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Although concussion is a common sports injury, there are few published data on effective
treatments. Many current recommendations are based on anecdotal evidence and consensus.
Even when the search is expanded beyond the realm of sports, to include all forms of
concussive brain injury, data remain scarce. The following article reviews the current
recommendations for the management of sport-related concussion and some of the
previously studied, potential therapies for the signs and symptoms of concussive brain injury
in general. It is not an exhaustive review of all possible candidates for therapy, but rather a
discussion of some of the more common recommendations, common therapies, and potential
medications with the most published data available.

The terms concussion and mild traumatic brain injury are used interchangeably. However,
concussions are not always mild. Exactly when a mild traumatic brain injury becomes
moderate is unclear. Most often, the difference between mild, moderate, and severe
traumatic brain injury is determined by the Glasgow Coma Scale at the time of injury.1

However, the acute characteristics of concussion do not consistently predict recovery time.
At some point, if symptoms and deficits in cognitive function persist, the patient originally
believed to have mild traumatic brain injury should be considered to have more significant
injury. This review discusses therapies investigated for the treatment of functional traumatic
brain injury as a whole, not solely those initially labeled as mild.

PHYSICAL AND COGNITIVE REST
Current guidelines recommend physical and cognitive rest as the mainstays for treating
sport-related concussion.2 Physical rest is straightforward and understood by most athletes.
To achieve physical rest, athletes are removed, not only from activities that place them at
risk of further contact to the head but also from other strenuous aerobic activities and
resistance training, such as running, ice skating, weight lifting, and so forth. Once athletes
are symptom free at rest, they are returned to play in a graded, stepwise fashion. If they
develop symptoms as they progress through these return-to-play stages, they return to the
previous level at which they were symptom free for a period of time before attempting to
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progress again.3 This recommendation is based mainly on anecdotal evidence and
consensus. However, some investigators have begun to study the role of physical activity
during recovery, starting with the safety of light exercise on a treadmill.4

Cognitive rest is more difficult. To achieve cognitive rest, athletes minimize activities that
require concentration and attention, such as reading, schoolwork, video games, text
messaging, working online, and playing games that require concentration, such as Scrabble
or chess. For some athletes, school attendance and academic workloads need to be adjusted.3

Again, this recommendation is based on mostly anecdotal evidence and consensus.

Studies have revealed that athletes who sustain sport-related concussions have quantitative
deficits in their cognitive function compared with their preseason, base-line function.5–8

Young scholar-athletes’ academic performance depends largely on memory and processing
speed. As a result, their grades are likely to be affected during recovery. Therefore,
academic accommodations should be considered during recovery from a concussion.9 This
may help injured athletes preserve their grades, in addition to facilitating cognitive rest
during the academic year.

Majerske and colleagues10 studied the effect of overall activity, combining both physical
and cognitive activity, on symptoms and neurocognitive performance during concussion
recovery. Their results suggest that high levels of overall activity may interfere with
recovery, whereas more moderate levels may be acceptable, or even beneficial. However,
the investigators point out that the retrospective nature of the study leaves it vulnerable to a
confounder: athletes with milder injuries may have been more likely to engage in activity
than those with major injuries. Thus, those engaging in moderate activity may have started
with a less severe injury than those engaging in minimal activity. Nevertheless, their
findings indicate the need for further investigation into the effects of activity on concussion
recovery.

EDUCATION
Unlike a fracture, laceration, or other structural injury, concussion can be difficult to
recognize both by the athlete11,12 and by the athlete’s family members, friends, teammates,
classmates, work colleagues, schoolteachers, employers, and so forth.13 The signs,
symptoms, cognitive sequelae, and time course of recovery after a concussion are often
unfamiliar to the patient. Moreover, because concussed athletes have no cast, or scar, or
other visible signs of injury, the legitimacy of their injury is often questioned by those
around them. Thus, education regarding the typical recovery process of concussive brain
injury is one of the main functions of clinicians caring for athletes with sport-related
concussions. This education has been shown to improve symptoms.14–16 Ponsford and
colleagues17 studied 202 adults after mild traumatic brain injury. Patients were separated
into 2 groups. The intervention group, seen 1 week after injury, underwent
neuropsychological assessment, and was given a booklet of information about the symptoms
of concussion, the likely time course of recovery, and suggested coping strategies. This
group underwent follow-up evaluation at 3 months after the injury. The nonintervention
group was given the standard emergency department information and treatment, and was
also evaluated at 3 months after the injury. The intervention group reported fewer symptoms
at their 3 month follow-up than the nonintervention group. A similar study by many of the
same investigators was performed in pediatric patients. Again the intervention group
reported fewer symptoms at the 3-month follow-up.18
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MEDICATIONS
Most athletes who sustain a sport-related concussion have spontaneous resolution of their
symptoms, recovery of their balance, and return of their cognitive function in a period of
days to weeks.3,19–21 However, some people who sustain concussive brain injury have a
prolonged recovery.3 The following interventions might be considered for these patients.

