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Abstract

The aim of this updated systematic review was to assess the efficacy and safety of pharmacological
agents in the management of agitated behaviors following traumatic brain injury (TBI). We updated a
2019 systematic review, which originally included 21 studies, by performing a search strategy in
MedLine, Embase, Psychinfo, Cinhal, Directory of Open Access Journals, and Latin American and
Caribbean Literature on Health Sciences Literature (up to Jan 7", 2025) for evidence on the risks and
benefits of nine medication classes used to control agitated behaviors following TBI. We included all
randomized controlled trials, quasi-experimental and observational studies examining the effects of
medications administered to control agitated behaviors in TBI patients. Of the 58 studies screened in
full-text, 11 additional studies were added to the 21 original studies for a total of 32 studies. Of these
new studies, three studies evaluating dexmedetomidine suggested some potential benefits in reducing
agitation. New studies on risperidone, olanzapine, carbamazepine, and valproic acid failed to show effi-
cacy compared with control groups. Among studies identified in the first review, propranolol did reduce
intensity of agitation but not its frequency. In conclusion, there remain insufficient data to recommend
the use of any medications for the management of agitation following TBI. Dexmedetomidine may have
potential benefit in an acute setting, and the benefits of antipsychotics, carbamazepine, and amantadine
remain unclear. Beta-blockers and valproic have shown benefits, but results are inconsistent. More stud-
ies in the acute, rehabilitation, and outpatient settings are needed to assess the efficacy and safety of
pharmacological agents for the management of agitated behaviors.
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Introduction head injury that ultimately impairs the normal function
According to the Centers for Disease Control and Pre- of the brain.' TBI is associated with decreased levels of
vention, traumatic brain injury (TBI) can arise from a consciousness, post-traumatic amnesia (PTA), and alter-
bump, blow, or jolt to the head or from a penetrating ations in the mental state, such as confusion and
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disorientation.> In the clinical setting, TBI can be particu-
larly challenging due to the possible presence of post-
traumatic agitation, which can manifest in the form of rest-
lessness, irritability, anger, and verbal and/or physical aggres-
sive behaviors.*” Post-traumatic agitation can occur in the
acute setting, often associated with PTA, and may also per-
sist in the longer term, where it can be linked to cognitive
impairments, often presenting as aggression and aggressivity.
Although agitation is more prevalent in the acute care setting,
it is also problematic in the rehabilitation and outpatient set-
ting.® The prevalence of agitated behaviors in inpatient and
rehabilitative settings was recently estimated at 31.7% [95%
Confidence Intervals (CI) 25.3%—39.0%] and 32.2% (95%
CI 27.1-37.8), respectively.® In addition to patient harm,
post-traumatic agitation can also be dangerous for health pro-
fessionals and family members and thus considerably hinder
the rehabilitation process.” To manage agitation, pharmaco-
logical agents including sedatives, antiepileptics, psychosti-
mulants, and antipsychotics are often used, yet there is
limited evidence to support their efficacy and safety.® ™"
Between 2018 and 2019, a number of systematic
reviews evaluated pharmacological agents for the man-
agement of agitated behaviors in TBI patients including
aggression,'! agitation,'* or both.'*!'* In 2019, our group
also published a systematic review assessing the efficacy
and safety of pharmacological agents to manage agita-
tion following TBL'® The review identified 21 studies
including eight studies that evaluated the use of pharma-
cological interventions in which an agitated behavior
was the presenting symptom or one of the presenting
symptoms. The review failed to recommend any agent
because of small sample sizes, heterogeneity and an
unclear risk of bias among reviewed studies. In light of
the absence of an updated systematic review and new
research published on the management of TBI-associated
agitation, including additional studies on atypical anti-
psychotics and alpha-2-adrenergic agonists, the purpose
of this systematic review is to update our 2019 review.

Methods

The following review is based on our previous review, is reg-
istered in PROSPERO International Prospective Register of
Systematic Reviews (CRD42023391456), and follows Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (Supplementary Appendix
Al).15 16 The included studies were randomized controlled,
quasi-experimental, and observational studies comprising a
majority (>50%) of TBI patients. Case reports, case series,
and observational studies with no control groups were
excluded. All population types, from children to adults, that
were either in the early stages of TBI recovery, in rehabilita-
tion, or outpatients were included. The included studies of
this review can be distinctly separated as (1) those that eval-
uated the use of a pharmacological intervention with agitated

behaviors as the presenting symptom; (2) those in which agi-
tated behaviors were not the presenting symptom but still
measured as a secondary outcome variable; and (3) those
that specifically assessed the safety of pharmacological
agents used to treat agitation. In this review, agitated behav-
iors comprised restlessness, aggressiveness, assaultive behav-
ior, and irritability occurring during confusion or PTA. The
pharmacological agents examined in this review were pre-
specified and consisted of the following: beta-adrenergic
blockers, typical and atypical antipsychotics, anticonvulsants,
dopamine agonists, psychostimulants, antidepressants, alpha-
2-adrenergic agonists, hypnotics, anxiolytics, and cholinester-
ase inhibitors. Included studies compared the pharmacologi-
cal agents either with a placebo, a different medication, or a
combination of distinct medications.

