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What is the usual prognosis of an acute postconcussive syndrome?

A. No change.
B. Continued deterioration.
C. Full resolution.
D. Improvement with combined therapies.

“Mr. A” had no significant medical or psychiatric history
until his car collided with another vehicle. He recalled
blacking out for possibly seconds to minutes before
“waking up” slumped against the steering wheel. He had
severe headache, nausea, dizziness, and difficulty focusing
his eyes. First responders transported him to a hospital for
evaluation. A CT scan of Mr. A’s head and neck showed no
skull or cervical fracture or intracerebral bleeding. His vital
signs and orthostatics were normal, and his physical exami-
nation demonstrated impaired horizontal tracking and con-
vergence focusing. After being treated with fluids and
antiemetics, Mr. Awas discharged homewith a diagnosis
of concussion, with instructions to gradually increase his
activities as tolerated.

Mr. A slept excessively for 2 days, taking acetaminophen
and ibuprofen for throbbing whole-head pain, with mild
relief.He returned tohis job as ahigh schoolEnglish teacher
the following week but was fatigued, was unable to con-
centrate, and could not tolerate classroom noise. Although
hisvisionwasnolongerblurry,whilegradingessayshefound
that thewords seemed tomoveon thepage.Unable to teach,
hehadtotakeamonthoff fromwork,applyingfor temporary
medical leave. His primary care physician found that Mr. A
had increased headache with convergence eye movements,
but no saccadic, visual-acuity, or smooth-pursuit abnor-
malities and no physical abnormalities such as trigger points
or neck tenderness. The physician prescribed nortriptyline
forprophylaxis ofposttraumaticheadaches andsumatriptan
as breakthrough therapy, and he cautioned the patient to
monitor for serotonin toxicity.Mr. A askedwhether anMRI
scan would be necessary, and his physician said that the
results would most likely be normal.

For 3 months, Mr. A’s concentration and energy con-
tinued to be impaired, making return to work impossible.

Mr. A found the legal proceedings stemming from the
collision to be extremely stressful. Neuropsychological
testing indicated variable difficulties with processing
speed, attention, andcomplex tasks,whichwere interpreted
to be “due to inconsistent effort put forth,” thus calling into
question the validity of the testing. Mr. A worried at night
about losing his job and about financial ruin, which ex-
acerbatedhisdaytimesymptoms.Prescribedgradedaerobic
exercise improved his headaches and fatigue tolerance but
had little benefit on his cognition. After 6 months, Mr. A
was informed that he would have to testify in court. A
neurologist told him that prolonged postconcussive symp-
toms were almost always stress related and that he should
see a psychiatrist.

The psychiatrist reviewed Mr. A’s history, medical re-
cords, imaging studies, and neuropsychological testing and
repeated a physical examination to confirm resolution of the
previous oculomotor findings. On further questioning re-
garding exacerbating factors, Mr. A recalled hitting his
head on a cabinet the previous year, which caused dizziness
but from which he recovered quickly. He scored in the clin-
ically severe range on screening instruments for depression
and anxiety. The psychiatrist requested an MRI scan,
which, on susceptibility-weighted images, showed several
areas ofpunctatehemorrhage consistentwithaxonal shear
injury in the anterior dorsal corpus callosum. He pre-
scribedmethylphenidate, 5 mg, to be taken in themorning
and early afternoon. Mr. A immediately noticed an improve-
ment in his energy level and attention. The psychiatrist also
referred Mr. A to cognitive-behavioral therapy for symptom
management and coping with distress. By 1 year after the
injury,Mr. A’s legal proceedings had concluded, he felt he
had substantially improved, and he successfully returned
to work full-time.
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EPIDEMIOLOGYOFPROLONGEDPOSTCONCUSSIVE
SYMPTOMS

