
Introduction

Concussions, also known as mild traumatic brain injuries
(mTBI), create challenges for the emergency care provider. Only
recently is good evidence available from well designed studies to
guide diagnosis and therapy. A number of points now can be made
with some confidence. First,
patients with mTBI are an
exceedingly common problem.
Second, there are short- and
long-term consequences of
mTBI that should not be
ignored. Third, after much
debate and years of controversy,
there is emerging agreement on
a definition for mTBI. Fourth,
return to play/school/work rec-
ommendations are more evi-
dence-based, which provide a
logical and practical way to instruct patients on what to do after an
mTBI and how to return safely to their normal routines. In addition
to these relatively significant developments, new studies provide
further clarification of mTBI and how best to manage these
patients.  

Case 1: An 18-year-old male presents with a chief complaint
of moderate headache, nausea, vomiting x 3 for the past 12
hours. His mom was told “there has been a virus going around at
his school.” He was healthy prior to the onset of these symptoms.
He was a star athlete on his high school football team and played

in a game the evening before.
At the game he had to sit out a
full quarter of play due to get-
ting his “bell rung.” There was
no loss of consciousness. He
continued to play, although he
stated he was not feeling well.
His symptoms are unremark-
able, other than the headache
and nausea/vomiting. No diar-
rhea. His vital signs are: Blood
pressure 118/70, heart rate 101,
respiratory rate 14, and he was

afebrile. The physical examination was normal. He was awake
and alert.

What is the differential diagnosis? Did he receive a concus-
sion the night before? Is he at risk for intracranial injury? Does
he need a CT? Can he return to practice?
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Case 2: An 81-year-old female presents after a witnessed
mechanical ground-level fall during the night at the nursing
home. She has a history of atrial fibrillation and severe dementia.
Her medication list includes labetolol, lisinopril, warfarin, and
memantine. There are no other records available at this time. She
is awake but confused, but her normal baseline mental status is
not clear at this point. Her vital signs are normal, and her exami-
nation is unremarkable other than a small forehead contusion and
her confused mental state. 

What should this patient’s work-up entail? Should she be
admitted to the hospital for observation? What are her risk factors?

Background
The CDC estimates that there are more than 1.6-3.8 million

traumatic brain injuries (TBI) each year in the United States.1,2

An overwhelming majority (approximately 80%) of these cases
are classified as “mild” (mTBI).3,4 More than 20% of the soldiers
returning from Iraq and Afganistan have sustained an mTBI.5

The problem is so significant that TBI has been labeled the “sig-
nature injury” of these conflicts. The culmination of new data
from the sports medicine field and the growing number of
injured soldiers have generated renewed interest in TBI.  

The diagnosis of mTBI historically has been very challenging,

in large part due to the continuing debate over the clinical defini-
tion. Most physicians agree on the physical signs and symptoms of
a moderate and severe TBI (measured by the Glasgow Coma Scale
[GCS] score; severe = 3-8 and moderate = 9-13), which are char-
acterized by profound alterations in consciousness.6 However,
patients with a mild TBI (GCS 14-15) by definition have very sub-
tle changes in mental status, and fewer than 10% result in an initial
loss of consciousness.7,8 mTBI should be suspected in any patient
who has sustained a loss of consciousness, has amnesia around the
event, or initially is confused or dazed. Many of these patients do
not initially seek medical attention or are under-diagnosed by the
medical community, making the determination of true incidence of
mTBI impossible. Even when the diagnosis is suspected, patients
are not hospitalized and observed as often as in the past. There is a
real need for enhanced surveillance and evaluation for mTBI in the
emergency room and outpatient primary care setting.2,9

Although an mTBI is often considered by the patient and lay
public to be insignificant, there can be significant morbidity and
even mortality. A substantial number of mTBI patients experience
initial objective neuropsychological difficulties involving memory,
attention, and executive functioning.10-19 These symptoms are often
called post-concussive syndrome, which will be discussed in detail
later in this issue. A significant subset of patients are left with per-
sistent subjective cognitive complaints that disrupt their social rela-
tionships and their ability to resume leisure and work-related activ-
ities.20 Second impact syndrome may occur when a second con-
cussion occurs prior to recovery from the first. Rapid onset of cere-
bral edema and death can occur.21-26 This syndrome is most often
seen in athletes who prematurely return to play. The importance of
the morbidity (i.e., prolonged cognitive deficits and affective and
personality changes) and mortality (i.e., second impact syndrome)
produced by mTBI is increasingly appreciated.21-26 There is good
evidence that repetitive concussions result in long-term cognitive
deficits and structural damage to the brain.24,26,27

Depression is a common secondary complication of mTBI.28-32

Early detection of mTBI is critical to patient education and treat-
ment and potentially could prevent the secondary complications
of depression and anxiety. Mittenberg and colleagues compared
the effectiveness of standard hospital treatment and discharge
instructions to education concerning the symptoms and their
management in mTBI patients.33 At six months postinjury, 28%
of patients who received standard treatment met ICD-10 criteria
for post-concussion syndrome, compared to only 11% of the pre-
ventative treatment group. Patients in the preventative group also
reported significantly shorter overall symptom duration, fewer
symptoms, fewer symptomatic days in the previous week, and
lower symptom severity levels. One implication of this research
is that early detection could lead to interventions to mitigate the
morbidity associated with mTBI.