The evidence for many of the medications discussed in this article is equivocal.14,22 Many
of the data are of low quality, without large, double-blind, randomized controlled trials.23

Many of the studies include patients with more severe injuries than are typically seen in
sports. Each therapy is associated with potential adverse effects. In many cases, the therapies
described are off-label. It is the author’s firm belief that pharmacologic treatment of sport-
related concussions should be considered only if the following 3 conditions are met:

1. The athlete’s symptoms have exceeded the typical recovery period for a sport-related
concussion.

2. The symptoms are negatively affecting the patient’s life to such a degree that the possible
benefit of treatment outweighs the potential risks of the medication being considered.

3. The clinician caring for the athlete is knowledgeable and experienced in the assessment
and management of sport-related concussion or concussive brain injury in general.

No effective pharmacologic treatment has been shown to speed recovery from traumatic
brain injury.24 As a result, no standard approach exists.25,26 The heterogeneity of injury
forces, mechanisms, and postinjury signs and symptoms makes such a therapy a distant
goal.23 However, medications are used in treating the signs and symptoms of concussion.27

Previous literature has grouped the symptoms after a sport-related concussion into 4 general
categories28:

1. Sleep disturbance

2. Somatic (mostly headache)

3. Emotional

4. Cognitive.

Because the medications chosen often depend on the symptoms experienced by the affected
athlete, they are organized by those symptoms.

SLEEP DISTURBANCE
Complaints of sleep disturbance are common following concussion.29,30 The management
of sleep disturbance should include, and perhaps start with, a discussion of sleep
hygiene.13,31,32 Today’s athletes are exposed to constant stimulation. Their bedrooms are
often filled with televisions, stereos, video games, mobile phones, and computers. They are
constantly bombarded with social messages online or via text messaging. Eliminating these
distractions from the bedroom, and lying down to rest in a quiet, dark room, helps the athlete
to fall asleep. Simply turning these stimuli off does not suffice, because the mere presence of
a computer, or a to-do list, date book, or planner, can often trigger stress and anxiety
regarding the tasks that lay ahead, particularly in athletes who are often competitive and
highly motivated. In addition, those with sleep disturbance should be counseled to avoid, or
at least minimize, caffeine, nicotine, and alcohol use, as well as daytime naps.31
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Medications may also be helpful. Melatonin is an endogenous hormone produced primarily
by the pineal gland from serotonin. Its production and secretion are increased during times
of darkness, and maintained only at low levels during the daylight hours.33 It is nontoxic and
safe,34,35 making it an ideal candidate for assisting with sleep. In addition, there is some
evidence that it may have other beneficial roles in recovery from traumatic brain injury.35 It
is the author’s choice for first-line therapy for sleep disturbance following sport-related
concussion. Trazodone, a serotonin reuptake inhibitor, is a commonly used agent to treat
sleep disturbance after traumatic brain injury, and is sometimes mentioned as first-line
therapy.13 Although benzodiazepines seem to be a logical choice, most experts recommend
avoiding them because of their negative effects on arousal and cognition.13 Other therapies
that may be considered include zolpidem, tricyclic antidepressants, psychotherapy,
phototherapy, and chronotherapy.31

SOMATIC
Headaches are common after sustaining a concussion.13,30,36 Headache is the most common
symptom reported after concussion,37,38 and sport-related concussion specifically.19,39 As
every clinician who manages concussions can attest, postconcussive headaches can be
difficult to treat. There seems to be an inverse relationship between the severity of head
trauma and the occurrence of posttraumatic headaches.37,40–42 Although the use of
analgesics, such as ibuprofen, may be beneficial in the short-term, rebound headaches are
common and can complicate treatment and recovery.37,41,42 Therefore, their frequent use
should be discouraged. Posttraumatic headaches are often categorized according to the
International Headache Society classification system to tailor treatment.41–43 Most patients
who develop headaches after trauma have tension-type headache or migraines.37,41,43,44

