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Poll Question #1 

• What is your primary role in VA?  
– student, trainee, or fellow 
– clinician 
– researcher 
– manager or policy-maker 
– Other 



-TBI has been common with 10-20% of returning veterans having 
suffered a TBI.  
-Initially most attention focused on moderate to severe TBIs 
recognized in theatre.  

Prominence of TBI in the wars in Iraq and Afghanistan 

“the next time I  
come to, I’m at 
Walter Reed-like 
10 days later” 

NEJM 352: 2043-7, 2005 



-The war in Iraq has lead to the highest number of military related  
severe TBIs since the Vietnam era.  
-However, most TBIs were mild and many not recognized prior  
to discharge.  

2000 – 2011 1st quarter 

Penetrating              3,573 
Severe                      2,235 
Moderate                35,661 
Mild                       163,181 
Not Classifiable       8,092 

Mild TBI 
76.7% 

TOTAL  - All Severity     212,742 

Moderate 
 closed-head 

16.7% 

Source:  Military Health System  U.S. Dept of Defense 
http://www.health.mil/Research/TBI_Numbers/ 

http://www.health.mil/Research/TBI_Numbers/


Diverse mechanisms have caused TBIs but in Iraq and 
Afghanistan blast exposure from improvised explosive devices  
(IEDs) most common  
cause of TBI. 



For BBC Video of shock wave in slow motion see 
http://www.youtube.com/watch?v=XIWeEWCvuyE 



Current Questions 

• What are the effects of low-level blast exposure (i.e. 
mTBI or subclinical blast)? 

• Why is there a relationship  between blast-related 
mTBI and post-traumatic stress disorder (PTSD)? 

• Is there a relationship between low-level blast 
exposure and chronic neurodegenerative diseases? 

• Is blast pathophysiologically different from non-blast 
TBI (e.g. civilian closed head injuries)? 
 



• Why does it matter? 
• >75% of blast-related TBI is mTBI. 
• Improved personal protective equipment mitigated the 

severity of other injuries (e.g. blast lung). 
• Subclinical blast in operational settings such as Iraq 

common. 
• Why is there a controversy? 
• It’s so hard to separate mTBI from post-traumatic stress 

disorder (PTSD) and if they have blast-related mTBI 
they also have PTSD. 
 

What are the effects of low-level blast exposure 
(i.e. mTBI or subclinical blast)? 

 



Distinguishing blast-related mild TBI from post  
traumatic stress disorder (PSTD)  
-One of the striking features of the mTBI cases being  
seen in the current veterans is the high prevalence of  
PTSD seen in association with mTBI 
-Population based studies 30-40% 
-In clinic based populations >90% 



The problem of 
distinguishing 
PTSD from 
mTBI? 
 

+ PTSD  
Re-experiencing 

Avoidance  
Social withdrawal  

Memory gaps 
Apathy 

? Mild 
   TBI 
Residual 

Difficulty with decisions 
Mental slowness 

Concentration 
Headaches 

Dizzy 
Appetite changes 

Fatigue 
Sadness 

Arousal 
  

Sensitive to noise 
  Concentration 

Insomnia 
Irritability 

+ Depression 

Postconcussion: 
headaches, cognitive,  
dizziness, balance 

PTSD: hypervigilance,  
increased arousal,   
flashbacks, avoidance 

Moderate-severe TBIs  
recognizable  
by cognitive deficits (Neuropsych mTBI = PTSD) 



-Distinction more complicated by the newer 
definition of  “mild” TBI. 
-TBI requires an event (some sort of head trauma). 
-Historically concussion = loss of consciousness. 
-Redefined to transient disturbance of neurological function 
 including being “stunned, dazed or confused.” 
-Lower threshold to labeling an “event” as “a TBI.” 



Are we over diagnosing mTBI?  

NEJM 360: 1588-1591, 2009 



“When PTSD and depression were included in the analysis, 
the associations between loss of consciousness and the 
multiple physical  symptoms disappeared, except for two, 
(headache and heart pounding).”  



