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Abstract

Imaging plays an essential role in identifying intracranial injury in patients with traumatic brain injury (TBI). The goals of imaging include
(1) detecting injuries that may require immediate surgical or procedural intervention, (2) detecting injuries that may benefit from early
medical therapy or vigilant neurologic supervision, and (3) determining the prognosis of patients to tailor rehabilitative therapy or help with
family counseling and discharge planning. In this article, the authors perform a review of the evidence on the utility of various imaging
techniques in patients presenting with TBI to provide guidance for evidence-based, clinical imaging protocols. The intent of this article is
to suggest practical imaging recommendations for patients presenting with TBI across different practice settings and to simultaneously
provide the rationale and background evidence supporting their use. These recommendations should ultimately assist referring physicians
faced with the task of ordering appropriate imaging tests in particular patients with TBI for whom they are providing care. These rec-
ommendations should also help radiologists advise their clinical colleagues on appropriate imaging utilization for patients with TBI.
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INTRODUCTION
Traumatic brain injury (TBI) is one of the most common
neurologic disorders, currently affecting 1.7 million Amer-
icans each year [1,2]. The incidence of TBI, especially mild

TBI, is underestimated [3], as patients frequently dismiss
their symptoms and never present to the emergency
department (ED), or they believe that the admission of
symptoms may compromise their work situation (eg, ath-
letes, military personnel [4]). Although the majority of pa-
tients (nearly 80%) with diagnosed TBI are treated and
released from EDs [5], the remaining 20% have more severe
injuries, resulting in approximately 275,000 hospitalizations
and 52,000 deaths each year. Furthermore, TBI contributes
to one-third of all injury-related deaths in the United States.
The economic cost of TBI was an estimated at $76.5 billion
in 2010 ($11.5 billion in direct medical costs and $64.8
billion in indirect costs such as lost wages, lost productivity,
and nonmedical expenditures) [6]. Moreover, affected mil-
itary veterans generate an annual cost of $11,700 in medical
treatment per patient, compared with $2,400 in TBI-free
veterans [7]. Leading causes of TBI in the general popula-
tion include falls, motor vehicle accidents, assaults, and
sports-related injuries.

Imaging plays an essential role in identifying TBI patients
with intracranial injury. The goals of imaging include (1)
detecting injuries that may require immediate surgical or pro-
cedural intervention, (2) detecting injuries that may benefit
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from early medical therapy or vigilant neurologic supervision,
and (3) determining the prognosis of patients to tailor reha-
bilitative therapy or help with family counseling and discharge
planning. A wide variety of imaging techniques have become
available to assess patients presenting with TBI. This, coupled
with the inconsistent use of clinical decision rules [8], has led to
increased utilization and variations in numerous imaging
practices. Among hospitals reporting to the National Hospital
Ambulatory Medical Care Survey, CT utilization for head
trauma in the pediatric population increased from 12.8% in
1995 to 28.6% in 2000 despite stable hospitalization rates for
head trauma [9]. The practical challenge for physicians is to
understand the multiple facets of these imaging techniques,
including which imaging techniques to implement and how to
use them optimally for specific patients.

Since 2009, multiple health care agencies involving ex-
perts from the international TBI community have worked
on developing and refining common data elements (CDEs)
in TBI to promote the use of consistent terminology and
definitions in characterizing intracranial injuries across all
imaging studies, as well as all clinical aspects of TBI [10,11].
These CDEs can be used in a consistent manner for clinical
practice, research, and treatment trials across multiple in-
stitutions and research studies. The CDEs include a list of
the injuries that can be identified, with definitions of terms
used to describe these injuries on the images, and recom-
mended protocols and descriptors for image acquisition
methods. The goal of the CDEs is to promote consistency
across the field in future investigations aimed at evaluating
TBI imaging.

In an effort parallel to, but distinct from, the CDEs, we
performed a review of the evidence on the utility of various
imaging techniques in patients presenting with TBI to
provide guidance for evidence-based, clinical imaging pro-
tocols. We indicated the quality of publications for diag-
nostic test and interventions by assigning stratified and
preferential levels of evidence (Table 1) and classes of rec-
ommendations (Table 2). These levels of evidence are based
on the National Institute for Health and Care Excellence
(http://www.nice.org.uk), adapted from the Oxford Centre
for Evidence-Based Medicine (http://www.cebm.net) levels
of evidence (2001). The intent of this article is to suggest
practical imaging recommendations for patients presenting
with TBI across different practice settings and to simulta-
neously provide the rationale and background evidence
supporting their use. These recommendations should ulti-
mately assist referring physicians faced with the task of
ordering appropriate imaging tests in particular patients with
TBI for whom they are providing care. These recommen-
dations should also help radiologists advise their clinical
colleagues on appropriate imaging utilization for patients
with TBI. For practical purposes, recommendations are

presented separately for TBI severity and apply to the dif-
ferentiation of acute, subacute, and chronic TBI, as defined
by Defense and Veterans Brain Injury Center recommen-
dations (http://www.traumaticbraininjuryatoz.org/Resource-
Center/The-Defense-and-Veterans-Brain-Injury-Center).
Acute injuries refer to those from the time of injury to

Table 1. Levels of evidence for studies of the accuracy of
diagnostic tests

Level of
Evidence Type of Evidence

Ia Systematic review (with homogeneity)* of level
1 studies†

Ib Level 1 studies†

II Level 2 studies‡

Systematic reviews of level 2 studies
III Level 3 studies§

Systematic reviews of level 3 studies
IV Consensus, expert committee reports or

opinions, and/or clinical experience without
explicit critical appraisal, or based on
physiology, bench research, or “first
principles”

Note: Adapted from The Oxford Centre for Evidence-Based Medicine
Levels of Evidence (2001) and Centre for Reviews and
Dissemination Report Number 4 (2001).

*Homogeneity means that there are no or minor variations in the
directions and degrees of results among individual studies that are
included in the systematic review.

†Level 1 studies are studies: (1) that use blind comparisons of the test
with a validated reference standard (2) in samples of patients that
reflect the population to whom the test would apply.

‡Level 2 studies are studies that have only one of the following: (1) narrow
populations (the samples do not reflect the population to whom the
test would apply), (2) poor reference standards (defined as that for
which the “test” is included in the “reference,” or for which the
“testing” affects the “reference”), (3) nonblinded comparisons be-
tween the test and reference standard, and (4) case-control designs.

§Level 3 studies are studies that have at least two or three of the
features listed above.

Table 2. Classification of recommendations

Class I: Conditions for which there is evidence for or general
agreement that a procedure or treatment is beneficial,
useful, and effective

Class II: Conditions for which there is conflicting evidence or a
divergence of opinion about the usefulness or efficacy of a
procedure or treatment

Class IIa: Weight of evidence or opinion is in favor of
usefulness or efficacy

Class IIb: Usefulness or efficacy is less well established
Class III: Conditions for which there is evidence or general
agreement that a procedure or treatment is not useful or
effective and in some cases may be harmful

Note: From the American Heart Association.
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