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Julie‐ No, he has de‐identified the samples so that there are not longer any identifiers for the subjects.  
Thanks 
‐Jessica 

From: Eiserman, Julie (NIH/OD) [C]  
Sent: Wednesday, February 18, 2015 7:40 AM 
To: Gill, Jessica (NIH/NINR) [E] 
Subject: RE: Follow Up re: Request for Determination for OHSRP #12767 

Your collaborator won't have access to the code key as the PI of the other study? 

Sent with Good (www.good.com) 

From: Gill, Jessica (NIH/NINR) [E] 
Sent: Wednesday, February 18, 2015 7:20:05 AM 
To: Eiserman, Julie (NIH/OD) [C] 
Subject: RE: Follow Up re: Request for Determination for OHSRP #12767 

Julie‐ Yes, they will be coded, so the correct answer is b. I apologize for this error, please let me know how I may be of 
help in correcting it.  
Thank you 
‐Jessica 

From: Eiserman, Julie (NIH/OD) [C]  
Sent: Tuesday, February 17, 2015 10:05 PM 
To: Gill, Jessica (NIH/NINR) [E]; Olivera, Anlys (NIH/NINR) [F]; Livingston, Whitney (NIH/NINR) [F]; Martin, Christiana 
(NIH/NINR) [F] 
Subject: Follow Up re: Request for Determination for OHSRP #12767 

Hello,  

I am reviewing  your request for determination and I just want to confirm something about this request related to your 
answer (below).   
9. Select the best description that applies to the specimens or data:

(a)   X_  Specimens, data or information will not contain any identifiable information, 
and cannot be linked to individual subjects by you or your collaborators. 
(b) ___ Specimens, data or information will be coded, however that code cannot be 
used by either the provider or the receiver to identify specific individuals. 
(c) ___ Specimens, data or information will be coded so that the provider of the 
samples/data can link them to specific individuals but the receiver will not be able 
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to do so. 
  
I just want to confirm that the specimens and data will be coming to you completely anonymous rather than coded since 
your collaborator is the PI of the project and would likely have access to identifiers.  In addition, because  you will be 
receiving data and specimen, you would likely need to receive everything coded rather than anonymous so you can link 
the specimens and data to each other.  If I am misunderstanding something, please let me know.   
  
Julie M. Eiserman, MA, CCRP [C] 
Health Science Policy Analyst 
Office of Human Subjects Research Protections 
10 Center Drive, Bldg. 10, Suite 2C146 
Bethesda, MD  20892‐1154 
Office Phone: 301‐402‐3444 
Fax: 301‐402‐3443 
OHSRP website: https://federation.nih.gov/ohsr/nih/index.php (NIH login required) 
Public site: http://ohsr.od.nih.gov/ 
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 Date of Request:   1‐26‐2015 

Requestor’s name: Jessica Gill   e‐mail: gillj@mail.nih.gov 

Role: X Investigator    __Administrative support   __Other, explain: ________ 

Name of NIH Senior Investigator: Jessica Gill 
             (The investigator must be an NIH employee) 

IC:   NINR   Laboratory/Branch:  Tissue Injury Branch          

Building & Room No.:  60, 254  Tel. No.:   451‐8452  FAX No.:  301‐451‐1678 

Is the NIH Senior Investigator an NIH employee (FTE)?     X    Yes  _______No 

Senior Investigator Signature:  
(Signature of Investigator who will conduct research, Dr. 

Jessica Gill) 

Supervisor Signature: 

____ ______________________________________________ 
(Signature of official for IC, e.g., Lab/Branch Chief, Dr. Ann 

Cashion) 

Name of NIH investigator conducting research if not the NIH Senior Investigator:  (i.e, 
junior investigator, contractor investigator, fellow, student) 
Anlys Olivera, Ph.D, IRTA Postdoctoral Fellow, Whitney Livingston, post‐bac IRTA, and 
Christiana Martin, post‐bac IRTA 

Please provide the name and eͲmail of any others who should receive a copy of the 
OHSR determination:  Hyung‐Suk Kim, kimy@mail.nih.gov 

1. What role will the NIH investigator(s) have in this research project? (check all that
apply)
__x_ Analyze samples/data
___ Consultant/advisor to collaborator(s)
__x_ Author on publication(s)/manuscript(s) pertaining to this research
___ Investigator or the NIH holds an IND/IDE for this research
___ Other, please describe: ______________________________________________

OHSRP #12767
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2. Title:  An Examination of Neurological Proteins Related to Traumatic Brain
Injuries in Military Personnel Deployed in Afghanistan

3. Describe in lay terms the research activity that will be performed:

The overall objective of this project is to examine concentrations of proteins including 
tau and GFAP following acute traumatic brain injuries (TBls) in military personnel who 
were deployed to Afghanistan. Subjects had 2 blood samples, with the first occurring 
within 12 hours of the TBI, and the second 24 hours following the TBI. These samples 
were collected during deployment to Afghanistan under a protocol with the primary 
investigator of Dr. Walter Carr “A Comparative Evaluation of Blood Biomarkers and 
Automated QEEG from Concussed and Non‐Concussed Cohorts in a Combat Zone, 
Walter Reed Army Institute of Research Protocol #2028.”   

4. Proposed start date:  2/20/15      Proposed completion date:  2/09/16

5. Specify the nature of the specimens or data: (select all that apply)
___   iPSC lines     ___   hESC             ___   Fetal Tissue
___   WES/WGS       ___   GWAS
X     Other human specimens (e.g. tissue, blood, derivatives),   describe: Blood
X     Data (e.g. clinical or research information or laboratory results) describe:

De-identified data, including demographics (age, sex, race), and traumatic brain 
injury-related information 

     Other, describe:  

6. Will specimens or data be? (select all that apply)
Collected     Yes__ No         
Received  Yes  X  No__ 
Sent  Yes    No__ 

7. If receiving or sending, list the collaborating investigator(s):

Name       Institution/IC     Address/e‐mail    FWA number* 
Walter Carr  Walter Reed Army Institute of Research walter.s.carr.mil@mail.mil, 
FWA= 00000152 

8. Do the specimens, data or information:
Already exist?  Yes X     No__ 

If “no”, explain:_________________________________________________ 

9. Select the best description that applies to the specimens or data:
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(a)   X      Specimens, data or information will not contain any identifiable information, 
and cannot be linked to individual subjects by you or your collaborators.  

(b) ___   Specimens, data or information will be coded, however that code cannot be 
used by either the provider or the receiver to identify specific individuals. 

(c) ___   Specimens, data or information will be coded so that the provider of the         
samples/data can link them to specific individuals but the receiver will not be able 
to do so. 

10. If c is selected above, please follow the instructions below:
Projects involving coded research specimens obtained from a non‐NIH collaborator 
will require a de‐identification agreement. Please e‐mail your collaborator(s) the 
following agreement language modified to reflect the nature of your collaboration. 
Attach the completed agreement to this submission. 

DeͲidentification Agreement: 

Provider of coded specimens or data: 

I, [Name] of [Institution], holder of the code‐key or cipher for the coded 
[specimens, data (specify)], promise not to release the identity of the subjects 
from whom the coded [specimens, data (specify)] originated, until the subjects 
decease to [Recipient Name] at [Recipient Institution]. 

Recipient of coded specimens or data:  

I, [Name] of [Institution], recipient of the coded [specimens, data (specify)], 
promise not to request the identity of the subjects from whom the coded 
[specimens, data (specify)] originated, until the subjects decease from [Sender 
Name] at [Sending Institution]. 

11. If data are being extracted from existing records, who will extract the data? (if
applicable)
(a)  ___ NIH Investigator
(b)  _x__ non‐NIH Collaborator
(c)  ___ NIH Contractor
(d)     Other, specify:

If a or c, will an Honest Broker or data use agreement be used? Yes__ No__

If yes, complete and attach the Honest Broker Assurance or Data Use Agreement to
this submission; e‐mail ohsr_nih_ddir@od.nih.gov  to request the form.

12. Where are the subjects of this research activity located? Subjects were recruited
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while deployed as active duty military personnel deployed in Afghanistan.  
13. If human subjects are located elsewhere (not at NIH), will you have direct contact
or intervention with them?  (For example, as subject's physician, obtaining specimens 
directly from the subject?)  Yes__ No X     

14. Do the specimens, data or information come from:
___ NIH BTRIS
___ NIH Medical Records
X    Repository

If an NIH Repository, specify: ________________________________________ 
___ Pathological waste
___ Autopsy material
___ Publicly available source
___ Originate from an IRB‐approved protocol?
___ Other_____________________________________________________________

15. Will the results of the research be returned to the provider(s) of the specimens or
data?
(a)  ___ No, results will not be returned to the provider(s)
(b)  X    Yes, aggregated results will be returned to the provider(s)
(c)  ___ Yes, results that are linked to identifiable individuals, will be returned to

provider(s) 
(d)  ___Yes, the results of this project will be returned to an active NIH IRB‐approved

protocol?  If yes, protocol ID: ____________  

If b or c, is the NIH project consistent with the IRB/EC‐approved protocol at the 
collaborating institution? Yes_x_ No__ 

16. Per NIH guidance, are all conflicts of interest by NIH employees, if any, resolved?
X    Yes   _____No**

*A Federalwide Assurance (FWA) is issued by the U.S. Department of Health and Human
Services (DHHS)/ Office of Human Research Protections (OHRP) to institutions which 
receive Federal funds/support to conduct human subjects research. To search for the 
FWA# for domestic or international institutions go to 
http://ohrp.cit.nih.gov/search/fwasearch.aspx?styp=bsc  

**If the answer is “No”, note that OHSRP will be unable to make a determination and 
research may not proceed until all conflicts are resolved. For more information, see the 
October 2011, A Guide to Preventing Financial and Non‐Financial Conflict of Interest  in 
Human Subjects Research at NIH. For assistance review the list of Ethics Coordinators 
and find the contact for your IC: http://ethics.od.nih.gov/coord.pdf 
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OHSR (NIH/DDIR)

From: Gill, Jessica (NIH/NINR) [E]
Sent: Monday, January 26, 2015 4:47 PM
To: OHSR (NIH/DDIR)
Subject: review of possible exempt protocol
Attachments: gill_CARR_OHSRP.doc

Hello‐ I am attaching an application for the review of a possibly exempt protocol . Please let me know if any questions 
arise or if other information would be of help. Thank you. 
‐Jessica 
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OHSR (NIH/DDIR)

From: OHSR (NIH/DDIR)
Sent: Friday, January 30, 2015 12:34 PM
To: Gill, Jessica (NIH/NINR) [E]
Subject: Req for Determination Rec'd_OHSRP 12767

Good afternoon Dr. Gill, 
  
This email is to verify that OHSR has received your Request for Determination and it is currently being processed as 
OHSRP #12767. Please use this number in any future correspondence regarding this study.    
 
Protocol Title: An Examination of Neurological Proteins Related to Traumatic Brain Injuries in Military Personnel 
Deployed in Afghanistan 
 
Thank you. 
Sincerely,  
Chris Brentin 
OHSRP ‐ National Institutes of Health 
Bldg 10, Suite 2C146                                                                                                                           
Bethesda, MD 20892 
Office Telephone: 301‐402‐3444 
Office Fax: 301‐402‐3443 
  
The NIH is committed to maintaining the highest standards for the protection of human 
subjects.  
3Please consider the environment before printing this e-mail 
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2.  ABSTRACT 
 
2.1 Purpose 
The purpose of this study is to evaluate the cognitive and neurophysiological effects of chronic exposure 
to repeated low-level blast overpressure.  The results of previous studies (NMRC.2007.0006; 
NMRC.2009.0011; NMRC Project #60) show converging evidence for a neurophysiological effect from 
cumulative exposure to blast that is consistent with anecdotal reports of cognitive impairments by 
members of the professional community known as “Breachers”.  These studies were undertaken as a 
result of a request by the Breacher instructors who had subjective complaints of memory impairment and 
on occasion, balance and sleep difficulties.  However, the number of instructors was small and a larger 
group evaluation is needed at this time to verify whether breaching activities may result in increased risk 
for cognitive impairment.  The proposed study will expand on these findings by examining a larger cohort 
of experienced Breachers who may be incurring a cumulative effect of low-level blast exposure over the 
course of several years in the profession.  Analysis of this unique population will yield a greater effect 
size than previous studies of Breacher instructors with the goal of identifying the mechanisms underlying 
cognitive deficits specifically related to repeated low-level blast exposure and identify the most 
efficacious means of detecting mild traumatic brain injury (mTBI) in soldiers.  
 
2.2 Research Design  
Volunteers will be recruited from the military and civilian law enforcement Breacher communities for a 
multi-phase, cross-sectional study of chronic exposure to low-level blast overpressure (“breaching blast”).  
Experienced Breachers are those with at least 4 years of experience with exposure to low-level blast from 
breaching either in the field or as instructors for explosive entry training courses.  Phase A of the study 
will include field assessments of Breachers during explosive entry training to measure breaching 
environments and blast exposure and evaluate the acute effects of low-level blast exposure.  Phase B will 
involve subjects travelling to the National Institute of Neurological Disorders and Stroke (NINDS) of the 
National Institutes of Health (NIH) in Bethesda, MD for neuropsychological testing, neuroimaging, blood 
components analysis, vestibular and auditory testing, and a sleep assessment.  Subjects will also be 
invited back to NINDS for a 1-year follow-up assessment to look at the progression of the effects. 
 
