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Learning Objectives

1) Participants will be able to list at least three 
strategies to manage common sequelae of brain 
injury
2) Participants will be able to generate intervention 
strategies informed by the information available to 
them
3) Participants will be able to list an effective tertiary 
prevention strategy



Disclosure
I have no actual or potential conflict of interest in relation to this presentation.

Research and funding support from:
Colorado Brain Injury Program (MINDSOURCE), Vista Lifesciences, The Barton 
Institute for Philanthropy and Social Enterprise, and a TBI Implementation 
Grant to Colorado Brain Injury Program, Funded by TBI Implementation Grant 
#H21MC17232 from the U.S. Department of Health and Human Services, 
Administration on Community Living (ACL). 

The view expressed here are the responsibility of this presenter and do not 
necessarily represent the official views of ACL, the University of Denver or the 
Colorado Brain Injury Program.



After a mTBI, “most individuals return 
to baseline functioning within 

3 months to 1 year”

But….7% to 33% have persistent symptoms

Belanger et al., 2005



“Miserable Minority”

•“Fragile” brains 
•Genetic risks for poor outcome 
(e.g., apolipoprotein E gene)
•Pre-injury personality
•“Good old Days” bias
•Primary or secondary gain
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Post-Injury Sequelae







The BIG THREE





Post-Traumatic Headaches (PTH or PTHA)
• Chronic post-traumatic headache=12+ months after 

injury
• Rates reach up to 95%

• 71% after moderate/severe TBI and 91% after mild TBI 
(mTBI) at 1 year (Lucas, 2015) 

• 61% daily headaches, 39% migraine (26% had new onset of a 
migraine-like disorder) and 9% tension-type headaches 
(Kuczynski, Crawford, Bodell, Dewey, & Barlow, 2013)

• The report of chronic pain is inversely correlated with 
severity of injury



Why and How
• Existing vulnerability
• Cervicogenic
• Neuro-inflammation

• “Inflammatory-evoked enhancement of peripheral 
cranial nociception, rather than changes in supraspinal
pain mechanisms play a role in the initial emergence 
of PTH”

• (Benromano, Defrin, Ahn, Zhao, Pick & Levy, 2014)

• Damaged pain pathways?
• “Damage to pain modulatory systems along with chronic 

cranial sensitization underlies the development of CPTHA”
• (Defrin, Riabinin, Feingold, Schreiber, & Chaim, 2015)

• Estrogen disruption?
• (Fortress, Avcu, Wagner, Dixon, & Pang, 2019)

• Psychology
• Conditioned pain avoidance, stress



Headache
• There are no evidence-based treatment guidelines for PTH management 

• ( Moye & Pradhan, 2017; The Journal of Headache and Pain, 11/2019)
• Medication

• Antidepressant, antiepileptics, triptans, OTC options
• 15% develop MEDICATION OVERUSE HEADACHE (MOH)

• “Central sensitization that produces increased pain responsivity in both cephalic and peripheral regions”

• Physical Therapy (e.g. neck strengthening)
• Cognitive Behavioral Therapy (CBT)
• Relaxation techniques
• Aerobic exercise

• 60 seconds at a time
• Promotes neurogenesis
• See activity prescription next slide

• New horizons 
• Cranial-nerve Non-invasive Neuromodulation (CN-NINM) 
• DOR agonists (also in clinical trials for anxiety and depression; Moye, Tipton, Dripps, Sheets, Crombie, Violin, 

& Pradhan, 2019)
• Clinicaltrials.gov

http://clinicaltrials.gov/




Mood
• Anxiety and depression have the greatest impact than cognitive 

impairment on social and occupational functioning following 
brain injury (Bertisch et al., 2013) 

• 37%-50% of people report clinically significant levels of anxiety 
following TBI (Osborn, Mathias, & Fairweather-Schmidt, 2015)

• Post-traumatic stress disorder, generalized anxiety disorder, obsessive-
compulsive disorder, panic disorder, specific phobia, and social anxiety 
disorder (Sasha, Sutherland, Syb, Mainland, & Ornstein, 2015) 

• Suicidal ideation reported in more than 80% of persons after TBI 
• 4 times more likely to die “intentionally”

• (Varaamo, Jussi, Sami, Seppo, & Matti, 2015)



Why and How
• Hippocampal volume loss and neuroinflammation

• “Understanding trauma-induced hippocampal subfield volume changes in the context of age and health” 
(2020)

• Glial cell pathology
• Two pathways of astrogliopathology: reactive astrogliosis where astrocytes can have 

anisomorphic/severe scar forming effects or astrocytopathy, that includes the atrophy/degeneration, 
with loss of function and pathological remodeling of astrocytes 

• See Kim, Healey, Sepulveda-Orengo, & Reissner (2018). Astroglial correlates of neuropsychiatric disease: From 
astrocytopathy to astrogliosis. Progress in Neuropsychopharmacology & Biological Psychiatry, 87, 126-146.

