:‘J‘:ﬁ})’\‘\"u’ ( **] N IIIIIIIIIIII
AN S epartment ‘ 'Iil ( E

®FT¥ of Veterans Affairs MIRECC
R N

Chronic Effects of Neurotrauma Consortium € S W fost oerLovment menTaL HEALTH

PTSD, Blast TBI, and Changes to the
Brain Functional Connectome

Jared A. Rowland, Ph.D.
Sarah L. Martindale, Ph.D.



The views, opinions, and/or findings
contained in this presentation are
those of the authors and should not be
construed as an official US Department
of Veterans Affairs or US Department
of Defense position, policy or decision,
unless so designated by other official
documentation

The authors declare no conflicts of
interest



Measurement

e Mid-Atlantic MIRECC Assessment of TBI (MMA-TBI)
e Salisbury Blast Interview (SBI)

e Blast and PTSD affect self-reported symptoms

Post independently
Deployment

e Blast exposure is more relevant than TBI in psychiatric
symptom presentation

Conditions

e Blast TBI results in poorer attention than TBI or blast
alone

e Blast is related to increases in white matter
hyperintensities over time

e Blast is related to lower hippocampal volume

Rowland etal.,2020a; Rowland etal., 2020b; Martindaleetal., 2021a;
Martindaleetal.,2020; Taber etal., 2015; Martindaleetal.,2018; Martindaleetal., 2021b;
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Poll Question

How familiar are you with magnetoencephalography (MEG)?

None — Unaware of MEG

Minimal — Familiar with MEG (e.g., heard of, read about)
Moderate — Have worked with MEG clinically or as part of research
Strong — Work with MEG often

S 0w >



Magnetoencephalography
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Veteran TBI Subnetwork
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PTSD

Connectivity Strength
e U connectivity
Organization and Topology
e ' small-worldness (veterans; MEG)

Functional e | clustering coefficient (veterans; MEG)
C o I clustering coefficient (civilian; fMRI)
Onnec:tome o 1 global efficiency (civilian; fMRI)

in PTSD and

1):]

Connectivity Strength

e I connection strength in DMN and Rich Club
Organization and Topology

e I small-worldness (veterans; MEG)

e M clustering coefficient (veterans; MEG)

e ' modularity (civilian; fMRI)

e | local efficiency in DMN (civilians)

e Hyperconnectivity




Objective

Purpose

Clarify variability in connectivity strength as well
as organization and topology of the functional
connectome in Veterans with PTSD, mild TBI,
and/or blast exposure

Hypotheses
* I Connection strength in TBI
* @ Connection strength in PTSD
* /] Organization in TBI
e @ Organization in PTSD



Method




Study 34, Chronic Effects of Neurotrauma Consortium (CENC)

Inclusion: deployed after 9/11/2001, combat exposure

Exclusion: moderate to severe TBI, major neurologic
disorder, serious mental illness, dementia, current
substance use disorder, psychosis, ferrous metal, electrical
implant, pregnancy, performance or symptom validity
failure

N = 181 (neuroimaging sample)

Measures

Salisbury Blast Interview (SBI)

Mid-Atlantic MIRECC Assessment of TBI (MMA-TBI)
Structured Clinical Interview for DSM-IV (SCID)
Clinician Administered PTSD Scale (CAPS-5)
Magnetoencephalography (MEG)

Rowland etal.,2020a; Rowland etal., 2020b; Firstetal.,1991; Weathersetal., 2013



Sample
Characteristics

Table 1. Descriptive Statistics ol

“Characterizing Variables

Ape
Female, n (%)
Minority. n (%)
Years education
Esumated pre-morbid 10
MNumber of deplovments
Time since deployment (vears)
Deployment TBL n (%)
MNumber of deployment TBI
Time since injury (years)
PT5D diagnosis, n (%)
Time since raumatc event ( years)
Branch of service

Army, n (%)

Marines, n (%)

Mavy, n (%)

Air Force, n (%)

41.6 (10.2)
22 (12%)
Bl (45%)

133 (2.2)

99.4 (12.1)
18 (3.9)
9.4 (3.7)
74 (41%)
0.7 (1.1)

11.00(4.1)
31 (28%)

12.6 (7.7)

128 (71%)
17 (9%)
21 (12%)

15 (B%:)

Values are presented as mean (standard deviation) unless otherwise

indicated.
N=18].

FTSD, post-traumatc stress disorder; TBL, traumatic brain injury; 10,

intelligence quotient.

Rowlandetal., 2021



d) Pressure Change/Gradient

0 none
slightly, noticeable but not uncomfortable
noticeable and uncomfortable
moderately, results in minor pain or alteration in function
resulted in minor injury
strongly, resulted in greater than minor injury

v W

Measures

e Current and Lifetime PTSD Diagnosis were determined
using the CAPS-5 and represented with mutually exclusive
variables.