2.3 Methodology / Technical Approach  
We will evaluate individuals from the military and civilian law enforcement Breaching communities with 
extensive breaching experience and compare their cognitive performance with that of age, gender, and 
service length matched individuals with exposure to non-blast related overpressure (e.g. artillery units) 
and those with no prior exposure to overpressure.  For Phase A, we will evaluate between 100 to 150 
breachers and between 25 and 50 artillery personnel during breacher and artillery training.  In addition, 
we will evaluate between 25 and 50 unexposed individuals for a total of up to 250 subjects.  For Phase B, 
we will evaluate a minimum of 15 subjects from each of the three groups (breachers, artillery personnel, 
and unexposed individuals) for a total of at least 45 subjects, with an upper limit of 60 subjects (20 per 
group).  Subjects for Phase B may come from the subject pool for Phase A, however, subjects are not 
required to participate in Phase A in order to be eligible for Phase B.  In addition, subjects from all 3 
groups will be asked to bring a companion to NIH for an interview to capture changes in daily functioning 
that subjects may not be able to self-assess, which could yield an additional 60 subjects.  However, 
subjects are not required to bring a companion to participate in the Phase B; therefore, the actual number 
of companions that will be evaluated is unknown.  Companions can also participate in the study remotely.  
The sum of the maximum number of possible subjects over all groups in both phases is 370. 
 
During Phase A of the study, staff from the Naval Medical Research Center (NMRC) and the Walter 
Reed Army Institute of Research (WRAIR) will conduct daily field assessments during explosive entry 
training to evaluate the acute effects of breaching in an experienced population.  These assessments will 
include neuropsychological tests of cognitive and emotional functioning, symptomology, vestibular 
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system assessments, eye-tracking, analysis of sleep patterns, and blood components sample analysis for 
biomarkers of brain injury.  In addition, blast measurement experts from Applied Research Associates, 
Inc. (ARA) will accompany the research team to gather data on blast pressure using pressure sensors on 
the subject and in the environment to estimate the magnitude and frequency of the overpressure energy 
transmitted to the head.   
 
In Phase B, subjects will travel to NINDS in Bethesda, MD for a multi-day visit for a series of evaluations 
to measure cognitive and neurophysiological changes related to exposure.  These procedures are 
described in detail in Appendix A and will include neuropsychological testing, blood components 
analysis for biomarkers, vestibular and auditory testing, a sleep assessment (polysomnography), and 
neuroimaging studies using diffusion tensor imaging (DTI), susceptibility weighted imaging (SWI), 
perfusion imaging, imaging with Gadolinium contrast, and functional magnetic resonance imaging 
(fMRI).  To participate in this study, volunteers will be required to consent to both DOD and NINDS 
protocols; however, they can opt out of individual procedures for any reason. 
 
All procedures outlined in this protocol are subject to modification or replacement with methods that are 
similar in time commitment and method of administration to tasks contained in the current version of the 
protocol.  We will not substitute tasks that introduce additional risks beyond that of the approved tasks 
without explicitly requesting their use via an amendment to this protocol. 
 
 
3.  OBJECTIVES AND SPECIFIC AIMS 
 
The objective of this study is to determine the cognitive and neurophysiological effects of chronic 
exposure to low-level blast overpressure in the professional community of “Breachers” (explosive entry 
personnel).  The primary goal is to detect differences in cognitive performance and neurological 
functioning between experienced Breachers and well-matched control groups to substantiate and guide 
surveillance. 
 
The specific aims of the study are as follows: 
 
Phase A 
 
Specific Aim #1: Replicate and augment NMRC.2007.0006, by examining the acute effects of breaching 
on cognitive and emotional functioning in individuals with chronic exposure to low-level blast 
overpressure using blast exposure characterization in conjunction with neuropsychological testing, 
vestibular system assessments, eye-tracking, and sleep pattern analysis. 
 
Specific Aim #2: Characterize multiple breaching blast environments, as well as a non-blast generated 
overpressure environment, and measure variations in individual exposure levels due to tactical and 
environmental factors. 
 
Specific Aim #3: Develop acute time-courses of blood biomarker levels that are associated with brain 
injury by collecting blood samples from subjects before, during, and after breaching blast exposure. 
 
Phase B 
 
Specific Aim #4: Examine long-term effects of chronic exposure to breaching blast on neurophysiological 
and cognitive functioning using neuropsychological testing, structural and functional neuroimaging, 
blood components sample analysis, vestibular and auditory testing, and a sleep assessment. 
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Specific Aim #5: Determine the most effective techniques for detecting neurophysiological and cognitive 
changes specific to breaching blast exposure by contrasting the experimental population with a well-
matched control group consisting of individuals with extensive exposure to overpressure not related to 
blast (e.g. artillery units), as well as a control group with no history of overpressure exposure. 
 
Specific Aim #6: Capture changes in daily functioning that the subjects may not be able to self-assess by 
conducting interviews with a close companion using questionnaires that target the companion’s 
perception of the primary subject’s daily function and by comparing responses to questionnaires that both 
the companion and subject answer. 
 
Specific Aim #7: Examine the progression of long-term neurophysiological and cognitive changes in 
experienced Breachers by conducting a 1-year follow-up assessment. 
 
 
4.  MEDICAL APPLICATION / MILITARY RELEVANCE 
 
In both training and operations, Warfighters are repeatedly exposed to blast events in the course of 
carrying out their duties.  Very little data exists on the effect of this exposure on the physiological 
function of the human body, and none of the available data addresses the risk of cognitive impairment as 
a result of chronic repeated blast exposures.  In 2005 and 2006, Breachers from both military and civilian 
law enforcement units began expressing some sensitivity to the risk of injury as a result of multiple blast 
exposures.  Because Breachers apply explosives as a means of gaining access to barricaded or hardened 
structures, these specialists can be exposed to as many as a dozen 0.3 to 10 pound charges per day during 
training exercises and even larger numbers during night time operations.  Although the Breachers’ 
concerns are based upon anecdotal data and self-diagnosis, the symptoms they report, including sleep 
pattern disruption and short term memory loss, are similar to those reported by the Defense and Veterans 
Brain Injury Center (DVBIC) and others in the military community in regard to veterans returning from 
the recent and ongoing conflicts in Afghanistan and Iraq. 
 
To address the profound issues related to the diagnosis and treatment of TBI, the United States Congress, 
through Public Law 110-252, established the Center for Neuroscience and Regenerative Medicine 
(CNRM) as a collaborative intramural program in May 2008.  The CNRM is a contributing program 
resources for the execution of this study to include use of the CNRM funded MRI scanner, personnel and 
data sharing; however, no CNRM funds are being utilized in the performance of this study.  Imaging data 
will be processed and stored by the CNRM at the NIH Clinical Center. 
 
The concerns raised by Breachers present a unique opportunity for the blast injury research and medical 
communities to gather blast injury data on human subjects in a fully characterized blast environment. 
Analysis of this blast injury data will serve to answer the Breachers’ question, “Are we being injured in 
our breaching maneuvers?” and will provide some characterization of the blast effects.  This information 
can then be applied to improve our understanding of non-penetrating, non-impact neurological injuries 
occurring in the combat environment and develop appropriate mitigation strategies. 
 
 
5.  BACKGROUND AND SIGNIFICANCE 
 
Significance of breacher research 
There is limited published literature on the neurophysiological effects of blast exposure in humans and 
none of that literature represents repeated exposure to low-level blast.  Breachers, more formally known 
as explosive entry personnel, are a unique population who are by occupational definition exposed to 
controlled blast.  Instructors who train new breachers, by virtue of their job description, are routinely 



15 
 

exposed to low-level blast. Although this blast exposure does not result in clinical injury, the cadre of 
breacher instructors at USMC Weapons Training Battalion reported concerns with potential for injury 
from this repeated blast exposure.  It is on the basis of these anecdotal reports that the original study of 
bio-effects from repeated exposure to blast was conducted. Those anecdotal reports included memory 
difficulty, sleep disturbance, and characteristics similar to those reported by the Defense and Veterans 
Brain Injury Center (DVBIC) for patients with traumatic brain injury returning from OEF/OIF. The 
primary objective of that study was to collect data during USMC breacher training to support the 
evaluation of potential for injury, with particular attention to breacher instructors. A multi-disciplinary 
collaboration was employed to meet this objective, including investigative teams for blast environment 
characterization, neurocognitive assessment, auditory/vestibular assessment, toxicological evaluation, and 
neuroimaging evaluation. 
 
Reports from this ongoing study and others conducted by NMRC and WRAIR are currently in 
preparation for submission as publications.  The results of these studies are largely a function of 
converging evidence, that is, complimentary observations across measures and across modalities. This 
converging evidence points to a previously undocumented phenomenon in this professional community.  
It also illustrates that further exploration of this issue is warranted. There are many benefits to studying 
this further including: risk management, the preservation of health and safety for members of this 
professional community, and the potential to generalize findings to blast-related post-concussion disorder 
and mild traumatic brain injury.  Obtaining a larger sample of control subjects, which is also a part of this 
proposed protocol, is necessary to improve the quality of analyses of these data sets and assist in 
identifying subtle changes in central nervous system function. 
 
Primary injury from blast 
Primary injury from exposure to blast is not well understood and remains controversial, especially in 
respect to injury to the brain (Warden, 2006). Primary injury from blast is only beginning to be 
documented with neuroimaging techniques (Warden et al., 2009) and animal models are in development 
(Ahlers et al., 2008). The principal means to characterize this injury for clinical and research purposes is 
through behavioral evidence. The study proposed here will address primary blast injury as specific to the 
breacher training environment.  Results of this study may be generalizeable to primary blast injury from 
other settings, an ancillary objective of this research. The importance of this ancillary objective is 
underlined in the documented blast exposures among U.S. service personnel deployed to operations in 
Afghanistan and Iraq (OEF/OIF). 
 
A potential injury resulting from repeated exposure to low-level blast in the breacher training 
environment should be expected to be a relatively small effect. A large effect, a noticeable injury or 
impact on behavior, that occurred in any repeated fashion would be expected to have been recorded by 
training command personnel and appropriately prevented through revision in procedures. Regular 
operations yielding noticeable injuries would not be sustainable and, through logical consideration alone, 
should not be expected. A small injury or effect, developing slowly over time and exposure and to 
differing degrees across individuals, might be expected to escape notice. A slow to develop small effect to 
which some individuals are resilient might be detectable only with targeted objective measurement. 
 
The type of insidious injury potentially at issue here may be present in breacher instructors, as a function 
of their routine exposure to low-level blast. Instructors for breacher training activities are exposed to 
repeated controlled low-level blast with each training session, for each group of new breacher trainees. 
Also, for breacher instructors, such repeated exposure to blast in a training setting can be expected to 
occur following a successful career of blast exposure as a breacher in operational settings. Those 
operational exposures would be less controlled than in the training environment. The breacher trainees 
cycling through this training environment would not have the same history of blast exposure or frequency 
of exposure. The trainees are much greater in number than the instructors and their absence of any small 
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injury might further mask the detection of an effect among the instructors from an occupational exposure 
to blast. 
 
Relevance of sports concussion studies 
The sports concussion literature can guide our understanding of blast injury hypothesized in the original 
study of breacher bio-effects. The research literature on closed head injury includes multiple terms of 
concussion, post-concussion syndrome, and mild traumatic brain injury (mTBI). These diagnostic labels 
have significant overlap in meaning, associated symptoms, and assessment methods, so such research is 
relevant to the present study, even though the injury mechanisms differ. (The breacher training 
environment presents potential for primary blast injury but not secondary, tertiary, or quaternary injury.) 
It is useful to point out now that there is also overlap in symptomology between post-concussion 
syndrome and post traumatic stress disorder (PTSD) but that the subject population of primary focus in 
this research, breacher instructors, is exposed to blast in the controlled settings of a training environment 
so the contributions of PTSD to the present study will be minimized. 
 
In a specific study from the sports concussion literature McCrea’s (McCrea et al., 2003) NCAA 
concussion study tracked 1631 collegiate football players from baseline on assessments of memory, 
cognitive processing, mental flexibility, verbal fluency as well as balance and other symptoms. These data 
showed not only changes in these assessments as a function of concussion but also showed a time course 
of recovery, using a daily testing schedule not dissimilar to that proposed in the present study.  Also 
relevant to the proposed effort, two studies of military populations susceptible to sports concussion 
(Bleiberg et al., 2004; Warden et al., 2001) showed decrement in cognitive function association with 
concussion.  Bleiberg (Bleiberg et al., 2004) administered preseason baseline testing with the Automated 
Neuropsychological Assessment Metrics (ANAM) to 729 athletes who were members of the United 
States Military Academy (USMA). ANAM is a computer-based behavioral assessment of neurocognitive 
performance, reflecting brain function. Following baseline, those who sustained head injury and those 
who were not injured (control group) were subsequently administered ANAM at regular intervals. In this 
repeated testing, cognitive impairment was present in the injured group on the day of injury and 1-2 days 
post-injury (Bleiberg et al., 2004). The injured subjects recovered from their cognitive impairment 3-7 
days post-injury.  In this study of USMA head injury using ANAM, concussion was demonstrated not 
only by a decrease in performance on the ANAM, but also by a lack of practice effects. 
 
