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In this review, the current evidence is examined regarding neuropharmacologic treatment
for children and adolescents (under the age of 18 years) who sustained a traumatic brain
injury (TBI). Although the focus is on the pediatric TBI population, there is a paucity of
empirical data related to the role of medication with children and adolescents after brain
injury. Therefore, findings from the adult TBI literature are incorporated where appropriate
so as to identify potential agents that warrant further examination in pediatric populations.
This review addresses specific sequelae of TBI from the earliest stages of neurologic recovery
to long-term comorbidities, including disorders of impaired consciousness, post-TBI agita-
tion, cognitive decline, and post-TBI depression. The evidence regarding the role of
medication in neuroprotection and neurorecovery in this population is also explored.
Medication classes reviewed include excitatory amino acids, antagonists to the N-methyl-
D-aspartate receptor, dopamine agonists, benzodiazepines, B-blockers, anticonvulsants,
and antidepressants. It is hoped that this review will guide future research, and ideas as to
how this may be accomplished within a pediatric population are suggested.
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INTRODUCTION

In children, traumatic brain injury (TBI) severe enough to require hospitalization is
estimated at 70 per 100,000. The highest incidence and greatest morbidity and mortality
occur in youth aged 15-17 years [1]. In 2007, of an estimated 73.7 million children in the
United States [2], approximately 51,000 pediatric TBIs occurred. Approximately 10% of
these children were hospitalized for more than 10 days, which suggests that they sustained
severe TBI [1]. Severe TBI and, to a lesser extent, mild and moderate TBI result in numerous
long-term impairments in motor functioning, behavior, and cognition. Over the past several
years, pharmacologic intervention for TBI has become more popular within adult popula-
tions. The goals of treatment are generally to increase attention and general cognitive
performance, and to normalize behavior [3]. Pediatric rehabilitation specialists and other
physicians treating children and adolescents with TBI have also begun to use medications to
enhance rehabilitation outcomes. This review article focuses on pharmacologic interven-
tions aimed at improving outcomes after pediatric TBI. Where the literature is scant or
nonexistent, findings from adult TBI are summarized. (For a recent review of pharmacologic
treatment of adults with TBI, the reader is referred to Crooks et al [3].) Because there is a
dearth of well-controlled studies in this area, it is hoped that the present article will guide
future research and clinical investigations. This article is organized around common states
and symptoms encountered in the recovery process, from the acute phase forward (Table 1).
In addition, Tables 2-7 summarize information about specific agents by drug class.

NEUROPROTECTIVE AGENTS

Research into the neurotoxic cascade apparent after TBI has informed the use of neuropro-
tective agents during the acute phase of recovery [4]. Excitatory amino acids (eg, glutamate
and glycine) have been shown to be elevated after brain injury, which suggests that they may
play a role in secondary metabolic injury [5]. The N-methyl-D-aspartate (NMDA) receptor
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Table 1. Medications referenced

Neuroprotective agents
N-methyl-D-aspartate antagonists
Ketamine, memantine, amantadine
nAch-r agonists
Doneperzil
Anticonvulsants
Carbamazepine
Phenytoin
Lamotrigine
Levetiracetam
Topiramate
Valproic acid
Impaired arousal
Dopamine agonists
Carbidopa-levodopa, amantadine, bromocriptine,
pramipexole, methylphenidate, amphetamine,
apomorphine
Omega 1-specific indirect GABA agonists
Zolpidem
Intrathecal baclofen
Agitation
Benzodiazepines
Midazolam, alprazolam, lorazepam, diozepam,
clonazepam
B-Blockers
Propranolol
Anticonvulsants
Valproic acid, carbamazepine, lamotrigine, topiramate,
levetiracetam
Antidepressants
Amitriptyline, serfraline, citalopram, paroxetine, fluoxetine
Antipsychotics
Clozapine, risperidone, quetiapine, ziprasidone,
olanzapine, haloperidol, droperidol
Cognitive impairments
Methylphenidate, amphetamine-derivatives, nAch-r
agonists
Depression
Tricyclic antfidepressants
Imipramine, amitriptyline, desipramine, nortriptyline,
doxepin
Selective serotonin reuptake inhibitors
Sertraline, fluoxetine, paroxetine, citalopram,
escitalopram, fluvoxamine

GABA = y-aminobutyric acid; nAch-r = nicotinic acetylcholine receptor.

has been a target of investigation over the last few decades.
Although early work in animals suggested benefit of NMDA
blockade [6], these findings have been inconsistent in subse-
quent animal trials [7,8] or later clinical trials [9-11]. Ket-
amine, memantine, and amantadine are strong, moderate,
and weak antagonists, respectively, to the NMDA receptor
currently available in the United States (Table 3). Amanta-
dine will be discussed in more depth later in this article.
Although memantine has been used clinically in both chil-
dren and adults with TBI, there are no formal studies or case
reports (the primary literature in TBI neuropharmacology)
documenting the efficacy of memantine in TBI, as of March
2010. In addition, evidence that NMDA antagonists promote
apoptosis by blocking the excitatory effects of glutamate in

young rats [8] raises concerns that this class of medications
may contribute to further secondary brain injury in children.
Finally, because excitatory neurotransmitters (eg, glutamate)
are necessary for neural development and plasticity, concern
has been raised that medications in this class could actually
inhibit recovery from TBI. It is uncertain whether amanta-
dine, as a weak antagonist, carries these same risks.

Another class of medications being investigated for neu-
roprotective effects is the nicotinic acetylcholine receptor
(nAch-1) agonists. Results with donepezil suggest a neuro-
protective effect from concussive brain injury [12] and isch-
emia [13] in rats. For ischemic injury, the nAch-r agonist was
given 2 hours before injury. In TBI, the greatest neuroprotec-
tive effect was seen when a relatively high dose was given at
the time of injury. Although these studies offer some hope for
preventing secondary injury, much more research needs to
be done before instituting use of nAch-r agonists in the
pediatric TBI population.

