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I.
INTRODUCTION

Almost daily in current operations NATO’s forces are sustaining attacks from explosions or blast by improvised explosive devices (IEDs), rocket-propelled grenades, and land mines. Advances in military personal protective equipment (PPE: for example, helmets, vests) have allowed individuals to survive blasts that in previous eras of military combat have not been survivable. As a result of both the current use of explosives and protective technologies advancing, blast injury is a significant source of casualties in current NATO operations.

The term “blast injury” seems to create considerable confusion in military medicine. Simply stated, “blast injury” includes the entire spectrum of injuries that can result from exposure to an explosion. Indeed, the spectrum of blast injuries and their consequences is broad
,
. The complexity of physical trauma resulting from direct or indirect exposure to an explosion has challenged the best practitioners of medicine across the spectrum of disciplines from surgery to mental health. Especially challenging are the blast injuries to brain where neither the injury pathophysiology nor medical diagnosis/treatment options are well understood. The numbers of blast injury casualties incurred in NATO operations brings an urgency to the research community to use insights from medical information for design of better protection technologies and to develop new options and opportunities for improvement in blast injury medicine. This latter area of research imperatives was amplified by the Canadian Host, Commodore H.W. Jung (Surgeon General and Commander of the Canadian Forces Health Services Group and Queens Honorary Physician) in his welcome to participants when he challenged the audience to enable and advance the translation of science to the practice of medicine.
This Symposium was organized to consider the breadth of the science necessary to understand blast injury and to provide insight into potential new diagnosis and treatments for the spectrum of blast injuries presented to NATO medical providers. The Program Committee set three goals for this Research Symposium:
· Increase the understanding of blast injury in military operations;
· Explore and describe the range of blast injuries seen in current NATO operations, and;
· Delineate some of the medical treatment strategies currently being employed by NATO medical personnel.
Forty five technical presentations (41 session papers and 4 keynote papers) were delivered representing research and development efforts in nine nations (six NATO, 2 PfP and 1 Mediterranean Dialog nations). The Symposium convened in Halifax, Canada from Monday, 3 October to Wednesday, 5 October 2011 in a conference venue that combined excellent audiovisual support with translation provided and included separate rooms for ad hoc discussions amongst participants. The frequency and enthusiasm of discussions amongst participants spotlighted the prescience of the HFM Panel and the Symposium Program Committee in addressing the blast injury challenges via an international exchange at this point in time.
II.
TECHNICAL EVALUATION

This Technical evaluation will be organized into 3 sections: the Symposium organization and venue, the technical/
scientific implications of the presentations, and TER recommendations. The keynote presentations and the technical papers provide significant new questions and horizons for NATO cooperation. The 2 recommendations offered to the Human Factors and Medicine Panel for consideration seeks to leverage on NATO cooperation opportunities to advance research on blast injury.
A. Symposium Organization –Themes, Presentations and Venue

The Symposium’s goals were largely met by the Program Committee’s selections of 41 papers and 4 keynote presentations. Blending the presentations into 6 sessions encouraged general participation of authors and audience, and yielded active discussion of challenges facing research in blast. With the first two sessions set to define the problem and to describe the complexity of blast injury, the Committee set the stage for the discussion of relevancy of research models both for improvements in medical practice and improvements in physical protection strategies, the latter informed by medical science. This was highly successful in generating wide ranging discussions of blast models and research approaches. The addition of papers by medical practitioners on military blast injury patients offered both operational relevancy and descriptions of gaps in medical approaches to diagnosis and treatment amenable to research. Many papers contain excellent bibliographies of relevant research reports that, in aggregate, provide a reference compendium of the current knowledge baseline for blast injury.

The Canadian hosts set an excellent venue for open dialogue inclusive of open discussion rooms off of the Symposium hall that served to encourage cross-discipline interchanges. The Symposium’s meeting room and excellent audio-visual support were very conducive to discussions. Often the semantic barriers inherent to the various research disciplines (e.g., computational modeling, blast physics, neuroscience, material science, behavioral science) have hindered deeper exchanges of information but the opportunity for “side-bar” discussions at the Halifax venue was actively used by participants. Thus, an ongoing interaction across science disciplines should be encouraged by NATO. This can be achieved by support for periodic multidisciplinary technical activities (see TER Recommendation #1 below). 