A meta-analysis of sports concussion literature Broglio (Broglio & Puetz, 2008) showed that the 
demonstration of effects of concussion on neurocognitive status were moderated by several factors: the 
inclusion of control groups, time from baseline testing to date of injury, and method of neurocognitive 
testing administration.  A separate meta-analysis of the neuropsychological effects of sports concussion 
Belanger (Belanger & Vanderploeg, 2005) showed that there are impairments across several different 
neuropsychological domains, with the largest deficits in the following areas: global functioning, memory 
acquisition, and delayed memory. Also, concussed athletes were found to fully recover 
neuropsychologically within 7-10 days following injury. The effect sizes of concussion on 
neuropsychological performance for single assessments were double that of serial assessments; this 
finding is likely due to the practice effects from repeated administration of the neuropsychological tests. 
The studies that included subjects with previous head injuries had larger effect sizes than those that did 
not include such subjects; it was concluded by the authors that this finding indicates that prior head injury 
is associated with poorer cognitive performance (Belanger & Vanderploeg, 2005). These meta-analysis 
findings – ability-specific impairment, recovery from injury, practice effects in serial assessments, testing 
modality and individual differences in impairment as a function of previous injury – all have direct 
bearing on the present study.  
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Justification for proposed experimental procedures 
 
Blast characterization (Phase A) 
The purpose of the environment instrumentation is to characterize the blast environment to which the 
breachers are exposed, thus supporting the first aim of the study: examining the acute effects of 
breaching. The addition of the environmental characterization data addresses the primary shortfall 
associated with pure clinical blast injury studies, which is the ambiguity of the blast conditions associated 
with the observed neurophysiological changes. At this time, we do not know which components of the 
blast are dominant causal factors in the onset of mild TBI from blast, but based upon the physics of blast 
and research by the Naval Medical Research Center using a porcine model, blast overpressure is believed 
to be the most likely component.  We will measure individual blast exposure levels while subjects are 
performing breaching techniques and correlate these levels with symptom reports and neuropsychological 
data collected before, during, and after breacher training. 
 
Neuropsychological Tests (Phase A & B) 
The neuropsychological tests for this protocol include the Automated Neuropsychological Assessment 
Metrics (ANAM4) TBI Battery and the Immediate Post-concussion Assessment and Cognitive Test 
(ImPACT 2.0).  We selected the ANAM4 TBI Battery as a central tool in this protocol given the 20+ year 
history of ANAM development in DOD medical research activities, National Rehabilitation Hospital’s 
specific efforts in ANAM4 validation for TBI, and DVBIC’s extensive use (N>8,000) of ANAM4 TBI 
Battery with paratroopers in ongoing evaluations at Ft. Bragg.  Key references for the type of cognitive-
behavioral symptoms associated with TBI and mild TBI come from research and clinical observation in 
sports medicine described above.  It must be noted that the two studies with military populations and 
ANAM reported above both suffer from methodological weaknesses and also that there are still 
unresolved issues in the use of computerized test batteries for clinical assessment of cognitive function.  
A thorough review of ANAM, its use, and approaches to analyses is available in a special issue of 
Archives of Clinical Neuropsychology (Kane, 2007).  This ANAM-dedicated supplement includes 11 
papers that provide a comprehensive review of ANAM, including a review paper focusing on the use of 
ANAM with concussion (Cernich et al., 2007).  From consideration of this literature, key 
recommendations in the use of ANAM4 are captured in the proposed research. 
 
In addition to the ANAM4 TBI Battery, we are also proposing to include the Immediate Post-Concussion 
Assessment and Cognitive Testing (ImPACT 2.0) (Lovell, 2006) and the Defense Automated 
Neurobehavioral Assessment (DANA).  ImPACT is a computerized neuropsychological test battery 
developed in the early 1990’s by the University of Pittsburg Medical Center that was specifically 
designed for the evaluation of sports concussion.  This battery has recently been adapted for the military 
for the assessment of mTBI and is currently in use as part of a baseline neurocognitive testing program by 
the United States Army Special Operations Command (USASOC).  ImPACT has been shown to be 
sensitive to the acute effects of concussion and has been validated as a reliable measure of neurocognitive 
performance related to concussion (Iverson et al., 2004; Iverson et al., 2005; Lovell et al., 2006).  
Furthermore, studies using reliable change indices demonstrated that repeated administrations over a 2-
week period revealed no practice effects (Iverson et al., 2002).  From consideration of this literature, we 
are proposing to use ImPACT as part of the neuropsychological tests included in this protocol.  DANA is 
a behavioral assessment tool developed for DOD use in field settings to reflect personnel impairment and 
level of functioning. DANA's development leverages what the DOD has learned through the employment 
of ANAM and other neurocognitive assessment tools (NCATs) for the evaluation of head injury. DANA 
is a flexible platform and can accommodate many uses, including a 40-minute exhaustive assessment and 
as a 5-minute surveillance assessment.  The 40-minute DANA augments what will be learned from the 
ANAM and ImPACT; however, the ANAM and ImPACT are principal measures in this protocol and the 
40-minute DANA is a supporting measure. If there are operational requirements limits in personnel 
availability in the before and after training paradigm, ANAM and ImPACT would be used preferentially; 
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the 5-minute DANA is relatively brief and non-intrusive and is expected to be used without operational 
requirements limits in personnel availability. 
 
In addition to cognitive impairment following mild traumatic brain injury, mood disturbances may occur 
as well.  Moore (Moore et al., 2006) found in their review of the literature on mTBI and anxiety that the 
prevalence of anxiety among those with mTBI was 23%, higher than an estimated rate for a non-injured 
population.  The authors also found that PTSD, the re-experiencing of traumatic events, ranges in 
frequency from 20-84% among mTBI patients (Moore et al., 2006).  The authors point out that the co-
morbidity rate of depression and anxiety ranges 33-65% and that the majority of studies of mTBI focus on 
depression and anxiety separately.  In one of the few studies that focused on both of these disorders 
within TBI, Jorge (Jorge et al., 2004) found that all subjects who met the criteria for generalized anxiety 
disorder (GAD), defined as excessive worry over issues in everyday life, also met criteria for depression.  
From consideration of this literature, a series of questionnaires and cognitive/emotional test batteries will 
be used to capture mood and other behavioral disturbances. 
 
Biomarkers (Phase A & B) 
Evidence is accumulating that TBI initiates a physiologic cascade that can be detected in blood 
components.  Initial findings of research with this professional community have shown evidence for a 
positive relationship between blast exposure, elevated symptomology, performance deficits, and elevation 
of specific biomarkers in blood serum (including UCH-L1, SBDP150, SBDP120, MAP-2, EMAP-11, 
GFAP, and VCAM).  This research has been conducted by WRAIR in partnership with Banyan 
Biomarkers (Alachua, FL, USA) and was most recently presented at the Advance Technology 
Applications for Combat Casualty Care 2010 Conference (St. Pete’s Beach, FL). More recent pilot studies 
with mTBI patients and also with rodent models have indicated mTBI-related changes in other 
biomarkers (S100 beta, neuron specific enolase, brain derived neurotrophic factor, monocyte chemotactic 
protein, and peroxiredoxin 6) and in epigenetic and gene expression (using genes identified from separate 
studies with rodents exposed to repeated blast), and methylation analysis (which allows identification 
potential epigenetic changes that might be specific to human blast-related TBI).  These results suggest 
that blood components biomarkers could serve as field-able diagnostic tools for mild traumatic brain 
injury that could augment non-field-able conventional diagnostic tools, such as CT and MRI, which may 
not be sensitive to mild and diffuse brain injury.  Therefore, we will analyze blood components samples 
for a panel of biomarkers that will provide extensive information on blast-induced brain injury and 
potential mechanisms of injury. 
 
Neuroimaging (Phase B) 
To achieve maximal sensitivity and specificity for the detection of TBI, the current study incorporates 
multiple magnetic resonance imaging (MRI) neuroimaging endpoints, including diffusion tensor imaging 
(DTI), perfusion imaging, susceptibility weighted imaging (SWI), imaging with Gadolinium contrast, and 
functional magnetic resonance imaging (fMRI).  These endpoints have been efficacious in demonstrating 
changes in mild TBI that are otherwise occult using routine anatomical computerized tomography (CT) 
and MRI approaches (Arfanakis et al., 2002; Inglese et al., 2005; McAllister et al., 1999; McAllister et al., 
2001; Sigmund et al., 2007). 
 
DTI is a recently developed MRI-based quantitative technique that can measure macroscopic axonal 
organization in nervous system tissues.  Diffusion is the random microscopic translational motion of 
molecules (in MRI, usually water) in a fluid system and in the biological tissues.  The DTI sequence is 
particularly effective in the detection of microstructural disruption of white matter (Arfanakis et al., 
2002).  Choice of this sequence is based upon recent data generated in a porcine model of mild blast-
induced TBI clearly demonstrating traumatic axonal injury occurs following experimental low-level blast 
exposure.  This sequence relies upon the normal anisotropic movement of water within brain white matter 
tracts.  While water normally moves longitudinally down the length of white matter tracts, microstructural 
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disruption of white matter tracts will cause a reduction in this normal anisotropic movement of water.  
This loss of normal anisotropy may be quantified through the DTI approach.  DTI has proven effective in 
detecting changes across the spectrum of TBI, from moderate to severe, which are occult on standard T1 
and T2 MRI sequences. 
 
Perfusion imaging techniques are sensitive to microscopic levels of blood flow (Hoeffner, 2005).  Arterial 
spin labeling as a recently developed perfusion MRI technique measures perfusion without the need for 
an exogenous tracer by labeling the water in the arterial blood entering the brain, to provide an 
endogenous tracer of perfusion (Keston et al., 2003).  Perfusion imaging can provide insights into the 
relationship between cognitive function and blood flow in the brain (Hillis, 2007).  It has long been 
recognized that reduction in regional cerebral blood flow (rCBF) is associated with impairment of neural 
function in that area of brain.  The reduced rCBF (hypoperfusion) can be secondary to dysfunction, as 
exemplified by the temporal and parietal hypoperfusion, for example, seen in studies of patients with 
Alzheimer’s disease (Grossman et al., 2001).  Adequate blood flow is necessary for both neural function 
and neural viability.  Tissue receiving blood flow that is between 10 and 30% of the normal blood flow 
rate is getting just enough to survive, but not enough to function (Astrup et al., 1977).  Therefore, imaging 
of blood flow can reveal areas of dysfunctional tissue that may be responsible for cognitive deficits after 
blast injury. 
 
The SWI sequence is particularly effective in the detection of microhemorrhage within the brain 
(Sigmund et al., 2007).  Microhemorrhage is a known feature of diffuse brain injury.  This sequence 
capitalizes upon differences in magnetic susceptibility between deoxyhemaglobin and the surrounding 
neurological tissues.  The SWI approach combines magnitude and phase information from a high-
resolution, 3D T2 weighted gradient echo sequence to dramatically increased contrast of magnetically 
susceptible tissues. 
 
Gadolinium-based contrast agents are used during MRI to increase the sensitivity for detecting 
differences between tissues and are used by radiologists to look at changes in blood vessels in the brain.  
Using this contrast agent can enhance the image in the area near a leak or proliferation of blood vessels, 
indicating a disruption of the blood-brain barrier (Giesel et al., 2010).  Blast injury has been shown to 
causes increased permeability of the blood-brain barrier (Hicks et al., 2010).  However, the duration of 
this effect and its association with clinical and other markers of injury are not understood.  Therefore, we 
propose to administer Gadolinium contrast during structural MRI scanning to explore the hypothesis that 
cumulative exposure to low-level blast causes chronic increased permeability in the blood-brain barrier.    
 
While the previous sequences provide exquisite sensitivity in detecting microstructural changes in brain 
tissues, fMRI is highly sensitive at detecting changes in neurological activity within the brain.  The 
principle of fMRI is similar to SWI in that it detects susceptibility differences associated with 
deoxyhemaglobin within the brain.  However, in contrast to increases in deoxyhemaglobin at sites of 
hemorrhage, fMRI detects decreases in deoxyhemaglobin that accompany the increased delivery of 
oxygenated blood to areas of high neurological activity.  fMRI is typically performed during and 
following the performance of specific tasks.  These tasks are designed to test particular neurological 
function which may relate to motor function, sensation, or cognition.  In the current investigation, tasks 
will be employed which assess working memory, executive functioning, and social functioning given the 
recommendation of clinicians experienced with current military TBI patient populations and anecdotal 
evidence of symptoms reported by experienced Breachers.  Previous use of fMRI in the study of brain 
function has shown that fMRI is a technique useful for identifying prefrontal dysfunction related to 
executive cognitive abilities in TBI patients without structural lesions on MRI (Fontaine et al., 1999; 
McAllister et al., 1999; McAllister et al., 2001), whereas CT scans and conventional MRI are only weakly 
related to executive function deficit in TBI patients (Fontaine et al., 1999; Vilkki, 1992). 
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Sleep (Phase A & B) 
Sleep disturbances are observed in 50% of the TBI population (Castriotta et al., 2007), however, the sleep 
architecture that characterizes specific degrees of TBI (mild, moderate, and severe) has been addressed by 
few studies.  A recent meta-analysis concerning sleep disturbances and TBI suggested that mild TBI 
correlates more strongly with sleep disruption than severe forms of TBI (Orff et al., 2009), giving 
credence to anecdotal accounts of sleep disturbances reported by Breacher Instructors and revealing a 
further need to dissect the sleep architecture of TBI subpopulations to determine a acute and long term 
treatment strategies.  We will study acute effects of blast exposure on sleep-wake patterns and circadian 
rhythms during breacher training by assessing movement using wrist-worn actigraphy devices.  
Actigraphy is the use of a portable device that records movement over extended periods of time to give an 
accurate measure of sleep patterns and circadian rhythms (Morgenthaler et al., 2007) and has been 
validated against the gold-standard polysomnography for recording sleep/wake under field conditions 
(Signal et al., 2005).  In addition, subjects who participate in Phase B who have a significant sleep 
disturbance as indicated by actigraphy data collected during Phase A or self-report, will undergo a sleep 
assessment using a one night polysomnographic recording to rule out the presence of overt sleep disorders 
(e.g., obstructive sleep apnea, periodic leg movements during sleep, etc.). 
 