Given the high incidence of post-traumatic epilepsy
among pediatric TBI survivors [14], there has been increasing
interest in determining whether anticonvulsant treatments
could be neuroprotective, in addition to preventing seizures.
Currently, prophylactic anticonvulsant medications are not
recommended for prevention of late post-traumatic epilepsy
among children [15], although treatment with phenytoin or
levetiracetam can decrease the risk of early post-traumatic
seizures [16]. In a study of adults with severe TBI, levetirac-
etam was safe, had fewer adverse effects, and was associated
with better cognitive outcomes compared with phenytoin
[17]. A single dose of levetiracetam was found to be neuro-
protective and superior to phenytoin in a rat model of TBI
[18], and this drug is believed to have antiepileptogenic
effects based on several animal models of seizures [19]. These
promising findings have not yet been extended to children,
but there is great interest in the possibility of using levetirac-
etam as both a neuroprotective and anticonvulsant medica-
tion in children with TBL

Topiramate is another anticonvulsant with probable neu-
roprotective effects. By lowering glutamate levels, this agent
could modify the excitatory adverse effects of this neuro-
transmitter after TBI. In adult humans, Alves et al [20]
demonstrated, by cerebral microdialysis, a dose-response
effect whereby topiramate decreased cerebrospinal fluid
(CSF) glutamate levels after TBIL. In a study of adult rats,
topiramate administered after TBI did not impact acute post-
traumatic cerebral edema or histologic injury and was asso-
ciated with poorer cognitive outcomes but improved motor
functioning at 1 and 4 weeks after fluid percussion injury
[21]. In humans with TBI, there have been concerns about
cognitive adverse effects associated with topiramate [22]. The
anorexic adverse effects of this medication could benefit
those patients with TBI and obesity [23] but may be contra-
indicated in others. Thus, although there are suggestions that
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Table 2. Cafecholaminergic agents
FDA Approval in
Pediatric Mechanism of
Medication Patients FDA Pediatric Dosages Action FDA Indications TBI Usage Serious Reactions Warnings
Amantadine Yes, >1yof age Ages 1-9y:22-44mg/ Dopamine agonist, Influenza A, Arousal from coma  Neuroleptic malignant
(influenza only) kg BID, up to 76 mg NMDA antagonist  parkinsonism, or minimally syndrome with
BID; >9 y: 100 mg BID, extrapyramidal conscious states abrupt withdrawal,
typically start af 1/2 reactions exacerbation of
lowest dose, titrate to congestive heart
maximum failure, exacerbation
of psychotic
conditions
Carbidopa- No N/A Dopamine agonist  Parkinsonism Arousal from coma
levodopa or minimally
conscious states
Bromocriptine Yes, ages 11-18 y  1.25-2.5 mg/d Dopamine agonist  Hyperprolactinemia- Arousal from coma  Cardiovascular
associated disorders, or minimally adverse effects,
acromegaly, conscious states hypotension, peptic
parkinsonism ulcers
Methylphenidate Yes, 6 y and Start af 5 mg QD, may Catecholamine Attention deficit Attentional deficits; Cardiovascular Dependence
older increase to BID, agonist disorder, narcolepsy arousal from adverse effects,
maximum dose 60 mg coma or growth impairment
daily minimally
conscious states
Amphetamine Yes, 6 y and Start af 5 mg QD, may  Catfecholamine Attention deficit Aftentional deficits;
older increase to BID, agonist disorder, narcolepsy arousal from
maximum dose 40 mg coma or
daily minimally
conscious states
Propranolol No N/A B-Adrenergic HTN, angina, A-fib, MI,  Agitation Diabetes, Angina
receptor blocker migraine, essential thyrotoxicosis pectoris

fremor, headache

N/A = not applicable; A-fib = atrial fibrillation; HTN = hypertension;MI

= myocardial infarction; FDA = Food and Drug Administration; NMDA =

N-methyl-D-aspartate; TBI = fraumatic brain injury; QD = once a day; BID = twice a day.

topiramate could offer neuroprotection after TBI, more hu-
man data are required.

IMPAIRED AROUSAL

One of the best indicators for predicting outcome from severe
TBI is duration of coma or vegetative state, with worse
long-term outcomes seen in patients with longer periods of
unconsciousness [24]. It is presumed that reducing the pe-

Table 3. NMDA antagonists

riod of unconsciousness will improve long-term outcome.
Earlier arousal does enable earlier implementation of rehabil-
itation interventions and may reduce secondary complica-
tions from immobility.

Dopamine Agonists

Dopamine agonists are commonly used to improve arousal in
patients who are comatose after TBIL. These agents include

FDA Approval in

Pediatric Mechanism of FDA
Medication Patients FDA Pediatric Dosages Action Indications TBI Usage Serious Reactions
Amantadine  Yes, > 1yofage  Ages 1-9y: 2.2-4.4 mg/ Dopamine Influenza A, Arousal from Neuroleptic malignant
(influenza only) kg BID, up to 75 mg agonist, parkinsonism, coma or syndrome with
BID, >9 y 100 mg BID, NMDA extrapyramidal minimally abrupt withdrawal,
typically start at 1/2 antagonist reactions conscious exacerbation of
lowest dose, fitrate to states congestive heart
maximum failure, exacerbation
of psychotic
conditions
Ketamine Yes N/A NMDA Procedural Neuroprotective  Respiratory depression
antagonist sedation agent
Memantine No N/A NMDA Alzheimer Neuroprotective Seizures
antagonist dementia agent,
memory

N/A = not applicable; FDA = Food and Drug Administration; NMDA = N-methyl-D-aspartate.
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carbidopa-levodopa, amantadine, bromocriptine, pramipexole,
methylphenidate, amphetamine, and apomorphine [25] (Table
2). In addition to the weak NMDA-antagonistic qualities, aman-
tadine affects dopamine both presynapse by stimulating its
release and delaying its reuptake, and postsynapse by in-
creasing the number of dopamine receptors [26]. In the
pediatric population, amantadine is the most well studied of
the dopamine agonists for treating arousal, although only 4
studies are available [27-30]. As such, these studies will be
described in detail, both to indicate efficacy of amantadine
and to point out areas of need within this literature. Green et
al [27] reported the results of a case-controlled chart review
of 102 patients, 46 of whom had been treated with amanta-
dine. The investigators found a small but statistically signifi-
cant improvement in Rancho Los Amigos Scale (RLA) level in
patients treated with amantadine. No differences were ob-
served, however, in length-of-stay or duration of post-trau-
matic amnesia. It is important to note that this was an
unblinded, retrospective study, which raises concerns about
possible clinician bias.

Patrick et al [30] also performed a retrospective study of
10 children who were previously enrolled in clinical proto-
cols following TBI and resulting low response state. It should
be noted that children in this study may have been treated
with 1 to 2 of 4 different dopamine agonists, with just 3
patients treated with amantadine and only 1 treated solely
with amantadine. The Western NeuroSensory Stimulation
Profile was used to assess cognitive change, with change in
slope attributed to efficacy of the intervention. In the single
subject treated only with amantadine, the slope worsened,
whereas in the 2 subjects treated with amantadine and an-
other agonist (bromocriptine or pramipexole), 1 showed an
improved slope and 1 worsened. This study does not provide
sufficient evidence to support the use of amantadine in
pediatric TBI and may in fact suggest a detrimental effect.