Antidepressants are commonly used to treat posttraumatic headaches.27 Amitriptyline has
been studied specifically for treating posttraumatic headaches, and has shown some
success.14,38,44–46 In a retrospective review of 23 patients treated with amitriptyline for
headaches after sustaining a head injury, 90% made an excellent or good recovery.45

However, not all investigators have seen such an effect.47 Because amitriptyline can be used
to treat tension-type headaches and migrainelike headaches, the most common forms of
posttraumatic headaches,38,41,43 it is often an ideal choice. It has been recommended for
posttraumatic headaches that are not otherwise categorized.41 Furthermore, its sedative
effects can help those suffering from sleep disturbance after a concussion in addition to
treating their headaches.42 Therefore, it is commonly used by the author to treat athletes
with persistent headaches after sustaining a sport-related concussion.

β-Blockers, calcium channel blockers, valproic acid, topiramate, triptans,
dihydroergotamine, and gabapentin, have all been discussed as potential medical therapies
for persistent headaches after concussion and may make reasonable choices in the
appropriate circumstances.41,42,44,48,49

In addition to pharmacologic therapy, biofeedback, physical therapy, trigger point injections,
and psychotherapy may also be considered, either as primary or adjunctive treatments, for
persistent posttraumatic headaches.37,42,44

Headaches after concussion can persist for months, years, or, in rare cases, never remit.41 It
is often unclear in such cases, especially when all other signs and symptoms of concussion
have resolved, whether a patient is still recovering from a concussion or has a new, daily,
persistent headache, perhaps triggered at the time of injury.41 Such situations make return-
to-play decisions difficult.
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EMOTIONAL
Emotional symptoms are commonly reported after traumatic brain injury,30 in particular
depression.13,50 In athletes, the injury itself, as well as the restrictions placed on their
physical and cognitive activity during the recovery phase, may lead to depression. Because
the duration of symptoms from sport-related concussion is usually short, the author believes
that depressive symptoms in these cases are best managed conservatively, with coping
strategies, the support of family and friends, and counseling by a trained psychologist.
However, there may be cases for which these interventions do not suffice and medical
therapies should be considered. Tricyclic antidepressants and serotonin reuptake inhibitors
are recommended as options in the treatment of traumatic brain injury–related
depression.13,51,52 The prescription of these medications is best left to those providers with
experience in managing depression.

Sertraline has been studied in the setting of traumatic brain injury and has been shown to not
only treat depression, but perhaps offer cognitive benefits as well.22,53 In a study of patients
with depression after traumatic brain injury, Fann and colleagues53 conducted a single-blind
placebo run-in trial of sertraline. They showed not only a significant change in depression
scores but also improvements in psychomotor speed, memory, and general cognitive
efficiency. Other serotonin reuptake inhibitors, such as citalopram and fluoxetine, have also
been studied.22,54 Studies of amitriptyline suggest that, although it is useful in treating
primary depression, it may be less effective in treating depression following traumatic brain
injury.50,51

COGNITIVE
Cognitive symptoms, such as difficulties with memory, difficulties with concentration, and
slowed processing speed, are common complaints after concussive brain injury.30,51 The
advent of computerized neuropsychological testing, and its spreading use among athletes
who sustain sport-related concussions, have revealed quantitative deficits in cognitive
function after injury.6–8 Certain strategies to help preserve cognitive function have been
proposed.

Cognitive Rehabilitation
There is little evidence to suggest that cognitive rehabilitation is effective for treating the
effects of a concussion.14 Given the short duration of signs and symptoms following sport-
related concussions,3,19–21 the routine use of cognitive rehabilitation in the management of
sport-related concussions is unnecessary and of doubtful benefit. However, there may be
cases of prolonged recovery in which its use is considered. Although conflicting evidence
exists, some studies suggest that certain aspects of cognitive performance may be enhanced
by focused rehabilitation.55–57

Medications
Medications are commonly used in treating the neurobehavioral sequelae of traumatic brain
injury.51 As the effects of most sport-related concussions resolve quickly, the routine use of
these medications is unnecessary. However, in cases of prolonged recovery, for which the
main complaints are cognitive in nature, particularly if the athlete has quantifiable cognitive
deficits, a trial of pharmacologic agents may be considered.