* Deployment TBI was determined using the MMA-TBI. The
presence of blast related Deployment TBI and the
presence of non-blast related Deployment TBI were used
in analyses.

e Blast Characteristics were evaluated using the Salisbury
Blast Interview (SBI). This included frequency of blast
exposure and severity of blast exposure.

e Covariates: age, sex, minority status and time since
deployment acquired TBI.

Weathers etal.,2018; Rowlandetal., 2020a; Rowland etal., 2020b
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Data Analysis

Initial Model

Age

Sex

Minority Status
Time Since TBI

LEP

Covariates

PTSD

Blast TBI

Non-Blast TBI
PTSD*Blast TBI
PTSD*Non-Blast TBI

Main Effects

Rowlandetal., 2021
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Data Analysis

Initial Model

B wpe

Blast Frequency

d) Pressure Change/Gradient

none

slightly, noticeable but not uncomfortable

noticeable and uncomfortable

moderately, results in minor pain or alteration in function
resulted in minor injury

strongly, resulted in greater than minor injury

=
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« PTSD PTSD
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Data Analysis

Initial Model

B wpe

Blast Frequency

d) Pressure Change/Gradient

none

slightly, noticeable but not uncomfortable

noticeable and uncomfortable

moderately, results in minor pain or alteration in function
resulted in minor injury

strongly, resulted in greater than minor injury

Blast Severity

§ Age Age Age
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Rowlandetal., 2021
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Abstract

Table 3. Parameter Estimates for Connectome Metrics Significantly Predicted by the Model including Blast and Non-Blast
Deployment TBI

Blast PTSD- blast Non-blast PTSD- non-blast Time since

PTSD deployment TBI TBI interaction deployment TBI TBI interaction injury (days)
Modes 0.52% .50 -12.47# .08 -13.03* .02
Average degree -0.02 S LI 0054+ .02 -(.04 (.00
Connection Strength -0.01 028 * 0045 0.01 -0.02 OO0
Minimuwm Threshold -0.15 -A.25% 0.42 .06 -0.04 0. D00
E-Core Degree 0,149 .59 077 .54 .44 .02 *
E-Core Modes -1.54 1.55 -3.72 5.53 -4.04 SHLLHE S
Alpha Connections 6.6 -41.31 -36.33 3485 -128 .50 A.035%
Gamma Connections 05,54 -8.25 54.53 3.03 104.12 0.034#

N=18l.

*Parameter estimate significant at p-<0.035.

Parameter estimates are not standardized. Models presented are significant following false discovery rate correction at p <0035,
FT5D, post-traumatic sress disorder; TBI, raumatic brain injury.
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Alterations in the Topology of Functional Connectomes
Are Associated with Post-Traumatic Stress Disorder
and Blast-Related Mild Traumatic Brain Injury

Table 4. Parameter Estimates for Connectome Metries Signilicantly Predicted by the Model including Blast Exposure
Frequency, Corrected for Multiple Comparisons

Model Deployment PT5D-TEI Blast exposure Frequency-TBI Time since
RA2 TBI PTSD interaction frequency interaction injury (days)

Modes 0.17 -2.58 9.23% -14.39= 0.00 0.00 0.00
K-core Degree (.33 -0.66* 0.1 (.63 (.00 0.00 OO0 *
K-core Nodes 0.13 249 -1.49 -3.63 (.00 0.0 .00 *
Mumber of modules 0.12 -1.61 -2.30 1.83 (.00 0.00 OO0 =*
Theta Connections 0.23 -1.03 21.30 17.01 0.03=* 0.00 (.01
Alpha Connections 0.27 -12.39 62.74 4426 -0.02 0.0 0.032#
Gamma Connections 0.22 446 -95.60 6451 (.00 0.02 0.035%

A=18]. Parameter estimates are not standardized. Models presented are significant following false discovery rate correction at p<{0.03.
*Parametar astimate significant at p-<0.03.
FT5D, post-raumatic stress disorder; TEL traumatic brain injury.

Rowland etal., 2021

Blast Frequency

Introduction

Mild traumatic brain injury (TBI) and post-traumatic
stress disorder (PTSD) are common conditions among
Iraq and Afghanistan veterans.'” Both conditions are
associated with neurological alterations; however, these
alterations present in different ways. PTSD is typically
associated with altered brain structure and function in ste-
reotypical areas (e.g.. hippocampus, amygdala, anterior
cingulate cortex),”® whereas diffuse heterogeneous alter-
ations are more typical in mild TBL.”* Many service mem-
bers also have been exposed to blasts, most of which do

not result in TBL.”'” Emerging literature suggests blast
affects the brain independentdy of PTSD or TBL'""
Graph theory and network analysis offer a robust plat-
form sensitive to the wide array of effects on brain func-
tion associated with these conditions.'?