In a second report by this group [29,30], amantadine was
compared with pramipexole in 6 children and 4 young
adults. (The investigators reported subjects as 10 pediatric
patients, but 3 subjects were 19 years, and 1 was 21 years
old.) A randomized control, prospective study without a
placebo group design was used. Although the investigators
described this as a double-blind trial, they were aware that
the subjects were on a presumed stimulant, so they were truly
not blinded raters. Measurements were taken during the
week before starting the dopamine agonist, during a 4-week
dose-ramping period, over the course of a 3-week weaning
period, and finally postmedication. Four subjects were ran-
domized to amantadine, with 3 of the subjects at 40-47 days
postinjury and the fourth subject at 232 days postinjury. Not
surprisingly, there was no change in the subject who was 232
days postinjury. Among the other 3, 1 remained at an RLA
score of I, 1 improved from RLA III to IV, and the third
improved from RLA II to VI. With such a small number of
subjects and the wide variability in the natural recovery from

TBI not accounted for by a placebo group, these data do not
adequately demonstrate benefit from amantadine. Inclusion
of the 4 young adults in the sample further detracts from our
ability to ascertain what the results mean for pediatric pa-
tients.

Recently, McMahon et al [28] published a randomized,
double-blind, placebo-controlled cross-over trial of amanta-
dine. The subjects were treated with either amantadine or
placebo for 2 weeks, given a 1-week washout, and then were
crossed over to the other treatment for 2 weeks. Five subjects
completed the protocol, although only 3 had sustained TBI,
and 1 of those was not pediatric, at 18 years of age. Of the
remaining 2 subjects, 1 was in each arm of the protocol. The
subject in the placebo-first arm remained in a vegetative state
throughout the study. The other subject moved from mini-
mally conscious to fully conscious.

These 2 studies by Patrick et al [29,30] include the only
available data regarding use of pramipexole to improve arousal
in pediatric patients with TBI. In their retrospective study [30],
the 2 subjects treated only with pramipexole did show improve-
ments in the slope of their Western NeuroSensory Stimulation
Profile. The third subject was treated with amantadine and
showed a decline in slope. In the prospective trial, 2 subjects
were treated with pramipexole, and both remained at their
baseline RLA of I [29]. As with amantadine, with no placebo
group and such small number of subjects, it was not possible to
attribute any recovery (or lack of recovery) to pramipexole.

We found only 1 article that provided data on bromocrip-
tine in pediatric TBI [31]. Of the 5 children with TBI treated
with bromocriptine while in a vegetative state, 3 subjects
were 16 years old. All of the subjects “regained functional
status,” although 2 required continued supervision. These
results were noted to be more than would be expected due to
chance or recovery alone. Among the reviewed dopamine
agonists, bromocriptine has the least desirable adverse effect
profile, so it is not a preferred first-line agent.

Research on methylphenidate for arousal in pediatric TBI
is also very limited. In a small sample retrospective review,
Hornyak et al [32] noted improvements in the mental status
of 2 patients after starting methylphenidate while they were
in a minimally conscious state. Because this study was not
blinded or controlled in any manner, it cannot provide
conclusive evidence to support the use of methylphenidate in
the early stages of recovery from severe TBI. The strongest
evidence that supports methylphenidate for improving
arousal comes from the retrospective review by Patrick et al
[29,30]. In that study, all 4 subjects treated with methyl-
phenidate showed a positive change in the slope of their
recovery based upon Western NeuroSensory Stimulation
Profile scores.

y-Aminobutyric Acid Agonists

Beyond dopamine agonists, a few other pharmacologic
agents have been reported to improve arousal after TBI.
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Table 4. GABA agonists
FDA Approval
in Pediatric Mechanism TBI
Medication Patients FDA Pediatric Dosages of Action  FDA Indications Usage Serious Reactions Warnings
Baclofen Yes, 12 y and  Oral: start 5 mg TID, gradually GABA-B Spasticity Spasticity Seizures, death with
older fitrate to maximum 60 mg/ agonist abrupt withdrawal
d; intfrathecal patient
dependent
Midazolam  Yes Age and weight based Facilitation of Sedation, Acute Respiratory arrest, Respiratory
the GABA anesthesia agitation cardiac arrest depression
induction
Alprazolam  No 0.25-3 mg Facilitation of Anxiety, panic Agitation, Syncope, tachycardia, Dependence
the GABA disorder anxiety seizures, respiratory
depression
Lorazepam  Yes 0.05 mg/kg Facilitation of Anxiety, Agitation Respiratory depression, Dependence
the GABA insomnia, status seizures, depression
epilepticus
Diozepam Safety in age  2-10 mg Facilitation of Anxiety, Agitation Respiratory depression,
<6 mo not the GABA preoperative seizures, depression
established sedation, EfOH
withdrawal,
seizure disorder
Clonazepam age >10y or  0.01-0.03 mg/kg/d, not fo Facilitation of Seizure disorder, Agitation Respiratory depression, Hepatotoxicity

>30 kg
weight

exceed 0.05 mg/kg/d the GABA

panic disorder seizures, depression

EtOH = ethanol; FDA = Food and Drug Administration; GABA = y-aminobutyric acid; TBI = traumatic brain injury.