Search strategy

To update the 2019 review, EMBASE, MedLine, Psy-
chinfo, Cinhal, Directory of Open Access Journals, and
Latin American and Caribbean Literature on Health Scien-
ces Literature were searched for abstracts and articles pub-
lished between Dec 10", 2018, and January 7%, 2025
(Supplementary Appendix A2). In addition, the references
of identified article were screened for additional articles.

Data collection and analysis

Two reviewers (T.K. and D.W.) independently screened
titles and abstracts for eligible publications. Then, the same
reviewers determined the eligibility of each retained study
by reviewing the full-text article. Disagreements of eligibil-
ity were resolved by a third reviewer (M.M.B.).

Data extraction and management

Two reviewers (T.K. and C.D.) independently extracted
data from all eligible studies using a pretested data extrac-
tion form. The variables documented for all studies were:
study title, name of the first author, year of publication,
country of origin, publication type (journal article, confer-
ence proceeding, abstract, thesis), clinical setting (Intensive
Care Unit [ICU], hospital ward, rehabilitation unit, outpa-
tient), study design (randomized controlled, blinded or
open, non-randomized controlled, prospective or retrospec-
tive, crossover), population (paediatric, adult), patient char-
acteristics (age, gender, isolated TBI or multiple trauma
including TBI, severity of TBI according to Glasgow
Coma Scale, days from TBI at inclusion, inclusion and
exclusion criteria), characteristics of the intervention and
control treatment (type of pharmacological agent, dose, fre-
quency and duration of treatment), agitation measurement
tool, description of the specific agitated behaviors (defini-
tion, frequency, duration) and clinical outcomes (length of
stay), adverse events, use of physical restraints during ICU
stay, length of PTA, cognitive function at ICU discharge
and at 1 year, and functional outcome at ICU discharge
and at | year.
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Data synthesis

We qualitatively evaluated the studies for heterogeneity
by comparing pharmacological classes, drug doses,
allowed co-therapies (antipsychotics, sedatives, analge-
sics), use of physical restraints, clinical setting, and
number of study sites. We also qualitatively evaluated
methodological heterogeneity (study design, risk of bias,
type of control group). Based on our first systematic
review, we expected to observe important clinical and
observational heterogeneity in the studies identified. In
the absence of important clinical and methodological
heterogeneity, we had planned to analyze the study
results for statistical heterogeneity and, if the statistical
heterogeneity was acceptable (I < 50%), to proceed to a
meta-analysis of the data using Review Manager (Rev-
Man 5.3) software (Nordic Cochrane Center, Cochrane
Collaboration). Given the clinical and methodological
heterogeneity, a meta-analysis was not conducted.

Assessment of risk bias

Two reviewers (T.K. and C.D.) independently evaluated
each included study with the revised Cochrane Collabora-
tion tool for randomized controlled trials (RoB 2) and the
Risk Of Bias In Non-randomized Studies—of Interventions
(ROBINS-I) tool for observational studies, respectively.'”'®

As our 2019 systematic review used the Ottawa-Newcastle
tool for observational studies and the Cochrane Collabora-
tion tool for randomized controlled trials (RoB 1), we reas-
sessed the risk of bias of all studies using the ROBINS-I
and RoB 2 tools for comparison. In cases of disagreement
concerning the risk of bias, a third reviewer (D.W.) was
consulted to resolve the issue.

Results

Study selection

Since our last systematic review in 2019, a total of 4516
additional citations were identified from the literature
search, of which 58 were retained for full-text review
(Fig. 1). Of the 58 retained, 11 additional studies were
added to the 21 original studies to be included in the sys-
tematic review for a total of 32 studies. The addition of
new studies allowed for stratification of the studies by
their population setting, namely the acute, rehabilitation,
and outpatient settings. Seven of the new studies eval-
uated the benefit of pharmacological treatments on agi-
tated behaviors as the presenting symptom, increasing
the total from 8 to 15 studies.'®™> Five of the seven new
studies were in the acute or rehabilitation setting,m’zz’%’25
and the two remaining studies were conducted in outpa-
tients.*'** In two new studies, one in the acute setting and

Records excluded

Full-text articles excluded (n= 207)
Reasons:
No agitation (n=123)

Reviews (n=14)
Case report (n=12)

