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n this review, the current evidence is examined regarding neuropharmacologic treatment
or children and adolescents (under the age of 18 years) who sustained a traumatic brain
njury (TBI). Although the focus is on the pediatric TBI population, there is a paucity of
mpirical data related to the role of medication with children and adolescents after brain
njury. Therefore, findings from the adult TBI literature are incorporated where appropriate
o as to identify potential agents that warrant further examination in pediatric populations.
his review addresses specific sequelae of TBI from the earliest stages of neurologic recovery

o long-term comorbidities, including disorders of impaired consciousness, post-TBI agita-
ion, cognitive decline, and post-TBI depression. The evidence regarding the role of
edication in neuroprotection and neurorecovery in this population is also explored.
edication classes reviewed include excitatory amino acids, antagonists to the N-methyl-
-aspartate receptor, dopamine agonists, benzodiazepines, �-blockers, anticonvulsants,
nd antidepressants. It is hoped that this review will guide future research, and ideas as to
ow this may be accomplished within a pediatric population are suggested.

PM R 2010;2:1127-1140

NTRODUCTION

n children, traumatic brain injury (TBI) severe enough to require hospitalization is
stimated at 70 per 100,000. The highest incidence and greatest morbidity and mortality
ccur in youth aged 15-17 years [1]. In 2007, of an estimated 73.7 million children in the
nited States [2], approximately 51,000 pediatric TBIs occurred. Approximately 10% of

hese children were hospitalized for more than 10 days, which suggests that they sustained
evere TBI [1]. Severe TBI and, to a lesser extent, mild and moderate TBI result in numerous
ong-term impairments in motor functioning, behavior, and cognition. Over the past several
ears, pharmacologic intervention for TBI has become more popular within adult popula-
ions. The goals of treatment are generally to increase attention and general cognitive
erformance, and to normalize behavior [3]. Pediatric rehabilitation specialists and other
hysicians treating children and adolescents with TBI have also begun to use medications to
nhance rehabilitation outcomes. This review article focuses on pharmacologic interven-
ions aimed at improving outcomes after pediatric TBI. Where the literature is scant or
onexistent, findings from adult TBI are summarized. (For a recent review of pharmacologic
reatment of adults with TBI, the reader is referred to Crooks et al [3].) Because there is a
earth of well-controlled studies in this area, it is hoped that the present article will guide
uture research and clinical investigations. This article is organized around common states
nd symptoms encountered in the recovery process, from the acute phase forward (Table 1).
n addition, Tables 2-7 summarize information about specific agents by drug class.

EUROPROTECTIVE AGENTS

esearch into the neurotoxic cascade apparent after TBI has informed the use of neuropro-
ective agents during the acute phase of recovery [4]. Excitatory amino acids (eg, glutamate
nd glycine) have been shown to be elevated after brain injury, which suggests that they may

lay a role in secondary metabolic injury [5]. The N-methyl-D-aspartate (NMDA) receptor
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as been a target of investigation over the last few decades.
lthough early work in animals suggested benefit of NMDA
lockade [6], these findings have been inconsistent in subse-
uent animal trials [7,8] or later clinical trials [9-11]. Ket-
mine, memantine, and amantadine are strong, moderate,
nd weak antagonists, respectively, to the NMDA receptor
urrently available in the United States (Table 3). Amanta-
ine will be discussed in more depth later in this article.
lthough memantine has been used clinically in both chil-
ren and adults with TBI, there are no formal studies or case
eports (the primary literature in TBI neuropharmacology)
ocumenting the efficacy of memantine in TBI, as of March
010. In addition, evidence that NMDA antagonists promote

able 1. Medications referenced

europrotective agents
N-methyl-D-aspartate antagonists

Ketamine, memantine, amantadine
nAch-r agonists

Donepezil
Anticonvulsants
Carbamazepine
Phenytoin
Lamotrigine
Levetiracetam
Topiramate
Valproic acid

mpaired arousal
Dopamine agonists

Carbidopa-levodopa, amantadine, bromocriptine,
pramipexole, methylphenidate, amphetamine,
apomorphine

Omega 1-specific indirect GABA agonists
Zolpidem
Intrathecal baclofen

gitation
Benzodiazepines

Midazolam, alprazolam, lorazepam, diazepam,
clonazepam

�-Blockers
Propranolol

Anticonvulsants
Valproic acid, carbamazepine, lamotrigine, topiramate,
levetiracetam

Antidepressants
Amitriptyline, sertraline, citalopram, paroxetine, fluoxetine

Antipsychotics
Clozapine, risperidone, quetiapine, ziprasidone,
olanzapine, haloperidol, droperidol

ognitive impairments
Methylphenidate, amphetamine-derivatives, nAch-r
agonists

epression
Tricyclic antidepressants

Imipramine, amitriptyline, desipramine, nortriptyline,
doxepin

Selective serotonin reuptake inhibitors
Sertraline, fluoxetine, paroxetine, citalopram,
escitalopram, fluvoxamine

ABA � �-aminobutyric acid; nAch-r � nicotinic acetylcholine receptor.
poptosis by blocking the excitatory effects of glutamate in i
oung rats [8] raises concerns that this class of medications
ay contribute to further secondary brain injury in children.
inally, because excitatory neurotransmitters (eg, glutamate)
re necessary for neural development and plasticity, concern
as been raised that medications in this class could actually

nhibit recovery from TBI. It is uncertain whether amanta-
ine, as a weak antagonist, carries these same risks.

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

Given the high incidence of post-traumatic epilepsy
mong pediatric TBI survivors [14], there has been increasing
nterest in determining whether anticonvulsant treatments
ould be neuroprotective, in addition to preventing seizures.
urrently, prophylactic anticonvulsant medications are not

ecommended for prevention of late post-traumatic epilepsy
mong children [15], although treatment with phenytoin or
evetiracetam can decrease the risk of early post-traumatic
eizures [16]. In a study of adults with severe TBI, levetirac-
tam was safe, had fewer adverse effects, and was associated
ith better cognitive outcomes compared with phenytoin

17]. A single dose of levetiracetam was found to be neuro-
rotective and superior to phenytoin in a rat model of TBI
18], and this drug is believed to have antiepileptogenic
ffects based on several animal models of seizures [19]. These
romising findings have not yet been extended to children,
ut there is great interest in the possibility of using levetirac-
tam as both a neuroprotective and anticonvulsant medica-
ion in children with TBI.