Vestibular and Auditory Assessments (Phase A & B) 
Breachers wear hearing protection during all breaching maneuvers however, exposure to blast presents an 
inherent risk to the auditory and vestibular systems.  Both military and law enforcement Breachers report 
incidents of transient post-blast auditory and balance problems (observation and USMC Dynamic Entry 
School verbal report, June 6, 2007) and recent studies have demonstrated a link between blast exposure 
and vestibular disorders (Hoffer et al., 2010; Scherer & Schubert, 2009; Sylvia et al., 2001).  Furthermore, 
research shows that athletes demonstrate decreased stability up to three to five days post injury, which 
may be the result of ineffective use of one or more of their sensory systems (Guskiewicz et al., 1997).  
There is strong evidence demonstrating the impact of balance deficits on functional performance and 
increased risk of re-injury (Goldie et al., 1994; Lehmann et al., 1990).  Therefore, to evaluate potential 
effects from this exposure, the auditory and vestibular systems will be assessed in this protocol using a 
sensory integration of balance test using the Portable BioSway Device, as well as self reports as part of a 
daily symptom questionnaire (e.g. dizziness, tinnitus, noise sensitivity).  In addition, subjects who 
participate in Phase B will be assessed using computerized dynamic posturography as well as clinical 
tests of balance function and a self-reported questionnaire to evaluate the impact of symptoms on quality 
of life.  Similar assessments have been shown to be successful in characterizing sequelae with TBI 
(Basford et al., 2003; Jury & Flynn, 2001; Newton, 1995; Wober et al., 1993) and vestibular disorders 
(El-Kashlan et al., 1998; Furman, 1995; Yardley et al., 1998).  Additional tests will also be employed to 
assess peripheral vestibular and auditory functioning and to distinguish disorders of the peripheral and 
central vestibular systems. 
 
Eye-Tracking Test (Phase A) 
TBI has been shown to increase performance variability in visuomotor tasks that require sustained and 
focused attention (Robertson et al., 1997; Stuss et al., 1989).  Because predictive visual tracking requires 
both intact attention and working memory (Barnes, 2008), it has been suggested that visual tracking 
performance can be used to supplement conventional evaluations of mTBI (Heitger et al., 2009).  In 
addition, increased performance variability during predictive visual tracking has been demonstrated in 
individuals with mTBI and correlated with white matter track vulnerability (Maruta et al., 2010).  
Therefore, we will use a portable eye-tracking system that uses a highly predictable circular pursuit 
paradigm to evaluate anticipatory eye-tracking.  This paradigm involves the anticipation of target motion, 
which requires higher cognitive input than visual-feedback controlled smooth pursuit eye movements.  
This test will provide additional insight into the link between blast exposure and higher cognitive 
processes known to be mediated by the prefrontal cortex. 
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Justification for the use of human subjects 
Human subjects are required for this protocol to understand the impact of years of cumulative exposure to 
low-level blast generated overpressure that service members and law enforcement personnel experience.  
While animal experimentation with artificially generated overpressure can provide dose-response curves 
that exceed safety thresholds for humans, it is critical to compliment this research with human subjects 
that have cumulative exposure over several years.  
 
Potential Benefits 
There is no direct benefit to subjects for participating in this study.  The documentation of neurocognitive 
change or other injury in this study that can be reasonably associated with exposure to blast would be an 
important first step in a means to mitigate risks in future training and in breaching operations.   
Enhancement of protection from blast exposure would be a benefit for military members and civilian law 
enforcement personnel assigned to Breacher duty and for all exposed to operational blasts.  Payment to 
subjects is not considered a benefit because it is a fair compensation for time and inconvenience 
associated with participating in this research. 
 
 
6.  PLAN 
 
6.1 New Investigational Drugs / Investigational Devices Exemption Status 
 
N/A 
 
6.2 Selection of Subjects 
 
6.2.1 Type of the Subject Population 
 

The target population for this study consists of individuals from military and civilian law enforcement 
Breacher communities with at least 4 years of experience in the breaching profession and extensive 
exposure to breaching blast.  Breachers with less experience will also be included in Phase A of the 
study.  In addition, the study will include a control group consisting of experienced active duty or 
prior active duty military personnel with extensive exposure to non-blast generated overpressure (e.g. 
artillery units) and a second control group consisting of experienced active duty or prior active duty 
military personnel with no prior exposure to overpressure.  We will also include companions of the 
primary subjects. 
 

6.2.2 Inclusion and Exclusion Criteria (see Eligibility Checklist, Appendix B) 
 
a. Inclusion Criteria 
 

Experimental Group: Breachers 
To be included in the experienced Breacher Group, individuals must be active duty or prior active 
duty military personnel or civilian law enforcement personnel, between the ages of 18 and 60, with at 
least 4 years of experience in the breaching profession and actively involved in breacher training 
and/or operations (minimum of annual exposure).  An alternate criterion to years of breacher 
experience is exposure to a significant number of breaching blasts, specifically, exposure to 400 
breaching blasts or more within a career, will be considered “experienced” by the investigators.  
Individuals who are eligible to participate in breacher training will be allowed to participate in Phase 
A regardless of inclusion/exclusion criteria in order to preserve training group integrity, unless they 
decline to provide informed consent. 
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Control Group 1: Artillery 
To be included in Control Group 1, individuals must be active duty or prior active duty military 
personnel that are demographically similar to the Breacher Group in terms of age, gender, service 
length, and operational and/or deployment experience, and have at least 4 years experience with 
exposure to concussive environments not related to blast (e.g. artillery units) (minimum of annual 
exposure).  An alternate criterion to years of experience is exposure to a significant number of 
concussive evolutions, specifically, exposure to 400 or more within a career, will be considered 
“experienced” by the investigators.  Individuals who are eligible to participate in artillery training will 
be allowed to participate in Phase A regardless of inclusion/exclusion criteria in order to preserve 
training group integrity, unless they decline to provide informed consent. 
 
Control Group 2: Unexposed 
To be included in Control Group 2, individuals must be active duty or prior active duty military 
personnel or law enforcement personnel that are demographically similar to the Breacher Group in 
terms of age, gender, service length, and operational and/or deployment experience. Operational 
experience is defined as years of experience actively involved in military or law enforcement 
operations and/or number of operations with the condition that operations include direct mission 
engagement roles rather than support roles. Military deployment or law enforcement patrol are 
examples of direct mission engagement roles and shore logistics or office based call center are 
examples of support roles. 
 
Companion Group (Phase B) 
To be included in the companion group, individuals must be considered a close companion of an 
experimental or control group subject over the age of 18 with knowledge of the subject’s daily 
functioning (e.g. spouses, family members, domestic partners, close friends, etc.). 

 
b. Exclusion Criteria 
 
In order to preserve training group integrity, all individuals participating in breacher or artillery training 
will be invited to participate in Phase A of the study.  The following exclusion criteria are applicable only 
to Phase B. 
 

Experimental/Control Groups 
x Children will be excluded from this study 
x History of moderate or more severe brain injury with loss of consciousness greater than 5 minutes 
x Current diagnosis of other CNS disorder (e.g. epilepsy) 
x A medical condition that would make participation detrimental to the subject (e.g. severe clinical 

depression, unstable heart disease) 
x MRI contraindications (see MRI Safety Questionnaire, Appendix B; includes pregnancy, screening 

test will be performed prior to MRI) 
 

Control Group 1 
x Previous experience with explosive entry training 
x Exposure to blast from Breaching (greater than 40 individual blasts) 
 

Control Group 2 
x Previous experience with explosive entry training 
x Exposure to blast or overpressure of any kind (greater than 40 individual blasts) 
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Companion Group (Phase B) 
x None 

 
6.2.3 Recruitment 
 
a. Equitable Selection of Subjects 

 
Children will be excluded from this study as a consequence of not being eligible to participate in 
explosive entry training. Women who meet eligibility criteria will be included as primary subjects and 
will also be included in the companion group.  There is no exclusion of any minority from 
participation in this protocol. 
 

b. Recruitment Procedures 
 
This collaborative research team is already in contact with individuals who will be eligible to 
participate in this protocol, by virtue of blast-related engineering programs (ARA), active research 
protocols, and interaction at annual breacher meetings.  Investigators and other personnel named on 
this protocol will advertise this study by word of mouth and approved advertisements (e.g., 
information sheet). Individuals who believe they are eligible and are interested in this research would 
contact the research team and would be invited to participate. 
 
Phase A will differ from Phase B in that environmental characterization will include coordination 
with a breaching site and chain of command or supervisory support in addition to individual consent.  
For Phase A, an in-person meeting will be arranged between members of the research team and the 
representatives from the unit conducting breacher training.  In that meeting, copies of this protocol 
and informed consent forms will be provided and the protocol procedures will be discussed.  The 
discussion will resolve the feasibility of the protocol for that site and logistics required to support the 
study.  The unit representatives will also be briefed on the possibility of individual subjects being 
invited to travel to NIH to participate in Phase B.  Providing that protocol criteria are met and 
procedures are feasible and accepted, Informed Consent will be reviewed.  If consent is granted by 
unit representatives, scheduling and other arrangements will be made.  Informed Consent and 
eligibility criteria will then be reviewed for each individual participating in the training before any 
research participation.  Any individual not consenting to participate will not be affected by this 
research, in terms of either the conduct of research procedures or participation in training activities.  
In order to avoid influence from senior leadership, officers and senior non-commissioned officers 
from the subjects’ units and/or the training group will not be present during the consent process.  In 
addition, officers, non-commissioned officers, and training supervisors who are participating in the 
study will be consented separately and will not be present during the consenting of subordinates.  
Recruitment of the control groups will be conducted in a similar fashion by coordinating with units 
that conduct artillery training as well as a unit at one of the performance sites that can provide 
personnel who would be eligible to participate as unexposed control subjects.  Initial contact with 
these units will be conducted via informal word of mouth advertizing.  Interested parties can follow 
up with the research team via coordination with unit commanders as described above. 
 
For Phase B, interested persons will be recruited as individuals.  Interested individuals will be 
contacted by the Research Contact and eligibility criteria and Informed Consent will be reviewed.  
Additional information about the study can be provided to the individual over the phone or via e-mail 
if requested.  One additional criterion for this DOD protocol is MRI compatibility.  The items on a 
standard of care MRI Safety Questionnaire (Appendix B) will be reviewed and the questionnaire will 
be provided to the individual.  Similarly, persons for the Companion group will also be contacted by 
the Research Contact and invited to participate as individuals.  The initial contact to the Companion 
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will, of course, be made by the subject who has already agreed to participate.  Companions who are 
unable to travel to NIH may participate in the study remotely.  “Off-site” companions will be 
screened over the phone and will exchange study documents with the investigators via mail.  For any 
individual agreeing to participate in Phase B, scheduling, travel arrangements, and question and 
answer will be completed over the telephone by the Research Contact. 
 
Recruitment may be by advertisement in multiple media formats including Facebook, Twitter, 
newspapers, newsletters, and radio. Recruitment may also include word of mouth, oral presentations 
and/or distribution of approved recruiting materials at events, meetings, and briefings wherein the 
desired recruit population might reasonably be expected to attend. In accordance with DoD 
Instruction 3216.02, an ombudsman will be present for the recruitment of Service members in a group 
setting. All advertisements, both general and specific to this study, will have been reviewed and 
approved by the IRB prior to their use. 
 
Additionally, the approved flyers and written advertisements will be used in color as submitted, or 
may be printed in black and white.  The color of the ads may vary. Color changes will not be used to 
change the emphasis of an ad. The size of the ads may vary, but all parts of the ads, including fonts 
and pictures, will be changed proportionately to the rest of that ad.  Disproportionate changes in size 
will not be used to change the emphasis of an ad. The flyer and the IRB approved written ads may be 
placed in print publications of recruitment venues such as authorized military bases, base newspapers 
or magazines, as well as on the US military (.mil) domain websites for the military bases, their 
newspapers, magazines, or Facebook pages.  It is recognized that posting recruitment notices must be 
in accord with the recruitment venue’s policies and may require specific approval before proceeding. 

 
c. Compensation 

 
Military service members may not be compensated for their participation in research while “on duty” 
with the exception of compensation for blood draws.  During Phase A of the study subjects will be 
compensated $25 per blood draw.  Military service members must be on official leave status during 
their participation in Phase B of the study, and they must have their supervisor’s and Unit 
Commander’s written approval.  For participation in Phase B, compensation for primary research 
subjects will be provided in accordance with NIH and DOD guidelines, and will include $70 per day 
of participation.  Total possible compensation ($70.00/day up to 5 days, plus an additional $50 for 
completion of the sleep study) = $400.00.  Individuals who participate in the 1-year follow-up visit 
will be compensated according to the same guidelines described above.  This visit is expected to last 
3 days for a total possible compensation of $210.Companions of primary subjects will not be 
compensated for participating in the companion group interviews. 
 
Study related expenses for primary subjects and companions participating in Phase B will be paid for 
by NIH, including travel to and from NIH, hotel fees, and the NINDS standard per diem 
reimbursement for 3 meals per day. 

 
6.2.4 Consent Process   

 
Information about this protocol, including purpose, risk, benefit, eligibility criteria, contact points, 
and volunteers’ right to decline participation or withdraw at any time with no consequence, will be 
provided to prospective subjects either in person or through an initial email to interested subjects.  
During the consent process, the Consent Form describing in detail the study procedures and risks is 
given to the subject and written documentation of informed consent and HIPAA authorization are 
required prior to enrolling in the study.  A copy of the informed consent document will be given to 
the subjects for their records.  Separate Consent Forms will be used for participation in each Phase of 
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the study, as individuals may only be eligible or available to participate in specific portions of the 
study.  The consent procedures will be the same for the experimental and control groups. 
 
