therapies).  The implication from these figures is that symptoms should be addressed as soon as possible to prevent them from becoming established and multiplying. 

RETRAINING

67.
Some military doctors went so far as to state that the disorder was environmentally or contextually determined.  Others also believed that the way in which healthcare and latterly compensation were organized served to reinforce both symptoms and disability. A vigorous debate ensued between the various schools of thought that led to a series of novel managerial interventions designed to limit what had become an epidemic of patients and war pension claims.

68.
By early 1941, it had become apparent that many servicemen diagnosed with functional or psychological disorders, who had responded well to treatment, relapsed on return to their original units and duties.  As a result, they were often discharged to civilian life where, if their symptoms endured, they were a burden on the state.  At the suggestion of Dr Aubrey Lewis, the clinical director at Mill Hill Emergency Medical Services Hospital, the so-called ‘Annexure Scheme’ was introduced by the War Office in May 1941.
  This involved making an assessment of a soldier’s abilities and skills so that they could be assigned to a job within their capacities, thereby preventing further breakdown or discharge from in the armed forces.  Training and occupational therapy were provided.  A follow-up investigation in 1943 found that 60% of those who had been treated for psychoneurosis and who otherwise would have been invalided were retained under the Annexure Scheme and of these 83% had performed satisfactorily in their new military roles.  Rees observed that the programme had ‘helped to maintain the manpower of the army and to ensure that certain jobs are well done by men whose employability is limited, so releasing other fitter men, but also it should be of some value to us in planning for the treatment and disposal of the chronically neurotic men and women in civilian life’.
  Around 10,000 servicemen were retained in the forces under the scheme, which was ended in August 1945.

69.
Lewis was able to conduct one of the few detailed follow-up studies of the war.  In an attempt to discover the lasting effects of treatment at Mill Hill, he led a team of psychiatric social workers who visited 120 servicemen six months after they had been discharged from the forces.  Lewis described the results as ‘disturbing’ as the men had gone downhill as a group: ‘they were less usefully employed than before, earning less, less contented, less tolerable to live with, less healthy’.
  By June 1942, 12% of the 120 were unemployed and only 50% could be classed as ‘socially satisfactory in respect of work and otherwise’.  

70.
A further investigation was carried out in 1943 by Dr Eric Guttman and E.L. Thomas, a psychiatric social worker.  They followed up a sample of servicemen discharged from the army with diagnoses of neurotic disorders.  Although only 6% were found to be unemployed, they too reached a pessimistic conclusion:

They form a population with a high incidence of neurotic complaints and neurotic illness 15 months after their discharge.  A large proportion of them find it difficult to return to civilian occupation, as shown both in delay in taking up work and the frequency of job changes.  There is high rate of absenteeism dues to sickness requiring a considerable amount of medical attention.

71.
These studies suggested that the psychological problems experienced by servicemen were not as amenable to therapy as many contemporaries had claimed. 

CONCLUSIONS

72.
The following clinical description is taken from the First World War but could equally apply to a case of concussion suffered in Iraq of Afghanistan:

The lieutenant under my care told me… he felt a great pressure against him; it was soft but sufficiently powerful to knock him down unconscious.  He did not know how long he was unconscious, but thinks it must have been an hour.  When he recovered consciousness, he got up and was helped away.  His head felt as if it would burst and ever since he has had a whizzing in his left ear and dizziness.

73.
In terms of mTBI, there are similarities between the current conflicts in Iraq and Afghanistan, and the British Army about to begin the Somme offensive of July 1916.  Head wounds and concussion were common battle injuries and potentially life threatening.  Yet diagnosis was problematic and it was often unclear what aetiology related to specific symptoms, especially in cases that had become chronic.  Shell shock, like TBI, had caught the popular imagination and also the attention of the media.  They have both become high-profile disorders without obvious stigma.  The British Army struggled to define shell shock and without a clear understanding of what it constituted failed to produce a coherent management plan.  The post-war ramifications were catastrophic with escalating war pension claims and a series of costly initiatives designed to treat chronic cases.  So troublesome had been the disorder that the term shell shock was proscribed on the outbreak of the Second World War and draconian policies introduced to try to prevent its reappearance. 

74.
Cases of mTBI should be examined critically.  During the First World War doctors eventually accepted that the symptoms of both physical and emotional injury overlap.  Favouring one set of uncertain aetiological constructs over another has certain advantages and in particular may reduce stigma and improve help seeking.  But, on the other hand, it may distract attention away from more easily treatable disorders, such as post-traumatic stress disorder, and if the results of Whittaker et al. at to be believed, impact negatively on outcome.

75.
The First and Second World War generations believed that future research would assist in distinguishing between the physical and psychological causes of ill health in soldiers exposed to blast.  The Report of the War Office Committee of Enquiry into “Shell-Shock” recommended that evidence be sought to limit the term to those cases in which a ‘causal connection’ existed between “the effects of the explosive force and the symptoms resulting from the shock to the nervous system”.
  So far that hope has yet to be realised, though recent advances in neuro-imaging, not available to the shell shock doctors, may assist.  A recent assessment of structural and functional neuroimaging concluded that further studies of the mild to moderate population were needed to establish whether these techniques could contribute ‘information to guide clinical management and help determine prognosis’.
  Currently, the heterogeneity of the population in terms of extent, type and location of the injury cause problems particularly in the acute phase when agitation and confusion often interfere with cognitive assessment.  Even then, it will remain the case that symptoms alone are both common and non-specific.  Furthermore, a clear-cut distinction between physical and psychological injury is unlikely to be realised, not least because the two co-exist. 

76.
At the time of writing enthusiasm for the mTBI concept, linked to an admirable and genuine desire to help our armed forces, is at a high just as shell shock rapidly gained in popularity when first introduced.  The painful experience of battle led doctors in the First World War to reassess this earlier enthusiasm and in particular to conclude that shell shock was neither a signature injury nor simply a consequence of cerebral damage caused by exposure to blast.  
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Background

1.
Traumatic brain injuries (TBI) cover a spectrum of injury from mild to severe including both penetrating and non-penetrating brain injuries. Brain injuries are often described as ‘non-visible’ compared with obvious physical damage.  Such injuries are seen in both military and civilian populations as a result of exposure of the skull and brain to accelerations
.  Road traffic accidents (RTAs), contact sports (rugby, boxing and American football), war fighting and involvement in blasts expose individuals to such accelerations and TBIs may be sustained as a result.  More males than females sustain TBIs because the military population is predominately male, particularly in the infantry units, and males are more likely to participate in contact sports. Females report both more symptoms and an increased severity of symptoms following TBI than males (Mc Carroll J., Gunderson C., 1990).

2.
A large body of medical literature exists on TBI and mTBI, based primarily on sports-related injuries.  However, mTBI still has a poorly developed case definition and there is an incomplete understanding of the injury process.  The wide range of non-specific symptoms seen in cases of mTBI overlap with other recognised disorders such as PCS and PTSD (Alexander M., 1995). Additionally there is very little data on the management of mTBI within a military operational setting, where there may be constraints that complicate the diagnosis and treatment of injured personnel.

3.
Civilian data reveals that brain injuries seen at UK accident and emergency departments are mainly mild (80%) with the remainder being in the moderate and severe categories (Medical Disability Society, 1988; Drake A., et al 2000). World-wide civilian incidence rates based upon hospital attendances range from100 – 300 per 100,000 of general population per annum (Holm et al 2005). This may be an underestimate as many people with a minor injury do not attend for treatment. There is a growing awareness within the UK of a high level of disability following minor/mild head injuries and this is presenting a major challenge for neuro-rehabilitation services (NICE 2007).

4.
The natural history of mTBI in a civilian setting is that most (80%) will be symptom-free by 3 months post-injury with the majority symptom-free within 2 weeks of the injury (Barth J.T., 1989 Levin H.S. 1987).  Persistence of symptoms beyond 3 months is unusual but can have a profound effect on cognition, memory and personality and may cause significant functional impairment. One study (Thornhill 2000) showed that patients admitted for mild head injuries were more likely to experience persistent sequelae at one year than those with moderate head injuries. The reasons for this are not clear but it may be that mild head injuries cause more morbidity than at first thought. 

5.
A large UK study reviewed the outcomes of patients attending a minor head injury clinic. This study showed that of the 639 patients who originally attended with minor head injuries, 56% were not back at work two weeks post injury and some 12% had not returned by the six week point. Many still exhibited persisting symptoms including headache (13%), memory loss (15%) and concentration problems (14%) (Haboubi 2001).  

Military context 

6.
The current operational tempo has lead to an increase in the number of all injuries sustained by service personnel, both during training and on deployment (SPEG 2007).  Head and brain injuries constitute some of these injuries; the pattern of military injuries has changes due to improvements in body armour and excellence of modern resuscitation techniques in the field. In addition the natures of the conflicts in Iraq and Afghanistan have led to an increase in the number of blast injuries being sustained. 

7.
There is some emerging evidence of neuropsychological problems seen within US troops returning from Operations Iraqi Freedom and Enduring Freedom and it has been has been cited as one of the four the ‘signature illness’ by commentators on these US operations.  Work by the DVBIC suggests that 59% of injured personnel had experienced a TBI whilst on deployment (Warden 2005). Naturally this has heightened concerns and debate about the short term and potential long-term effects of mTBI in the UK service personnel.  The most recent paper by Hoge et al (Hoge 2008) reveals that some 16% of US soldiers returning from Iraq reported an injury that had caused alteration of or loss of consciousness.

8.
The UK figures available suggest that head injuries are far less common than those for US personnel for mTBI and UK experience is that most service personnel being treated for TBI have sustained a moderate or severe injury (Pers Comm 2007¹). This may be due to differing levels of engagement, lack of recognition at the time of injury or because service personnel suffering mTBI continue to operate at a level that, whilst suboptimal, goes unnoticed for a variety of reasons.  There is evidence that UK service personnel with probable mTBI (and even moderate brain injury) may only present to medical care many months after injury, often as a result of a change in their working environment or personal circumstances. However with the increase in the mTBI case load noted in the US, mTBI is taking on a high public profile in both Government and the media.    

Definitions of mTBI

9.
The World Health Organisation (WHO) Collaborating Centre for Neurotrauma Task Force on Mild Traumatic Brain Injury defines mTBI as follows:

mTBI is an acute brain injury resulting from mechanical energy to the head from external physical forces. Operational criteria for clinical identification include:

a
1 or more of the following: 

(1)
confusion or disorientation

(2)
LOC for 30 mins or less

(3)
Post-traumatic amnesia for less than 24 hours

and /or

other transient neurological abnormalities such as focal signs, seizures and intracranial lesion not requiring surgery;

 b
GCS score of 13-15 after 30 mins post injury or later upon presentation for healthcare

These manifestations of mTBI must not be due to drugs, alcohol, medications, caused by other injuries or treatment for other injuries eg systemic injuries, facial injuries or intubation), caused by other problems eg psychological trauma, language barrier or co-existing medical conditions) caused by penetrating craniocerebral injury (Holm et al 2005).

10.
Mild traumatic brain injury was defined by the American Congress of Rehabilitation Medicine in 1993 as head trauma with loss of consciousness lasting less than 30 minutes, a GCS score of 13 or more, and posttraumatic amnesia lasting less than 24 hours. 

11.
The Department of Defense/Department of Veteran Affairs Traumatic Brain Injury (TBI) Planning Conference (June 2007) proposed the following definition:

A traumatically induced structural injury and/or physiological disruption of brain function as a result of an external force that is indicated by new onset or worsening of at least one of the following clinical signs, immediately following the event.

a. Any period of loss of or a decreased level of consciousness;

b. Any loss of memory for events immediately before or after the injury;

c. Any alteration in mental state at the time of the injury (e.g., confusion, disorientation, slowed thinking);

d. Neurological deficits (e.g., weakness, balance disturbance, praxis, paresis/plegia, change in vision, other sensory alterations, aphasia.) that may or may not be transient;

e. Intracranial abnormalities (e.g. contusions, diffuse axonal injury, hemorrhages, aneurysms).

12.
Despite the variations there is consensus within definitions that the patient must have suffered some degree of ‘concussion’, allowing mTBI to be differentiated at the lower threshold from trivial brain injuries where no concussion is experienced. There is already a clear distinction between mTBI and moderate traumatic brain injury.

Epidemiology   

13.
Epidemiology papers examined show that approximately 80% of all treated civilian brain injuries are mild (Wade 1997, Ivins 2006). The best evidence suggests that there are no objectively measured cognitive deficits solely attributable to mTBI beyond 3 months in most cases. There is strong evidence that persistent symptoms are more likely to be attributable to psychological and social factors rather than the mTBI itself (Holm 2005). Persistence of symptoms after 3 months is seen in a small sub-population often referred to as the ‘miserable minority’ (Ruff 2005) and such symptoms cause significant functional impairment. Kashluba S., (2007) noted that those with persistent symptoms may be predicted soon after injury on the basis of greater symptom reporting early on, pre-morbid psychological issues and compensation seeking behaviour.  

Prevalence and incidence

14.
The prevalence of mTBI is not commonly investigated and the accuracy of studies that have been conducted is questionable. In most cases individuals with mild head trauma tend not to present at medical facilities and therefore potential cases of mTBI remain undocumented. 

15.
World-wide the true incidence rate of mTBI is unknown.  Published studies report an incidence range of between 100-300/100,000 per year for hospital treated mTBI (Medical Disability Society 1988) and more than 600/100,000 per year in self-reported population studies (Holm et al 2005). Recent evidence from the Centers for Disease Control and Prevention (CDC) show a significantly higher incidence of mTBI than earlier estimates had suggested (Langlois 2005).

