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Traumatic Brain Injury (TBI) is one of the “signature wounds” from the current conflicts in Iraq and Afghanistan. In their final report, the Independent Review Group (IRG) examined conditions at Walter Reed Army Medical Center and elsewhere in military medicine and recommended that “The Assistant Secretary of Defense (Health Affairs), in conjunction with the Services, should develop and implement functional and cognitive measurements upon entry to military service for all recruits; the Assistant Secretary of Defense (Health Affairs) should include functional and cognitive screening on the post-deployment health assessment and reassessment; the Assistant Secretary of Defense (Health Affairs) should develop and issue a policy requiring ‘exposures to blasts’ be noted in a patient’s medical record; and the Assistant Secretary of Defense (Health Affairs) should develop comprehensive and universal clinical practice guidelines for blast injuries and traumatic brain injury with post traumatic stress disorder overlay, and disseminate Military Health Systemwide.” (Independent Review Group Report on Rehabilitative Care and Administrative Processes at Walter Reed Army Medical Center and National Naval Medical Center, April, 2007). 

Section 723 of the National Defense Authorization Act for fiscal year 2006 directed the Secretary of Defense to “establish within the Department of Defense (DoD) a task force to examine matters relating to mental health and the Armed Forces.”  The DoD Task Force on Mental Health was established and assigned to assess the military mental health system and make recommendations for improving the efficacy of mental health services provided to members of the Armed Forces.  Additionally, the President’s Commission on Care for Wounded Warriors recommended a fundamental reconstruction of how services to wounded combatants are provided.  They recommended that “DoD and Veterans Affairs (VA) must rapidly improve prevention, diagnosis, and treatment of both Post Traumatic Stress Disorder (PTSD) and traumatic brain injury (TBI)”.  They further recommended that “DoD should establish a network of public and private-sector expertise in TBI and partner with the Veteran Affairs (VA) on an expanded network for PTSD, so that prevention, diagnosis, and treatment of these two conditions stay current with the changing science base. Specifically, it should: conduct comprehensive training programs in PTSD and TBI for military leaders, VA and DoD medical personnel, family members, and caregivers, disseminate existing TBI and PTSD clinical practice guidelines to all involved providers; where no guidelines exist, DoD and VA should work with other national experts to develop them.”


In support of these recommendations, the Office of the Deputy Assistant Secretary of Defense (Force Health Protection and Readiness) (DASD/FHPR) was given the lead for strategic TBI and PTSD planning.  As part of this plan, the issue of neurocognitive assessment and its role in TBI evaluation became increasingly important.  Subsequently, a panel of DoD health care providers and researchers with expertise in neuropsychology and neurocognitive assessment was convened on October 2-3, 2007 to provide the DASD/FHPR with recommendations regarding the process of TBI specific neurocognitive assessment.  This panel’s task was to examine the tool currently being fielded by the US Army, the Automated Neuropsychological Assessment Metric (ANAM), and make, on the basis of currently available science, recommendations regarding:  1) deployment of a single standardized neuropsychological battery, 2)  interpretation of results, 3)  required quality assurance, 4)  education and communication plan, and 5)  necessary research.   Subject matter experts from outside the Department of Defense attended the October 2-3 meeting and individually provided the panel with technical assistance and comments.
Rationale

Universal neurocognitive assessment in the US military is a daunting and historical challenge.  Even with neurocognitive assessment scaled down to a brief automated battery designed primarily to detect the effects of TBI; such large scale testing has never been previously attempted.    While there are many immediate and long-term benefits that may accrue from measuring some of the cognitive effects of TBI, determining the optimal policies, procedures, and safeguards is an absolute necessity.    


A brief neurocognitive assessment at the time of service entry or basic training may serve as a baseline upon which to compare any post-TBI effects.    It is extremely doubtful that the results of such an assessment will ever be used to “screen out” servicemembers on the basis of test scores or to assign them to Military Occupational Specialties (MOS) that they otherwise would not have selected.   We must have confidence in the predictive ability of any neurocognitive assessment well before it is used to make personnel decisions of any kind.  We must also have confidence that assessment devices have both the sensitivity and specificity required to assist in medical decision making; and to appropriately categorize and identify for follow-up those servicemembers who have suffered, or who may be at differential risk to experience a traumatic brain injury, e.g. explosive ordnance personnel.  A further consideration involves data collection, security, and accessibility for research purposes.     Data from neurocognitive assessments has both operational and medical uses and must be securely stored so it is accessible by both operational and medical decision makers. 