Topiramate is another anticonvulsant with probable neu-
oprotective effects. By lowering glutamate levels, this agent
ould modify the excitatory adverse effects of this neuro-
ransmitter after TBI. In adult humans, Alves et al [20]
emonstrated, by cerebral microdialysis, a dose-response
ffect whereby topiramate decreased cerebrospinal fluid
CSF) glutamate levels after TBI. In a study of adult rats,
opiramate administered after TBI did not impact acute post-
raumatic cerebral edema or histologic injury and was asso-
iated with poorer cognitive outcomes but improved motor
unctioning at 1 and 4 weeks after fluid percussion injury
21]. In humans with TBI, there have been concerns about
ognitive adverse effects associated with topiramate [22]. The
norexic adverse effects of this medication could benefit
hose patients with TBI and obesity [23] but may be contra-

ndicated in others. Thus, although there are suggestions that
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opiramate could offer neuroprotection after TBI, more hu-
an data are required.

MPAIRED AROUSAL

ne of the best indicators for predicting outcome from severe
BI is duration of coma or vegetative state, with worse

ong-term outcomes seen in patients with longer periods of
nconsciousness [24]. It is presumed that reducing the pe-

able 2. Catecholaminergic agents

Medication

FDA Approval in
Pediatric
Patients FDA Pediatric Dosages

Mechanism of
Action

mantadine Yes, �1 y of age

(influenza only)

Ages 1-9 y: 2.2-4.4 mg/

kg BID, up to 75 mg

BID; �9 y: 100 mg BID,

typically start at 1/2

lowest dose, titrate to

maximum

Dopamine agoni

NMDA antagon

arbidopa-

levodopa

No N/A Dopamine agoni

romocriptine Yes, ages 11-18 y 1.25-2.5 mg/d Dopamine agoni

ethylphenidate Yes, 6 y and

older

Start at 5 mg QD, may

increase to BID,

maximum dose 60 mg

daily

Catecholamine

agonist

mphetamine Yes, 6 y and

older

Start at 5 mg QD, may

increase to BID,

maximum dose 40 mg

daily

Catecholamine

agonist

ropranolol No N/A �-Adrenergic

receptor blocke

/A � not applicable; A-fib � atrial fibrillation; HTN � hypertension;M
-methyl-D-aspartate; TBI � traumatic brain injury; QD � once a day; BID

able 3. NMDA antagonists

Medication

FDA Approval in
Pediatric
Patients FDA Pediatric Dosages

Mech
A

mantadine Yes, � 1 y of age
(influenza only)

Ages 1-9 y: 2.2-4.4 mg/
kg BID, up to 75 mg
BID, �9 y 100 mg BID,
typically start at 1/2
lowest dose, titrate to
maximum

Dopa
ago
NMD
anta

etamine Yes N/A NMDA
anta

emantine No N/A NMDA
anta
/A � not applicable; FDA � Food and Drug Administration; NMDA � N-methyl-D
iod of unconsciousness will improve long-term outcome.
arlier arousal does enable earlier implementation of rehabil-

tation interventions and may reduce secondary complica-
ions from immobility.

opamine Agonists

opamine agonists are commonly used to improve arousal in
atients who are comatose after TBI. These agents include

DA Indications TBI Usage Serious Reactions Warnings

enza A,

rkinsonism,

trapyramidal

ctions

Arousal from coma

or minimally

conscious states

Neuroleptic malignant

syndrome with

abrupt withdrawal,

exacerbation of

congestive heart

failure, exacerbation

of psychotic

conditions
insonism Arousal from coma

or minimally

conscious states
erprolactinemia-

sociated disorders,

romegaly,

rkinsonism

Arousal from coma

or minimally

conscious states

Cardiovascular

adverse effects,

hypotension, peptic

ulcers
ntion deficit

order, narcolepsy

Attentional deficits;

arousal from

coma or

minimally

conscious states

Cardiovascular

adverse effects,

growth impairment

Dependence

ntion deficit

order, narcolepsy

Attentional deficits;

arousal from

coma or

minimally

conscious states
, angina, A-fib, MI,

graine, essential

mor, headache

Agitation Diabetes,

thyrotoxicosis

Angina

pectoris

yocardial infarction; FDA � Food and Drug Administration; NMDA �
e a day.

of FDA
Indications TBI Usage Serious Reactions

Influenza A,
parkinsonism,
extrapyramidal
reactions

Arousal from
coma or
minimally
conscious
states

Neuroleptic malignant
syndrome with
abrupt withdrawal,
exacerbation of
congestive heart
failure, exacerbation
of psychotic
conditions

Procedural
sedation

Neuroprotective
agent

Respiratory depression

Alzheimer
dementia

Neuroprotective
agent,
memory

Seizures
F

st,

ist

Influ

pa

ex

rea

st Park

st Hyp

as

ac

pa
Atte

dis

Atte

dis

r

HTN

mi

tre

I � m
anism
ction

mine
nist,
A
gonist

gonist

gonist
-aspartate.
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arbidopa-levodopa, amantadine, bromocriptine, pramipexole,
ethylphenidate, amphetamine, and apomorphine [25] (Table

). In addition to the weak NMDA-antagonistic qualities, aman-
adine affects dopamine both presynapse by stimulating its
elease and delaying its reuptake, and postsynapse by in-
reasing the number of dopamine receptors [26]. In the
ediatric population, amantadine is the most well studied of
he dopamine agonists for treating arousal, although only 4
tudies are available [27-30]. As such, these studies will be
escribed in detail, both to indicate efficacy of amantadine
nd to point out areas of need within this literature. Green et
l [27] reported the results of a case-controlled chart review
f 102 patients, 46 of whom had been treated with amanta-
ine. The investigators found a small but statistically signifi-
ant improvement in Rancho Los Amigos Scale (RLA) level in
atients treated with amantadine. No differences were ob-
erved, however, in length-of-stay or duration of post-trau-
atic amnesia. It is important to note that this was an
nblinded, retrospective study, which raises concerns about
ossible clinician bias.