B. The Research Challenges of Blast Injury – Keynote and Technical Papers 
1. The Blast Injury Problem and Complexity of Injuries: Sessions 1 and 2

The keynote presentation for Sessions 1 and 2 pointed out the utility of using medical data from blast injury reporting (e.g., trauma registry
 data) to inform both materiel design (vehicle and personal protective equipment) and what medical research is needed – i.e., the scientific breadth necessary for advances in understanding and mitigating blast injury. COL Alvarez opened the Symposium with his keynote summary of a program being conducted by the USA Department of Defense that demands an integration of medical and non-medical sciences (e.g., physics, engineering sciences, materials sciences). He made an excellent case for medical and human sciences to be leveraged in the design of mannequins (e.g., “crash dummies”) for design and testing of protection systems. He pointed out that medical data synchronization across NATO operations and common data extraction procedures (US, UK, CA, GE have separate processes) are prerequisite for medical information from blast incidents to be generically useful. Collaboration on blast incident analysis techniques inclusive of medical reporting would serve to inform medical data collection techniques and well as defining key human factors areas for further research work. This set the stage for the 10 technical papers to elaborate the range and complexity of science needed for advances to be made.

Summaries of injuries to the brain (mild traumatic brain injury or mTBI), lung (overpressure injury and toxicant injury), eyes, and the extremities were highlighted. Dr. De Palma’s summary of mTBI in both the historical and modern contexts provided a sobering illustration of the vulnerability of the brain to injury and to the burden that brain injury places on both the patient and the health system. The types of extremity injury were highlighted in the context of advances in damage control resuscitation and surgical management of casualties. The sessions provided an important new report on lung injury from fire suppression systems in vehicles.

Not restricting the technical content to just a military operations setting, the two sessions expanded the blast injury scope to incidents of mass casualties in domestic bombing and to an industrial accident. In both cases insights were provided on casualty management such as treatment by multidisciplinary teams (e.g., paper 7 highlighted nutritional management), on lessons learned from civilian systems asked to treat mass casualties, and on the use of incident reconstruction to evaluate the effectiveness of the medical response system. To this latter point, the keynote speaker was asked about the utility of linking trauma registry data and patient records with incident reconstruction techniques. COL Alvarez responded that processes to provide data gathering across the medical-to-incident spectrum were essential for understanding the blast environment threatening military operators; and, that understanding is also essential for improvement in protection and medical responses.

Sessions 1 and 2 suggest that NATO should endeavor to establish multidisciplinary technical activities to provide an incident reconstruction capability for blast threats where both the medical response system and the equipment design communities participate [see TER Recommendation #1]. 
2. Blast Injury Mechanisms with a focus on Head Injury: Session 3
The two keynote presentations of this session set the stage for delineating the details of research needed to understand blast injury. In a summary of the history of research on blast physics and blast-induced lung injury (yielding the well known “Bowen Lethality Curves”), it was pointed out that lung injury is largely understood in terms of the mechanisms of the physical trauma. However, the keynote speaker cautioned that the models of injury due to large (i.e., nuclear) blast environments may not be applicable to the current blast injury scenarios. The second keynote emphasized that there is a profound research challenges in the areas of defining the mechanisms of non-impact, blast-induced mild traumatic brain injury (mTBI) and in the development of computational models of the mechanism of injury (e.g., the interaction of blast energy with the human body). This set the stage for discussions through the whole Symposium on models and techniques of blast exposure in laboratory settings. Indeed, the technical papers in all sessions further highlighted the need for further model development -- be it for models of the blast environment itself, the organ system effected by blast (e.g., extremities, lung, ear, vestibular apparatus, brain), or the pathophysiologies that result. The papers generally reported early iterations of models, many of which will need much multidisciplinary work to refine and to make relevant to human blast injury (e.g., see paper 29
 on helmet sensor development and paper 28
 on human exposure research). 
This session devoted much time to the most prevalent injury presenting to the NATO medical systems, closed head injury. Whether the injury is to hearing, balance, or general mental health, the significant challenges are in the areas of clinical laboratory diagnosis techniques/technology and medical practitioner diagnostic techniques/criteria. Of note is the initial progress in identifying neurotrauma biomarkers that are relevant in “low dose” blast scenarios (e.g., papers 28
 and 37
). 
Across the presentations emerged the interesting and complicating possibility of pathophysiological interactions of multiple organs which could have been simultaneously injured by the blast. This organ polytrauma variable makes understanding blast injury even more challenging and points to the need for researchers to develop biological markers and analytical tools (e.g., biochemical, behavioral, physiological) to access injury and recovery from injury.

It was apparent from the aggregate of papers and the ensuing technical discussions that neither an animal model nor a blast “dose” environment was common across research endeavors. It was also apparent from the session’s content that blast injury is similar to a classical toxicology problem wherein clear agreement on dose (blast dose), mechanism of delivery of the dosage, and dose-response endpoints are needed in order to understand the etiology of blast injury. This gap calls for ongoing multidisciplinary interactions which could be in the form of an ongoing NATO technical activity (see TER Recommendation #2). 