Since the early 20th century, when large numbers of World
War I veterans returned from front lines with “shell shock”
(1), there has been significant controversy regarding the
nature of postconcussive symptoms that persist or emerge
after amild traumatic brain injury (mTBI). Symptoms such as
headache, nausea, and blurry vision were originally thought
to resolve in the first 7–10 days after injury for the vast
majority (80%290%) of individuals (2, 3). More recent
studies indicate that symptoms will persist in a significant
minority of cases, with functional impairment in up to 33% at
3 months and 22% at 1 year, as recently described in a report
from the Transforming Research and Clinical Knowledge in
Traumatic Brain Injury (TRACK-TBI) research group (4).
The pace and extent of recovery from mTBI are now un-
derstood to vary considerably depending on patient and in-
jury characteristics, and recovery may take 6 months or
longer (5). A predominant historical view holds that pro-
longed postconcussive symptoms represent a phenomenon
with significant somatoform features that may have been
present before the injury or may emerge well after the injury
and that resemble the nonspecific symptoms experienced
after any type of bodily trauma (1, 6). However, more con-
temporary research suggests that multiple etiologies con-
tribute to prolonged postconcussive symptoms, including
psychogenic factors (e.g., coping style and mood and anxiety
disorders), cervicogenic factors (e.g., neck injury), and neu-
rophysiological causes (e.g., cerebrovascular dysregulation,
microscopic white matter damage) (7–9). As mTBI is a sig-
nificantpublichealth issue,withanestimated42millionmTBIs
sustained worldwide every year (10), even a conservative es-
timate of the prevalence of prolonged postconcussive symp-
toms (10%215%ofmTBIs) suggests a substantialunrecognized
burden of hundreds of thousands of new patients with such
symptoms each year.

CurrentmTBI guidelines recommend psychiatric referral
and treatment for prolonged postconcussive symptoms,
without specificity regarding the nature of the psychiatric
treatment (11, 12). With the elimination of the “postconcus-
sional disorder” diagnostic entity in DSM-5, evidence-based
recommendations for differential diagnosis and treatment
are needed for psychiatrists who receive referrals of patients
with prolonged postconcussive symptoms after mTBI.

DEFINITIONS

TheCenters forDiseaseControl andPreventiondefinitionof a
TBI is“adisruption inthenormal functionof thebrainthatcanbe
caused by a bump, blow, or jolt to the head or a penetrating head
injury” (2). Any one of the following is considered disruption of
brain function: any period of loss of or decreased consciousness;
any loss of memory for events before or after the injury (post-
traumatic amnesia); any neurological deficits such as weakness,
imbalance or dyscoordination, disruption of vision, change in

speech or language, or sensory loss; or any alteration of con-
sciousness at the time of injury, such as confusion, disorien-
tation, slowed thinking, or difficulty with concentration (2).

Mild TBI (considered synonymous with the term “con-
cussion” for this review) is defined by the American Congress
of Rehabilitation Medicine as a traumatic brain injury that
results in the following, if present: 1) loss of consciousness for
up to 30 minutes, 2) alteration of consciousness for less than
24 hours, 3) posttraumatic amnesia for less than 24 hours, and
4) a Glasgow Coma Scale score of 13–15 at 30 minutes after
injury (13). These variables are also used to distinguish mod-
erate TBI (loss of consciousness for 30 minutes to 24 hours,
alteration of consciousness or posttraumatic amnesia for
24 hours to 7 days, Glasgow Coma Scale score of 9–12) and
severe TBI (loss of consciousness .24 hours, alteration of
consciousness/posttraumatic amnesia for .7 days, Glasgow
Coma Scale score ,9), in which recovery is generally more
prolonged and functional recovery less likely (14). Post-
concussive symptoms typically fall into one of four categories:
vestibular (e.g., imbalance, nausea, dizziness), sensory (e.g.,
blurry vision, migraines, tinnitus, photo/phonophobia), cog-
nitive (e.g., difficulty focusing, forgetfulness), and emotional
(e.g., fatigue, insomnia, irritability, depression) (2). Examples
of commonly used validated rating scales for postconcussive
symptoms include the Neurobehavioral Symptom Inventory,
the Rivermead Post-Concussion Symptoms Questionnaire,
and the Post-Concussion Symptom Scale (15–17).

There is no universal agreement on the time period re-
quired forpostconcussive symptoms tobecome “prolonged.”
The2017Berlin consensus statementonconcussion in sports
(18) specifies “persistent symptoms” as those lasting longer
than 10–14 days in adults and 1 month in children. However,
epidemiological studies are mixed regarding the validity of
these duration criteria, demonstrating a range of outcomes,
from complete recovery by 3 months (19) to prolonged re-
covery requiring up to 1 year (5). Postconcussional disorder
was omitted from DSM-5, which instead instructs psychi-
atrists to diagnose either major or mild neurocognitive dis-
order due to traumatic brain injury, depending on the extent
of cognitive and functional deficit. In the subsection “De-
velopment and Course,” DSM-5 states that in most cases of
mTBI, symptoms have resolved completely by 3 months.

