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MY STORY 

• Bay Area Neurologist  
• Medical Training In New York City at 

NYU
• 6-year combined residency in 

Neurology and Psychiatry 
• Board Certified in Neurology and 

Psychiatry 
• Fellowship in TBI at the Bronx VA
• Co-Director of the NorthBay

Concussion and Neurotrauma Clinic 
• Principal Investigator for trial on the 

efficacy of lithium in Chronic TBI



Traumatic Brain Injury 

• With chronic symptoms 2% of most 
populations worldwide

• 1.4 million sustain a TBI each year in U.S.
– 50,000 die 
– 235,000 are hospitalized
– 1.1 million are treated and released from an 

emergency department.1
1. Langlois JA, Rutland-Brown W, Thomas K. Traumatic brain injury in the United States: 
emergency department visits, hospitalizations, and deaths. Atlanta (GA): Centers for Disease 
Control and Prevention, National Center for Injury Prevention and Control



Concussion 
Definition • Sudden physical damage to 

the brain
• By external force
• Disrupts or alters normal 

brain function
• May lead to clinical cognitive 

or emotional difficulties 



Risk Factors 

• Males are about 2 times as likely as 
females to sustain a TBI.

• Highest risk for TBI are 0 to 4 year olds
and 15 to 24 year olds



Concussion Pathophysiology
• Primary 

– induced by mechanical force 
– occurs at the moment of injury
– Mostly direct contact or acceleration 

deceleration 
• Secondary 

– hours or days after traumatic event. 
– Caused by impairment  in cerebral blood flow 
– Or local edema, hemorrhage, or increased 

intracranial pressure



TBI Dx and classification 
• No one standardized Diagnostic Criteria or 

Classification system 
• Brain Injury Association, AAN, DSM, 

America College of PMR differ 
• Most include

– alteration or loss of consciousness
– coma level and duration
– Length of amnesia
– complications such as fracture or 

intracranial findings.



Classification by GCS

• Mild
– closed head injury producing
– a GCS score of 13–15 upon arrival 
– with no later deterioration of GCS <13.

• Moderate: GCS 9-12

• Severe: GCS < 8



Glasgow Coma Scale



Loss Of Consciousness

Severity of TBI Finding 

Mild Mental status change or 
LOC <30 min

Moderate Mental status change or 
LOC 30 min to 6 h

Severe Mental status change or 
LOC > 6 h



Unifying Features 
of mild TBI/PCS

• LOC < 30
• GCS 13-15
• Post-Traumatic Amnesia of short duration 

(<1h)
• Normal head CT
• Non-focal physical neurologic exam



Post Concussive Syndrome (PCS)
• Diagnostic criteria for PCS were first 

proposed in 1992 in ICD
• require a history of TBI
• and the presence of three or more: 

• 1) headache
• 2) dizziness
• 3) fatigue
• 4) irritability
• 5) insomnia 
• 6) concentration
• 7) memory difficulty
• 8) intolerance of stress, emotion, or alcohol.



DSM IV criteria
• A) history of TBI causing “significant cerebral 

concussion ”
• B) cognitive deficit in attention and/or memory
• C) after 3 mo,  three of eight symptoms 

– fatigue, sleep disturbance, headache, dizziness, 
irritability, affective disturbance, personality change, 
apathy

• D) symptoms related to injury
• E) interference with social role functioning
• F) exclusion of dementia and other disorders that 

better account for the symptoms. 



TBI and OIF/OEF

• Signature Injury of Iraq/Afghanastan War
• 43,779  Veterans Diagnosed with TBI between 

2003 and 2007 1

• Estimates between 40-70% have exposure to 
TBI

• Due to IED’s and Kevlar Body Suits 
• Blast Creates different damage than penetrating 

wound (mostly mild TBI)

1. Hannah Fischer, Congressional Research Service, March 25, 2009 



Diagnostic Challenges

• no abnormalities on structural imaging
• Overlapping exposure/symptoms with 

PTSD/other Psychiatric disorders
• Difficulty gathering history due to 

circumstances 
• No lab/imaging measure for assessing 

brain damage



Treatment Challenges
• No proven treatment
• Does Psychopharmacology work?

