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Mild TBI as a multi-scale, complex system

Erin Kenzie, Elle Parks, Erin Bigler, Miranda Lim, Jim Chesnutt, Wayne Wakeland, 2017, Front Neurol



Sleep disturbances are
common in mild TBI

Unpublished data, Portland VA Sleep Clinic




TBI affects sleep and chronic pain
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TBI, sleep, and chronic pain

Veterans (n=670) recruited from the
Portland VA Sleep Disorders Clinic



TBI, sleep, and chronic pain

Rivermead Postconcussive Questionnaire
correlates with Insomnia Severity Index

Balba & Elliott et al. Journal of Clinical Sleep Medicine, 2018



Pain (Score)

TBI, sleep, and chronic pain
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Balba & Elliott et al. Journal of Clinical Sleep Medicine, 2018



Balba & Elliott et al., 2018 Elliott et al., 2018
Journal of Clinical Sleep Medicine Journal of Clinical Sleep Medicine



Rivermead Postconcussive Questionnaire (13Q)




TBI, sleep, and sensory sensitivity

Veterans (n=95) with TBI

Elliott et al., 2018, Journal of Clinical Sleep Medicine



Multisensory sensitivity is associated
with worse insomnia

Elliott et al., 2018, Journal of Clinical Sleep Medicine



Multisensory sensitivity is also associated with
factors: Higher #TBI, tinnitus, and PTSD

Elliott et al., 2018, Journal of Clinical Sleep Medicine



Sensory sensitivity is associated
with worse PTSD

Elliott et al., 2018, Journal of Clinical Sleep Medicine



Sensory sensitivity in PTSD is associated
with increased HR, both awake and asleep

Elliott et al., 2018, Journal of Clinical Sleep Medicine



Summary

* TBIl is associated with
sleep disturbances and
chronic pain.

* TBIl is associated with
phono- and
photosensitivity.

* Multisensory sensitivity is
associated with higher
#TBI, tinnitus, and PTSD.

* Veterans with PTSD and
multisensory sensitivity
have increased HR.



Our funded TBI/Sleep studies

Sponsor | Title Co-Investigators Institutions
VA _ : :

SMART-TBI: BCAA in TBI Akiva Cohen, PhD CHOP
CSRD

Sleep-EEG predictors of Risa Richardson, PhD
WA RINE functional outcome after TBI Mo Modarres, PhD Wi T2t
DoD Photosensitivity and Pain in .
PH/TBI ol TR Mary Heinricher, PhD OHSU
DoD Light therapy to improve sleep : :
CNRM and biomarkers in TBI Jessica Gill, PhD, RN NIH/USUHS
NIH NIA REM Sleep Behavior Disorder | Yo-El Ju, MD, Wash U,

(RBD) NAPS Consortium Brad Boeve, MD Mayo, etc.
NIH IMMINENT: Internet

Mindfulness Meditation to Barry Oken, MD, PhD OHSU
NCCIH : .

improve sleep and pain in TBI




Photosensitivity as a window into
CNS pain

* Light activates pain neurons in the brainstem.
* Patients with fibromyalgia report photosensitivity.

Martenson et al., 2016



Photosensitivity as a window into
CNS pain

What about Veterans with TBI??

Pain vs Photosensitivity
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P <0.0001

Adapted from: Balba & Elliott et al., 2018, Journal of Clinical Sleep Medicine



Quantifying photosensitivity: NSI




Quantifying photosensitivity:
Ocular Photosensitivity Analyzer (OPA)

Light dose examples (lux)
Direct sunlight: up to 100,000 lux
Full daylight (indirect): ~10,000 lux
Overcast day: ~1,000 lux
Office lighting: ~500 lux
Full moon on a clear night: 1 lux

n=395 subjects

Example OPA 1

800,00 1500-

700.00

600.00 ——

500.00 < 1000
-

400.00 e * %%
B

300.00
> 500+

200.00

100.00

0.00 0 T

Control TBI
Adapted from: Verriotto et al., 2017



Taking a closer look at our TBI groups

NSI| Score Distribution
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Taking a closer look at our TBI groups
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Redefining our TBI groups
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Photosensitivity threshold is reduced
in Symptomatic TBI (NSI>=24)

n=395 subjects
n=160
n=105
n=128

*** =P <0.001 vs Control
* =P <0.05 vs No TBI
T = P <0.05 vs Asymptomatic TBI



Photosensitivity strongly correlates
with chronic pain complaints

No TBI:
R =-0.384
P <0.001

Asym TBI:
R =-0.231
P =0.021

Sym TBI:
R =-0.308
P <0.001




Photosensitivity is not the only problem in
Symptomatic TBI...