Automated Neuropsychological Assessment Metric (ANAM)   


The ANAM represents three decades of joint DoD sponsored computer-based test development for assessing cognition and human performance.  The library of test modules in the ANAM is used in research, test, and clinical settings.   Among the validated batteries constructed from the library of test modules is the Traumatic Brain Injury (TBI) battery. The TBI battery can be completed in approximately 15-20 minutes and tests domains most affected:  simple reaction time, code substitution, matching to sample, procedural reaction time, and mathematical processing.  The TBI battery also collects demographic information, a sleepiness scale and a mood scale.  The instrument runs on a variety of platforms (desktop, laptop, PDA, LAN/WAN, web, and U3) and uses only a mouse and simple key responses, thus requiring no additional hardware (trackball optional). A major advantage of the  TBI battery is the incorporation of a performance writing tool which provides a user-friendly but rigorous summary of test results as well as comparison of results to norms derived from large (approximately 5,500) military population.  In addition the system’s pseudo-randomization design can create multiple forms of item sets, minimize learning effect and facilitate repeated-measure precision testing. 


The ANAM is being implemented in large scale by the US Army with testing of the 101st Airborne Division at Ft. Campbell, KY prior to deployment and with a testing cell standing up in Kuwait for units soon to enter Iraq.

Issues

1.  Use of the ANAM as a universal baseline assessment  
The ANAM was not designed as a tool for universal neurocognitive assessment, therefore, an optimally valid configuration of the test battery is not completely known nor has it even been empirically demonstrated that the individual subtests presently employed are valid for this purpose. While ANAM subtests appear promising for this purpose, as yet, there is no normative data that can guide the development of cutoff scores for this particular use of the tool.  Preliminary results from the ongoing rollout indicate that less than 10% of those taking the battery score in a range requiring reassessment (indicating a “spoiled baseline”), and that upon reassessment essentially 100% of participants achieve recommended minimum scores.  While these data are reassuring in answering concerns about the device’s ability to identify false positive baselines, the ability to identify true positives using current configuration and cutoff scores remains to be assessed. In a related vein, the stability of ANAM scores across various time intervals has not been determined, nor has the influence of specific historical variables (with the exception of TBI) on assessment results in the context of pre and post deployment screening.  Some data regarding the effects of deployment on ANAM test performance exists, however, the influence of various environmental factors on cognition in general and ANAM performance in particular requires further research. 

2.  Use of the ANAM in deployed environments  
Appropriately trained personnel will be required to administer the ANAM in deployed environments.  Administration of the ANAM may be sensitive to environmental variables; it remains unknown if scores obtained from large scale screening in deployed environments approximate those obtained in garrison settings. Only those who have demonstrated competence in test interpretation should be authorized to report findings of ANAM examinations.  These individuals are trained as psychologists or neuropsychologists, of whom there are unlikely to be present in sufficient numbers in-theatre.  However, the results of an ANAM TBI battery may be used by any medical personnel in-theatre or any other location as a decision support tool for possible referral to the next echelon of care (for interpretation or context) or for return to duty. 

3.  Use of ANAM data to guide clinical referral and return to duty determinations  
Front line clinicians will probably not have sufficient expertise to interpret the numerous battery subscores.  The availability of trained interpreters of the test results is critical.  A composite score or indicator that will permit front line providers to make immediate recommendations regarding referral or return to duty is required.  

4.  Use of the ANAM to guide command decisions, particularly fitness for duty decisions No algorithms currently exist to guide commanders in decision making.  Commanders must understand that the ANAM cannot, by itself, be considered sufficient to make command decisions about individual functional capability.  

5.  Use of the ANAM in injured personnel  
The purpose of the ANAM is to assist in the measurement of the effects of TBI after the diagnosis of TBI in a military population. It should only be administered in-theatre to those who have sustained an actual or high probability TBI.  
6.  Psychometrics of the battery  
The inclusion of measures of response inhibition and of effort is required.  If these measures have no correlate in the existing test battery, they should be added.   

