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Presentation Guidance

This presentation is best reviewed with a copy of the Concussion Management in Deployed
Settings and Military Acute Concussion Evaluation (MACE) pocket cards in hand

Clinical Algorithms

e Department of Defense (DoD)
policy includes four

concussion management
clinical algorithms

— Combat Medic/Corpsman

— Initial Provider

— Comprehensive Concussion

— Recurrent Concussion

Clinical algorithms were
updated in 2012. Current

version is 4.0.

Mild TBI is also known as
Concussion

e “Mild” does not refer to
the symptoms, but rather

the injury severity

e Concussion is the
preferred term when
discussing this diagnosis

with service members and
their family
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Identifying Concussion

e Per DoD definition, a concussion occurs when two conditions
are met:

— An injury event

AND at least one of the following

— An alteration of consciousness (AOC) lasting < 24 hours
— Aloss of consciousness (LOC) lasting < 30 minutes

— Post-traumatic amnesia (PTA) caused by the injury event lasting < 24 hours

o MACE questions 1 and 2 help obtain the above information

Army Worldwide TBI Cases
Garrison and Deployed 2000-2014(Q2)
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The vast majority of TBIs occur in the garrison setting. Therefore, TBI will remain a military

concern long after 2014 Afghanistan troop withdrawal

Potentially Concussive Events
Requiring Evaluation

e Exposure to the following events mandates prompt command and medical
concussion evaluation, event reporting and a 24-hour rest period

Involvement in a vehicle blast event,
collision, or rollover

Presence within 50 meters of a blast (inside
or outside)

A direct blow to the head or witnessed loss of
consciousness

Exposure to more than one blast event (the
service member’ s commander shall direct a
medical evaluation)
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Impact of Concussion ‘

e Concussion symptoms may decrease a Soldier’ s effectiveness and
ability to do his/her job and negatively impact the Soldier’ s unit

Common concussion As aresult, Soldiers
symptoms: may exper g

+ Headache « Difficulty sleeping at night
« Sleep disturbance « Decreased energy and alertness
« Fatigue * Reduced work performance
+ Dizziness/Balance problems « Trouble multi-tasking
« Visual disturbance/Light sensitivity « Easily distracted
+ Ringing in ears « Difficulty processing multiple sources of
« Slowed thinking information
« Difficulty finding words * Interpersonal problems
* Poor concentration
+ Memory problems
+ Anxiety/Depression
« Irritability/Mood swings
; <

Version 3.0 (August 2014) UNCLASSIFIED

IED HEADS Checklist \

Injury Physical damage to the body or body part of a (Yes/No)

service member?

Evaluation H - Headaches and/or vomiting? (Yes/No)
E — Ear ringing? (Yes/No)
A - Amnesia, altered consciousness, and/or loss of  (Yes/No)
consciousness? (Yes/No)
D — Double vision and/or dizziness? (Yes/No)

S — Something feels wrong or is not right?

Distance  Was the service member within 50 meters of the (Yes/No)
blast? Record the distance from the blast. N/A

SRR i Theator

N 4

Battalion Aid Station Concussion Care Center Concussion Specialty
(BAS) (cce) Care Center
(csce)

i o i
| up 048 hrs;
R

Level lll

*+ Medic/corpsman + Occupational

+ OT, physical therapist
+ Unit physician therapist (OT) FT)
* MACE Screening + OT Tech * Neurologist

- Level Il physician + Neuropsychologist

* Sports Medicine

+ Cognitive testing

* Imaging (CT)
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Concussion Management:
24-hour Recovery

o Minimum 24-hr mandatory recovery =~ Fmmm——"
period

® 24-hr clock starts at time of injury and
not from time of evaluation

e Sports and activities with risk of repeat
concussion are prohibited until
service member is medically cleared

e Commanders may waive the
mandatory recovery period but must
document in BECIR

Concussion Management:
Primary Care Management

e Goal of Primary Care Management (PCM):
Optimize recovery

— Restful environment & quality sleep PCM Management !