The only other standardized set of criteria for prolonged
postconcussive symptoms is found in ICD-10, which does
not specify a duration criterion and labels the condition
“postconcussional syndrome.” Most guidelines now refer
to postconcussive “symptoms” rather than a “syndrome” be-
cause of the nonspecificity of complaints (11, 12, 20). Whereas
the DSM-5 criteria are oriented toward prolonged post-
concussive symptoms as a neurological disorder (must have
objective evidence of cognitive difficulties), the ICD-10 criteria
approach prolonged postconcussive symptoms as a somatic
symptomdisorder (e.g., neuropsychological testing resultsmay
be normal, hypochondriasis may be present). While numerous
studies demonstrate that prolonged postconcussive symptoms
are highly associated with non-mTBI psychological factors
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(21, 22), there is also growing evidence fromneuroimaging and
neurophysiology studies that there is occult brain dysfunction
underlying prolonged symptoms (23, 24). Therefore, an ap-
proach to prolonged postconcussive symptoms should recog-
nize the neurophysiological, cervicogenic, and psychogenic
contributors to theconditionandassignprobabilisticweights to
these factors depending on how long symptoms have persisted
after injury.

The ICD-10 criteria (20) for postconcussional syndrome
(F07.2) are as follows:

A. The general criteria of F07 must be met (“Personality and
behavior disorders due to known physiological condition”)

B. History of head trauma with loss of consciousness, pre-
ceding the onset of symptoms by a period of up to 4weeks
(objective evidence for brain damage may be lacking).

C. At least three of the following must be present:
1. Complaints of unpleasant sensations and pains, such as

headache, dizziness (usually lacking the features of true
vertigo), general malaise and excessive fatigue, or noise
intolerance.

2. Emotional changes, such as irritability, emotional la-
bility, both easily provokedor exacerbated by emotional
excitement or stress, or some degree of depression and/
or anxiety.

3. Subjective complaints of difficulty in concentration and
in performingmental tasks, and ofmemory complaints,
without clear objective evidence (e.g., psychological
tests) of marked impairment.

4. Insomnia.
5. Reduced tolerance to alcohol.
6. Preoccupation with the above symptoms and fear of

permanent brain damage, to the extent of hypochon-
driacal, overvalued ideas, and adoption of a sick role.

The DSM-5 criteria for major/mild neurocognitive dis-
order due to traumatic brain injury are as follows:

A. The criteria are met for major or mild neurocognitive
disorder (i.e., significant/moderate cognitive decline based
on clinical concern or testing; does/does not interferewith
independence in daily living).

B. There is evidence of a traumatic brain injury—that is, an
impact to theheadorothermechanismsofrapidmovement
or displacement of the brain within the skull, with one or
more of the following:
1. Loss of consciousness.
2. Posttraumatic amnesia.
3. Disorientation and confusion.
4. Neurological signs (e.g., neuroimaging demonstrating

injury; anewonsetof seizures; amarkedworseningof a
preexisting seizure disorder; visualfield cuts; anosmia;
hemiparesis).

C. The neurocognitive disorder presents immediately after
the occurrence of the traumatic brain injury or immedi-
ately after recovery of consciousness and persists past the
acute postinjury period.

ASSESSMENT

To appropriately select treatments for a patientwith prolonged
postconcussive symptoms, in addition to taking a comprehen-
sive medical and psychiatric history, evaluating psychiatrists
should re-elicit the complete history of themTBI to ensure that
crucial diagnostic andprognostic detailswere notmissed. They
should perform a full physical and neurological examination,
with special attention to smooth pursuits, saccades, ac-
commodation, convergence, vestibulo-ocular reflex, balance,
orthostatics, andneckexamination (25, 26), to assess for signs
of ongoing neurophysiological or cervicogenic contributors.
The focus may then turn to the following key questions:

1. What were the characteristics, context, and mechanism of
the mTBI? TBI survivors may be unaware of the details of
their injury owing to loss of consciousness or posttraumatic
amnesia. Confirming the TBI severity (mild, moderate, se-
vere) with outside records or collateral history improves
prognostication regarding expected improvement. Whereas
prolonged postconcussive symptoms are a phenomenon as-
sociated predominantly with mTBIs, moderate and severe
TBIs are more likely to result in enduring neurological
deficits, with up to 75% significantly disabled at 1 year,
whereas with mTBIs, 75% are recovered at 1 year (4, 14).