Patrick et al [30] also performed a retrospective study of
0 children who were previously enrolled in clinical proto-
ols following TBI and resulting low response state. It should
e noted that children in this study may have been treated
ith 1 to 2 of 4 different dopamine agonists, with just 3
atients treated with amantadine and only 1 treated solely
ith amantadine. The Western NeuroSensory Stimulation
rofile was used to assess cognitive change, with change in
lope attributed to efficacy of the intervention. In the single
ubject treated only with amantadine, the slope worsened,
hereas in the 2 subjects treated with amantadine and an-
ther agonist (bromocriptine or pramipexole), 1 showed an
mproved slope and 1 worsened. This study does not provide
ufficient evidence to support the use of amantadine in
ediatric TBI and may in fact suggest a detrimental effect.

In a second report by this group [29,30], amantadine was
ompared with pramipexole in 6 children and 4 young
dults. (The investigators reported subjects as 10 pediatric
atients, but 3 subjects were 19 years, and 1 was 21 years
ld.) A randomized control, prospective study without a
lacebo group design was used. Although the investigators
escribed this as a double-blind trial, they were aware that
he subjects were on a presumed stimulant, so they were truly
ot blinded raters. Measurements were taken during the
eek before starting the dopamine agonist, during a 4-week
ose-ramping period, over the course of a 3-week weaning
eriod, and finally postmedication. Four subjects were ran-
omized to amantadine, with 3 of the subjects at 40-47 days
ostinjury and the fourth subject at 232 days postinjury. Not
urprisingly, there was no change in the subject who was 232
ays postinjury. Among the other 3, 1 remained at an RLA
core of II, 1 improved from RLA III to IV, and the third
mproved from RLA II to VI. With such a small number of

ubjects and the wide variability in the natural recovery from a
BI not accounted for by a placebo group, these data do not
dequately demonstrate benefit from amantadine. Inclusion
f the 4 young adults in the sample further detracts from our
bility to ascertain what the results mean for pediatric pa-
ients.

Recently, McMahon et al [28] published a randomized,
ouble-blind, placebo-controlled cross-over trial of amanta-
ine. The subjects were treated with either amantadine or
lacebo for 2 weeks, given a 1-week washout, and then were
rossed over to the other treatment for 2 weeks. Five subjects
ompleted the protocol, although only 3 had sustained TBI,
nd 1 of those was not pediatric, at 18 years of age. Of the
emaining 2 subjects, 1 was in each arm of the protocol. The
ubject in the placebo-first arm remained in a vegetative state
hroughout the study. The other subject moved from mini-
ally conscious to fully conscious.
These 2 studies by Patrick et al [29,30] include the only

vailable data regarding use of pramipexole to improve arousal
n pediatric patients with TBI. In their retrospective study [30],
he 2 subjects treated only with pramipexole did show improve-
ents in the slope of their Western NeuroSensory Stimulation

rofile. The third subject was treated with amantadine and
howed a decline in slope. In the prospective trial, 2 subjects
ere treated with pramipexole, and both remained at their
aseline RLA of II [29]. As with amantadine, with no placebo
roup and such small number of subjects, it was not possible to
ttribute any recovery (or lack of recovery) to pramipexole.

We found only 1 article that provided data on bromocrip-
ine in pediatric TBI [31]. Of the 5 children with TBI treated
ith bromocriptine while in a vegetative state, 3 subjects
ere 16 years old. All of the subjects “regained functional

tatus,” although 2 required continued supervision. These
esults were noted to be more than would be expected due to
hance or recovery alone. Among the reviewed dopamine
gonists, bromocriptine has the least desirable adverse effect
rofile, so it is not a preferred first-line agent.

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

-Aminobutyric Acid Agonists

eyond dopamine agonists, a few other pharmacologic

gents have been reported to improve arousal after TBI.
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olpidem is an omega 1-specific, indirect �-aminobutyric
cid (GABA) agonist used in treating insomnia. After TBI,
ABA may produce a paradoxical effect, thereby stimulating
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
ppeared that suggest possible benefit in using this agent in
atients with disorders of consciousness after a TBI. Clauss et
l [33] described an adult man who, 15 minutes after admin-
stration of zolpidem, awoke from a semicomatose state and
emained awake for the next 3-4 hours. Brain single-photon-
mission computed tomography after drug administration
howed generalized cortical activation and amplified activa-
ion of the areas that were hypoactive before drug applica-
ion. Clauss and Nel [34] later reported on 3 adult patients
ho were in a vegetative state for at least 3 years after brain

njury. Transient arousal was apparent every morning after
olpidem administration. In addition, even after 3-6 years of
aily use, drug efficacy did not decline, nor were long-term
dverse effects observed. Cohen and Duong [35] described a
5-year-old man who sustained an anoxic brain injury be-
ause of cardiac arrest, with subsequent extreme lethargy and
ack of response to stimuli, which persisted despite trials of
everal medications. Zolpidem given twice daily 8 months
fter injury resulted in a dramatic increase in the patient’s
evel of alertness. The effect was lost when Zolpidem was
iscontinued and returned when the medication was re-
umed. Whyte and Myers [36] compared zolpidem with
lacebo in 15 adults with TBI by using a double-blind cross-

able 4. GABA agonists

Medication

FDA Approval
in Pediatric

Patients FDA Pediatric Dosages
Mechan

of Acti

aclofen Yes, 12 y and
older

Oral: start 5 mg TID, gradually
titrate to maximum 60 mg/
d; intrathecal patient
dependent

GABA-B
agonist

idazolam Yes Age and weight based Facilitatio
the GAB

lprazolam No 0.25-3 mg Facilitatio
the GAB

orazepam Yes 0.05 mg/kg Facilitatio
the GAB

iazepam Safety in age
�6 mo not
established

2-10 mg Facilitatio
the GAB

lonazepam age �10 y or
�30 kg
weight

0.01-0.03 mg/kg/d, not to
exceed 0.05 mg/kg/d

Facilitatio
the GAB

tOH � ethanol; FDA � Food and Drug Administration; GABA � �-aminob
ver design. One participant demonstrated a clinically signif- c
cant response, progressing from a vegetative state to a min-
mally conscious state, whereas the remaining 14 participants
howed no evidence of response to the drug. Clearly, addi-
ional studies are needed regarding the possible roles that
olpidem and other agents may play in treating disorders of
onsciousness after TBI. At present, it is unclear which subset
f patients would benefit, what the ideal dose and frequency
f administration would be, or the long-term efficacy and
otential long-term adverse effects of medication therapy.
urthermore, research is needed to determine whether these
ndings can be safely generalized to pediatric populations.

ntrathecal Baclofen. Recently, several case reports de-
cribed dramatic improvement in patients in vegetative states
fter intrathecal baclofen (ITB) administration [37-40]. One
ase report [37] described an 11-year-old girl who sustained
severe TBI. Eighteen days after her injury, she was given a

rial of 100 �g ITB while she was under general anesthesia.
ithin 2 days, dramatic improvements in mental status were

bserved. Although this case is interesting and warrants
urther investigation, it is important to acknowledge that ITB
as frequently been used for spasticity management, but
here have been no other reports of dramatic improvements
n cognitive status.