The lack of a firm pathophysiological finding and a poor
understanding of the underlying biomechanical forces that lead to
mild cognitive deficits further complicate the diagnosis of mTBI.
Although mechanical tolerances have been proposed for moderate
and severe TBI, determination of thresholds for mTBI is compli-
cated by poor patient recounts and delayed or inaccurate clinical
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diagnoses.34,35 Early and reliable diagnosis of mTBI may not only
assist the patient with rehabilitation and improved outcome, but it
will also provide a tool to correlate the acute response to a mild
insult with the mechanical circumstances of the injury. Neuropsy-
chological testing is a useful tool for detecting the often subtle
changes resulting from mTBI but is rarely available to the emer-
gency clinician.15,16,19,36,37

Pathophysiology
Moderate/Severe TBI. A more thorough understanding of the

pathophysiology of severe TBI has emerged over the past 2
decades. Once thought to be a single event, TBI is now known to
include the activation of a complex biochemical cascade that is
cytotoxic and leads to expansion of the initial injury and an
increase in long-term morbidity and mortality of the patient.38-40

These two phases of injury are fundamentally different and have
been divided in the literature into the primary and secondary
injury. The primary injury can include contusions (bruises to brain
parenchyma), hematomas (subdural, epidural, intraparenchymal,
intraventricular, and subarchanoid), diffuse axonal injury (DAI),
direct cellular damage (neurons, axons, and other supportive
cells), tearing and shearing of the tissues, loss of the blood-brain
barrier, disruption of the neurochemical homeostasis, and loss of
the electrochemical function. Secondary injury refers to the dam-
age caused by the series of deleterious cellular and subcellular
events (also know as the secondary cascade) that follow. This is
not to be confused with the term “secondary insults,” which is
used in the clinical literature to describe conditions or circum-
stances (e.g., hypotension, hypoxemia, elevated ICP) that, if not
treated, worsen the outcome of the patient with an acute TBI.  

The secondary cascade is extremely complex and includes
excessive release of glutamate into the presynaptic space, activation
calcium channels (e.g., N-Methyl D-Aspartate, AMPA, and oth-
ers41-46), an overwhelming influx of calcium into the cell, and a dis-
equilibrium of other critical ions such as sodium and potassium.38

The calcium and ion shifts lead to mitochondrial damage, produc-
tion of free radicals, activation and phosphoralation of enzymes,
loss of membrane integrity, damage to ion transport systems, and a
host of other dysfunctional events. The death of cells in the injured
tissues leads to the production and release of cytokines and other
pro-inflammatory enzymes. In addition, both cytotoxic edema
(formed within the cell from loss of cell membrane integrity and
ion exchange) and extracellular edema (from the breakdown of the
blood-brain barrier and alteration of Aquaporins and other water
exchange mechanisms) lead to swelling.47 Since the brain is essen-
tially in a confined space, pressure rises and structures are dam-
aged. Herniation of brain tissue and brain death can result.

Minor TBI. The underlying pathophysiology for mild TBI is
not as clear. A leading hypothesis is that mTBI results in a pre-
dominantly metabolic insult as opposed to a structural one.39,40,48-55

Ion shifts result in mitochondrial dysfunction and depletion of
intracellular energy stores. The brain may be exceedingly vulner-
able during this time and when taxed (low oxygen state, recur-
rent insult, or concussion), could result in an exponential increase
in dysfunction and cellular injury. Even minor insults could have

profound effects. In fact, anything that increases metabolic
demand, such as heavy mental or physical exercise, could worsen
the injury. This concept of metabolic injury explains the return of
symptoms with physical and mental activity and guides the new
approach to return to play and work recommendations. It also
explains why structural imaging techniques, such as CT, are poor
determinants of injury. Studies using functional imaging tech-
niques tend to support this theory. There is evidence that structur-
al injury also occurs. The fact that structural abnormalities can-
not be identified on MRI or CT does not preclude their existence.
Indeed, new imaging techniques such as diffusion tensor imaging
are revealing some of the underlying cellular-level damage that
occurs.56-60 The predominant form of structural injury in mTBI is
a form of diffuse axonal injury. The end result is an injury that
puts the brain in a vulnerable state and suggests the need for
“brain rest” and avoidance of secondary injuries.

Diagnosis
The definitions developed by the American Congress of Reha-

bilitation Medicine, the CDC, and the American Academy of
Neurology (AAN) are essentially the same and now have been
widely adopted by the medical community.61,62 This definition
includes:

Exposure to a blunt force or acceleration deceleration injury
and any period of transient confusion, disorientation, impaired
consciousness, loss of consciousness for less than 30 minutes,
and any period of dysfunction in memory (amnesia) associated
with the event, neurological or neuropsychological dysfunction. 

A simpler version now advocated is “any trauma-induced
alteration in mental status.”63

Loss of consciousness (LOC) is not a defining element of a
concussion. The lack of LOC does not eliminate the possibility
of underlying pathology, the presence of positive CT, or persist-
ent symptoms. LOC remains an important risk factor for injury,
but is only one of several risk factors (vomiting, focal neurologic
complaint, etc.) after injury.64-68

For the emergency care provider, the diagnosis of mTBI
essentially resides on the history surrounding the exposure, i.e.,
was there any alteration in the mental state at the time of the
event or subsequent to the event? This definition includes the lay-
man’s account of getting your “bell rung,” “seeing stars,” or feel-
ing dazed or confused as a result of the injury. The presence of
amnesia further solidifies the diagnosis and may be associated
with more significant injury. Patients who have loss of con-
sciousness lasting longer than 30 minutes or who have a Glas-
gow Coma Score of less than 14 are not considered “mTBI” and
should be evaluated as moderate or severe, depending on the
examination. Note that GCS 13, previously defined as mild, is
now classified as moderate, as the risk for complications for
these patients is similar to moderate TBI patients. A tool for
proper screening and evaluation (Acute Concussion Management
– ACE) has been developed and is available in the Center for
Disease Control (CDC) Physicians’ Tool Kit through the CDC
web site (www.cdc.gov/ncipc/tbi/physicians_tool_kit.htm). 

Many factors complicate the diagnosis. The presence of
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alcohol, other injuries, and clarity of the events (dependence on
patient recollection) can make it unclear whether the patient sus-
tained a concussion. Currently there are no widely available and
reliable tests that can confidently rule a concussion in or out.
Serum markers, discussed later, are evolving and may provide a
new critical role in diagnosis and management. CT is an impor-
tant modality to rule out injuries that need neurosurgical inter-
ventions, but as stated above, is negative in most patients with
mTBI. A CT does not predict post-concussive syndrome.