The clinician should also ask about the context and mech-
anism of the injury, as these have varying associations with
prolongedpostconcussive symptoms.Sports injuriesareunique
in that they result fromvoluntary participation andmay involve
protective gear.These injuries arenot typically accompaniedby
loss of consciousness, and they have high rates of full recovery
(27). Incontrast,mTBIsafterassaults, aftervehicular trauma,or
duringmilitary service arehighlyassociatedwithposttraumatic
stress disorder (PTSD), which is associated with an increased
risk of prolonged postconcussive symptoms (28, 29).

2. Is there evidence of traumatic brain damage on
neuroimaging? In the vast majority of mTBIs, as illustrated
in the case presentation, results of structural neuroimaging
on CT and T1- and T2-weighted MRI immediately after the in-
jury will be normal. However, when there are findings such as
hemorrhage, hematoma, contusion, or diffuse axonal injury
(i.e., a “complicated”mTBI), the clinical course will be more
consistent with a moderate TBI, with a higher likelihood of
neurological deficit and disability (30, 31). In prolonged
postconcussive symptoms, MRI without contrast may be con-
sidered if it has not already been obtained, given its greater
sensitivity than CT for detecting evidence of contusions
and shear foci stemming from the injury, while keeping in
mind that intracranial abnormalities unrelated to the TBI in
questionmayalso bedetected (30). Findings onMRI inmTBI are
most often detected in frontotemporal areas, limbic structures,
gray-white matter junctions, and long-coursing white matter
tracts, such as the corpus callosum, superior longitudinal fas-
ciculus,andcorticospinal tract,andmayhaveassociatedsomatic,
cognitive, and emotional effects (32). TheMRI sequences most

Am J Psychiatry 175:2, February 2018 ajp.psychiatryonline.org 105

TREATMENT IN PSYCHIATRY

http://ajp.psychiatryonline.org


likely todetect traumaticabnormalities includefluid-attenuated
inversion recovery sequences, gradient recalled echo T2*, and
susceptibility-weighted imaging (33). Although numerous
studies have found abnormalities in mTBI using functional
MRI, diffusion tensor imaging, single-photon emission CT,
and positron emission tomography, these are currently
considered nonroutine and are not typically obtained during
clinical evaluation (23, 34). EEG need not be obtained unless
there is concern about ongoing seizures or encephalopathy, as
slowwaves onEEGafter acutemTBI resolvewithin days (24).

3. How many previous mTBIs has the patient sustained, when
did they occur, and how severe were they? The more mTBIs
one accumulates, the more severe prolonged postconcussive
symptomswill be and the longer they will take to resolve (35,
36). This is especially true if a second mTBI occurs before a
previous mTBI has fully resolved, leading to the potentially
fatal phenomenon of “second-impact syndrome” (37).