16.
The heterogeneity in reported incidence rates may be attributed to one or more of the following factors:

a. at the mild end of the TBI spectrum many patients do not have their injury documented as they are not hospitalised (Holm et al., 2005);

b. symptoms are masked by more serious non-brain injuries (Stulemeijer et al., 2006);

c. diagnosis is confounded by variations in inclusion/ exclusion criteria and;

d. patients may present later at primary healthcare facilities with residual deficits in cognitive, behavioural or physical symptoms and these are not linked with their initial trauma.

17.
An accurate incidence of mTBI amongst UK service personnel is currently unavailable. Analysis of the 26,000 recorded admissions to the emergency departments on Op TELIC revealed 578 head injuries (mild, moderate and severe) an incidence of approximately 2.2% (Hodgetts unpublished 2007). The incidence reported in US service personnel is in the range of 12-16% of all injuries (Pers com² 2007) 

18.
It is however difficult to make direct comparisons with US data because of critical differences in the definitions and inclusion/exclusion criteria utilized. Additionally the questionnaires used to define cases by each study are slightly different.  The US has still to validate a questionnaire that identifies mTBI cases at the time of injury.  In this last respect, the UK are probably as far advanced as the US, if not slightly further ahead as piloting of the UK instrument to identify mTBI is currently being undertaken in both major operational theatres. 

Taxonomy   

19.
Debate around the use of terminology with ‘mild’, ‘minor’ and ‘minimal’, being used interchangeably within the research community is noted within the literature. The definitions used by different specialties are often different, as are inclusion criteria and an additional confounding factor is that the term head injury has been used synonymously with brain injury. The WHO Task Force on mTBI (2004) notes “that the literature would greatly benefit by common criteria”.


Injury mechanisms 

20.
In the UK the top three causes of TBI are assaults (30-50% of the total) falls (22-43%) and road traffic accidents (~25%). TBI incidence in the civilian population has decreased significantly in the last few years following introduction of safety measures (eg seatbelts, helmets) (Dischinger 2007). Alcohol consumption however remains a major factor in many TBIs, is often associated with the common causes of TBI and may be implicated in up to 65% of adult head injuries (NICE 2007).

21.
Within the military context land transport accidents (DASA 2006), particularly exposure to blasts and IEDs, pose additional threats for Service personnel.  There is some circumstantial evidence of neuropsychological problems after blast exposure (Okie 2005, Belanger et al, 2005 Lew 2005). 

22.
There is evidence of neuronal injury but the mechanism is unclear (Cernak 2001a,b). Potential mechanisms of injury from blast include exposure to primary blast where possibly the CNS micro architecture is especially vulnerable, in tertiary blast resulting in very rapid head movements or brain injury secondary to other causes for example hypoxia due to blast lung or cardiovascular disturbances (Kirkman E., Watts S., 2007 unpublished).   Research into this area continues.

Pathophysiology of TBIs

23.
The neuropathology of mTBI is thought to be as a result of diffuse axonal injury due to sudden decelerations causing the brain tissue to shear (Oppenheimer 1968). The greater the applied force the larger the resultant structural injury and more permanent the loss of axonal function. Some limited accelerations result in potentially reversible physiological injury. 

Alexander (1995) suggested that the extent of axonal injury is related to the duration of loss of consciousness or of posttraumatic amnesia and the GCS score. Areas of axonal shear injury may be demonstrated on CT or MRI scans as petechial haemorrhages that result from concomitant disruption of small blood vessels.  Secondary injuries may be attributable to further cellular damage caused by the effects of the primary damage. Brain concussion, cortical contusions, intracranial haemorrhage, and axonal shear injury may occur within both open and closed head trauma in mTBI.

Diagnosis

24.
A major area of contention within the literature is related to the wide range of symptoms assigned to mTBI and the overlap with other recognised disorders such as PTSD and depression.  This makes the comparison of papers difficult because the diagnosis is not consistent (Trudeau 1998). Additionally the literature acknowledges the tension between whether mTBI is purely organic or partly psychological in nature (Taber 2006).  At present there appears to be only weak evidence for the diagnostic validity of cognitive testing in making a diagnosis (Holm 2005). 

25.
There is growing evidence (mainly from animal studies) that biochemical markers, such as serum proteins, aid the diagnosis of brain injury. The serum protein S100b has been identified as having most potential as the marker of brain injury. A number of studies have shown that it can be a sensitive marker of brain injury, correlates with severity of the injury and may have prognostic value (Savola 2004 and Townend 2003). In addition a normal S100b value appears to have a high negative predictive value. However Dischinger (2007) reports that S100b is not exclusively associated with mTBI and may not be a reliable predictor of mild brain injury. Additionally in the paper by Begaz (2006) he concludes that no biomarker has consistently demonstrated the ability to predict PCS after MTBI. The paper also suggests that ‘a combination of clinical factors in conjunction with biochemical markers may be necessary to develop a comprehensive decision rule that more accurately predicts PCS after MTBI’. Sensitive diagnostic tools that correlate with symptom reporting are still lacking (Borg 2004).

Concussion 

26.
Typical features of concussion are confusion and amnesia, often without preceding loss of consciousness. Early symptoms may include headache, dizziness, nausea, vomiting, slurred speech, imbalance, and lack of coordination.  (Kelly 1991) Signs of confusion may include vacant stare, disorientation, delayed verbal or motor responses, and poor concentration or limited attention span. Confusion and memory dysfunction may be seen immediately on presentation following trauma, (Fisher 1966) or evolve gradually over several minutes (Yarnell P.R., Lynch S 1970). 
27.
Historically with mTBI no structural brain injury was evident either on early diagnostic magnetic resonance imaging (MRI) or computed tomography (CT) scans. Additionally limited structural axonal injury may have been present but not always evident on CT or MRI scans (Povlishock J.T., et al. 1983; Povlishock J.T. 1992). However, it is important to note that brain concussions may be complicated by coexistent contusions or development of intracranial haemorrhages that are clearly seen on imaging. Research into comparing pre and post injury psychological symptoms with functional imaging studies are still at an early stage, but, will hopefully contribute to increasing the evidence base in this area when concluded.
 

28.
Transient neurological deficits are reported occasionally, including, hearing loss and blindness, possibly due to vascular hyper-reactivity or trauma-induced, and similar to those symptoms seen in migraine (Yamamoto 1988,; Haas 1986). Cumulative neuropsychological deficits can result from multiple brain concussions over months or years (Gronwall D., 1975; Uterharnsceidt F., 1970). 

29.
Repeated concussions occurring over a short period, such as during contact sports, can result in "secondary impact syndrome" (Saunders R.L., 1984). This term describes a concussion that occurs while an individual is still symptomatic from an earlier one, resulting in loss of cerebro-vascular auto-regulation and progressive cerebral oedema (Kelly J. P 1991; Kelly J.P. Rosenberg J.H.,1997). Cerebro-vascular congestion as a result of the secondary impact syndrome may be detectable on brain CT scans (Kelly 1991). An increasing awareness of the cumulative effects of repeated concussions, and of secondary impact syndrome, has resulted in the development of practice guidelines to assist with standardizing assessment and management of concussion in sports (Kelly J.P., Rosenberg J.H., 1997; Quality Standards Subcommittee 1997; McCrea M., et al 1997). 
Post-concussion syndrome

30.
The aetiology of post-concussion syndrome (PCS) following mild traumatic brain injury (mTBI) remains the subject of debate. This debate focuses around the inability of routine neuro-imaging techniques to detect cellular level structural changes in brain tissue that may account for persistent symptoms. Some authors believe that psychological factors best explain an individuals’ ability to manage post-concussion symptoms. However it must be noted that PCS symptoms are not exclusive to mTBI patients. They are commonly found in those who suffer from chronic pain, the general population and those who are depressed. A recent well designed study by Mears et al (2007) supports the above findings and concludes that “There is a high rate of acute PCS in both mTBI and non-brain injured trauma patients. PCS was not found to be specific to mTBI”.  More recent work (Hoge 2008) suggests that symptoms of mTBI and PCS are in fact the same. 

High-risk populations 

31.
Some population sub-sets are at an increased risk of sustaining TBIs; namely young males, those who participate in contact sports or persons involved in assaults, falls and any individual with a previous mTBI(Putukian 2006). Identification of those susceptible to symptom development post mTBI may in part be explained by organic factors. For example, individuals who have a genetic predisposition, or initially present with headaches or dizziness, or with poor initial performance on neuropsychological testing, or who have abnormalities seen within the first few days on cross sectional imaging and those who have pre-existing neurotransmitter deficiencies (Dawodu 2007) lower neural reserves (Dawson 2007), appear to be at increased risk. 
Treatment 

32.
Treatment regimes for mTBI have in the main been informed by the sports medicine community and as such reflect the recommendations of suspending training and not participating in sport for a defined period post-insult.  The period of rest is variable depending on the sport undertaken (Collins M.W., Hawn K.L., 2002) and which set of guidelines (American Academy of Neurology (ANN) 1997) are being used. The AAN paper also notes that concussion is a highly individual injury and is therefore often misdiagnosed with subsequent consequences that treatment regimes advocated are not always appropriate (Kelly 1991).  

Interventions 
33.
There are few trials on treatment interventions for mTBI and most are limited by the small population sizes. There is evidence that early educational intervention and normalisation of the symptoms mitigates against persistent symptom development in the majority of cases (Ponsford J., et al (2002); Wade D., et al (1998); Turner-Stokes L., et al (2005) Mittenberg W., et al (1993).  

34.
Those suffering from mTBI may have a decreased work performance, become less efficient, make mistakes and exhaust themselves trying to keep up (Van Zomeron 1981). The paper comments that ‘the development of effective techniques for stress management, such as the provision of information and assistance in developing more adaptive coping strategies, could be an important component of treatment programmes for the mild head injured patient’.

35.
Barth, Macciocchi and Diamond (1999) recommend that interventions need to be early in the recovery phase to prevent development of dysfunctional adjustment.  Interventions consist of education about symptoms and the normal recovery from such symptoms combined with gradual introduction back to normal life/work activities. Involvement of family and carers is also noted to be important in the recovery process. 

Consequences 

36.
Consequences of mild traumatic brain injury can be grouped into three main categories:

a. Cognitive.

b. Physical.

c. Emotional or behavioural

37.
Cognitive impairments may include short-term memory loss, decreased ability to process information, inability to multi-task, spatial disorientation, impaired judgement, difficulties in initiating, completing or concentrating on tasks.   

38.
Physical symptoms associated with mTBI are often described as follows; headache, dizziness, double or blurred vision, nausea and vomiting, aversion to bright light or loud noises, changes in ability to smell and hear (Thurman et al., 1999). 

39.
Emotional or behavioural consequences may present as increased levels of anxiety, depression, mood swings, impulsive behaviour, increased agitation, anger and irritability as well as egocentric behaviour (Parker (2000).

Prognosis
40.
There is consensus in the literature that the majority of patients with MTBI will be symptom free within 3 months (Barth 1998 Levin H.S 1987). The WHO Task Force on mTBI (Holm 2005) identified a number of factors associated with poor outcome. It has since been established that patients likely to exhibit persistent symptoms at 3 months following injury may be identifiable at an early stage, on the basis of the severity of initial self reported symptoms, premorbid psychological issues and involvement in compensation seeking (Kashluba 2007). In addition post-traumatic amnesia and early post concussion symptoms have been found to be useful predictors of outcome in mTBI group studies (Wenden 1998). The importance of psychological factors in predicting outcome may also explain why victims of assault sustaining mTBI have a worse prognosis (Wenden 1998).  

41.
There is evidence that mTBI may increase the risk of seizures up to 4 years following injury but the absolute risk remains very low (Wenden 1998, Holm 2005).
Prevention   

42.
It has to be accepted that service personnel exposed to war fighting at close quarters will sustain blast injuries and non-blast head injuries as a consequence of their duties. Battle injuries therefore may only be mitigated. Non-battle injuries such as RTAs, trips and falls offer some scope for prevention. Adherence to normal health and safety procedures, risk assessments and education on the use of appropriate personal protective equipment are all important. Developments in helmet and body armour design may reduce the severity of injuries but at the same time may simply change the type of injuries being sustained. Exposure reduction may be achieved by deploying troops differently and employing new technologies such as unmanned aerial vehicles.

43.
Preventative strategies following injury are aimed at reducing the likelihood of the development of persistent symptoms.  There is good evidence that provision of information to normalise symptoms and raise an expectation of recovery is often successful (Ponsford 2002, Wade 1997).

44.
Adherence to injury prevention policies has been shown to be advantageous in the military environment (Ivins 2006). The US Army Medical Surveillance Activity publication (2007), notes that ‘prevention measures should focus not only on countering the effects of blast injury but also on safety before and after deployments.’

Current evidence gaps
45.
There are the following evidence gaps:

a. Research to identify predictor variables for long-term sequelae following mTBI.

b. Threshold at which a ‘knock/bump/blast’ induces an mTBI.

c. True incidence in both UK civilian and military populations.

d. Identification and correlation of mTBI with functional imaging procedures.
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ANNEX C TO
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DATED 25 MAR 08
VISITS AND MEETINGS 18 JUN 07 – 13 DEC 07

	SER
	Date
	Key worker/unit
	Information sought/meeting details

	
	(a)
	(b)
	(c)

	1
	12 Jun 07
	Prof Simon Wessely

Liaison psychiatrist

KCL
	Current thoughts on mTBI; crossover with other psychological disorders; utility of KCL TELIC cohort database; thoughts on US MACE questionnaire.

	2
	20 Jun 07
	Dr Simon Fleminger

Neuropsychologist

Brain injury unit

Maudsley Hospital/KCL


	Current UK view of mTBI; pointers to seminal literature; thoughts on US MACE questionnaire.