The human connectome is a model of the structural
connections across the brain. Functional connectivity
represents communication across the connectome based
on statistical dependencies in functional neuroimaging
data.">'® This can be separated into subnetworks' "' such
as the default mode (DMN)'? and salience networks,™

'W. G. (8ill) Hefner VA Healthcare System, Research and Academic Affairs, Salisbury, North Carolina, USA.
2Mid-Atlantic Mental lllness Research Education and Clinical Center, Durham, North Caralina, USA
*Department of Neurobiology and Anatomy, “Department of Neurclogy, *Department of Physiology and Pharmacology, Wake Forest School of Medicine, Winston-Salem,

North Carolina, USA.

“Division of Biomedical Sciences, Edward Via Collge of Osteopathic Medicine, Blacksburg, Virginia, USA

*Address correspondence to: Jared A Rowland, PhD, W. G (Bill) Hefrer VA Healthcare Syster, 1601 Brenner Avenug Saiisbury, NC, USA E-mail: jared rowlandgvagov
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Time since injury is an important consideration
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Discussion

Deployment TBI increases risk for developing PTSD
* Fear learning
e Changes in brain structure

Yurgil etal., 2014; Stein etal., 2015; Glennetal.,2017; Terrio etal.,2009; Rowlandetal., 2020
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e Changes in brain structure
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Abstract

Blast-related mild traumatic brain injury (mTBI) is 2 common injury of the Iraq and Afghanil
Wars. Research has suggested that blast-related mTBI is associated with chrome white matteq
abnormalities, which in turn are associated with impairment in neurocognitive function. Howl
findings are inconsistent as to which domains of cognition are affected by TBI-related white
matter disruption. Recent evidence that white matter abnormalities associated with blast-rela
mTBI are spatially variable raises the possibility that the associated cognitive impairment is
beterogeneous. Thus, the goals of this study were o examine (1) whether mTBI-related whit{
matter abnormalities are associated with overall cognitive status and (2) whether white mattef
sbnormalities provide a mechanism by which mTBI influences cognition. Ninety-six Operati
Enduring Freedom/Operation Iragi Freedom (OEF/OIF) veterans were assigned to one of thif
groups: no-TBL mTBI without loss of consciousness (LOC) (mTBI-LOC), and mTBI wath Jf
(mTBI+LOC). Participants were given a battery of neuropsychological tests that were selecte]
their sensitivity to mTBI. Results showed that number of white matter abnormalities was
associated with the odds of having clinically siznificant cognitive impairment. A mediation
amalysis revealed that mTBI+LOC was indirectly associated with cogmitive impairment throu]
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White Matter Compromise in Veterans
Exposed to Primary Blast Forces

Katherine H. Taber, PhD; Robin A. Hurley, MD: Courtney C. Haswell, MS:
Jared A. Rowland, PhD: Susan D. Hurt, PhD: Cory D. Lamar, MD: Rajendra A. More)

Objective: Use diffusion tensor imaging to investigate white mater alterations associated with blast exposure with
or without acute symptoms of traumatic brain injury (TBI). Participants: Forty-five veterans of the recent military
conflicts ineluded 23 exposed to primary blast without TBI symptoms, 6 having primary blast with mild TBI, and
16 unexposed to blast. Design: Crosssectional case-control study. Main Measures: Neuropsychological testing and
diffusion tensor imaging metrics that quantified the number of voxel clusters with altered fractional anisotropy
(FA) radial diffusivity, and axial diffusivity, regardless of their spatial location. Results: Significantly lower FA and
higher radial diffusivity were observed in veterans exposed to primary blast with and without mild TBI relative
t0 blast-unexposed veterans. Voxel clusters of lower FA were spatially dispersed and heterogeneous across affected
individuals. Conclusion; These results suggest that lack of clear TBI symptoms following primary blast exposure
may not accurately reflect the extent of brain injury. If confirmed, our findings would argue for supplementing
the established approach of making diagnoses based purely on clinical history and observable acute symptoms
with novel neuroimaging-based diagnostic criteria that *look below the surface for pathology. Key words: diffision
tensor imaging (DTI), diffusivity, fractional anisotropy, mild tranmatic brain injery (mTBI), military veterans, primary blast,
subconcusstoe blast exposure, white matier

military conflicts in Traq and Afghanistan, relatively it-
tle is known about the consequences to the brain.!™®
Animal studies and computer modeling indicate that
the blast wave has the potential to induce brain injury
by different mechanism(s) than are present in nonpen-
etrating (closed head) traumatic brain injury (TBI]iuf
more conventional origin, such as impact injury.>>""'
This suggests that secondary injury and recovery pro-
cesses may also differ. Recent studies have also raised
other worrisome possibilities, including subconcussive
effects and induction of chronic traumatic encephalopa-
thy, making study in humans essential.