Recommendations

1.   The panel supports the use of the ANAM as a neurocognitive assessment device, with appropriate provisos governing its use and exact composition.  The ANAM should be administered within 6 months prior to deployment.  The ideal composition of the ANAM measures included has yet to be fully agreed upon.  Configuration of a standardized ANAM battery should receive highest priority.  An ongoing evaluative process, including head-to-head studies of the ANAM and related devices, is required to ensure integrity of the assessment process.  Initial implementation of this (tool device battery) should use cut points  of 2 SDs below the mean on  two subtests or 3 SDs below the mean on one subtest to recommend further evaluation   Until in-theatre norms have been established the panel recommends caution about using pre-deployment baseline ANAM data for in-theatre assessments/comparisons.  Research regarding the implementation of change scores will further inform clinical and operational decision making.
 2. In the deployed environment, it is not recommended that the ANAM be used at the Level I echelon of care.    The Defense and Veterans Brain Injury Center (DVBIC) developed clinical management guidelines for TBI at the Level I-III echelons of care.  The DVBIC recommends the Military Acute Concussion Evaluation (MACE) be administered for diagnostic and functional evaluation post-injury. It may be possible to correlate a first responder MACE with ANAM at a later date.  Clinical management guidance using the MACE has already been established and the panel supports this practice. This practice should continue along with the continued use of the DVBIC clinical management guidelines for TBI at the Level I-III echelons of care.  The ANAM will best be employed at the Level II and Level III echelons of care, where, if needed, more ready access to specialized psychological expertise exists.  Uneven resources in-theatre may interfere with universal application of guidelines utilizing ANAM at Level II.  Any servicemember being considered for return to duty after a blast injury being evaluated at the Level II or Level III should receive an assessment with the ANAM.  The ANAM may be used as a clinical tool at the Level IV echelon of care in keeping with currently established clinical practices.  

3. The panel recommends the development of a comprehensive educational plan to address use of the ANAM and resulting data.  This educational plan must address multiple audiences:  servicemembers, their families, commanders, and medical providers.  Command education should emphasize that the ANAM is but one data point of many that must be incorporated into decisions regarding fitness for duty.  The potential misuse of TBI data, including those emanating from ANAM administration, must be addressed.  

4.  Results of assessment with the ANAM must be clearly specified in a format that is usable to commanders and which conveys appropriate information to medical providers and decision makers.  It is strongly recommended that any platform housing ANAM data be a joint service tool and have interface capabilities with Armed Forces Health Longitudinal Technology Application (AHLTA) and DoD’s Clinical Data Repository (CDR).  Identification of “flags” to guide clinicians and commanders must be accomplished.  

5.  The use of telehealth technology to allow for consultation and, if needed, appropriate interpretation of assessment results in-theatre should be explored.  

6.  The DoD in concert with the Defense Health Board (DHB) establish an external advisory body as a continuing DHB sub-committee to provide recommendations and to develop a plan of continuous process improvement to guide the implementation of the ANAM.  It is recommended that the DHB TBI External Advisory Subcommittee meet no less frequently than quarterly.  In specific, the Subcommittee should be charged with systemic review of ANAM results and recommending changes to the assessment device and/or process on this basis..  The effects of universal baseline assessment upon force readiness should also be periodically assessed.  

7.  A broad based educational platform should be developed with target audiences of servicemembers, their families, line leadership, and military and civilian healthcare providers regarding the appropriate use of the ANAM and interpretation of results.  Use of multimedia and other consumer accessible platforms for dissemination of information will be required. 
8.  The ANAM battery may need to incorporate measures of effort and response inhibition in the context of sustained attention.  The psychometrics of the instrument, particularly test-retest reliability, discriminant and convergent validity, and predictive/ecological validity of the instrument must be periodically reassessed. 

Research 

Universal neurocognitive assessment provides us with a heretofore unavailable opportunity to answer questions about neurocognitive functioning of servicemembers at baseline and throughout the deployment cycle and about the use of specific neuropsychological tools.  

. 

Research and Quality Assurance Questions
1.  Is the Automated Neuropsychological Assessment Metrics (ANAM) useable as a decision support tool (baseline, after traumatic event and post-deployment) for neurocognitive deficits?   
2. Do hand-held or other abbreviated versions of the ANAM have good convergent validity with other versions (ANAM, other computerized batteries such as ImPACT, CogSport/CogState, Headminder, etc., traditional neuropsychological tests, real-life functional measures)? 
3. What characteristics of the test environment or delivery platform affect test results?  Are particular ANAM tests differentially susceptible to environmentally mediated performance?
4. On what cognitive domains does the factor structure of the ANAM permit reliable assessment? 

5.  What is the ecological validity of the ANAM as it pertains to military tasks in the deployed environment or any other tasks such as Activity of Daily Living (ADLs)?