4. What are the severity and trajectory of prolonged post-
concussive symptoms, and what are the demographic, trau-
matic, and behavioral risk factors for them? Clinicians should
elicit the chronology of prolonged postconcussive symptoms
in relation to time of injury, alleviating and exacerbating factors,
and treatments pursued. A validated postconcussive symptom
scale should be used to track symptoms, such as the Neuro-
behavioral SymptomInventory, theRivermeadPost-Concussion
Symptoms Questionnaire, or the Post-Concussion Symptom
Scale. Graded aerobic exercise and its effect on symptom ex-
acerbation is a valuable diagnostic maneuver that can inform
treatment approaches (38). If not already done, formal neu-
ropsychological testing should be performed to characterize
cognitive deficits, effort, and symptom validity. Screening for
major depressive disorder, anxiety, and PTSD with validated
instruments such as the Patient Health Questionnaire, the
Generalized Anxiety Disorder Questionnaire, and the PTSD
Checklist is strongly recommended given the high rates of
documented comorbidity with mTBI (4). Identifying risk fac-
tors for prolonged postconcussive symptoms (Figure 1) can
lead to strategies for reducing symptoms. Preinjury factors that
are well known to be associated with prolonged symptoms
include age at time of injury (adolescents and elderly patients
are at higher risk) (39, 40), female sex (41), lower education
level (42), psychiatric history (43), chronic medical condi-
tions (19), history of migraine (44), attentional, learning, or
developmental disorders (45), and alcohol use disorder (46).
Peri-injury factors include themechanism of injury (military
trauma versus sports injury) (28, 47). Postinjury factors in-
clude the presence of migraines (48), a diagnosis of major
depressive disorder (49) or PTSD (50), a low level of resil-
ience (51), cognitive distortions such as the “good old days”
bias (52), negative expectationsmolded by contextual factors
after diagnosis (“nocebo effects”) (53, 54), and litigation (55).

5. Are there other conditions masquerading as prolonged
postconcussive symptoms? Conditions unrelated to mTBI

may mimic prolonged postconcussive symptoms, including
medication side effects, nutritional deficiencies, neuro-
degenerative disorders, infections, normal pressure hydro-
cephalus, andAlzheimer’s disease (56).Hypopituitarismmay
occur rarely aftermTBI (57), and if it is suspected, laboratory
screening tests may include thyroid-stimulating hormone,
luteinizing hormone, follicle-stimulating hormone, insulin-
like growth factor 1, early-morning cortisol, and prolactin
levels. Although controversy still surrounds the clinical di-
agnosis of chronic traumatic encephalopathy (CTE) from
repetitive mTBIs, psychiatrists should keep this diagnostic
entity in mind when evaluating patients with prolonged
postconcussive symptoms (58). Proposed guidelines state
that if there is a decline in behavior, mood, or cognitive status
following an asymptomatic period years after repetitive head
injuries, with suggestive features such as apathy or motor
symptoms in the absence of a more likely explanation, then
CTE should be suspected (59). While the number of mTBIs
necessary to increase risk of CTE is not known, there is no
evidence to suggest that CTE is caused by a single mTBI (10).
Definitive diagnosis of CTE at this time can only be made
postmortem (58), and therapies should be directed toward
any mood and cognitive manifestations.

DIFFERENTIAL DIAGNOSIS

It can be difficult to ascertain whether cognitive or emotional
deficits are directly referable to the mTBI, as many associated
problems (e.g., depression, pain, vestibular dysfunction) can
independently result in similar symptoms. Differential di-
agnosis of cognitive and emotional prolonged postconcussive
symptoms may fall under numerous diagnostic labels in
DSM-5, depending on their features with regard to the
inciting mTBI.

If there are cognitive deficits that are directly referable
to structural brain damage or objective vestibular/visual
dysfunction, the appropriate diagnoses are major or mild
neurocognitive disorder due to mTBI, depending on the
severity of deficits and functional impairment.

If prolongedpostconcussive symptomsare exacerbatedby
a psychological factor, e.g., a coping style of denial leading to
noncompliance with necessary medications for headache,
then this is labeled “psychological factors affecting medical
condition.”

If distress and anxiety related to the mTBI are out of
proportion with the extent of objective impairment from the
mTBI (e.g., significant anxiety about cognitive dysfunction
despite normal neuropsychological testing results) then so-
matic symptom disorder may be diagnosed.

If symptoms meet full criteria for a depressive or anxiety
disorder, this should be diagnosed as a primary psychiatric
disorder. If the symptoms do not meet full criteria and are
related to life events after the mTBI, e.g., loss of work, then
adjustment disorder may be more appropriate.

If the prolonged symptoms involve neurological symp-
toms that have features suggestive of psychogenic etiology,
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e.g., sudden blindness with intact optokinetic nystagmus,
and there is no evidence of factitiousness ormalingering, then
functional neurological symptom disorder may be applied.

If there is evidence of falsification or amplification of
prolongedpostconcussive symptoms, e.g., using nonprescribed
medications to inducedizzinessorblurryvision, and there isno
evidence of material gain, factitious disorder imposed on self
should be considered. Malingering should be considered if
there is evidence of material gain.