GITATION

gitation remains a challenging issue for patients after TBI. It
ikely reduces the efficacy of acute rehabilitation [41]. Debate

DA Indications
TBI

Usage Serious Reactions Warnings

pasticity Spasticity Seizures, death with
abrupt withdrawal

edation,
anesthesia
induction

Acute
agitation

Respiratory arrest,
cardiac arrest

Respiratory
depression

nxiety, panic
disorder

Agitation,
anxiety

Syncope, tachycardia,
seizures, respiratory
depression

Dependence

nxiety,
insomnia, status
epilepticus

Agitation Respiratory depression,
seizures, depression

Dependence

nxiety,
preoperative
sedation, EtOH
withdrawal,
seizure disorder

Agitation Respiratory depression,
seizures, depression

eizure disorder,
panic disorder

Agitation Respiratory depression,
seizures, depression

Hepatotoxicity

cid; TBI � traumatic brain injury.
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gitation. A survey by Fugate et al [42] showed that physical
ggression, verbal aggression, and explosive anger were char-
cteristics associated with agitation. Moreover, the majority
f physicians associate agitation with aggression. Mysiw et al
43] defined agitation as the “subjective evidence of one or
ore of the following behaviors: restlessness, derogatory or

hreatening demands, verbal abusiveness, sexually inappro-
riate comments or actions, or attempts at physical violence
f sufficient severity to disrupt nursing care or therapy.” In
reating agitation, clinicians must first determine its cause or
t least minimize factors that may contribute to or exacerbate
gitation. For example, drug and alcohol withdrawal, pain,
ementia, endocrine dysfunction, or seizures may mimic or
xacerbate agitation in this population. Catheters and intra-
enous leads should be discontinued as soon as medically
ppropriate. Noise (especially during the hours of sleep)
hould be kept at minimum. Visitors should be limited.
herapies should be evenly spaced throughout the day, pref-
rably with down time between periods of therapy.

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

f onset of medication effects, and route of medication deliv-
ry.

enzodiazepines

enzodiazepines provide anxiolytic, sedative, antispasticity,
nticonvulsant, and amnestic effects. Most of these effects are
hought to result from facilitation of the action of GABA, an
nhibitory neurotransmitter in the central nervous system.
enzodiazepines are commonly used in patients after TBI
46]. The benzodiazepines are loosely divided into 3 catego-
ies: short acting (half-life of 1-8 hours), intermediate acting
half-life of 8-40 hours), and long acting (half-life longer than
0 hours). Short-acting benzodiazepines are commonly used

n acute settings, such as during induction of minor surgical
rocedures (eg, midazolam) or in treating acute anxiety (eg,
lprazolam). Wroblewski and Joseph [47] reported 10 cases
9 adults and 1 9-year-old boy with anoxic brain injury) in
hich intramuscular midazolam was used to treat acute

eizures or behavioral problems in patients with brain injury.
hey found effective treatment of these conditions without
ignificant adverse effects. Alprazolam is not widely used in
reating post-TBI agitation. Rather, intermediate-acting (eg,
orazepam) and long-acting benzodiazepines (eg, diazepam
nd clonazepam) are much more commonly prescribed for
his purpose.

Long-term use of benzodiazepines is not free of risk. This

lass of medication may have both short-term and long-term m
mplications for recovery in children with TBI. Acutely, ben-
odiazepines may contribute to daytime fatigue, decreased
oncentration, decreased alertness, and memory loss [48]. To
urther add to the complexity, these adverse effects are com-
on sequelae of TBI and are frequently present independent

f the medication. Repeated use of benzodiazepines may
ltimately slow and/or impair neuronal recovery after neuro-

ogic injury [46,49]. Goldstein [49] reported that, in animal
odels, benzodiazepines may impair recovery of function

fter focal brain damage. Hence, this class of medication
hould not be considered a viable option for long-term treat-
ent and should be used sparingly. Pediatric-specific studies

re needed to determine the efficacy of managing post-TBI
gitation, dosing strategies, and the impact on ultimate re-
overy of pediatric patients after TBI. No large clinical trials of
hildren with TBI treated with GABA agonists are reported.

-Blockers

his class of medication is most commonly used in the
reatment of hypertension and has been shown to be useful in
reating migraine headaches, akathisia, and anxiety. �-Block-
rs are commonly used in the TBI population for hyperadren-
rgic activity [50] while simultaneously treating post-TBI
gitation. The literature best supports �-blockers for post-
BI agitation in adults [44]. Propranolol is a nonselective
-blocker, which inhibits both �1- and �2-adrenergic recep-

ors. It is relatively short acting and lipophilic, and is likely
he most frequently used and well-studied medication in this
lass [51]. Brooke et al [51] followed up 21 adults with
raumatic closed head injury and post-TBI agitation treated at
combined level I trauma center and rehabilitation center.

ubjects were treated with either propranolol or placebo in a
ouble-blinded fashion. The intensity of agitation was found
o be significantly lower in the treatment group. In addition,
he use of restraints was significantly lower in the treatment
roup. Brooke et al [51] concluded that propranolol was
ffective in reducing the intensity of agitation during initial
ospitalization after closed head injury. It is important to
ote that patients treated with �-blockers need to be moni-
ored for bradycardia, orthostatic hypotension, and fatigue.
n general, dosage is determined by effect on agitation and
resence of adverse effects. However, it should be noted that
ropranolol does not have a U.S. Food and Drug Adminis-
ration (FDA) indication for children.

