
                              
 

  
AD_________________ 

 
 
AWARD NUMBER:   W81XWH-08-2-0653 
 
 
  
TITLE:   Validation of the Military Acute Concussion Evaluation (MACE) for In-Theater   
              Evaluation of Combat-Related Traumatic Brain Injury 
 
 
 
PRINCIPAL INVESTIGATOR:    Michael McCrea, Ph.D. 

COL Michael Jaffee, M.D. 
Kathy Helmick 
Guskiewicz, Ph.D. 
Selina Doncevic 
 
 
 

CONTRACTING ORGANIZATION:  Waukesha Memorial Hospital 
Waukesha, WI  53188 
  

  
REPORT DATE:   October 2009 
 
 
 
TYPE OF REPORT:    Annual 
 
 
 
PREPARED FOR:  U.S. Army Medical Research and Materiel Command 
                                Fort Detrick, Maryland  21702-5012 
             
  
 
DISTRIBUTION STATEMENT: Approved for Public Release;  
                                                  Distribution Unlimited 
 
 
The views, opinions and/or findings contained in this report are those of the author(s) and 
should not be construed as an official Department of the Army position, policy or decision 
unless so designated by other documentation. 



 

 

REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing this collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing 
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-
4302.  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number.  PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE  
1 October 2009 

2. REPORT TYPE
Annual  

3. DATES COVERED 
15 Sep 2008 – 14 Sep 2009

4. TITLE AND SUBTITLE 
 

5a. CONTRACT NUMBER 
 

Validation of the Military Acute Concussion Evaluation (MACE) for In-Theater 
Evaluation of Combat-Related Traumatic Brain Injury

5b. GRANT NUMBER 
W81XWH-08-2-0653 

 5c. PROGRAM ELEMENT NUMBER 
 

6. AUTHOR(S) 
 

5d. PROJECT NUMBER 
 

Michael McCrea, Ph.D.; COL Michael Jaffee, M.D., Kathy Helmick; Kevin 
Guskiewicz, Ph.D;. Selina Doncevic 

5e. TASK NUMBER 
 

 
E-Mail:  michael.mccrea@phci.org 

5f. WORK UNIT NUMBER
 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
 

8. PERFORMING ORGANIZATION REPORT   
    NUMBER 

Waukesha Memorial Hospital 
Waukesha, WI 53188 

 
 
 

 
 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)
U.S. Army Medical Research and Materiel Command  
Fort Detrick, Maryland  21702-5012  
 11. SPONSOR/MONITOR’S REPORT 

        NUMBER(S) 

12. DISTRIBUTION / AVAILABILITY STATEMENT 
Approved for Public Release; Distribution Unlimited  
 

13. SUPPLEMENTARY NOTES 
  
14. ABSTRACT   
BACKGROUND:  Traumatic brain injury (TBI) has been widely considered the “signature injury” among United States military 
personnel involved in combat in Iraq and Afghanistan.  The Military Acute Concussion Evaluation (MACE) was designed by 
DVBIC and civilian brain injury experts to assess the mechanism of injury, acute characteristics and cognitive deficits in 
military personnel with suspected MTBI in an austere environment.   PURPOSE AND SCOPE:  This study investigates the 
clinical and operational utility of the MACE in military operational settings. Through a systematic, retrospective review of MACE 
data, the specific aims of this study are:  Epidemiological: To advance our understanding of the acute injury characteristics of 
MTBI in the current military operational setting (e.g., mechanisms of injury, influence of personal protective equipment (PPE), 
clinical indicators, severity range).  Clinical:  To determine the clinical utility of the MACE in assessing the acute signs and 
symptoms of MTBI, measuring the acute cognitive effects, and objectively tracking recovery;  To assess the unique 
contribution of the MACE in clinical decision-making and modulating risk around fitness to return to duty after MTBI.  
Operational:  To assess the practical feasibility and user-friendliness of the MACE for medical and other personnel in the 
military operational setting.  PROGRESS:  Significant delays were initially confronted in gaining necessary IRB approval for 
this retrospective study.  These issues have now been resolved and data analysis is in process.  No formal results or 
conclusions are available at the time of this abstract submission. 