	3
	22 Jun 07
	Col Tim Hodgetts

Lead consultant A&E

ADMEM

RCDM
	Definition of mTBI to be used; discuss current HI database; use of MACE-type questionnaire in theatre; possibility of combining work with KCL and cross-referencing cases.

	4
	3 Jul 07
	Col Jerry Tuck

ADClin

DMSD
	Update on DOD/VA TBI planning conference 25/26 Jun 07 in DC.

	5
	4 Jul 07
	Doreen Rowland, Anne Brannigan & Kit Malia

Neurological rehabilitation team

DMRC Headley Court
	Current thoughts of DMRC on mTBI; extent of current problem; suggestions for interventions/further work.

	6
	5 Jul 07
	Simon Wessely, Nicola Fear, Tim Hodgetts
	Meeting to co-ordinate liaison between KCL and RCDM, specifically to begin analysis of OpEDAR database and develop UK version of US MACE questionnaire.

	7
	6 Jul 07
	Dr Emrys Kirkman

Mr Paul Dearden

Dstl
	Overview of dstl Combat Casualty Care Programme - haemorrhage, blast and resuscitation.

	8
	12 Jul 07
	Doreen Rowland, Anne Brannigan & Kit Malia

Members of the neurological rehabilitation team at DMRC Headley Court
	Discussions on development of a clinical algorithm for functional mild disability patients and infrastructure required for effective delivery.

	9
	31 Jul 07
	Nick Blatchley

Issy Bray

DASA Health
	Discussion on the OpEDAR database and whether it was suitable for analysis by KCMHR.

	10
	31Jul 07 
	Dr J Hacker-Hughes

Head of Defence clinical Pyschology 

DMSD
	Discussion on psychology input to mTBI project and MACE questionnaire. Interaction with and support for DMRC.

	11
	01 Aug 07
	Doreen Rowland, Anne Brannigan & Kit Malia

Neurological rehabilitation team

DMRC Headley Court
	Discussions on refining development of information/education material. Identification of requirements for this work to progress. 

	12
	07 Aug 07
	Calum McArthur DACOS Med

Ian James SO1 

J4 Med Cell
	Brief to J4 Med cell on project.

Agree support and help for in theatre implementation. 

	13
	07 Aug 07
	Capt J Anderson RMP

SIB PJHQ
	Identification of exposure data. 

	14
	13 Aug 07
	Prof Simon Wessely

Liaison psychiatrist 

KCL
	Update on project team progress and KCMHR bid submission.

	15
	17 Aug 07
	Dr Simon Fleminger

Neuropsychiatrist

Dr Seb Potter

Neuropsychologist

Brain injury unit

Maudsley Hospital/KCL
	Discussion of threshold levels for mTBI.

Discussion on interventions for mTBI and their value.

	16
	29 Aug 07
	US Red Cell

POC Robert Labutta

DVBIC 

POC Mike Jaffrey
	Discussion and liaison meeting on US mTBI work

	17
	20 Sept 07
	Doreen Rowland, Kit Malia 

(Neurological rehabilitation team) & Wg Cdr Jones

DMRC Headley Court
	Discussion on business case development and review work in progress for management of mTBI.

	18
	27 Sept 07
	RCDM, KCL, DMRC, South Tees Hospital, dstl and DMS representatives
	Core stakeholder consensus meeting to agree UK wide definition for mTBI, review evidence available and overview of research strands.

Agree next steps in project.

	19
	01 Oct 07
	Prof D Wade

Professor in Neurological Rehabilitation and Clinical Director, Enablement Directorate, Oxford Centre for Enablement, Windmill Road, OXFORD OX3 7LD 
	Discussion on civilian head and brain injury work in Oxford.  Review proposed patient care management drawing on Prof Wade’s clinical and research experience.

	20
	12 Oct 07
	Dr Jamie Hacker-Hughes

Head of Defence clinical Pyschology 

DMSD
	Update on mTBI Treatment protocol

	21
	14 Nov 07
	Lt Steve Brodie 

ADMEM Trauma research nurse

& Mr Kit Malia, cognitive therapist, DMRC.
	Review of mTBI diagnostic questionnaire and discussion to agree clinical algorithm.

	22
	5 Dec 07
	Lt Steve Brodie, Mr Kit Malia,  Col Tim Hodgetts, Dr Jamie Hacker-Hughes
	Finalise and agree questionnaire, clinical algorithms and treatment protocol prior to deployment Jan 08 
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Neuronal injury as a consequence of blast exposure

E Kirkman & S Watts

Biophysics & Trauma (Surgical Science), dstl Porton Down

Aim

1.
To determine whether exposure to blast leads to neuronal injury in the absence of external signs of head injury, and if so to determine the mechanism of injury and assess potential biomarkers of brain injury.  Information regarding the mechanism of brain injury is essential for the development of protection systems while identification of biomarkers will help identify casualties at risk of developing brain injury.

Background

2.
This study was conducted as collaboration between dstl Porton Down and a group from the University of Florida and Banyan Biomarkers (US).  The collaboration was facilitated by TTCP HUM TP12.  Following approval by the annual Combat Casualty Care Stakeholders’ meeting and endorsement by SGRSG (Aug 2006) the work was incorporated as part of the Combat Casualty Care programme at dstl Porton Down.  This UK/US collaboration involved in vivo studies conducted at Porton Down and the resultant biological material (brain tissue, cerebrospinal fluid, CSF, and serum) being assayed for a range of biomarkers of neuronal injury at the University of Florida and Banyan Biomarkers.

Progress

3.
Ethical review of the proposed in vivo studies was completed at dstl Porton Down and subsequently a Project Licence was granted under the Animals (Scientific Procedures) Act 1986.  Contractual agreements were made with the University of Florida and Banyan Biomarkers.

4.
A pilot study has been completed.  This pilot study was designed as a proof of principle to determine whether exposure, predominantly of the head, to a blast shock wave only (primary blast injury) results in neuronal damage that can be detected by measuring establishes markers of brain injury in tissue, CSF and serum.  The markers assayed were breakdown products of αII-spectrin (SBDP 145, 150, predominantly indicating axonal damage) and MAP-2 (predominantly indicating dendritic damage).

5.
The study was conducted on terminally anaesthetised male Sprague Dawley rats allocated randomly to two groups: blast exposure to the head (n=7) using a compressed air device to produce a shock wave or sham blast (n=7).  The experiments were conducted between January and March 07 and the samples sent to the US in March 07.  The animals were anaesthetised with halothane (since it has minimal neuroprotective effects) in oxygen.  The use of oxygen resulted in high arterial oxygen tensions and eliminated hypoxia as a cause of neuronal injury.  Exposure to blast caused small reductions in arterial blood pressure and very short duration apnoea, eliminating cardiovascular and respiratory disturbances as a cause of brain injury in this study.  Furthermore the blast apparatus did not produce any fragments and there was no gross displacement of the head eliminating secondary and tertiary blast injury as a source of brain injury in the present study.

6.
All of the animals survived for 4 hours after blast exposure and were killed humanely with an overdose of anaesthetic.  Blood samples were taken before exposure to blast and at 2 and 4 hours after blast exposure.  CSF samples were taken 4 hours after blast exposure and brain tissue was collected immediately after death.  Preliminary results for brain tissue and for CSF SBDP have been received.  The results for blood analyses have not been received yet.

7.
Blast injury was associated with increases in SBDP 145 and MAP-2 (Figure 1) in brain tissue.  There was also evidence of elevations in SBDP 145 and 150 in CSF.  None of these effects have achieved statistical significance yet (P>0.05, independent t-test).  The clearest difference was seen with MAP-2, suggesting that dendrites may be especially vulnerable to blast injury.  
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Figure 1  a) SBDP 145 and b) MAP-2 expression in the cerebella of two groups of rats (n=7 in each) subjected to either a single blast shock wave focused on the head or sham blast.  Values are mean±sem.

Conclusions

8.
These data provide preliminary evidence that exposure of the head to a shock wave (primary blast injury) can result in neuronal damage, detectable by assay for biomarkers of neuronal injury.  Final statistical analysis and conclusions await the reporting of the complete dataset by our US colleagues.

Further work

9.
Work will now progress with the reminder of the study to determine pressure changes within brain tissue, assess methods of protection against the shock wave and determine the blast overpressure / neuronal injury relationship.  Further studies will examine interactions between the effects of primary blast injury to the brain and other consequences of blast injury including hypoxia and hypotension.

Update November 2007

10.
The report we sent you in September is still current relating to the pilot (rat) study of brain markers following exposure of the head to blast.  The results we have received to date from our US collaborators have been for brain tissue and CSF.  We are still waiting for the serum results.

11.
Since September we have identified a series of measurements (blood and CSF markers) that we could perform within an ongoing blast injury/resuscitation study conducted on terminally anaesthetised pigs.  Samples are now being collected.  These will allow us to determine the brain-injury effects of a measured whole body exposure to blast complicated by additional blood loss.  The level of blast injury is survivable and the study will allow us to assess the effects of different resuscitation strategies on the degree of neuronal damage, assessed by the release of markers into blood and CSF.

12.
Of particular note is the use of hypertonic saline dextran (HSD) and recombinant activated factor VII (rFVIIa) which are being used in two separate groups.  HSD, when given early in a clinical study, was reported to attenuate brain damage after blunt head injury so it is possible that it may also ameliorate any blast-induced brain injury.  rFVIIa has been shown to attenuate brain injury (oedema) after haemorrhagic stroke.  Again, early treatment with this may also attenuate blast-induced brain damage.  The impact of these findings is likely to be for blast-injured casualties who may suffer mild TBI coincident with more severe injuries elsewhere.

13.
Finally, we are organising ourselves to collaborate on the King’s/ADMEM study of casualties (looking at blood borne markers in blast-exposed patients and correlating these with the psychological and fMRI assessments.  As part of this we have identified an UK capability gap in conducting the assay for blood borne markers, which is important we address to process samples from UK casualties.  An additional benefit of developing the assay at dstl will be a faster turnaround for our animal studies.  We will, of course, continue to work with our US colleagues to identify new markers and to contribute to their studies.

14.
Both of these developments (the resuscitation and the clinical studies) were viewed as high priority by our Stakeholders and endorsed by SGRSG in September.
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	1. Here are my views on the practicality of the deployment of helmet mounted sensors.  I have tried to keep this brief but have, on occasion, delved into some technical detail to provide background to my reasoning.  

2. As you are aware I only received the contact details for the US team the day before yesterday and so my thoughts do not take into account any background material from the US.  Given that you have already had briefings from the US then you may find some of my questions have already been resolved by our colleagues.  

3. I have broken these notes down into 4 sections:

a. The UK approach to developing protection.

b. Practicalities of the deployment of helmet mounted sensors.

c. Summary.

d. Recommendations.

The UK approach to developing protection

4.       A common approach adopted by the UK in developing protection measures is:

a. Identify the threat.

b. Determine the mechanism of injury.

c. Determine a dose response model of the body.

d. Develop appropriate physical/numerical models.

e. Develop a protection to mitigate energy transfer.

5.        It may also be necessary to develop a technique to identify those personnel that may have been exposed to a potentially injurious level of energy transfer where the injury is not immediately obvious, but this hasn’t been standard in the UK.

6.        An example of where this latter measure is appropriate is primary blast lung injury.  In this case, the UK approach is to inform the trauma teams of the clinical signs.  Interestingly, one approach adopted by the US was to develop a ‘patch’ that could be worn that would change colour when a particular blast load was exceeded.  To the best of my knowledge this patch has not been deployed.

7.        I suspect that the US deployment of the helmet mounted sensor is in aid of this additional measure – to identify (probably in the future) those that may have had some level of blast loading that may lead to the development of mTBI(blast).

Identify the threat

8.       The first question is how significant a problem is mTBI(blast) it.  As we are aware there is a significant body of work already addressing this question.  We would usually prefer to have the answer to this before proceeding further.

Determine the mechanism of injury

9.       I believe this to be a critical step.  From the perspective of physical protection it is essential to understand the mechanism of energy transfer from the weapon to the point of injury.  Depending on the nature of the insult it may be appropriate to measure linear acceleration, rotational acceleration, stress waves, pressure waves, temperature etc. Knowing the energy transfer mechanism enables the development of the protection to be clearly focused and optimised.  A good example of the need for this critical step is again primary blast injury.  Just adding more armour does not improve protection – however the addition of a relatively thin, lightweight de-coupler can provide a high degree of protection to the blast wave.  To the best of my knowledge we do not yet know the mechanism of injury for mTBI (blast).  

Determine a dose response model

10.      Once the mechanism of injury is determined then it is possible to identify a physical parameter to measure and then determine a dose response model.  Staying with the primary blast injury example, knowing the mechanism to be stress wave transmission enabled us to measure peak body wall acceleration under various loading conditions and determine the levels at which lung injury could be expected to occur.  At this time I do not believe there is any ‘dose response’ information available for mTBI(blast).

Develop appropriate physical/numerical models

11.      Developing appropriate physical and numerical models to either replace animal models or to complement them is another key step on the way to developing protection, but again it is essential to understand the mechanism to develop the models.  Such models are widely used to also assess vulnerabilities to our own forces.

Develop a protection to mitigate energy transfer

12.      The models mentioned above are the main tools that are used to develop concepts for protection that are specifically focused on particular energy transfer modes and means of mitigating them.  Once these concepts are developed they are then passed to industry for their incorporation into future armour systems.

13.      The approach described above is, to some degree, idealised but has been proven to work on numerous occasions in the past and is considered to be a cost effective approach.

Practicalities of the deployment of helmet mounted sensors

14.      There are a number of issues that should be considered if the UK was to consider the deployment of sensors mounted to the helmet.