The clinical signs and symptoms associated with an mTBI are
listed in Table 1.69 It should be noted that clinical symptoms may
begin immediately after the insult or may be delayed for days to
weeks. Therefore, the lack of current (at the time of evaluation)
signs and symptoms does not exclude an mTBI if the historical
account is consistent. Another complicating factor is that many
of these signs and symptoms are nonspecific and overlap with
other conditions.

Physical Examination Findings
The physical examination in isolated mTBI often is normal, but

it is important to document a full examination and to look for clues
of injury mechanism severity and neurological impairment. As
with all emergency department patients, the ABCs (airway, breath-
ing, and circulation) should be evaluated, stabilized when indicat-
ed, and documented. The cervical spine should always be assessed
and documented. Central cervical tenderness or an inability to
obtain a reliable examination (e.g., intoxication, confusion, etc.)
should prompt CT imaging of the spine. The presence of contu-
sions or lacerations to the scalp may provide some insight when
patients have an unclear history (e.g., intoxication, etc.).

A thorough neurological examination is also important. Focal
findings are rare in mTBI and should alert the clinician to poten-
tially significant intracranial pathology. A Glasgow Coma Score,
although insensitive to subtle dysfunction associated with mTBI,
is important to document. Signs of global impairment, such as
confusion, perseveration, amnesia, or other findings, should also
be assessed and recorded. 

Mild TBI may result in impairment in balance, and an examina-
tion of gait or a balance challenge can expose ongoing symptoms.
However, the most consistent abnormalities in mTBI are subtle
impairments in cognitive function. Assessing cognitive function in
the emergency setting is challenging. The “gold standard” neu-
ropsychological examination is impractical in the acute setting. The
Mini Mental Status Exam is relatively brief and easy to administer
but is rarely performed and may be insensitive to subtle abnormali-
ties. However, some assessment of cognition should be performed.  

Grading Concussions
The practice of grading concussions into categories is still

widely employed but is not evidence-based and can lead to errors
in management. More than 20 different classification systems
exist.36 These systems served a purpose for standardizing care
and aiding in the decision process for returning to play and work
when there were no solid data to direct care. However, they have
also added more confusion to the management of concussion due

to the sheer number of classification schemes, the lack of consis-
tency, and the lack of evidence to support them. 

A more scientific and evidence-based approach for manage-
ment is now emerging. As discussed above (pathophysiology sec-
tion), metabolic disturbances uncouple the energy supply-demand
equilibrium, setting up a vulnerable state for neuronal cells.36,70

Symptoms reflect the underlying metabolic disturbances and
therefore can guide management. When symptoms return with
cognitive or physical exercise, it is a warning that mismatch may
be occurring. Cessation of activity is advised, including a reduc-
tion of the level of activity. (See Return to Activity section.)

Imaging
CT is an important tool for determining if a life-threatening

lesion is present. CT has many advantages over other imaging
modalities. It is fairly ubiquitous in emergency departments in the
United States, it is exquisitely sensitive to the presence of blood,
and it guides management in the acute setting. But, which head-
injured patients should receive a CT scan? Which patients with a
negative CT scan can be discharged safely? In 2002, the American
College of Emergency Physicians put out evidence-based guide-
lines on these topics.71 These guidelines were updated in 2008.68

Several well designed studies have addressed the significance
of symptoms with respect to their ability to predict a positive
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Table 1. Clinical Signs and Symptoms of Mild
Traumatic Brain Injury

COGNITIVE SYMPTOMS

• Attention difficulties
• Concentration problems
• Amnesia and perseveration
• Short-term and long-term memory problems
• Orientation problems
• Processing speed
• Reaction time
• Calculation difficulties and problems with executive function

PHYSICAL SIGNS AND SYMPTOMS

• Headaches
• Dizziness
• Insomnia
• Fatigue
• Uneven gait
• Nausea, vomiting
• Blurred vision
• Seizures

BEHAVIORAL CHANGES

• Irritability
• Depression
• Anxiety
• Sleep disturbances
• Emotional liability
• Loss of initiative
• Loneliness and helplessness
• Problems with job, relationship, home, or school management



finding on CT.64-67,72-76 The primary goals of these studies were to
create decision rules to determine who was at risk for a signifi-
cant intracranial lesion and who would need neurosurgical inter-
vention. Another goal was to decrease the utilization of CT. The
evidence does not address who will deteriorate if the CT is posi-
tive, or the relationship between positive or negative CT and the
duration of post-concussive symptoms.

The data demonstrate fairly consistently that patients with mTBI
and GCS of 14-15 will have a lesion on CT about 15% of the time,
and fewer than 1% will require neurosurgical intervention.68

The first evidence-based decision rule, the New Orleans Crite-
ria (see Table 2) was developed by Haydel, et al.73 The study had
two phases, a rule-development phase (520 subjects) and a vali-
dation phase (909 subjects). In the study, 6.5% had an intracra-
nial lesion, and 0.4% needed surgical intervention. Inclusion cri-
teria for the study were an mTBI with GCS of 15 and either LOC
or amnesia. The rule was 100% sensitive for detecting intracra-
nial lesions on CT; however, it was only 5.3% specific.

Another well validated decision rule is from Stiell, et al.72

Stiell developed the Canadian CT head rule (CCHR) based on
prospectively evaluating 3,121 mTBI patients with a GCS of 14-
15 for lesions leading to neurosurgical intervention or who were
deemed “clinically important.” The CCHR (see Table 2) was
100% sensitive at detecting their definition of clinically signifi-
cant lesions. However, there is a very important caveat: The
CCHR rules use a different definition for significant injury. The
CCHR dismisses the significance of many positive CT findings
(solitary contusions less than 5 mm, smear subdurals less than 4
mm thick, isolated pneumocephalus, and closed depressed skull
fractures that do not penetrate the inner table, stating that these
do not deteriorate). Follow-up assessment to document deteriora-
tion, however, was based on phone survey data and did not take
into account non-neurosurgical sequelae.  