For Phase A, arrangements to obtain Informed Consent from individual volunteers will first be made 
with the Commanding Officer of the training site after obtaining permission for protocol activity.  
Informed Consent will be obtained at the training site by a member of the research team listed as a 
“Consenter” (see Section 9. Roles and Responsibilities).  Subjects will be assigned a random study 
number at the time of consent.  This procedure prevents coercion as the Consenter is not in the 
volunteers' chain of command or connected to any medical treatment to which they are entitled.  
Subjects may be asked to participate in multiple evolutions of Phase A (e.g. if the research team 
revisits a field site for additional data collection) and can do so under the original consent form as 
long as it is valid.  As there is no training site for the unexposed control group, consent for these 
subjects will be conducted in a suitable location, such as the unit’s headquarters facility. 
 
For Phase B, volunteers will be asked to sign both the DOD consent form for this protocol and the 
NINDS consent form (NINDS consent forms are included in Appendix A).  The consent process for 
Phase B is described in detail in the NINDS protocol.  Interested individuals will be contacted by the 
Research Contact and questions about research participation, if any, will be addressed and 
arrangements for travel to NIH will be made.  Informed Consent will be obtained when the individual 
is on site at NIH in Bethesda. “Off-Site” companions will be consented over the phone. 

 
6.3 Study Design and Methodology   
 
6.3.1 Study Design 

 
This is an observational study that will evaluate neurophysiological and cognitive changes related to 
chronic exposure to low-level blast overpressure by comparing experienced Breachers to a well-
matched control group using a battery of neuropsychological assessments, physiological markers, and 
experimental procedures. 
 

6.3.2 Study Methodology/Procedures 
 

Subject Participation  
This protocol consists of 2 phases.  Subjects may participate in the entire study as per their 
availability and eligibility, or may elect to only participate in one portion of the study.  Subjects are 
not required to participate in Phase A in order to enroll in Phase B, and vice versa.  Subjects may 
participate in Phase A first and then choose to enroll in Phase B, or vice versa, depending on their 
availability and the training schedule of their operational group.  Furthermore, subjects may be asked 
to participate in multiple data collection evolutions (e.g. multiple visits to field sites by the research 
team for Phase A; 1-year follow-up visit to NIH by the subject for Phase B). 
 
A goal of Phase A is to evaluate up to 150 breachers, 50 artillery personnel, and 50 unexposed 
controls using neuropsychological measures and blood components analysis in order to develop a 
time-course of biomarker levels that are associated with brain injury.  In order to achieve this goal, 
and to maximize the efficient use of resources during site visits to training facilities, we will also 
include individuals who do not meet criteria for experienced operators with extensive exposure.  In 
order to preserve training group integrity, all individuals participating in breacher or artillery training 
will be invited to participate in Phase A of the study.  From this pool of subjects, operators and 
instructors with at least 4 years of experience and who meet eligibility criteria may be invited to travel 
to NINDS to participate in Phase B.  Recruitment for Phase A will continue after the enrollment goals 
for Phase B have been met. 
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Demographics Form and Head Injury Questionnaire 
After Informed Consent has been obtained, subjects will be asked to complete a Demographics Form 
and Head Injury Questionnaire (Appendix B) that will ask them to provide information about their 
breaching history, other blast exposure, operational and deployment history, history of major medical 
issues, history of sleep patterns, and history of head injury (dates and duration will be recorded when 
is present).  In addition, the questionnaire will include items related to cognitive and psychological 
health, including elements of the Post Traumatic Stress Disorder scale (Bombardier et al., 2006) and 
the Beck Depression Inventory (Beck et al., 1996).  Subjects will also be asked to complete the 
Combat Exposure Checklist, which measures the frequency of stressful events experienced during 
deployments. If possible, scores from the Armed Services Vocational Aptitude Battery (ASVAB) , 
standard predeployment baseline assessments, or an equivalent law enforcement aptitude test will be 
recorded for pre-exposure baseline functioning.  These data are collected in support of interpretation 
of primary research data. 
 
Phase A: Field Assessments 
In Phase A, a research team consisting of staff from NMRC, WRAIR, and ARA will travel to various 
breacher training facilities (for example: Ft. Benning, GA; Marine Corps Base Quantico, VA; Fort 
Bragg, NC; Montgomery County Police Department, MD) to conduct daily field assessments before, 
during, and after explosive entry training and concomitant blast exposure.  Individual sites will be 
added to the protocol as each collaboration is formalized.  Our research team is currently in the 
process of establishing a formal partnership with the United States Army Special Operations 
Command (USASOC), which will provide access to various sites where breacher training is 
conducted.  The field assessments will include symptomology, neuropsychological tests, vestibular 
system assessments, eye-tracking, sleep pattern analysis, and blood components analysis for 
biomarkers.  These procedures are described in the following subsections of this document.  
Additionally, during the training period, the research team will instrument the training environment to 
measure blast exposure.  An important principle guiding this research protocol is to make no changes 
to the standard protocols for explosive entry training and to minimize additional burdens (e.g., 1-hour 
end-of-the-day test session) on the volunteers participating in this research.  Parallel data collection 
using all of the above mentioned procedures will occur daily for 5 days prior to the start of breacher 
training, on breaching days, and for up to 7 days after training is complete in order to establish a 
baseline and observe the time-course of signal changes.  A typical breacher training evolution 
involves a 2-week course with approximately 5 days of exposure to breaching blast (see section 6.3.5 
Study Time Line), however, training schedules and amount of exposure varies between training 
groups.  Participation in any of the data collection sessions or individual procedures will be subject to 
the requirements of the operational community and may be refused without consequence by any 
individual subject or for all subjects at a particular site by the training group commander. 
 
Subjects from control group 1 will be assessed during artillery training with the same procedures as 
the Breacher subjects.  Control group 2 will be assessed according to the same methods and 
scheduling, albeit absent any connection to blast or other exposure to overpressure.  Arrangements for 
an appropriate location for data collection for control group 2 will be made with the participating unit.  
As there will no blast measurements taking place for this group, a classroom would be sufficient for 
the 1-hour of daily testing. 
 
Phase B: Hospital Assessments 
In Phase B, subjects will travel to NINDS in Bethesda, MD to undergo 5 days of neurophysiological 
and cognitive assessments including neuropsychological tests, blood components analysis for 
biomarkers, vestibular and auditory testing, a sleep assessment, and neuroimaging studies using DTI, 
SWI, perfusion imaging, imaging with Gadolinium contrast, and fMRI.  The details of these 
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procedures are described in the NINDS protocol attached as Appendix A.  A companion will be 
invited to accompany each subject to NINDS and asked to complete questionnaires that may capture 
changes daily functioning that subjects are not able to self-assess.  Subjects will be invited back to 
NINDS 1 year following their initial visit for follow-up testing.  As with Phase A, participation in any 
of the procedures may be refused without consequence. 
 

6.3.3 Collection of the Human Biological Specimens 
 
For Phase A, no greater than 10ml of blood per collection will be acquired once a day from subjects 
via venipuncture to the volunteer’s extremity (e.g., antecubital vein) by a military phlebotomist or 
other individual certified to draw blood, with the exception of an additional 10 ml drawn on the first 
and the last days of sample collection (i.e., an additional 20 ml).  For a typical 2-week training 
evolution, with maximum daily participation before, during, and after blast exposure, approximately 
19 blood draws would take place, for a total of 210ml of blood.  However, the specific number of 
blood draws will vary between training groups depending on the length of the training course, subject 
availability, and feasibility as determined by the researchers and training directors.  These samples 
will be sent to the following laboratories where they will be assayed to look for internal indicators for 
changes after neurological insult at a molecular and cellular level: Banyan Biomarkers in Alachua, 
Florida; James J. Peters VA Medical Center/Mount Sinai School of Medicine in Bronx, NY; National 
Institute of Nursing Research, National Institutes of Health, Bethesda, MD. The samples will also be 
used to quantify biomarkers in blood from subjects to see how they correlate to measures of injury 
severity, progression, and outcome.  The samples will be stored by study identification code, but the 
key that links the specimen by code to the individual’s information will also be stored (separately) at 
NMRC/WRAIR so data will be identifiable for the duration of their storage.  For Phase B, a single 
20ml sample will be collected using the same procedures and will be sent to the collaborating 
laboratories described above to be assayed in the same way as described for Phase A.  All samples 
will be destroyed once assayed. 
 
See Appendix B for details of the Banyan Biomarkers standard operation procedures for serum 
collection and storage.  Once analyzed, the blood samples will be destroyed.  Note that collection of 
cerebrospinal fluid (CSF) is described in this appendix but will not be executed in this protocol. 
Collection and storage of other blood components (peripheral blood mononucleated cells) will be by 
parallel methods but with difference in collection container (e.g., green top vacutainer v red top or 
tiger top vacutainer). 
 

6.3.4 Data Collection 
 
Phase A: Field Assessments 
 

Physical Characteristics of Exposure 
This protocol for the environmental characterization will use two pressure sensors per individual. The 
pressure transducers sensing the exposure will be mounted to the left and right exterior surface of the 
helmet. Since the entire system is located on the exterior of the helmet, the drilling of holes that could 
potentially compromise the ballistic performance of the shell will not be necessary. Also, because the 
entire system is located on the exterior of the helmet, there is no risk of the system causing discomfort 
to the wearer. The output from the transducer will be recorded and digitized by a miniature data 
acquisition system (uDAS) mounted to the rear surface of the helmet. The sampling rate of the uDAS 
system is 1 million samples per second. Each unit is self triggered so a trigger cable, which is a 
tripping hazard, is not required. The uDAS system and sample output from the unit are shown in the 
Figure below.  Each pressure gage weighs approximately 0.0025 ounces (0.08 grams) and has 
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diameter of 6.6 millimeters and a thickness of 0.84 millimeters. The entire uDAS system, including 
the power supply and automatic trigger, weighs 0.40 kilograms (15 oz). 
 
The proposed sensor system was designed for, approved in the associated protocol for, and used in 
the Congressionally Directed Medical Research Programs (CDMRP) sponsored program, Brain 
Injury Biomarkers and Behavioral Characterization on mTBI in Soldiers Following Repeated, Low-
Level Blast Exposure (WRAIR #1635). 
 
Data down-loads from each helmet system will occur at the end of every test day when the batteries 
in the units are recharged. The charging and download will occur through a common USB download 
port which mates with a docking station that has enough ports to automatically charge and download 
data from all of the helmets at one location. The docking station will have an automated link to a 
secure server at ARA’s office in Denver, Colorado. This system allows the coded laboratory-quality 
pressure data to be recorded on breachers and transmitted without having any of the research team 
permanently located at the test site for the duration of the study. Data in this study will be stored in 
Denver, CO by the individual’s study identification code and processed by trained personnel. 
 

   
Figure 1: uDAS System and sample pressure output 

   
The data from the systems will be used to estimate the magnitude, energy, and frequency content of 
the shock wave transmitted to the head region from each exposure. The results from each exposure 
will be tabulated and time stamped so that the cumulative exposure for each individual will be 
calculated. 
 
To augment the pressure measurements recorded on each individual, the research team will make a 
site visit to each test location to deploy additional instrumentation to aid in the interpretation of each 
individual’s pressure data. During these visits the research team will use additional pressure gauges 
positioned inside the structure while the breaching exercises are being conducted. These additional 
gauges will be used to assist in the explanation of any pressure anomalies observed in the individual’s 
pressure data.  
 
Supporting all of the electronic data collected, video recording of field exercises will be made using 
wireless camera systems in and around the breaching area to enhance the precision in determining 
physical relations between study subjects, features in the environment, and distance from blast. 
Videos collected for data analysis purposes will be used in briefings to training group commanders to 
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demonstrate the relationship between the characteristics of the exposure event and the exposure 
levels.  Videos will be used only if individuals in the video are “blurred” or otherwise de-identified. 
 
Symptomology 
Subjects will complete a Symptom Questionnaire (Appendix B) daily at multiple time points before, 
during, and after training, as per subject availability.  This questionnaire will be used to assess the 
presence of symptoms consistent with brain injury (e.g. headaches, ringing in ears, forgetfulness, 
etc.).  It includes 32 items rated by the subject on a 5-point Likert Scale (0-4; 0 = not experienced at 
all; 4 = a severe problem) and a constant vs. intermittent choice.  The questionnaire also includes 
space for the subject to report other symptoms they are experiencing. 
 