Objective of deploying the sensors
15.      At present, I believe the most compelling reason to deploy helmet mounted sensors would be to obtain data that could, at some time in the future, be used to identify those that have been exposed to a blast wave that may, in the future, go on to develop mTBI(blast). However, in my view it is important to know exactly what you should be measuring to ensure that data is of value in the future. 

If the deployment of the sensors is to gather data on what pressure/acceleration levels may lead to mild TBI (blast) then this would need very careful consideration.  In particular the balance between investing resources in understanding the problem (mechanism of injury) versus investing resources in sensors to collect data in the field (with some risk that it may be the wrong form of data).

Selection of sensors

16.      The big question here is what should be measured.  To answer this question with some degree of confidence, it is prudent to know the mechanism of the injury, in particular the means by which the energy gets into the body to cause the injury.  Historically, and for good technical reasons, acceleration and pressure have been measured to correlate with various forms of blast injury.  Therefore, the US selection of both acceleration and pressure appears sensible but is not (to the best of my knowledge) linked to the mechanism of injury.

17.       In order to capture data from a transient blast event, the sensors need to be able to respond to changes very quickly (high frequency response) – this is a known fact and also drives the requirement for data capture equipment to be able to sample the output from the sensor very quickly (typically every 10 microseconds).  The sensors also need to be able to respond predictably over a known range.  Accelerometers are available that work reliably over a wide range of accelerations; pressure gauges are more limited in their workable range.  Accelerometers measure acceleration in one plane, therefore I would expect the US to be deploying tri-axial accelerometers (3 planes, x, y and z) to allow the helmet motion to be resolved.  This would result in a minimum of three accelerometers and one pressure gauge, signal conditioning, 4 channel data capture a power source, that would need to be integrated and miniaturised.  I suspect if the sensors are to be deployed in December that this has been completed – probably at some considerable expense.

Selection of trigger level

18.      It is not sensible for the output from the sensors to be data logged continuously (the data files could be in the order of 0.5MB per second), therefore a trigger is needed to tell the data capture to hold the data for the duration of the event.  Technically this is simple to do but you need to know at what level of pressure (or acceleration) to capture the data.  Triggering off the accelerometers could lead to false triggering since even small knocks to a helmet can result in high acceleration within the helmet.  Triggering from the pressure gauge would seem preferable but what pressure level do you select?  I do not believe this is know therefore there is a risk that if the trigger is too high then potentially important data is lost, if it is too low then there could again be false triggering problems.

Is the helmet the right piece of equipment to instrument?

19.      Under blast loading, the motion of the helmet does not match the motion of the head.  Instrumenting the helmet only gives information on what happened to the helmet.  During blast loading the inner padding on the helmet, helmet restraint systems and helmet deformation will all modify the energy transmission through to the head.  Therefore, potentially high accelerations seen on the helmet may not equate the accelerations experienced by the head.   In the field of motor racing there have been concerns over the loads experienced by the drivers – instead of instrumenting the helmet the motor racing field developed sensors to go in the ears to allow the motion of the head to be measured rather than the helmet.

20.      The selection of what to instrument should be driven by the understanding of the injury mechanism to ensure that data collected can be correlated (to some degree) with the injury.  That said, adding a sensor to the helmet does have practical appeal.

Analysis of the data records

21.      Data downloaded from the sensors (presumable after an IED incident) will need to be analysed.  I do not believe at this point in time we would know what to look for in an accelerometer-time profile or indeed a pressure-time profile.  Historically peak pressure has been used in conjunction with the duration of overpressure to correlate with primary blast injury.  It does not necessarily follow that the same correlations can be used for mTBI(blast).  An understanding of the mechanism of injury will help identify what to look for on pressure and acceleration profiles.

22.      There are more issues that I could raise; however I believe the same underlying theme to be relevant to each of the issues.  I have not made comment on any of the human factors issues that also need consideration.

Summary

23.      Now that I have the contact details for the US researchers I can now make contact and find out more about the approach the US have taken.  This may answer some of the questions I have raised above.

24.      At this time I am not clear on the specific objectives of the US programme to deploy sensors on the helmets of 2 brigades.  The most compelling reason for them to do this appears to be to collect data that could, in the longer term, be used to identify individuals that may go on to develop symptoms of mTBI(blast).

25.      I would expect that our US colleagues have invested substantial resources in the development of these sensors, and their procurement.  At this time there is little information available on how they are going to analyse and use this data.

26.      In my view there is a moderate degree of technical risk that the data being collected from the helmet sensors may not correlate to mTBI(blast).

27.      The UK approach, initially understanding the scale of the problem and then determining the mechanism of the injury should help define the requirements for the capture of data from such sensors.  This information may have significant value to our US colleagues and may well complement similar research they may have in place.

Recommendations

28.      dstl to pursue the links with the US programme leaders to get a clearer understanding of the objectives of the US programme, technical developments and how the US plan to use the data.

29.      The UK should continue with their proposed programme of work which includes the determination of the mechanism of injury.  The need for the UK to pursue a similar programme to the US is not clear.  

30.      Once the information from the US programme has been reviewed then it may be prudent to review this position.

Paul Dearden

Principal Engineer

Biomedical Sciences

dstl


ANNEX F TO

DMSD/16/1/03 DATED 25 MAR 08
SOUTH TEES RESEARCH REPORT

Predictive factors for the development of psychosocial and neurocognitive dysfunction following mild traumatic brain injury (mTBI) in adults: a prospective cohort study.
Progress to date:

1.
Patient identification is continuing by prospective identification on site in the emergency department and by short-term retrospective identification from emergency department records following which patients are contacted by telephone to confirm if they are willing to participate. This has improved identification and recruitment rates within the limitations of agreed study protocol.

Comment:

This has been necessary due to the lower than expected immediate identification from the emergency department (see point 3 below).
2.
As of 01/09/2007 9 patient blood samples have been drawn,1 of which cannot be included, as the patient has withdrawn consent following initial involvement. The first batch of samples is currently being analysed by Kings College London. The storage and transport arrangements have proven to be reliable and effective.

Comment:

A relatively small proportion of patients are being identified and subsequently recruited directly from the emergency department. Of these, very few are willing to have a blood sample taken as part of their initial participation to the study. This is expected although a larger number of samples should be possible if immediate identification rates in the emergency department can be improved.
3.
Overall, the project is continuing well with an expected incidence of head injury presentations to the emergency department within criteria. However, identification and subsequent recruitment rates have been lower than expected for two main reasons:

a. Emergency department support is limited by pressures of service provision.

b. Education and knowledge of the study due to regular staff turnover.

Comment:

Improved identification rates are expected with staff changes and a larger amount of clinical time by main investigator regular presence in the department from August 2007. Initiatives for education and introduction sessions to involve clinical staff are also planned from August 2007. Other ways to improve departmental cooperation could be explored.

4.
Primary Care centre co-operation has not yet been confirmed from Catterick Garrison. Initial enquiries have suggested that the number of head injury presentations to primary care is too small to justify recruitment from that location. However, further information and confirmation of this will be required to explore whether pursuit of primary care recruitment is justifiable.

Comment:

Further Primary Care support is required and senior primary care advisors should be involved to obtain head injury incidence and subsequently explore methods of identification and recruitment.
Patient recruitment numbers:

As at 01/09/2007:

	Hospital
	Identified
	1-month follow-up (recruited)
	3-month follow-up
	6-month follow-up

	JCUH
	73
	51
	15
	3

	Friarage (MDHU)
	
	
	
	

	Catterick PHC
	Nil
	nil
	nil
	Nil

	Lost to follow-up
	19
	

	Refused
	4
	

	Inappropriate*
	3
	

	Total
	99
	


* Identified by the ED but later review reveals patient does not meet inclusion criteria

Comment:

There is a ‘lag phase’ of at least 1 month from identification to first follow-up and subsequently for ‘recruitment’, as formal consent is taken at first follow-up.

Planned data analysis:

5.
No data analysis has been undertaken as yet as numbers are insufficient. However, with current rates of symptom reporting, and a sufficient number of participants at initial follow-up to 3 months, primary analysis should be possible by February 2008. If the data demonstrates trend according to expected variables this should enable the second phase of the study to begin at that time. If not, further data collection will be required.

South Tees research update November 2007

6
 Recruitment is proceeding at a rate of approximately 20-30 patients per month: this is less than the anticipated rate of 2 – 3 per normal working day (around 60 per month).

7
 Follow-up rates are currently approximately 50%: this is as expected.

8.
 Blood sampling for S100b assay estimation is proceeding slowly due to patients being unwilling to take part in blood testing for what they perceive to be minor injuries requiring relatively short emergency department assessment and treatment.

9.
 Overall, the project is continuing well with an expected incidence of head injury presentations to the emergency department within criteria. However, identification and subsequent recruitment rates continue to be lower than expected for two main reasons:

a. Patient ‘apathy’ and lack of willingness to co-operate with, or remain with the study.

b. Emergency department support is limited by the pressures of service provision.

Patient recruitment numbers:

	Hospital
	Identified
	1-month follow-up (recruited)*
	3-month follow-up
	6-month follow-up

	JCUH
	103
	42
	21
	5

	Friarage (MDHU)
	
	
	
	


* Note there is a 1-month lag phase from identification to recruitment.

Problems:

11.
Most patients with minor head injuries are unwilling to commit to even the relatively minor disruption caused by this study. Factors include alcohol intoxication at time of presentation and time limitations to fully explain study during busy periods in the department.  There are also difficulties in contacting patients following discharge and options to improve this are being currently investigated.

Planned data analysis:

12.
Initial primary analysis and data review is still planned for February 2008.

Major P A F Hunt RAMC

Research Fellow in Emergency Medicine

James Cook University Hospital, Middlesbrough
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MRI and Clinical Predictors of Psychiatric and Functional Morbidity Following Mild Traumatic Brain Injury (mTBI): 

A Controlled Evaluation of UK Servicemen

BACKGROUND

1.
Mild traumatic brain injury (mTBI) is common in the general population. Incidence rates, typically based on individuals attending emergency departments in hospitals, range from 180 to 500 per 100,000 of the general population per year (Kurtzke & Kurland, 1993; Bazarian et al. 2005). Military personnel in particular may be at greater risk for sustaining a TBI of any severity, even in peacetime (Ommaya et al. 1996; McLeod et al. 2004). MTBI has become an increasingly high-profile battle injury.  Work by the US Defense and Veterans Brain Injury Center (DVBIC) suggests that 59% of injured US soldiers returning from Iraq or Afghanistan who are being treated at the Walter Reed Medical Center suffered a TBI while in combat (Okie, 2005).  

2.
All definitions of mTBI demand that the patient has at least suffered some degree of ‘concussion’ (Caveness and Walker 1966). This therefore distinguishes mTBI from what might be called a trivial head injury, in which there was a blow to the head, but with no subjective effects on the mental state or neurological function.   Whether or not a person can suffer a TBI in the absence of a blow to the head, simply on the basis of acceleration / deceleration forces transmitted to the head eg. in a whiplash injury, or as a result of blast injury, is uncertain. The World Health Organisation (WHO) Collaborating Task Force (Carroll et al., 2004) offered the following definition of mTBI:

“mTBI is an acute brain injury resulting from mechanical energy to the head from external physical forces.  Operational criteria for clinical identification include: 

a. One or more of the following: confusion or disorientation, loss of consciousness for 30 minutes or less, post-traumatic amnesia for less than 24 hours, and / or other transient neurological abnormalities such as focal signs, seizure, and intracranial lesion not requiring surgery;

b. Glasgow Coma Scale score of 13–15 after 30 minutes post-injury or later upon presentation to healthcare.

These manifestations of mTBI must not be due to drugs, alcohol, medications, caused by other injuries or treatment for other injuries, caused by other problems (eg. psychological trauma or coexisting medical conditions) or caused by penetrating craniocerebral injury.”

3.
Interestingly, the presence of loss of consciousness is not critical to outcome (eg., Sharma et al. 2001;  McCrory et al. 2000).  On the other hand comparing those with GCS scores of 15 with those whose GCS is 14 or 13, there is a gradient of effect (Hsiang et al. 1997) with lower GCS leading to worse outcome.  

Blast injury 

4.
The role of blast injury and its possible effects in terms of TBI are of special interest given the use of explosives, in particular improvised explosive devices (IEDs), in modern warfare and terrorism. Effects of blast injury can be differentiated into primary, secondary and tertiary injuries, covering changes in atmospheric pressure due to the blast, projectiles put in motion by the blast striking an individual, and individuals themselves being put in motion by the blast, respectively.  The extent to which the brain may be vulnerable to barotrauma, i.e. the air pressure waves from the primary blast itself, is uncertain (Taber, Warden & Hurley, 2006). Animal models have found behavioural and pathophysiological changes consistent with TBI (Moochhala et al. 2004; Cernak et al. 2001; Axelsson et al. 2000).

5.
Individuals following primary blast injury may describe disturbances in level of consciousness including retrograde and/or anterograde amnesia, along with subsequent symptoms including severe headache, tinnitus, hypersensitivity to noise, and tremors (Gondusky & Reiter, 2005). In one study of veterans with post traumatic stress disorder (PTSD), individuals with a history of mTBI in the context of blast injury also showed evidence of EEG abnormalities and greater self-report of attentional difficulties (Trudeau et al. 1998).  However, human studies are somewhat limited as it may be difficult to identify cases in which only primary blast injury has occurred. There are few data on the prognosis of blast injury, compared with other causes of TBI.  