The role of methyphenidate after traumatic brain injury has been investigating more than
most other cognitive agents.13,22,23,58–65 There is evidence, including randomized controlled
trials, to support the use of methylphenidate in the setting of traumatic brain
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injury.13,22,58–60,66 It is recommended to treat deficits in attention and speed of processing,
and as an option for treating deficiencies in general cognitive functioning.51

In a randomized, double-blind, placebo-controlled trial, Whyte and colleagues59 showed an
improvement in the speed of performance on 5 attention tasks in patients given
methylphenidate compared with controls given placebo. Plenger and colleagues58 conducted
a randomized, double-blind, placebo-controlled trial on 23 patients with complicated mild to
moderately severe traumatic brain injury. They found that patients given methylphenidate
scored significantly better on their disability rating scale and on tests of attention and motor
performance at a 30 day follow-up appointment than subjects given placebo.

However, not all studies have shown such effects.22 Williams and colleagues60 studied
pediatric patients who sustained mild to severe traumatic brain injury in a double-blind,
placebo-controlled trial and found no significant differences between patients taking
methylphenidate and those taking placebo. However, this study included only 10 patients
and may have been inadequately powered to detect any potential benefit. Some clinicians
are reluctant to use methylphenidate after traumatic brain injury because of its potential for
lowering seizure thresholds.22 As with all medications discussed in this review, the decision
to start methylphenidate should be undertaken cautiously, after careful consideration of the
individual athlete’s sequelae, the possible benefits of medication, and the associated risks of
medication.

Amantadine is a dopaminergic agent with possible N-methyl-D-aspartate antagonist
effects.67 The role of amantadine after traumatic brain injury has been
investigated,22,23,51,65–69 with several studies suggesting that amantadine is safe in this
setting and may improve aspects of cognitive function.23,65,68–71 In a study of 22 patients
with mild, moderate, and severe traumatic brain injury, Kraus and colleagues68 showed
improvements in executive function as well as an increase in glucose metabolism in the
prefrontal cortex on positron emission tomography in patients taking amantadine. However,
results are mixed. In a randomized, double-blind, placebo-controlled trial, Schneider and
colleagues72 found no significant difference on neuropsychological measurements between
subjects taking amantadine and those taking placebo. However, the investigators
acknowledge that, given their small sample size, the study may not have been powered
adequately.

Amantadine has shown some efficacy in pediatric patients.23,73,74 In a retrospective, case-
controlled study of 54 pediatric patients, Green and colleagues73 concluded that amantadine
was safe and well-tolerated after traumatic brain injury and lead to subjective improvement
as well as significant increases in Ranchos Los Amigos scores. Similarly, Beers and
colleagues74 studied the effects of amantadine in pediatric patients after traumatic brain
injury and concluded that the medication was safe in this setting. Their results suggested that
cognition may be improved with amantadine, but differences were not statistically
significant.

To a lesser extent, several other medications have been investigated as potential therapies
for the cognitive sequelae of traumatic brain injury. These medications include
doenpezil,75–80 rivastigmine,52,81 cytidine diphosphoryl choline,82 fluoxetine,83 sertraline,53

pramiracetam,51 bromocriptine,51 and atomoxetine.22

Most patients with sport-related concussions recover quickly. Therefore, the potential
benefits of many of the therapies discussed earlier are outweighed by the potential risks.
However, in patients whose recoveries are prolonged and are associated with significant,
negative effects on their quality of life, medical therapies should be considered. Sport-
related concussions are distinct, in some respects, from other forms of traumatic brain
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injury. They generally involve low-force mechanisms. They occur in athletes whose
personality traits, overall health, and moods likely differ from the general population. They
are often recurrent, because athletes are usually anxious to return to the high-risk activity
during which the injury was sustained. Further research conducted specifically in patients
who sustain sport-related concussions would provide guidance on how these patients are
best managed.

Acknowledgments
Funding/support: This manuscript was supported by the National Institutes of Health through a T32 Award to Dr
Meehan (T32 HD040128–06A1).

REFERENCES
1. Lee LK. Controversies in the sequelae of pediatric mild traumatic brain injury. Pediatr Emerg Care.