The severity of TBI is determined primarily by symp-
toms immediately following the event, such as altered
sensorium, loss of consciousness, and presence/duration
of posttraumatic amnesia.!? Most combat-related TBIs
are classified as mild on the basis of symptoms at
the time of injury (eg, dazed/confused/“saw stars,” at
most a short loss of consciousness or a brief period

A LTHOUGH EXPOSURE to explosive forces ema-
nating from bombs and other devices is increasing
among civilians and is common in veterans of recent
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of amnesia). #5810 Most events involve a combination
of primary blast and other forces, often described as
“blast plus” or blast-related TBL?*"# Preliminary evi-
dence suggests that early evolution of blast-related mild
TBI may differ from other injury mechanisms."¢ Dif-
ferences in injury mechanism(s) and/or injury evolution
make it essential to determine the effects in the hu-
man brain of exposure to primary blast. A case series
and 2 case reports support the vulnerability of white
matter (WM) regions to primary blast injury, indicated
by small, spatially dispersed areas of abnormally low
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Preliminary findings of cortical thickness abnormalities

to clinical findings

in blast injured service members and their relationship
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Abstract

Combat military and civilian law enforcement personnel may be exposed to repetitive low-intensity blast event
training and operations. Persons who use explosives 10 gain entry (i.. breach) into buildings are known as *breac]
dynamic entry personnel. Breachers operate under the guidance of established safety protocols, but despite these pred
breachers who are exposed to low-level blast throughout their carcers frequently report performance deficits and symy
healthcare providers. Although litde is known about the eticlogy linking blast exposure to clinical symptoms in

animal studies demonstrate network-level changes in brain funetion. alterations in brain morphology. vascular and
matory changes. hearing loss, and even alterations in gene expression after repeated blast exposure. To explore

similar effects occur in humans, we collected a comprehensive data battery from 20 experienced breachers exposed
throughout their careers and 14 military and law enforcement controls. This battery included neuropsychological asse
blood biomarkers, and magnetic resonance imaging measures, including cortical thickness, diffusion tensor imaging
matter, functional connectivity, and perfusion. To better understand the relationship between repetitive low-le
exposure and behavioral and imaging differences in humans, we analyzed the data using similaritydriven multi-viel
reconstruction (SIMLR). SIMLR is specifically designed for multiple modality statistical integration using dimens|
reduction techniques for studies with high-dimensional, yet sparse, data (ic., low number of subjects and many

subject). We identify significant group effects in these data spanning brain stucture, function, and blood biomark

Keywords: breachers; cortical thickness; diffusion tensor imaging; functional MRI; perfusion imagin;

Introduction efforts has been to assess the effects of repea
exposure in populations, such as military and
forcement “breachers™ who use explosives to gain (breal
© bu

Marine Corps personnel part

Tmmmr BRAIN INIURY (TBD), particularly mild TBL re-
sulting from exposure to improvised explosive devices (IEDs)
may be | sequelse and neuro-
pathology." arch  at Quantico, Virginia
efforts to understand the underlying acute and cumulative injury  exposure o low-intensity blast events and students with
mechanisms of blast exposure. A significant component of these  lower blast exposures were included in the analysis. H

ked 1 long-term post-concus
? These observations have fueled intensive re

Course instructors with extensive|
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Research Letter: Blast Exposure and

Brain Volume

Sarah L. Martindale, PhD); Robert D. Shura, PsyD), ABPP; Ramona Rostami, PhD;
Katherine H. Taber, PhD); Jared A. Rowland, Phl)

TBIL. Resul

Objective: To determine whether blast exposure is associated with brain volume beyond posttraumatic stress disorder
(PTSD) diagnosis and history of traumatic brain injury (TBI). Setting: Veterans Affairs Medical Center. Participants:
One hundred sixty-three Iraq and Afghanistan combat veterans, 86.
posure. Individuals with a history of moderate to severe TBI were excluded. Main Measures: Clinician-Administered
PTSD Scale (CAPS-5), Mid-Atlantic MIRECC Assessment of TBI (MMA-TBI), Salisbury Blast Interview (SBI), and
magnetic resonance imaging, Maximum blast pressure experienced from a blast event represented blast severity.
Methods: Hierarchical regression analysis evaluated effects of maximum pressure experienced from a blast event
on bilateral volume of hippocampus, anterior cingulate cortex, amygdala, orbitofrontal cortex, precuneus, and
insulz. All analyses adjusted for effects of current and lifetime PTSD diagnosis, and a history of deployment mild