— Headache, sleep & pain management Re-ovaluate dally up lo7 days

— Duty restriction implementation, if necessary
e Re-evaluate daily up to seven days

e If PCM is not effective, seek specialty
consultation (e.g., Theater
Neurology Consultant or
Role Ill facility)

Primary Care Manageme
o concussion educas

Important Information to be
Documented

o Detailed Description of Event
o MACE score

e Number of concussions in the past 12 months (3 or more
mandate a recurrent concussion evaluation)

e Symptoms
e Sleep quality

e Results of any screenings
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MACE Guidance

e The MACE is a standardized concussion
interview and assessment tool

e Consistent administration of the MACE in
the proper sequence is crucial to obtain
accurate results.

o MACE should always be used in
conjunction with clinical judgment

e Mean score in NON-concussed individuals
is 28, so a score <30 does not necessarily
imply a concussion has occurred

— Sleep deprivation, medication, anxiety, pain
may affect the cognitive score

NeuroCognitive Assessment Tool
NCAT

e Consider post-injury NeuroCognitive
Assessment Tool (NCAT) prior to RTD

— Multiple concussions
— Persistent symptoms after 48 hrs

o ANAM NCAT available at level Il and
level Il Concussion Care Center

e Serial testing may be performed to
evaluate a service members progress

) DCoE NeuroCoghnitive Assessment Toel (NCAT) Recommendation:
Current DoD policy is that all service members must be tested with a neurocognitive assessment
tool (NCAT) prior to deployment. Among several tests that are available, the DoD has selected
the Automated Neuropsychological Assessment Metrics (ANAM) as the NCAT to use for both
pre-deployment baseline testing and for post-concussion assessment in theater. Detailed
instructions for administering a post-injury ANAM are provided at www.DVBIC.org.

Comprehensive Management ‘

e Service members with persistent symptoms or who
require neuroimaging are referred for comprehensive
concussion management

e Upon arrival to referred facility:

— Corroborate concussion diagnosis

— Review records

— Perform a comprehensive exam « Confm concussion disghosis
 Review records

e If positive findings or CT indications exist - as seen |+ Pertorm comprehensive exam
on card S3 (superscript K) - perform CT scan \

% CT Indications:* | Crindeations® —
1. Physical evidence of trauma above 5. Age > 60 present?

the clavicles 6. Drug or alcohol intoxication —J,
2. Seizures 7. Coagulopathy |
3. Vomiting 8. Focal neurologic deficits -
4, Headache

* Haydel M), Preston CA, Mills ), LuberS, Blaudeau E. DeBlieu P, Indications for computed tomography
in patients with minor head injury, N EnglJ Med. 2060 Jul 13343(2):100-5.
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Neuroimaging Not Indicated ‘

e If CT indications are not present,

proceed with symptom assessment |  CTindiations®

o |f symptoms are present:
— Review acute concussion
educational brochure
— Treat symptoms
— Consider specialty referral - may

include neurology, ENT, OT, PT,
vision, etc.

— Re-evaluate every 48 hours
(minimum) for up to 30 days if
improving

— Consider NCAT testing

present?

Symptoms*
present?

| Yes

* Review acute concussion educational brochure ©
with service member if not done previously
+ Treat symptoms
 Specialty raferral as indicated (cambat stress team,
neurology, ENT, OT, PT,vision, balance, etc)
* Ro-ovauataataast evay 48houts upto 30 daysif
care

team)
+ Consider NCAT per DCoE clinical recommendation !

Concussion Care Center ‘

Level Il

«Utilize MACE and other
screenings

*No Neurologist,
psychologist, TBI dedicated
physician

*OT/tech available

*Works closely with medical
company (C-MED)
Trained Doc and PA at C-
MED on mTBI care

«Teletraining provided to
outlying outposts
«Line leaders/units more
directly available

Level Il

«Utilize MACE and other
screenings
*OT/PT/neurologist,
behavioral health available
*Works closely with Role 11l
staff

*Trained providers and
medics at Regional
Command

«Teletraining provided to
outlying outposts

«Line leaders/units conferred
with via phone/email

What Activities HELP Recovery? ‘

nitive
(i.e. “Thinking”)

* Maximize downtime or
rest during the day

* Adequate sleep at night

- L

Physical

* Keep the heart rate low
— Stay out of the heat
— Limited physical activity

Soldiers may respond differently to physical and cognitive rest
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What Activities HURT Recovery? ‘

Avoid these Cognitive
(i.e.“Thinking”) Activities

* Mental exertion
— Writing reports
— Activities requiring intense
concentration
— Playing video games
¢ Inadequate sleep
— Caffeine or “energy
enhancers” that prevent
proper sleep
— Irregular sleep schedule