Zolpidem is an omega 1-specific, indirect y-aminobutyric
acid (GABA) agonist used in treating insomnia. After TBI,
GABA may produce a paradoxical effect, thereby stimulating
a certain subset of patients at lower levels of consciousness
(eg, coma, vegetative state, or minimally conscious state)
(Table 4). In the adult literature, several case reports have
appeared that suggest possible benefit in using this agent in
patients with disorders of consciousness after a TBI. Clauss et
al [33] described an adult man who, 15 minutes after admin-
istration of zolpidem, awoke from a semicomatose state and
remained awake for the next 3-4 hours. Brain single-photon-
emission computed tomography after drug administration
showed generalized cortical activation and amplified activa-
tion of the areas that were hypoactive before drug applica-
tion. Clauss and Nel [34] later reported on 3 adult patients
who were in a vegetative state for at least 3 years after brain
injury. Transient arousal was apparent every morning after
zolpidem administration. In addition, even after 3-6 years of
daily use, drug efficacy did not decline, nor were long-term
adverse effects observed. Cohen and Duong [35] described a
35-year-old man who sustained an anoxic brain injury be-
cause of cardiac arrest, with subsequent extreme lethargy and
lack of response to stimuli, which persisted despite trials of
several medications. Zolpidem given twice daily 8 months
after injury resulted in a dramatic increase in the patient’s
level of alertness. The effect was lost when Zolpidem was
discontinued and returned when the medication was re-
sumed. Whyte and Myers [36] compared zolpidem with
placebo in 15 adults with TBI by using a double-blind cross-
over design. One participant demonstrated a clinically signif-

icant response, progressing from a vegetative state to a min-
imally conscious state, whereas the remaining 14 participants
showed no evidence of response to the drug. Clearly, addi-
tional studies are needed regarding the possible roles that
zolpidem and other agents may play in treating disorders of
consciousness after TBI. At present, it is unclear which subset
of patients would benefit, what the ideal dose and frequency
of administration would be, or the long-term efficacy and
potential long-term adverse effects of medication therapy.
Furthermore, research is needed to determine whether these
findings can be safely generalized to pediatric populations.

Intrathecal Baclofen. Recently, several case reports de-
scribed dramatic improvement in patients in vegetative states
after intrathecal baclofen (ITB) administration [37-40]. One
case report [37] described an 11-year-old girl who sustained
a severe TBI. Eighteen days after her injury, she was given a
trial of 100 ug ITB while she was under general anesthesia.
Within 2 days, dramatic improvements in mental status were
observed. Although this case is interesting and warrants
further investigation, it is important to acknowledge that ITB
has frequently been used for spasticity management, but
there have been no other reports of dramatic improvements
in cognitive status.

AGITATION

Agitation remains a challenging issue for patients after TBI. It
likely reduces the efficacy of acute rehabilitation [41]. Debate
continues about how to define and characterize post-TBI
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agitation. A survey by Fugate et al [42] showed that physical
aggression, verbal aggression, and explosive anger were char-
acteristics associated with agitation. Moreover, the majority
of physicians associate agitation with aggression. Mysiw et al
[43] defined agitation as the “subjective evidence of one or
more of the following behaviors: restlessness, derogatory or
threatening demands, verbal abusiveness, sexually inappro-
priate comments or actions, or attempts at physical violence
of sufficient severity to disrupt nursing care or therapy.” In
treating agitation, clinicians must first determine its cause or
at least minimize factors that may contribute to or exacerbate
agitation. For example, drug and alcohol withdrawal, pain,
dementia, endocrine dysfunction, or seizures may mimic or
exacerbate agitation in this population. Catheters and intra-
venous leads should be discontinued as soon as medically
appropriate. Noise (especially during the hours of sleep)
should be kept at minimum. Visitors should be limited.
Therapies should be evenly spaced throughout the day, pref-
erably with down time between periods of therapy.

Many medications of varying mechanisms have been used
to manage post-TBI agitation. However, there are no well-
controlled studies to evaluate which treatment is the most
effective [44,45] in either the adult or the pediatric popula-
tion. With the wide range of pharmacologic agents available,
clinicians must consider each patient individually, weighing
the level of agitation, potential adverse effects of a given
medication, patient comorbidities and medical history, speed
of onset of medication effects, and route of medication deliv-

ery.

Benzodiazepines

Benzodiazepines provide anxiolytic, sedative, antispasticity,
anticonvulsant, and amnestic effects. Most of these effects are
thought to result from facilitation of the action of GABA, an
inhibitory neurotransmitter in the central nervous system.
Benzodiazepines are commonly used in patients after TBI
[46]. The benzodiazepines are loosely divided into 3 catego-
ries: short acting (half-life of 1-8 hours), intermediate acting
(half-life of 8-40 hours), and long acting (half-life longer than
40 hours). Short-acting benzodiazepines are commonly used
in acute settings, such as during induction of minor surgical
procedures (eg, midazolam) or in treating acute anxiety (eg,
alprazolam). Wroblewski and Joseph [47] reported 10 cases
(9 adults and 1 9-year-old boy with anoxic brain injury) in
which intramuscular midazolam was used to treat acute
seizures or behavioral problems in patients with brain injury.
They found effective treatment of these conditions without
significant adverse effects. Alprazolam is not widely used in
treating post-TBI agitation. Rather, intermediate-acting (eg,
lorazepam) and long-acting benzodiazepines (eg, diazepam
and clonazepam) are much more commonly prescribed for
this purpose.

Long-term use of benzodiazepines is not free of risk. This
class of medication may have both short-term and long-term

implications for recovery in children with TBI. Acutely, ben-
zodiazepines may contribute to daytime fatigue, decreased
concentration, decreased alertness, and memory loss [48]. To
further add to the complexity, these adverse effects are com-
mon sequelae of TBI and are frequently present independent
of the medication. Repeated use of benzodiazepines may
ultimately slow and/or impair neuronal recovery after neuro-
logic injury [46,49]. Goldstein [49] reported that, in animal
models, benzodiazepines may impair recovery of function
after focal brain damage. Hence, this class of medication
should not be considered a viable option for long-term treat-
ment and should be used sparingly. Pediatric-specific studies
are needed to determine the efficacy of managing post-TBI
agitation, dosing strategies, and the impact on ultimate re-
covery of pediatric patients after TBIL. No large clinical trials of
children with TBI treated with GABA agonists are reported.

p-Blockers

This class of medication is most commonly used in the
treatment of hypertension and has been shown to be useful in
treating migraine headaches, akathisia, and anxiety. 8-Block-
ers are commonly used in the TBI population for hyperadren-
ergic activity [50] while simultaneously treating post-TBI
agitation. The literature best supports B-blockers for post-
TBI agitation in adults [44]. Propranolol is a nonselective
B-blocker, which inhibits both 3,- and 8,-adrenergic recep-
tors. It is relatively short acting and lipophilic, and is likely
the most frequently used and well-studied medication in this
class [51]. Brooke et al [51] followed up 21 adults with
traumatic closed head injury and post-TBI agitation treated at
a combined level I trauma center and rehabilitation center.
Subjects were treated with either propranolol or placebo in a
double-blinded fashion. The intensity of agitation was found
to be significantly lower in the treatment group. In addition,
the use of restraints was significantly lower in the treatment
group. Brooke et al [51] concluded that propranolol was
effective in reducing the intensity of agitation during initial
hospitalization after closed head injury. It is important to
note that patients treated with B-blockers need to be moni-
tored for bradycardia, orthostatic hypotension, and fatigue.
In general, dosage is determined by effect on agitation and
presence of adverse effects. However, it should be noted that
propranolol does not have a U.S. Food and Drug Adminis-
tration (FDA) indication for children.

