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Abstract 

Mild Traumatic Brain Injury (mTBI) in a deployed setting as a consequence of blast injuries has gained increasing attention over the past few years. While there is an abundance of literature on concussion in the civilian setting, mostly coming from the sports literature, our knowledge about blast-related mTBI is only recently beginning to emerge. In 2008 an expert advisory panel was held by the Canadian Forces and, as a result of their recommendations, surveillance mechanisms and clinical practice guidelines for the management of mTBI in both the deployed and post-deployment setting were implemented. The clinical practice guidelines will be presented and the rationale behind them will be discussed. Surveillance data on the epidemiology of blast-related mTBI in Canadian Forces members deployed to Afghanistan will be reviewed. NATO members will benefit from a better understanding of the approach adopted by the Canadian Forces and insight into the surveillance data which provides support for this strategy.

1.0
BACKGROUND
Mild traumatic brain injury (mTBI) in soldiers returning from deployment to combat operations has received considerable attention in the United States of America to the extent that the popular press has labelled this the “signature injury” of Operation Iraqi Freedom and Operation Enduring Freedom [1;2]. Reports in the popular press have often provided information that is confusing and frightening, making it difficult to distinguish fact from fiction. This issue is not specific to the US, and potentially impacts all NATO partners who have personnel deployed to theatre of operation where blasts are a predominant mechanism of injury

Until recently, our knowledge about concussion has been incomplete [3] as was our understanding of these injuries resulting from blast exposure. Since these early reports have appeared, the science on mild traumatic brain injury both in the military and civilian settings has continued to evolve, although there remain significant gaps which need to be filled.

In 2008, faced with growing concern about the potential extent and impact of mild traumatic brain injury on Canadian Forces members exposed to blasts during their deployments, the Canadian Forces Surgeon General directed that action be taken immediately in order to mitigate any possible harm to the greatest extent possible.

2.0
CF Expert Advisory Panels

Towards this end, the Canadian Forces Health Services convened an advisory panel consisting of Canadian Forces medical experts as well as external experts to develop a systematic approach to the management of mTBI in the operational context. Collectively they brought expertise in the fields of emergency medicine, trauma medicine, psychiatry, internal medicine, neuropsychology, rehabilitation medicine, epidemiology and basic science. Most of the panel consisted of Canadian Forces medical personnel with operational experience in Kandahar, Afghanistan where the bulk of Canadian Forces have been deployed since 2006.
The best clinical practice must be based on sound scientific evidence and, where the evidence is lacking, guided by a precautionary approach. The mandate of the panel was to undertake a careful review and critical appraisal of the available evidence on mTBI in a military operational setting in order to recommend a strategy for the surveillance and management of this in Canadian Forces personnel that was balanced, feasible and logical given the available evidence. The panel met initially in 2008 at which time a series of clinical practice guidelines were recommended and implemented[4]. It re-convened in 2011 to review new developments in this area and subsequently revised some guidelines based on new evidence. 

This paper summarizes key panel recommendations which have subsequently been implemented.  It will provide the operational definition of mTBI that was adopted. The surveillance system that was put in place will be described and the data which emanated from these will be presented.  Finally, the clinical practice guidelines that were developed for both in theatre and post deployment management will be described with a specific focus on the evidence used in their development

3.0
Operational Definition of mTBI

The US Defense Veteran’s and Brain Injury Center (DVBIC) Working Group Definition of mTBI [5] was adopted by the Canadian Forces in 2008 and remains in use today. The definition is as follows:

Mild TBI in military operational setting is defined as an injury to the brain resulting from an external force and/or acceleration/deceleration mechanism from an event such as a blast, fall, direct impact, or motor vehicle accident which causes an alteration in mental status typically resulting in the temporally related onset of symptoms such as: headache, nausea, vomiting, dizziness/balance problems, fatigue, insomnia/sleep disturbances, drowsiness, sensitivity to light/noise, blurred vision, difficulty remembering, and/or difficulty concentrating.