nticonvulsants

n addition to managing seizures, anticonvulsants have been
idely used to treat post-TBI agitation. Although the precise
echanism of action is unclear, many anticonvulsants de-

rease the levels or actions of excitatory neurotransmitters
nd/or enhance the levels or actions of inhibitory neurotrans-

itters. These properties may be responsible for actions of
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hese medications as central nervous system depressants.
lthough these agents have been shown to effectively manage
gitation, they are also known to exert potentially adverse
ffects on cognitive and motor functions in patients with
pilepsy [22,52], and there is no reason to assume that they
ould not have similar negative effects in a pediatric TBI
opulation. For example, levetiracetam can be associated
ith psychosis in children treated for epilepsy [53], whereas

opiramate may dampen cognitive functioning [54].
Chatham Showalter [55] performed a retrospective chart

eview of all patients who received valproic acid for agitation
ymptoms during a 22-month period at 2 inpatient TBI
ehabilitation units. The subjects were between 13 and 89
ears old. In 26 patients (90% of the study population),
alproic acid was effective in reducing agitation symptoms
ithin 7 days when using a typical dose of 1250 mg/d.
hange in agitation was based upon both the Agitation
ehavioral Scale (8 subjects) and behaviors documented in
he clinical progress notes. The investigators concluded that
alproic acid appears to be an efficacious alternative to neu-
oleptics and benzodiazepines for alert, labile, impulsive, and
isinhibited patients after TBI. Wroblewski et al [56] re-
orted on the efficacy of valproic acid in reducing and

mproving destructive and aggressive behaviors in 5 adults
ith acquired brain injury. In all cases, valproic acid was

ffective after other pharmacologic interventions proved in-
ffective.

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

able 5. Antiepileptics

Medication

FDA Approval in
Pediatric
Patients

FDA Pediatric
Dosages Mechanism of

ivalproex Yes, children �10
y old

Initial dosage
10-15 mg/
kg/d

Suggested to in
brain concent
of GABA

alproic acid Yes, children �10
y old

Initial dosage
10-15 mg/
kg/d

Suggested to in
brain concent
of GABA

arbamazepine Yes, children �12
y old

Age based Suggested to in
GABA

amotrigine Yes, patients
�2 y old

Age and
weight
based

Unknown
DA � Food and Drug Administration; GABA � �-aminobutyric acid; TBI � trauma
t al [58] followed up 10 adults with agitation and anger after
evere closed head injury. They performed an 8-week, pro-
pective open trial of carbamazepine, with doses that ranged
rom 400 to 800 mg a day. They found a significant improve-
ent in patient scores on the Agitated Behavior Scale. Social

unctioning also improved significantly. The investigators
oncluded that carbamazepine might help to reduce agitated
ehavior in patients after brain injury.

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

Anticonvulsants are used extensively in children for the
reatment of epilepsy, and, in most cases, information about
he general safety and risks of these medications in pediatric
opulations is available. However, additional studies are
eeded to determine whether anticonvulsant medications
ay be safely and effectively used in treating agitation after
ediatric TBI (with or without epilepsy). Currently, data are

acking regarding the efficacy, appropriate dosing strategies,
nd impact of anticonvulsant medications on ultimate recov-
ry after TBI in childhood.

ntidepressants

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

FDA Indications TBI Usage
Serious

Reactions Warnings

Mania, epilepsy,
migraine

Agitation,
headache

Teratogenicity,
pancreatitis

Hepatotoxicity

Seizure, mania,
migraine HA

Agitation Teratogenicity,
pancreatitis

Hepatotoxicity

Bipolar disorder,
epilepsy,
trigeminal
neuralgia

Agitation,
chronic
headache

Aplastic anemia,
agranulocytosis

Toxic
epidermal
necrolysis
and Stevens-
Johnson
syndrome

Seizure, bipolar
disorder,

Agitation
Action

crease
rations

crease
rations

crease
tic brain injury.
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owever, TCAs still play a role in physiatric care of adult
atients with TBI [61] and of adults with chronic or neuro-
athic pain. TCAs, including amitriptyline, have been shown

n limited reports to be effective in managing post-TBI agita-
ion [43,62,63] in adults. The adverse effect profile of this
lass of medication may limit its use with children. Also, most
f the TCAs are not approved by the FDA for young children
ith depression.
The SSRI sertraline has been shown to be effective in

reating depression after TBI [64-68] and may have an addi-
ional role in treating post-TBI agitation [68-70]. Fann et al
68] reported on an 8-week, nonrandomized, single-blind,
lacebo, run-in trial of sertraline in 15 adults diagnosed with
ajor depression and mild TBI. By week 8 of treatment with

ertraline, 87% of the participants showed a 50% reduction
n their depression, and 67% of the participants achieved a
epression measure score with the normative range. Simi-

arly, Kant et al [69] followed up 13 adults who experienced
roblems with irritability and aggression after TBI. A signif-

cant reduction in irritability and aggressive outbursts was
bserved during the course of a nonblinded, 8-week, open
rial of sertraline. Other SSRIs, including citalopram, parox-
tine, and fluoxetine, may prove useful, but data are limited
71-73].

There are few reports that discuss the effectiveness of
SRIs in the pediatric TBI population. Furthermore, the FDA
dopted a “black box” label warning that indicates that anti-
epressants may increase the risk of suicidal thinking and
ehavior in some children and adolescents with major de-
ression. Clinicians and parents or caregivers should closely
onitor children and adolescents taking SSRIs for any wors-

ning in depression, emergence of suicidal thinking or be-
avior, or unusual changes in behavior, such as sleepless-

able 6. Antidepressants

Medication

FDA
Approval in

Pediatric
Patients

FDA Pediatric
Dosages Mechanism of Action F

mitriptyline Yes, children
�12 y old

10 mg Inhibits norepinephrine
and serotonin
reuptake

D

ertraline Yes Maximum of
200 mg/d

Selective serotonin
reuptake inhibitor

D
p
P

italopram Yes Maximum 40
mg/d

Selective serotonin
reuptake inhibitor

D

aroxetine No N/A Serotonin reuptake
inhibitor

D
p
P

luoxetine No N/A Inhibition of CNS
neuronal uptake of
serotonin

PM

/A� not applicable; OCD � obsessive compulsive disorder; PTSD � po
eneralized anxiety disorder; CNS � central nervous system; FDA � Food a
ess, agitation, or withdrawal from normal social situations. o
he FDA recommends very close monitoring, especially dur-
ng the first 4 weeks of treatment. Additional studies in the
ediatric population are needed.