Aaximum blast pressure experienced was significantly associated with lower bilateral hippocampal
volume (left: AR2 = 0.032, P = 001; right: AR2 = 0
mild TBI history. Other characeristics of blast exposure (time since most recent exposure, distance from closest
blast, and frequency of blast events) were not associated with evaluated volumes. Conclusion: Exposure t a blast
is independently associated with hippocampal volume beyond PTSD and mild TBI; however, these effects are
small. These results also demonstrate thar blast exposure in and of itself may be less consequential than severity
of the exposure as measured by the pressure gradient. Key words: blast, comeussion, explosion, hippocampus, military,
postiranmatic stress disorder, trawmatic brain injury, veteran

male, and 68.10%

th a history of blast ex-

030, 7 < .001) beyond PTSD diagnosis and deployment

Autbor Affiliations: Mid-Attatic Mental liness Research, Education,
and Clinical Center (MA-MIRECC), Research ¢ Acaderric Affairs
Service Line (Drs Martindale, Shura, Taber, and Rovwland), and Mental
Health & Bebavioral Sciences Service Line (Dr Rostani), W, G. (Bil)
Hefier VA Healtbeare System, Salisbury, North Casolina; Departments of
Physiology > Pharmacology (Dr Martindate), Newroiogy (Dr Shura), and
Neurobiolagy & Anatomy (Dr Rowwland), Wake Forest Schaol of
Medicine, Winston-Salem, North Carolina; Dvision of Biomedical
Sciences, Edkward Via College of Osteopatbic Medicine, Blacksburg,
Virginia (Dr Taber); and Department of Physical Medicine &
Rebabilitation, Baylor College of Medicine, Houston, Texas (Dr Tiber).

This work was supported by grant funding fiom Department of Defense
Chronic Effcts of Neuroirastnia Corsortism (CENC) Award W81XWH-
1320095 and Department of Verans Affairs CENC Award 101
CXOOL135. The authors tbank the vetenans and scruice members who cor-
tribuied e time and effort to this researdh. The atbors also thark Mary
Peopies, David ], Curry, MSW, Christine Sortino, MS. Alana M. Higgins,
MA, and G. Melissa Evans, MA. for their contributions to tbis project,

The vieuws, opinions, and/or findings contained in this arick are those of the

antbors and shoutd ot be constracd as an offcial US Departiment of Veterans

Affairs or US Department of Defonse position, palicy or decision, uness 50

designated by otber official documenation.

Supplemnta dital content s avalale for s anic. Dit URL citation
s in the printed text and is provided in the HTML and PDF versions

of this artcle on the journal's website farure. Seadaumarehad com).

The authars declare no conficts of interest

Comesponding Awtor: Sarab L. Martindale, PED, MA-MIRECC, Re-
scarch € Academic Afairs Service Line, W. G. (Bill) Hefner VA Heallh-
care System, 1601 Brenner Ave (11M), Salishury, NC 28144 (Sarab,
Martindale-Supak@uva,gov).

424

XPOSURE to blast forces is a common experi-
ence that is relatively unique to service members
and is a leading cause of mild traumatic brain injuries
(TBIs) in military personnel deployed to a combat
zone. Although many blast exposures do not result in a
TBI, there is growing evidence that subconcussive blast
exposure has effects on brain structure and function.
Several studies have described alterations to brain vol-
ume in veterans with other common postdeployment
conditions such as posttraumatic stress disorder (PTSD)
and TBI. PTSD is associated with smaller hippecampal,
rostral anterior cingulate cortex, and insula volume.!
Mild TBI has been similarly associated with structural
differences in the anterior cingulate cortex, precunecus,
and hippocampus.2?® The current study extends prior
work to understand the potential role of blast exposure
on brain volume beyond PTSD and mild TBL
Research on the effects of blast exposure in hu-
man subjects is severely limited by measurement of
blast exposure, which is either conducted without a
validated instrument or evaluated within the context
of a TBL The latter limitation precludes determination

DOI: 10.1097/HTR.0000000000000660
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have been demon-
matic brain injured (TBI)
dies examining cortical
Id TBI (mTBI). The pur-
the effects and functional

thickness in a small cohort
S Service Members (SM).
hrough blast injury were

hed 1 SM without

ioral profiles most consistently associated with the spe-
cific ROL In addition, clinical variables were examined as part
of post-hoe analysis of functional relevance. Group compari-
sons controlling for age demonstrated several significant clu:
ters of cortical thinning for the blast injured SM. After mult
ple comparisons correction (False Discovery Rate (FDR)),
two lefth ined (left superior
temporal (STG) and frontal (SFG) gyri). Na clusters were
ly correlated with TSI after FDR correction. Behav-

lusters rem

pants were active duty and
hent. Subjects underwent
ted anatomic images were
e of tools. Cortical thick-
groups and examined for

