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Abstract.
BACKGROUND: Post-traumatic agitation is a common and problematic complication after traumatic brain injury. It may
present with features consistent with psychiatric disorders, which may provide clues as to management.
OBJECTIVE: This is a narrative review of pertinent literature and a description of a collaborative clinical approach utilizing
psychiatric and brain injury rehabilitation strategies to optimize outcomes in the management of post-traumatic agitation.
METHODS: Describe and provide evidence for a transdisciplinary clinical approach supported by existing literature and
clinical experience.
RESULTS: Given the heterogeneity of the problem and limitations in the current literature there is no standardized approach
to manage post-traumatic agitation; nevertheless, a strategy is proposed that clinicians may utilize to guide treatment and
assess efficacy of the chosen intervention(s).
CONCLUSION: A clinical approach that uses quantitative assessment of targeted behavior to objectively evaluate pharmaco-
logical interventions that are generated by a collaborative approach may yield improved outcomes for managing post-traumatic
agitation.

Keywords: Traumatic brain injury, post-traumatic agitation, aggression, pharmacological intervention, agitation, neurobe-
havioral disability

1. Introduction

Post-traumatic agitation cannot be defined by one
specific behavior but typically includes a spectrum of
behaviors ranging from impulsivity, motor restless-
ness, disinhibition, irritability, emotional lability to
anger, agitation, and aggression (Wiart et al., 2016).
Agitation is present in 11–70% patients with trau-
matic brain injury (TBI), usually lasts between 1–14
days but often longer (McNett et al., 2012) and has
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been linked to longer acute care and rehabilitation
lengths of stay, poorer recovery on functional mea-
sures and cognitive outcomes (Bogner et al., 2001).
Many of the behaviors seen in post-traumatic agita-
tion are often seen in different psychiatric disorders,
and the rationale for management of post-traumatic
agitation is in part based on manifestations of psy-
chiatric conditions. There is also a bi-directional
association between TBI and psychiatric disorders
which may also be relevant in terms of determin-
ing clinical management. Because of this, we suggest
that a collaborative approach to the management of
agitation following acute brain injury that includes
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psychiatry as part of the treatment team may improve
outcomes. Accordingly, this article is written in
part to provide examples of this transdisciplinary
approach that we use clinically. Similarly, the liter-
ature review was performed to identify articles that
illustrate specific points, and while efforts were made
to describe the quality of some of the cited studies,
this is not a systematic review.

Despite the prevalence of post-traumatic agitation
and the multiple clinical challenges that may result,
there is no clear standard of care for addressing
this problem. One reason for this is the multifac-
torial nature of the contributors to post-traumatic
agitation. Most clinicians would agree that pre-
injury characteristics, structural damage, alterations
in biochemistry and concomitant neuro-medical,
psychiatric and environmental conditions may all
contribute to the problem.

Potentially relevant pre-injury risk factors include
a history of impulsive aggression, substance use,
prior arrest, premorbid affective disorders, personal-
ity disorders, substance use disorders and disorders of
conduct (Kim, 2002; Vassallo et al., 2007). Risk fac-
tors associated with post-traumatic agitation include
frontotemporal injury, duration of loss of conscious-
ness, disorientation, comorbid medical conditions,
and use of anticonvulsant medications (Warden et al.,
2006).

Structural injury, to the frontal lobe and pre-
frontal cortex, particularly the ventromedial and
orbitofrontal cortex, has been associated with
increased hostility, impulsivity and an increase
in aggressive episodes (Lauterbach et al., 2015).
Furthermore, reduction in prefrontal capability to
process information makes patients more prone to
paranoid interpretations (Koponen et al., 2002).
The neurocircuitry of aggression in TBI is cru-
cial to understanding the mechanisms of injury and
choice of pharmacological interventions to address
agitation. Traumatic injury causes an abrupt and sig-
nificant release of multiple neurotransmitters in the
brain including serotonergic, cholinergic and cat-
echolaminergic systems. Increased dopamine and
norepinephrine may be associated with increased
aggression in animal models (Eichelman, 1990) and
dopamine excess is implicated in psychosis and
impulse control disorders that are often associated
with agitation. Impaired serotonergic functioning
is a common marker for impulsive aggression and
reduced serotonin levels are associated with increased
levels of aggression (Brower & Price, 2001). Accord-
ingly, serotonin specific reuptake inhibitors (SSRI’s)

are often used in management of agitation following
traumatic brain injury (Luauté et al., 2016).