– Stimulants
– Anti-depressants
– Cholinesterase inhibitors

• Does Psychotherapy help?
– Supportive
– Cognitive Behavioral Therapy
– Group Therapy



NorthBay Concussion Clinic 

• Multidisciplinary approach with Neurology, 
Neurosurgery, Psychiatry and Speech Therapy 

• Measure based approach 
• Monitor symptoms with SCAT-3, PHQ, PTSD 

screening MMSE
• Follow people over time to assess efficacy with 

interventions 
• Try Novel Approaches to treating PCS



Depression and PCS
• Common, but often underdiagnosed
• Some studies have found over 70% meet criteria 

for depression 1

• Repeated injuries lead to more depression
• Study of retired NFL players showed players 

who suffered concussions had more depression, 
likelihood was linked to amount of concussions 2

• Diagnostic ambiguity/over reporting
1. Varney NR, Martzke JS and Roberts RJ. Major depression in patients with closed head injury.
Neuropsychology 1987 May;1(1):7–9.

2. KEVIN M. GUSKIEWICZ ,STEPHEN W. MARSHALL, JULIAN BAILES, Recurrent Concussion and Risk of
Depression in Retired Professional Football Players, Journal of the American College of Sports Medicine 2007. 



DSM-IV Criteria for Depression

• A. Five (or more) of the following 
symptoms have been present for 2-weeks
– (1) depressed mood
– (2) diminished interest or pleasure
– (3) weight loss/weight gain 
– (4) insomnia or hypersomnia  
– (5) psychomotor agitation or retardation
– (6) fatigue or loss of energy nearly every day
– (7) feelings of worthlessness
– (8) diminished ability to concentrate
– (9) recurrent thoughts of death



DSM IV criteria for PCS
• A) history of TBI causing “significant cerebral 

concussion ”
• B) cognitive deficit in attention and/or memory
• C) after 3 mo,  three of eight symptoms 

– fatigue, sleep disturbance, headache, dizziness, 
irritability, affective disturbance, personality change, 
apathy

• D) symptoms related to injury
• E) interference with social role functioning
• F) exclusion of dementia and other disorders that 

better account for the symptoms. 



Medications

• When do you start to treat?
• SSRI’s/Antidepressants
• Stimulants
• Acetylcholinesterase inhibitors



Anti-depressants
• Early studies looked at tricyclics/MAOI’s with 

only modest benefit 1

• Sertraline has the most evidence to be 
beneficial 2

• Citalopram was equal in TBI and non-TBI 3

• Refractory depression is not uncommon 
• Augmenting medications like atypicals or 

psychostimulants 
1. Dinan TG, Mobayed M. Treatment resistance of depression after head injury: A preliminary study of 
amitriptyline response. Acta Psychiatr Scand. 1992;85(4):292–94.
2. Fann JR, Uomoto JM, Katon WJ. Sertraline in the treatment of major depression following mild traumatic brain 
injury. J Neuropsychiatry Clin Neurosci. 2000;12(2):226–32. 
3. Rapoport MJ, Chan F, Lanctot K, Herrmann N, McCul- lagh S, Feinstein A. An open-label study of citalopram 
for major depression following traumatic brain injury. J Psy- chopharmacol. 2008;22(8):860.



Stimulants

• Modafinil, may be preferable over 
amphetamine-based stimulants 

• Less aggression and disinhibition 
• Patients with mTBI, PCS may have a 

higher degree of risk taking/impulsivity



Impulsivity and TBI
• Increase in TBI

– Numerous studies report higher incidence of 
impulsivity post-TBI in all severities, up to 70%1

– Classically localized orbitofrontal and 
basotemporal cortices 

– more pronounced  right-sided lesions 

• Although common, not the complaint which brings 
the patient to clinical attention. 

1. Rao V, Lyketsos C (2000). "Neuropsychiatric Sequelae of Traumatic Brain Injury". Psychosomatics 41 (2): 95–103. 



IMPULSIVITY

•Decreased capacity to inhibit 
behavioral responding

•Risk taking
•non-planning
•preference for immediate 
gratification

•disregard for future 
consequences



Consequences of Impulsivity

• Impulsive persons with TBI are more 
likely than non-impulsive patients with 
to demonstrate aggressive behavior

1

• Impulsivity impedes rehabilitation 
• Increases the cost of healthcare

1. Greve, L. Sherwin, M.S. Stanford, C. Mathias, J. Love and P. Ramzinski , Personality and 
neurocognitive correlates of impulsive aggression in long-term survivors of severe traumatic brain 
injury. Brain Injury 15 (2001), pp. 255–262 



Psychotherapy
• searched for studies of various psychotherapies 

to treat PCS 
• identified 7763 citations, and 42 studies were 

included. 
• 17 randomized controlled trials for psychological 

interventions which fell into four categories:
– CBT (cognitive behavioral therapy)
– reassurance and education
– rehabilitation with a psychotherapeutic element 
– mindfulness/relaxation. 