Smits, et al. compared the NOC and CCHR in 3181 adults with
mTBI and a GCS of 14-15.66 The NOC was 100% sensitive for
neurosurgical lesion and 98% sensitive for an intracranial lesion,
but was only 5.3% specific. The CCHR was 100% sensitive for
neurosurgical lesion but only 83% sensitive for an intracranial
lesion with an improved specificity of 37% and 39%, respectively.
Steill, et al. also compared the two rules and found similar results
except they reported higher specificity for significant intracranial
lesions; 13% NOC and 51% for CCHR. CT use would be reduced
by 3% using the NOC and 37% with the CCHR.

A major downside of these two decision rules is that all
patients in these trials had either LOC or amnesia. A majority of
mTBI do not result in LOC and, as shown later, LOC is not the
best predictor of intracranial pathology. Importantly, these rules
cannot be applied to patients on anticoagulants or children, as
they were excluded in the validation studies.

Several European studies also have attempted to create mTBI
decision rules. The National Institute for Clinical Excellence
(NICE) and the Neurotraumatology Committee of the World
Federation of Neurosurgical Societies (NCWFNS) more recently
have evaluated clinical signs and symptoms.64,67 These decision
rules have been applied to large data sets and shown to be rela-

tively sensitive (NICE – 94% for neurosurgical lesions, 82% for
intracranial lesions, and NCWFNS – 100% for neurosurgical
lesions and intracranial injuries). Ibanez, et al. evaluated 1101
mTBI patients with GCS 14-15 and found approximately 2% of
patients without LOC had intracranial lesions and 0.6% required
surgery (similar rates to those with LOC).  

One of the most important findings from these studies is the
relative significance of certain elements of the history and physi-
cal. For example, nausea and vomiting after the concussion has
an odds ratio comparable to LOC for a positive CT. (See Table
3.) Other factors are as important as LOC, if not more. 

These decision rules can guide clinical practice, but each cli-
nician has to decide what is an acceptable risk in his or her own
practice and recognize that none of these rules address short- or
long-term non-neurosurgical sequelae such as post-concussive
syndrome. 

Magnetic resonance imaging (MRI) can detect subtle lesions
that CT imaging cannot. However, despite the enhanced capabili-
ties of the MRI, it is still not sensitive for mTBI. MRIs are not
readily available at most facilities, are more expensive, and have
other limitations related to the magnetic field. Moreover, it is not
clear how that the additive information provided translates into
any clinical importance.  

Functional MRI (fMRI) has been a useful research tool. fMRI
can correlate functional elements, such as oxygen demand, to
neuropsychological testing paradigms.77-79 It will remain an
important research tool but is not likely to be available to the
emergency care provider in the near future. 

Another promising imaging technique is Diffusion Tensor
Imaging (DTI).56-60 DTI images the disruption of water mole-
cules that flow along axons. Since the primary insult after
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Table 2. Clinical Decision Rules 
(Not Applicable to Children and Patients 
on Anticoagulants)

NEW ORLEANS (GCS 15) CANADIAN (GCS 13-15)
(NOC) (CCHR)

• Headache • GCS < 15 at 2 hours
• Vomiting • Suspected open or depressed 
• Age > 60 skull fracture
• Intoxication • Any sign of basal skull fracture
• Persistent antegrade • Vomiting > 1 episode

amnesia • Retrograde amnesia > 30 min
• Evidence of trauma • Dangerous mechanism (fall > 3 ft 

above the clavicles or ped struck)
• Seizure
• Age < 16

DETECTION OF AN INTRACRANIAL LESION ON CT

• 100 % sensitive, 5% specific • 100% sensitive,  
37% specific

DETECTION OF THE NEED FOR NEUROSURGICAL INTERVENTION

• 100% sensitive, • 83% sensitive, 38% specific
5% specific



injury is now believed to be diffuse axonal injury (DAI), it is
providing significant insight into the pathophysiology of mTBI.
As with MRI and fMRI, it is not readily available to the pri-
mary clinician. 

Biomarkers
Biomarkers hold a lot of promise for screening, better classifi-

cation of injury, and guiding therapy. Biomarkers would be useful
to detect mTBI in cases where the diagnosis is difficult (intoxicat-
ed patients, poor historical record, etc). A number of different
markers have been studied (Tau, NSE, S100b, and others). Until
recently, there simply was not enough data to support the use of
any of these markers. A lack of specificity for neuronal injury
plagues most of these markers. However, S100b may be sufficient-
ly sensitive to detect the presence of injury.68 Biberthaler, et al.
reported that S100b has a 99% sensitivity and 30% specificity for
detecting a positive CT when measured within 3 hours of a sus-
pected mTBI.80 Other studies had similar findings, depending on
the cutoff level used and the detection methodology.81,82 There are
limitations to S100b. Serum levels rise and fall quickly, so time
from injury would be critical to the relevance of a negative level.
The current study provides only a dichotomous answer (concus-
sion or not). Second, the laboratory test for S100b is not widely
available. However, this is the first biomarker that could actually
provide useful information in the clinical setting of acute TBI. 

Cognitive Screening and Psychometrics
Cognitive testing in the ED has been limited to brief memory

screens such as the Mini Mental Status Exam (MMSE). Other
tools, primarily developed for sports, such as the Standardized
Assessment for Concussion (SAC) and the newer Sports Concus-
sion Assessment Tool (SCAT) are rarely performed in the ED and
have not been validated in this setting. Although brief, these screens
still require 10-15 minutes of dedicated time with the examiner to
perform. These factors limit their widespread application in the ED.

Psychometrics, or neuropsychological (NP) testing, has been
the cornerstone for assessing the long-term effects of an mTBI.
NP testing measures cognitive function and can detect very sub-
tle deficiencies.15,36,83-87 Testing consists of a battery of individual
tests that evaluate a number of domains required for normal brain
function (memory, attention, concentration, executive function,
reaction time, etc). For TBI, the most important battery covers
cognitive deficits such as short-term and long-term memory,
reaction time, and executive function. 