No comparator (n=36)
Not TBI population (n = 14)
Letter or protocol (n = 5)
Published elsewhere (n = 2)
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FIG. 1. PRISMA flow diagram. PRISMA, preferred reporting items for systematic reviews and meta-
analyses.
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one in outpatients, agitated behaviors were not the presenting
symptom but were measured as a secondary outcome,
increasing the total from 9 to 11 studies.”**” Lastly, two new
studies, both conducted in the acute setting, assessed the
safety of pharmacological agents used for agitated behaviors
after TBI, increasing the total from four to six studies.?**’

Agitated behaviors as the primary outcome—acute
and rehabilitation settings
Out of the seven new studies, five studies measured agita-
tion in the acute setting (Table 1).20’22’24’25 The tools used
by the new studies to measure agitated behaviors included
the Riker Sedation-Agitation Scale (SAS), the Richmond
Agitation Sedation Scale, and the Agitated Behavior Scale
(Table 2). Four of the seven new studies were randomized
controlled trial (RCT) designslg’zo’zz’24 and the remaining
study was a retrospective cohort.® In comparison with our
initial systematic review, which included studies evaluating
beta-adrenergic blockers* and amantadine,>*? the new
studies evaluated other pharmacological agents (i.e., dex-
medetomidine, haloperidol, butorphanol, olanzapine, and
valproic acid).!92022:24.25 Among all studies, pharmacolog-
ical agents were either compared with placebo,lg’z‘mo’31 no
medication,?>*? another medication,?° or standard care.?
All studies enrolled adults (16 years and older), with some
studies capping the age limit at 65 years and older.?***

Three RCTs, conducted in the ICU setting, evaluated
the effects of dexmedetomidine on agitation as the pri-
mary symptom (Table 3).'*?%?? The conditions of the
studies differed, as one study compared dexmedetomi-
dine to placebo,'® one to haloperidol®® and another com-
pared dexmedetomidine, butorphanol, and their
combination to controls.?? In a study of TBI patients under-
going craniotomy hematoma removal, dexmedetomidine
significantly reduced the incidence of agitation and Ramsay
sedation scores after 120 min of postoperative treatment.'
In another study, dexmedetomidine significantly reduced
the incidence of delirium at 5-7 days after the intervention
compared with haloperidol in moderate TBI ICU
patients,”® whereas the third study of moderate to severe
TBI patients reported significantly lower SAS scores in the
dexmedetomidine and butorphanol group compared with
the control group on postoperative days 3 and 5, but not in
the dexmedetomidine group.22

In a double-blind controlled trial, olanzapine was
compared with placebo in severe TBI patients in PTA
suffering from agitation admitted to a rehabilitation
unit.>* As recruitment was limited to 11 out of the ini-
tially planned 58 patients, the study was analyzed as a
series of n-of-1 trials. Although no direct comparisons
were made, patients assigned to olanzapine (n = 5) dem-
onstrated a reduction in agitation over the PTA period,
whereas those assigned to placebo (n = 6) did not. How-
ever, olanzapine patients demonstrated poorer orientation

and memory and a trend toward increased PTA duration.
In a retrospective study of TBI ICU patients with agitated
delirium, patients who received valproic for more than 48 h
did not have more agitation-free days compared with those
who received other medications.?

Three studies in the acute or rehabilitation setting were
identified in our initial systematic review.**? One study
evaluated the use of propranolol for treating agitation in
patients with severe blunt TBI and reported a reduction in the
intensity of agitation episodes and use of physical restraints
but did not demonstrate a decrease in agitation frequency
(Table 3).>* One RCT in the brain injury unit of a rehabilita-
tion hospital and one retrospective study in ICU patients com-
pared amantadine with placebo®’ or no amantadine.** No
significant differences in the number of symptoms of post-
traumatic confusional state at 14 days were shown in the
randomized controlled study, whereas an increase in agitation
in ICU patients exposed to amantadine was reported in the
retrospective study (Table 3).*'

Agitated behaviors as the primary
outcome—outpatient setting

Two new studies evaluated irritability and aggression
in the outpatient setting (Table 1).21% Both studies
were randomized controlled designs and evaluated
risperidone and carbamazepine in comparison with pla-
cebo. The tools used were the Modified Overt Aggres-
sion Scale and the Neuropsychiatric inventory irritability
(NPI-I) and aggression domains (NPI-A) (Table 2). Both
studies enrolled adults (16 years and older), with one
study capping the age limit at 65 years and older.!

In a multicenter feasibility study conducted in mild,
moderate, and severe TBI outpatients with aggression, ris-
peridone was compared with placebo.21 The study, which
included 12 patients, was deemed not feasible and not
powered to enable clinical comparisons. A study of olanza-
pine for restlessness, irritability, aggression, and insomnia
in patients with a history of TBI was identified in our first
systematic review. Although the study suggested reduc-
tions in irritability and insomnia between weeks 1 and 3 in
olanzapine-treated patients, no direct comparisons with
placebo were made.