Al Sayegh A, Sandford D, Carson AJ. JPsychological approaches to treatment of postconcussion syndrome: 
a systematic review. Neurol Neurosurg Psychiatry. 2010 Oct;81(10):1128-34. Epub 2010 Aug 27.



Psychotherapy (2)
• largest limitation was the lack of good studies
• CBT was most effective in the treatment of PCS. 
• Information, education and reassurance alone 

was not be as beneficial as previously thought. 
• some evidence that multifaceted rehabilitation 

benefit those with persisting symptoms. 
• Recommended more rigorous trials of CBT for 

postconcussion symptoms are required
• Regardless, limited by cost and availability



Suicide

• Higher risk in TBI
• Increase in suicide attempts and ideation
• 3-4 times higher rates of completed suicide than 

the general population 1

• What do you do?
– Ask
– Support/make family aware

1. Simpson G, Tate R. Suicidality in people surviving a trau- matic brain injury:
Prevalence, risk factors and implica- tions for clinical management. Brain Inj. 2007;21(13�145



Post Traumatic Headache 
• common complaint in PCS
• MTBI related headache is one of the most 

common debilitating chronic pain conditions in 
either active or retired military personnel1

• Patients with hx of migraine more at risk
• Nortyptilline or Valproic Acid 
• Try to Avoid Topiramate in light of cognitive risks 
• Non-pharmaceutical:  Acupuncture, Botox, TMS, 

magnesium 

1. Defrin R. Chronic post-traumatic headache: clinical findings and possible 
mechanisms. J ManManip Ther 2014;22:36–44.



Imaging in PCS
• When to obtain an MRI of the brain

– Focal neurologic exam
– Rule of 3
– ?Need for reassurance 

• What to do with the information?
– Potential for prognostication 
– Triage towards further care 

• Other imaging: PET, SPECT, DTI, MEG, fMRI
– No one validated measure 
– Mostly used for research or legal proceedings 



Diffusion Tensor Imaging 

• New imaging technique

• shows promise in TBI

• By measuring flow of 
water, we evaluate white 
matter integrity 



What is DTI?
• Diffusion of water molecules in 

healthy WM is directional  
(anisotropic)

• occurs more readily along the 
axon rather perpendicular to it 

• Stays along axon due to 
barriers: cell membranes, 
myelin, and other adjacent 
axons (Le Bihan, 1995).

•Damaged WM have an increased diffusion rate 
perpendicular to the axon & lower anisotropy



DTI Measures

• Fractional anisotropy (FA): 
directionality of diffusion typically 
along axons relative to the 
perpendicular axis (Pierpaoli & Basser, 
1996)
– Low FA values associated with WM 

damage after TBI

• Mean Diffusivity (MD): average 
diffusion in all directions
– High MD values = damaged WM 

tissue after TBI



Tractography 
 series of diffusion 

gradients are applied that 
determine at least 3 
directional vectors  

 for each voxel, a tensor   
that describes the 3-
dimensional  diffusion.

 

 Tensor’sdirection is indicated by the eigenvector
 Vector is color-coded, red for left-right, blue for  

superior-inferior, and green for anterior-posterior 
 Brightness is weighted by the fractional  

anisotropy



A. Lattice Index Map
• B. Absolute value color map
• C. Color circle demonstrates the correspondence 

of colors and directions in 3D space. 
• 3D dome that is viewed from below.



DTI and TBI

• Abnormalities not detectable on conventional 
MRI, appear on DTI

• In mild TBI, although whole brain FA is not 
decreased it is in several ROI’s (CC, SS, CST) 

• May one day me used as a tool in clinical 
diagnosis



DTI and TBI

• A. neurofilamentous and cytoskeletal 
misalignment is visible a short time after injury. 

• impairs axonal transport.
• B Organelles accumulate in the injured region,
• Axon swells locally and subsequently 

disconnect from the rest. 