2007; 23:580–3. [quiz: 584–6]. [PubMed: 17726422]

2. McCrory P, Meeuwisse W, Johnston K, et al. Consensus statement on concussion in sport–the 3rd
International Conference on Concussion in Sport held in Zurich, November 2008. J Sci Med Sport.
2009; 12:340–51. [PubMed: 19362052]

3. McCrory P, Meeuwisse W, Johnston K, et al. Consensus statement on concussion in sport: the 3rd
International Conference on Concussion in Sport held in Zurich, November 2008. J Athl Train.
2009; 44:434–48. [PubMed: 19593427]

4. Leddy JJ, Kozlowski K, Donnelly JP, et al. A preliminary study of subsymptom threshold exercise
training for refractory post-concussion syndrome. Clin J Sport Med. 2010; 20:21–7. [PubMed:
20051730]

5. Collins MW, Grindel SH, Lovell MR, et al. Relationship between concussion and
neuropsychological performance in college football players. JAMA. 1999; 282:964–70. [PubMed:
10485682]

6. Lovell MR, Collins MW, Iverson GL, et al. Recovery from mild concussion in high school athletes.
J Neurosurg. 2003; 98:296–301. [PubMed: 12593614]

7. Schatz P, Pardini JE, Lovell MR, et al. Sensitivity and specificity of the ImPACT Test Battery for
concussion in athletes. Arch Clin Neuropsychol. 2006; 21:91–9. [PubMed: 16143492]

8. Van Kampen DA, Lovell MR, Pardini JE, et al. The “value added” of neurocognitive testing after
sports-related concussion. Am J Sports Med. 2006; 34:1630–5. [PubMed: 16816151]

9. McCrory P, Collie A, Anderson V, et al. Can we manage sport related concussion in children the
same as in adults? Br J Sports Med. 2004; 38:516–9. [PubMed: 15388528]

10. Majerske CW, Mihalik JP, Ren D, et al. Concussion in sports: post-concussive activity level,
symptoms and neurocognitive performance. J Athl Train. 2008; 43(3):265–74. [PubMed:
18523563]

11. Gerberich SG, Priest JD, Boen JR, et al. Concussion incidences and severity in secondary school
varsity football players. Am J Public Health. 1983; 73:1370–5. [PubMed: 6638230]

12. McCrea M, Hammeke T, Olsen G, et al. Unreported concussion in high school football players:
implications for prevention. Clin J Sport Med. 2004; 14:13–7. [PubMed: 14712161]

13. Arciniegas DB, Anderson CA, Topkoff J, et al. Mild traumatic brain injury: a neuropsychiatric
approach to diagnosis, evaluation, and treatment. Neuropsychiatr Dis Treat. 2005; 1:311–27.
[PubMed: 18568112]

14. Comper P, Bisschop SM, Carnide N, et al. A systematic review of treatments for mild traumatic
brain injury. Brain Inj. 2005; 19:863–80. [PubMed: 16296570]

15. Salazar AM. Impact of early intervention on outcome following mild head injury in adults. J
Neurol Neurosurg Psychiatr. 2002; 73:239. [PubMed: 12185150]

16. Wade DT, King NS, Wenden FJ, et al. Routine follow up after head injury: a second randomised
controlled trial. J Neurol Neurosurg Psychiatr. 1998; 65:177–83. [PubMed: 9703167]

17. Ponsford J, Willmott C, Rothwell A, et al. Impact of early intervention on outcome following mild
head injury in adults. J Neurol Neurosurg Psychiatr. 2002; 73:330–2. [PubMed: 12185174]

Meehan Page 7

Clin Sports Med. Author manuscript; available in PMC 2012 May 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



18. Ponsford J, Willmott C, Rothwell A, et al. Impact of early intervention on outcome after mild
traumatic brain injury in children. Pediatrics. 2001; 108:1297–303. [PubMed: 11731651]

19. Guskiewicz KM, McCrea M, Marshall SW, et al. Cumulative effects associated with recurrent
concussion in collegiate football players: the NCAA concussion study. JAMA. 2003; 290:2549–
55. [PubMed: 14625331]

20. Iverson GL, Brooks BL, Collins MW, et al. Tracking neuropsychological recovery following
concussion in sport. Brain Inj. 2006; 20:245–52. [PubMed: 16537266]

21. Guskiewicz KM, Ross SE, Marshall SW. Postural stability and neuropsychological deficits after
concussion in collegiate athletes. J Athl Train. 2001; 36:263–73. [PubMed: 12937495]

22. Chew E, Zafonte RD. Pharmacological management of neurobehavioral disorders following
traumatic brain injury–a state-of-the-art review. J Rehabil Res Dev. 2009; 46:851–79. [PubMed:
20104408]