In addition to a randomized controlled study of valproic
acid in mild to moderate TBI outpatients suffering from
alcohol abuse showing a reduction in irritability,** we
found an additional randomized controlled study of carba-
mazepine.” In complicated mild TBI, moderate or severe
outpatients more than 6 months following injury suffering
from irritability and aggression, carbamazepine (n = 35)
titrated up to 400 mg was compared with placebo (n = 35)
twice daily.23 Although clinician ratings suggested a benefit
for carbamazepine, the anticonvulsant did not show reduc-
tions in irritability and aggression according to both observ-
ers and participants.
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PHARMACOLOGICAL INTERVENTIONS FOR AGITATION a1

Table 2. Tools Used to Measure Agitated Behaviors

Tools

Description

Agitated behavior scale (ABS)*!

Anger-Hostility factor score of the Profile of Mood States (POMS)*’

Belligerence cluster score for the Katz adjustment scale (KAS)>?

Brief Anger and Aggression Scale™

Confusion assessment protocol®*

Functional independence measure (FIM)>®

Global imsprovemem subscale of the Clinical Global Impressions
5

(CGI)

Modified overt aggression scale (MOAS)* 2

Neurobehavioral Function Inventory (NFI)*’
Neurobehavioral rating scale (NRS)*®

Neuropsychiatric inventory irritability (NPI-I) and aggression
(NPI-A) domains>®

Overt aggression scale (OAS)®

Ramsay Sedation Scale®!
Richmond Agitation-Sedation Scale (RASS)* %
Riker Sedation-Agitation Scale (SAS)* 3

State-Trait Anger Scale (STAS)Y

Scale of 14 items with 4 levels of scoring to assess the nature and extent of agita-
tion during the acute recovery of traumatic brain. Total scores greater than 21
are considered as agitation.

The POMS consists of 65 adjectives that describe moods or feelings, to which the
patient responds on a 5-point scale that ranges from “Not at all” to
“Extremely.” The POMS measures six identifiable mood/affective states: ten-
sion-anxiety, depression-dejection, anger-hostility, vigor-activity (V); fatigue-
inertia (F), and confusion-bewilderment (C).

The KAS is an observer rating scale used to assess the social adjustment of peo-
ple with traumatic brain injury.

A six-item measure developed for the rapid screening and identification of anger
and aggression levels.

Combination of orientation, cognition and other clinical measures of early confu-
sion following traumatic brain injury.

Functional assessment measure with a 18-item ordinal scale used in the rehabilita-
tion population. It offers a useful assessment of patient progress during inpa-
tient rehabilitation.

The CGI is a 3-item observer-rated scale that measures illness severity (CGIS),
global improvement or change (CGIC) and therapeutic response.

The MOAS is a 4-item scale measuring verbal and physical aggression toward
other people, property and self.

The NFI provides information on the frequency of behaviors and symptoms commonly
associated with brain injury. Two versions of the NFI are available, one for comple-
tion by family members, another for completion by the person with the injury.

The NRS is a 28-item observer-rated instrument that measures a broad range of cog-
nitive and noncognitive symptoms. It measures symptoms associated with psychi-
atric disorders as well as cognitive impairment and behavioral disturbances.

The NPI is a 40-item scale evaluating 12 behavioral domains including irritability
and aggression. The NPI irritability (NPI-I) items include bad temper, rapid mood
changes, sudden anger, impatience, crankiness, and argumentative. Raters evalu-
ate frequency and severity of behaviors in the last month. The NPI aggression
domain assesses the tendency to get upset, resistance to activities, stubbornness,
uncooperativeness, shouting, cursing, and physical behaviors indicative of aggres-
sion. The NPI score is the product of frequency and severity. The worst item
score provided by the scorer is NPI-I or NPI-A most aberrant.

Scale for the objective rating of verbal and physical aggression. The OAS meas-
ures aggressive behaviors divided into 4 categories: verbal aggression, physical
aggression against objects, physical aggression against self, and physical
aggression against others.

The Ramsay Sedation Scale is a six-point numerical scale of motor response
founded on depth of sedation.

The RASS ranges between —5 (unarousable sedation) to +4 (combative agitation)
with O representing the appearance of a calm state.

The SAS ranks the level of sedation and agitation of patients from 1 (unarousable
sedation) to 7 (dangerous agitation) with 4 being a calm and cooperative state.

The STAS is a 20-item self-report scale assessing two types of anger (State and
Strait). State anger is comprised of tension, annoyance, irritability or rage. Whereas
trait anger is the frequency with which a person feels state anger over time.

“Tools from studies added with the updated literature search.