Subsequent studies 
 
“persistent postconcussive  
symptoms only in those whose  
TBI involved LOC and not in  
the majority of MTBI  
cases as currently defined.”  
 
 
 
“postconcussive symptoms are  
common in returning troops  
and while some may be 
 related to blast exposure, 
 the association is not specific.” 

J. Head Trauma Rehabil 25: 9-14, 2010 

Psychological Medicine 39: 1379-1387, 2009 



“in terms of long-term adverse health  
outcomes in humans there is sufficient  
evidence of a causal relationship to blast only  
for penetrating eye injuries and some  
long-term effects on the genitourinary organ.  
For postconcussion symptoms and persistent  
headaches following blast-related mTBI… 
only sufficient evidence for an association”.  

Institute of Medicine, 2014 



Could it all be PTSD?  



Poll Question #2 

• What is your primary specialty or primary area 
of interest in VA?  
– Primary care 
– Neurology/Neurosurgery 
– Rehabilitation Medicine 
– Mental Health 
– Other 



“greater prevalence of PTSD in burn patients with primary blast injury 
and MTBI than in burn patients injured by other mechanisms”.  

Other studies have suggested that the link may be more than coincidental 

 
 

“significant association between PTSD and head/brain injuries” while PTSD  
was not highly correlated with other injuries.  

J. Trauma 66: S178-S185, 2009 

J. Trauma 67: 1311-1319, 2009 



-Vietnam veterans TBI is associated with more severe PTSD  
(Vanderploeg et al. Arch Phys Med Rehabil 90: 1084-93,  
2009) 
-OIF/OEF veterans, PTSD is more prevalent in veterans  
reporting mTBI, as compared to veterans who suffered  
no injury (Schneiderman et al. Am J Epidemiol 167:  
1446-52, 2008) 



-Relationship between TBI and PTSD-different 
ends of a spectrum with TBI an organic brain 
disease and PTSD a psychologically based 
reaction to a stressor that was not associated with 
physical injury.  
-Suggested that the post-traumatic amnesia 
associated with TBI may protect against PTSD. 
-A neural insult may alter reactions to 
psychological stressors and increase the 
likelihood that PTSD will develop? 
-Could blast damage brain structures that are 
involved in the development of PTSD? 



Liberzon and Sripada, Prog Br Res 167: 151-169, 2008 

Biological Models of PTSD -Functional  
neuroimaging data:  
heightened amygdala  
activity…decreased  
hippocampal and  
orbital frontal 
activity…inadequate 
frontal inhibition  of 
the amygdala…lead 
to exaggerated 
amygdala responses 
to psychological  
threats 



-Service personnel in a war zone inevitably 
have exposure to PTSD stressors independent 
of TBI events, making it hard to sort out.  
 



Courtesy Steve Ahlers and Miklus Chavko 

Shock tube at the Naval Medical Research Center, Silver Spring MD 



Courtesy Dr. Steve Ahlers  
Naval Medical Research Center 
Silver Spring MD 



10.9 psi and 17.4 psi dividing line between  
mild transient disturbances/no pathology  
(= low level blast) vs. overt pathology/polytrauma 



What is a relevant exposure in humans? 
-Blast wave peak overpressure 
-Distance from detonation  
-Environmental factors- explosions within enclosed  
structures or adjacent to walls become amplified by  
shockwave reflection causing greater injury than if  
exposure had occurred in an open space  

Wolf et al. Lancet 374:  
405-415, 2009 



Best controlled data on human blast exposure from breacher studies 

Courtesy of S. Ahlers and the Breacher Consortium 

Maximum  
breacher  
exposure = 
12.9 psi 



-Coincident exposures hard to control for in clinical 
studies. 
In animals: 
-Control over conditions 
-Studies under anesthesia (no psychological stressor) 
-Question: would blast exposure induce PTSD-related 
traits? 