Cognitive impairment 

6.
VanderPloeg et al. (2005) followed up over 4000 Vietnam veterans 15 years after discharge, to look at the effects of mTBI sustained since discharge.  Those veterans with a history of mTBI, on average 8 years before testing, were slightly impaired on just one test of working memory. Systematic reviews (Frencham et al. 2005;  Schretlen & Shapiro, 2003) have plotted the time course of neuropsychological outcome based on the effect size (ES) comparing mTBI cases, recruited at the time of injury, with control subjects.  For studies where the assessment was < 3 months post injury there was a statistically significant difference with an average ES of about 0.3 (injured more impaired).  But even for speed of information processing (ES 0.47) which was the most sensitive measure of injury, the data imply that there was a large overlap between the scores of injured and controls. For studies after 3 months, no significant differences could be found, with ESs in the two reviews of 0.11 and 0. A third systematic review compared studies of unselected cohorts, recruited at time of injury, with studies of cohorts recruited from clinics (Belanger et al. 2005).  Much larger ESs were seen in selectively recruited clinic cohorts, and these cohorts showed very little effect of time since injury (ES for studies more than 3 months post injury was 0.74).  The assessment of neuropsychological impairment after mTBI is therefore very vulnerable to ascertainment bias; subjects should be recruited as close as possible to the time of injury.

7.
In summary, mTBI may lead to some disturbances in cognitive functioning shortly (i.e. in the first few days or weeks) after injury, with these impairments typically most apparent on tasks with an attentional and/or processing speed component (Cicerone & Azulay, 2002). However, evidence for persisting impairments following mTBI from prospective, longitudinal studies is weaker. There is a caveat. Work by McAllister et al. (1999) using fMRI showed that regional activation during a working memory task was abnormal 1-month after mild or moderate TBI despite subjects’ performance being in the normal range, ie., individuals after mTBI may achieve normal performance yet still show abnormal cognitive processing. 

Post concussional symptoms (PCS)

8.
Estimates of the proportion of people who suffer mTBI who have significant post concussional symptoms (PCS) vary widely.  According to the review by Jacobson (1995), persistent complaints are observed in 25% – 65% at three months, 21% - 24% at six months, and 14% – 18% at one year.  High rates of symptoms may be found as long as 5 years post-injury (Jakola et al. 2007). Typical PCS include headache, dizziness, fatigue, intolerance of noise and light, emotional instability, and difficulty with concentration. Anxiety and depression are seen in many and other common emotional symptoms include phobias and PTSD. This is an especially important confound in our studies of UK military personnel who have served in Iraq (Hotopf et al. 2006; Fear et al. under review) where a high degree of overlap was found between the symptom clusters of mTBI and PTSD. Hence we intend to evaluate PTSD-specific symptoms and analyse separately cases with PTSD identified following our diagnostic interviews (see below). PCS typically show similar factor structures involving physical, cognitive and affective symptoms (Potter et al. 2006).  Symptoms rather than cognitive impairments discriminate between individuals who do and do not return to work after mTBI (Nolin & Heroux, 2006). Nevertheless those who are symptomatic are more likely to have problems with speed of information processing, and divided and sustained attention, both in the first few months and one to two years after injury (Gronwall and Wrightson 1974; Laninger et al. 1990; Bohnen et al. 1992a; Chan et al. 2003; Iverson et al. 2004; Sterr et al. 2006). 

9.
As noted vis à vis PTSD, “post concussional symptoms” are not specific to people who have suffered a head injury. They are found commonly in those with chronic pain (Iverson & McCracken 1997), and even the general population (Chan 2001), particularly those who are depressed (Aloia et al. 1995; Iverson & Lange 2003). Various studies have examined symptoms and disability after mTBI compared with controls, usually trauma patients without a head injury (Jurkovich et al. 1995; Freidland & Dawson 2001; Bryant & Harvey 1999; Hanks et al. 1999; Paniak et al. 2002; Smith-Seemiller et al. 2003; Mickeviciene et al. 2004; Kraus et al. 2005). In general mTBI patients do suffer more symptoms, weeks and months after the index event, but the effect is not large. However, a recent well controlled study by Meares et al, (2007) showed that patients with mTBI and similar non-head trauma patients presenting to a hospital emergency department had almost identical levels of acute PCS (43%) and cognitive dysfunction. It is therefore vital that any study of symptoms after mTBI has a control group.  

10.
Estimates of the proportion who are left with significant disability one year after mTBI are surprisingly diverse: eg., < 10% (Hsiang et al. 1997), 12% (GCS 13 or 14) (van der Naalt et al. 1999), 30% (Deb et al. 1998), or 47%  (Thornhill et al. 2000).  Some of the variability is probably due to different rates of pre-injury morbidity (see Symonds and Russell’s classic study (1943) of servicemen). The 10% - 20% of patients who do badly after mTBI are likely to fulfill diagnostic criteria for post concussional syndrome (PCS)(ICD-0) or post concussional disorder (DSM IV; though the DSM IV diagnosis is more stringent, agreement between ICD-10 and DSM-IV criteria is otherwise good (Boake et al. 2004)). 

Predictors of symptoms

11.
Organic factors partly explain who develops symptoms after mTBI.  These include risk genes (S-100B), the presence of dizziness or headache in casualty (De Kruijk et al. 2002; Savola & Hillbom 2003), poor immediate neuropsychological test performance (Bazarian et al. 1999), CT brain scan or SPECT abnormalities within the first 3 days (Gowda et al. 2006), and the presence of the dopamine D2 receptor T allele (McAllister et al. 2005).  It is possible that a normal HMPAO-SPECT scan within 4 weeks of mTBI excludes poor outcome at one year (Jacobs et al. 1996).  In those with persistent PCS, several studies have found evidence of abnormal cerebral metabolism or blood flow particularly involving frontal lobes (Ruff et al. 1994; Varney et al. 1995; Kant et al. 1997; Bonne et al. 2003). However such effects are not always found (Chen et al. 2003) and may reflect depression and PTSD rather than brain injury (see Markowitsch et al. 1998).  Emotional factors also predict poor outcome, particularly when symptoms become more persistent.  For example those who blamed their employers for their accidents (Rutherford et al. 1977), or those who fear that they had sustained serious brain damage (ie., illness attributions) (Lidvall et al. 1974, Whittaker et al. 2007) do worse.  Greater anxiety, depression and PTSD symptoms early post injury predict worse outcome (Bryant & Harvey 1999; King et al. 1999; McCauley et al. 2001; Rapoport et al. 2003); those who do badly after mTBI are sometimes described as the “miserable minority” (Ruff et al. 1996). Pre-traumatic factors, particularly psychiatric problems, are also relevant (Keshavan et al. 1981; Ponsford et al. 2000). In the study of veterans with mTBI after discharge from the military (see above; Luis et al. 2003) the best predictors of PCS included earlier psychiatric conditions such as anxiety or depression, and lower IQ.

12.
Organic factors are better at explaining who has symptoms in the first few weeks (eg Bazarian et al. 1999), whereas psychological factors may be more important in those with persistent symptoms at six months and beyond. A plausible model to explain the interaction is that of Lishman (1988); the cerebral dysfunction produced by head injury results in a group of symptoms, headache, dizziness and fatigue being prominent among them. The norm is for these symptoms to recover over time, but psychological factors may jeopardise a healthy recovery and result in long lasting symptoms. At the later stages, evidence of cerebral dysfunction is usually absent. Various studies have examined the psychological processes leading to chronicity. These include diathesis stressor models (Kay 1993; Wood 2004), “windows of vulnerability” (King, 2003), or maladaptive attempts to compensate for cognitive difficulties (Van Zomeren et al. 1984; Marsh & Smith, 1995). Subjective stress (Gouvier et al. 1992; Hanna-Pladdy et al. 2001) and personality variables eg., perfectionism (Ruff et al. 1996) or styles of coping (Bohnen et al. 1992b) may be important.  

Evidence for permanent damage to the brain in mild TBI

13.
Rarely, evidence of significant focal brain injury, eg., intracranial haematoma, is evident clinically or on neuroimaging following an apparently mild TBI (see Fabbri et al. 2004).  However, an important question is how many people, post mTBI, suffer diffuse axonal injury (DAI), perhaps invisible on neuroimaging, which nevertheless explains some of the post concussional symptoms?  Definite post traumatic MRI abnormalities were found in 5 of 80 patients with mild head injury, and questionable abnormalities in a further 21 in one study (abnormalities on MRI did not predict outcome, except for early attentional problems (Hughes et al. 2004)). But a normal MRI scan does not rule out the possibility of DAI.  Anecdotal studies describe evidence of DAI at post mortem in patients who have had a mild head injury and died shortly after from other causes (Peerless & Rewcastle 1967; Oppenheimer 1968; Bigler, 2004). These are backed up by animal studies (Povlishock and Coburn (1989) in which mild fluid-percussion injury in cats led to no residual signs at one day and few macroscopic findings but widespread evidence of DAI, particularly involving long tracts.  

14.
If Lishman’s model is correct those with persistent post concussion symptoms will have had both early cerebral dysfunction / brain injury and the psychological factors necessary to impair a healthy recovery. Those without chronic symptoms will either never have had early cerebral dysfunction, or do not have the psychological factors, or both.  If patients with persistent symptoms are assessed at 1 year or more, evidence of the early cerebral dysfunction that was the foundation for the symptoms, may have disappeared.  All that is left are the psychological factors that explain why symptoms failed to recover. Therefore what is needed is a method of determining who did in fact suffer early cerebral dysfunction or brain injury. Prospective assessment using neuropsychological testing is not adequate for this purpose because of lack of specificity for brain injury.  A low score may be found because the person has suffered brain injury or because they reflect pre-injury levels of functioning or current depression. Further, a normal score may hide underlying cerebral dysfunction (McAllister et al. 1999). With the latest MRI techniques, which are much more sensitive to evidence of brain injury and DAI, we now have a better chance of identifying those who did in fact have early brain injury and whom we hypothesise will therefore be at risk of developing persistent symptoms.

Magnetic Resonance Imaging (MRI)

15.
Newer MRI techniques have the potential to reveal abnormalities which are invisible to conventional MRI; studies in epilepsy patients (Rugg-Gunn et al. 2002; Salmenpera et al. 2007) by the applicants, for example, have revealed abnormalities in “MRI negative” subjects, that are not apparent even on very high quality conventional scans (although specificity is often low).

Diffusion Tensor Imaging (DTI)

16.
Diffusion-weighted (DW) MRI permits the measurement of water self-diffusivity in vivo, and as a consequence of the interactions between water molecules and obstacles that hinder their motion, gives information about the size, orientation and shape of cellular brain structures. In particular, due to the oriented microstructure of white matter, the diffusion of water is more greatly hindered across than along the axis of major white matter tracts, a phenomenon known as anisotropy (Beaulieu & Allen, 1994). The most complete simple description of the diffusion process is the diffusion tensor, and the measurement of this by DTI (Basser et al. 1994) yields a number of outcome measures reflecting both the degree and principal direction of diffusion.  The two most commonly used are the mean diffusivity (MD), the degree to which water molecules are diffusing within tissues and fractional anisotropy (FA) which reflects the directionality of water molecules within the tissues and hence microstructural order (Basser & Pierpaoli, 1996).  If highly ordered structures such as white matter (WM) tracts are disrupted, reduced barriers to diffusion across the tracts lead to an increase in MD and reduction in FA.  Other measures, such as the degree of diffusion parallel and perpendicular to the principal diffusion direction (often denoted λll and λ() can also be calculated, which may be more sensitive to pathological processes (eg., Song et al. 2002). 

DTI and TBI

17.
DTI promises to be one of the most useful of all the new imaging techniques in mTBI (see Levin, 2003; Belanger et al. 2007 for reviews). In terms of TBI in general, a mouse model of histologically verified axonal injury following moderate impact injury was found to correlate with regional abnormalities in DTI parameters (axial diffusivity and relative anisotropy) while conventional MRI failed to detect abnormalities in the same regions (MacDonald et al. 2007). Studies in children (Wilde et al. 2006) and adults, (Xu et al., 2007) with severe TBI have been able to detect WM abnormalities in major tracts such as the corpus callosum (CC) and internal capsule with significantly higher sensitivity than conventional MRI. Furthermore, where focal pathology was obvious, DTI changes were correspondingly more prominent. Nakayama et al (2003) employed DTI scans in 23 patients with TBI all of whom had been in coma for a mean of 7 days, who manifested cognitive impairments but no obvious neuroradiological lesions to compare with healthy controls. DTI after 14 months showed a decline in FA in parts of the CC. Other examples of the usefulness of DTI in complications of TBI include work by Gupta et al (2005) on late post traumatic epilepsy. FA and mean diffusivity ratios were calculated in 14 patients with and 11 without epilepsy and 11 age-matched controls. The mean regional FA ratio was significantly lower in the epilepsy group than the TBI controls. The tissue volumes with low FA were also higher in the epilepsy group in the absence of gross pathology. Other studies (eg Huisman et al. 2004) have examined more heterogonous groups with acute (within 7 days) TBI. 20 such patients (and 15 controls) were imaged using DTI to measure FA at multiple locations. FA was reduced in the internal capsule and posterior CC. Furthermore, FA values correlated strongly with clinical ratings such as GCS at r > 0.65 (see also Ptak et al. 2003). 