For amantadine, no new studies were identified. Aman-

setting.27 The study was a RCT and focused on the effects

tadine was evaluated in 2 RCTs and reported inconsistent
results.**>> In a pilot study, amantadine showed significant
reductions in irritability and aggression using the Neuro-
psychiatric Inventory (NPI) scale.® In a follow-up study,
there were large improvements in both groups, but no differ-
ence in the incidence of irritability at 28 and 60 days using
the NPI-I from observers (family member, close friend, or
employer) was reported.™

Agitated behavior as a secondary outcome—acute
and rehabilitation (1.2)

From the new studies evaluated in which agitated behav-
iors were a secondary outcome; one took place in the acute

of propranolol and clonidine on mortality in severe TBI
patients in the ICU setting.>” The administration of both
propranolol and clonidine failed to significantly impact agi-
tation when compared with placebo.27 The study reported
no serious adverse events, and treatments were well toler-
ated by the patients.

Agitated behavior as a secondary
outcome—outpatient (1.2)

The second study evaluating agitated behaviors as a sec-
ondary outcome was a RCT performed in the outpatient
setting.”® The study evaluated the effects of rivastigmine
on memory recovery more than 12 months after a mild,



Table 3. Efficacy and Safety Outcomes

Study/year/n Intervention

Agitated behavior
measures

Efficacy outcomes

Safety outcomes

1. Agitated behavior as the presenting symptom
Randomized controlled studies
Acute and rehabilitation setting

Phyland®* 2023" Olanzapine

(N=11)

Feng'® 2022* Dexmedetomidine

(N =60)

Wang22 2022 Dexmedetomidine,

(N=104) butorphanol,
dexmedetomi-
dine and
butorphanol

Soltani?® 2021* Dexmedetomidine,

(N=60) haloperidol

Yablon®' 2010 Amantadine

(N=19)

Brooke®® 1992 Propranolol

(N=21)

Outpatient setting
Hammond? 2021* Carbamazepine

(N=69)
Deb?! 2020* Risperidone
(N=12)

Agitated behavior scale
(ABS)

Riker sedation-agitation
scale (SAS) and the
Ramsay sedation scale
(RSS)

Riker sedation-agitation
scale (SAS)

Richmond agitation-sedation
scale (RASS)

Confusion assessment proto-
col (CAP)

Overt aggression scale

Neuropsychiatric inventory
irritability (NPI-I) and
aggression domains
(NPI-A)

Modified overt aggression
scale (MOAS)

42

No significant differences were
recorded on measures of agita-
tion (mean ABS over treatment
period, number of agitated days,
and agitation at discharge).

Incidence of agitation was signifi-
cantly lower in the dexmedeto-
midine group (16%) in
comparison with the saline
group (76%) (p < 0.05). SAS
and RSS scores were statistically
lower in the dexmedetomidine
group throughout the recording
post-surgery (2 h).

At the 3™ and 5™ days post-opera-
tion, SAS scores were signifi-
cantly improved in the
dexmedetomidine and butorpha-
nol combination group in com-
parison with the control group
(p <0.05).

Three to seven days after the inter-
vention, RASS scores showed
that dexmedetomidine patients
were less agitated and more sta-
ble than haloperidol patients
(p <0.05). Delirium was also
lower in the dexmedetomidine
group (p < 0.05).

No significant differences in the
number of symptoms of post-
traumatic confusional state as
measured by the CAP at 14 days
(amantadine 2.56 vs placebo
2.7; p=0.57). Mean difference
in time to first “nonconfused”
CAP score between groups
approached significance (aman-
tadine 7.7 days and placebo
9.3 days; p = 0.053)

Significant reduction in maximum
intensities of agitation per week
(p <0.05). No significant differ-
ence in average number of agita-
tion episodes per week.
Significant reduction in physical
restraint use during the study
(p <0.05)

Observer- and participant-rated
irritability/aggression was not
reduced compared to placebo.
Clinician ratings suggest benefit.

No difference in MOAS scores
between the risperidone and pla-
cebo groups.

No significant difference in
adverse events was
recorded between the
groups.

Cases of chills and delirium
were significantly lower in
the dexmedetomidine
group vs the saline group
(p <0.05).

Vital signs were significantly
improved in the combina-
tion group compared with
the control group (p <
0.05).

No safety outcomes reported.

No patients withdrawn
because of safety criteria

No safety outcomes reported

No statistical difference in
subjects with serious
adverse advents in the
intent-to-treat (p = 0.11)
and therapeutic sample
(p =0.26) compared with
placebo. Non-serious
adverse events related to
carbamazepine were more
common in the intent-to-
treat sample (p = 0.01).

No severe adverse events
were reported.