ntipsychotics

raditionally, antipsychotic agents have been used to treat
sychosis and schizophrenia; however, their use has ex-
anded to include treatment of agitation after TBI (Table 7).
nfortunately, a number of adult studies have documented
ither slowed cognitive improvement or reduced cognitive
eturn [43,74-77] with the use of antipsychotic agents. First-
eneration (or typical) antipsychotics act by blocking the D2

opamine receptor. Atypical antipsychotic agents (AAPs) are
elieved to have much less effect on the D2 dopamine recep-
or. As a result, they are believed to have fewer adverse effects
nd less effect on TBI recovery [78]. AAPs likely act on other
eurotransmitter pathways, including serotonin, dopamine,

1-adrenergic, muscarinic, and histamine pathways [79,80].
his class of medication includes clozapine, risperidone,
uetiapine, ziprasidone, and olanzapine. Adverse effects of
he antipsychotic medications include weight gain, extrapy-
amidal symptoms (EPSs), akathisia, and neuroleptic malig-
ant syndrome (NMS). Both typical and AAP agents are
ssociated with weight gain, with clozapine appearing to
ave the greatest and ziprasidone having the least effect on
eight [81]. EPSs are common with typical antipsychotics

nd are occasionally encountered at higher doses of the AAPs.
kathisia, a subjective sense of restlessness often accompa-
ied by involuntary movements of the limbs or trunk, is
mong the more common movement disorders associated
ith antipsychotic medications. Long-term use of antipsy-

hotics is also associated with tardive dyskinesia, the late

ications TBI Usage Serious Reactions Warnings

n Depression, agitation,
chronic pain

Ventricular arrhythmias,
torsades de pointes

Suicidality

n, OCD,
isorder,

MDD

Depression, agitation Neuroleptic malignant
syndrome, serotonin
syndrome

Suicidality

n Depression, agitation,
anxiety, OCD,
stuttering

Neuroleptic malignant
syndrome, serotonin
syndrome

Suicidality

n, OCD,
isorder,
AD

Depression, agitation Neuroleptic malignant
syndrome, serotonin
syndrome

Suicidality

Depression, agitation Neuroleptic malignant
syndrome, serotonin
syndrome

Suicidality

atic stress disorder; PMDD � premenstrual dysphoric disorder; GAD �
g Administration.
DA Ind

epressio

epressio
anic d
TSD, P

epressio

epressio
anic d
TSD, G
DD

st-traum
nset of choreoathetotic or other abnormal repetitive, invol-
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ntary movements. Perhaps the most concerning risk is the
evelopment of NMS [82]. Although uncommon, early rec-
gnition of this condition is critical [83]. NMS is associated
ith blocked dopamine transmission, and features include

ever, rigidity, mental status changes, and autonomic insta-
ility. It has been seen with every class of antipsychotic drug,

ncluding the AAPs [84].
Routine use of typical antipsychotic agents has been

hown to have long-term and detrimental effects after TBI. In
articular, patients with TBI may be at greater risk for NMS
han the general population after long-term use of antipsy-
hotics such as haloperidol [85]. Because of its speed of onset
nd multiple options for delivery route, haloperidol has been
idely used in treating psychiatric patients with acute agita-

ion. Similarly, it has been commonly used to treat post-TBI
gitation [61]. Haloperidol may be effective and relatively
afe if used sparingly [75] in adults. However, haloperidol is
ot FDA approved for use with children, and no studies have

nvestigated its efficacy or safety for pediatric patients with
BI. Droperidol (which does have FDA approval for nausea

reatment in children more than 2 years old) has been shown
o have utility for adults post-TBI [86]. No clinical studies
ave examined the safety or efficacy in children with post-
raumatic agitation.

The earliest AAP, clozapine, was reported to be useful in
reating post-TBI agitation in adults [87]. However, it is now

able 7. Antipsychotics

edication

FDA Approval
in Pediatric

Patients
FDA Pediatric

Dosages
Mechanism of

Action

lozapine No N/A D1, D2, D3, D4, D5
receptor
antagonism

isperidone Yes, 13-17 y of
age

Initiated at 0.5 mg
once daily,
titrate to a
recommended
dose of 2.5 mg/d

D2 and serotonin
(5HT2) receptor
antagonism

uetiapine Yes, 10-17 y
old

25-400 mg D2 and serotonin
(5HT2) antagonism

iprasidone No N/A D2 and serotonin
(5HT2) antagonism

lanzapine Yes, 13-17 y
old

Start at 2.5-5 mg
once daily;
target: 10 mg/d

Dopamine and
serotonin (5HT2)
antagonism

aloperidol No N/A Not been clearly
established

roperidol Yes, children
�2 y old

initial dose 0.1mg/
kg

Antagonism of
apomorphine (in
dogs)

� dopamine; FDA � Food and Drug Administration; NMS � neuroleptic
eldom used because of the need to closely monitor complete q
lood counts for the risk of agranulocytosis and aplastic ane-
ia. Furthermore, clozapine may lower the seizure threshold

78]. Finally, clozapine does not have FDA approval for use
n children. Ziprasidone is available in both oral and intra-

uscular formulations and has been shown to have a better
dverse effect profile in terms of weight gain, glucose intol-
rance, and EPS [88]. Noé et al [89] followed up 5 adult
atients and found ziprasidone effective in controlling agita-
ion during the post-traumatic amnesia period. This agent
orked quickly to reduce agitation and showed good toler-

bility and safety, with no electrocardiographic changes or
linical adverse effects. Scott et al [90] studied the use of
iprasidone in a pediatric post-TBI population. Twenty pedi-
tric TBI patients were followed up over an 18-month period.
ll of the study patients developed agitation and/or aggres-
ion and were treated with ziprasidone as the sole interven-
ion. No adverse events were seen in any of the subjects. The
esearchers noted a significant reduction in the Riker Seda-
ion-Agitation Scale in all pediatric age groups. These re-
earchers concluded that ziprasidone appeared to be a safe
nd effective treatment in pediatric patients with closed head
njuries who develop agitation and/or aggression in the im-

ediate postinjury period.
Quetiapine may have similar utility as a treatment option