This definition was adapted from other existing definitions derived in a civilian setting including, the American College of Rehabilitation Medicine (1993)[6]; Centers for Disease Control and Prevention (CDC, 2003) [7]; World Health Organization (2004)[8]; National Athletic Trainer’s Assn (2004)[9]; and, Prague Sports Concussion Guidelines (2005) [10]. It endorses biomechanical forces as a cause of concussion that results in an acute alteration of consciousness to include: loss of consciousness (LOC), post-traumatic amnesia or retrograde amnesia (PTA or RGA) or being dazed and confused.

Loss of consciousness is not a required characteristic. As such this definition is intentionally broad and applies a lower threshold for detection than DSM-IV[11]. The panel recognized that further research might be necessary to refine this definition but chose to adopt it to allow comparison with future research coming out the US Armed Forces.

Since that time others have questioned the appropriateness of eliminating loss of consciousness as a criterion. It has been argued that symptoms of being dazed, confused and seeing stars, as well as transient loss of consciousness and not remembering the injury can be caused by severe stress as well as by mTBI, so differential diagnosis is problematic[12;13]. This is further highlighted by retrospective accounts of injury, because during recall of trauma reactions, people with severe psychological disturbances overestimate the symptoms that they had in the acute phase and also their exposure to harm[12]. Until objective and practical field based diagnostic tests are developed that can reliably distinguish between acute stress reactions and mTBI, misclassification will continue to hamper our efforts to understand and manage those who are harmed by blasts.

Despite these limitations, maintaining the DVBIC definition allows the Canadian Forces to extrapolate the bulk of research findings emanating out of the US to our Canadian Forces members.

4.0
Surveillance Programs

One of the key recommendations that originated from the 2008 advisory panel was to gain a better understanding of the full spectrum of traumatic brain injury in the deployed setting.  In theatre data capturing moderate to severe injury was reviewed and the existing post deployment screening program was modified to gain a better understanding of the prevalence and natural history of mTBI sustained during the deployment. Collectively, the data has provided a clearer picture of the impact of deployment-related mTBI on Canadian Forces members.

4.1
In Theatre Surveillance
The US military developed and implemented the Joint Theater Trauma System (JTTS) and Joint Theater Trauma Registry (JTTR) using civilian trauma system models with the intent of improving outcomes after battlefield injuries[14;15]. The JTTR provides descriptive data about mechanism of injury, injury characteristics, diagnostic and therapeutic interventions and outcomes. Canada has participated in the JTTR and has entered data about all Canadian battlefield injuries admitted to the Role 3 in Kandahar Afghanistan dating back to 2006.

Analysis of the JTTR from 1 Jan 2006 to 1 December 2009 showed that there were 83 Role 3 admissions that included a diagnosis of head injury, most of which were cases of mTBI. Most of the Role 3 admission with a head injury diagnosis had other injuries (71%) and blast was the predominant mechanism (75%). Moderate to severe head injury, as defined by Barell Classification Type I [16] was present in only 17 cases reflecting an incidence rate of 18.8 per 10,000 deployed person-years. 

4.2
Post-Deployment Surveillance


The Enhanced Post-Deployment Screening Program has been in effect since 2002.  In 2009 this program was amended to provide surveillance data on any history of mTBI during the deployment, mechanisms of injury, presence of symptoms at the time of injury and presence of symptoms at the time of post-deployment assessment.  The DVBIC questionnaire was used for screening[17].

The CF screening and reintegration policy (DCDS Direction for International Operations, Chapter 12, Section 6) requires that all members returning from an international operation of 60 or more days duration undergo the Enhanced Post-deployment Screening Process between 90 and 180 days after return to Canada.  The purpose of the Enhanced Post-deployment Screening Process is to better identify those with deployment-related problems, with a particular focus on psychosocial problems.  The Enhanced Post-deployment Screening Process consists of completion by the member of a detailed health questionnaire followed by an in-depth interview with a mental health professional. The interviewer completes a form with his or her clinical impression, along with recommendation for follow-up care if needed.
Physical symptoms is assessed using the 15 items of the PHQ-15 [18] forming the core portion of this questionnaire, augmented with additional items on perceived cognitive failures (from the Cognitive Failures Questionnaire [19]) and on potential “post-concussive” symptoms (from the US’s Defense and Veterans Brain Injury Center’s (DVBIC) three-item mTBI/concussion screening questionnaire[17].