TREATMENTS

There are no widely accepted, extensively studied, or Food
and Drug Administration–approved treatments for prolonged

postconcussive symptoms. However, small randomized con-
trolled trials in several modalities, including medications,
psychosocial interventions, metabolic supplements, physical
therapies, and neurostimulation, provide clinicians a basis
for formulating a comprehensive biopsychosocial treatment
plan to target specific symptoms and risk factors.

Medications
To date, most medications prescribed, either on-label or off-
label, are used to address physical symptoms or psychiatric
syndromes occurring in patients with mTBI, such as major
depressive disorder or PTSD (60).When initiating or titrating
medications, theruleof “start low,goslow” shouldbefollowed,
as TBI patients will experience more medication side effects

FIGURE 1. Risk Factors for Prolonged Postconcussive Symptomsa
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deficit hyperactivity disorder; GED5General Equivalency Diploma; mTBI5mild traumatic brain injury; PTSD5posttraumatic stress disorder.
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at lower doses than patients without TBI. Providers should
avoid medications that blunt cognition and should use bene-
ficial side effects to reducephysical postconcussive symptoms,
e.g., sedating tricyclic antidepressants for insomnia. Because
posttraumatic headaches/migraines and insomnia are among
the most disabling physical postconcussive symptoms and
canexacerbatecognitiveandemotionalsymptoms,theyshouldbe
treated early and aggressively (61–63). Posttraumatic headaches
of nonmigrainous character (i.e., tension-type headache) may be
treated with acetaminophen or nonsteroidal anti-inflammatory
drugs such as ibuprofen (11), taking care to avoid more than
twiceweeklyuse topreventreboundheadaches (64).Migrainous
headaches (i.e., throbbing in nature, associated with aura) may
respond specifically to triptans as abortive agents, and to beta-
blockers, tricyclic antidepressants, calciumchannelblockers, and
anticonvulsants asprophylactic agents. Insomniamayrespond to
trazodone, melatonin, mirtazapine, or tricyclic antidepressants,
but oversedation or exacerbation of fatiguemay result, and there
is a paucity of evidence supporting their use after mTBI (65).

Small open-label and placebo-controlled trials have found
sertraline, citalopram, milnacipran, and methylphenidate
effective for post-TBI depression (66). In a meta-analysis of
randomized controlled trials (67), methylphenidate was also
found to be effective for attention deficits after mTBI. Other
agents that may improve cognitive complaints in patients
with prolonged postconcussive symptoms include selective
serotonin reuptake inhibitors (SSRIs) (68), cholinesterase
inhibitors (69), and lisdexamfetamine (70). Anxiety disorders
and PTSD are significant contributors to prolonged symp-
toms (19, 28) and should be treated aggressively according
to existing clinical guidelines (71). Comorbid fatigue, excessive
daytime sleepiness, and apathy may respond favorably to
modafinil, dopamine agonists, or traditional stimulants
(72–74). There are few studies to guide the pharmacologi-
cal treatment of irritability after mTBI, although SSRIs are
generally tried first, before mood stabilizers (75).

Psychosocial Interventions
Numerous psychological mechanisms contribute to pro-
longed postconcussive symptoms, including coping styles
featuring somatization, catastrophization, and an external-
ized locus of control; illness anxiety; contextual factors that
contribute to negative expectations (“nocebo effects”) (53,
54); and cognitive biases such as “diagnosis threat” (feeling
worse after receiving a diagnosis) and “good old days” bias
(overestimating preinjury status) (19, 21, 43). There is a high
rate of postconcussive symptoms in the non-mTBI general
population (22), leading to potential misattribution of non-
specific symptoms to anmTBIwhen theymay bemore likely
due to mundane causes. Patients’ expectations and concerns
regarding prolonged postconcussive symptoms are a signif-
icant factor in prognosis, as distress about permanent brain
damage, lost productivity, and disability can exacerbate a
prolonged recovery.Educationand information in the formof
pamphlets, follow-up, or access to brain injury specialty care
havebeen shownto reduce rates of prolonged symptoms (76).