Photosensitivity as a window
into CNS pain: fMRI studies

Harte et al., 2016 (Unpublished Data on FM patient)



Photosensitivity as a window
into CNS pain: fMRI studies

Does dim light activate pain circuitry in Veterans with
Symptomatic TBI??

1. ldentify pain-related regions using pressure-evoked pain block-design

30 seconds 30 seconds 30 seconds

PAIN - 3 pain stimuli per block

PAIN _
w/ 7 sec intervals

30 seconds PAIN 30 seconds

* Primary Somatosensory Cortex (S1)

* Secondary Somatosensory Cortex (S2)
* Insula

* Anterior Cingulate Cortex

* Thalamus

* Prefrontal Cortex



Photosensitivity as a window
into CNS pain: fMRI studies

Does dim light activate pain circuitry in Veterans with
Symptomatic TBI??

2. Create task-activation maps based on ROIs defined by evoked pain.
Contrast Light blocks with Rest.

30 seconds 30 seconds 30 seconds
Light stimuli at
LIGHT

LIGHT LIGHT 30 seconds 30 sec intervals

30 seconds

Hypothesis: Light will activate pain-related circuitry in
Symptomatic TBI group but not in Controls.




Photosensitivity as a window
into CNS pain: fMRI studies

Does dim light activate pain circuitry in Veterans with
Symptomatic TBI??

3. Does light exacerbate pain?
Contrast Light+Pain blocks with Light alone.

30 seconds 30 seconds 30 seconds

PAIN - 3 pain stimuli per block
w/ 7 sec intervals

PAIN 30 seconds PAIN 30 seconds

Hypothesis: Light will exacerbate pain in
Symptomatic TBI group but not in Controls.




Pain activates pain circuits in Symptomatic TBI

30 seconds 30 seconds 30 seconds

PAIN - 3 pain stimuli per block
w/ 7 sec intervals

PAIN 30 seconds PAIN 30 seconds

Chronic pain (n=3) - Controls (h=4) Controls (n=4) - Chronic pain (h=3)

unpaired t-test
z-scores



Light activates pain circuits in Symptomatic TBI

30 seconds 30 seconds 30 seconds

LIGHT LIGHT - Light stimuli at

LIGHT
30 seconds 30 sec intervals

30 seconds

Chronic pain (n=3) - Controls (n=4) Controls (n=4) - Chronic pain (n=3)



Light+Pain circuits in Symptomatic TBI

30 seconds 30 seconds 30 seconds

PAIN PAIN - 3 pain stimuli per block

PAIN
30 seconds w/ 7 sec intervals

30 seconds

Chronic pain (n=3) - Controls (h=4) Controls (n=4) - Chronic pain (n=3)



Controls

Symptomatic TBI

Photosensitivity may be a window
into central sensitization of pain

Pressure pain alone Light alone

g

L

Pain+Light



Summary

* TBIl is associated with
photosensitivity and
chronic pain.

* Light activates pain
circuits in those with
symptomatic TBI, but
not controls.

* Photosensitivity may be
a window into central
sensitization of pain.



Lessons Learned:
How is TBI evaluated in
research studies?

3 Typical Methods:
1. Self-Report
2. Chart Review (medical records)
3. Clinical interview



Head Trauma Events Checklist (HTEC)

 Semi-structured
interview with both
closed and open-
ended questions.

 Considered “gold
standard,” but still
relies on subject’s
self-report of injury.




Do rates of TBI differ based
on the method of diagnosis?

Are there differences in TBI

symptoms based on these
different methods?



Rates of TBI Diagnoses by
Evaluation Type

TBI-1dx n=200
TBI-2dx consecutive
TBI-3dx Veterans




TBI-3dx group has highest NSI
and pain scores

Balba & Elliott et al., in prep



TBI-3dx group has higher #TBls




TBI-3dx group was deployed more




Why is this important?

* Differences in diagnostic methods may explain
the wide range in estimated rates of TBI and

presence/severity of chronic symptoms.
 Some researchers believe that mTBI does not ever
lead to chronic symptoms;
e Others (like us) have data that suggest it does.

* TBI diagnhostic congruency across multiple
approaches will yield more robust and
consistent symptoms than a single TBI

diagnosis (even HTEC alone).
* Perhaps consider using all 3 methods in studies?
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