91,92]. It has a low incidence of EPS. Kim and Bijlani [91]
erformed a 6-week, open-label, flexible-dose pilot study of

A Indications
TBI

Usage Serious Reactions Warnings

rrent suicidal
avior,
tment-resistant

izophrenia

Agitation Seizures, myocarditis,
orthostatic
hypotension

Agranulocytosis

ophrenia, acute
nic, or mixed
sodes
ociated with
olar I

Agitation Cognition and motor
impairment,
seizures

Tardive
dyskinesia

ophrenia,
olar mania

Agitation,
insomnia

NMS, tardive
dyskinesia

Suicidality

ophrenia,
olar mania

Agitation,
insomnia

Prolonged QT
interval, NMS
tardive dyskinesia

ophrenia, acute
nic or mixed
sodes
ociated with
olar I

Agitation NMS, tardive
dyskinesia

Suicidality

ophrenia, vocal
rances of
rette’s Disorder

Agitation NMS, tardive
dyskinesia

Sudden death

metic Agitation Prolonged QT
interval, NMS,
tardive dyskinesia

Sudden death

nt syndrome; TBI � traumatic brain injury.
FD

Recu
beh
trea
sch

Schiz
ma
epi
ass
bip

Schiz
bip

Schiz
bip

Schiz
ma
epi
ass
bip

Schiz
utte
Tou

Antie
uetiapine for treatment of post-TBI aggression. They fol-
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owed up 7 adults with TBI who were at least 3 months
ostinjury. Quetiapine at doses of 25-300 mg daily was
ound to be efficacious and well tolerated in reducing irrita-
ility and aggression that resulted from TBI. Oster et al [92]
eported beneficial effects of quetiapine on post-traumatic
ania, cognitive impairments, and functional disability in

he subacute postinjury period. Similarly, Daniels and Felde
93] described 2 adults with mania associated with TBI and
ho responded to quetiapine. Quetiapine is FDA approved in
hildren more than 10 years of age with schizophrenia and
ipolar disorder. No studies that used quetiapine were found

n the pediatric TBI literature.
Olanzapine has been shown to have fewer cognitive ad-

erse effects and detrimental effects on cognitive recovery
han haloperidol in an animal model [94]. However, it is
ssociated with weight gain, diabetes mellitus, and hyperlip-
demia [88], and there are no studies that reported its efficacy
n treating post-TBI agitation.

The use of this class of medication, including both typical
nd AAPs, remains controversial for both adults and children.
espite an apparent decreased adverse effect profile and poten-

ially smaller negative impact on recovery from TBI associated
ith the AAP agents, likely all members of this class have
etrimental effects after long-term use [46,48,74,75,77,87].
learly, more comprehensive and long-term studies are needed

o evaluate the efficacy and effect on recovery of the antipsy-
hotic agents in the pediatric TBI population. If clinicians
hoose to try these agents, despite the lack of evidence and
oncern for detrimental effects in children, they should then
se the smallest dosage possible, monitor carefully for nega-
ive responses, and continually evaluate the need for ongoing
se.

OGNITIVE IMPAIRMENTS

umerous cognitive impairments may follow pediatric TBI
95], including deficits in attention and memory. Stimulants
uch as methylphenidate and amphetamine derivatives are
he mainstays of treatment of these cognitive sequelae. Their
echanism of action is through the upregulation of both
opamine and norepinephrine, primarily within the prefron-
al cortex [96]. The first reported use of methylphenidate for
ognitive impairments was by Gualtieri and Evans [97], who
xamined its use in 15 patients, 12-44 years of age, with
evere TBI. No statistical differences were found in cognitive
erformance with the use of methylphenidate, but subjective

mprovements were described by patients and families.
ornyak et al [32] completed a chart review of 9 pediatric
atients treated with methylphenidate after TBI. Improve-
ents in cognitive and behavioral impairments were ob-

erved in 7 of the patients, based upon parent and clinician
ocumentation. Some of the subjects demonstrated improve-
ents in cognitive testing as evaluated by a neuropsycholo-
ist and/or speech and language pathologist. The following d
ear, 2 studies were published with contrasting results. Wil-
iams et al [98] examined the effect of methylphenidate in 10
hildren with mild to severe TBI. When compared with
lacebo, no differences were noted in behavior, attention,
emory, or processing speed. Mahalick et al [99] evaluated

4 pediatric subjects after 7 days of twice daily methylpheni-
ate. Statistically significant results were found across all
easures of attention and/or concentration. Thus, the re-

earch support for methylphenidate is equivocal but suggests
potential beneficial response, at least in some children

ecovering from or living with the sequelae of TBI. Further
tudies are clearly needed.

The nAch-r agonists have recently been studied in chil-
ren with attention-deficit/hyperactivity disorder who have
hown limited response to stimulants [100,101] as well as in
hildren with pervasive developmental disorder [102]. These
mall studies suggest improvements in attention disorders
ith the nAch-r agonist donepezil. A number of case reports

103,104] and several clinical trials [105] with adult or
ixed-age samples suggest possible benefit from donepezil,

lthough again the data are limited. Tenovuo [106] reported
is experience with a variety of nAch-r agonists in 111
ubjects. At least a few of the subjects were children (aged
6-17 years), although no specific information was given
bout their response to treatment.