Anticonvulsants

In addition to managing seizures, anticonvulsants have been
widely used to treat post-TBI agitation. Although the precise
mechanism of action is unclear, many anticonvulsants de-
crease the levels or actions of excitatory neurotransmitters
and/or enhance the levels or actions of inhibitory neurotrans-
mitters. These properties may be responsible for actions of
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these medications as central nervous system depressants.
Although these agents have been shown to effectively manage
agitation, they are also known to exert potentially adverse
effects on cognitive and motor functions in patients with
epilepsy [22,52], and there is no reason to assume that they
would not have similar negative effects in a pediatric TBI
population. For example, levetiracetam can be associated
with psychosis in children treated for epilepsy [53], whereas
topiramate may dampen cognitive functioning [54].

Chatham Showalter [55] performed a retrospective chart
review of all patients who received valproic acid for agitation
symptoms during a 22-month period at 2 inpatient TBI
rehabilitation units. The subjects were between 13 and 89
years old. In 26 patients (90% of the study population),
valproic acid was effective in reducing agitation symptoms
within 7 days when using a typical dose of 1250 mg/d.
Change in agitation was based upon both the Agitation
Behavioral Scale (8 subjects) and behaviors documented in
the clinical progress notes. The investigators concluded that
valproic acid appears to be an efficacious alternative to neu-
roleptics and benzodiazepines for alert, labile, impulsive, and
disinhibited patients after TBL. Wroblewski et al [56] re-
ported on the efficacy of valproic acid in reducing and
improving destructive and aggressive behaviors in 5 adults
with acquired brain injury. In all cases, valproic acid was
effective after other pharmacologic interventions proved in-
effective.

We found no published studies regarding the safety and
efficacy of carbamazepine (Table 5) in pediatric patients with
TBI. Chatham-Showalter [57] reported the use of carbamaz-
epine with 7 combative adult patients with multiple traumas,
including TBI. The study participants demonstrated a clinical
decrease in combativeness within 4 days after beginning
carbamazepine compared with the trauma center’s experi-
ence of prolonged combative periods without its use. Azouvi

Table 5. Antiepileptics

etal [58] followed up 10 adults with agitation and anger after
severe closed head injury. They performed an 8-week, pro-
spective open trial of carbamazepine, with doses that ranged
from 400 to 800 mg a day. They found a significant improve-
ment in patient scores on the Agitated Behavior Scale. Social
functioning also improved significantly. The investigators
concluded that carbamazepine might help to reduce agitated
behavior in patients after brain injury.

In a single case report, Pachet et al [59] reported the
effectiveness of lamotrigine in treating aggressive and agi-
tated behavior in a 40-year-old man who had sustained a
severe TBI. A substantial decrease in problematic behaviors
and a significant improvement in neurobehavioral function-
ing was found after lamotrigine was initiated. These investi-
gators suggest that lamotrigine may be useful in treating
aggression and agitation in patients with TBI. There are no
published data regarding the use of lamotrigine to treat
agitation in children with TBI.

Anticonvulsants are used extensively in children for the
treatment of epilepsy, and, in most cases, information about
the general safety and risks of these medications in pediatric
populations is available. However, additional studies are
needed to determine whether anticonvulsant medications
may be safely and effectively used in treating agitation after
pediatric TBI (with or without epilepsy). Currently, data are
lacking regarding the efficacy, appropriate dosing strategies,
and impact of anticonvulsant medications on ultimate recov-
ery after TBI in childhood.

Antidepressants

Selective serotonin reuptake inhibitors (SSRIs) are the main-
stay in the treatment of primary depression [60]. Due to their
greater efficacy and tolerability, they have largely replaced
tricyclic antidepressants (TCAs) for depression (Table 6).

FDA Approval in

Pediatric FDA Pediatric Serious
Medication Patients Dosages Mechanism of Action FDA Indications TBI Usage Reactions Warnings
Divalproex Yes, children >10 Initial dosage  Suggested fo increase  Mania, epilepsy,  Agitation, Teratogenicity, Hepatotoxicity
y old 10-15 mg/ brain concentrations migraine headache  pancreatitis
kg/d of GABA
Valproic acid Yes, children >10 Initial dosage  Suggested fo increase  Seizure, mania, Agitation Teratogenicity, Hepatotoxicity

y old 10-15 mg/ brain concentrations migraine HA pancreatitis
kg/d of GABA
Carbamazepine Yes, children >12  Age based Suggested fo increase  Bipolar disorder,  Agitation, Aplastic anemia, Toxic
y old GABA epilepsy. chronic agranulocytosis epidermal
trigeminal headache necrolysis
neuralgia and Stevens-
Johnson
syndrome
Lamotrigine Yes, patients Age and Unknown Seizure, bipolar Agitation
=2 vy old weight disorder,
based

FDA = Food and Drug Administration; GABA = y-aminobutyric acid; TBI = traumatic brain injury.
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Table 6. Antidepressants

FDA
Approval in
Pediatric  FDA Pediatric
Medication Patients Dosages Mechanism of Action FDA Indications

TBI Usage Serious Reactions Warnings

Amitriptyline Yes, children 10 mg
>12y old and serotonin
reuptake
Selective serotonin

Sertraline Yes Maximum of

Inhibits norepinephrine  Depression

Depression, agitation, Ventricular arrhythmias,  Suicidality
chronic pain torsades de pointes

Depression, OCD, Depression, agitation  Neuroleptic malignant  Suicidality

200 mg/d reuptake inhibitor panic disorder, syndrome, serotonin
PTSD, PMDD syndrome
Citalopram  Yes Maximum 40  Selective serotonin Depression Depression, agitation, Neuroleptic malignant  Suicidality
mg/d reuptake inhibitor anxiety, OCD, syndrome, serotonin
stuttering syndrome
Paroxetine  No N/A Serotonin reuptake Depression, OCD, Depression, agitation  Neuroleptic malignant  Suicidality
inhibitor panic disorder, syndrome, serotonin
PTSD, GAD syndrome
Fluoxetine No N/A Inhibition of CNS PMDD Depression, agitation  Neuroleptic malignant  Suicidality

neuronal uptake of
serotonin

syndrome, serotonin
syndrome

N/A= not applicable; OCD = obsessive compulsive disorder; PTSD = post-fraumatic stress disorder; PMDD = premenstrual dysphoric disorder; GAD =
generalized anxiety disorder; CNS = cenfral nervous system; FDA = Food and Drug Administration.