In the early period following TBI, emotional and
behavioral disturbances may be associated with post-
traumatic encephalopathy, reflecting neurotrauma-
induced diffuse brain dysfunction and / or manifesta-
tions of focal injuries to brain systems subserving
emotional regulation and comportment. However,
in some cases, emotional and behavioral dyscon-
trol are manifestations of other psychiatric conditions
(e.g., major depressive episode, manic, hypomanic, or
mixed episode, post-traumatic stress disorder, anx-
iety disorders, substance use disorders, psychotic
disorders) (Arciniegas & Wortzel, 2014) including
recurrence or exacerbation of preinjury psychiatric
disorders (Silver, McAllister & Arciniegas, 2009).
Thus, a greater understanding of preexisting psy-
chiatric disorders should be considered and could
alter recommendations for the initial pharmacolog-
ical management of agitation.

TBI is associated with a higher risk of neuropsy-
chiatric disorders, and psychiatric disorders are a
risk factor for TBI indicating a bidirectional relation-
ship (Rao et al., 2015). It is important to consider
that psychiatric disorders may present somewhat
uniquely in patients with TBI vs without TBI. For
example, a person with TBI history may manifest
depressive symptoms in patterns that are different
from a person who did not suffer a TBI. Depressed
moods are more likely to be expressed as irritabil-
ity, frustration, anger, hostility, and aggression in
those with TBI than as sadness (Seel, Macciocchi &
Kreutzer, 2010). Further, a complex interplay of fac-
tors and underlying causes must be considered prior
to treatment (see Table 1). These can be conceptual-
ized as preinjury risk factors, those related directly
related to the trauma and those indirectly related to
trauma.

2. Treatment strategies

Guidelines for treatment include identification
of target symptoms, interviewing a knowledgeable
informant, along with the use of an objective scale
to quantify behavior, and a differential diagnosis for
the behavior other than the injury itself (review list
of factors in Table 1). Non-pharmacological inter-
ventions including behavioral and environmental
modifications are first line followed by pharmacolog-
ical interventions. For an excellent in-depth review
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Table 1
Risk Factors associated with post-traumatic agitation

Pre-injury risk factors Factors related directly to trauma Factors indirectly related to trauma

Prior psychiatric diagnosis Aphasia, cognitive deficits Delirium
Chronic substance use Post-traumatic amnesia Infections
Adult/childhood behavioral issues Pain (uncontrolled) and sensory deficits Metabolic disturbances
Poor psychosocial function Seizures (non-convulsive status) Sleep dysfunction, circadian rhythm changes

Neurotransmitter derangement Medications (abrupt discontinuation,
excessive sedation)

Endocrine dysfunction

of non-pharmacological interventions, readers are
referred to Carrier et al. (2023).

2.1. Environmental modifications

Familiarizing information (family, friends), envi-
ronmental reorientation (calendars, clocks), safety
aides (e.g., bed rails, netted beds), surveillance sys-
tems (video monitoring, electronic bracelets).

2.2. Patient program modifications

Consistent staffing, 1:1 staffing if needed, reduc-
ing care tasks, address sleep hygiene and circadian
rhythm (reduced daytime naps or small scheduled
naps).

2.3. Behavioral modification

Preventive strategies, written behavior plans, func-
tional assessment of behavior, physical restraints as
needed (e.g., vests, mitts) (Carrier et al., 2021).

Behavioral management strategies are useful for
management of aggression and include:

2.4. Replacement strategies and decelerative
techniques

Replacement strategies include assertiveness train-
ing (beneficial for patients who become angry when
they fail to get their needs met) and differential
reinforcement scheduling (to reduce rate of pre-
violent behaviors). Decelerative techniques include
social extinction, contingent observation, and self-
controlled time outs (Arciniegas & Wortzel, 2014).

3. Literature review of pharmacological
management

Generally, the level of evidence to promote the use
of medications for management of agitation follow-

ing TBI is quite low and caution should be utilized
while using medications in the management of TBI
related agitation. Even though there is lack of qual-
ity evidence to support the use of antipsychotics for
brain injury related agitation, it is amongst the most
prevalent choice for treatment.