6. Do tests of response inhibition or delayed reaction time translate to individual performance differences on the battlefield (probably as assessed by Virtual Reality (VR) and other simulations, but very useful if actually could be related to combat survival/performance)?
7.   How do characteristics of the environment in which the test is administered affect performance on the measure?  Are scores obtained in the deployed environment comparable to those obtained in a garrison administration setting?
8. Can we correlate scores on the ANAM with results obtained from physical measures of potential trauma, such as helmet accelerometers or “blast exposure detectors”? 
9.  Health risk communication:  How do service members and family members acquire knowledge regarding traumatic brain injury and psychological sequelae of operational exposure?  How are Service members and Families informed about the role of neuropsychological testing in TBI?  What valence do service members and their families attach to information received from traditional (e.g., physicians, mental health providers, military authorities) vice non-traditional (e.g., internet, word-of-mouth, YouTube) sources of information.
10.  What is the utility of the ANAM in the remote or post-deployment assessment of service members who have been exposed to blast with resulting alterations of consciousness?  Does the ANAM have sufficient sensitivity to detect alterations in neurocognitive functioning that may persist for weeks or months post-event using different neurocognitive and imaging methods as markers? 

11.  Does the ANAM allow the assessment of attempts to enhance cognitive performance in clinical trials?  Is the ANAM sensitive to differences in processing speed or attention that may accrue from the administration of stimulant medications or other agents? (The answer from single-subject placebo-crossover double-blind published studies is that it does – need larger scale replications)
12.  Is the ANAM sensitive for longer-term changes in higher level executive functions that may result from brain injury (i.e., computational ability, decision making, affective modulation)?
13. What is the role of the ANAM in translational research?  Do investigations of response inhibition in animals inform use of the ANAM?  Does the ANAM have a role in the development of computational models of neurological function in brain injury and recovery?
14. What is the stability of the change overtime? Is it possible to develop a change score normative set where fixed battery of interest is given at various time intervals to reflect anticipated operational use? 
15.   What other sensory correlates of Traumatic Brain Injury (TBI) can be reliably assessed (e.g., olfactory sensitivity, voice recognition).  How do ANAM scores correlate with other neurobiological correlates of TBI? 
16. What non-traditional mechanisms of neuropsychological assessment can be applied to investigating potential sequelae of brain injury in service members?  Can game formats be adapted to maintain motivation while assessing cognitive performance? Can voice recognition be used as an interface to assess individuals with polytrauma who can use devices such as the mouse keyboard?   Can we adopt non-traditional measures, such as game formats, to assess psychological stress (e.g., analysis of speech patterns/articulation) and /or neuropsychological factors (e.g. attention deficits, reaction time)? Can game formats be used to assess progress in rehabilitation?

17.  What is the relationship between Post Traumatic Stress Disorder (PTSD) and other psychological sequelae of brain injury and TBI?  What symptoms overlap and how can the ANAM or other neurocognitive assessment best differentiate between those deficits that are stress related and those resulting from TBI or toxic exposure?  What type of samples would be required to distinguish between psychological and neuro-biologically mediated symptoms? 
18. Can the ANAM or other neuropsychological device be used to identify outcomes in a longitudinal cohort study of service members deployed to theatre vice those who have not deployed?  How can results from the ANAM or other neurocognitive assessment be integrated into extant longitudinal studies such as the Millennium cohort study?
19. What is the utility of the ANAM as a management decision making tool?  (Similar to # 1) Does baseline data add to the clinical utility of ANAM for deployed warriors compared to having only normative data based on group performances? 
20. What is the reliability of baseline data derived from the ANAM?  How many assessment points are required to establish a stable baseline?  What is the cost/benefit of a second baseline, in terms of improving test-retest reliability and reducing practice-effects, both of which could produce a more clinically useful RCI?
21.  How do ANAM data correlate with other measures of disability, including non-cognitive measures?  Do ANAM data correlate with disability evaluation ratings?  Is a larger ANAM battery necessary for this correlation?
22. How does performance on the Mood Scale impact scores on the various cognitive measures in the ANAM battery.

23. Can the mood scale of the ANAM be used to predict stability of mood over time?  Can we make future projections of mood or psychological dysfunction on the basis of a mood scale cutoff point?

24. What if any corrections are needed when assessing ethnic minorities and individuals for whom English is their second language?
25. Can the clinical use of ANAM be increased by integrating it into existing screening software?

26. What are the current clinician beliefs about ANAM, and does a briefing change attitudes/use patterns?

27. What is the relationship between ANAM scores and PDHA/PDHRA answers?

28. The neurobiological understanding of suicide behaviors is in its infancy.  Is there any difference in ANAM scores between Soldiers with and without a recent suicide attempt?  Does depression account for all the variance in any relationship between suicide and ANAM scores, or is there any unique predictive value for suicide behaviors?

29. What is the utility of the ANAM for documenting improvements in cognitive functioning associated with the treatment of PTSD?

30. Is the ANAM sensitive to feigned or malingered cognitive deficits? 

31. What are the differences in ANAM performances among those attempting to exaggerate or fake cognitive deficits relative to populations with confirmed TBI/PTSD?
