[image: image1.emf] 

[image: image2.wmf]
 TITLE   \* MERGEFORMAT 
Epidemiology of mTBI (Mild Traumatic Brain Injury) Due to Blast:

History, DOD/VA Data Bases: Challenges and Opportunities
 TITLE   \* MERGEFORMAT 
Epidemiology of mTBI (Mild Traumatic Brain Injury) Due to Blast:

History, DOD/VA Data Bases: Challenges and Opportunities

Epidemiology of mTBI (Mild Traumatic Brain Injury) Due to Blast: History, DOD/VA Data Bases: Challenges and Opportunities

Ralph G DePalma MD, Gerald M Cross MD, 
Lucille B Beck PhD, David W Chandler PhD

Department of Veterans Affairs

Patient Care and Rehabilitation Services

810 Vermont Avenue, NW

Washington DC, 201420

USA

Tel: 202 443 5612 / Fax: 202 495 6153

Ralph.depalma@va.gov

Introduction/Scenario
While the clinical definition and etiology of mild traumatic brain injury (mTBI) due to blast vary, the late effects of this condition including headache, fatigue, tinnitus, irritability and cognitive problems are increasingly recognized in Operation Enduring Freedom, Operation Iraqi Freedom and Operation New Dawn (OEF/OIF/OND) Veterans.  The enhanced recognition of these cases is in part due to the enhanced surveillance and clinical follow-up which was initiated in the Department of Defense and the Department of Veterans Affairs.  Symptoms meeting the criteria for post traumatic stress disorder (PTSD), first accepted as a formal diagnosis in 1980 (1), often also accompany mTBI (2-3), further complicating diagnosis and estimates of its prevalence following blast injury.  These conditions, considered ‘signature injuries’ of current conflicts continue to attract considerable attention and concern, stimulating efforts to prevent and mitigate their undesirable effects.  On review, it appears likely that current forms of military blast or concussion injury first became prevalent with the use of trinitrotoluene during World War 1, while PTSD was recognized as affecting combatants as long as the history of war; classical accounts date back to the accounts of  Trojan War as described in the Iliad.  
This review traces the recent history of mTBI as related to blast, provides estimates of its prevalence from DOD and VA data bases, and discusses the challenges and opportunities related to diagnosis, causes, and treatment of mTBI due to blast and concussion.  At the outset it is recognized that wide ranges of mTBI prevalence (along with PTSD) estimates exist.  These require further study using consistent, validated methods to define and measure mTBI exposures and their early and later neurobehavioral consequences.  Accompanying PTSD with its overlapping symptoms further complicates accurate estimates of point and lifetime prevalence of these disorders (4).  For the present review, estimates of numbers of combatants affected by mTBI and PTSD have been taken from publically available information from DOD and VA data bases.  
History
Recent reviews (5-7) provide insights into blast induced traumatic brain injury.  Experience with the condition formerly called ‘shell shock’, an injury occurring in the absences of overt wounds, suggests that labeling closed head injury due to blast as a ‘signature injury’ unique to current conflict may be an overstatement.  Jones et al (6) provide a cautionary note in this regard in that the pitfalls of labels applied to individuals might affect prognosis in subjects believing that an injury has lasting effects will then experience more long lasting disorders.  On the other hand, in the absence of accompanying trauma, injuries may be invisible and promote long term disabilities which must be recognized, treated and appropriately compensated.  Military surgeons in the field during the current conflict (8-9) recognized severe effects of closed non-impact blast induced injury and provided operative interventions for these severe injuries as well as contributing to the Veterans Health Administration and Department of Defense Clinical Practice Guidelines for concussion/ mTBI (10).  The clinical findings of brain swelling and vasospasm as a result of blast, led to experiments in large animals to simulate a combat casualty model (11).  These animal models also demonstrated vasospasm and brain swelling following blast.  Pre- and post-blast EEG signals showed disappearance along with cardiac arrhythmias lasting about one minute after blast exposure.  These observations, along with Cernak’s summary of experimental data (12), support the reality of primary closed non-impact blast injury, importantly describing blast induced neurotrauma as a complex series of events related to interacting cerebral, local and systemic responses.  An injury associated with blast leading to transient confusion, disorientation and impaired consciousness for less than 30 minutes, and loss of memory before or after injury might reasonably be assumed to be caused by blast wave effects in the absence of other injuries.  It is also important to note that that impact or rotational injuries also accompany blast events.  
Blast effects fall into four categories causing injury.  These are primary (direct effects of shock waves and pressure), secondary (effects due projectiles and debris causing penetrating wounds), tertiary (effects or blunt injuries due to wind translating the body), and quaternary (burns, hypoxia, and exposure to toxins, toxic inhalants and other effects (13).  Specific considerations of primary non-impact blast injury focus upon the blast shock wave and blast overpressure as these forces encounter the skull.  Blast traumatic brain injury might also relate to vascular surge from the thorax through the neck vessels, air embolism, and possibly, piezoelectric currents generated between skull and the shock wave.  Based on modeling, viscoelastic dynamic rippling of the skull itself has been postulated (14).  Interactions between the advancing shock wave and blast overpressure, the configuration of the skull, and the brain, including its meninges and cerebrospinal fluid, are likely as complex as the blast wave itself.
Clinical observations, apart from those derived from experimental models, are relatively sparse, though past examples are instructive.  Lancet (15) provides an account by Naval Surgeon Mr. William McTernan of brain death thought to be due to barotrauma, “Case of Death from Wind of a Shot.”  During the action of HMS Northumberland in May 1812 a marine died on deck after a near miss from a cannon shot.  Mr. McTernan described the findings as follows, 