Typical antipsychotics and benzodiazepines are
best avoided. They can delay neurobehavioral recov-
ery, neuroplasticity, and repair post TBI (Arciniegas
& Silver, 2006; Rao, Jellinek & Woolston, 1985).
However, a recent study evaluating the effects of
lorazepam after experimental TBI in rats showed that
intermittent use of lorazepam may have an effect in
improving agitation and aggression in TBI without
affecting functional recovery (Cheng et al., 2018).
As a general guideline, avoid medications that can
worsen cognition including potent dopamine block-
ers (typical antipsychotics, drugs with potent D2
blocking properties like risperidone) and medications
with anticholinergic side effects (paroxetine).

3.1. Atypical antipsychotics

Although numerous observational studies have
reported a reduction in agitation with the use of
antipsychotic agents, we found no controlled studies
evaluating the efficacy of antipsychotics other than
olanzapine (Williamson et al., 2019). Several stud-
ies suggest that one should not use neuroleptics in
the long term to treat aggressiveness after TBI except
in case of prior psychiatric disease. It is essential to
use certain precautions with the use of antipsychotics
including epileptogenic risk, extrapyramidal side
effects (lower with atypical antipsychotics) and car-
diovascular risk factors (Luauté et al., 2016). There
is some anecdotal evidence to support the use of que-
tiapine, ziprasidone and olanzapine in management
of agitation following TBI (Kim & Bijlani, 2006;
Nash et al., 2019). There is one case report (Kim
& Bijlani, 2006) and one controlled study regarding
the use of olanzapine in agitation and aggression fol-
lowing brain injury (Maturana Waidele & Maturana
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Rodillo, 2009) with one observation study showing
an increase in duration of post-traumatic amnesia
(Kooda et al., 2015)

3.2. B blockers

B antagonists (propranolol and pindolol) have the
best evidence supporting its use in the management of
agitation or aggressiveness following TBI, although
the number of studies and sample size of stud-
ies reviewed were relatively small (Rahmani et al.,
2021). A randomized controlled study of 21 patients
by Brooke et al. on 21 patients using propranolol,
found it to be beneficial in reducing intensity of
aggressive episodes but no change in frequency of
episodes, grade B evidence (Brooke et al., 1992). Pro-
pranolol was well tolerated in doses up to 420 mg
daily with reports of bradycardia and hypotension at
a dose of 520 mg/day (Greendyke et al., 1986).

3.3. Antiepileptic drugs

Although valproic acid is one of the most
prescribed medications for management of post-
traumatic agitation (Francisco et al., 2007), the
evidence to support its efficacy remains limited. It
appears to have a relatively benign neuropsycho-
logical profile making it cognitively safer to use in
individuals with brain injury (Dikmen et al., 2000).
Chatman, Showalter, and colleagues performed a
retrospective chart review with 29 patients with
improvement in 62% patients with a mean dose
of 1257 mg/day (no objective measures were used).
Uncontrolled case series have reported a reduction
in agitation and aggressive behaviors with the use
of valproic acid and carbamazepine (Williamson et
al., 2019). There was one unpublished study of TBI
patients with affective lability and alcohol depen-
dence where valproic acid showed effectiveness in
reducing weekly agitation behavioral scale (ABS)
scores rated by spouse or significant other’s (Beres-
ford et al., 2015).

A recent article by Hammond et al. did not
demonstrate a difference between placebo and car-
bamazepine in the reduction of irritability and
aggression following TBI, other than clinician
ratings-which did support the use of carbamazepine.
The participants (35 in each group) were all at least
6 months post-injury, with dose titrated up to 400 mg
/ day (Hammond et al., 2021). There is one double
blind placebo-controlled trial (48 patients) support-
ing the use of oxcarbazepine in management of

post-traumatic aggression at doses of 1200–2400/ day
when compared to placebo (Mattes, 2005). There is
very limited evidence to support the use of lamotrig-
ine in post-traumatic agitation.

3.4. Antidepressants

SSRI’s are used to regulate mood following TBI
but there is limited evidence supporting the effective-
ness of SSRI’s as a primary agent for post-traumatic
agitation during acute rehabilitation. One controlled
study using sertraline (100 mg/day, 11patients) vs
placebo did not show significant effects on agita-
tion (Meythaler et al., 2001) whereas an uncontrolled
case series of 13 patients using sertraline 200 mg/day
showed improvement in irritability and aggression
after 8 weeks of treatment (Kant, Smith-Seemiller
& Zeiler, 1998). A retrospective study by Mysiw et
al. (1998) showed that amitriptyline may be useful
as have a role in reducing the severity of directed
agitation that is seen during post-traumatic amnesia
(Mysiw, Jackson & Corrigan, 1988).