Core features of PTSD grouped into three 
categories: 
-Re-experiencing (flashbacks, nightmares, 
thoughts)  
-Avoidance (crowds, reminders)  
-Hyperarousal (hypervigilance, easy startle) 
 
Associated features: 
Anxiety, mood, cognitive, sleep, somatic 



acoustic startle (hyperarousal) 

Pre = background 
Pulse = acoustic startle (120 dB) 
Prepulse = acoustic startle after  
prepulse (79 dB) 
%PPI = degree to which the  
prepulse dampened the acoustic  
startle 
* indicates p = 0.02  

Increased acoustic 
startle in blast exposed 
rats 



PTSD = prolonged and exaggerated response 
to a threat. 
Are blast exposed rats more responsive to a 
PTSD related stressor? 

Exposure to cat urine-EZM/acoustic startle readouts 



Predator scent protocol: 
-Activity in open field recorded  
for 10 min.  
-10 min exposure to cage  
bedding (standard corn husk)  
well soiled with cat urine (20mL urine in 100mL bedding,  
shaken together in a flask) in an open field.  
-Following exposure, transferred to a clean open field cage 
 and activity was recorded for an additional 40 min. 
-Three days post-exposure: open field activity recorded 
 for 30min 



10 mins 
pre-exposure 

10 mins  
during  
exposure 

post-exposure 

First 10 mins 

Center Time 



Open field three days post predator scent exposure 

First 10 mins 



-Increased acoustic startle 
-Enhanced contextual fear response 
-Reduced extinction of a learned  
fear response. 
-Diminished prepulse inhibition  
-Depression-like behavior in a forced  
swim test 



Blast related injury in a rat model of mTBI: 
-No general histopathology 
-Chronic persistent behavioral changes 
that mimic traits seen in  PTSD 
-Effects seen in anesthetized animals suggesting 
that no psychological stressor is necessary 
-Suggest that blast injury may induce PTSD 
traits without a PTSD stressor and may produce a 
heightened reactivity to PTSD stressors 



Maybe it’s not all PTSD 
rather maybe blast can induce 
a state that looks like PTSD? 
  



Human neuroimaging in blast related TBI 

-Diffusion tensor imaging  
(DTI),  
-Functional MRI (fMRI)  
-Positron emission tomography  
(PET) with fluoro-deoxyglucose. 
-Most imaged mTBI 
-Mostly months to years after injury 
 

Most consistent finding:  
Diffuse axonal injury (DAI) on DTI 



DTI in PTSD? 

-Adult onset PTSD is associated with clusters of both increased  
and decreased FA in various structures 
-Within blast related TBI studies findings do not differ between  
veterans with versus without PTSD suggesting that the abnormalities  
are not related to comorbid PTSD.   



Poll Question #3 

• Does it matter whether we call it PTSD or TBI?  
– Yes 
– No 
– Maybe 



Current Questions 

• What are the effects of low-level blast exposure (i.e. 
mTBI or subclinical blast)? 

• Why is there a relationship  between blast-related 
mTBI and post-traumatic stress disorder (PTSD)? 

• Is there a relationship between low-level blast 
exposure and chronic neurodegenerative diseases? 

• Is blast pathophysiologically different from non-blast 
TBI (e.g. civilian closed head injuries)? 
 



Taber et al. J. Neuropsychiatry  Clin Neurophysiol. 18: 141-145  
(2006) 

Creating a 
blast  
overpressure 
wave 

Followed by a 
blast wind 

Solid or liquid explosive 
converted to 
 a gas 

Propagates at 
supersonic  
speeds 

pressure drops 

reverse blast wind 



The pathophysiology  
of blast induced  
TBI (is it different  
from civilian TBI?) 
-Blast = pressure 
wave 
-Mechanisms in  
closed impact head  
injury (e.g. MVA): 
-Bleeding/contusions  
-Coup/contracoup injury most affecting the fronto-temporal regions and occipital lobes 
-Diffuse axonal injury (DAI) 
-Activation of secondary cascades/oxidative stress/inflammation 
-Similar mechanisms are involved in moderate to severe blast-related TBI but what about 
the primary blast wave and mTBI? 