Avoid these
Physical Activiti

* Exertion

— Working

— Heavy lifting
— Exercising
— Sports

— Combatives

L

Soldiers must prevent another concussion while the brain

Concussion Care Centers

Assessment

Exertional Testing & Functional ‘

strenuous activity

stop testing

F Exertional Testing:

e Perform exertional testing only if the .
service member is ASYMPTOMATIC " o

1. Exert to 65-85% of target heart rate (THR=220-age) using push-ups, sit-ups, running in place,
step aerobic, stationary bike, treadmill and/or hand crank
2. Maintain this level of exertion for approximately 2 minutes

3. Assess for symptoms (| , vertigo, ph
changes, etc.)

—» Perform exertional
testing "

e Exertional testing assesses whether
or not symptoms recur during or after —  Symptoms"

return?
®,

* Consider functional assessment -
* Consider NCAT per DCoE clinical
recommendation

e |f symptoms recur during exertion,

balance, dizziness, nausea, visual

4. If symptoms/red flags exist with exertional testing, stop testing, and consult with provider
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Concussion Management:
Exertional Testing

o Perform exertional testing only if the service
member is asymptomatic

o Exertional testing assesses whether or not
the service member remains asymptomatic et in et FEte
during strenuous activity perform exertional testing ¥

o While performing exertional testing:

— Maintain heart rate for approximately 2 minutes at
65-85% of target heart rate (THR= 220 minus age)

— Assess for symptoms after testing

F Exertional Testing: @
1. Exert to 65-85% of target heart rate (THR=220-age) using push-ups, sit-ups, running in place,
step aerobic, stationary bike, treadmill and/or hand crank
2. Maintain this level of exertion for approximately 2 minutes

3. Assess for symptoms (headache, vertigo, photophobia, balance, dizziness, nausea, visual
changes, etc.)

4.1f symptoms/red flags exist with exertional testing, stop testing, and consult with provider

Exertional Testing & Functional

Assessment ‘

o If asymptomatic after exertional } " 2
testing, consider functional @ e
assessment and NCAT testing

- Symptoms"
return?

©,

+ Consider functional assessment -
+ Consider NCAT per DCoE clinical
recommendation !

L Functional Assessment:

Assess the service member's performance of military-relevant activities that simulate the

multi-system demands of duty in a functional context. Selected assessment activities should
challenge specific ilitie iated with mTBI including cognitive (such as

executive function), sensorimotor (such as balance and gaze stability), and physical endurance.

Rehabilitation providers should not only evaluate the service member's performance but also
monitor symptoms before, during and after

Cumulative Concussion

e Cumulative concussions will influence length of downtime

N S e
LSS - RTD delayed 24-hrs from
concussion within = e
past 12 months time of injury

» If st concussion in past 12 months,

+ If 2nd concussion in the past 12 months,

documented + RTD delayed 7 days
c?'ncussiolr;sz following symptom
within past i

Fhonihe resolution

mandatory 24-hour recovery period
2 or more >

EL e e © RTD delayed until
(RSO  concussion evaluation
past 12 months has been completed

mandatory 7-day recovery period following
symptom resolution before RTD

+ If 3rd concussion in the past 12 months,
refer for recurrent concussion evaluation”
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Concussion Treatment & Recovery

e The majority of Soldiers can expect a full
recovery Wlth Symptoms reSO|V|ng Wlthln Acute Concussion (mTBI)
hours to days Educational Brachure

o Full recovery is expected with multiple
concussions. However, recovery may
take longer

e Cornerstones of recovery:

— Patient education: emphasize
recovery

— Physical & mental rest
— Treat symptoms (i.e., headaches)

Order at info@dvbic.org

Protecting Our Strongest Weapon:
Our Warriors

Clinical algorithms contribute to mission accomplishment

e Algorithms standardize care and facilitate early diagnosis and
treatment from point of injury through RTD

e Education and rest facilitate recovery

e Recovery periods and recurrent concussion protocols promote
healing while protecting from further injury

e Proper documentation of the injury
event and medical care improves
care of the service member
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Objectives

1) Indications for Head CT in Mild TBI
2) Prognostic Utility of Conventional MRI

3) Advanced Imaging Techniques
a) Susceptibility-weighted Imaging (SWI)
b) Diffusion Tensor Imaging (DTI)
c) Resting-state Functional MRI (rs-fMRI)

4) Implications for Military & Civilian Practice
a) Return to battle and sports
b) Differentiation of Post-Concussion Syndrome from PTSD
c) Biomarkers for Chronic Traumatic Encephalopathy & Alzheimer’s
Dz
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Motivation for Imaging Biomarkers of TBI