• A. T2-weighted image in a patient with mild TBI
• B. Diffusion-weighted map of the same section in the same 

patient 
• C. Corresponding trace map. 
• D. LI map of the same section in the same patient.
• Decreased anisotropy is visible in the left internal capsule 

and left anterior corpus callosum. 
• No abnormality was demonstrated in these regions with any 

other type of imaging. 



Inglese, et al 2005

Inglese M; Makani S; Johnson G; Cohen BA; Silver JA; Gonen O; Grossman RI. "Diffuse axonal injury in 
mild traumatic brain injury: a diffusion tensor imaging study". Journal of neurosurgery. 2005; 103: 298 

• 46 patients with mild TBI compared to 29 
controls  
•No increase in FA with whole brain analysis 
• significant reduction of fractional anisotropy in 
corpus callosum, internal capsule, and 
centrum semiovale
• increases of mean diffusivity in the corpus 
callosum and internal capsule



ROI analysis 



Kraus et al, 2007
• 39 subjects with TBI, 20 mild1

• Compared DTI imaging with aged match 
controls 

• M/S TBI had overall increased FA in whole brain 
and in all 13 ROI

• Mild TBI had decreased FA in superior 
longitudinal fasiculus, sagital striatum, and 
corticospinal tract 

• Secondary:Cognitive deficits correlated with 
increased FA

1. Kraus MF, Susmaras T, Caughlin BP, et al. White matter integrity and cognition in 
chronic traumatic brain injury: a diffusion tensor imaging study. Brain 2007;130:2508–19 



FA by ROI



Directional Map

• Grey Normal 

• Green MTBI

• Blue M/S TBI



DTI and BPD 

• 2007, Jon Grant took BPD subjects with 
history of impulsive aggression 

• Each had normal structural MRI’s 
• DTI showed decreased fractional anisotropy 

in the inferior frontal/orbital frontal regions. 



Conclusions

• PCS can lead to various neuropsychiatric 
disturbances, presenting in a multitude of 
ways

• No one correct way to treat
• Further studies are needed to identify 

evidence-based treatment protocols. 



Our Lithium Trial 
• Mechanism of Lithium in preventing CTE

– Potential neuroprotective factors
– inhibits glycogen synthase kinase-3 (GSK-3)
– upregulates neurotrophins and growth factors brain-

derived neurotrophic factor (BDNF) 
– reduce neuronal death, apoptosis  
– reduces amyloid-β (Aβ), and hyperphosphorylated tau 

levels
• Proven efficacy with psychiatric comorbidities 
• Open Label Pilot Study- 10 patients 
• Eventual rollout to larger scale multi center double 

blind placebo control trial 



Effects of Lithium Effect

Peter R. Leeds,† Fengshan Yu,†,‡ Zhifei Wang,† Chi-Tso Chiu,† Yumin Zhang,‡,§ Yan Leng,†
Gabriel R. Linares,† and De-Maw Chuang*, A New Avenue for Lithium: Intervention in Traumatic Brain Injury
| ACS Chem. Neurosci. 2014, 5, 422−433



TMS for TBI

• Transcranial Magnetic Stimulation 
• Noninvasive means of stimulation 

the cortex
• Leads to increase neuroplasticity 
• FDA approved for Depression
• Studies shown benefit in post 

traumatic headaches, depression 
and cognitive deficits associated 
with TBI. 1

1. Leung A, Metzger-Smith V, He Y, Cordero J, Ehlert B, Song D, Lin L, Shahrokh G, Tsai A, Vaninetti M, Rutledge T, 
Polston G, Sheu R, Lee R. Left Dorsolateral Prefrontal Cortex rTMS in Alleviating MTBI Related Headaches and 
Depressive Symptoms. Neuromodulation. 2018 Jun; 21(4):390-401.



• TMS employs a targeted pulsed 
magnetic field, similar to that of an 
MRI device, to stimulate cortical 
neurons.

• These magnetic fields induce small 
electric currents in the cortex, 
activating deeper brain regions.

• Local neurons depolarize and activate 
transsynaptic pathways prompting the 
release of neurotransmitters.

• Blood flow and glucose metabolism 
rise in the activated regions, thought to 
produce the part of the desired effect 

What is Transcranial 
Magnetic Stimulation (TMS)?



TMS for TBI

• Increase neuroplasticity 

• Online training helps direct 
dendritic remodeling

(Esser 2006)



The End
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