Classical NP testing involves a battery of paper tests that
require more than 2 hours to perform. Obviously this type of test-
ing is too time-intensive and not practical for the ED. A number
of computerized versions have been developed that are shorter
and easier to administer. Several of these tests are being
employed by sports programs to guide recovery from concus-
sion. They are best when baseline scores can be obtained (such
as preseason testing) to compare within individuals. Baseline
testing is not practical for the ED, and normative controls add
more variability. However, cognitive testing in the ED may soon
be available with more novel approaches being developed.  

Treatment 
There are no pharmacological treatments for mTBI. The pri-

mary objectives of the emergency department clinician are to iden-
tify patients who have intracranial lesions requiring neurosurgical
intervention, identify patients who might deteriorate, and guide
return to normal activities. Historically, emergency clinicians have
done a good job of identifying intracranial lesions and recognizing
patients who might deteriorate, but have not performed well in
providing evidenced-based discharge instructions or return to
activity information. In defense, much of the literature on this topic
is fairly new and still under development. However, there are
enough data to provide recommendations with moderate certainty. 

Treatment begins with proper identification of a patient with
mTBI. Once recognized, a history and physical examination
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Table 3. Odds Ratio for Specific Clinical Findings and Positive Head CT

SMITS ET AL66,67 IBANEZ ET AL65 FABBRI ET AL64

OR (95% CI) OR (95% CI) OR (95% CI)

GCS 14 2 (1-3) 7 (4-14) 19 (14-26)
Neurological deficits 2 (1-3) 7 (2-25) 19 (13-28)
Signs of basilar skull fracture 14 (8-22) 11 (6-23) 10 (6-16)
Loss of consciousness (LOC) 2 (1-3) 7 (4-11) 2 (2-3)
Posttraumatic amnesia 1.7 (1-2 3 (2-5) 8 (6-12)
Headache 1.4 (1-2) *3 (2-6) —
Vomiting 3 (2-4) 4 (2-7) 5 (3-8)
Posttraumatic seizure 3 (1-10) 2 (0.25-17) 3 (2-5)
Intoxication 1 (0.6-2) 1 (0.3-3) —
Anticoagulation 2 (1-4) 4 (3-7) 8 (3-9)
Age > 65 2 (1-3) 2 (1-3)
Dangerous mechanism 2 (1-4) — 3 (2-4)

* For severe headache
Adapted from the ACEP Guidelines 8-2008 Jagoda et al. 



should be performed with a focus on factors that increase the risk
of intracranial pathology, as outlined in Table 3.68

Acute head trauma patients who are at risk for intracranial
pathology and in whom a noncontrast head CT should be per-
formed are those with focal neurologic deficits, vomiting, moder-
ate to severe headache, age 65 years or greater, physical signs of
a basilar skull fracture, GCS score less than 15, coagulopathy (or
anticoagulant therapy), or a dangerous mechanism of injury. 

In addition, patients with alcohol and drug intoxication, short-
term memory deficits, physical evidence of trauma above the clav-
icle and/or posttraumatic seizures, who have had loss of conscious-
ness or posttraumatic amnesia also should be considered for a CT.

It is always wise to discharge the patient to the care of a
responsible individual and provide instructions to both the
patient and the caregiver. Several studies have documented poor
understanding of discharge instructions in mTBI patients.88,89 If a
CT is not clinically indicated, or the S100b is below the cutoff
point, the patient should receive careful instructions on delayed
symptoms and when to return to the ED, in addition to the
instructions on return to activity and follow up. For whatever rea-
son, in patients for whom a CT is indicated but not available,
observation is recommended. There are no data to support any
specific time window for observation.  

Follow-up
Discharge planning should include explicit instructions

regarding follow up. The CDC’s Physicians’ Tool Kit is an excel-
lent resource for discharge instructions and follow up. Patients
who are symptom free and have returned to their normal activi-
ties of daily living do not specifically need to follow up. Patients
continuing to have symptoms for more than 3 weeks should seek
follow up with a qualified healthcare provider who has experi-
ence and or training in mTBI. It is recommended that every ED
identify local providers with such training. Most sports medicine
training programs include mTBI curriculum. These experts can
manage the ongoing symptoms, refer for further testing (imaging
and or neuropsychological evaluation), and inform the patients
and family members about how to navigate their environment.

Return to Activity: Play/School/Work (PSW)
Based on the pathophysiology and the recognition that symp-

toms reflect an underlying vulnerable state, a graded return to
PSW has been developed. This recovery program is simple and
has many advantages over previous recommendations and guide-
lines. In many guidelines, an arbitrary recovery period of 7 days
after a “grade II” concussion was recommended.90 This time was
not evidence-based and happened to coincide with weekly sport-
ing events as opposed to evidence of recovery. For non-athletic
return to work or school, no formal recommendations have been
developed. However, adoption of the sports return-to-play
scheme (with some modifications) is logical and consistent with
the symptom-based approach. (See Table 4.)

Protracted Symptoms. There are no consistent findings that
can predict the frequency or intensity of post-concussive symp-
toms. Most studies have shown almost complete resolution of

symptoms by 6 weeks in 80% of patients.92 The most common
symptoms involve headache, difficulty concentrating, and short-
term memory difficulties. The treatment of symptoms includes
rest, including “brain rest,” and therapies targeted toward specific
symptoms (NSAIDs, hydration, etc.). Aspirin should be avoided
to prevent any bleeding complications. 