However, TCAs still play a role in physiatric care of adult
patients with TBI [61] and of adults with chronic or neuro-
pathic pain. TCAs, including amitriptyline, have been shown
in limited reports to be effective in managing post-TBI agita-
tion [43,62,63] in adults. The adverse effect profile of this
class of medication may limit its use with children. Also, most
of the TCAs are not approved by the FDA for young children
with depression.

The SSRI sertraline has been shown to be effective in
treating depression after TBI [64-68] and may have an addi-
tional role in treating post-TBI agitation [68-70]. Fann et al
[68] reported on an 8-week, nonrandomized, single-blind,
placebo, run-in trial of sertraline in 15 adults diagnosed with
major depression and mild TBI. By week 8 of treatment with
sertraline, 87% of the participants showed a 50% reduction
in their depression, and 67% of the participants achieved a
depression measure score with the normative range. Simi-
larly, Kant et al [69] followed up 13 adults who experienced
problems with irritability and aggression after TBI. A signif-
icant reduction in irritability and aggressive outbursts was
observed during the course of a nonblinded, 8-week, open
trial of sertraline. Other SSRIs, including citalopram, parox-
etine, and fluoxetine, may prove useful, but data are limited
[71-73].

There are few reports that discuss the effectiveness of
SSRIs in the pediatric TBI population. Furthermore, the FDA
adopted a “black box” label warning that indicates that anti-
depressants may increase the risk of suicidal thinking and
behavior in some children and adolescents with major de-
pression. Clinicians and parents or caregivers should closely
monitor children and adolescents taking SSRIs for any wors-
ening in depression, emergence of suicidal thinking or be-
havior, or unusual changes in behavior, such as sleepless-
ness, agitation, or withdrawal from normal social situations.

The FDA recommends very close monitoring, especially dur-
ing the first 4 weeks of treatment. Additional studies in the
pediatric population are needed.

Antipsychotics

Traditionally, antipsychotic agents have been used to treat
psychosis and schizophrenia; however, their use has ex-
panded to include treatment of agitation after TBI (Table 7).
Unfortunately, a number of adult studies have documented
either slowed cognitive improvement or reduced cognitive
return [43,74-77] with the use of antipsychotic agents. First-
generation (or typical) antipsychotics act by blocking the D,
dopamine receptor. Atypical antipsychotic agents (AAPs) are
believed to have much less effect on the D, dopamine recep-
tor. As a result, they are believed to have fewer adverse effects
and less effect on TBI recovery [78]. AAPs likely act on other
neurotransmitter pathways, including serotonin, dopamine,
o, -adrenergic, muscarinic, and histamine pathways [79,80].
This class of medication includes clozapine, risperidone,
quetiapine, ziprasidone, and olanzapine. Adverse effects of
the antipsychotic medications include weight gain, extrapy-
ramidal symptoms (EPSs), akathisia, and neuroleptic malig-
nant syndrome (NMS). Both typical and AAP agents are
associated with weight gain, with clozapine appearing to
have the greatest and ziprasidone having the least effect on
weight [81]. EPSs are common with typical antipsychotics
and are occasionally encountered at higher doses of the AAPs.
Akathisia, a subjective sense of restlessness often accompa-
nied by involuntary movements of the limbs or trunk, is
among the more common movement disorders associated
with antipsychotic medications. Long-term use of antipsy-
chotics is also associated with tardive dyskinesia, the late
onset of choreoathetotic or other abnormal repetitive, invol-
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Table 7. Antipsychotics
FDA Approval
in Pediatric FDA Pediatric Mechanism of TBI
Medication Patients Dosages Action FDA Indications Usage Serious Reactions Warnings
Clozapine  No N/A D1, D2, D3, D4, D5 Recurrent suicidal Agitation  Seizures, myocarditis, Agranulocytosis
receptor behavior, orthostatic
anfagonism tfreatment-resistant hypotension
schizophrenia
Risperidone Yes, 13-17 y of Initiated at 0.5 mg D2 and serotonin Schizophrenia, acute Agitation  Cognition and motor Tardive
age once daily, (BHT2) receptor manic, or mixed impairment, dyskinesia
fitrate to a antagonism episodes seizures
recommended associated with
dose of 2.6 mg/d bipolar |
Quetiapine Yes, 10-17 y 25-400 mg D2 and serotonin Schizophrenia, Agitation, NMS, tardive Suicidality
old (BHT2) antagonism bipolar mania insomnia  dyskinesia
Ziprasidone  No N/A D2 and serotonin Schizophrenia, Agitation, Prolonged QT
(B6HT2) antagonism bipolar mania insomnia  inferval, NMS
tardive dyskinesia
Olanzapine Yes, 13-17 y Start at 2.5-5 mg Dopamine and Schizophrenia, acute Agitation  NMS, tardive Suicidality
old once daily; serotonin (6HT2) manic or mixed dyskinesia
target: 10 mg/d anfagonism episodes
associated with
bipolar |
Haloperidol No N/A Not been clearly Schizophrenia, vocal Agitation  NMS, tardive Sudden death
established utterances of dyskinesia
Tourette’s Disorder
Droperidol  Yes, children initial dose 0.1mg/ Antagonism of Anfiemetic Agitation  Prolonged QT Sudden death
>2 vy old kg apomorphine (in inferval, NMS,

dogs)

tardive dyskinesia

D = dopamine; FDA = Food and Drug Administration; NMS = neurolepfic malignant syndrome; TBI = traumatic brain injury.

untary movements. Perhaps the most concerning risk is the
development of NMS [82]. Although uncommon, early rec-
ognition of this condition is critical [83]. NMS is associated
with blocked dopamine transmission, and features include
fever, rigidity, mental status changes, and autonomic insta-
bility. It has been seen with every class of antipsychotic drug,
including the AAPs [84].