Common mental health problems are assessed using standard instruments and algorithms for major depression, minor depression, suicidal thoughts, panic disorder, and generalized anxiety disorder (all using the PHQ [20]); PTSD is assessed using the PCL-C [21], with at a cut-off of 50 points or greater.  The aggregate outcome of “any mental health problem” includes those that reported symptoms consistent with one or more of the foregoing.

Finally, a modified version of the DVBIC three-item mTBI/concussion screening questionnaire [17] was added to the questionnaire in January 2009.  The first item asks whether the respondent had been injured in any way while deployed.  The second item asks whether the respondent had symptoms of alteration in mental status immediately after the injury.  

An analysis was conducted on the EPDS data which focused on the incidence of self-reported mTBI/concussion while deployed in Afghanistan as well as the presence of multiple “post-concussive” symptoms at the time of screening, 3-6 months after deployment. The definition of “post-concussive” symptoms used in this analysis is most closely modelled after the World Health Organization ICD-10 definition for “post-concussion” syndrome because it does not require a clinical evaluation [22]. Specifically, those with three or more of the following symptoms were considered to be “post-concussive” symptom cases: headache, dizziness, fatigue, difficulty concentrating, memory problems, insomnia or irritability. Only those with more intense or frequent symptoms were considered to be positive.

A total of 1,817 CF members returning from deployment in support of the mission in Afghanistan completed the screening at the time of the analysis. Injury with alteration in mental status suggestive of mTBI was self-reported in 117 (6.4%) of respondents. Of these, 74 (4.1%) reported an injury in which they described having been dazed/confused or saw stars only, while 43 (2.4%) reported an injury with loss of consciousness and/or post-traumatic amnesia. Blast was the predominant mechanism of injury in 67% of those with mTBI/concussion.

At the time of screening, only 22% of respondents who described sustaining an mTBI during deployment had three or more “post-concussive symptoms”.

Further analyses showed that while the presence of a history of mTBI was associated with having three or more post-concussive symptoms (univariate odds ratio = 4.0, P < 0.001), the presence of one or more mental health problems at the time of screening had a far stronger association (univariate odds ratio = 32, p < 0.0001).

In summary, the screening data provides preliminary evidence to dispel the concern that a large proportion of CF members were experiencing mTBI as a consequence of blast exposure while deployed in Afghanistan. Those that did experience an mTBI were on the milder end of the mTBI spectrum in that they only experienced being dazed/confused or seeing stars. Relatively few of those who reported an in-theatre mTBI showed evidence of multiple post-concussive symptoms at the time of screening.

Finally, analyses of the screening data served to confirm the lack of specificity of the existing definition of “post-concussive” syndrome in that 84% of respondents who described three or more “post-concussive” symptoms had no history of mTBI while deployed. Moreover, the strong association of one or more mental health diagnosis in those with post-concussive syndrome seen elsewhere [23-27]  was confirmed in this population.
5.0
Clinical Practice Guidelines

In 2008, based on an expert advisory panel recommendation, the Canadian Forces Health Services implemented clinical practice guidelines for mTBI sustained in the military operational setting. The over-arching philosophy behind these guidelines is that, for the most part, mTBI is an acute injury which largely recovers over a short time period in the majority of individuals and is optimally managed by rest and education[28;29]. Those who present with symptoms months after an injury often represent a complex clinical picture where multiple factors are at play and it cannot be immediately assumed that symptoms are attributable to the mTBI without thorough and thoughtful evaluation[26;30;31].

Promulgation of a more systematic approach to the identification and management of suspected cases of mTBI has different goals depending on the deployment phase. During deployment the immediate goal in all cases of head injury is to identify those who may require neurosurgical consultation. Following this, the primary objective is to identify those with symptoms and/or impairments that may be attributable to mTBI in order to evaluate fitness for duty. Identification and management of mTBI in those who have sustained other injuries is an important consideration as this may have an impact on the clinical course of their recovery. Modification of post-deployment screening provides surveillance data on mTBI in those who have returned from deployment but also allows for a more systematic approach in identifications and management of persistent symptoms regardless of whether they are attributable to mTBI or other causes. 