Post-Concussive Syndrome (PCS)
Patients often report a series of physical, emotional, and cogni-

tive symptoms in the days and weeks after their mTBI. While most
mTBI patients will go on to make a full recovery, some individuals
will have persistent symptoms for months to years that can cause
significant disability. The estimated prevalence of PCS varies
widely, with about 20-40% of subjects reporting symptoms at
three months and about 15% with symptoms at 1 year.12,93 The
most commonly reported post-concussion symptoms are
headache, dizziness, decreased concentration, memory problems,
sleep disturbances, irritability, fatigue, visual disturbances, judg-
ment problems, depression, and anxiety.94,95 When a cluster of
symptoms becomes chronic after an mTBI, it is often called per-
sistent post-concussive symptoms (PPCS) or post-concussion syn-
drome (PCS). There are two overlapping but distinct official defi-
nitions for PCS; one is listed in the ICD 10th Revision of the Inter-
national Classification of Diseases (ICD-10) clinical criteria, and
the other is in the Diagnostic and Statistical Manual of Mental Dis-
orders, Fourth Edition (DSM-IV). Adding to the confusion, the
terms post-concussive symptoms (symptoms that occur within 4
weeks after the injury) and post-concussive syndrome (symptoms
that last longer than 1 month – ICD 10 definition, or more than 3
months – DSMV-IV definition) are mistakenly interchanged and
both have the “PCS” acronym. The underlying pathophysiology of
PCS is equally unclear. There is so much symptom overlap with
post-traumatic stress disorder (PTSD) and other non-traumatic
conditions that making the distinction based on clinical grounds is
not currently possible. Moreover, none of the clinical findings at
the time of the injury (CT scan, loss of consciousness, etc.) reliably
predict PCS. Nevertheless, it is clear that a small percentage of
patients will have persistent symptoms that are associated with
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Table 4. Stepwise Return to Activity

SPORT-RELATED NON-SPORT RELATED

• No activity (rest until • No activity (rest until symptom 
symptom free) free)

• Light aerobic exercise • Light aerobic exercise
• Sport-specific training • Moderate aerobic exercise

(noncontact) • Return to normal activities
• Noncontact drills
• Full contact drills
• Game play

Each level requires 24 hours. If symptoms occur at any level, the
patient must start back at the previous symptom free level.

Adapted from Prague recommendations91



their original injury and are often disabling. Neuropsychological
testing and a symptom checklist are the cornerstones for the diag-
nosis and management. The primary approach is to treat the symp-
toms. Appropriate referral to a neuropsychologist or mTBI clinic is
necessary to manage these patients effectively. 

Special Considerations
Coagulapathy. Patients on warfarin and other blood thinners

require a note of caution. Intuitively, there is an increased risk for
intracranial hemorrhage in patients on anticoagulants who sustain
a TBI. Some experts believe that even trivial injuries, such as
ground-level falls can result in catastrophic intracranial hemor-
rhages, especially in elderly patients. A number of factors likely
play a role. First, most patients on anticoagulants are elderly, and
it is well documented that elderly patients have poorer outcomes
after TBI. Second, anatomical differences (atrophied brain, vul-
nerable bridging veins, etc.) and decrease parenchymal compli-
ance increase the risk for intracranial hemorrhage in elderly
patients. Third, patients on anticoagulants often have other co-
morbidities that can affect overall outcome after a TBI. There are
no prospective studies that definitively demonstrate the risk. Sev-
eral retrospective studies of adequate quality demonstrate at least
a four-fold increase in poorer outcome if the INR is elevated.79,96-98

Patients on anticoagulants that are sub-therapeutic may not have a
significant increased risk, but that is not certain as this time.  

The true incidence for intracranial hemorrhage in patients on
warfarin who have sustained an mTBI is not known. However,
hemorrhages in patients on warfarin and who have an elevated
INR have an exceedingly high mortality (more than 80%).99 In
general, all patients on warfarin with a suspected TBI should
have an emergent head CT and INR checked. Most patients with
intracranial hemorrhage will need immediate anticoagulant
reversal with FFP, vitamin K, or possibly other appropriate rever-
sal agents and emergent neurosurgical consultation.

Another, more controversial question is what to do with anti-
coagulated patients after a negative CT. Delayed hemorrhage is
reported in the literature.100 There are no data on the risk of
delayed hemorrhage after very minor head injuries in patients
with a negative CT and who are anticoagulated. The degree of
anticoagulation likely plays an important role, but it is uncertain
to what degree. Cohen, et al. reported that an alarming number of
patients (~32 out of 45) admitted with a normal head CT and ele-
vated INR after TBI deteriorated. Mortality in these patients was
more than 80%.99 Cohen suggests, and the author agrees, that
patients with an abnormal INR (2 or greater) should be admitted
and observed, even with a normal initial CT. It is also not clear if
antiplatelet agents (e.g., aspirin, ticlid, clopidogrel) increase the
risk of intracranial bleeding in the setting of mTBI.  

Sports Concussions. In addition to the general discussions of
mTBI, detecting concussions in athletes can be more challeng-
ing. Athletes in general do not want to be pulled from the active
roster or the game and tend to downplay their symptoms. For
athletic trainers and coaches, the problem becomes more pro-
found in the chaotic environment of a game where the athlete is
energized and emotionally involved. Pressure on the team to per-

form is not isolated to the players, but also applies to the coaches
and staff. Athletic trainers and sports medical personnel often are
positioned between the needs of the team and the health of the
athlete. Sports medicine-trained physicians and certified athletic
trainers typically are well versed in concussion recognition and
management. In fact, in organized sports at the college level or
above, most athletes who sustain concussions are managed out-
side the ED unless imaging is required. However, in teams or
sports without any trained health personnel, the athlete often will
go unnoticed entirely.  

In athletes, decisions on return to play should be managed
very carefully and preferably by health providers trained in con-
cussion management. The role of the ED physician is to inform
the athlete that he or she should not return to activities or training
until cleared by the team trainer/physician. The reason behind
this additional caution is the increased risk and exposure of the
athlete to repeat concussion and injury. Recurrent concussions
are shown to worsen outcome and may lead to second impact
syndrome.101,102 A graded activity program should be instituted to
clear athletes for play.103,104 (See Return to PSW section.)