Neuropsychological Measures 
Subjects will perform the ANAM4 TBI Battery daily at multiple time points before, during, and after 
training, as per subject availability.  The ANAM4 TBI battery is specifically designed, based on 
empirical data and experience, to be sensitive to TBI and to be administrable within approximately 20 
minutes. This test battery is administered on computer, which allows it to be administered to large 
groups with multiple workstations, and it is designed to easily accommodate repeated administration, 
by sampling from a large pool of items for each administration.  The ANAM4 TBI Battery includes 
the following 8 tests, with the neuropsychological qualities assessed listed in brackets: 

 
x Stanford Sleepiness Scale [Self-Assessment Fatigue (state/trait)] 
x Mood Affect Score [Vigor (high energy level), Happiness (positive disposition), Depression 

(dysphoria), Anger (negative disposition), Fatigue (low energy level), Anxiety (anxiety level), 
Restlessness (motor agitation)] 

x Simple Reaction Time [Basic Neural Processing (speed/efficiency)] 
x Code Substitution [Associative Learning (speed/efficiency), Visual Search, Sustained Attention, 

Working Memory] 
x Procedural Reaction Time [Processing Speed (Choice RT/Rule Adherence)];  
x Mathematical Processing [Working Memory] 
x Matching to Sample [Visual Spatial Memory] 
x Code Substitution (Delayed) [Retention] 
 

In addition to the ANAM, subjects will also perform the ImPACT Version 2.0 and the Defense 
Automated Neurobehavioral Assessment (DANA).  ImPACT will be conducted before and after 
training, as per subject availability.  Version 2.0 of ImPACT is a computer administered 
neuropsychological test battery that has been shown to be sensitive to the acute effects of concussion 
and can be administrable within approximately 25 minutes.  It consists of six individual test modules 
that measure aspects of cognitive functioning including attention, memory, reaction time, and 
processing speed.  This test can also accommodate multiple administrations, albeit separated by 
several days to avoid interference, by sampling from additional versions of the individual modules.  
The ImPACT 2.0 includes the following 6 modules, with the neuropsychological qualities assessed 
listed in brackets: 
 
x Word Memory [Immediate and delayed memory for words] 
x Design Memory [Immediate and delayed memory for designs] 
x X’s and O’s [Attention, concentration, working memory, reaction time] 
x Symbol Match [Visual processing speed, learning and memory] 
x Color Match [Focused attention, response inhibition, reaction time] 
x Three Letters [Attention, concentration, working memory, visual-motor speed] 
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DANA will be conducted before and after training as well as periodically during training, as per 
subject availability. DANA is a behavioral assessment tool developed for DOD use in field settings to 
reflect personnel impairment and level of functioning. In the current study, its 2 principal uses will be 
a 40-minute exhaustive assessment and as a 5-minute surveillance assessment. The 40-minute 
assessment includes the following 16 tests (in order of execution): Simple Reaction Time, Verbal 
Learning Test (Learning), Code Substitution (Learning), Verbal Learning Test (Recall, short delay), 
Procedural Reaction Time, Spatial Processing, Code Substitution (Recall), Choice Reaction, 
Sternberg Memory Search, Verbal Learning Test (Recall, long delay), Simple Reaction Time, 
Combat Exposure Scale, Patient Health Questionnaire-9, Pittsburgh Sleep Quality Index, PTSD 
CheckList-Military, and Deployment Stress Inventory. The 5-minute assessment includes the 
following 3 tests (in order of execution): Simple Reaction Time, Procedural Reaction Time, and 
Choice Reaction. The 40-minute assessment can be used twice and would be used in a before and 
after training paradigm in the proposed work. The 5-minute assessment can be used repeatedly, in 
rapid succession, without limit on number of administrations; the 5-minute assessment would be used 
in a daily paradigm in the proposed work. 
 
See Appendix B for examples and additional descriptions of the ANAM4 TBI Battery, ImPACT 
Version 2.0, and DANA. 
 
mTBI Biomarker Analysis 
Blood samples will be collected daily at multiple time points before, during, and after training, as per 
subject availability.  No greater than 10ml of blood per collection will be collected via venipuncture 
to the volunteer’s extremity (e.g., antecubital vein) by a military phlebotomist or other individual 
certified to draw blood, with the exception of an additional 10 ml drawn on the first and the last days 
of sample collection (i.e., an additional 20 ml).  Samples will be separated into aliquots and frozen.  
Each aliquot will be labeled with the volunteer’s unique identifier (no identifiable information will be 
recorded on the sample labels).  The samples will be stored temporarily at the study site before 
transport to the following laboratories to be assayed: Banyan Biomarkers in Alachua, Florida; James 
J. Peters VA Medical Center/Mount Sinai School of Medicine in Bronx, NY; National Institute of 
Nursing Research, National Institutes of Health, Bethesda, MD.  Banyan Biomarkers is the 
established leader in discovery of innovative brain injury biomarkers, and will analyze serum samples 
for a panel of biomarkers that may include: 

 
x UCH-L1: A biomarker of cell body injury 
x SBDP150: Biomarker of axonal injury and cellular necrosis 
x SBDP120: Biomarker of axonal injury and cellular apoptosis 
x MAP-2: A persistent biomarker of dendritic injury 
x GFAP: A biomarker of glial injury 
x sICAM-1: A biomarker of vascular damage, and 
x s100β: A well-established benchmark biomarker for brain injury 

 
Biomarker levels in serum samples obtained from study subjects will be determined by standard 96-
well microtiter plate based Enzyme-Linked Immunosorbent Assay (ELISA) technology.  This ELISA 
format employs a biomarker-specific capture antibody attached to the surface of the microtiter plate 
well. An aliquot of the serum sample is mixed with buffer and applied to the microtiter well for 60-90 
minutes to allow for binding of the biomarker to the capture antibody. After washing of the plate to 
remove all unbound material a secondary antibody is added, which is also specific for the biomarker, 
but typically which binds to a different portion (epitope) of the biomarker molecule. The resulting tri-
molecular complexes or sandwiches are then detected via an enzymatic reaction that involves horse 
radish peroxidase (HRP). This enzyme may be directly attached to the detection antibody through 
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conjugation, or indirectly via a biotin-streptavidin bridge, or through attachment of a tertiary antibody 
that carries this enzyme. The enzymatic reaction involves the turn-over of a substrate that results in 
formation of a color, fluorescence, or chemiluminescence, whereby the amount of substrate turn-over 
is directly proportional to the number of biomarker molecules trapped in the sandwich. Measurement 
of the amount of color, fluorescence or luminescence that is generated and comparison to a 
calibration curve allows accurate quantization of the biomarker with a lower level of detection that 
varies between 0.1 and 1.0ng/ml in serum. The precision (intra- and inter-assay coefficients of 
variation) may vary between 10% and 25%, which then determines the lower limit of quantization. 
 
In addition to serum-based biomarkers assessed by Banyan, serum and other blood components will 
be assayed by other collaborators listed above.  Epigenetic analyses will be performed for modulation 
of gene expression mediated by DNA methylation in response to neurological insult and analysis of 
autoimmune- or inflammation-based responses and broad mircoRNA arrays will be assessed as 
markers of neurological insult. 
 
See Appendix B for details of the Banyan Biomarkers standard operation procedure for serum 
collection and storage.  Once analyzed, the blood samples will be destroyed.  Note that collection of 
cerebrospinal fluid (CSF) is described in this appendix but will not be executed in this protocol. 
Collection and storage of other blood components (peripheral blood mononucleated cells) will be by 
parallel methods but with difference in collection container (e.g., green top vacutainer v red top or 
tiger top vacutainer). Analysis of serum and other blood components will also be open to other 
collaborating laboratories, based on new collaborator findings and pilot data. 
 
Vestibular System Assessment 
Subjects will undergo vestibular testing using the Portable BioSway Device (Biodex Medical Systems 
Inc., Shirley NY) daily at multiple time points before, during, and after training, as per subject 
availability.  The Clinical Test for Sensory Integration of Balance (CTSIB) helps to determine which 
sensory system (visual, vestibular, or somatosensory) a person relies on to maintain balance.  It 
provides a generalized assessment of how well a patient can integrate various senses with respect to 
balance and compensate when one or more of those senses are compromised.  It is administered by: 
1) manipulating the support surface (firm vs. foam); 2) visual conditions (eyes open vs. eyes closed); 
and 3) vestibular system sway reference by using the computerized sway platform, while an 
individual is asked to maintain their standing balance.  A 3" Airex® Indexed Foam Pad is used as the 
compliant surface for the unstable support surface.  The CTSIB requires subjects to complete four 30 
sec tests. 
 
x Condition 1 – Eyes open firm surface: Baseline: Incorporates visual, vestibular and 

somatosensory inputs 
x Condition 2 – Eyes closed firm surface: Eliminate visual input to evaluate vestibular and 

somatosensory inputs. 
x Condition 3 – Eyes open on a dynamic surface used to evaluate somatosensory interaction with 

visually input. 
x Condition 4 – Eyes closed on dynamic surface: used to evaluate somatosensory interaction with 

vestibular input 
 
See Appendix B for a detailed description of the Portable BioSway Device and standard operating 
procedure for its use. 
 
Eye-Tracking Test 
Subjects will perform a Smooth Pursuit Eye Movement (SPEM) task using the head mounted, 
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Portable Eye-Tracking Device (Brain Trauma Foundation) daily at multiple time points before, 
during, and after training, as per subject availability.  The SPEM task requires the subject to visually 
track a target stimulus, a red circle of 0.2 º diameters, which follows a circular clockwise trajectory 
with a radius of 7º and at a speed of 0.4 Hz.  The red circle takes exactly 2.5 seconds to complete a 
revolution, or cycle.  A circular pursuit task was chosen because it allows for the recording of both 
horizontal and vertical components concurrently, enabling a greater amount of data to be acquired in 
a shorter amount of time.  The signals representing eye and target movements will be simultaneously 
processed during the testing trials by a proprietary “attention-detection algorithm” to produce the 
“attention score”, which will represent the subject’s eye movement variability on a 1-100 scale, with 
100 representing near-to-zero variability (a perfect score) and 1 representing very high variability.  
The attention score, subject identifier, testing date/time and other inputted information will be saved 
automatically on an irremovable storage card in a handheld control tablet for future recall. 
 
See Appendix B for a detailed description of the Portable Eye-Tracking Device and standard 
operating procedure for its use. 
 
Sleep/Wake Actigraphy 
Subjects will wear a wrist-worn device called an actigraph (ReadiBand, Fatigue Science, Honolulu, 
HI, or comparable alternate product) throughout the course of data collection before, during, and after 
training, as per subject availability.  The actigraph records wrist movements, which are subsequently 
processed through a sleep-scoring algorithm to determine sleep/wake amounts. Alternate devices 
(e.g., Actiheart, CamNtech, Boerne, TX) can supplement the movement record with a heart rate 
monitor record, improving sleep/wake assessments by calculating activity energy expenditure in free-
living conditions. In an example, low level exercise may yield a motion record similar to sitting in a 
rocking chair or riding in an automobile but the types of activities here can be expected to have 
bearing on derived sleep/wake measures.  
 
See Appendix B for a detailed description of the ReadiBand Actigraph Device and standard operating 
procedure for its use. 
 

Phase B: Hospital Assessments 
 

Detailed descriptions of the procedures to be conducted during Phase B appear in the NINDS protocol 
attached as Appendix A. 
 
Neuropsychological Measures 
Subjects will perform a series of neuropsychological tests as well as paper-and-pencil and computer 
tests of executive function, emotional function, language, memory, intelligence and other cognitive 
abilities (e.g. California Verbal Learning Test, Delis-Kaplan Executive Function System Sorting Test, 
and Booklet Category Test). 
 
Note: Questionnaires or interviews related to history of abuse, sexual behaviors, or drug/alcohol 
abuse will not be included as part of this study. 
 
Blood Components Analysis 
Subjects will be asked to provide a single 20ml blood sample to be sent to the following laboratories 
where they will be assayed in the same way as described for Phase A: Banyan Biomarkers in 
Alachua, Florida; James J. Peters VA Medical Center/Mount Sinai School of Medicine in Bronx, NY; 
National Institute of Nursing Research, National Institutes of Health, Bethesda, MD. 
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Neuroimaging 
Subjects will undergo multiple neuroimaging sessions during their visit at NINDS using routine, 
microstructural, and functional imaging techniques to achieve maximal sensitivity and specificity for 
the detection of TBI.  Structural imaging procedures will include magnetic resonance imaging (MRI) 
to look for possible brain lesions, diffusion tensor imaging (DTI) to evaluate microstructural 
disruption of white matter, perfusion imaging to look at microscopic levels of cerebral blood flow, 
and susceptibility weighted imaging (SWI) to detect microhemorrhages within the brain. 
 
Subjects will also be asked to participate in an imaging procedure that involves the use of 
Gadolinium, which is a contrast agent that enhances blood vessels in MRI for detecting disruptions of 
the blood-brain barrier.  Only subjects that meet specific screening criteria for safe use of this 
compound will be eligible for this procedure (see Potential Risks section below).  Subjects will be 
specifically screened for prior allergic reactions and for risk of decreased renal function according to 
NIH policies.  Eligible subjects who agree to participate in this procedure will have an angiocatheter 
placed by an intravenous (IV) nurse in the NIH radiology department.  The angiocatheter will be 
placed in the upper extremity, and be of a sufficient size to accommodate power injection.  Following 
contrast administration, dynamic susceptibility contrast (DSC) imaging and standard structural 
imaging will be performed. 
 
Functional magnetic resonance imaging (fMRI) will be used to measure changes hemodynamic 
signals related to neural activity in response to cognitive and emotional stimulation using 
experimental paradigms such as the N-Back and Task Switching tasks. 
 
Vestibular and Auditory Assessments  
Subjects will undergo balance testing using computerized dynamic posturography (CDP) with a 
SMART EquiTest System (NeuroCom International, Inc.).  The CDP allows for the objective 
quantification and differentiation among the wide variety of possible sensory, motor, and central 
adaptive impairments to balance control.  Tests may include the Sensory Organization Test (SOT), 
which is used to identify which sensory system (vestibular, visual, or somatosensory) is abnormally 
used to control balance; the Limits of Stability test (LOS), which is used to identify problems with 
voluntary motor control of balance; and Dual Tasking Posturography (DTP), which is used to assess 
the interaction between cognition and the control of balance.  Subjects will also undergo balance 
testing using the Five Times Sit to Stand test (FTSST) and the Dynamic Gait Index (DGI), and the 
self-reported Dizziness Handicap Inventory (DHI). 
 
In addition, subjects will undergo three tests of specifically designed to identify vestibular 
dysfunction and distinguish disorders of the peripheral and central vestibular systems.  These tests 
include Sinusoidal Harmonic Acceleration (SHA), which examines the vestibulo-ocular reflex and its 
response to rotations at a variety of stimulus frequencies; the caloric irrigation subtest of 
videonystagmography (VNG), which examines horizontal semicircular canal function; and Vestibular 
Evoked Myogenic Potentials (VEMP), which is used to evaluate the vestibulo-colic response.  They 
represent a diagnostic extension of the functional assessments conducted during posturography.  
Finally, subjects will undergo tests of auditory functioning including pure-tone threshold assessment 
and tympanometry. 
 