5.1
In-Theatre Guidelines

The in-theatre guideline implemented in 2008 was largely a modification of the US Defense and Veterans Brain Injury Center (DVBIC) Guideline in existence at the time. Adhering closely to these US guidelines made sense in light of our joint operability in southern Afghanistan which was Canada’s major area of operation at the time. This guideline has since been modified into its second iteration. What follows is a description of the main elements of the current guideline.

Two guidelines are in use: the first is intended to be used by medics in more forward areas (see Figure 1) while the second is targeted towards primary care providers (see Figure 2).
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“Red Flags”for mTBI/consussion

1. ANY Loss of consciousness

2. Severe/worsening headache

3. GCS < 15

4. Seizure(s) with current event

5. Repeated vomiting

6. Declining neurologic status

7. Symptoms/signs of basilar skull fracture:

hemotympanum, raccoon eyes, Battle’s sign,

rhinorrhea, otorrhea

8. Pupil asymmetry

9. Abnormal speech

10. Double vision

11. Weakness/numbness in arms, legs or face

12. Any post-traumatic amnesia

13. Unusual behavior

c

Med Tech Management:

1. Headache management -use Acetaminophen 

as per protocol

2. Hydration

3. Rest (reduced stimulus)

4. Reassess every 6 hours x 24 hrs at minimum

5. Provide regular updates to MO/PA

Guideline only—not a substitute for clinical judgment

No

Medical Technician Management of Concussion (mTBI) in a Deployed Setting

1. Report findings to MO/PA for 

disposition as soon as 

feasible

2. Med Tech Management

c

b

Common Symptoms of Concussion

1. Headache

2. Irritability

3. Sleep disturbance

4. Fatigue

5. Difficulty concentrating

6. Dizziness

TRAUMATIC EVENT OCCURS ~Concussion Suspected~

Utilize theMACE History(Part I-VII) to confirm concussion.

1. A concussion may be diagnosed if the following criteria are met:

a. Head injury event(blast, fall, motor vehicle accident, head 

impact)

b. Alteration of consciousness(dazed, confused, post-traumatic 

amnesia or loss of consciousness)

Complete cognitive 

testing portion of 

MACE (Part IX-XIII)

Evacuate Priority A

to Role 3

Red flags

a

present?

Symptoms

b

or

MACE < 25

Symptoms

b

or 

MACE < 25

YES

NO

1. Perform exertional

testing

d

2. Repeat 

MACE(alternate

version)

Past history of

concussion(s)?

1. Consult with MO/PA 

regarding RTD

2. Provide education

e

3. Follow-up prn

Minimum 24 hour

supervised rest

d

Exertional Testing Protocol

1. 65-85% Target Heart Rate (THR = 220-age), using 

push-ups, step aerobics, treadmill, hand crank

2. Assess for symptoms (headache, vertigo, photo-or 

phonophobia, balance, dizziness, nausea, tinnitus, 

visual changes)

YES

YES

YES

NO

NO

NO

Updated  01June 2011

e

Education After Concussion

*

Warning Signs

*

If you begin to experience any of the following, seek 

immediate medical attention:

•Worsening headache

•Worsening balance 

•Double vision or other vision changes 

•Decreasing level of alertness 

•Increased disorientation 

•Repeated vomiting 

•Seizures 

•Unusual behavior

•Amnesia/Memory problems

PROVIDE DVBIC CONCUSSION/mTBI (ACUTE) 

INFORMATION OR OTHER APPROVED 

EDUCATIONAL MATERIAL (IF AVAILABLE)


Figure 1: In-Theatre Guidelines for Medical Technicians.
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“Red Flags”for mTBI/concussion

1. Loss of consciousness > 5 min

2. Severe/worsening headache

3. GCS < 15 for > 2 hrs

4. Seizures

5. Repeated vomiting

6. Declining neurological status

7. Symptoms/signs of basilar skull fracture

hemotympanum, raccoon eyes, Battle sign, 

rhinorrhea, otorrhea

8. Pupillaryasymmetry 

8. Double vision

9. Abnormal speech

10. Other focal neurologic deficits

c

Primary Care Management:

