AD

Award Number: W81XWH-08-2-0082

TITLE: A blast model of traumatic brain injury in swine

PRINCIPAL INVESTIGATOR: Samuel Scott Panter, Ph.D.

CONTRACTING ORGANIZATION: Northern California Institute for Research and
Education
San Francisco, CA 94123

REPORT DATE: May 2009

TYPE OF REPORT: Annual

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are those of the author(s) and
should not be construed as an official Department of the Army position, policy or decision
unless so designated by other documentation.


Yvonne.Zagadou
Typewritten Text

Yvonne.Zagadou
Typewritten Text


Form Approved
REPORT DOCUMENTATION PAGE OMB No. 0704-0188

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

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY] |2. REPORT TYPE 3. DATES COVERED (From - To)
14-05-2009 Annual 04-15-20080 04-14-2009
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
A blastmodelof traumaticbraininjury in swine W81XWH-08-2-0082
5b. GRANT NUMBER
PT073195

5c. PROGRAM ELEMENT NUMBER

6. AUTHORI(S) 5d. PROJECT NUMBER
SamuelScottPanterPh.D.; Email: sspanter@hotmail.com

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
. . . . REPORT NUMBER

NorthernCalifornialnstitutefor ResearclandEducation

SFVAH, 151-N

4150ClementSt., SanFranciscoCA 94123

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)

U.S.Army MedicalResearclandMateriel Command

504 ScottSt.

FortDetrick, MD 21702-5012 11. SPONSOR/MONITOR'S REPORT

NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approvedfor publicreleasedistributionunlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Althoughblast-inducedraumaticbraininjury (BI-TBI) is asignificantcauseof morbidity andbehavioradysfunctionin warfighters
returningfrom Iraq, laboratorymodelsarenot currentlyavailableto studythe mechanismsinderlyingthis critical injury anddevelop
newtherapiego treatsurvivors.Many TBI modelsareperformedn rodentsanddatafrom thesemodelshavebeenusedasa basis
for severadisappointing®hasdll clinical trialsin humanswith TBI. Thefailure of thesetrials may,in part,be dueto differences
betweertherodentandhuman(or pig) brain. Thedevelopmenobf alarge-animamodelof BI-TBI will revolutionizethe studyof
this pressingclinical problemandrapidly facilitate the developmenof noveltherapiego treatinjured military personnel.Therefore,
the purposeof the experimentproposeds to developa survivalmodelof BI-TBI in swine.

15. SUBJECT TERMS
TraumaticBrain Injury, Swine,Blast,Model Development

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF |18. NUMBER |19a. NAME OF RESPONSIBLE PERSON
a. REPORT |b. ABSTRACT | c. THIS PAGE ABSTRACT SKGES USAMRMC
U U 9] 19b. TELEPHONE NUMBER (include area code)
7

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


Yvonne.Zagadou
Typewritten Text


Table of Contents

043V - T -

Standard Fofm 4 - J P

Table of Contents

.............................................................................

RN H o LT Lk 1o ] o 1O

References

......................................................................................

.......................................................................................

APPENAICES...iuuiniiniiii i e



Annual Report for project W81 XWH-08-2-0082
A blast model of traumatic brain injury in swine.

INTRODUCTION:
Task 1— Write protocols: March-April 2008.

Submit protocol to IACUC: local ISCUC approval received on 3/20/08.

Submit protocols to DOD: late March 2008; approval expected by May 2008.
Protocol has been written, submitted, approved, and renewed 1 June 2009. The VA
protocol (ACORP) has not yet been reconciled with the ACURO.

Task 2— Calibration of the air cannon will take place in April-May 2008.

Two airguns were manufactured. The first is smaller with a 40 inch barrel with an internal
diameter of one inch. The compression chamber, which can be inflated up to 100 psi, is
26 inches in length and has an outer diameter of 4 inches. The larger gun has a barrel
54.25 inches in length with an inside diameter of 2.5 inches. The compression chamber is
4 inches in outside diameter with a length of 36 inches. An abstract and data from airgun

calibration experiments, submitted to the Military Health Research Forum, are presented
below.

BODY:

The Walter Reed Army Ingtitute of Research recently published a preprint of experiments
performed at an undisclosed location. The used Y orkshire swine and had three model s of
blast injury, all using actual explosives (1.0 kg TNT). | will attach a.pdf of their preprint
as an appendix. Their blast tube produced a mild traumatic brain injury manifested by
histological changes in the brain and a minor disturbance in normal walking gait. In
contrast to our airguns, their blast tube was 70 feet long and 6 feet in diameter. Recent
consultations with Dr. David F. Moore (Deputy Director for Research, DVBIC, Lead
Scientist, DVBIC/DCoE - AFIP Laboratory of Traumatic Brain Injury, TBI Scientific
Advisor, Defense Center of Excellence for Psychological Health and Traumatic Brain
Injury) and Dr. Tamara Crowder at the DoD sponsored meeting on mild traumatic brain
injury have led to new insights on positioning of the animals and determining the airgun’s
“sweet spot”.