Second Impact Syndrome. Second impact syndrome is a
rare event that results in rapid cerebral edema and high
mortality.24,105,106 The pathophysiology and the predictors are not
well understood. It is hypothesized that a second impact before
the brain has reset and/or recovered from the first causes a loss of
autoregulation, ion imbalance, and rapid cerebral edema. This
explanation fits well with the concept of the metabolic distur-
bance, energy demand mismatch, and the vulnerable state of the
brain after a concussion. Almost all cases of second impact syn-
drome have occurred in young athletes. However, the rarity of
the condition is evidence that there are other factors that predis-
pose and/or contribute to this devastating condition. 

Recurrent Concussions. There is now strong evidence that
recurrent concussions are more significant than the initial one and
make the patient more susceptible to further concussions.101,102

Young age appears to be a risk factor for the increased susceptibil-
ity.107-109 Lovell, et al. have shown diminished cognitive function,
slower recovery times, and prolonged disability in injured high
school and college athletes. It is controversial as to whether this
translates to older athletes, such as those in professional sports.110

The increased vulnerability is of special concern because of the
lack of consistent medical oversight in youth sports.

Dementia Pugilistica. Dementia pugilistica is a special con-
dition of early onset dementia related to boxing and other contact
sports that involve multiple direct blows to the head.25,111,112 Con-
cussions are common in boxing. Indeed, it is the only sport
whose whole intent is to produce a concussion, the KO (knock
out). There is some evidence connecting head injury and
Alzheimer’s disease in some patients.113

Case Resolutions
Case I: The 18-year-old male with a chief complaint of mod-

erate headache, nausea, vomiting x 3 for the past 12 hours had a
subarachnoid hemorrhage and a smear subdural on CT. He had
suffered a concussion the night before (“bell rung”) during the
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football game. Even though he had no history of loss of con-
sciousness, the elements in his history that should have warned
of potential intracranial injury were moderate to severe
headaches and > 2 episodes of vomiting. He was admitted to the
hospital for observation. He required no surgery and was dis-
charged 2 days later in good condition. 

What is the differential diagnosis? He could have had a viral
syndrome or gastroenteritis, but one must be suspicious of a con-
cussion with significant intracranial injury given the recount of
his injury during the game and the symptoms described. 

Did he receive a concussion the night before? Yes. 
Is he at risk for intracranial injury? Yes, moderate to severe

headache and vomiting more than 2 times are risk factors for
intracranial injury despite no history of loss of consciousness. 

Does he need a CT? Yes.
Can he return to practice? No. Given the degree of intracranial

injury, it would be recommended he not be involved in contact
sports for the season, and possibly the rest of his life. If he had no
intracranial injury and reported the same symptoms, the recom-
mendation should be not to engage in significant activity until his
symptoms resolve and then begin a graded return-to-play program
under the supervision of an experienced medical provider. 

Case 2: The 81-year-old female patient was at high risk for
intracranial hemorrhage (ICH) due to the warfarin she was taking
for atrial fibrillation. Her INR was 3.5. Patients with supra-thera-
peutic INR levels have a high degree of risk for ICH, which, if it
occurs, has a mortality of more than 80%. The patient should be
admitted for observation even if the CT scan is negative. There is
evidence of delayed ICH in these patients. Some physicians
would recommend FFP to protect against the potential for ICH.
If the patient’s INR is in the therapeutic range, it is not clear if
there is a significant increase in ICH. However, a period of
observation would be prudent.

What should this patient’s work-up entail? A CT scan and
INR should be obtained. 

Should she be admitted to the hospital for observation? Yes,
if the INR is supra-therapeutic or the CT shows evidence of
hemorrhage.

What are her risk factors? The patient is on warfarin and eld-
erly. Both increase the risk of intracranial hemorrhage.

Conclusion
Mild TBI is a significant global health problem. Recent

advances in the understanding of mTBI have led to a more con-
servative approach to management. Recognition is the key to
appropriate intervention. The emergency clinician should be well
versed in the signs and symptoms of mTBI, understand the appro-
priate work-up, and better inform patients about their injury. 
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Physician CME Questions

121. Which of the following from a patient suspected of having a blunt

head injury is/are consistent with a concussion?

A. Momentary dizziness that has now resolved

B. Reports having his “bell rung,” but was only temporary

C. Was confused for a moment after the injury, but now is better

D. Was knocked unconscious for 30 seconds

E. All of the above

122. A college athlete presents to the ED after a football game. He reports

several episodes on having his “bell rung” during the game but there

was no loss of consciousness. He has nausea and vomited 3 times. His

vital signs are normal and his physical examination is unremarkable.

What is the most appropriate next step for the patient in the ED?

A. Observe for 2 hours and discharge home alone.

B. Observe for 2 hours and discharge in the care of his family with

every 2 hour wake up instructions. 

C. Discharge home and provide follow up information for a sports

medicine doctor.

D. Obtain a head CT scan.

123. An athlete presents to the ED after sustaining a concussion. She wants

to return to play this week. She is still having a slight headache that

worsens with light activity. What is the most appropriate course of

action for her return to play plan? 

A. Inform her that she can return to full sport when her headache

resolves.

B. Tell her that it is common for headaches after concussion, to take

some acetaminophen, and return to play when her coach recom-

mends.

C. Follow the AAN or Cantu guidelines for Grade I concussions.

D. Inform her that she needs to reduce activity until symptom free,

then begin a graded return to play evaluation under the direction

of a sports medicine care provider.

124. Which of the following is true regarding loss of consciousness in mild

TBI?

A. Loss of consciousness is required for the definitive diagnosis of

concussion.

B. Loss of consciousness is one of many risk factors for intracranial

injury.

C. Loss of consciousness predicts the occurrence of post concus-

sive syndrome.

D. Loss of consciousness should be taken more seriously than vom-

iting and/or signs of a basilar skull fracture.