EPRESSION

epression is a common long-term sequela of TBI [107],
ith an incidence of between 26% and 77% of adult patients

107-111]. Features include negative affect, prominent anx-
ety symptoms, and executive dysfunction, and may greatly
ffect recovery from TBI [110]. Patients with depression tend
o show greater functional disability and perceived cognitive
mpairment [107]. Fann et al [112] found benefit in treating
ost-TBI depression, with improvements noted in psy-
homotor speed, recent verbal memory, recent visual mem-
ry, general cognitive efficiency, and self-perception of cog-
itive symptoms. In this study, almost half of the patients
ith TBI were 19 years old and younger; 294 were younger

han 9 years (20.4%) and 411 were 10-19 years (28.5%).
The TCAs include imipramine, amitriptyline, desipra-

ine, nortriptyline, and doxepin. Their precise mechanism
f action is unclear, but they are thought to exert their effects
y inhibiting the presynaptic reuptake of biogenic amines,
rimarily serotonin and norepinephrine. Newer evidence
uggests that TCAs also modify the sensitivity of central
erotonergic and �-adrenergic receptors. TCAs generally
ave a wider adverse effect profile than SSRIs. Because of
heir potentially adverse anticholinergic-mediated effects on
ognition [111], they are not considered first-line agents in
reating post-TBI depression. In addition, there is little evi-
ence to support the efficacy of TCAs in treating post-TBI

epression in either adult or pediatric patients. Furthermore,
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roblewski et al [113] suggested that TCAs may increase the
ncidence of seizures in patients with TBI. In this study, the

edical records of 68 patients with severe brain injury were
eviewed retrospectively in relation to their seizure histories,
nticonvulsant use, and comedication use before, during,
nd after use of TCAs. The investigators concluded that 19%
f the study patients developed seizures largely beause of
CAs. When a TCA is used, nortriptyline is most commonly
rescribed, likely because it is one of the best tolerated
edications in this class.
The SSRIs include sertraline, fluoxetine, paroxetine, cita-

opram, escitalopram, and fluvoxamine. Although no large-
cale studies of their use in the pediatric TBI population are
vailable, SSRIs are generally regarded as the first-line agents
or treatment of depression in this age group [114]. Their
fficacy in the adult TBI population has been studied more
xtensively. Case reports [115] demonstrate amelioration of
epressive symptoms with 20 mg a day of fluoxetine. Hors-
eld et al [116] performed an open-label pilot study of 5
dult patients with TBI by using fluoxetine at daily doses of
0-60 mg. The subjects were administered cognitive tests at
aseline and after 8 months of treatment on fluoxetine.
luoxetine not only improved mood but also improved per-
ormance on measures of basic attention and working mem-
ry.

Fann et al [68] found significant improvement in psycho-
ogical and adaptive functioning with sertraline. They per-
ormed an 8-week, nonrandomized, placebo-run trial of 15
dults diagnosed with major depression between 3-24
onths after mild TBI. Thirteen of the patients responded by
eek 8 of sertraline treatment. Patients who received sertra-

ine showed significant reductions in psychological distress,
nger, aggression, and postconcussive symptoms as well as
mprovements in global functioning. Sertraline doses ranged
rom 25 to 200 mg daily by the end of the study period.
urner-Stokes et al [64] found sertraline to be useful and well

olerated in a cohort of 82 adult patients who presented with
epression and were admitted to a brain injury rehabilitation
rogram within a 15-month period. Response to sertraline
as assessed prospectively in an open-label trial, with de-
ression measured at pretreatment and at 6-8 weeks after

nitiation of sertraline. All of the patients who were depressed
howed some level of improvement clinically, and no signif-
cant adverse effects were observed. Furthermore, 52% of the
tudy subjects had previously failed to respond when using a
ifferent SSRI but still showed a significant positive response
hen changed to sertraline. These investigators concluded

hat sertraline appears to be useful and well tolerated in
reating post-TBI depression. Ashman et al [66] performed a
andomized, placebo-controlled trial of sertraline for the
reatment of major depressive disorder in 52 adult patients
fter TBI, even an average of 17 years postinjury (range, 3-31
ears postinjury). Oral sertraline in doses starting at 25 mg

nd increasing to therapeutic levels (up to 200 mg) or a t
lacebo was administered for 10 weeks. Although the drug
nd placebo groups did not differ on baseline measures of
epression, anxiety, and quality of life, 59% of the sertraline
roup showed a positive response to treatment, whereas only
2% of the placebo group showed a response. Thus, there is
ositive support in the adult literature for sertraline in treat-

ng depression after TBI. Again, however, there is a pressing
eed for pediatric-specific research.

Other SSRIs are not as well tolerated as sertraline in
reating adult depression. Paroxetine may impair cognitive
unction, even in healthy adults, most likely as a result of its
ntimuscarinic effects [117]. Therefore, it is best used with
aution, if at all, in patients with post-traumatic depression
nd cognitive complaints [65]. Bupropion is not recom-
ended as a first-line agent for post-TBI depression because

f concerns that it significantly lowers the seizure threshold.
f bupropion is used in patients with TBI, then the sustained-
elease formulation is suggested but only after careful consid-
ration of the patient’s seizure risk [65]. No studies were
ound that addressed the pharmacologic treatment of depres-
ion after TBI in the pediatric population. Clinicians are
autioned to consider the FDA black box warning regarding
ncreased risk of suicide in general pediatric populations
eing treated with SSRIs. Further studies are needed to
etermine the efficacy and safety of this class of medication in
reating children with post-TBI depression.

ONCLUSIONS

ediatric TBI results in numerous cognitive, motor, psycho-
ocial, and behavioral sequelae. Although numerous agents
re commonly used “off label,” the evidence that supports
hese practices for children with TBI is limited to nonexistent
t the present time. Although there is better evidence for
any of the discussed agents in adults, caution must be used

n extrapolating the efficacy and safety to children. The
tandard mantra is that “further research is needed.” Al-
hough this is true, valid data are not easily obtained. With
he wide variation in injury profile and recovery course after
BI, large numbers of subjects are necessary, and they must
e followed up for extended periods of time to draw valid
onclusions, particularly in a population in which a multi-
ude of changes are taking place simply because of develop-
ent. The need for rigorous study design and large sample

izes necessitates multicenter collaborations. The Children’s
ncology Group (www.childrensoncologygroup.org) is an

xcellent example of collaborative research that produces
eaningful results for relatively rare conditions and could

erve as a model for developing pediatric TBI pharmacology
tudies.

A number of key issues must be considered when design-
ng strong tests of efficacy and safety. Use of randomization or
arefully matched control subject comparisons are ultimately

he criterion standard. Researchers must avoid bias through

http://www.childrensoncologygroup.org
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he use of blinded trials. Standardizing operational defini-
ions of key constructs (eg, agitation) and relevant assessment
easures across research groups will assist direct comparison

f findings. As we have demonstrated, current clinical prac-
ices for treatment of children after TBI are most often not
ell supported by hard data. In the present climate of evi-
ence-based treatment, rigorously designed studies are crit-

cal in drawing conclusions regarding the efficacy and safety
f neuropharmacologic treatment of children and adoles-
ents after TBI.
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