Taber et al. J. Neuropsychiatry   
Clin Neurophysiol. 18:  
141-145  (2006) 



DeKosky,  Ikonomovic and Gandy NEJM 2010 

Are there chronic 
effects of blast? 

-Single severe TBI 
= AD 
Repetitive mTBI 
= Chronic traumatic 
encephalopathy (CTE) 
-Boxers (dementia  
pugilistica);  NFL football 
players and others 
-CTE has a different 
pathological basis from AD 
-Long-term effects of repetitive  
mTBI common in Iraq and 
Afghanistan? 



Science Translational  
Medicine 4:134ra60 (2012) 



Gandy et al. Molecular Neurodegeneration  9:37, 2014 

CTE like pathology in military case of blast exposure 



Arch Neurol 64: 541 (2007) 

The causal connection between TBI and AD: elevated Aβ? 

-Aβ is elevated 
after TBI 
-Plaques appear  
within hours of 
a severe TBI 



-Aβ is increased after TBI in 
experimental animals  
-Mice that are unable to generate 
Aβ  show less cortical volume loss 
and less impairment 
 in a spatial leaning tasks 
-Administration of a γ-secretase 
inhibitor to wild type mice after 
TBI limits tissue damage and 
normalizes behavior 
 

Loane et al. Nature Medicine, 15: 377 (2009) 



Brain Aβ 42 is decreased following blast  
exposure in rats 

De Gasperi et al. Frontiers Neurology 3:177. 2012.  



Brain Aβ 40 and 42 are decreased 24 hr  
following blast exposure in mice (147 kPa) 

De Gasperi et al. Frontiers Neurology 3:177. 2012.  



  

Goldstein et al. Science Translational Medicine 4:134ra60 (2012) 

Blast related 
 tauopathy? 

Human 

Mouse 



-Compared transcriptome changes between a weight drop model designed to approximate an mTBI or   
mice exposed to a 17.2 kPa (2.5 psi) blast.  
-A common set of up regulated or down regulated RNAs found but most changes were different.  
-Functional pathway analysis showed genes up regulated or down regulated in in Alzheimer's disease  
were regulated in similar directions by nbTBI while the opposite was seen following blast with the  
“Alzheimer's Disease Up” pathway down regulated by blast and the “Alzheimer's Disease Down”  
up regulated by blast.  

Neurobiol Dis 2013, 54:1-11. 



Selective vulnerability of the cerebral  
vasculature to blast? 

Gama Sosa et al.     
Acta Neuropathologica  
Communications  
2014, 2:67  

Control Blast 
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• DePalma RG, Burris DG, Champion HR, Hodgson MJ. Blast injuries. N Engl J 
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• DePalma R, Cross G, Buckley C, Gunnar W. Blast Related Traumatic Brain Injury: 

Pathophysiology, Comorbidities, and Neurobehavioral Outcomes In: Levin H, 
Shum D, Chan R, editors. Understanding Traumatic Brain Injury: Current 
Research and Future Directions Oxford: Oxford University Press (2014). p. 413-29. 

• Elder GA, Mitsis EM, Ahlers ST, Cristian A. Blast-induced mild traumatic brain 
injury. Psychiatr Clin North Am (2010) 33(4):757-81. PubMed PMID: 21093677. 

• Cernak I, Noble-Haeusslein LJ. Traumatic brain injury: an overview of 
pathobiology with emphasis on military populations. J Cereb Blood Flow Metab 
(2010) 30(2):255-66. PubMed PMID: 19809467.  

• Jones E, Fear NT, Wessely S. Shell shock and mild traumatic brain injury: a 
historical review. Am J Psychiatry (2007) 164(11):1641-5. PubMed PMID: 
17974926.  
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130 West Kingsbridge Road 
Bronx, NY 10468 
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