15. SUBJECT TERMS 
Traumatic brain injury; concussion; MACE 

16. SECURITY CLASSIFICATION OF: 
 

17. LIMITATION  
OF ABSTRACT 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE PERSON
USAMRMC  

a. REPORT 
U 

b. ABSTRACT 
U 

c. THIS PAGE
U UU       10

19b. TELEPHONE NUMBER (include area 
code) 
 

 Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18 

 



MACE Validation Study PI:  McCrea/Jaffee Annual Report 

 

 
Table of Contents 

 
 
                                                                                                                                Page 
 

 

Introduction…………………………………………………………….………..…..  4 

 

Body…………………………………………………………………………………..   5 

 

Key Research Accomplishments………………………………………….……..  6 

 

Reportable Outcomes………………………………………………………………  6    

 

Conclusion……………………………………………………………………………  6 

 

References……………………………………………………………………………. 8 

 

Appendices…………………………………………………………………………… 10 

          



MACE Validation Study PI:  McCrea/Jaffee Annual Report 

4 

INTRODUCTION 
 
Traumatic brain injury (TBI) has been widely considered the “signature injury” among 

United States military personnel involved in combat in Iraq and Afghanistan. In previous wars 
such as Desert Storm, approximately 20% of military personnel treated for wounds had primary 
or concurrent head injuries (Carey, 1991, 1996; Leadham, Newland, & Blood, 1993).  Due to 
several factors, however, the rate of traumatic brain injury in Operation Enduring Freedom 
(OEF) and Operation Iraqi Freedom (OIF) is thought to be significantly higher than any previous 
war (Warden, 2006).  In brief, advances in protective armor (e.g., helmets and Kevlar vests) and 
medical triage have saved lives of military personnel that likely would have died from the same 
serious injuries in previous wars.  Additionally, the frequency of explosive or blast attacks in Iraq 
and Afghanistan is significantly higher than in past military conflicts that create a new set of 
concerns about the risks and dynamics of closed head injury (Scott, Belanger, Vanderploeg, 
Massengale, & Scholten, 2006; Taber, Warden, & Hurley, 2006).  

Data from the Defense and Veterans Brain Injury Center (DVBIC) headquarters at 
Walter Reed Army Medical Center (WRAMC) show that, among OIF and OEF veterans, 30 
percent of battle injured OIF/OEF veterans were found to have traumatic brain injury, with an 
even greater percentage meeting TBI criteria when their mechanism of injury was blast related.  
As in the civilian setting, the overwhelming majority of TBI's (> 85%) in the current military 
conflict are categorized as MTBI based on acute injury characteristics and accepted injury 
definition criteria.  The prevalence of MTBI in the austere environment is considered very high, a 
precise estimate being difficult to establish due to the fact that milder injuries may go untreated 
or unreported, just as in the civilian sector.  Additionally, an estimated 10-20 percent of combat 
veterans meet the criteria for MTBI on post-deployment screening (Zoroya, 2006). 

Unfortunately, MTBI presents a unique set of challenges in terms of injury detection, 
diagnosis, assessment and management due to the more subtle nature of injury characteristics 
in the absence of classic indicators (e.g., unconsciousness, amnesia, focal neurological deficit, 
positive neuroimaging findings). Military personnel have explicitly requested a clinical tool to 
assist in the acute triage of TBI that is appropriate for the frontline military operational setting. 

As a result, assessment, management, and rehabilitation of deployment-related TBI has 
garnered increasing attention from the medical community (both military and civilian), multiple 
government agencies, patient advocacy groups, and the media. The Department of Defense 
(DoD) assembled the Defense and Veterans Brain Injury Center (DVBIC) Working Group on the 
Acute Management of Mild Traumatic Brain Injury (MTBI) in Military Operational Settings, which 
included representation from neuropsychology and generated the first Clinical Practice 
Guideline (CPG) in December 2006 (DVBIC, 2006).  The Working Group’s CPG focused 
primarily on standardized algorithms for the operational assessment and management of MTBI 
in-theater, but also generated recommendations for pre-deployment baseline cognitive testing 
and military educational initiatives around MTBI. 

The Military Acute Concussion Evaluation (MACE) (see Appendix A) was designed by 
DVBIC and civilian brain injury experts specifically for the purposes of assessing and 
documenting the mechanism of injury, acute characteristics and cognitive deficits in military 
personnel with suspected MTBI in an austere environment.  The MACE was developed by a 
team of military and civilian TBI experts and first distributed for clinical use by military personnel 
in August 2006.  The instrument is currently the only standardized and most widely used 
method for evaluation of acute MTBI in military operational settings.  Embedded in the MACE is 
the Standardized Assessment of Concussion (SAC), a brief cognitive screening tool with 
demonstrated reliability, validity, sensitivity, and specificity in assessing the acute cognitive 
effects of sport-related MTBI (DVBIC, 2006; McCrea et al., 2003; McCrea, Kelly, Randolph, 
Cisler, & Berger, 2002).   
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Although the MACE and SAC have sound basis extrapolated from the sport concussion 
literature, neither has been formally validated for the unique purpose of evaluating military-
related MTBI, particularly in combat theater.   The current study represents the first formal 
investigation of the clinical and operational utility of the MACE in military operational settings.   
 