 “I returned to search for the cause of his death,––neither from his mouth, nose, or ears, or eyes was there the slightest exudation.  I had him stripped completely and neither fracture nor lividity of the slightest description could be detected.  His continence was serene and tranquil.”  

He went on to conclude, with reservations, that the” Wind of the Shot” accounted for his death.  This case has been cited and considered to be due to blastTBI (5).  However, as is usual in combat, brain autopsy observations were unavailable.
In 1916, Mott (16) autopsied several cases of “aerial compression” due to exposure to high explosives, documenting post mortem punctuate hemorrhages and chromatolyis.  Denny-Brown (17) contested these findings as being due to carbon monoxidemia.  During World War II, Fulton (18) provided morphologic descriptions of brain damage due to “blast and concussion.”  Moore et al (5) focused attention upon the OEF/OIF era, emphasizing the challenges and difficulties in parsing out factors responsible for closed brain traumatic brain injury while underscoring the similarities to ‘post concussion’ syndrome noted by earlier authors.
The aura of panic attached to the condition known as ‘shell shock’ became such that the British War Office, in 1922, proscribed the use of this term.  Information about the entity of mTBI related to blast effects encountered in World War I as a result of prolonged trench warfare and shelling was therefore limited.  The literature remained relative silent during World War II, the Korean Conflict, Vietnam and the Gulf War.  The findings of the Southborough Commission, reported in 1922, are of particular historical interest in understanding critical issues associated with blast injury and the consequences of what was likely PTSD (19).  The report, officially titled as Report of the War Office Committee of Enquiry into “Shell Shock” presented to parliament by command of His Majesty, was chaired by the Right Honorable Lord Southborough.  This report is of historical importance in understanding some of the attitudes and opinions about mTBI and PTSD that followed.  Fifteen expert members reviewed fifty-nine witnesses and four patients under the care of the war ministry suffering from “war neurosis.  The charges to the committee were as follows:

· Consider the different types of hysteria and traumatic neurosis commonly called shell shock.

· Collate expert knowledge from expert medical authorities derived from war experience

· Record for future use facts as to its origin, nature, and remedial treatment.

· Advise whether by military training or education, some scientific method of guarding against its occurrence can be devised.