125. All of the following are true about traumatic brain injury except:

A. concussions are believed to be a predominantly metabolic dys-

function 

B. mild traumatic brain injury is now defined as a Glasgow Coma

score of 13-15

C. N-methyl D-aspartate membrane channels are activated by glu-

tamate an allow calcium to flow into the cell

D. a metabolic mismatch may play a major role in the pathophysi-

ology of neuronal susceptibility to secondary injury

E. necrosis and apoptosis are important factors in the secondary

injury cascade 

126. A correct version of the graded return to play guidelines is as follows:

A. Slow exercise until symptoms resolve.

B. Can return to play in 1 week, despite symptoms.

C. Aggressive workout to mitigate symptoms.

D. Rest until symptoms resolve, then slowly advance to next level.

127. All of the following are factors that increase the risk for intracranial

injury except:

A. Evidence of basilar skull fracture

B. Focal neurological signs,

C. Nausea and mild headache

D. Vomiting 2 or more times post injury

128. Post-concussive syndrome refers to:

A. Symptoms that persist in the 1-2 days post injury.

B. Cognitive dysfunction immediately after injury.

C. Symptoms that wax and wane for several days.

D. Symptoms that persist 1-3 months after injury.

129. Which of the following is true regarding Second Impact Syndrome?

A. It is a rare event that leads to high mortality and death.

B. Cerebral edema develops slowly over days to weeks.

C. Head to head contact is required.

D. The second impact must be significant to initiate.

130. The primary objective of ED physicians in patients with concussion

and or mild TBI is to:

A. identify patients at risk for intracranial injury.

B. identify patients at risk for deterioration.

C. inform patients about their concussion.

D. provide effective follow-up instructions and return to work/play

guidelines.

E. all of the above

CME Answer Key: 121. E; 122. D; 123. D; 124. B; 125. B; 126. D;

127. C; 128. D; 129. A; 130. E
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Odds Ratio for Specific Clinical Findings and Positive Head CT

SMITS ET AL IBANEZ ET AL FABBRI ET AL
OR (95% CI) OR (95% CI) OR (95% CI)

GCS 14 2 (1-3) 7 (4-14) 19 (14-26)
Neurological deficits 2 (1-3) 7 (2-25) 19 (13-28)
Signs of basilar skull fracture 14 (8-22) 11 (6-23) 10 (6-16)
Loss of consciousness (LOC) 2 (1-3) 7 (4-11) 2 (2-3)
Posttraumatic amnesia 1.7 (1-2 3 (2-5) 8 (6-12)
Headache 1.4 (1-2) *3 (2-6) —
Vomiting 3 (2-4) 4 (2-7) 5 (3-8)
Posttraumatic seizure 3 (1-10) 2 (0.25-17) 3 (2-5)
Intoxication 1 (0.6-2) 1 (0.3-3) —
Anticoagulation 2 (1-4) 4 (3-7) 8 (3-9)
Age > 65 2 (1-3) 2 (1-3)
Dangerous mechanism 2 (1-4) — 3 (2-4)

* For severe headache
Adapted from the ACEP Guidelines 8-2008 Jagoda et al. 

Glasgow Coma Score

GCS SCALE ADULT CHILDREN

Eye Opening
4 Spontaneous Spontaneous
3 To speech To speech
2 To pain To pain
1 No response No response

Verbal Response
5 Alert and oriented Oriented, social, 

speaks, interacts
4 Disoriented Confused speech, 

conversation disoriented, 
consolable 

3 Speaking but Inappropriate words, 
nonsensical inconsolable

2 Moans or Incomprehensible, 
unintelligible sounds agitated, restless

1 No response No response
Motor Response

6 Follows commands Spontaneous normal 
movements

5 Localizes pain Localizes pain
4 Movement or Withdraws to pain

withdrawal to pain
3 Decorticate flexion Decorticate flexion
2 Decerebrate Decerebrate 

extension extension
1 No response No response

3-15

Clinical Signs and Symptoms of Mild 
Traumatic Brain Injury

COGNITIVE SYMPTOMS

• Attention difficulties
• Concentration problems
• Amnesia and perseveration
• Short-term and long-term memory problems
• Orientation problems
• Processing speed
• Reaction time
• Calculation difficulties and problems with executive function

PHYSICAL SIGNS AND SYMPTOMS

• Headaches
• Dizziness
• Insomnia
• Fatigue
• Uneven gait
• Nausea, vomiting
• Blurred vision
• Seizures

BEHAVIORAL CHANGES

• Irritability
• Depression
• Anxiety
• Sleep disturbances
• Emotional liability
• Loss of initiative
• Loneliness and helplessness
• Problems with job, relationship, home, or school management

Stepwise Return to Activity

SPORT-RELATED NON-SPORT RELATED

• No activity (rest until • No activity (rest until symptom 
symptom free) free)

• Light aerobic exercise • Light aerobic exercise
• Sport-specific training • Moderate aerobic exercise

(noncontact) • Return to normal activities
• Noncontact drills
• Full contact drills
• Game play

Each level requires 24 hours. If symptoms occur at any level,
the patient must start back at the previous symptom free level.

Adapted from Prague recommendations.

Clinical Decision Rules 
(Not Applicable to Children 
and Patients on Anticoagulants)

NEW ORLEANS (GCS 15) CANADIAN (GCS 13-15)
(NOC) (CCHR)

• Headache • GCS < 15 at 2 hours
• Vomiting • Suspected open or depressed 
• Age > 60 skull fracture
• Intoxication • Any sign of basal skull fracture
• Persistent antegrade • Vomiting > 1 episode

amnesia • Retrograde amnesia > 30 min
• Evidence of trauma • Dangerous mechanism (fall > 3 ft 

above the clavicles or ped struck)
• Seizure
• Age < 16

DETECTION OF AN INTRACRANIAL LESION ON CT

• 100 % sensitive, 5% specific • 100% sensitive,  
37% specific

DETECTION OF THE NEED FOR NEUROSURGICAL INTERVENTION

• 100% sensitive, • 83% sensitive, 38% specific
5% specific
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