3.5. Stimulants

There is mixed evidence related to the use of
stimulants in acute post-traumatic agitation. The
only two controlled studies reviewing the effects
of amphetamines on agitation as a secondary out-
come were nonsignificant (Francisco et al., 2007) or
showed a worsening in agitation (Hart et al., 2018).
A randomized single blind study using 38 patients
were randomized to 30 mg of methylphenidate vs
placebo showed a significant reduction in anger and
aggression (Mooney & Haas, 1993).

3.6. Amantadine

Three RCTs examined the impact of amantadine
on irritability, aggression, and anger (Hammond et
al., 2014, 2015; Neumann et al., 2017). It is postu-
lated that amantadine may improve irritability and
aggression through enhancing cognitive function and
through this mechanism, may enhance cognitive
appraisal and behavioral disinhibition (Hammond et
al., 2014; Kraus et al., 2005). The impact of aman-
tadine on irritability was examined in two studies
(Hammond et al., 2014, 2015). Both studies used a
28-day follow-up time point, with a further 60-day
follow-up also included in the 2015 study. At the
28-day follow-up, only one of the two studies found
a significantly greater reduction in irritability in the
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treatment group (Hammond et al., 2014). However,
when the results from these studies were combined
in a meta-analysis, the pooled result did favor aman-
tadine over placebo (Hammond et al., 2015).

4. Assessing efficacy and tailoring the
treatment plan

In terms of choice of pharmacological agents,
the literature is replete with articles of all types
that describe the use of medications to manage
problematic behaviors after TBI, including several
reviews (Caplan et al., 2021; Kalra & Watanabe,
2017; Rahmani et al., 2021), as described above. One
main reason for the large number of publications is
undoubtedly the fact that there is no one medication
that works for all patients.

While a neuropharmacological and evidence-
based approach has been described above, the
clinician is still left with many pharmacological
options. Given uncertain regarding efficacy, it is
important to have a sound approach in determin-
ing whether a drug that has been initiated is in fact
helpful. However, reliance on anecdotal or subjec-
tive reports is a common practice. Such an approach
often leads to a reaction to more extreme or otherwise
noteworthy observations even though such episodes
may in fact be rare, potentially masking underlying
improvement. The physician usually is the main clin-
ician determining adjustments in medications, but
typically spends much less time with the patient
than other team members, potentially exacerbating
the problem of making decisions based on limited
observations. Reliance on physician assessments may
also lead to an underappreciation of the previously
described indirect factors that may be important ele-
ments fueling the behavioral issues.

To avoid this problem, it is important to uti-
lize objective measures when assessing problematic
behaviors and determination of efficacy of interven-
tions once they are initiated. The ABS and the Overt
Aggression Scale are two tools that can be used
to characterize and track such behaviors (Corrigan,
1989; Yudofsky et al., 1986). Figure 1 demonstrates
improvement in mean ABS scores over time. These
data can be correlated to specific interventions includ-
ing, but not limited to, the initiation of a medication to
address problematic behavior. When using a quanti-
tative approach, it is strongly encouraged to obtain
data at different times of the day and in different
settings (e.g., in bed, during different interventions).

Fig. 1. Mean agitated behavior scale (ABS) scores by day. These
data can be paired with interventions to determine efficacy.

When multiple data points are obtained, patterns
may be identified that can help the team to deter-
mine whether certain changes in treatment, including
medication changes, are leading to overall improve-
ment. Trends may emerge that suggest that certain
activities or interventions may be associated with
worsened scores. Figure 2 supports the hypothesis
that nursing interventions are associated with the ele-
vations in ABS scores. Further assessment of more
specific activities during these interventions may lead
to development of strategies to lessen or modify those
activities that are heightening problematic behav-
iors. Some of these variables may not be as easy
to address than others. For example, increased ABS
scores related to nursing may be due to care needs
related to incontinence or medication administration.
Increased ABS scores in physical therapy may be
due to pain related to increased activity, or over-
stimulation in the therapy gym setting. Hypotheses
can be generated which can be tested with further
quantitative assessments, for example trialing pain
medication before physical therapy.