= Identifying lesions that require neurosurgical intervention

= Differentiating symptoms of mild TBI from PTSD

= |dentifying patients at risk for persistent post-concussion
syndrome

= Identifying patients at risk for chronic traumatic
encephalopathy and/or Alzheimer’s Disease

= Guiding therapy and rehabilitation

Traumatc CT Findings (n = 312)*

Decision Rules
for CTin Mild TBI =55

Intraparenchymal lesions
Hemonhagic contus

- New Orleans Criteria and
Canadian CT Head Rule -

Norher
fhuse

Table 1. Decision Rules for Indications for CT Scan in Patients With Minor Head Injury

Reported Validity, %"

o —
Study Patient Population Indications for CT Scan Sensitivity _ Specificity
Haydel ¢t a,/ 2000 GCS score of 15, loss of Tieadachs, voming, seizurs, Iniocaion, short-term 100 25
NoG) onsdiousness, cal memory defict, aged 60 Y, o Injury above
defict, aged >3y clavicies
Stel et 12001 GOS soors of 13-15, koss of Vagh-risk patients: GC 15 8t 2 h postniay, .q 06
(CCHR) y : sign of basal siaul
defict, no ssizure, no rachure. vomitng wged =85 yt
anticoaguation, aged > 16 Meciurn-isk patients. esia 30 i,
dangercus mecharism (pedestien vs motoe
veficle: ejected from motor vehicke; fo from height
1m or 5 starst

530w Corms Scaie; NG, New Orisans Greria

Smits et al. JAMA 2005;294:1519.

Indications for CT in Mild TBI

General Principles:

* Symptoms and/or deficits

* Intoxication

* Anticoagulation

* Unable to reliably observe after discharge

Epidemiology of Abnormal CT:

* 10% of all mild TBI (GCS 13-15)

* 8% of GCS 15

* 16% of GCS 14

* 25% of GCS 13

* 0.5-1.0% of mild TBI pts require neurosurgery s

JAMA 2005;294:1519 59M s/p assault, GCS 15
J Nsurg 2004;100:25-34
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Conventional MRI
- Advantages & Limitations -

Traumatic Axonal Injury in “Mild” TBI

« 19F pedestrian hit by a car going 40 mph
«LOC =5min
« Initial GCS score = 14 (E4M6V4)

Initial Head CT

Traumatic Axonal Injury in “Mild TBI”

Day 7 Conventional MRI

Edlow & Diamond. Neurology 2010: 75;e69
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The Broad Spectrum of TBI Pathophysiology

Penetrating
Injury

Dissection

Traumatic Axonal Injury
- A Pathophysiologic & Radiologic Spectrum -

Mild TBI

Moderate TBI

Severe TBI

¥ ionic homeostasis

Axonal - . W ionic homeostasis .
pathol W ionic homeostasis ¥ axoplasmic transport W axoplasmic transport
athology P P 1° or 2° axotomy
DAI Grade 1 Grade 2 He"?i’:pdheefes .
Grade Cerebral Hemispheres Hemispheres + Callosum Callosum + Brainstem
Nach
Na'lCa?* Exchanger .
ol .
1Y ek
&
Schematic

st JED
Healing 2°

Smith et al. 2013;30:307-323.

Advanced Imaging Techniques
- Susceptibility-Weighted Imaging (SWI) -
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Does SWI Improve the Accuracy of Prognosis?
- Traumatic Microbleed (TMB) Detection -

Sequence
Selection

Geurts et al. Br Inj 2012,26:143

T e T

Tong eF o Radiology 2003,227:332-335.
Field
Strength

[T E———
A e mem o pen e

§E8EE

Maan nemmber of SWllesions

Tong et al. Ann Neurol 2004;56:36-50

Advanced Imaging Techniques
- Diffusion Tensor Imaging -

Diffusion Tensor Imaging (DTI)

- Fractional Anisotropy (FA) Maps -

Greyscale FA Map Color FA Map

Wiegell et 3l Radiology 2000,217:897-90:

Page 16



DTl in Blast TBI

- Abnormal DTI Despite Normal Conventional MRI -

X
R
. et
850y booa 04 Paogol
I oul .
Foul ®
F o] L
ou
| -,
o [T e
— —
Lat Orbitofronital
ot
- Tew o
P o]
1 o]
§ o] L .
" m
o o
—w —

Mac Donald et al. NEIM 2011; 364:2091-100.

