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INTRODUCTION

Traumatic Brain Injuries (TBIs) have been a source of focus for
researchers since the earliest recorded incidences as “shell shock”
seen in World War | soldiers with head trauma&. Today, TBIs are
still a wide-spread occurrence with a reported incidence of
200/100,000 population, most often the result of head trauma
from sports injuries, military conflicts, accidents, or abuse?.
Approximately 50% to 90% of patients with mild TBIs (mTBIs) go
unidentified or undiagnosed in healthcare settings, forming a
vulnerable population susceptible to second trauma and life-long
neurological deficits®’. TBIs have become a source of focus for
both the Health and Defense sectors, the main goals being
development of high accuracy diagnostic techniques and an
improved understanding of the pathophysiological cascade from
the time of injury to complete brain recovery.

OBJECTIVES
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* Perform miniature literature review on current
understanding of TBI pathophysiology and care

 Develop and test first iteration of a portable helmet
electroencephalogram (EEG) device using dry
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Figure 1. Diagnosis Methods

o Scene observation, bystander information

o GCS, pupil reaction, neurological signs of
asymmetry, swallow reflex present

o HR, BP, SpO,, RR, signs of upper airway
obstruction

Figure 2. Secondary Brain Lesion Prophylaxis

Arterial Hypotension: Systolic BP > 110mmHg, fluid
resuscitation: isotonic solutions, NO albumin

Hypoxemia: Maintain SpO, between 92% and 95%,

consider prehospital intubation and normovenilation, in
pts with coma (GCS <8) and altered swallow reflex

Hypothermia: Maintain temperature > 35°C

Table 1. Signs and Symptoms of TBI

Figure 4: Current pre-hospital care
algorithm. Adapted from Pélieu et al.®

Physical:
Headache, Nausea, Vomiting, Blurred or double vision, Seeing stars or lights,

Balance problems, Dizziness, Sensitivity to light or noise, Tinnitus

Behavioral:
Drowsiness, Fatigue, Lethargy, Irritability, Depression, Anxiety, Sleeping more
than normal, Difficulty falling asleep

Cognitive: Feeling “slowed down”, Feeling in a “fog” or “dazed”, Difficulty
concentrating, Difficulty remembering

RESULTS

* A suspected unregulated influx of ions into
neurons occur from mechanical
shearing/stretching brain tissue®?

* Indiscriminate release of neurotransmitters
result, kickstarting the metabolic cascade of
the injury3»

* Subsequent metabolic cascade is likely
primary injury mechanism in TBIs post-initial
insult®

 Biomarker assays to detect TBls are being
investigated, but brain scans using CT
continue to be gold standard of carel®

METHODS AND MATERIALS

e PubMed search and review
of approximately 100
abstracts involving key
words “Pathophysiology”,
“TBI”, and “Standard of
Care”

 Development of dry
electrode form and coating

* Drop tests of inertial and
pressure threshold sensors
and electrode channel
detection ability

Figure 1 (top left): EEG device in helmet; Figure 2
(top right): EEG device stand-alone;

Figure 3: (bottom): Ft. Benning Drop Tests.
Pictures courtesy of John Tarasidis

Emergency Department Protocol for Mild Traumatic Brain Injury
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Table 1. Risk Factors for intracranial

Unclear accident history
Continued post-traumatic amnesia
Retrograde amnesia > 30 min

00 0O

fracture

Severe headache
Vomiting

Seizure

Focal neurological deficit
High-energy accident

0O0O0O0O

Trauma above clavicles including skull

Adapted from Vos et al.'t
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Figure 8: Iteration 1 of Automatic Concussion Evaluation (ACE) device.
Photo courtesy of John Tarasidis
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Figure 6: Neurometabolic cascade following concussion in mouse models

K+, potassium; CMRglucose, cerebral metabolic rate of glucose utilization; Ca2+, calcium; CBF,
cerebral blood flow. Image credit: Hovda et al. (https://journals-sagepub-
com.offcampus.lib.washington.edu/doi/full/10.1177/1941738111433673 [5]. accessed
22June2021.)
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Figure 7: Schematic of posttraumatic secondary injury showing the cascade of
pathophysiological and pathochemical players and their inter-relationships. Image
credit: Hall, 2007. (https://www.nap.edu/read/13121/chapter/26#383 [3]. Accessed
15June2021)

Electrodes redesigned using flexible
silicone structure with Ag/AgCl
coating for improved dry contact

Channels now feature modular
design and raised to 16 channels,
approaching 32 channel standard
clinical setup

Figure 5: Current Emergency Department care algorithm.
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