(TSl). Utilizing a large
ts (BrainMap), signifi

ioral anal; for the STG and SFG clusters demonstrated
three significant behavioral/cognitive sub-domains, each as-
sociated with audition and lang e. Blast injured SMs dem-
onstrated distinet areas of cortical thinning in the STG and
SFG. These areas have been previously shown to be associ-
ated with audition and language. Post-hoc analyses of clinical

used to determine the

er - 1. E Kennedy
Contractor for the Henry
ent of Military Medicine,
(SAMMC),

Center, San Antonio, TX,

records ign abnormal gy reports
for the blast injured SM | suggesting that the thinning in these
ROIs might be related to injury to the external auditory system
rather than direct injury to the brain from the blast. It is clear
that additional replication is needed in much larger cohorts.
Importantly, the combination of imaging tools and methods in
this study successfully demonstrated the potential to define
unique ROIs and functional correlates that can be used to
design future studies

Keywords TBI - Blast Injury - Mild TBI - Cortical thickness
Cognition - Behavior - FreeSurfer - MANGO
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Characterization of Differences in Functional Connectivity
Associated with Close-Range Blast Exposure

Meghan E. Robinson!=? Dustin C. Clark! William P. Milberg®#®
Regina E. McGlinchey?** and David H. Salat™**

Abstract

Despite the prevalence of blast injuries in recent overseas conflicts, knowledge of their impact on neural health is
lacking. We have recently published work demonstrating differences in functional magnetic resonance imaging (fMRI)
connectivity that were specific to close-range blast exposure (CBE), as opposed to other prevalent military-related
factors. Here, we replicate this finding in an independent sample of 135 veterans, again finding that CBE, regardless of
concussion, is predictive of persistent changes in brain physiology. Although there was weak overlap anatomically, in
both samples, the group differences could be described as spreading of anticorrelation. Using the combined sample, we
now seek to identify likely mechanisms that could bring about this effect. We compared participants with (#=116) and
without (n=153) CBE by analyzing two networks through group difference maps and correlation distributions to assess
spatially homogenous and heterogeneous effects. As boundaries between positive and negative correlations in fcMRI
are determined by noise covariates, we compared analyses with and without global signal regression. We found
evidence of widespread altered connectivity that was spatially heterogeneous across participants, and that the role of
global signal regression was network dependent. These findings are not consistent with expected results from damaged
white matter or impaired neural function. Rather, potential biological interpretations include disrupted cerebral blood
flow or impaired neurovascular coupling, which have each been observed in animal models of blast exposure. Further
targeted work will be necessary to distinguish the contribution of each of these mechanisms to producing changes in
brain function associated with CBE.

Keywords: adult brain injury: military injury: MRI

Introduction findings.* Neuroimaging work in humans® 7 has demonstrated that
exposure to blast, even without diagnostic symptoms of concus-
OMBAT-RELATED BLAST EXPOSURES ar¢ common in service  sion, results in measurable changes in the brain, and may even alter
members who served in Afghanistan and Irag; over 50% of  brain aging trajectories.®
soldiers returning from Iraq reported being near two or more im- Our recent work® 1o
provised explosi ices (IEDs), in many cases being exposed o magnetic resonance imaging (feMRI) in veterans of Operations
high energy explosives, now survivable because of advanced ve-  Enduring Freedom, Iragi Freedom, and New Dawn (OEF/OIF/
hicle and body armor.' Hence, the prevalence of survivable blast-  OND) reporting exposure to blast, regardless of whether the blast
related injuries is unprecedented: therefore, it is not surprising that ~ was associated with concussion. Specifically, we found that in the
there are critical gaps in knowledge regarding the neurobiological  groupreporting close-range blast exposures (CBE) (self-reported to
consequences of exposure to these blasts. Animal and human re-  be within 100m), areas of anticarrelation negative correlation)
search suggests that blast exposure is associated with a number of  to the default mode network (DMN) extended into the somatomotor
pathological chang tissue. In animal models, primary  cortex, unlike the no-CBE group. Critically, changes in feMRI were
blast exposure, without m.uxppunying blunt trauma, is associated  specific to CBE, and were not dependent on associated concussion

with aliered gene expression,” brain chemistry,” and neuroimaging  symptoms; that is: feMRI alterations for veterans with CBE were

led differences in functional connecti

n brai
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Close-Range Blast Exposure is Associated With
Altered Functional Connectivity in Veterans
Independent of Concussion Symptoms
at Time of Exposure

Meghan E. Robinson,'?* Emily R. Lindemer,'?