REPORTABLE OUTCOMES AND KEY ACCOMPLISHMENTS:
ABSTRACT AND DATA FROM AIRGUN CALIBRATION EXPERIMENTS,
SUBMITTED TO THE MILITARY HEALTH RESEARCH FORUM

Blast-Induced Traumatic Brain Injury
Moody, Erin; Wilke, Harland; Coppes, Valerie; Venugopal, Sandya; Panter, S Scott. San
Francisco VA Medical Center.

The objective of this study was to develop a technique to help quantify brain trauma
resulting from an intense explosive blast in animal models. This study is relative and
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applicable to current military personnel in Afghanistan and Iraq facing traumatic head
injuries from improvised explosive devices (IED). This study, along with improvements
in protective body armor, will help decrease the mortality rate and long term brain
injuries in US military. In order to achieve the objective, two air blast guns, using PVC
piping, were constructed, each having different lengths, air chamber volumes, barrel
diameters and both designed to hold up to 100 psi of pressurized air. With these air guns
we produced a small scale blast to induce traumatic brain injury (TBI) in test rats. Using
a digital chronometer and small pellets, we measured the air velocity over a series of
controlled pressures in the air chambers. To characterize the guns and determine the
velocity range, each gun underwent two (2) sets of 10 round firings at 60, 70, 80, 90, and
100 air chamber psi at a distance of one foot. The test results of round one show the small
and large guns produced an average force (in Newtons (N)) of 73.9 N (x 4.67) and 499.8
N (+ 63.02) , respectively, using 60 psi; 88.6 N (x 6.69) and 573.2 N (£26.14) at 70 psi:
109.7 N (x 3.37) and 656.3 N (£ 36.24) at 80 psi: 123.2 N (£ 7.76) and 733.7 N (z
39.45) at 90 psi and 137.1 N (£ 4.63) and 817.2 N (£54.37) at 100 psi. (See Figure 1).
The test results were then recorded for the second round test firing. The test results for
round 2 show the small and large gun measured an average of 75.1 N (£ 2.78) and 491.1
N (£ 26.67); under 60 psi respectively ; 91.7 N (£ 6.23) and 577.5 N (+ 48.10) at 70
psi; 105.0 N (x 3.29) and 672.1 N (£ 42.47) at 80 psi ; 116.N (£ 6.99) and 736.1 N (=
49.32) at 90 psi and 133.4 N (£ 5.63) and 792 N (z 43.46) at 100 psi (See Figure 2). In
conclusion, Figure 3 shows the test ranges for round 2 are very similar to round 1 for the
smaller air gun but slightly differ when comparing the large air gun. This difference
could be due to operator error or test area conditions, but the ranges still fall within the
standard deviation. This data shows linear and reproducible results that quantify known
air velocities through the use of air blast guns. This application could help develop
further research in swine models. To work with comparative velocities produced by an
IED, a larger facility is needed to produce larger air blasts. These air gun velocities also
indicate a need for more advanced equipment to simulate a blast in a similar way it is
delivered in combat. While this study is at an early stage, it can provide a stepping stone
to help in the early treatment of traumatic head injuries as well as possible improvements
in military body armor.
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Figure 1- The mean velocity ranges in the small and large gun after the first round of
testing.

Gun Force Means (N) Round 2
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Figure 2- The mean velocity ranges in the small and large fun after the first round of
testing.
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Figure 3- Comparison of the mean ranges between the two rounds between the small and
large guns.

CONCLUSIONS:

I recently attended a meeting entitled “Non-Impact, Blast-Induced Mild Traumatic Brain
Injury” (held May 12-14, 2009 in Washington, DC) and a second meeting entitled “The
Brain at War” (28 May at the San Francisco VAH), and my conclusion from both of
these meetings, the WRAIR manuscript, and our own preliminary data is that humans are
much more sensitive to blast-induced mild traumatic brain injury (TBI). Another
conclusion is that isolated blast TBI probably does not exist. Following blast exposure,
the patient will most likely suffer a secondary impact injury, perhaps with the ground,
rocks, metal, concrete, or wood. In addition, Dr. (COL) Charles Hoge (WRAIR) has
published convincing data showing that mild TBI is probably indistinguishable from
persistent post-concussive symptoms, or even post-traumatic stress disorder, both of
which are difficult to discern in animals. The next task is to reconcile the ACORP with
the ACURO

REFERENCES:
None.

APPENDICES;
Please find attached the report from scientists at WRAIR.

SUPPORTING DATA:
Embeded
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