(continued)



Table 3. (Continued)

Efficacy outcomes

Safety outcomes

Agitated behavior
Study/year/n Intervention measures
Beresford® 2015 Valproic acid Agitated Behavior Scale by
(N=150) spouse or significant other

Hammond® 2015 Amantadine NPI-I most problematic by
(N=168) observer and by patient.
Global improvement sub-
scale of the Clinical
Global Impressions (CGI)
by physicians.
Hammond®? 2014 Amantadine NPI-I most aberrant and
(N=176) most problematic
Irritability (NPI-I) and
aggressiveness (NPI-A)
Mooney®” 1993 Methylphenidate State-Trait Anger Scale,

(N=38) Belligerence cluster score
for the Katz adjustment
scale and the Anger-
Hostility factor score,
Organic Signs and
Symptoms Inventory
Observational studies

Acute and rehabilitation setting
a25

Swayngim 2024 Valproic acid RASS score >2 and positive

(N=108) on the Confusion
Assessment Method for
the ICU (CAM-ICU)

Gramish®? 2017 Amantadine RASS score of +2 or higher

(N=139)

Outpatient setting

Maturana Waidele®®  Olanzapine Restlessness, irritability,

2009 aggressiveness and insom-

(N=31) nia. No tool mentioned.

43

Significant others’” weekly Agitated
Behavior Scale ratings were stat-
istically lower, indicating less
agitation in the valproic acid
group, 12.9 £ 4.9, than in the
placebo group, 15.5 + 6.6, with
significance at p = 0.0367.

Observer ratings were not different
at day 28 or 60. Participants rat-
ing at day 60 showed improve-
ment in NPI-I most problematic
(p < 0.04; but non-significant
when adjusted for multiple com-
parisons). Physician’s assess-
ment of global improvement
improved more in the amanta-
dine group than the placebo
group at 60 days (p = 0.0354).

Significant reduction in irritability
(80.56% improved at least three
points on the NPI-I, compared
with 44.44% in the placebo
group; p =0.0016). Mean
change in NPI-I was —4.3 in the
amantadine group and —2.6 in
the placebo group (p = 0.0085).
When excluding individuals
with minimal to no baseline
aggression, mean change in NPI-
A was —4.56 in the amantadine
group and —2.46 in the placebo
group (p = 0.046).

Significant difference in the com-
parison of methylphenidate and
placebo group on all the anger
measures before and after
6 weeks in a multivariate analy-
sis (p =0.02).

There were no significant differen-
ces in agitation-free days.

Increase in agitation in patients
exposed to amantadine (38%)
compared with non-exposed
(14%); p = 0.018. Increase in
median ICU length of stay (4.5
vs 3 days; p = 0.01). Median
hospital length of stay was non-
significantly increased (14 days
vs 10 days; p = 0.051)

Reduction in irritability (p <
0.001), aggressiveness (p =
0.008), and insomnia (p =
—0.0011) between weeks 1 and
3 in the patients treated with
olanzapine

No safety outcomes reported

Well tolerated with no sig-
nificant differences in
adverse events between
groups.

No difference in adverse
events (tremors, appetite,
gastrointestinal, aches and
pain, sexual problems, dis-
orientation, seizures)

No significant side effects

Hepatotoxicity was evident
in 6.1% of patients who
received valproic acid,
thrombocytopenia in
12.2%, and
0 patients had laboratory
evidence of
hyperammonemia.

No safety outcomes reported

No safety outcomes reported

(continued)



Table 3. (Continued)

Study/year/n

Intervention

Agitated behavior
measures

Efficacy outcomes

Safety outcomes

2. Agitated behavior is not the presenting symptom

Randomized controlled studies
Acute and rehabilitation setting

Nordness?’ 2023*
(N=4T7)

Hart*® 2017
(N=32)

Fann*? 2017
(N=62)

Giacino™ 2012
(N=184)

Banos* 2010
(N=99)

Meythaler®® 2002
(N=35)

Meythaler®® 2001
(N=9)

Outpatient setting
Brawman-Mintzer®®
2021*

(N=94)

Tramontana®® 2014
(N=)22but 13
patients completed
the study

Johansson*® 2014
(N =48)

Schneider** 1999
(N=10)

Propranolol and
clonidine

Dextroamphetami-
ne

Sertraline

Amantadine

Sertraline

Amantadine

Sertraline

Rivastigmine

Lysdexampheta-
mine

Methylphenidate

Amantadine

Richmond agitation-sedation
scale (RASS)

Agitated behavior scale

Brief anger and aggression
scale
and agitation/restlessness
not further defined

Agitation and restlessness
not further defined

Aggression self-report and
family report according to
the neurobehavioral func-
tion inventory

Agitated behavior scale

Agitated behavior scale

Neurobehavioral function
inventory (NFI)-
aggression

Agitation and restlessness
not further defined

Aggression, restlessness and
irritability not further
defined

Neurobehavioral rating scale

No significant differences in sec-
ondary outcomes of agitation
were detected.