1. Provide DVBIC mTBI/Concussion sheet to all patients

2. Headache analgesic options:  acetaminophen

preferred and Tramadol, narcotics, NSAID’s, ASA, or 

other platelet inhibitors should be used with caution

3. Consider neurology referral or evacuate to 

higher level of care as clinically indicated

4. Screen for anxiety and depression 

6. Document concussion diagnosis in medical record

7. Minimum 24 hrs rest (“reduced stimulus”)

8. Gradual return to duty

d

Exertional Testing Protocol

1. 65-85% Target Heart Rate (THR = 220-age), using 

push-up, step aerobic, treadmill, hand crank

2. Assess for symptoms (headache, vertigo, photo-or 

phonophobia, balance, dizziness, nausea, tinnitus, 

visual changes)

Primary Care Management 

c 

1. Manage and document 

symptoms

c

2. MEL’s1–7 days light duty 

and REST

3. Repeat  concussion exam 

including MACE in 1-3 days

Complete cognitive 

testing portion of 

MACE (Part IX-XIII)

Evacuate Priority A

to Role 3  

(+/-CT Scan)

TRAUMATIC EVENT OCCURS ~Concussion Suspected~

Utilize the MACE History (Part I-VII) to confirm 

concussion

1. A concussion may be diagnosed if the following criteria are met:

a. Head injury event(blast, fall, motor vehicle accident, head 

impact)

b. Alteration of consciousness(dazed, confused, post-traumatic 

amnesia or loss of consciousness)

Guideline only—not a substitute for clinical judgment

Consult with psychiatry,

Neurology/Intmedicine,

or psychology 

for disposition

Red flags

a

present?

YES

YES

YES

Primary Care Management of Concussion (mTBI) in a Deployed Setting

Past history of

concussion(s)?

Consult required for 

multiple concussions?

1. Provide education

e

2. MEL’sup to 7 days

to

↓

recurrencerisk

3. Follow-up prn

NO

Symptoms

b

or

MACE < 25

Symptoms or 

MACE < 25

Evacuate Priority C

to Role 3 for

specialist evaluation

Symptoms or 

MACE < 25 

7 days later

Minimum 24 hour 

supervised rest

NO

NO

NO

YES

YES

NO

NO

1. Perform exertional

testing

d

2. Repeat MACE, alt. 

version

YES

Updated 01June 2011

b

Common Symptoms of Concussion

1. Headache

2. Irritability

3. Sleep disturbance

4. Fatigue

5. Difficulty concentrating

6. Dizziness

e

Education After Concussion

*

Warning Signs

*

If you begin to experience any of the following, seek 

immediate medical attention:

•Worsening headache

•Worsening balance 

•Double vision or other vision changes 

•Decreasing level of alertness 

•Increased disorientation 

•Repeated vomiting 

•Seizures 

•Unusual behavior

•Amnesia/Memory problems

PROVIDE DVBIC CONCUSSION/mTBI (ACUTE) 

INFORMATION OR OTHER APPROVED 

EDUCATIONAL MATERIAL


Figure 2: In-Theatre Guidelines for Primary Care Providers.
The US Military Acute Concussion Evaluation (MACE) screening tool is the cornerstone of in-theatre evaluation[5]. A version was translated into French. Medical personnel were trained in the use of the MACE prior to deployment. The MACE is a two-staged test. The first stage is oriented towards describing the injury event and current symptoms while the second stage is oriented towards pragmatic bedside testing of attention, concentration and memory. While it is acknowledged that there is limited validation data on the MACE, it is derived from a well-validated assessment of concussion in the sports population, the Standardized Assessment of Concussion (SAC) [32], and use of it by the Canadian Forces allows for comparison to research findings from the United States where it is currently used.

A crucial first step in evaluating anyone suspected of having sustained a head injury is to identify more serious intracranial lesions that require urgent referral for neuroimaging and/or neurosurgical consultation. Consequently, the initial evaluation of those who have a history suspicious of mTBI is focussed on determining whether there are symptoms or signs suggestive of such pathology Towards that end, a number of ‘red flags’ predictors have been incorporated which emanate from both the Ottawa Head CT Rule and New Orleans Rule[33;34] as advocated in the American College of Emergency Physicians 2008 Guidelines[35]. Although both of these rules have been well validated in a civilian setting, there has never been validation of them in a combat setting where predictors such as advanced age or dangerous mechanism of injury are of little use. Moreover, the deployed setting poses special logistical constraints, such as the risk of re-injury when transporting from more forward areas for consultation, that need to be factored into clinical decision-making.  Until a set of predictive rules are developed and tested in this context, use of such civilian guidelines is supported by expert opinion, cognizant of the special circumstances of the deployed environment.