Polysomnography 
Subjects that have a significant sleep disturbance as indicated by self-report or actigraphy data 
collected during Phase A (average total sleep time and/or sleep continuity are two standard deviations 
from age-appropriate norms), will undergo a sleep assessment using one night of polysomnographic 
(EEG) recording to rule out the presence of overt sleep disorders (e.g., obstructive sleep apnea, 
periodic leg movements during sleep, etc.).  Electrodes will be applied over the head for the EEG 
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recording, around both eyes to monitor eye movements, around the chest and abdomen to monitor 
respiration, and on both legs to monitor leg movement.  Analyses of polysomnographic recording 
includes total sleep time, sleep efficiency, latency to sleep onset and REM (rapid eye movement) 
sleep, and sleep architecture with ratios of various sleep stages (stages 1, 2, 3, and REM sleep). 
 
Companion Interview 
The companion interview will consist of surveys which include demographic information, 
measurements for companions’ stress, and self-rated health, as well as questionnaires that ask about 
the subject including the presence of symptoms, depressed mood, physical function, and self-care.  
Furthermore we will ask caregivers to complete some of the same questionnaires as the subject in 
order to compare responses.  For “Off-site” companions, once informed consent has been obtained, 
study personnel will mail the Companion Questionnaire Battery for completion.  Companions will be 
instructed to contact study personnel with any questions or concerns regarding the questionnaires or if 
they chose to withdraw their consent to participate in the project. 

 
6.3.5 Study Time Line 
 
Phase A 
This diagram illustrates a hypothetical schedule of data collection adapted to a typical evolution of an 
explosive entry course. 
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6.4 Statistical Consideration 
 
6.4.1 Primary Endpoints 
 
The primary endpoints of this study will be the data collected from the neuropsychological tests, blood 
components analysis, neuroimaging sessions, vestibular assessments, and sleep analysis.  These measures 
were selected based on their known sensitivity to brain injury and are expected to demonstrate significant 
differences when comparing the experimental groups.  The outcome of this research effort will be 
documentation of findings and recommendation to mitigate operational risk.  Results will be presented to 
military commands engaged in breaching as well as prepared as manuscripts for publication. 
 
6.4.2 Data Analysis 
 
Data will be analyzed by repeated measures ANOVA with both within-subject factors (degree of 
exposure) and between-subjects factors (Breachers vs. Artillery Controls vs. Unexposed Controls) 
followed by a priori planned post-hoc tests.  Post-hoc tests will use a standard correction for number of 
comparisons within an analysis (e.g. Bonferonni or Geiser-Greenhouse procedures).  Note that if the 
distribution of data within a group on any single variable is skewed or non-normal, either non-parametric 
tests will be used to analyze the data or the data will be normalized using a standard transformation such 
as a log-normal transformation.  Any subjects from Phase A data collection who endorse exclusion 
criteria for Phase B will be considered separately in analysis. 
 
6.4.3 Safety Monitoring 
 
Safety monitoring will be in place primarily due to the use Gadolinium as a MRI enhancing contrast agent 
during Phase B of the study.  Gadolinium contrast imaging presents some moderate risks (see Potential 
Risks section below for complete list).  The primary risk is to people with kidney disease as they may 
have a serious reaction to gadolinium contrast called “nephrogenic systemic fibrosis” which has resulted 
in a very small number of deaths.  Careful screening of subjects for abnormal kidney function will be the 
primary process for mitigating this risk.  Subjects that have diabetes, kidney disease or liver disease will 
undergo a blood test to assess kidney function within 4 weeks before any MRI scan with gadolinium 
contrast and those whose kidney function is not normal will not receive gadolinium for a research MRI 
scan. 
 
6.4.4 Sample Size Estimation 
 
The goal for Phase A of this protocol is to recruit up to 250 subjects (150 breachers, 50 artillery controls, 
and 50 unexposed controls).  Multiple training sites will need to be visited to meet the primary goal of 
this study, which is the collection of data from a significant number of individuals with chronic exposure 
to blast in order to develop a time-course of acute signal changes during breacher training.  In order to 
maximize the efficient use of resources during visits to training facilities, we will also collect data from 
individuals who do not meet criteria for experienced individuals.  Therefore, the number above was 
estimated based on the expected ratio of experienced individuals (operators and instructors) to 
inexperienced trainees that typically appear in breacher training courses.  
 
The goal for Phase B of this protocol is to recruit a minimum of 60 subjects (20 breachers, 20 artillery 
controls, and 20 unexposed controls) to travel to NIH for the hospital based assessments.  The number of 
subjects to be included in this protocol was determined from consideration of the main objective of 
detecting a chronic exposure effect, typically reported as an effect on cognitive ability (esp., "memory 
difficulty"), and the previously observed effect size among the cohort of interest (Carr et al., unpublished 
manuscript). The use of the same computer-based testing paradigm in both the completed study and the 
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proposed study affords a straightforward estimation of sample size. In the more difficult and more 
sensitive of the 2 computer-based tests involving demand of memory, Code Substitution Delayed, the 
mean difference in accuracy (percent correct) at baseline between the experienced group and members of 
the more naïve group matched according to IQ, age, and blast history, was 6.6%. With a standard 
deviation of 8.46 and 6.26 for each of these 2 groups and an intergroup correlation of .33, the resultant 
large effect size (.76) yields an estimate of 16 subjects needed per group to re-detect this difference at 
baseline (Erdfelder et al., 1996). This effect size is consistent with related literature on concussion and 
military populations (Warden et al., 2001). In the protocol proposed, considerable effort will be expended 
to carefully select and support research volunteers so attrition is not expected. However, to accommodate 
some attrition, error, and data loss, the requested sample size for this protocol will be 25% above the 
minimum required, so 20 subjects per group are requested. 
 
6.5 Reporting Adverse Events 
 
6.5.1 Expected Adverse Events from Research Risks and Reporting 
 
Potential Risks 
Risks associated with the testing procedures are mitigated by having qualified medical personnel on the 
team to supervise safety procedures.  A risk of loss of anonymity due to data being linked to the subject’s 
identity applies to both phases of the study, however, this risk is mitigated by the confidentiality 
procedures (subject coding) described below.  The confidentiality of active duty military service members 
may not be able to be maintained as their chain of command may request information obtained during our 
study (e.g. copies of consent forms, copies of questionnaires, raw or processed data).  In addition, there 
may be circumstances where reporting to the chain of command may be required (e.g. violations of 
UCMJ, abuse, etc.).  As with all research subjects, active duty service members can choose not to answer 
sensitive questions. 
 

Phase A 
x The significant risk of being exposed to explosives and repeated blasts that will occur during the 

field assessment phase of this protocol is not different than the subjects’ level of risk during 
routine explosive entry training.  This protocol will have a minimal effect on their training 
regimen and will be conducted during previously scheduled training events. 

x There is minimal risk due to the addition of sensors to subjects’ helmets, but the light weight of 
this equipment (15 oz.) is not a significant burden.   

x During blood draw, the subject may experience some discomfort at the site of needle entry and 
there is a risk of bruising.  There is a remote risk of fainting or local infection.  These risks are 
mitigated by having trained military and civilian medical personnel conduct the blood draws. 

x There is a small risk of falling off of the BioSway apparatus.  This will be mitigated by having a 
member of the research team supervising vestibular tests. 

x The neuropsychological tests, eye-tracking, and sleep/wake actigraphy are not expected to pose 
any risk to the subjects. 

 
Phase B 
Risks associated with the hospital phase of this protocol are described in detail in the NINDS protocol 
(Appendix A).  The following is a summary of these risks: 
x There is some risk in the transport of volunteers to Bethesda, MD, but this risk is not greater than 

that most people encounter every day. 
x During blood draw, the subject may experience some discomfort at the site of needle entry and 

there is a risk of bruising.  There is a remote risk of fainting or local infection.  These risks are 
mitigated by having trained military and civilian medical personnel conduct the blood draws. 
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x The neuropsychological tests and questionnaires may be frustrating or stressful.  Subjects may 
refuse to answer any question or stop a test at any time and for any reason. 

x All vestibular and auditory tests are standard clinical practices and present only minimal risk to 
the subject including some sensation of dizziness or nausea. 

x During the sleep assessment, there is a risk of discomfort during the application and removal of 
the EEG electrodes. 

x There is a small risk of emotional discomfort from performance of the functional neuroimaging 
tasks; however, this risk is mitigated by explaining the nature of these tasks to the subject and 
giving them the option of stopping a test at any time. 

x The MRI scanning procedures in this protocol present some risk to volunteers in the case of any 
unsecured metal in the strong magnetic field, of unprotected exposure to the MRI noise 
environment, and of potential discomfort from lying supine for an hour in a movement-restricted 
environment. These risks, however, are present for any MRI procedure and are well demonstrated 
to be successfully mitigated by standard protections offered in metal safety, hearing conservation, 
patient screening, and patient monitoring.  If participants have a question about any metal objects 
being present in their body, they should inform the staff.  If there is uncertainty about the 
presence of metal, we will obtain plain radiographs before performing MRI.  These studies are 
considered part of standard care before MRI. There is a risk to operational readiness from 
incidental clinical findings; however, subjects are informed beforehand of this possibility. 

x Gadolinium contrast imaging presents some moderate risks.  The risks of the IV catheter 
placement include bleeding, infection, or inflammation of the skin and vein with pain and 
swelling.  Symptoms from the contrast infusion are usually mild and may include coldness in the 
arm during the injection, a metallic taste, headache, and nausea.  In an extremely small number of 
patients, more severe symptoms have been reported including shortness of breath, wheezing, 
hives, and lowering of blood pressure.  Subjects will not receive gadolinium-based contrast 
agents if they previously had an allergic reaction to them.  Subjects will be asked about such 
allergic reactions before a contrast agent is administered.  People with kidney disease are at risk 
for a serious reaction to gadolinium contrast called “nephrogenic systemic fibrosis” which has 
resulted in a very small number of deaths.  Subjects that have diabetes, kidney disease or liver 
disease will undergo a blood test to assess kidney function within 4 weeks before any MRI scan 
with gadolinium contrast.  Subjects will not receive gadolinium for a research MRI scan if their 
kidney function is not normal. 

 
6.5.2 Reporting Serious and Unexpected Adverse Events to the IRB 
 
Serious Adverse Events: The PI will report all serious adverse events (SAE) and unanticipated problems 
involving risk occurring in subjects enrolled in this DOD protocol to the NMRC Office of Research 
Administration (ORA) within 24 hours.  Formal reporting of all adverse events and unanticipated 
problems will be completed within 5 days using the NMRC ORA IRB Form 3.  Serious adverse events 
will be reported even if the PI believes that the adverse events are unrelated to the protocol. 
 
The WRAIR Division of Human Subjects Protection (DHSP) will be copied on all such reports for 
acknowledgment.  A summary of all serious or unexpected side effects also must be included in the 
Annual Progress Report. 
 
6.5.3 Medical Care for Research-Related Injury 
 
No compensation will be provided for injuries that are a direct result of being in this study.  It will be 
explained to subjects in the consent forms that this is not a waiver or release of their legal rights and that 
they should discuss this issue thoroughly with the principal investigator before they enroll in this study. 
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For Phase A, military service members as well as civilians will be treated at a Military Treatment Facility 
in accordance with MRMC Command Policy Memorandum 2010-10, Medical Care for Research-Related 
Injury.  DOD healthcare beneficiaries (e.g. active duty military, military spouse or dependent), are 
entitled to medical care for injuries within the DOD healthcare system, as long as they remain a DOD 
healthcare beneficiary.  This care includes but is not limited to free medical care at a military treatment 
facility.  Non-DOD healthcare beneficiaries are also entitled to free medical care for their injury at a 
military treatment facility.  It cannot be determined in advance which military treatment facility will 
provide care.  If non-DOD healthcare beneficiaries get care for research-related injuries outside of a 
military treatment facility, the subject or their insurance will be responsible for medical expenses.   
 
For Phase B, the NIH Clinical Center will provide short-term medical care for any injury resulting from 
participation in research at that site.  In general, no long-term medical care or financial compensation for 
research-related injuries will be provided by the National Institutes of Health, the Clinical Center, or the 
Federal Government.  However, subjects have the right to pursue legal remedy if they believe that their 
injury justifies such action. 
 
6.5.4 Subject Withdrawal from Participation 
 
Subjects may withdraw from participating in the study at any time with no consequences.  If a subject 
withdraws during Phase A, the research team will stop data collection from that subject immediately and 
it will not affect their ability to complete the training program.  If a subject withdraws during Phase B, the 
research team will stop data collection from that subject immediately and arrangements will be made for 
their return home.  Subjects who withdraw early from either Phase will be asked if we are permitted to 
retain data collected up to that point.  Should the subject request, their individual data will be excluded.  
Subjects will be compensated for the time and/or procedures they completed as outlined in the 
compensation section above. 
 
The principal investigators may terminate participation in this study if continued participation is 
considered to be detrimental to the subject’s health, if the subject fails to cooperate with the study, or if 
the military mission requires it.  The same rights and procedures described above apply when the 
investigators terminate participation. 
 
6.6 Human Biological Specimens/Tissue 
 
Procedures for the collection and use of blood samples are described in this protocol.  Blood samples will 
be sent to collaborating laboratories and destroyed once analyzed.  Details of procedures used for samples 
can be reviewed in Appendix B.  Collection of blood samples will be highlighted in the Informed Consent 
form and described to the subject before consent is obtained. 
 