3. Mitigating the Blast Threat: Session 4
The Program Committee rightfully acknowledged that mitigation involves, in the first case, protection of the human and, in the second, the medical response to injury. The keynote and technical presentations in this session served to frame the ongoing and future work that is needed for mitigation. In his keynote Dr. Maj McAlister summarized the current state-of-medical-practice for blast injuries and some of challenges across the continuum of medical care. He pointed out that the “resilience” of NATO forces is dependent on the trust that NATO personnel have for the medical response and support structure. This resilience and medical practitioners are dependent of adequate experience, preparation (e.g., training such as provided by the tactical combat casualty care curriculum), fast evacuation times, and the translation of research into field medical practice. Also relevant to this session were the points made by the keynote paper from Session 3 (e.g., the need for models to inform equipment design strategies).

The technical papers provided a good survey of work across the spectrum of materiel design for improved armor systems, to work relevant to helmet design, and to medical diagnostic systems as diverse as biochemical biomarkers and new ideas for ultrasound based brain injury assessment. Relevant to the need for new blast model development, Canadian research (paper 30
) demonstrated blast scenarios, mimicking those from current NATO operations, where Bowen Lethality Curves would not be accurate in describing the probability of injury. 
Emphasized in this session but also contained in prior sessions was the important work on head injury, since mTBI is such a pervasive consequence of blast exposure. Head injury and helmet design advances have resulted in a new generation of head and injury models derived from both sports medicine work (e.g., papers 15, 18, 24, 27, 33)
. Of note is the potential for the recent sports emphasis on mitigating the risk of concussion to be leveraged by the military helmet design community.

Ending the symposium with two medicine-centered papers, this session brought the participants back to the center point of the event – blast injury is not well understood either scientifically or medically and blast injury is a challenge for any medical system and its physicians and allied practitioners. The complexity of injury, its management and the science necessary to understand injury etiology was spotlighted by Dr. Atkins (paper 41) in a tour-du-force presentation on the interaction of resuscitation strategies currently employed in Role 3 medical facilities and lung biochemical pathways involved in the progress of developing ARDS. This presentation pointed out that the mechanistic understanding of blast injury must move from descriptions at the phenomenological level to detailed process delineations at the levels of biochemical and physiological mechanisms. To achieve an endstate of understanding blast injury at the level of mechanisms will take much effort across a multidisciplinary spectrum of science.

4. Symposium Impact

The outcome of this RSY may be that it has contributed to ending of the dark ages of blast injury understanding. It is hoped that the result will be a research and technology renaissance that carries a promise to achieve the scientific basis for establishing understanding of the complexity of blast dose-response, injury mechanisms and the medical treatments necessary to save lives and rehabilitate blast casualties. NATO R&T cooperation has already begun to move the multidisciplinary community into the renaissance of scientific work.

C. Recommendations
Important progress in NATO’s capabilities to respond to blast threats and blast injury can be realized through continuing multinational exchanges of scientific and technical advances especially in the area of improving capabilities for design human protective and medical systems. NATO-relevant research and technology options and opportunities to address the blast threats are real and possible through an enhanced program of activities. This enhanced program would be assisted by the HFM Panel implementing the following 2 recommendations. Implementation of these recommendations should provide NATO with the mechanisms to exploit, engender and continue the momentum of scientific and technical dialogue begun at this Symposium and enable the development of a professional network of scientists and practitioners focused on blast injury threats to NATO forces.
1) Finding: a recurring technical exchange venue on blast injury and its mitigation is needed to address advances in medicine and personal protection and their synergy. An example activity might be a biennial NATO Research Workshop on Blast Injury - Medical Practice and Physical Protection from Injury. 
Recommendation 1: HFM Chairman should expediently develop a Technical Activity Proposal (T.A.P.) for a recurring technical discussion forum and engage relevant RTO Panels along with CNAD and COMEDS subgroups to join the activity.
2) Finding: blast injury presents a problem set to science and medicine that is like a classical and complex human toxicology problem. Without an existing venue for cooperative interchanges, the pace of scientific advances can be hindered. By establishing a recurring technical exchange venue to address “the toxicology of blast injury”, NATO can lead in developing science and technology options for blast injury mitigation. The history of successful NATO efforts in CBRN suggests that this should be “Research Task Group” -- set-up such that it would be active over 2-3 approval cycles (6-9 years) since there are many difficult problems that would have to be addressed, including:

a) relevancy and commonality of animal models

b) common dose-response methods; route of exposure methods

c) computational Models (blast, physiology, biochemical, toxicological, etc)

d) dose regimens to human medical endpoints (surgical trauma to mTBI spectrum)

e) methods for translational research leading to medical products and/or physical protection products.

Recommendation 2: HFM Chairman should expediently develop a Technical Activity Proposal (T.A.P.) for one or more recurring activities to develop a “toxicology of blast injury” focus area. 
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