Jennifer R. Fonda,” William P. Milberg,™**
Regina E. McGlinchey,”** and David H. Salat'**
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* *

Abstract: Although there is emerging data on the effects of blast-related concussion (or mTBI) on cog-
nition, the effects of blast exposure itself on the brain have only recently been explored. Toward this
end, we examine functional conne ¢ to the posterior cingulate cortex, a primary region within the
default mode network (DMN), in a cohort of 134 Iraq and Afghanistan Veterans characterized for a
range of common military-associated comorbidities. Exposure to a blast at close range (<10 meters)
was associated with decreased connectivity of bilateral primary somatosensory and motor cortices, and
these changes were not different from those seen in participants with blast-related mTBI. These results
remained significant when clinical factors such as sleep quality, chronic pain, or post traumatic stress
disorder were included in the statistical model. In contrast, differences in functional connectivity based
on concussion history and blast exposures at greater distances were not apparent. Despite the limita-
tions of a study of this nature (eg., assessments long removed from injury, self-reported blast history),
these data demonstrate that blast exposure per se, which is prevalent among those who served in Iraq
and Afghanistan, may be an important consideration Veterans' health. Tt further offers a clinical
guideline for determining which blasts (namely, those within 10 meters) are likely to lead to long-term
health concerns and may be more accurate than using concussion symptoms alone. Hum Brain Mapp
36:911-922, 2015. Published 2014, This article is a 1S, Government work and is in the public domain in the USA.
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ABSTRACT

Keywords:

Postranmatic seress
Depression
Neursbehavioral symptoms
Sleep

Quality of life

Traumatic brain injury

Blast exposure ic common ameng cervice members, but the chronic prychiatric effects associated with blast
exposure are not well-characterized independent of a resulting mild traumatic brain injury (TBI). This analysic
evaluated whether blast exposure severity was independently associated with or exacerbated symptom report
beyond posttraumatic stress dizorder (PTSD) and mild TBL Participants were Iraq and Afghanistan combat
veterans (N'= 275; 86.55% male], 71.27% with history of blast exposure, 29 2% current diagnosis of PTSD, and
45.459% with mild TBL. All participants completed diagnostic interviews for PTSD, lifetime TBI, and lifetime blast
exposure. Selfireported peychiatric and health outcomes included posttraumatic stress cymptoms, depressive
symptoms, neurcbehavioral symptoms, sleep quality, pain interference, and quality of life. Blast severity waz
ascociated with PTSD (E = 2.00), depresive (E = 0.76), and nevrobehavioral (B = 1.69) symptoms beyond PTSD
diagnosi and mild TBI history. Further, blast severity accounted entirely (L., indirect/mediation effect) for the

between TBI and stress (B — 1.62), depressive (B — 0.61), and neurobehavioral (B —
1.38) symptoms. No interaction effects were present. Exposure to blast is an independent factor influencing
peychiatric symptoms in veterans beyond PTSD and mild TBI. Results highlight that blact exposure severity may
be a more relevant rick factor than deployment mild TBI in combat veterans and should be considered in the
ctiology of peychiatric symptom presentation and complaints. Further, severity of peychological distress due to

the combat may be an expl h by which blast exposure mediates the

Jquestions remain unanswered about the longitudinal impact of blast-plus-impact complex traumatic brain
from wars in Iraq and Afghanistan. This prospective, observational study investigated measures of clinical

IS military personnel evacuated to Landsthl Regi
oncussive TBIs. Glasgow Qutcome Scale-Extende]
erate overall disability in 41/47 (87%) blast-plus TH
8) of demographically similar US military contr
ction assessed with a neuropsychological test battery
rmance of both groups was generally in the normal
ver, 2947 (57%) of blast-plus subjects with TBI ny
8%) of controls ( p=0.014). PTSD was highly assos
patients who did not meet full PTSD criteria had m|
bre also more severe in the TBI group (p=005)
[hus, in summary, high rates of PTSD and depressi
pbserved 6—12 months after concussive blast-plus-in]
ypically reported in civilian non-blast concussive (
petween these clinical outcomes and specific blast-|
remains unknown.
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Relation of Repeated Low-Level Blast
Exposure With Symptomology Similar

to Concussion

Walter Carr, PhD: Elena Polejacva, BS; Anna Grome, MS: Beth Crandall, BA;
Christina LaValle, MS: Stephanie E. Eonta. BS, BA: Lee Ann Young, MA

Obj

ctive: To investigate anecdotal reports suggesting that repeated exposure to low-level Explosl\e hl.m has myriad
health impacts, including an array of neurological effects. P

: Atotal of 184

Pl

con
TED TRAUMATIC BRAIN DOURY (TBI) has been a  afie
ccurrence in US military personnel during the wars  eral

from military and nonmilitary law enforcement populations (135 exposed to occupational hlnst and 49 controls).
Design: Survey of self-reported history of occupational exposure to repeated low-level blast (breaching blast) and
symptemology similar to concussion. Results: Findings suggest that number and severity of symptoms increase
with history of chronic blast exposure (F= 18.26, P < .001) and that symptoms can interfere with daily activity (t =
2.60, P = 010). Conclusion: Given the prevalence of repeated exposure to blast among some military and civilian
law enforcement occupations, the results of this survey study support a role for blast surveillance programs as well
as continued research on health impacts of low-level repeated blast exposure. Key words: blast, concussion, military,