Cognitive testing in assessing fitness for duty is an element of the MACE, but the use of more detailed neuropsychological testing is left to the discretion of the clinician. The use of such testing is widely supported by expert opinion in the sports literature[36]. It must be recognized that the incremental value of such tests on clinical decision making has not been conclusively demonstrated. To date, the use of such tests in determining fitness for duty in a military operational context has never been scientifically validated. Moreover, even though a number of clinician-administered neuropsychological tests have been employed in research, there is no consensus on what clinician-administered tests alone or in combination are best suited for diagnostic and return to play assessments[29]. Indeed, The Consensus Statement on Concussion in Sport held in Zurich 2008, which did endorse the routine use of neuropsychological testing, also concluded that the science of concussion is evolving and therefore management and return to play decisions remain in the realm of clinical judgment on an individualized basis[36]. Noting the many important differences between the playing field and the battle field when it comes to administering, interpreting, and reacting to such tests, the Canadian Forces Expert Panel has adopted an individualized approach to the use of such testing by clinicians.

There has been increasing attention on the possible impact of multiple concussions and a consideration of this is important in any return to duty decisions. Unfortunately, while the effect of a single concussion on cognitive measures has been relatively well studied, data on the impact of multiple concussions is limited. Nearly all of this literature comes once again from the sports arena: There are inconsistent reports regarding adverse long-term effects of having two or more concussions. For instance, while some studies have found adverse long-term effects on cognitive performance[37;38] others have not [39-42]. Furthermore, some studies have found that athletes with two prior concussions recover more slowly from a concussion [43;44] while other studies find no such relationship between recovery time and prior concussion history[45].

A recently published meta-analysis looked at 10 studies with total of 614 cases of multiple mTBI and 926 control cases with a single mTBI[46]. All studies were conducted with athletes. The authors found no overall significant effect on neurocognitive functioning or symptom complaints of multiple concussions, although there was a smaller association with poorer performance on delayed memory and executive functioning. 

The studies used in this meta-analysis included participants who reported an average of between two or three concussions. The extent to which there may be a threshold effect has yet to be determined. Indeed, another meta-analysis based on the number of concussions did find a significant effect on cognitive performance using number of boxing bouts, length of boxing career, and/or frequency of heading in soccer as the measure of exposure[47]. Further work is needed to determine where such a threshold lies although it is likely to differ from person to person.

Based on the preceding the Canadian Forces has rejected an approach in which management differs based on a predefined number of concussions. Instead, it endorses an individualized approach which takes in to account a number of modifying factors, to include: 1) repeated concussions over time; 2) injuries close together in time; 3) recent concussions and repeated concussions occurring with progressively less impact or force; 4) slower recovery after each successive concussion; and 5) the absolute risk of subsequent concussions.
A minimum 24 hour rest period is mandated for individuals who likely had a concussion by history but are asymptomatic and have a normal MACE before and after exertional testing. This recommendation was based on Canadian Forces medical expert opinion in light of current guidelines for return to play in sports concussion.  The goals of this minimum rest period are 1) to facilitate attentive observation for manifestations of delayed intracranial haemorrhage during the period of greatest risk; 2) to permit a period of physical and cognitive rest, which may hasten resolution of post-concussive symptoms and hence promote an earlier return to full duties; and 3) to decrease the risk of a second concussion (and a potentially more complicated post-concussive course) during the period of greatest risk.  In the sports concussion context, current guidelines emphasize rest until symptoms resolve followed by a graded program of exertion over a period of 5 to 7 days prior to medical clearance and return to play[10;36].  Same day return to play is supported in sports concussion in ideal circumstances)[9;48;49] . In both instances, neither approach is strongly evidence based. 