Routine use of typical antipsychotic agents has been
shown to have long-term and detrimental effects after TBI. In
particular, patients with TBI may be at greater risk for NMS
than the general population after long-term use of antipsy-
chotics such as haloperidol [85]. Because of its speed of onset
and multiple options for delivery route, haloperidol has been
widely used in treating psychiatric patients with acute agita-
tion. Similarly, it has been commonly used to treat post-TBI
agitation [61]. Haloperidol may be effective and relatively
safe if used sparingly [75] in adults. However, haloperidol is
not FDA approved for use with children, and no studies have
investigated its efficacy or safety for pediatric patients with
TBI. Droperidol (which does have FDA approval for nausea
treatment in children more than 2 years old) has been shown
to have utility for adults post-TBI [86]. No clinical studies
have examined the safety or efficacy in children with post-
traumatic agitation.

The earliest AAP, clozapine, was reported to be useful in
treating post-TBI agitation in adults [87]. However, it is now
seldom used because of the need to closely monitor complete

blood counts for the risk of agranulocytosis and aplastic ane-
mia. Furthermore, clozapine may lower the seizure threshold
[78]. Finally, clozapine does not have FDA approval for use
in children. Ziprasidone is available in both oral and intra-
muscular formulations and has been shown to have a better
adverse effect profile in terms of weight gain, glucose intol-
erance, and EPS [88]. Noé et al [89] followed up 5 adult
patients and found ziprasidone effective in controlling agita-
tion during the post-traumatic amnesia period. This agent
worked quickly to reduce agitation and showed good toler-
ability and safety, with no electrocardiographic changes or
clinical adverse effects. Scott et al [90] studied the use of
ziprasidone in a pediatric post-TBI population. Twenty pedi-
atric TBI patients were followed up over an 18-month period.
All of the study patients developed agitation and/or aggres-
sion and were treated with ziprasidone as the sole interven-
tion. No adverse events were seen in any of the subjects. The
researchers noted a significant reduction in the Riker Seda-
tion-Agitation Scale in all pediatric age groups. These re-
searchers concluded that ziprasidone appeared to be a safe
and effective treatment in pediatric patients with closed head
injuries who develop agitation and/or aggression in the im-
mediate postinjury period.

Quetiapine may have similar utility as a treatment option
[91,92]. It has a low incidence of EPS. Kim and Bijlani [91]
performed a 6-week, open-label, flexible-dose pilot study of
quetiapine for treatment of post-TBI aggression. They fol-
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lowed up 7 adults with TBI who were at least 3 months
postinjury. Quetiapine at doses of 25-300 mg daily was
found to be efficacious and well tolerated in reducing irrita-
bility and aggression that resulted from TBI. Oster et al [92]
reported beneficial effects of quetiapine on post-traumatic
mania, cognitive impairments, and functional disability in
the subacute postinjury period. Similarly, Daniels and Felde
[93] described 2 adults with mania associated with TBI and
who responded to quetiapine. Quetiapine is FDA approved in
children more than 10 years of age with schizophrenia and
bipolar disorder. No studies that used quetiapine were found
in the pediatric TBI literature.

Olanzapine has been shown to have fewer cognitive ad-
verse effects and detrimental effects on cognitive recovery
than haloperidol in an animal model [94]. However, it is
associated with weight gain, diabetes mellitus, and hyperlip-
idemia [88], and there are no studies that reported its efficacy
in treating post-TBI agitation.

The use of this class of medication, including both typical
and AAPs, remains controversial for both adults and children.
Despite an apparent decreased adverse effect profile and poten-
tially smaller negative impact on recovery from TBI associated
with the AAP agents, likely all members of this class have
detrimental effects after long-term use [46,48,74,75,77,87].
Clearly, more comprehensive and long-term studies are needed
to evaluate the efficacy and effect on recovery of the antipsy-
chotic agents in the pediatric TBI population. If clinicians
choose to try these agents, despite the lack of evidence and
concern for detrimental effects in children, they should then
use the smallest dosage possible, monitor carefully for nega-
tive responses, and continually evaluate the need for ongoing
use.

COGNITIVE IMPAIRMENTS

Numerous cognitive impairments may follow pediatric TBI
[95], including deficits in attention and memory. Stimulants
such as methylphenidate and amphetamine derivatives are
the mainstays of treatment of these cognitive sequelae. Their
mechanism of action is through the upregulation of both
dopamine and norepinephrine, primarily within the prefron-
tal cortex [96]. The first reported use of methylphenidate for
cognitive impairments was by Gualtieri and Evans [97], who
examined its use in 15 patients, 12-44 years of age, with
severe TBI. No statistical differences were found in cognitive
performance with the use of methylphenidate, but subjective
improvements were described by patients and families.
Hornyak et al [32] completed a chart review of 9 pediatric
patients treated with methylphenidate after TBI. Improve-
ments in cognitive and behavioral impairments were ob-
served in 7 of the patients, based upon parent and clinician
documentation. Some of the subjects demonstrated improve-
ments in cognitive testing as evaluated by a neuropsycholo-
gist and/or speech and language pathologist. The following

year, 2 studies were published with contrasting results. Wil-
liams et al [98] examined the effect of methylphenidate in 10
children with mild to severe TBI. When compared with
placebo, no differences were noted in behavior, attention,
memory, or processing speed. Mahalick et al [99] evaluated
14 pediatric subjects after 7 days of twice daily methylpheni-
date. Statistically significant results were found across all
measures of attention and/or concentration. Thus, the re-
search support for methylphenidate is equivocal but suggests
a potential beneficial response, at least in some children
recovering from or living with the sequelae of TBI. Further
studies are clearly needed.

The nAch-r agonists have recently been studied in chil-
dren with attention-deficit/hyperactivity disorder who have
shown limited response to stimulants [100,101] as well as in
children with pervasive developmental disorder [102]. These
small studies suggest improvements in attention disorders
with the nAch-r agonist donepezil. A number of case reports
[103,104] and several clinical trials [105] with adult or
mixed-age samples suggest possible benefit from donepezil,
although again the data are limited. Tenovuo [106] reported
his experience with a variety of nAch-r agonists in 111
subjects. At least a few of the subjects were children (aged
16-17 years), although no specific information was given
about their response to treatment.