Blast TBI Biomechanics
- Basis for DTI Findings? -

Theory Modeling

Pressure
(3.82 msec)

Shear Stress.
(5.02 msec)

Strain
(5.02 msec)

Rosenfeld et al.Lancet Neurol 2013;12:882.93. Chai et al. Ann Biomed Eng 2010,38:490-504.

DTl in Civilian Blunt TBI

Neuroanatomic Basis of Persistent Post-Concussive Symptoms

ceg7 65432
GOSE Newcombe et al. PLOS One 201:6:19214.

Messe et al. HBM 2011;32:999-1011
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Advanced Imaging Techniques

- Resting-state functional MRI (rs-fMRI) -

Resting State fMRI

- Blood Oxygen Level-Dependent (BOLD) Signal in the Default Mode Network -

AUTOBIOGRAPHICAL MEMORY

@ Lo

ENVISIONING THE FUTURE

THEORY OF MIND

% BOLD Change

MORAL DECISION MAKING

Tim ac) .
S

Buckner et al. Ann NY Acad Sci 2008;1124:1-38

Default Mode Network Disconnections in Mild TBI

Control

Edlow & Wu. Seminars in Neurology 2012;32:372-398.
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Default Mode Network Disconnections in Mild TBI
- Correlations with Impaired Attention -

Low vs. High SA patients

W High

Z Score 2.3

Bonnelle et al. J Nsci 2011;31:13442-13451.

Implications for Return to

Battle & Sports

Default Mode Network Dysfunction in

Mild TBI Patients Cleared for Sports

DMN Connectivity Changes

Persistently Altered Connectivity within DMN

Induced by Exercise

Healthy Controls Mild TBI "

10

%

E 075

H

H

H

£ o

8
oo

Condton  Ran Stress  Aecowery RSt Swess Fecorery
G i wial

Johnson et al. Neurolmage 2012;511-518. Zhang et al. ] Ntrauma 2012;29:756-765.

Is there a role for imaging in guiding decisions about
return to sports and/or battle?
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Implications for Therapy and
Rehabilitation

TBI & PTSD
- Disentangling a Complex Web of Overlapping Symptoms -
Regional DT indices

assoctated with PTSD. TBI. or blast before
adjustment for muliiple comparisons

Nominal
PTSD covariate.
S adjusted
eritability Structurs paramater P valus®
Flashbacks Headache e
. Associated with
Avoidance Defics Sonsinity 1o inferior cerebelar A o018
Lignt or Noise B el o o
orticospinal tract
hifi i) e g Corteospinal tract wo 003
Mediol lemniscus FA 012
Ngumares Depression C Anterior limb of MD 024
N internal capsule
Re Experiercing Fatigue. Caudate nucieus MD 039
Phanomenon A 03
Aniaty. ted with TBI
e Inferior carebellar FA o019
pedunch
Caudate nucieus MD 048
Assoiated with blast
www.brainlinemilitary.org ociaied i o s
Superior cerebellar MD ‘008
ncie
Midbrain A o2
Splenium of corus A 032
callosum

Bazarian et al. J Head Irauma Kenab 2013;2:1-12.

TBI & Depression
- Retired NFL Players -

Correlations btwn FA and Beck Depression Inventory Score

*Depressed
«Not depressed

BDI total score

[ e 0 . DI Y
03 03 040 042 044 086 031032 033 034 0I5 036 037 038
Fractional anisaliopy Fractional anisolropy
Strain et al. Neurology 2013;81:1-8.
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Imaging Biomarkers of CTE and AD

- More Questions than Answers -

CTE Pathology Candidate Biomarkers

McKee et al. Brain 2013;136:43-64. swi Tau PET

‘Small et al. Am ) Ger Psych
201321138144

Advanced Imaging in Mild TBI

- Limitations and Barriers -

1) Need for standardization of hardware (i.e. MRI
scanner) and software (i.e. DTl and rs-fMRI
sequences)

2) Heterogeneity of TAl neuroanatomic distribution

1) Limited access to advanced imaging technologies

Conclusions and Recommendations

= If CT unrevealing despite persistent symptoms and/or deficits,
request MRI with SWI (3T if available) to enhance detection of
hemorrhagic TAI.

= The sensitivity and specificity of advanced neuroimaging
biomarkers for predicting functional outcomes and persistent
post-concussion syndrome in mild TBI remain unknown.

= There are no validated imaging tests for predicting CTE or post-
traumatic AD.

= |nthe absence of a “gold standard” for predicting recovery, a
multimodal approach that combines 1) neurocognitive testing
and 2) imaging tools is warranted.
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