23. Tenovuo O. Pharmacological enhancement of cognitive and behavioral deficits after traumatic
brain injury. Curr Opin Neurol. 2006; 19:528–33. [PubMed: 17102689]

24. Beauchamp K, Mutlak H, Smith WR, et al. Pharmacology of traumatic brain injury: where is the
“golden bullet”. Mol Med. 2008; 14:731–40. [PubMed: 18769636]

25. Zafonte R, Friedewald WT, Lee SM, et al. The citicoline brain injury treatment (CO-BRIT) trial:
design and methods. J Neurotrauma. 2009; 26:2207–16. [PubMed: 19803786]

26. Mittenberg W, Burton DB. A survey of treatments for post-concussion syndrome. Brain Inj. 1994;
8:429–37. [PubMed: 7951205]

27. Mittenberg W, Canyock EM, Condit D, et al. Treatment of post-concussion syndrome following
mild head injury. J Clin Exp Neuropsychol. 2001; 23:829–36. [PubMed: 11910547]

28. Reddy CC. A treatment paradigm for sports concussion. Brain Injury Professional. 2004; 4:24–5.

29. Kapural M, Krizanac-Bengez L, Barnett G, et al. Serum S-100beta as a possible marker of blood-
brain barrier disruption. Brain Res. 2002; 940:102–4. [PubMed: 12020881]

30. Paniak C, Reynolds S, Phillips K, et al. Patient complaints within 1 month of mild traumatic brain
injury: a controlled study. Arch Clin Neuropsychol. 2002; 17:319–34. [PubMed: 14589717]

31. Rao V, Rollings P. Sleep disturbances following traumatic brain injury. Curr Treat Options Neurol.
2002; 4:77–87. [PubMed: 11734105]

32. Zafonte RD, Fichtenberg NL. Sleep disturbance in traumatic brain injury: pharmacologic options.
NeuroRehabilitation. 1996; 7:189–95.

33. Ganong, WF. Review of medical physiology. 19th edition. Appleton and Lange; Stamford (CT):
1999.

34. Samantaray S, Das A, Thakore NP, et al. Therapeutic potential of melatonin in traumatic central
nervous system injury. J Pineal Res. 2009; 47:134–42. [PubMed: 19627458]

35. Maldonado MD, Murillo-Cabezas F, Terron MP, et al. The potential of melatonin in reducing
morbidity-mortality after craniocerebral trauma. J Pineal Res. 2007; 42:1–11. [PubMed:
17198533]

36. Faux S, Sheedy J. A prospective controlled study in the prevalence of posttraumatic headache
following mild traumatic brain injury. Pain Med. 2008; 9:1001–11. [PubMed: 18266807]

37. Packard RC. Epidemiology and pathogenesis of posttraumatic headache. J Head Trauma Rehabil.
1999; 14:9–21. [PubMed: 9949243]

38. Weiss HD, Stern BJ, Goldberg J. Post-traumatic migraine: chronic migraine precipitated by minor
head or neck trauma. Headache. 1991; 31:451–6. [PubMed: 1774160]

39. Guskiewicz KM, Weaver NL, Padua DA, et al. Epidemiology of concussion in collegiate and high
school football players. Am J Sports Med. 2000; 28:643–50. [PubMed: 11032218]

40. Couch JR, Bearss C. Chronic daily headache in the posttrauma syndrome: relation to extent of
head injury. Headache. 2001; 41:559–64. [PubMed: 11437891]

41. Lenaerts ME, Couch JR. Posttraumatic headache. Curr Treat Options Neurol. 2004; 6:507–17.
[PubMed: 15461928]

42. Lane JC, Arciniegas DB. Post-traumatic Headache. Curr Treat Options Neurol. 2002; 4:89–104.
[PubMed: 11734106]

Meehan Page 8

Clin Sports Med. Author manuscript; available in PMC 2012 May 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



43. Haas DC. Chronic post-traumatic headaches classified and compared with natural headaches.
Cephalalgia. 1996; 16:486–93. [PubMed: 8933993]

44. Lew HL, Lin PH, Fuh JL, et al. Characteristics and treatment of headache after traumatic brain
injury: a focused review. Am J Phys Med Rehabil. 2006; 85:619–27. [PubMed: 16788394]

