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ity (>80%) of mTBI patients who go to the ED receive a head CT
scan, >90% of them are found to be negative [2]. This practice
unnecessarily exposes these patients to radiation, increases the
use of ED resources, and lengthens throughput times [3]. The inte-
gration of reliable, objective predictors of intracranial injury for
making important initial assessment decisions [4] can impact sig-
nificantly on this practice.

Hanley and colleagues (2017) [5] described the results from a
multisite independent prospective FDA validation study using
the EEG based biomarker output of the BrainScope One Structural
Injury Classifier (SIC). Sensitivity was reported to be 99% for
detecting hematoma’s with �1 cc, in head injured patients with
GCS 13–15, evaluated within 72 h of injury (see Hanley et al., for
details and full performance metrics).

The current observational study investigates the clinical utility
in the ED of integrating the EEG based SIC biomarker in initial
assessment of mTBI patients, providing information to aid in the
reduction of unnecessary CT scan referrals compared with stan-
dard site clinical determinations. A convenience sample of
ninety-one (91) patients were evaluated between 6/2017–8/2018
at Barnes-Jewish Hospital Washington University Medical Center
ED. Patients were 18–76 years of age (mean 44.64, sd = 17.6),
57% male, presenting to the ED within 3 days of sustaining a closed
head injury (mean time since injury 10.8 h, range 1–62, with
sd = 12), and all but one had a Glasgow Coma Scale (GCS) score
of 15 (one patient GCS = 14). Eighty-two percent (82%) of the inju-
ries were caused either by motor vehicle collisions (MVCs) or falls.

All patients received a CT scan which was read by the site neu-
roradiologist and evaluated for related traumatic injury. Patients
also received an EEG evaluation (5–10 min acquired using the
BrainScope One handheld device), with a disposable headset which
places electrodes on the frontal and frontotemporal forehead
regions [6].Physician assistants, nurses and technicians adminis-
tered the EEG evaluation.

Two potential initial evaluation pathways were compared for
CT referrals:

a. Clinical Site Practice Referral: Relying on clinical judgement of
the ED physician according to site standard of care.

b. EEG Based Classification Algorithm Assessment: Relying on the
ternary output of the SIC (positive, negative, equivocal) to
inform CT referral decision. The SIC is an electrophysiologi-
cal based biomarker derived from selected EEG features
and a small set of clinical associated symptoms, using
machine learning and advanced classification algorithms to
identify those features which optimally characterize the pat-
tern of changes in brain function that occur with head
injury. Of the 91 patients referred to CT, 13 were read as pos-
itive and 78 as negative. These 91 CT referrals made using
the clinical judgement decision pathway resulted in 78
patients who were found to be CT negative. Using the second
pathway with input from the EEG based classification algo-
rithm assessment (SIC) resulted 63 of the patients to be pos-
itive for CT referral. Thus, the use of the EEG Based Algorithm
decision pathway to aid in referral for CT scanning would
have resulted in 63 patients being referred for CT scans
instead of 91 referrals made following standard clinical site
practice. This represents a reduction of 28 fewer head
CTscans, a 30.8% (= (91–63)/91) reduction.

While still early in the clinical use of this EEG based biomarker,

Correspondence / American Journal of Emergency Medicine 37 (2019) 1963–1988 1987
Reduction in unnecessary CT scans for head-
injury in the emergency department using an
FDA cleared device
Emergency Department (ED) visits for mild Traumatic Head
Injury (mTBI) have greatly increased due to more awareness of
potential consequences of such injuries [1]. While the vast major-

this data demonstrates that the BrainScope One medical device can
provide objective information to aid in the initial assessment of
mTBI patients in the ED. Integrating this data into the decision-
making process for CT referrals would have lead to a significant
reduction of ~31% in CT scanning. Importantly, this decrease in
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CT use and its associated radiation was achieved without incurring
any false negative cases (100% sensitivity). This study replicated
results previously published by Huff and colleagues (2017) [7]
who reported potential reduction in unnecessary CT scans (26%)
in a retrospective study of the data collected in the BrainScope
FDA validation study [5], extending it to clinical use and reporting
a higher potential reduction of CTs. It is noted that in the current
study all patients received a CT scan by standard site guidelines,
thus limiting information about BrainScope One in assessing those
patients who are not referred for CT, future studies should include
such a population, with potential to aid in confidence of decision
not to scan such patients.

It is of note that one patient in the sample was originally read as
CT positive with a SIC negative finding. Upon review, this positive
CT result was for an old infarct and showed no acute intracranial
injury (as correctly indicated by the negative EEG biomarker
result). This clearly demonstrates the efficacy of the algorithm at
detecting only acute associated intracranial pathology, indepen-
dent of an old injury visible on the CT.

The integration of such a rapidly obtained, objective biomarker
from the BrainScope One device in the initial assessment of mTBI
patients shows promise to aid in reduction of unnecessary radia-
tion exposure and to speed up throughput times for these patients,
thus, reducing overall cost to the health system.
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