Cognitive rehabilitation and training, which are typically
delivered by occupational therapists or speech-language pa-
thologists, are well studied and are formally recommended for
problem solving, executive function, and mild memory im-
pairments after TBI (77). Multimodal programs employing
cognitive training designed to ameliorate postconcussive
symptoms have shown benefits (78), even when delivered by
computer (79), and patients should be offered holistic cog-
nitive rehabilitation routinely if they demonstrate neuro-
psychological deficits.

Various types of psychotherapy for prolonged post-
concussive symptoms have been studied, with cognitive-
behavioral therapy (CBT) administered in person or by
telephone shown inmultiple trials to be effective for post-TBI
depression(80), anxiety(81), andphysical symptoms(82).CBT
should be routinely offered to patients with prolonged post-
concussive symptoms. Problem-solving therapy has also been
shown to decrease depression, anxiety, PTSD, and insomnia
symptoms following mTBI in active-duty military personnel
(83). A recent trial of collaborative care for prolonged post-
concussive symptoms consisting of CBT, care management,
and medication evaluation was shown to be effective for re-
ducing prolonged symptoms in adolescents (84), suggesting
thatmultidisciplinarybiopsychosocial treatmentmaybeavalid
treatment model for prolonged postconcussive symptoms.

Metabolic Treatments
In addition to medications, there may be utility in the use of
metabolic supplements for prolonged postconcussive symp-
toms; they have a low risk of side effects, although data to
support their effectiveness are lacking (85). N-acetylcysteine,
pinebark (fromPinus radiata) extract, and thenootropic agent
piracetam each showedbenefits for postconcussive symptoms
in single controlled studies (85, 86). Branched-chain amino
acidshave shownbenefit inacute severeTBIbuthavenotbeen
studied in mTBI or prolonged postconcussive symptoms (87).
There has been significant controversy regarding the utility
of hyperbaric oxygen therapy for prolonged postconcussive
symptoms, with a recent review concluding that it was in-
effective in four of five randomized controlled trials (88).
While medical cannabis laws in various states permit its use
in conditions comorbid with TBI, such as epilepsy, nausea,
chronic pain, and PTSD, evidence of its benefits is still largely
confined toanimal studies (89), andcaremustbe takentoavoid
deleterious effects oncognitionandmood.A large randomized
controlled trial of dexanabinol for acute human brain injury
was negative (90).

Physical Therapies
Physical therapy for somatic (especially vestibular and visual)
postconcussive symptoms has increasing evidence for effec-
tiveness and low risk of harm. Evaluation for somatic distur-
bances with the previously described physical, neurological,
cervical, and vestibulo-ocular examinations and referral for
specific physical therapy to address these symptoms and
deficits is warranted (91, 92). Relief from somatic symptoms
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may result in an improvement in subjective cognition and
effort. Diagnostic and therapeutic aerobic exercise is also
warranted (93), as the exacerbation of symptoms during
treadmill testing indicates need for further therapy, such as
subthreshold graded exercise, before return to full activity
(38). Several large studies support the introduction of aerobic
exercise after a concussion andfind that it leads to reductions
in acute and chronic symptoms, particularly in children and
adolescents (94). There is increasing concern that more than
a fewdays of rest after the acute injurymay not help alleviate
postconcussive symptoms and may potentially prolong
symptoms (95, 96).

Neurostimulation
Transcranial magnetic stimulation (TMS) and transcranial
direct-current stimulation (tDCS) represent promising treat-
ments for prolonged postconcussive symptoms (97). Two
studies have demonstrated effectiveness of TMS for post-
traumatic headaches and cognitive difficulties (98, 99), and
tDCS has demonstrated mild positive effects on cognition in
several small trials aftermild to severeTBI (100, 101).Current
barriers to the use of neurostimulation include their inves-
tigational status when used for prolonged postconcussive
symptoms, lackof a FoodandDrugAdministration indication
in the case of tDCS, and lack of third-party payer coverage.

CONCLUSIONS

Prolonged postconcussive symptoms after mTBI may have
multiple etiologies, spanning the spectrum from the purely
neurological to the purely psychogenic, and the clinicianmust
be aware of preinjury, peri-injury, and postinjury contributors.
Treatments of prolonged postconcussive symptoms should
address specific symptoms with targeted interventions sup-
ported by reasonable levels of evidence and justifiable risk.
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