jhanistan. Based on the Defense and Veterans Brain - tary
ebsite, there have been 266,810 physician diag-  haws
m 2000-2012, of which approximately 80% hay
d as concussive or “mild” (hitp-fwww.dvhicorg  aced
fnumbers-thi). The RAND report surv i
rs could be substantially higher if the self-report  lar;
hre accurate. Based on a survey of US Amy soldiers  clin
approximately 75% of concussive (mild) TBIS are 1

oute

survey, symploms

RAUMATIC BRAIN INJURY (TBI) remains a

principal concern in recent conflicts."”> Within
a sample of these injuries, 78% were from explosive
mechanisms,® with as many as 88% of military person-
nel treated at a medical unit in Iraq because of injury
from an improvised explosive device (IED) or mortar.**
Tmunmtl( brain injury associated with blast is not a new

between mild TBI and symptom outcome:.

1. Introduction

Exposure to blast and explosive events is common for military service

propose empirical definitions of blast exposure and comprehensively
evaluate experience of blast events ourside of mild TBI (Belding et al.,
202123 Rowland et al. 20205). Because of this, it is unclear what effects

University School of Medicine, St Louis, Missouri

gional Medical Center. Landstuhl. Germany

ss: US Air Force Center for Sustainment of Trauma and Read
ore, Maryland.

ss: Cape Fear Valley Medical Center, Fayetteville, North Carol

889

members during training and deployment. However, relatively little is
known about how exposure to these events affects symptom presenta-
tion, particularly outside the context of mild rraumatic brain injury (TBI)

Belding et al., 202]a). This is in part due to lack of an agreed-upon
definition of what constitutes the state of having been blasr exposed.
Though physical injury characteristics of blast exposure are well defined
(i.e., primary, secondary, tertiary, quaternary), many blasts that service
members experience deo not result in injuries thac fall within these cat-
egories. In addition, exposure to a blast or explosive event does not al-
‘ways result in symptoms congruent with a mild TBI al., 20163
ad etal., 2020; Taber et al., 2015). Recent work has just begun 1o

E-mail address: Sa.

+ (5.1 Martindalc).

10.1016/,

exposure to a blast may have on behavioral health outcomes indepen-
dent from mild TBI, and what characteristics of blast exposure are

associated with psychiarric (e.g., PTSD, depression, neurobehavioral)
and health (., slecp. pain) eymptoms as well as overall quality of life.
The majority of our fo of health

effects of blast exposure is within the context of blast as a TBI mecha-
nism (Belding et al., 2021b; Greer et al, 2016, 2018; Mae Donald et al.

2017). Specifically, a significant portion of human research on blast
exposure evaluates consequences of primary blast mild TBI (i.e., mild
TBI resulting from blast exposure without contributien of non-blast
forces), compared to non-blast mild TBI (i.e., blunt mild TBI) (Belding
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in the scope of warfare; however, blast-
rel.l(ed TBI has become relatively more common for
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military medicine as protective gear, and treatment of
other injuries has improved and as blast has become
a primary weapon for adversaries in asymmetric war-
fare. In comparison with TBI from non-blast-related
causes, blast waves present risk for diffuse injury to the
brain rather than an isolated injury.® Several studies
have examined the effects of blast- rel.ued  head injury
in comparison with blunt head trauma.®’ The study
presented here examines effects of blast d'm ‘may be oc-
curring beneath the threshold for entry into the medical
system.

Injuries caused by blast are classified into 4 categories:
primary blast injury occurs when the injury is caused by
the high-force blast waves themselves, and secondary,
tertiary, and quaternary blast injuries occur when the
mechanical aftermath of the explosion causes the injury
(eg, being hit by debris, being forcefully moved by blast,
or being crushed by collapsing object). In a combat
setting, secondary, tertiary, and quaternary blast injuries
can be expected to co-occur with cases of primary blast
injury, obscuring the attribution of effects to any sin-
gle category of blast injury. Also, when injury associated
with blast is presented in [hs military medical system,
it is typically polytrauma® As with co-occurring cate-
gories of blast injury, polytrauma has made it difficult
for studies to focus solely on TBL.

Professions that make regular use of explosive breach-
ing present a unique opportunity to study effects of blast
exposure without co-occurring injury. Breachers are mil-
itary and civilian law enforcement tactical personnel
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on brain volume beyond PTSD and mild TBI

Research on the effects of blast exposure in hu-
man subjects is severely limited by measurement of
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validated instrument or evaluated within the context
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Blast is important to consider

e Unique effects across multiple domains
e Clarify when and how

Biomarkers of Blast

Future Directions nctional Neuroimaging shows changes

& ow is everything connected?

e Implicatiohs

e since injury changes presentation
e Acute versus chronic
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