These goals remain relevant today.  The committee stated, “For the purpose of our inquiry shell shock includes:
1. (a) Commotional disturbances

    (b) and/or emotional disturbances

2. Mental Disorders.”
The committee recognized commotional disturbances as physical entities due to blast.  A detailed appendix to the report listed physical changes and findings in the spinal fluid taps comparing and contrasting 56 “concussion” cases with 26 “nervous breakdown” analyzed in time interval from less than 24 hours to 48 hours or more after blast exposure.  In concussion cases (likely traumatic brain injury) cerebrospinal (CSF) pressure was markedly elevated in the first 24 hours, falling later; lymphocytosis occurred along with elevated CSF proteins.  Changes were reported as ‘slight’ in the “nervous breakdown" group.  Abnormalities of tendon reflexes in 78 concussion cases were detected as compared to minimal changes in 95 nervous breakdown cases and coordination abnormalities, with the exception of tremor, were detected and meticulously documented on clinical examination.  The clinicians on the committee were fully aware of the clinical effects of blast injury on brain and physical function in the immediate post blast period.  The problem was then, as it is now, in distinguishing between blast traumatic brain injury (commotional disturbances) and post traumatic (emotional) stress disorders.

The committee (p 222) concluded: “a. That concussion or commotion attended by loss of consciousness and evidence of organic lesion of the central nervous system or its adjacent organs (such as rupture of the membrane tympani) should be classified as a battle casualty. b. That no case of psychoneurosis or of mental breakdown, even when attributable to a shell explosion or the effects thereof, should be classified as a battle casualty…c. Those in all doubtful cases have the classification determined by a board of expert medical officers in a Neurological Hospital.”
Clearly, this group acknowledged the reality of closed traumatic brain injury due to blast.  Two and half years after the armistice approximately 65,000 ex servicemen were drawing disability pensions for “neurasthenia” among whom 9000 were undergoing hospital treatment with what would appear to mild or moderate blast related closed TBI and /or PTSD… the recognition and delineation of these two conditions of  remains problematic to the present.  The committee made this final recommendation:

‘Without exception our witnesses condemned the term ‘shell shock” and held that it be entirely eliminated from the medical nomenclature.” 

The committee opinion was rendered in the context of a war in which 750,000 British soldiers had died; 400,000 with no known grave.  France lost 1.3 million young men; Germany 2 million and inscriptions on some War Memorials reading: "Not one too many died for the Fatherland." (20)  The proscription held through World War II.  It is therefore not surprising that the neurobehavioral outcomes of mTBI had been overlooked or minimized in the past.  As late as 2008, a committee of the Institute of Medicine (21) examined the long term consequences of TBI using a comprehensive search of 14,302 citations between 1960 and 2008, identifying 152 primary and secondary publications meeting inclusion criteria to provide the basis for their conclusions based upon sufficient evidence of a causal relationship; sufficient evidence for an association; limited/suggestive evidence of an association; inadequate evidence to determine whether or not an association exists; limited/suggestive evidence of no association.  The committee cited evidence of causal relationships between penetrating TBI and subsequent seizures and premature mortality.  Sufficient evidence of an association included penetrating trauma and decline in neurocognitive function with the area of brain involvement and long term unemployment.  Severe TBI was associated with neurocognitive deficits; moderate or severe TBI was associated with dementia, Parkinsonism, hormonal (hypo pituitary) disorders, adverse social functioning, more disability, and premature death, MildTBI received determinations of limited/suggestive associations with conditions such a loss of consciousness, amnesia, deteriorating or loss of vision, dementia, and associated PTSD with mTBI in Gulf War Veterans.  Insufficient evidence for determination of an association was noted in mTBI for neurocognitive deficits, dementia, long term adverse social functioning. In contrast to findings in the military population, no association between mTBI and PTSD was noted in civilian populations.  The committee did not provide evidence of no association for any of these conditions while underscoring variability in assessing mild, moderate and severe TBI based on Glasgow Coma Score and duration of post traumatic amnesia, assessed as mild, moderate or severe based upon the changes between early indicators of severity and outcomes at arbitrary six month intervals.  It is important to note that these conclusions relate to First Gulf War Veterans rather than OED/OID/OND combatants.  The high frequency of explosive injuries characterizing the current conflict has contributed to recognition of mTBI in returning Veterans.