When focusing on problematic and challenging
behaviors it may be more useful to track changes of
individual items rather than total scores from scales
such as the ABS. For instance, physical aggression
may be the most problematic behavior, and a change
in this sub-score may be diluted when using tools
that summate several other behaviors that are not
problematic. Using a sleep log and determining the
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Fig. 2. Mean agitated behavior scale (ABS) scores based on type
of therapy/intervention.

utility of medications or other interventions such as
turning off the TV or removing a smartphone at
a pre-determined time to improve sleep is another,
simpler example of an objective assessment. Regard-
less of the measures being used, this quantitative
approach is based on a long history of the use of
single subject designs including in TBI rehabilita-

tion, initially developed as a research strategy, but
with clear clinical applications (Whyte, DiPasquale
& Vaccaro, 1999). The patients serve as their own
control to assess the impact of an intervention. More
data points will lead to greater clarity of the effects of
time of day or interventions such as therapy, and the
data can be analyzed statistically to further improve
confidence in interpreting results of an intervention.
However, increased data collection will increase the
burden of documentation for the treating clinicians.

Tracking the use of as-needed medications might
be considered a quantitative way to assess the effec-
tiveness of scheduled medications. However, if this
strategy is used, it is very important to ensure that
there are well-defined parameters for administering
the as-needed medications. Determining the efficacy
of an as-needed medication is especially challenging
not only because of the difficulty in standardizing
the decisions for administration but also because
it is often hard to demonstrate cause and effect.
Behavioral problems associated with TBI are often
relatively short-lived, and one is left determining
whether clinical improvement seen after such an out-
burst is due to medication administration or because
it has run its course, with or without the addi-
tional medicine. Incorrectly ascribing improvement
to the as-needed medication may lead to inappro-
priate administration of a medication that may slow
neurological recovery after brain injury (Roy, Vaish-

Fig. 3. An example of part of a table used to track pharmacological management of a patient. Changes in medications are highlighted to aid
the team in assessing potential medication effects on behavior.
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navi & Rao, 2022). Because of this difficulty in
demonstrating efficacy and potential risk, it is advised
to employ as needed medications judiciously.

Polypharmacy is a frequent problem encountered
when treating patients with significant brain injury
and overall medical complexity (Cosano et al., 2016).
Multiple medications that are being used to treat
other medical problems may contribute to worsen-
ing of problematic behavior and make the evaluation
of efficacy of a specific drug more difficult. It is
often useful to systematically track these medications
and periodically reconsider their necessity. They may
have been started at different times in the patient’s
clinical course to address a number of different con-
ditions, and therefore the need for these medications
may change over time. There may be opportunities
to simplify the medication list (including times of
administration) and minimize use of those medica-
tions that may be contributing to cognitive deficits.
Organizing medications that are being prescribed in
a table that allows the team to see when certain drugs
were started and discontinued is a useful way to
help interpret the efficacy of a medication to help
manage problematic behavior, to consider drug inter-
actions and to quickly review the medication profile.
Figure 3 is an actual medication profile that was
paired with observational data on behavior to help
assess the efficacy of medication changes, in this case
the reduction of bromocriptine, cyclobenzaprine and
clonidine, as well as the introduction of trazodone to
improve sleep. This profile is also good example of
how extensive a medical profile can become, mak-
ing the assessment of the clinical impact of a specific
drug quite challenging.

5. Conclusion

The approach to management of agitation in
traumatic brain injury should include a careful
assessment of preinjury psychiatric conditions. The
relationship between TBI and psychiatric diagnoses
and the implications for the development of behav-
ioral problems is often under-appreciated despite
the fact that this may provide a good starting point
for initiation of interventions. It should be noted,
however, that the evidence regarding pharmacolog-
ical interventions is rather insufficient. There is
some support in the literature for the use of propra-
nolol, valproic acid and olanzapine; however, these
(and other medications) need to be further stud-
ied. The use of amantadine may improve irritability

whereas antipsychotics may prolong post-traumatic
amnesia.

Given the fact that there are no robust guidelines
to manage agitation after TBI as well as the wide
variety of pathologies and clinical presentations, it is
important to incorporate quantitative assessments and
utilize objective measures when assessing problem-
atic behaviors to determine efficacy of interventions.
This can help govern decisions as to if and when
to alter the initial treatment plan, which is neces-
sary much more often than not. Further studies on
tailored interventions throughout the acute, rehabili-
tation settings are needed to assess the efficacy and
safety of pharmacological agents for the management
of agitated behaviors.
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