45. Tyler GS, McNeely HE, Dick ML. Treatment of post-traumatic headache with amitriptyline.
Headache. 1980; 20:213–6. [PubMed: 7390803]

46. Label L. Treatment of post-traumatic headaches: maprotiline or amitriptyline? Neurology. 1991;
41(Suppl 1):247.

47. Saran A. Antidepressants not effective in headache associated with minor closed head injury. Int J
Psychiatry Med. 1988; 18:75–83. [PubMed: 3294202]

48. Packard RC. Treatment of chronic daily posttraumatic headache with divalproex sodium.
Headache. 2000; 40:736–9. [PubMed: 11091292]

49. McBeath JG, Nanda A. Use of dihydroergotamine in patients with postconcussion syndrome.
Headache. 1994; 34:148–51. [PubMed: 8200788]

50. Dinan TG, Mobayed M. Treatment resistance of depression after head injury: a preliminary study
of amitriptyline response. Acta Psychiatr Scand. 1992; 85:292–4. [PubMed: 1595364]

51. Warden DL, Gordon B, McAllister TW, et al. Guidelines for the pharmacologic treatment of
neurobehavioral sequelae of traumatic brain injury. J Neurotrauma. 2006; 23:1468–501. [PubMed:
17020483]

52. Silver JM, Koumaras B, Meng X, et al. Long-term effects of rivastigmine capsules in patients with
traumatic brain injury. Brain Inj. 2009; 23:123–32. [PubMed: 19191091]

53. Fann JR, Uomoto JM, Katon WJ. Cognitive improvement with treatment of depression following
mild traumatic brain injury. Psychosomatics. 2001; 42:48–54. [PubMed: 11161121]

54. Silver JM, McAllister TW, Arciniegas DB. Depression and cognitive complaints following mild
traumatic brain injury. Am J Psychiatry. 2009; 166:653–61. [PubMed: 19487401]

55. Tsaousides T, Gordon WA. Cognitive rehabilitation following traumatic brain injury: assessment
to treatment. Mt Sinai J Med. 2009; 76:173–81. [PubMed: 19306374]

56. Cicerone KD. Remediation of “working attention” in mild traumatic brain injury. Brain Inj. 2002;
16:185–95. [PubMed: 11874612]

57. Ho MR, Bennett TL. Efficacy of neuropsychological rehabilitation for mild-moderate traumatic
brain injury. Arch Clin Neuropsychol. 1997; 12:1–11. [PubMed: 14588430]

58. Plenger PM, Dixon CE, Castillo RM, et al. Subacute methylphenidate treatment for moderate to
moderately severe traumatic brain injury: a preliminary double-blind placebo-controlled study.
Arch Phys Med Rehabil. 1996; 77:536–40. [PubMed: 8831468]

59. Whyte J, Hart T, Schuster K, et al. Effects of methylphenidate on attentional function after
traumatic brain injury. A randomized, placebo-controlled trial. Am J Phys Med Rehabil. 1997;
76:440–50. [PubMed: 9431261]

60. Williams SE, Ris MD, Ayyangar R, et al. Recovery in pediatric brain injury: is psychostimulant
medication beneficial? J Head Trauma Rehabil. 1998; 13:73–81. [PubMed: 9582180]

61. Kaelin DL, Cifu DX, Matthies B. Methylphenidate effect on attention deficit in the acutely brain-
injured adult. Arch Phys Med Rehabil. 1996; 77:6–9. [PubMed: 8554476]

62. Whyte J, Hart T, Vaccaro M, et al. Effects of methylphenidate on attention deficits after traumatic
brain injury: a multidimensional, randomized, controlled trial. Am J Phys Med Rehabil. 2004;
83:401–20. [PubMed: 15166683]

63. Lee H, Kim SW, Kim JM, et al. Comparing effects of methylphenidate, sertraline and placebo on
neuropsychiatric sequelae in patients with traumatic brain injury. Hum Psychopharmacol. 2005;
20:97–104. [PubMed: 15641125]

64. Siddall OM. Use of methylphenidate in traumatic brain injury. Ann Pharmacother. 2005; 39:1309–
13. [PubMed: 15914519]

65. Napolitano E, Elovic EP, Qureshi AI. Pharmacological stimulant treatment of neurocognitive and
functional deficits after traumatic and non-traumatic brain injury. Med Sci Monit. 2005;
11:RA212–20. [PubMed: 15917733]

Meehan Page 9

Clin Sports Med. Author manuscript; available in PMC 2012 May 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



66. Sivan M, Neumann V, Kent R, et al. Pharmacotherapy for treatment of attention deficits after non-
progressive acquired brain injury. A systematic review. Clin Rehabil. 2010; 24:110–21.