• White matter abnormalities
• “..anxiety was associated with more restricted diffusion and greater anisotropy in regions of 

crossing/diverging fibers”
• (Davenport, Lim, & Sponheim, 2015)

• Pituitary dysfunction
• Growth hormone (GH) is the most common hormone lost after TBI, followed by ACTH, gonadotropins 

(FSH and LH), and TSH
• (Tanriverdi, Schneider, Aimaretti, Masel, Casanueva, & Kelestimur, 2015)

• Growth hormone deficiency has adverse effects on executive abilities and mood=anxiety
• (Ioachimescu, Hampstead, Moore, Burgess, & Phillips, 2015)

• Psychology
• Expectancies, role changes, subjective vs. objective deficits, relationship changes

• Premorbid psychopathology/existing vulnerability





Affective Problems
• Improving caregiver psychological 

health
• (Raj et al., 2014)

• CBT/ACT
• Thought stopping
• Relaxation techniques

• Watch psychobiotic research
• Nutrition?

• Neuromodulation
• (Koek, Roach, Athanasiou, van 'T 

Wout-Frank, & Philip, 2019)







Sleep
• Up to 80% report sleep problems after injury

• (Mathias & Alvaro, 2012)
• Insomnia, increased sleep need, and excessive 

daytime sleepiness  
• Also sleep-related breathing disorder or post-

traumatic hypersomnia (Ouellet, Beaulieu-Bonneau, 
& Morin, 2015)

• Changes in sleep stages include an increased 
proportion of stage 1 and 2 sleep, decreases in 
REM sleep, reduced REM sleep latency

• (Duclos, Beauregard, Bottari, Ouellet, & Gosselin, 
2015)

• May mediate relationship to poor short and 
long-term outcomes

• Mollayeva, Mollayeva, Pacheco, D’souza, & 
Colantonio, 2019)



Why and How
• Existing vulnerability
• Complex interplay between pathophysiological processes 

(structural, neuroelectrical, or neurochemical levels), 
psychological factors (e.g., sleep-related habits or TBI-related 
psychopathology), environmental factors (e.g., noises, light, or 
pain), and social factors (e.g., social roles related to work or 
family)

• Decreased secretion of hypocretin
• A neuropeptide involved in sleep-wake regulation 

• (Baumann et al., 2015)



Treatment 
• Sleep hygiene and strategies
• Strategic napping
• Blue light therapy (Sinclair, Ponsford, Taffe, Lockley & Rajaratnam, 2014; Vanuk, et al., 2018) 

• Light strikes the retina and blue wavelengths specifically stimulate intrinsically 
photosensitive retinal ganglion cells (ipRGCs), which respond by transmitting 
irradiance signals to a number of sub-cortical nuclei, including the the 
suprachiasmatic nucleus (SCN), the hypothalamus, the locus coeruleus and the 
brainstem=NE and lower melatonin.

• Melatonin
• Antioxidant, anti-inflammatory, neuroprotective

• See Lin, Chao, Chao, Honglu, Li, Zheng, Xu, Xiupeng, Liu, Yinlong, Hou, Lijun, . . . Ji, Jing. (2016). Melatonin 
attenuates traumatic brain injury-induced inflammation: A possible role for mitophagy. Journal of Pineal 
Research,61(2), 177-186 and Grima, N., Ponsford, J., St. Hilaire, M., Mansfield, D., & Rajaratnam, S. (2016). Circadian 
Melatonin Rhythm Following Traumatic Brain Injury. Neurorehabilitation and Neural Repair, 30(10), 972-977.

• Diagnosis and specific treatment 
• See next slide (from Viola-Saltzman & Watson, 2012) 





Caveat: NAPS





•Assess the problem
• Pittsburgh Sleep Quality Index (PSQI)—SEE NEXT

•Sleep Treatment and Education Program 
for Students (STEPS) and STEPS-TECH
• Sleep hygiene and stimulus control







Cognitive and Behavioral 
Complaints



Colorado Symptom Checklist















Bookmark These Resources



TBI Toolkit
www.mirecc.va.gov/visn19/tbi_toolkit

http://www.mirecc.va.gov/visn19/tbi_toolkit/


Colorado Kids with Brain Injury
www.cokidswithbraininjury.com

http://www.cokidswithbraininjury.com/


Ohio State University
Accommodating the Symptoms of TBI

Presented by

Ohio Valley Center for Brain Injury 
Prevention and Rehabilitation

with contributions from Minnesota Department of Human Services 
State Operated Services
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Developed in part with support of a grant from the US Department of Health and Human Services, Health Resources and Services Administration (HRSA) to 
Ohio Rehabilitation Services Commission and The Ohio State University 

Order here https://osuwmcdigital.osu.edu/sitetool/sites/ohiovalleypublic/documents/AccommodationOrderForm2019.pdf

https://osuwmcdigital.osu.edu/sitetool/sites/ohiovalleypublic/documents/AccommodationOrderForm2019.pdf
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Questions?
Thank you BrainSTEPS
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