18.
Afranakis et al (2002) were the first to show DTI abnormalities following mild TBI in 5 cases acutely post injury, which declined at 1 month follow-up. Benson et al (2007) studied 20 TBI patients of whom 6 had mTBI (GCS >12). The main DTI measure was scalar histograms of FA of whole brain WM. The distribution of the graphs was abnormal in comparison to controls demonstrating a reduction (left shift) in FA. FA measures were again found to correlate with GCS and PTA at r=0.47 and 0.64, respectively. The mean injury to scan interval was 35 months; however, overall mean GCS was 7.8. Of interest is the study by Inglese et al. (2005) which concentrated on mTBI. 46 such patients and 29 controls had an extensive MRI series including DTI. There were 2 subgroups: in 20 imaging took place 4 days post injury while in the other sub-group imaging was on average 5.7 years after injury. Histogram and region of interest (ROI) measures were taken. Unlike patients in Benson et al’s series, whole brain histogram measures did not discriminate between the groups or controls – but the authors did not separate WM from grey and CSF. However FA measured in CC, internal capsule and other regions did reveal abnormalities in cases versus controls, scanned both early and late. The authors conclude that focal DTI changes may be an early and stable indicator of brain damage.

19.
Finally Kraus et al (2007) in the most recent published study compared 20 adult mTBI cases to 17 moderate-severe TBI cases and matched healthy controls. Detailed DTI measures were taken along with a neuropsychological battery. Cases were all scanned >6 months after injury (93 months for the mTBI group on average). The number of WM ROIs found to have abnormal FA was significantly greater in the m/sTBI group than the mTBI group. Across the groups WM pathology measured by DTI correlated with neuropsych measures with the mTBI group contributing to the correlation although they differed from the controls only on a single measure – commission errors on the continuous performance task (possibly related to impulsivity) while the more severe TBI patients had extensive cognitive deficits. Psychopathology (eg PCS) was not recorded. The authors make the distinction between axonal damage – which may occur in mTBI and axonal plus myelin damage, which appeared to be restricted to more severe head injuries. 

DTI and PCS?

20.
The Kraus et al., study may be taken together with Kurca et al. (2006) who found that only mTBI patients with true (acute) as opposed to ‘non-traumatic’ lesions on conventional MRI, were likely to show neuropsychological deficits. PCS symptoms did not segregate in this way. As noted above, such symptoms are generally best predicted by previous minor psychiatric morbidity. Hence we can conclude that even mTBI may be associated with visible lesions, detectable using DTI; such lesions may not be extensive but may be enduring (or may resolve only partially) and are probably associated with cognitive deficits (which may be subtle). PCS on the other hand seems to be related only non-specifically with mTBI and cognitive dysfunction. As McCrea (2008) concludes his up-to-date review, PCS may after all be associated with “transient neurologic effects of mTBI but maintained by a combination of psychological and social factors in the overwhelming majority of cases” (as in Lishman’s model). Conventional MRI does not provide strong evidence of a relationship between brain lesions and PCS symptoms although this relationship has not been tested using the more sensitive DTI techniques. To do so will be an important aim and an innovative element of the proposed study.

OBJECTIVES

21.
To study the neurological, cognitive and psycho-social consequences of mTBI sustained during military operations.

22.
Specific Aims: There are three related aims of this study of mTBI in UK servicemen:-

a
To determine the rates of post concussional symptoms, cognitive impairment (particularly slowing of processing speed and reduced sustained attention) and neuroimaging abnormalities in a consecutive series of UK servicemen suffering mTBI, and compare these with 100 uninjured military controls. The associated hypothesis we will test is that all three elements will be significantly increased in the mTBI group.

b
To determine, in those with mTBI, whether neuroimaging abnormalities, in particular white matter abnormalities, predict symptoms and/or cognitive impairment. We will use voxel based volumetric methods and DTI, the latter being highly sensitive to white matter disruption. We will then compare mTBI cases with and without abnormalities. We predict that participants with DTI abnormalities (global and regional reductions in fractional anisotropy (FA)) will have significantly greater symptoms and cognitive impairments than those without.

c
To determine whether the cause of injury, in particular blast injury vs. blunt trauma and / or acceleration-deceleration injury, predicts the likelihood of developing post concussional symptoms or cognitive impairment or neuroimaging abnormalities. We will carry out sub-group analyses to test for this hypothesis.

23.
In addition the study will determine:

a
the rate of disability, particularly in terms of fitness for duty, associated with mTBI up to 1 year post injury (again, our prediction is that a significant minority of the mTBI group will show enduring problems in comparison to controls); 

b
whether there are other predictors, including pre-injury factors, of poor outcome.

RESEARCH STRATEGY

Sample: ‘Exposed’

24.
All UK servicemen who report to a field hospital in Iraq/Afghanistan with a suspected mild brain injury are now screened as part of a pilot study, using a paperless tool (based on the MACE checklist - US Military Acute Concussion evaluation - http://www-nehc.med.navy.mil/Postdep/docs/Web_Military) as recommended by the DVBIC Working Group in their mTBI clinical practice guidelines.  This yields screen positive and negative mTBI cases according to the WHO collaborating task force definition (see above). Potential cases will be screened mostly at Role 2 Enhanced facilities (Regimental Aid Posts and Field Hospitals) in theatre. The study will cover all three Services.  The database formed by such screens will comprise our sampling frame and is kept by Col. T Hodgetts (Royal Centre for Defence Medicine, Birmingham, UK) and will be passed on to the Defence Analytical Services Agency (DASA) which will ‘tag’ individuals by service number and date of mTBI. The majority of those at risk will come from the Army, but there will also be a substantial contribution from the Royal Marines (which in the UK are integral to the Royal Navy), and also some members of the Royal Air Force. 

25.
We have decided not to include women since the numbers are likely to be low and inclusion would introduce an additional level of heterogeneity. 

26.
Before recruitment to the study, we will retrieve their TBI screen. Those individuals whose PTA persists beyond 24 hours or who develop intra cranial complications will be excluded – as they fulfill moderate/severe TBI criteria. We anticipate that some individuals will have multiple injuries amongst which the mTBI is a relatively minor element (eg limb injuries due to mines). Major injuries are routinely classified and coded using the Anatomical Injury Severity Score-Military.05. Such cases will be included unless there is reasonable evidence that the individual suffered a period of cardio-respiratory difficulties or major blood loss (ie requiring resuscitation, mechanical ventilation etc). All deployments are 6 months or less so that we should not miss any cases 6 months post injury due to continuing deployment (although a very few may have returned and been redeployed within a 6 month time-frame). Thus, at the start of recruitment, consecutive cases screened positive from 6 months previously, will be expected to have returned and be available for assessment.  

Sample: ‘Unexposed’

27.
We will ask DASA to provide a list of age-matched servicemen from the same Unit and deployment, for each person identified with an mTBI. They will be recruited in the same way. Non-responders will be substituted until an equal number of exposed and unexposed participants are recruited.

Estimates of Incidence of mTBI

28.
These have been difficult to obtain hitherto. Using the upper end of the range in civilian populations (see Background) – which must obviously be the lower limit of the incidence of such injuries in the field - we would expect 50 cases per year in the UK military given around 13,000 serving personnel on Ops Telic (Iraq) and Herrick (Afghanistan). This would easily give us 100 cases over our study period including our set up time and actual assessment period of 18 months. Recruitment will stop when we have reached our target. Data from DVBIC at Walter Reed Army Medical Centre (Warden et al., 2005) on 433 patients with TBI are helpful: 68% were due to blast; 88.5% had a closed TBI; 79% had loss of consciousness < 1 hour. UK military attendances for head injury were recorded on the Operational Emergency Department Attendance Register (OpEDAR) in Basra, Iraq (1/2/03 – 31/3/07). Of about 26,000 episodes, 578 were head injuries of which 323 (55.9%) were classified as ‘neurosurgical’. 112 (19.4%) of TBIs were related to explosions (including IEDs and rocket propelled grenades (RPGs)) and 52 (9.0%) were vehicular related. These 578 are likely to include all TBIs from mild to severe – however, the majority will be mild.

Recruitment:

29.
The Kings Centre for Military Health Research (KCMHR) has established links with the UK military forces administration.  KCMHR receives monthly updates from the DASA, which provides up to date contact information for serving military personnel within our studies. In addition, KCMHR has obtained approval from the Security and Confidentiality Advisory Group (SCAG) via the National Strategic Tracing Service to access the addresses of ex-Service and reservist participants held in primary care records. This has allowed additional methods of contact for study participants, ensuring that a minimal number of participants are lost. We anticipate that a small proportion of participants (~10% per annum) will leave the forces over the life of the study but we emphasise that these will remain in the study. Address information will be provided from DASA linked by service number collected in theatre. The address provided will be the most current military address or if the participant has left, the civilian address that they gave to their unit on discharge. Initially an invitation pack will be sent to this address informing the participant of the study. In this pack there will be an invitation letter, an information sheet and a contact form with a self-addressed envelope. Participants will be asked to return the contact form with their address and phone numbers. If after two weeks there is no response, the research team will contact the unit directly. KCMHR staff will confirm with either the Adjutant or the Chief Clerk that the participant is part of the Unit and get a telephone contact number. If the person has left the Unit, contact details will be obtained and contact will then be established. When contacted by phone, confirmation of receipt of the information pack will be requested and again an opportunity to opt in or out of the study provided. At this point an invitation to participate and attend the centre will be made and their visit arranged at a time/date convenient to them.  Participants will be reimbursed for travel and overnight accommodation (arranged by the study team) and they will receive a small reimbursement. Those choosing not to participate and those we are unable to contact will be classed as “non-responders”. We have data suggesting that participation is relatively unbiased (Iversen et al. 2006) by eg., health status or medical downgrading (fit for operational deployment) (Tate et al. in press).

30.
It will not be practical or indeed ethical to obtain consent for our study in the immediate setting of the acute TBI in theatre. Furthermore, the data collected at that stage is all clinically relevant and necessary for clinical care. Instead, consent to join the study will be obtained on return post deployment. We have already shown a high degree of co operation in our studies of military health, with the principal barrier being inability to trace the individual. Outright refusal is uncommon (see Iversen et al. 2006). We will compare non-responders and responders in terms of simple demographics as a check for selection bias. We anticipate that participation rates will however be high (around 80-90%) given the natural curiosity regarding the outcome of TBI even in the asymptomatic individuals and proximity (and hence salience) of the investigation to the index events. In our previous neurological studies following the 1991 Persian Gulf War the overall participation rate by cases and controls (who were veterans of peace-keeping operations in Bosnia), in a two day series of assessments, including invasive procedures such as serum analysis, nerve conduction and EMG studies and muscle biopsy was as high as 110/140 (77.5%), some 7-8 years after the conflict, with more than half having left the services (Rose et al; 2004; Sharief et al. 2002). The response rates were slightly lower in those who were asymptomatic (50-60%) but nevertheless, the degree to which altruism and a willingness to contribute to the understanding of problems in fellow servicemen motivated participants, was impressive. An additional incentive is also an officially sanctioned day’s leave in Central London. 

Clinical Interview

31.
This will begin with general questions on current health problems, functional status and recollection (if any) of the index mTBI (cases only). We will also obtain information on any previous or subsequent possible TBIs. Depression and anxiety disorders and past psychiatric history will be assessed by a trained clinician using the WHO Schedules for Clinical Assessment in Neuropsychiatry 2.1 (SCAN: Wing et al. 1990) and diagnoses (eg., PTSD) generated from computer algorithms based on the Diagnostic and Statistical Manual of Mental Disorders–IV and ICD-10, as used in previous studies of UK service personnel (Ismail et al. 2002). Separate analyses will be carried out with and without cases fulfilling criteria for DSM-IV Axis 1 psychiatric disorder (in particular PTSD) – although at present rates are relatively low (Hotopf et al. 2006; Ismail et al. 2002), but early indications from our ongoing studies are that regrettably these rates are rising, particularly in Afghanistan. We will not attempt to get attitude related or subjective reports of psychopathology dating back prior to the injury or index deployment period because of the likelihood of recall bias (see Wessely et al. 2003). We will however consider as a separate pilot study the correspondence between recall of the mTBI and our contemporaneous records of the event.

Assessments

32.
Self-completion Questionnaires. These will begin the assessment, the most important being the:

Rivermead Postconcussion Symptoms Questionnaire (RPQ) (King et al. 1995). This is a measure of severity of 16 cognitive, emotional and physical symptoms associated with postconcussion syndrome, asking individuals to compare current symptoms over the past 24 hours to those prior to their injury (the wording will be modified for the non-mTBI control group, who will be asked to compare current symptoms with any being experienced six months before the present - a time comparable to pre-injury for the mTBI group). 

33.
We anticipate that RPQ scores will be strongly associated with the following measures of psychopathology, illness perception and attribution and general functioning:

34.  Hospital Anxiety and Depression Scale (HADS) (Zigmond & Snaith, 1983)

This rates the presence/severity of these symptoms over the previous week.

35.
The Post Traumatic Stress Disorder Checklist (PCL-C) is a well-validated self-report screening measure for PTSD. A total score (range: 17-85) can be generated; a cut-off of 50 yields a sensitivity of 0.79 and a specificity of 0.86 for a diagnosis of PTSD (Blanchard et al.1996). This scale is being used in all our studies of the health of current UK servicemen and women, and also provides comparative data for the equivalent US studies, such as those conducted by Walter Reed Army Institute of Research (WRAIR).

36.
Cognitive Failures Questionnaire (CFQ) (Broadbent et al. 1982)

This is a self-reported questionnaire consisting of 25 items looking at everyday subjective cognitive failures (previously used in our Gulf War studies (David et al. 2002) and shown to correlate with mood symptoms rather than objective cognitive scores). 

37.
Illness Perception Questionnaire – Revised (IPQ) (Moss-Morris et al. 2002).  This self-report questionnaire (cases only) includes 38 items relating to psychological representations and reactions to illness or symptoms (eg., consequences and likely time-course), as well as the perceived cause of illness or symptoms. 

38.
The Multidimensional Perfectionism Scale (MPS) (Frost et al. 1990); a 35-item self-report scale.

39.
Alcohol Use Disorders Identification Test (AUDIT) score (Babor et al. 2001).  Heavy drinkers have been defined as those having an AUDIT score of 16 or more and will be analysed separately. 