6.7 Subject Confidentiality Protection 
 
All subjects will be assigned a 4-digit identifier (e.g. subject #7264) generated from a random number 
generator during the informed consent process.  This ID# will be stored with the subject’s name and 
research group assignment (i.e., breacher, control 1, or control 2) in a password protected record at 
NMRC.  All other data records will be labeled only with the subject ID#, vice identifying information. 
 
The coded data from this project will be stored in locked and password-protected facilities. All data from 
this project will be subject to review by blinded external reviewers. With appropriate authorization to 
release, all aspects of this study and the de-individualized data may appear in open publication. 
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NINDS and CNRM follow similar subject confidentiality procedures, which are described in detail in 
Appendix A. 
 
Auditing authorities for the Navy and Army, CNRM, Uniformed Services University, Henry M Jackson 
Foundation, and NIH may request to review study documents, which could affect the confidentiality of 
subjects’ identity and research records.  Specifically, the Department of the Navy Human Research 
Protections Program (DON HRPP) and the United States Army Medical Research and Materiel 
Command (USAMRMC) Human Research Protection Office could perform an audit of the files, which 
could include the consent forms. 
 
6.7.1 Certificate of Confidentiality 
 
This study does not include a Certificate of Confidentiality.  Subject confidentiality will be secured using 
the procedures described in this protocol.  As described in the section above on potential risks, the 
confidentiality of active duty military service members may not be able to be maintained as their chain of 
command may request information obtained during our study (e.g. copies of consent forms, copies of 
questionnaires, raw or processed data).  In addition, there may be circumstances where reporting to the 
chain of command may be required (e.g. violations of UCMJ, abuse, etc.).  As with all research subjects, 
active duty service members can choose not to answer sensitive questions. 
 
6.7.2 HIPAA Authorization 
 
This study will include the collection of “Identifiable Protected Health Information” as well as the 
following personal identifiers: name, address, age, telephone number, e-mail address, social security 
number.  Therefore, in accordance with the requirements of the Health Insurance Portability and 
Accountability Act (HIPAA) and DOD HIPAA regulations 6025.LL-R, subjects will need to sign a 
HIPAA Authorization form (see Appendix F). 

 
a. Confidentiality of research source documents 

 
Data in this study will be stored by study identification code, vice other identifying information.  The 
key that links data code to the individual’s information will be stored separately from the data, 
according to the description in the paragraph below.  This stored key will be the only means to 
identify subjects' data for the duration of storage and will be accessible only by the principal 
investigators.  
 
Coded hardcopies of data will be stored in locked cabinets in a locked office at NMRC/WRAIR 
(Building 503, room 2W109) and at ARA’s facility in Littleton, CO (10720 Bradford Rd., Suite 102).  
Data will be accessible only by study lead investigators.  Electronic data will be kept in 2 forms. 1) 
PC-compatible files in various software formats (e.g. MS Excel, E-Prime, Presentation, ASCII text, 
MS Word; 2) neuroimaging files will be kept in the following Unix/Linux-compatible software 
formats: AFNI, ANALYZE, DICOM, NIFTI.  The PC-compatible files will be stored on a computer 
at NMRC/WRAIR (Building 503; room 2W109) with access limited to study personnel via DOD 
Common Access Card-enabled logon policy and user account privilege.  NMRC/WRAIR computer 
data are backed up per DOD requirements.  Neuroimaging files will be kept on a non-networked 
computer with Linux operating system at NMRC/WRAIR (Building 503; room 2W109), with access 
limited to study personnel via physical access to the room and username/password logon 
requirements. 
 
Details for the protection of coded data stored at NINDS and CNRM are described in Appendix A. 
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b. Storage and destruction of the research source documents 
 
Upon completion of the study, data will be archived but available for future study.  Data in this study 
will be stored by study identification code, vice other identifying information, but the key that links 
data by code to the individual’s information will also be stored (separately) so data will be 
identifiable for the duration of their storage. The rationale for retaining subject identity to data is 
because these data may be used in a future investigation, and that investigation could include 
individuals from this protocol, for examination of longitudinal effect of exposure to blast, an 
important research question for this protocol. That investigation could not be performed without 
retaining data identity. 
 

c. Sharing of research data 
 
Data exchange with study partners will be with de-identified data and in a sample of at least 5 
subjects rather than on an individual basis.  The primary institutions for execution of work in this 
protocol and the storage of protocol data are NMRC, WRAIR, NINDS, and ARA.  NMRC holds 
United States Department of Health and Human Services (DHHS) FWA Number FWA00000152; 
WRAIR holds DHHS FWA Number FWA00000015; NINDS holds DHHS FWA Number 
FWA00005897; and ARA holds DHHS FWA Number FWA00014065. 
 

6.8 Reporting Protocol Deviations, Amendments, and Continuing Reviews 
 
Any protocol deviations during the course of the study will be promptly reported to the NMRC IRB and 
sponsor, as well as the WRAIR DHSP for acknowledgment. 
 
All amendments to research documents (protocol, consent forms, etc.) will be submitted for approval to 
the NMRC IRB and WRAIR DHSP.  Amendments will include a memorandum outlining the changes, 
clean copies of the changed research documents, as well as copies with the changes marked.  Annual 
continuing review reports outlining study progress and a study closeout report upon completion of the 
research will also be provided to the NMRC IRB and WRAIR DHSP. 
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8.  FACILITIES/ORGANIZATIONS TO BE USED   
 
8.1 Collaborators (see Appendix C for the Research Collaborative Agreement):  

x Naval Medical Research Center 
x Walter Reed Army Institute of Research 
x National Institute of Neurological Disorders and Stroke 
x Applied Research Associates, Inc. 
x University of Virginia 

 
8.2 Performance Sites (see Appendix G for letters of approval from performance sites):†  

x United States Army Special Operations Command 
x 75th Ranger Regiment 
x John F. Kennedy Special Warfare Center and School 
x Forced Entry Tactical Training 
x United States Army Engineer School 

 
† Individual sites will be added to the protocol as each collaboration is formalized (reference pg. 24) 
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9.  ROLES AND RESPONSIBILITIES OF EACH INVESTIGATOR AND COLLABORATOR 
 
  NAME DEGREE INSTITUTION ROLE 

1  LCDR Peter Walker PhD NMRC LEAD INVESTIGATOR,  
Neurocognitive Investigator 

2 MAJ Angela Yarnell PhD WRAIR LEAD INVESTIGATOR,  
Neurocognitive Investigator 

3 CAPT Eric Wasserman MD NINDS LEAD INVESTIGATOR,  
Neurocognitive Investigator,  
Consenter 

4 Lee Ann Young MA ARA LEAD INVESTIGATOR,  
Engineer 

5 CPT Matthew LoPresti PhD WRAIR Neurocognitive Investigator,  
Neuroimaging 

6 MAJ Walter Carr PhD WRAIR Neurocognitive Investigator,  
Consenter 

7 Thomas Baker PhD WRAIR Neurocognitive Investigator, 
Consenter 

8 Gary Kamimori PhD WRAIR Neurocognitive Investigator,  
Consenter 

9 CPT Angela Yarnell PhD WRAIR Neurocognitive Investigator, 
Consenter 

10 Tracy Doty PhD WRAIR Neurocognitive Investigator,  
Neuroimaging 

11 Tim Walilko PhD ARA Engineer 

12 James Stone MD 
PhD 

UVA Neuroimaging 

13 Yvonne Allard BA WRAIR Research Assistant 

14 Nora Prindle BA WRAIR Research Assistant 

15 Jessica Kim BS WRAIR Research Assistant 

16 SGT Sharae Murray  WRAIR Research Assistant 

17 SPC George Adams  WRAIR Research Assistant 

18 LT Jacob Norris PhD NMRC Neurocognitive Investigator,  
Consenter 

19 Carmen Contreras-Sesvold 
 

MS NMRC Neurocognitive Investigator,  
Consenter 

20 Elena Polejaeva BS WRAIR Research Assistant,  
Consenter 

21 Kristine Dell BA WRAIR Research Assistant,  
Consenter,  
Research Contact 
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22 John Butman MD, PhD NIH Neuroradiologist,  
Neuroimaging 

23 Leighton Chan MD, 
MPH 

NIH Neurocognitive Investigator, 
Vestibular Testing 

24 Christiane Zampieri-Gallagher PhD NIH Vestibular Testing 

25 Carmen Brewer PhD NIH Vestibular and Auditory Testing 

26 John Dsurney PhD NIH Neurocognitive Investigator 

27 MAJ Jeffrey Lewis MD, PhD NINDS Neurocognitive Investigator,  
Consenter 

28 Michael Tierney MA NINDS Neurocognitive Investigator,  
Consenter 

29 Kristine Knutson MA NINDS Neuroimaging 

30 CPT Aaron M. Smith Psy.D WRNMMC Neurocognitive Investigator, 
Consenter 

31 CDR John Hughes MD NMRC Research Monitor 

32 Richard McCarron PhD NMRC Neurocognitive Investigator 

33 Thomas Balkin PhD WRAIR Neurocognitive Investigator 

34 Laura Coombs PhD ACR Neuroimaging 

35 Corrina Lathan PhD AnthroTronix Data Analysis of Non-human 
Subjects Data 

 
----------------------------------------------ROLE DEFINITIONS------------------------------------------------------ 

x LEAD INVESTIGATOR ................Primary responsibility for IRB compliance, documentation, 
reporting, data storage 

x Consenter ........................................Administration of informed consent 
x Site Coordinator …………………..Primary responsibility for coordinating data collection at 

performance sites for Phase A (identified in Delegation Log for each site) 
x Engineer ..........................................Design, measurement, and analysis of blast 
x Neurocognitive Investigator ...........Administration and analysis of neurocognitive testing 
x Neuroimaging .................................Design, execution, and analysis of neuroimaging data, subject 

screening/MRI safety 
x Neuroradiologist .............................Interpretation of neuroimaging results 
x Vestibular and Auditory testing…...Administration and analysis of vestibular and auditory tests 
x Research Assistant………………...Assist with data collection and analysis 
x Research Contact.............................Primary contact for Phase B subjects 
x Research Monitor ............................Primary responsibility for overseeing safety of subjects 

 
 
10.  TIME REQUIRED TO COMPLETE THE RESEARCH (INCLUDING DATA ANALYSIS)  
 
Study Duration = 5 years 
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11.  APPENDICES 
 
APPENDIX A – Experienced Breacher Study (EBS), National Institute of Neurological Disorders 
and Stroke (NINDS), Protocol # 12-N-0065, Version 6.0 

x NINDS IRB Approval Letter 
x Protocol and Consent Forms 
x EBS Test Battery Forms 

 
APPENDIX B – Questionnaires/Procedure Descriptions 

x Eligibility Checklist 
x Demographics Form and Head Injury Questionnaire 
x Combat Exposure Checklist 
x Symptom Questionnaire 
x Automated Neuropsychological Assessment Metrics (ANAM4), TBI Battery 
x Immediate Post-concussion Assessment and Cognitive Test (ImPACT), Version 2.0 
x Defense Automated Neurobehavioral Assessment (DANA) 
x Banyan Biomarker standard operating procedure (BANDITS) 
x Portable BioSway Device product description and standard operating procedure 
x Portable Eye-Tracking Device product description and standard operating procedure 
x Fatigue Science ReadiBand Actigraph Device product description and standard operating 

procedure 
x National Institutes of Health MRI Safety Questionnaire and Standard of Practice: MRI Contrast 

Policy 
x National Institutes of Health Radiology Department MRI Safety Questionnaire 

 
APPENDIX C – Research Collaborative Agreement 
 
APPENDIX D – Consent Forms 

x Phase A: Field Assessments 
x Phase B: Hospital Assessments (Primary Subjects) 
x Phase B: Hospital Assessments (Companions) 

 
APPENDIX E – Supervisor Permission Form 
 
APPENDIX F – HIPAA Authorization Form 
 
APPENDIX G – Performance Site Approval Letters 

x United States Army Special Operations Command 
x 75th Ranger Regiment 
x John F. Kennedy Special Warfare Center and School 
x Forced Entry Tactical Training 
x United States Army Engineer School 

 
APPENDIX H – Research Monitor Addendum 
 
APPENDIX I – Delegation of Roles and Responsibilities Log and Best Practice Recommendations 
 
APPENDIX J – Communication to subjects for re-consent request 
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Permission for Use of Figures  
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Supplement: 

NanoString Methods 

A subset of genes examined in RNAseq data were selected to validate gene 

expression changes by assaying 50 ng of mRNA using a direct digital detection system 

(Nanostring Technologies, Seattle, WA). A panel was designed for each pathway to 

include 50 markers of interest, plus a total of 10 reference/housekeeping genes for data 

normalization, including ABCF1, ALAS1, DECR1, GAPDH, GUSB, HPRT1, IPO8, 

PGK1, and TBP (these genes are also noted in Table 3-2 and 3-3 of the dissertation 

manuscript). Care was taken to ensure that reference genes selected met the following 

criteria: 1) not dysregulated in the RNA-seq data for the same samples; 2) not clearly 

implicated in traumatic brain injury, blast exposure, or a similar condition; and 3) no 

published evidence that this is an unstable reference gene in human blood. Probes for the 

50 genes of interest and the housekeeping genes were designed and manufactured by 

Nanostring Technologies. Briefly, probes for marker and reference RNAs were 

multiplexed and assayed using the nCounter Digital Analyzer. Samples were randomly 

assigned to plates to avoid run-order bias. In an effort to control for plate-to-plate 

variations and drift, one sample was used as an internal control. We also validated the 

result with 50 genes from each network (100 genes total) using NanoString technology, 

which showed congruent finding with RNA sequencing data.  
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