 
BODY 
 

This study is designed to focus on investigating the clinical and operational utility of the 
MACE in military operational settings.  It is hypothesized that the MACE is a valid and reliable 
tool that has significant clinical utility in the acute triage of TBI in an austere environment.  In 
keeping with the parameters of the TBI Concept Award with respect to prospective study of 
human subjects, a retrospective review of MACE data already collected on deployed MTBI 
patients since August 2006 will be executed through access to existing DoD databases. 
Through a systematic review of MACE data, the specific aims of this study are: 

 
Epidemiological:  To advance our understanding of the acute injury characteristics of MTBI in 

the current military operational setting (e.g., mechanisms of injury, influence 
of personal protective equipment (PPE), clinical indicators, severity range) 

 
Specifically, the epidemiological objectives are: 

• To document the frequency of specific acute injury characteristics 
(e.g., loss of consciousness, posttraumatic amnesia, specific 
symptoms) as markers of traumatic brain injury in this setting. 

• To document known characteristics causing traumatic brain injury in 
the current setting (e.g., blast vs. blunt trauma, 
acceleration/deceleration, etc.) 

• To document the distribution of injury severity gradient (mild, 
moderate, severe) in the current setting. 

• To document other vital statistics relevant to traumatic brain injury 
(e.g., was protective helmet or other equipment worn at time of injury, 
etc.).   

• Other objectives as identified during study 
 

Clinical:   To determine the clinical utility of the MACE in assessing the acute signs and 
symptoms of MTBI, measuring the acute cognitive effects, and objectively 
tracking recovery; 
To assess the unique contribution of the MACE in clinical decision-making 
and modulating risk around fitness to return to duty after MTBI 
 
Specifically, the clinical objectives are: 

• To analyze MACE scores from earliest post injury assessment point to 
final assessment point to establish sensitivity/specificity of MACE 
score in detecting cognitive abnormalities after TBI, and plotting 
MACE score recovery curves as done in previous studies using the 
SAC.   

• When possible, compare post-injury MACE scores to pre-injury 
baseline score to determine sensitive and specificity of MACE change 
scores as a marker of cognitive dysfunction after TBI (and track 
recovery back to baseline MACE score). 
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• When no preinjury baseline MACE score is available, analyze the 
distribution of postinjury MACE scores to help determine evidence-
based cutoff scores for determining cognitive dysfunction that 
minimize the risk of Type I or Type II errors in clinical decision makin 
based on MACE scores.   

• To analyze MACE data and determine what symptoms are most 
common after TBI in this setting, both acutely and persistently 

• Other objectives as identified during study 
 

 
Operational: To assess the practical feasibility and user-friendliness of the MACE for 

medical and other personnel in the military operational setting 
 

Specifically, the operational objectives are: 

• To analyze clinician feedback on the clinical utility of the MACE as a 
tool to assist them in making a more accurate assessment of TBI 
effects and recovery in the current setting.   

• To assess recommendations from end users of the MACE that could 
enhance the instrument, either clinically or operationally 

• Other objectives as identified during study 
 

Our hypothesis tested by this study is that the MACE is a reliable, valid, sensitive and 
specific tool to assess traumatic brain injury that is a valuable resource to users of the tool in the 
current setting.   

 
KEY RESEARCH ACCOMPLISHMENTS 
To date, the following project-related tasks have been accomplished: 

1. Secured approval from relevant Institutional Review Boards (IRB) for completion of this 
retrospective data study. 

2. Refined the plan for data extraction for specific DoD and DVBIC databases that contain 
the information relevant to the specific aims of this study. 

3. Secured part-time, contracted biostatistician to assist in data extraction, management 
and analysis. 

4. Determined the planned sequence of tasks to effectively capture relevant data for 
analysis. 

5. Developed a detailed plan for statistical analysis of data in accordance with the study’s 
specific aims.   

6. Presented oral and poster presentations at the 2009 Congressional Directed Medical 
Research Program Forum, providing an overview of the study significance, specific 
aims, design and expected impact on military and civilian populations.   

 
REPORTABLE OUTCOMES 

Data aggregation and analysis is underway and no reportable findings or results are 
available at the time of this annual report.   
 
CONCLUSION 
 

We anticipate significant progress ahead in completing this study according to the 
intended specific aims and statement of work.   
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As it relates to military application, this study is predicted to directly address valid 
criticisms currently being voiced by military and civilian clinicians as to the existing gap in 
established validity of the Military Acute Concussion Evaluation (MACE) and Standardized 
Assessment of Concussion (SAC) as the main methods used to evaluate mild traumatic brain 
injury (MTBI) in Operation Enduring Freedom (OEF) and Operation Iraqi Freedom (OIF).   

The findings from this study are also expected to inform future prospective investigations 
of traumatic brain injury that utilize the MACE and similar methods, particularly for assessment 
of military-related MTBI.  Because there is currently no widely accepted standard for objectively 
evaluating MTBI in either general research or clinical environments, findings from this study are 
predicted to have more global, ground-breaking, and translational implications for establishment 
of a standardized clinical instrument and research tool to evaluate MTBI in settings of mass 
casualty, breaches to homeland security, and other trauma settings.   
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