Increase in agitation with dextro-
amphetamine over time com-
pared with placebo (p < 0.05).

No difference in the anger and
aggression scale. More patients
developed agitation/restlessness
in the sertraline group (17%) vs
the placebo group (7%) p =0.42

A total of 12/87 (14%) patients and
11/97 (11%) patients exposed to
amantadine and placebo devel-
oped agitation (p = NS) over the
4-week period. Restlessness was
reported in 8% and 9% of
patients exposed to amantadine
and placebo, respectively.

No significant differences between
sertraline and placebo in patient
self-report and family report.

There were no statistically signifi-
cant changes or trends in the
ABS during the first 6 weeks or
the second 6 weeks of the study
(p > 0.05, Mann-Whitney
U test).

No difference in decline of ABS
over treatment period.

Change from baseline to 12-week
aggression in the rivastigmine
group was significantly more in
the rivastigmine group (+0.5)
compared to the placebo group
(=1.5) (p=10.04).

No difference in agitation (no cases
in each group) or irritability (1/
13 case during placebo) between
the Lysdexamphetamine and pla-
cebo groups.

No difference in aggression, rest-
lessness, and irritability in
patients treated with
methylphenidate

No significant difference in behav-
ior scores between amantadine
and placebo groups.

3. Studies assessing the safety of pharmacological agents used for agitated behaviors in TBI
Acute and rehabilitation setting

Nguyen® 2021*
(N =200)
Oommen® 2019?
(N=53)

Phenytoin,
levetiracetam

Amantadine, meth-

ylphenidate,
modafinil,
zolpidem

No cardiac or other serious
adverse event happened.

No significant difference in
heart rate or blood
pressure.

No significant difference in
safety outcomes. More
patients in the sertraline
group (17%) developed
gas/flatulence vs the pla-
cebo group (0%) p =
0.052.

No differences in adverse
events (seizure, nausea,
vomiting, constipation,
diarrhea, elevated liver
function tests, insomnia,
rash, congestive heart fail-
ure, involuntary muscle
contractions)

No safety outcomes reported

No detrimental effects in
hematology or biochemis-
try laboratories and no
seizures.

No safety outcomes reported

Rivastigmine was generally
well tolerated with 10
patients developing mild
or moderate adverse
effects in the rivastigmine
group and 4 in the placebo
group. No serious adverse
events were attributed to
the medication.

Reduced appetite and weight
loss of more than 5 lbs
more frequent with lys-
dexamphetamine (7 vs
1 case) p=NS

A significant increase in
heart rate was found. No
significant changes were
found in blood pressure or
QT intervals.

No safety outcomes reported

No statistical difference in neurobehavioral side effects (including agitation) between the phenytoin
and levetiracetam groups was recorded (p = 0.520).

Few adverse events were associated with all four agents with agitation occurring in two modafinil
patients and one zolpidem patient as well as hypertension occurring in one modafinil patient.

a4

(continued)



PHARMACOLOGICAL INTERVENTIONS FOR AGITATION

45

Table 3. (Continued)

Agitated behavior

Study/year/n Intervention measures Efficacy outcomes Safety outcomes
Anderson® 2016 Haloperidol In an unadjusted analysis, there was no significant increase in adverse events (QT prolongation,
(N=101) seizures, neuroleptic malignant syndrome, extrapyramidal symptoms, or hematological disturban-

ces) associated with haloperidol use. Patients in the haloperidol group who developed complica-
tions received a higher mean daily dose [ p = 0.013]. There was no difference in length of
mechanical ventilation but the haloperidol group had a longer hospital length of stay (22 vs
11 days; p < 0.001)
Kooda*® 2015 Antipsychotics Fifty-two patients received antipsychotics (26.7%) within 7 days of TBI, mostly quetiapine. In an
(N=195) unadjusted analysis, duration of PTA was significantly longer (19.6 vs 12.3 days; p = 0.013) in

patients treated with antipsychotics.

Mysiw48 2006 Narcotics, benzo-

(N=182) diazepines and
neuroleptics

Rao*’ 1985 Haloperidol

(N =26)

Narcotics, benzodiazepines and neuroleptics had no effect on the Function Independence Measures
(FIM) motor and independence scores. In an unadjusted analysis, narcotics and neuroleptics
increased duration of PTA by more than 7 days (p < 0.01).

Twenty-five patients exhibited agitation and 11 patients required haloperidol. In an unadjusted anal-
ysis, the haloperidol patients have a significantly longer period (8 vs 4 weeks; p < 0.03) of post-

traumatic amnesia (PTA).