There are important differences between military concussions sustained in the operational setting and sports concussions sustained on the playing field justified the 24 hour minimum rest period followed by flexible approach to return to duty instead of the more rigid approach used in competitive sports.  Education on the guideline to medical staff emphasizes that the 24 hour rest period is just a minimum:  Many concussed individuals will end up with significantly longer periods of rest until they are free of symptoms on exertion and have a normal neurocognitive exam using the MACE.  

5.2
Post-Deployment Guidelines

Those who experience a multitude of symptoms many months following a history of deployment related mTBI present a complex clinical picture. Soldiers who have returned from deployment to a combat zone frequently experience ill health from a variety of causes, many of which are not well understood. There is abundant data which shows that an important minority of soldiers returning from combat experience psychological illnesses such as PTSD, depression and substance abuse[50-52]. Others experience a variety of medically unexplained physical symptoms, an observation that initially emanated from Gulf War I but is now largely recognized to have existed even before that particular conflict[53]. The diagnostic dilemma is further compounded by the fact that post-concussive symptoms are common in the general population and are non-specific[30]. Faced with a history of possible concussion during the deployment, the clinician is well advised not to assume that any current symptoms are a consequence of persistent neurologic injury. 

The best scientific studies in the sports literature (primarily dealing with impact injuries) suggests that in the majority of cases of mTBI, symptoms and measurable neurological deficits resolve within a week[28;54], and most other studies show resolution within a few weeks to months[3]. Although it was postulated that the clinical course of mTBI following primary blast wave exposure might differ from impact injuries, the evidence to date has not supported this [55].

Despite some debate about the long-term neuropsychological impact of mTBI in the civilian population, at least one meta-analysis has shown that in unselected or prospective samples there was no residual neurocognitive impairment by 3 months post-injury[56]. A similar observation has been made in US Service personnel. A recent study compared pre- and post-deployment scores on the Automated Neuropsychological Assessment Metrics (ANAM) which is a computer based neuropsychological testing tool[57]. It found that service members who sustained an mTBI while serving in Iraq or Afghanistan were no more likely to have evidence of long-term cognitive impairment than those that did not have an mTBI. 

A minority of cases of civilian mTBI have persistent symptoms[3].. The more common of these symptoms often occur together and have been given varying terms such as post-concussion syndrome or post-concussion disorder[58]. There is little uniformity in the identification of predictors of delayed recovery after mTBI [3]. This is because there is little consistency in the predictors studied and an absence of confirmatory studies. Moreover the symptoms that may occur following concussion (e.g., headache, dizziness, fatigue, irritability, insomnia, memory or concentration difficulties) can overlap with symptoms of other conditions, further complicating the ability to attribute symptoms to a specific cause. This has been demonstrated in at least one prospective study in a civilian trauma population that showed that the prevalence of such symptoms was equivalent in trauma patients with and without head injury[30].

Within the military context, PTSD and depression are important mediators of the relationship between mild traumatic brain injury and physical health outcomes. A seminal study was published in 2008 that looked at health outcomes in US Army Infantry Soldiers 3-4 months after deployment[26]. The authors found that soldiers with mild traumatic brain injury, primarily those who had loss of consciousness, were significantly more likely to report poor general health, missed work days, medical visits, and a higher number of somatic and post-concussive symptoms that soldiers with other injuries. However, after adjustment for PTSD and depression, mild traumatic brain injury was no longer significantly associated with these physical health outcomes or symptoms, except for headache.  Since then, four peer reviewed publication as well as our own unpublished analysis of Canadian Forces personnel 3-6 months after deployment have confirmed the observation that persistent symptoms following a history of mTBI in a military operational setting are almost entirely accounted for by the presence of a mental health diagnosis such as PTSD and depression[23-25;27]. 

Moreover, there are few mTBI specific therapies that have been shown to be efficacious for the treatment of persistent symptoms following concussion. A critical appraisal of the literature has shown that the majority of interventional studies employed weak methodologies[59;60]. There is some evidence that early educational interventions that include reassuring information about the high probability of a good recovery and advice and encouragement on gradual return to regular activities helps improve symptoms in patients with mTBI[59]. In 2009 DVBIC supported use of cognitive rehabilitation for mTBI[61]. It is important to be aware that this position was based on expert opinion and there is little evidence to date which demonstrates the efficacy of this strategy in cases of mTBI[59]. 