40.
General Health Questionnaire-12 (GHQ-12) (Goldberg & Williams, 1988; Goldberg et al. 1997).  A measure of symptoms of common mental disorder and distress. We have used this in all our epidemiological studies of military health, and it provides a benchmark to compare samples/populations.

41.
36-item Short Form health survey (SF-36) (Ware & Sherbourne, 1992; McHorney et al. 1993).  We will measure general health perception as an index of general wellbeing.

Neuropsychological assessment

42.
Tests will be administered by a research assistant with a graduate degree in psychology: they will receive supervision on administration and scoring of the materials by a clinical neuropsychologist (SP). The purpose of the battery is to assess cognitive areas relating to IQ, memory and attention, and uses a range of neuropsychological tests that are commonly used in clinical practice. To increase the sensitivity of the battery to possible effects of mTBI, the focus of a number of tests is towards aspects of attention and executive functioning; particularly those with a speed of processing component (cf. Cicerone & Azulay, 2002):

43.
Wechsler Adult Intelligence Scale – Third Edition (WAIS-III) (Wechsler, 1997).  An abbreviated version of this will be used to calculate Verbal Comprehension Index (VCI), and the Perceptual Organization Index (a measure of nonverbal reasoning). The age scaled score on the Digit Symbol subtest will be used as a measure of processing speed and the Digit Span and Letter-Number Sequencing subtests will be used as measures of verbal working memory.

44.
Wechsler Test of Adult Reading (WTAR) (Wechsler, 2001).  This reading test provides an estimate of premorbid IQ

45.
The Adult Memory and Information Processing Battery (AMIPB) (Coughlan & Hollow, 1985).  To assess verbal and non-verbal learning of material over five learning trials (A1-A5) as well as proactive (B) and retroactive interference (A6).

46.
Paced Auditory Serial Addition Task (PASAT) (Gronwall & Wrightson, 1975). A test of auditory attention and working memory. Participants are asked to add each digit to the one that comes before it and to give their answer aloud before the next digit had been presented. 

47.
Sustained Attention to Response Task (SART) (Robertson et al. 1997). 

A computer administered vigilance task (Go- no-go task). A score representing the number of errors of commission is calculated. Also, mean reaction time (RT) for correct responses is calculated. We have previously used this to study psychopathology in servicemen (Farrin et al. 2003) and found that those with low mood tended to respond inadvertently to ‘no-go’ items and showed marked slowing post error, suggesting heightened awareness of cognitive failures which would tend to lead to negative attributions. We will study whether those with PCS following mTBI show a similar pattern.

48.
Stroop Neuropsychological Screening Test (Trennery et al. 1989). A test of selective attention. 

49.
Trail Making Test, Parts A and B (Army Individual test Battery, 1944; Reitan, 1992); A test of psychomotor sequencing and set shifting.

50.
Controlled Oral Word Association Test (COWAT) (Ruff et al. 1996), a test of verbal fluency, (a frontal/executive function).  Interpretation of neuropsychological assessments typically assumes that individuals have used optimal levels of effort in their approach to the various tasks. Hence, we will add the following:

51.
The Test of Memory Malingering (TOMM) Tombaugh, 1996).  This is a forced choice visual recognition test of 50 items presented over two learning trials and then tested on a third optional retention trial. A cut-off score of 45 or below on Trial 2 is often taken as a sign of sub-optimal effort. Underperformance on the TOMM has been demonstrated to remove the relationship between severity of TBI and its impact on cognition (Moss et al. 2003).

52.
Reliable Digit Span (RDS) (Greiffenstein et al. 1994) from the WAIS-III Digit Span.  This will be taken as a supplementary measure to assess effort to task (cf. Axelrod et al. 2006). RDS scores of less than 7 have been associated with a false-positive error rate of <10% in non-malingering brain-injured patients (e.g. Heinly et al. 2005) and general clinical populations (Babibikian et al. 2006).

Follow-up

53.
Six months after the above assessment (having obtained the necessary consents), we will contact all mTBI cases and controls (at their preferred contact address) and ask them to complete the RPQ, GHQ, PCL-C, SF-36 once more and indicate their current level of social/occupation functioning (all should take only around one hour to complete). As the UK currently has a policy of a maximum tour length of six months, this means that all those who have been assessed with a potential head injury will by then have returned to their home bases.

MR Imaging Acquisition Protocol:

54.
MRI will be performed on a 3T HDx system (GE Medical Systems, Milwaukee, USA), providing high-resolution structural brain data with good signal-to-noise ratios.  After collection of localiser images, oblique axial T2 weighted fast spin echo and fast FLAIR (FLuid Attenuated Inversion Recovery) images of the whole head will be collected for qualitative assessment to rule out any substantive underlying pathology or congenital abnormalities. Following this, isotropic 1.1mm3 3D inversion recovery prepared spoiled GRASS (IR-SPGR) images will be collected using a protocol which gives whole brain coverage in 5mins 40sec. Sequence parameters (TE=2.8ms, TR=7.1ms, TI=450ms, flip angle=20o) have been optimised to provide the necessary grey/white matter contrast for segmentation of the resulting images, while maintaining a short scanning time to maximize subject compliance and thus minimize any potential motion related artefacts.

55.
Diffusion Tensor Imaging (DTI) data will be collected using a peripherally gated, doubly refocused, spin echo echo planar imaging (EPI) sequence, giving isotropic voxels. Based on that described by Jones et al. (2002) using our 1.5 Tesla facility, the protocol makes use of the enhanced signal to noise ratio at 3.0 Tesla to reduce scan time to between 8 and 15 minutes, depending on the subject’s heart rate.  The body coil will be used for RF transmission, and an 8 channel head coil for signal reception, allowing a parallel imaging (ASSET) speed up factor of two. Each volume is acquired from 60 contiguous near-axial slice locations with isotropic (2.4 x 2.4 x 2.4 mm) voxels. The echo time is 104 ms while the effective repetition time varies between subjects in the range 12 and 20 RR intervals. The maximum diffusion weighting is 1300 s mm-2 (optimised for precise measurement of the diffusion tensor in parenchyma) and at each slice location, 4 images are acquired with no diffusion gradients applied (Jones et al. 1999), together with 32 diffusion-weighted images in which we have shown, gradient directions are uniformly distributed in space to ensure statistical rotational invariance (Alexander & Barker, 2005; Jones, 2004).

Image Analysis – Overview

56.
For the current project, we have chosen to focus on two complementary techniques: conventional T1 weighted imaging can reveal ‘structural’ differences between subjects including regional atrophy and subtle or diffuse abnormal grey or white matter localisation; DTI, meanwhile, can provide information on the ‘integrity’ of apparently normal tissue.  

57.
Three dimensional (‘volumetric’) MRI can give images of the brain with voxel sizes of the order of 1mm in scan times of less than 10 minutes.  In addition to being appropriate for radiological assessment, such images allow comprehensive assessment of volume and morphology of the brain.  Automated (and therefore operator independent) analyses can be performed using Voxel Based Morphometry (VBM (Ashburner & Friston, 2000; 2005; Good et al. 2001a; 2001b)), which map the datasets into a standard space and then perform statistical tests on a pixel by pixel basis to highlight regions which differ between groups, or (within groups) correlation with measures such as severity of injury. These analyses also allow the calculation of total grey and white matter volumes, potentially revealing subtle atrophy (the applicants have considerable experience of this methodology in conditions without a clear neurological signature (Shapleske et al. 2002)). Furthermore, it is necessary to have the best possible volumetric images to provide the context against which measures of DTI can be evaluated.

58.
The parametric maps calculated from DTI data (FA, MD, λll and λ() are appropriate for a number of different analysis techniques, falling into three main group - Region of Interest (ROI) based methods (eg Arfanakis et al and Kraus et al – see below); histograms; and group mapping methods. Each have pros and cons: ROI methods are potentially highly sensitive, but often very operator dependent and time consuming; histogram analyses are sensitive to global changes (although their overall sensitivity may be low) and have little or no operator dependence, but give no information on location of abnormalities; voxel based (group mapping) approaches are useful when no a priori hypothesis exists about the location of pathology or the disease process is known to be diffuse as they are sensitive to global and local changes, but may have lower overall sensitivity than ROI based methods.  All three approaches will be used in the current project.

59.
Group mapping analysis of the DTI data will be performed using methods derived from VBM, transforming FA images into a standard space and then performing statistical tests on a pixel by pixel basis.  Such an approach was used to demonstrate otherwise invisible abnormalities in two of the earliest papers (co-authored by one of us) to apply the DTI technique to patients with TBI (Wieshmann et al. 1999; Rugg-Gunn et al. 2001).  In these initial case studies, data from individual subjects were compared to a ‘database’ of normal control cases; in the current study we propose instead to use this technique at a group level, comparing subjects with and without TBI and, in those with TBI, correlating pixel by pixel FA values with clinical measures.  This type of analysis has been applied in other diseases where there may be subtle or diffuse white matter changes, including epilepsy (eg Rugg-Gunn et al. 2001) and multiple sclerosis (eg Cercignani et al. 2001).  In TBI, group mapping of FA data will allow us to survey the whole brain for potential damage. We will also use histogram based analyses since, as noted, they have been used in diseases where diffuse change is expected eg., Multiple Sclerosis (Cercignani et al. 2001), and TBI (Benson et al (2007)) showing both changes in mean FA and in the shape of the FA distribution (see below).

MR Imaging Processing and Analysis: Group mapping of IR-SPRG data.

60.
VBM processing involves segmentation of the IR-SPGR images into parametric maps representing the different tissues types, normalisation of these maps into a standard space, optional smoothing of the data (see below), and finally statistical testing for group differences. This will be performed using Statistical Parametric Mapping software (SPM5, Wellcome Department of Imaging Neurosciences, University College London, UK; see also Good et al 2001a; Ashburner & Friston, 2005). Following segmentation in this manner, grey and white matter probability images are 'modulated' (to compensate for the effect of spatial normalisation, by multiplying each voxel value by its relative volume before and after warping); these modulated results are referred to as 'tissue volumes' below. For further processing within the SPM package, the tissue volume maps must then be smoothed to ensure they meet the assumptions of statistical tests used (based on Gaussian Random Field theory).  Given that structural brain changes are likely to extend over a number of contiguous voxels, however, test statistics incorporating spatial information such as 3D cluster mass are generally more powerful than other possible test statistics, which are informed only by data at a single voxel (Bullmore et al. 1999). As no parametric distribution is known for cluster mass, permutation testing is used to assess statistical significance in the analysis. Between-group differences in grey and white matter volume will be estimated by fitting an analysis of covariance (ANCOVA) model at each intracerebral voxel in standard space. Permutation based testing, implemented in the BAMM package (Brain Activation and Morphological Mapping, a joint development of the Brain Mapping Unit, University of Cambridge and The Institute of Psychiatry, London, http://www-bmu.psychiatry.cam.ac.uk/BAMM/index.html), is used to assess statistical significance at both the voxel and cluster levels (Bullmore et al. 1999 and http://www-bmu.psychiatry.cam.ac.uk/software/docs/xbamm/).

Preprocessing of DTI data.

61.
The diffusion-weighted images are initially corrected for the effects of residual eddy-current induced distortion and subject motion using in-house software based on the FSL package (FMRIB Software Library - http://www.fmrib.ox.ac.uk/fsl/). For each data set, two reference images are first constructed by separately calculating the mean intensity in each voxel from all the non-diffusion-weighted and all the diffusion weighted images.  Non-diffusion weighted images and diffusion weighted images are then registered to the corresponding template, using 12 degrees of freedom, to allow for eddy current induced stretches, shears and translations, along with motion induced rotations and translations. The two sets of internally coregistered images are then registered to each other using 6 degrees of freedom, which inhibits the incorrect stretching of the images which can otherwise occur as the registration process tries to match the edge of the brain parenchyma on the diffusion weighted images (which have dark CSF) to the bright CSF in the un-weighted images.

62.
The data are then masked to remove extraneous brain tissue, using a combination of the ‘Brain Extraction Tool’ (BET) from the FSL and locally written programs. An initial brain extraction is performed using the BET software, which employs a mesh that is moulded to the surface of the brain using a series of adaptive rules and constraints, so that the MR data set can be segmented into ‘brain’ (within the mesh) and ‘non-brain’ (outside of the mesh). Following this preliminary extraction, a simple connectivity algorithm based on intensity thresholding is applied, as the FA volume data set masked by the output of BET alone often shows a few bright (high anisotropy) voxels around the external surface of the brain – most likely as a result of partial volume effects.   Finally, the extracted T2-weighted volume is used as a binary mask on whole data set. After registration and masking of the data, the diffusion tensor is calculated for each voxel using multi-variate linear regression after logarithmic transformation of the signal intensities (Basser et al. 1994), using in house software. The tensor matrix at each voxel is subsequently diagonalized to compute the eigen-values, and images of the tensor trace and fractional anisotropy (FA) are created. The fractional anisotropy is one of a range of possible anisotropy indices (ibid) and is chosen because it is rotationally invariant, does not tend to smooth the data (cf. Pierpaoli & Basser et al. 1996); FA has been shown by Papadakis et al. (1999) to have the best signal to noise ratio and greatest detail of the indices tested. 

Group mapping of DTI data.