67. Meythaler JM, Brunner RC, Johnson A, et al. Amantadine to improve neurorecovery in traumatic
brain injury-associated diffuse axonal injury: a pilot double-blind randomized trial. J Head Trauma
Rehabil. 2002; 17:300–13. [PubMed: 12105999]

68. Kraus MF, Smith GS, Butters M, et al. Effects of the dopaminergic agent and NMDA receptor
antagonist amantadine on cognitive function, cerebral glucose metabolism and D2 receptor
availability in chronic traumatic brain injury: a study using positron emission tomography (PET).
Brain Inj. 2005; 19:471–9. [PubMed: 16134735]

69. Leone H, Polsonetti BW. Amantadine for traumatic brain injury: does it improve cognition and
reduce agitation? J Clin Pharm Ther. 2005; 30:101–4. [PubMed: 15811161]

70. Sawyer E, Mauro LS, Ohlinger MJ. Amantadine enhancement of arousal and cognition after
traumatic brain injury. Ann Pharmacother. 2008; 42:247–52. [PubMed: 18212258]

71. Williams SE. Amantadine treatment following traumatic brain injury in children. Brain Inj. 2007;
21:885–9. [PubMed: 17729042]

72. Schneider WN, Drew-Cates J, Wong TM, et al. Cognitive and behavioural efficacy of amantadine
in acute traumatic brain injury: an initial double-blind placebo-controlled study. Brain Inj. 1999;
13:863–72. [PubMed: 10579658]

73. Green LB, Hornyak JE, Hurvitz EA. Amantadine in pediatric patients with traumatic brain injury:
a retrospective, case-controlled study. Am J Phys Med Rehabil. 2004; 83:893–7. [PubMed:
15624567]

74. Beers SR, Skold A, Dixon CE, et al. Neurobehavioral effects of amantadine after pediatric
traumatic brain injury: a preliminary report. J Head Trauma Rehabil. 2005; 20:450–63. [PubMed:
16170253]

75. Walker W, Seel R, Gibellato M, et al. The effects of donepezil on traumatic brain injury acute
rehabilitation outcomes. Brain Inj. 2004; 18:739–50. [PubMed: 15204315]

76. Morey CE, Cilo M, Berry J, et al. The effect of aricept in persons with persistent memory disorder
following traumatic brain injury: a pilot study. Brain Inj. 2003; 17:809–15. [PubMed: 12850946]

77. Whelan FJ, Walker MS, Schultz SK. Donepezil in the treatment of cognitive dysfunction
associated with traumatic brain injury. Ann Clin Psychiatry. 2000; 12:131–5. [PubMed: 10984001]

78. Masanic CA, Bayley MT, VanReekum R, et al. Open-label study of donepezil in traumatic brain
injury. Arch Phys Med Rehabil. 2001; 82:896–901. [PubMed: 11441374]

79. Kaye NS, Townsend JB 3rd, Ivins R. An open-label trial of donepezil (aricept) in the treatment of
persons with mild traumatic brain injury. J Neuropsychiatry Clin Neurosci. 2003; 15:383–4.
[author reply: 384–5]. [PubMed: 12928519]

80. Zhang L, Plotkin RC, Wang G, et al. Cholinergic augmentation with donepezil enhances recovery
in short-term memory and sustained attention after traumatic brain injury. Arch Phys Med Rehabil.
2004; 85:1050–5. [PubMed: 15241749]

81. Tenovuo O. Central acetylcholinesterase inhibitors in the treatment of chronic traumatic brain
injury-clinical experience in 111 patients. Prog Neuropsychopharmacol Biol Psychiatry. 2005;
29:61–7. [PubMed: 15610946]

82. Levin HS. Treatment of postconcussional symptoms with CDP-choline. J Neurol Sci. 1991;
103(Suppl):S39–42. [PubMed: 1940965]

83. Horsfield SA, Rosse RB, Tomasino V, et al. Fluoxetine’s effects on cognitive performance in
patients with traumatic brain injury. Int J Psychiatry Med. 2002; 32:337–44. [PubMed: 12779183]

Meehan Page 10

Clin Sports Med. Author manuscript; available in PMC 2012 May 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