Based on the preceding considerations, the CF advisory panel in 2008 developed a strategy for the management of those with post-deployment symptoms following a history of in-theatre mTBI (see Figure 3). The pillars of this strategy are as follows:

· It is primary care centric, as opposed to specialty care centric;

· Given the high prevalence of mental health disorders in the post-deployment population,  these are screened for and aggressively treated when present;

· Late symptoms are managed using a symptom-based diagnostic and treatment approach, with application of symptom-specific evidence based treatments where possible.
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Enhanced Post-

deployment Screening 

Process (3 –6 months 

after return) a

b Primary care assessment and 

management:

• Provide education and appropriate reassurance to 

patients with a history of head trauma

• Consider chronic subdural haematoma in patients 

with chronic headache after head trauma

• Post-traumatic headache responds to the usual 

approach for chronic headache disorders

• Other somatic symptoms (e.g., dizziness) should 

also be approached in a conventional fashion

• Cognitive Behavioural Therapy (CBT) and graded 

exercise are the most consistently helpful 

treatments for unexplained symptoms

YES

Assessment of MH problems in 

accordance with symptoms, 

local practice, and resources 

c

NO

YES

a Enhanced Post-deployment 

Screening will include questions 

(and guidance on interpretation) for:

• Head trauma while deployed

• Alteration in consciousness at the time of trauma

• Cause of trauma while deployed (e.g., blast)

• Current symptoms

• Interviewer concerns on mTBI

Data automatically recorded in 2034 and 

captured for surveillance purposes

NO

NO

Do symptoms

resolve? 

c

No further action for mTBI

NO

Symptoms

of MH prob.? 

c

mTBI symptoms

consistent with

MH prob.? 

c

MH problem

diagnosed? 

c

Standard treatment of MH 

problems 

c

YES

NO

YES

NO

NO

NO

NO

Cognitive

deficits

documented? 

d

Reassurance, education

CBT if needed for 

persistent concerns

Patient with symptoms or concerns 

about mTBI

• MEL’sas appropriate

• Symptom and deficit 

oriented rehabilitation

YES

Primary care assessment 

b

Persistent 

concerns RE:

cognition? 

d

• Neuropsychological 

evaluation

d

• Any other needed 

consultation

Somatic 

symptoms? 

b

• Conventional evaluation and 

treatment of somatic 

symptoms 

b

• Imaging if suspicion of 

chronic subdural haematoma

e

If local practice 

permits direct 

referral from MH 

provider

NO 

e

YES

YES

YES

YES

d Cognitive deficits in mTBI:

• Patients with documented cognitive deficits or 

persistent concerns should have 

neuropsychological evaluation to document and 

quantify deficits

• Cognitive Behavioural Therapy (CBT) may help if 

there are persistent concerns without documented 

deficits

• Consider MEL’sin all patients with concerns 

about cognitive deficits

C mTBI symptoms and mental health 

problems:

• Common non-specific mTBI symptoms are more 

likely to be attributable to MH problems or to 

distress than to mTBI

• In the presence of a MH problem, treat the MH 

problem and follow non-specific symptoms 

expectantly; evaluate persistent symptoms or 

those inconsistent with MH problems

• Consider somatoform disorders or atypical 

presentations of mental health problems in 

patients with multiple unexplained symptoms
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Figure 3: Post-Deployment Guidelines.
While this strategy represented a unique approach when developed by the Canadian Forces advisory panel in 2008, the Ontario Neurotrauma Foundation has since independently published guidelines endorsing a symptom-based approach for post-concussive symptoms following a critical appraisal of the literature[62].

6.0 Conclusion
In summary, the Canadian Forces has implemented robust strategies for the management of mTBI given the best knowledge about the current scope of the problem within the CF and the best scientific knowledge about the condition itself.  Each NATO member country needs to explore the magnitude of this issue within the context of the scope of their own military operations before deciding on an approach which best suits their circumstances. Whatever approach that is ultimately adopted needs to be balanced, logical, feasible and based on the best available scientific evidence. Continued vigilance is required to identify compelling new evidence which would warrant changes in practice.  
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