63.
Group mapping techniques (derived from the Voxel Based Morphometry (VBM) analysis methods described above), will be used to compare parametric maps of FA between subjects, and to investigate the relationship of regional changes in FA to injury, cognitive and psychosocial variables.  Normalisation will again be performed using Statistical Parametric Mapping software, but in this case version 2 (SPM2, Wellcome Department of Imaging Neurosciences, University College London, UK) will be used, as the combined registration and segmentation process used for the IR-SPGR images is not appropriate for the DTI data. A two stage registration process will performed, in a manner analogous to the "optimised VBM" (Good et al. 2001a). The mean T2-weighted (b=0) image for each subject will first be registered to the epi template provided in SPM. The derived warping parameters will then be applied to corresponding FA images in order to map the latter into standard space. The normalised FA images of all subjects will then be averaged and smoothed to create a new, study specific, template to which each subject's FA images can be re-registered. The registered FA images will also be very roughly segmented to give maps of the probability of a tissue being either white or grey matter, and these segmented images thresholded at a low (10%) probability to provide a binary mask of WM. Next, as with the IR-SPGT data, the FA images will be mildly smoothed to reduce noise, and also minimize the effects of small residual mis-registrations (see Jones et al. 2005). We will use a conservative degree of smoothing, with a kernel size (5x5x5mm) of the same order of magnitude as the width of many WM tracts. Finally, the smoothed images are multiplied by the brain mask, to restrict subsequent analyses to WM only. 

64.
In order to take advantage of cluster level statistics, we will again use a non-parametric approach. This also overcomes the difficulty that parametric methods assume that the residuals of the model tested will follow a Gaussian distribution (not true for DTI data) and reduces the need for smoothing to coerce the data into meeting this condition.  Between-group differences in white matter FA, and within group correlations of FA with variables of interest, are estimated by fitting an analysis of covariance (ANCOVA) model at each intracerebral voxel in standard space. Finally, we again search for spatial clusters among the voxels highlighted, and test the “mass” of each cluster (the sum of suprathreshold voxel statistics it comprises) for significance. We know that the variance of FA values in the brain depends upon the FA values themselves (Basser et al. 2007).  While we restrict our analysis to core WM regions where this is relatively uniform, the effects of noise may still vary slightly from region to region. We therefore also inspected the voxel level maps (which treat each voxel independently and therefore inherently allow for such local differences in statistics), to ensure that these highlight the same areas as the cluster level results. In this way we retain the additional power of the cluster statistics while controlling for the potential disadvantage of its non-local nature.

ROI Analysis of DTI data.

65.
The normalised (ie standard space) FA maps produced during the group mapping analysis (above) will also be used for the ROI based analysis. Following Kraus et al. we will manually define regions in key brain structures and WM tracts. The masks so created will then be applied to the FA, MD, λll and λ( maps, and regional values of each parameter calculated on a per subject basis. Following Kraus et al. we will calculate from these a per subject index of ‘white matter load’ (defined as the number of regions in which FA is more than 1SD below the control mean for that region).  

Histogram Analysis of DTI data.

66.
Histogram analysis will be based on the methods described previously (Rashid et al. 2004).  Brain masks based on the segmentation of the data set (produced as part of the group mapping processing described above) will be applied to the parametric FA and MD maps in order to avoid partial volume effects. Two separate analyses will be performed, one including data from the whole parenchyma, the other restricted to WM. Voxel values will be extracted from the brain/white matter masks and noise, uniformly distributed with a mean of 0 and a range of ±0.5, will be added in order to minimize the effect of digitisation quantization (Tozer & Tofts, 2003).  Fully normalised (Tofts et al. 2003; 2006) histograms will be created, and mean, peak position and height, skew and kurtosis calculated for each subject.

Overview of Statistical Analysis

67.
The design is a matched retrospective cohort study with prospective follow-up. Our main outcome measures will be: psychopathology, including PCS and psychiatric diagnoses; cognitive impairments and MRI abnormalities. We will derive summary measures in all 3 domains. Regarding neuropsychological (and self-report) assessments, while we will explore the scores of individual tests in relation to mTBI we will use exploratory factor analysis to derive factors and summary factor scores for the main areas of cognitive functioning (ie combining individual tests which measure common functions, eg “attention”; executive functions” “IQ”) to reduce the problem of multiple comparisons. Given our stated aims: (1) we will calculate proportions and their 95% confidence intervals (CI) of abnormalities in the domains of, psychopathology, cognition and neuroimaging. We will then compare groups using paired t-tests for continuous variables and use McNemar's test for proportions. We will also apply conditional logistic regression adjusting for potential confounders for categorical data and equivalent regression techniques to take account of the matched nature of data for continuous outcomes (see Cummings et al. 2003). For aims (2) and (3) we will use odd ratios (OR) to measure the strength of association between categorical MRI parameters and outcomes, and between types of injury and outcomes, and we will use correlations for continuous variables. 

68.
At the one year follow-up, we will consider 3 main outcomes: PCS (as measured with the Rivermead Postconcussion Symptoms Questionnaire (RPQ) (King et al. 1995)), GHQ scores and global functioning.  We will use multiple logistic regression to examine predictors grouped under the following headings: demographic (eg., age, rank); injury related (eg., GCS; blast); premorbid (eg., past psychiatric history, personality); psychopathological (eg., anxiety, depression, PCS, PTSD symptoms, and general functioning at initial assessment); cognitive (eg., neuropsychological factor scores); and neurological (MRI scan findings).

Power Calculations

69.
From Kraus et al. each control had on average reduced FA in 3.6/13 ROIs (standard error of the mean (SEM))=0.55); the mTBI had 5.9 (SEM 0.72). This translates roughly as an effect size (ES) of 0.72. This would be detected a priori with 90% power with n=42 in each of 2 groups, and 95% power with n=52 in each group, with α set at 0.05. However, when one examines region specific ESs (Table 3 Kraus et al.) they range from 0 to around 1.0 (for 13 regions plus whole brain - no adjustment was made for multiple comparisons). The most significant contrast was with the superior longitudinal fasciculus which showed an ES of approx 0.94 while the cortico-spinal tract yielded a contrast p value of 0.032, the ES was approx. 0.55 due to larger variance. This effect would need n=70 in each group to be detected with 90% power a priori. 

70.
It may appear that our study is slightly over powered for DTI however, the larger group numbers will allow us to make important within-group contrasts, such as blast vs. non-blast injuries; and cases with and without symptoms of PCS. An ES of 0.72 could be detected at 80% power in a 20 vs 80 within mTBI group contrast. Similarly, power to detect clinically significant PCS between mTBI and controls requires larger numbers assuming a relatively low prevalence at 6 months. Based on Jacobson (1995), significant symptoms were present in 21-24% following mTBI. A sample size of n=88 in each group (which allows for 12% attrition in 6 months) will enable us to detect a difference of proportions of 20% vs 5% (cases vs controls) with 80% power and a 5% risk of false positives.

Implications

71.
The results of this work will be applicable not only to the UK military but to the US and other nations and also civilian populations where mTBI is of course, very common.  The research has the potential to have a lasting scientific impact as well as practical relevance. In view of this we will develop a broad dissemination strategy including scientific, clinical, military (including survivors of TBI and other consumer and advocacy groups) as well as national and international governmental constituencies. 

72.
The project will provide information on whether the current internationally agreed operational definition of mTBI is associated with demonstrable brain pathology, using state-of-the-art neuroimaging techniques and whether the presence or absence of such pathology has effects on social outcomes, cognitive function and post-concussional symptoms. In particular, the work will determine whether certain neuroimaging techniques should become more widely applied in military settings and whether definitions of mTBI can be refined and validated. The role of blast injury as a potential cause of mTBI will form an important component of this and following the research we may be able to advise specific amendments to operational definitions.

73.
The results of this work will provide information on how such injuries affect brain structure and functioning and what the time course of any effects may be. This will then enable rational algorithms to be developed by armed forces medical services for the immediate and longer-term management of such injuries in the field and after deployment. This may include the administration of therapeutic agents with neural protective properties (given current interest in biomarkers of brain injury and opportunities for translational research) as well as more basic nursing procedures, eg., whether specific advice should be given regarding return to active duties. This in turn will provide commanding officers, policy makers and clinicians with evidence on which to base the allocation of appropriate levels of resources needed to minimise the effects of such injuries and to treat those individuals with long-term difficulties.
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INFORMATION FOR CHAIN OF COMMAND




SYMPTOMS





Follow these CARE steps:


�hart the symptoms by issuing Action Sheet #1b to the individual.


�void immediate return to full work duties. 


�eassure the individual that most people get better within a few weeks. 


�xplain what a mTBI is. 





Research around the world demonstrates that following these steps 


should ensure a faster and more successful return to full duty.




















ACTION PLAN








Help and support is available from the Mild Traumatic Brain Injury  (mTBI) Programme at DMRC Headley Court





Email: � HYPERLINK "mailto:mTBI@dsca.mod.uk" ��mTBI@dsca.mod.uk�                     Phone:  01372 381 119











? mTBI





1





GCS < 15 


or


Red Flags


 





Clinical Management as Required








Yes





No





No





Evacuate to R2/R3





Issue mTBI card and provide advice





Follow advice2





Casevac UK Inform DMRC    4





Assess by MO/NO





Yes





No





Head Injury or Blast





Yes





Consider Casevac 


to UK





Weekly review for 3 weeks





Improved?                   3





No





Yes





3 weeks after injury?





Symptoms present?





Contact with DMRC to initiate Level  2 mTBI Programme





mTBI Clinical Algorithm





1.


 Make diagnosis using mTBI Diagnostic Tool





2.


Assess duty in accordance with normal occupational medicine practice





3.


Review





4. 


Signal must contain diagnosis and patient contact details





Yes





RTD





No





Red flags - acute head injury





If following symptoms or signs present seek urgent medical attention:





1. Worsening headaches 


2. Increasing weakness, numbness or reducing


coordination


3. Repeated vomiting


4. Unequal pupil size


5. Developing seizures


6. Developing slurred speech


7. ↑confusion, restlessness or agitation





No





Yes
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Level 1








Level 2


 








Level 3


 





Level 4








Identification of personnel with mTBI using mTBI Diagnostic Tool


Personnel recieve mTBIcard


CoC receives Fact Sheet.








Individual contacts DMRC help line


Offered advice and support by DMRC staff.


If no resolution of symptoms after 3 months, patient invited to re-establish contact with DMRC





Individual remains symptomatic.


Out Patient Department appointment with Consultant led team


Appropriate treatment pathway identified based on clinical need


Ongoing monitoring of progress.





In patient based care programme within the functional brain injury care pathway.


Longer term follow up as Out Patient Department appointment as indicated by clinical need





RTD or





RTD or





RTD or





RTD or Med Board








 





 - le





























Confusion


Difficulty remembering things


Difficulty concentrating


Headache/”pressure” in head


Feeling fatigued, sluggish, or foggy


Sensitivity to bright light/loud noise


Behaviour or personality change





Slowed thinking skills


Balance problems/Dizziness


Nausea or Vomiting


Double or blurred vision


Anxiety


Difficulty sleeping


Feeling depressed/tearful








Up to 50% of people experience some of the following symptoms during the first few weeks after a mTBI. Unless they are particularly severe or continue for more than 3 weeks, specialist advice is not usually necessary. Symptoms include








If any personnel have been involved in a blast, fall, vehicle crash, shooting or fight AND they are dazed or confused at or soon after the incident, it is possible that they may have sustained a Mild Traumatic Brain Injury (mTBI), also known as concussion. A mTBI may or may not involve loss of consciousness. 


The Chain of Command needs to be proactive in identifying such personnel early in order to maximise their recovery.


Personnel who have a mTBI may say they are ‘fine’ although others may notice changes in personality or behaviour. Exposure to a second mTBI at this time can lead to permanent damage to the brain if recovery is not complete. This has implications for operational safety.


Pain, stress, depression, anxiety, PTSD and some medications may interact with mild brain injury and may make recovery slower.











WHY IS THIS IMPORTANT?














� National Center for Injury Prevention and Control Report to Congress on Mild Traumatic Brain Injury in the United States: Steps to prevent a Serious Health Problem. Atlanta, G A. Centers for Disease Control and Prevention 2003.


� DMSD /16/1/03 dated 18 Jun 07. DMSD Mild traumatic brain injury project - terms of reference.


� Arksley H., O’Malley L (2005). Scoping Studies: towards a Methodological Framework. Int J Social Research Methodology; 8(1): 9-32.


� Hoge C et al. Mild Traumatic Brain Injury in US soldiers returning from Iraq. N Engl J Med 2008;358:453-63.


� Bryant R. Disentangling Mild Traumatic Brain Injury and Stress Reactions. N Engl J Med 2008;358:525-6.


� Alexander M. (1995). Mild traumatic brain injury: Pathophysiology, natural history and clinical management. Neurology; 45(7):1253-1260. 


� Holm et al (2005). Summary of the WHO Collaborating Centre for Neurotrauma Task Force on mTBI J Rehabil Med; 37:137-141.


� DMRC only see approximately 40 patients per year in total in their mild functional disabilities group (which accepts patients with brain injuries of all severities and all aetiologies).


�Accessed at: � HYPERLINK "http://www.armymedicine.army.mil/news/reports/TBITaskForceReportJanuary2008.pdf" ��http://www.armymedicine.army.mil/news/reports/TBITaskForceReportJanuary2008.pdf�





� Fear NT, Jones E, Groom M, Greenberg N, Hodgetts T, Wessely S. (2007) Symptoms of mild traumatic brain injury in UK Armed Forces personnel on return from deployment in Iraq. Submitted for publication.


 


� Reference adapted from � HYPERLINK "http://www.archive.official-documents.co.uk/document/doh/ih/ih.htm" �Independent inquiry into inequalities in health report�, Sir Donald Acheson, London, 1988.


� Acceleration is a change in velocity and can be a positive or negative vector quantity.  A negative value would indicate slowing down.


� A research proposal for an investigation of this kind has been submitted by KCL/RCDM.
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