DEPRESSION

Depression is a common long-term sequela of TBI [107],
with an incidence of between 26% and 77% of adult patients
[107-111]. Features include negative affect, prominent anx-
iety symptoms, and executive dysfunction, and may greatly
affect recovery from TBI [110]. Patients with depression tend
to show greater functional disability and perceived cognitive
impairment [107]. Fann et al [112] found benefit in treating
post-TBI depression, with improvements noted in psy-
chomotor speed, recent verbal memory, recent visual mem-
ory, general cognitive efficiency, and self-perception of cog-
nitive symptoms. In this study, almost half of the patients
with TBI were 19 years old and younger; 294 were younger
than 9 years (20.4%) and 411 were 10-19 years (28.5%).
The TCAs include imipramine, amitriptyline, desipra-
mine, nortriptyline, and doxepin. Their precise mechanism
of action is unclear, but they are thought to exert their effects
by inhibiting the presynaptic reuptake of biogenic amines,
primarily serotonin and norepinephrine. Newer evidence
suggests that TCAs also modify the sensitivity of central
serotonergic and [-adrenergic receptors. TCAs generally
have a wider adverse effect profile than SSRIs. Because of
their potentially adverse anticholinergic-mediated effects on
cognition [111], they are not considered first-line agents in
treating post-TBI depression. In addition, there is little evi-
dence to support the efficacy of TCAs in treating post-TBI
depression in either adult or pediatric patients. Furthermore,
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Wroblewski et al [113] suggested that TCAs may increase the
incidence of seizures in patients with TBI. In this study, the
medical records of 68 patients with severe brain injury were
reviewed retrospectively in relation to their seizure histories,
anticonvulsant use, and comedication use before, during,
and after use of TCAs. The investigators concluded that 19%
of the study patients developed seizures largely beause of
TCAs. When a TCA is used, nortriptyline is most commonly
prescribed, likely because it is one of the best tolerated
medications in this class.

The SSRIs include sertraline, fluoxetine, paroxetine, cita-
lopram, escitalopram, and fluvoxamine. Although no large-
scale studies of their use in the pediatric TBI population are
available, SSRIs are generally regarded as the first-line agents
for treatment of depression in this age group [114]. Their
efficacy in the adult TBI population has been studied more
extensively. Case reports [115] demonstrate amelioration of
depressive symptoms with 20 mg a day of fluoxetine. Hors-
field et al [116] performed an open-label pilot study of 5
adult patients with TBI by using fluoxetine at daily doses of
20-60 mg. The subjects were administered cognitive tests at
baseline and after 8 months of treatment on fluoxetine.
Fluoxetine not only improved mood but also improved per-
formance on measures of basic attention and working mem-
ory.

Fann et al [68] found significant improvement in psycho-
logical and adaptive functioning with sertraline. They per-
formed an 8-week, nonrandomized, placebo-run trial of 15
adults diagnosed with major depression between 3-24
months after mild TBI. Thirteen of the patients responded by
week 8 of sertraline treatment. Patients who received sertra-
line showed significant reductions in psychological distress,
anger, aggression, and postconcussive symptoms as well as
improvements in global functioning. Sertraline doses ranged
from 25 to 200 mg daily by the end of the study period.
Turner-Stokes et al [64] found sertraline to be useful and well
tolerated in a cohort of 82 adult patients who presented with
depression and were admitted to a brain injury rehabilitation
program within a 15-month period. Response to sertraline
was assessed prospectively in an open-label trial, with de-
pression measured at pretreatment and at 6-8 weeks after
initiation of sertraline. All of the patients who were depressed
showed some level of improvement clinically, and no signif-
icant adverse effects were observed. Furthermore, 52% of the
study subjects had previously failed to respond when using a
different SSRI but still showed a significant positive response
when changed to sertraline. These investigators concluded
that sertraline appears to be useful and well tolerated in
treating post-TBI depression. Ashman et al [66] performed a
randomized, placebo-controlled trial of sertraline for the
treatment of major depressive disorder in 52 adult patients
after TBI, even an average of 17 years postinjury (range, 3-31
years postinjury). Oral sertraline in doses starting at 25 mg
and increasing to therapeutic levels (up to 200 mg) or a

placebo was administered for 10 weeks. Although the drug
and placebo groups did not differ on baseline measures of
depression, anxiety, and quality of life, 59% of the sertraline
group showed a positive response to treatment, whereas only
32% of the placebo group showed a response. Thus, there is
positive support in the adult literature for sertraline in treat-
ing depression after TBI. Again, however, there is a pressing
need for pediatric-specific research.

Other SSRIs are not as well tolerated as sertraline in
treating adult depression. Paroxetine may impair cognitive
function, even in healthy adults, most likely as a result of its
antimuscarinic effects [117]. Therefore, it is best used with
caution, if at all, in patients with post-traumatic depression
and cognitive complaints [65]. Bupropion is not recom-
mended as a first-line agent for post-TBI depression because
of concerns that it significantly lowers the seizure threshold.
If bupropion is used in patients with TBI, then the sustained-
release formulation is suggested but only after careful consid-
eration of the patient’s seizure risk [65]. No studies were
found that addressed the pharmacologic treatment of depres-
sion after TBI in the pediatric population. Clinicians are
cautioned to consider the FDA black box warning regarding
increased risk of suicide in general pediatric populations
being treated with SSRIs. Further studies are needed to
determine the efficacy and safety of this class of medication in
treating children with post-TBI depression.

CONCLUSIONS

Pediatric TBI results in numerous cognitive, motor, psycho-
social, and behavioral sequelae. Although numerous agents
are commonly used “off label,” the evidence that supports
these practices for children with TBI is limited to nonexistent
at the present time. Although there is better evidence for
many of the discussed agents in adults, caution must be used
in extrapolating the efficacy and safety to children. The
standard mantra is that “further research is needed.” Al-
though this is true, valid data are not easily obtained. With
the wide variation in injury profile and recovery course after
TBI, large numbers of subjects are necessary, and they must
be followed up for extended periods of time to draw valid
conclusions, particularly in a population in which a multi-
tude of changes are taking place simply because of develop-
ment. The need for rigorous study design and large sample
sizes necessitates multicenter collaborations. The Children’s
Oncology Group (www.childrensoncologygroup.org) is an
excellent example of collaborative research that produces
meaningful results for relatively rare conditions and could
serve as a model for developing pediatric TBI pharmacology
studies.

A number of key issues must be considered when design-
ing strong tests of efficacy and safety. Use of randomization or
carefully matched control subject comparisons are ultimately
the criterion standard. Researchers must avoid bias through
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the use of blinded trials. Standardizing operational defini-
tions of key constructs (eg, agitation) and relevant assessment
measures across research groups will assist direct comparison
of findings. As we have demonstrated, current clinical prac-
tices for treatment of children after TBI are most often not
well supported by hard data. In the present climate of evi-
dence-based treatment, rigorously designed studies are crit-
ical in drawing conclusions regarding the efficacy and safety
of neuropharmacologic treatment of children and adoles-
cents after TBI.
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