DOD and VA Data Base Reports 

Between 2000 and 4th quarter of 2010, the Department of Defense reported a total of 202,281 head injuries, including those stemming from non-service connected injuries including motor vehicle accidents, falls, and sports injuries.  Penetrating and severe head injuries comprised 2.8% of this total, while 155,623 were classified as mild TBI.  Data describing proportions of combat mTBI injuries as impact, rotational or non impact blast related are unavailable.  As previously described for combat-related TBI, field neurosurgeons (8-9) validated the existence of closed non impact blast injuries, some requiring decompression to relieve swelling and vasospasm.

The Veterans Health Administration (VHA), recognizing the entity of closed traumatic brain injury, particularly mTBI in Veterans presenting with a constellation of symptoms and complaints, introduced TBI clinical reminders in April 2007 and offered screening for OEF/OIF/OND Veterans seeking care at VHA facilities.  Between 2007 and March 2011 VHA screened 518,775 OEF/OIF/OND Veterans who reported to VHA facilities for possible mTBI.  A total of 97,000 individuals screened positive and were referred and consented to second-level specialized examination.  Of the 72,623 individuals that have completed the specialized examination so far, 40,154 (or 7.7% of those screened) were found to be affected by mTBI.  A datum of interest  is the  number of unique OEF/OIF/OND Veterans with potential PTSD utilizing VA facilities during FY 2002 – 1st Qtr FY 2011 (Dec 2010) obtained from a roster checked against the VA’s inpatient and outpatient electronic records.  A total of 192,000 Veterans were seen and coded with potential PTSD.  During the interval 2002-1st Qtr FY 2011 (Dec 2010), the DOD roster of recent Veterans provided to VA Environmental Affairs indicated that 1,285,631 OEF/OIF/OND Veterans left active duty and became eligible for VA Health Care.  Among these, 355,958 (~52%) former active duty personnel and 290,390 (~50%) reservists sought VA care.

Discussion   

The prevalence of mTBI among those screened and completing a comprehensive evaluation, 7.5-7.7%, is less than earlier prevalence estimates.  However, studies indicate and existing data demonstrate that PTSD is a substantial problem in those with a TBI history of exposure and overall within the current military population.  The data suggest that a field diagnosis of mTBI may be more commonly made by DOD than late mTBI in those Veterans who report to the VA and complete final screening.  While study of the reliability, sensitivity and specificity of the VA TBI screening tool (VATBIST) indicate its validity as an instrument for initial referral assessment, the presence of accompanying PTSD disorder symptoms reduces its accuracy indicating a need for clinical follow up of these individuals (22).  While approximately 18.5-20% of returning OEF/OIF/OND Veterans screen positive for mTBI due to the high sensitivity and low specificity of screening questions, about 7.5-7.7% of those screened and subsequently completed comprehensive evaluations have been diagnosed with mTBI.  The issue of separating mTBI from PTSD remains an important problem as it is difficult to know what signs and symptoms are associated with each condition or are common to both (23).

VHA encourages reporting data as number of combatants who “have incurred mTBI” or are “diagnosed with having incurred mTBI.”  Reporting individuals “with mTBI” infers that all individuals so affected continue to suffer from the condition.  Many who incur mTBI appear to recover, or do not seek ongoing care.  By contrast, a number of Veterans do require ongoing attention.  

TBI has been recognized as one of the foremost medical problems of the military actions in Iraq and Afghanistan.  This recognition has stimulated comprehensive research support by the Veterans Affairs Office of Research and Development, the National Institutes of Health and the Department of Defense for diagnosis, understanding the short and long term TBI effects, evaluation of existing treatment and development of new approaches for rehabilitation and community reintegration (24).  Robust and focused methods of physical protection might be based upon better understanding of the physics of the blast shock wave as it encounters the skull and underlying brain, which may differ from barotrauma injuring other visceral organs.  Treatment based on evidence derived from blast injury animal models may provide a better characterization of ongoing changes from the time of initial insult to ongoing inflammatory processes and potential recovery.  In the future better understanding of the brain anatomy and neurophysiologic responses in humans exposed to blasts will likely be more objectively based upon imaging and functional testing not previously available.
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