Studies identified in the updated literature search.

moderate, or severe TBI. The study found a significant
increase in the Neurobehavioral Function Inventory—
aggression scores from baseline at 12 weeks in comparison
with placebo.?® No serious adverse events were reported,
and rivastigmine was well tolerated by the patients. The
compound had no consistent effect on the incidence of agi-
tation, anger, or aggression.

Studies evaluating safety outcomes

Out of the 11 new studies, two primarily assessed the
safety of pharmacological agents used for agitated
behaviors in TBL.2®2° In one study, safety outcomes of
amantadine, methylphenidate, modafinil, and zolpidem
were evaluated with a retrospective chart review.”® The
study was conducted in a single center inpatient setting
and used an adult population. Although two modafinil
and one zolpidem patients experienced agitation, and one
modafinil patient experienced hypertension, amantadine,
methylphenidate, modafinil, and zolpidem were associ-
ated with few adverse events.”® A retrospective cohort
study evaluated the neurobehavioral side effects of phe-
nytoin and levetiracetam in patients with TBI for seizure
prophylaxis.*® In this study, phenytoin (n = 95) and leve-
tiracetam (7 = 105) showed no differences in neurobeha-
vioral side effects (including agitation).?

From the nine remaining new studies, seven studies
reported safety outcomes and indicated that the agents
were well tolerated with no outstanding adverse
events. In a retrospective study, 6.1% and 12.2%
of patients who received valproic acid developed hep-
atotoxicity and thrombocytopenia, respectively.25
Unfortunately, this study did not report safety out-
comes for the control group.

Risk of Bias Assessment

Risk of bias is reported in Figure 2 and Figure 3. The
analysis of risk of bias of RCTs with the Cochrane
Collaboration’s Risk of Bias Tool (ROB2) revealed

that most studies had some concerns, and the overall
risk of bias was low only in a minority of studies. Miss-
ing information regarding the randomization process
and risk of selective reporting were the most common
risks. A majority of studies had other threats to validity
including limited sample sizes, no description of patient
demographics and loss to follow-up. For eight studies
evaluated with the ROBBINS-I tool, the overall risk of
bias was serious or critical. Bias due to confounding and
bias in the selection of reported results accounted for
much of the risk.

Discussion

In this updated systematic review, the pharmacological
management of agitation, aggression, and irritability
after TBI was investigated through an updated literature
search from our initial 2019 systematic review. Both the
effects of the pharmacological agents on TBI agitation
and safety were considered in the acute, rehabilitation,
and outpatient settings. In the previous review, although
beta-blockers and valproic acid showed beneficial effects
in rehabilitation and outpatients, there were insufficient
data to clearly recommend any pharmacological agent to
mediate agitation after TBL.'> Of the 11 additional stud-
ies included in this updated review, a majority of agents
assessed were new relative to those previously evaluated
in the 2019 systematic review. From these newly studied
medications, risperidone, carbamazepine, phenytoin, lev-
etiracetam, and clonidine failed to show any significant
changes in agitation, aggression, or irritability. However,
studies using the alpha-2-receptor agonist dexmedetomi-
dine in critically ill TBI patients showed significant
decreases in agitation.'2%-*2

Acute/rehabilitation
Dexmedetomidine has attractive pharmacological prop-
erties and has shown positive results in various clinical
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Risk of bias domains
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D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

FIG. 2. Cochrane risk-of-bias tool for randomized trials (RoB 2).
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settings that may explain the results found in this
review.® ¢ Among interesting pharmacological proper-
ties, dexmedetomidine does not induce respiratory depres-
sion or deep sedation, facilitating the cooperation between
patients and caregivers.%® In addition, dexmedetomidine
has been shown to reduce time to extubation, risk and
duration of delirium as well as ICU length of stay in non-
brain—injured ICU patients.®>°®**~"2 In pre-clinical stud-
ies, dexmedetomidine has been shown to enhance

neurological recovery and reduce neuroinflammation,
neuronal death, and secondary brain damage.””””’ In
accordance with studies of this review using dexmedeto-
midine,'*2%% observational studies support the safety of
administering dexmedetomidine in TBI patients.”®™®!
Although dexmedetomidine shows promise, this agent is
administered as an intravenous infusion and needs hemo-
dynamic monitoring; it would be mostly useful in acute
settings. Interestingly, one recent study has successfully
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Risk of bias domains
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Nguyen 2021

Oommen 2019

Gramish 2017

Anderson 2016

Study

Kooda 2015

Maturana Weidele 2009

Mysiw 2006

Rao 1985

Domains:

D1: Bias due to confounding.

D2: Bias due to selection of participants.

D3: Bias in classification of interventions.

D4: Bias due to deviations from intended interventions.
D5: Bias due to missing data.

D6: Bias in measurement of outcomes.

D7: Bias in selection of the reported result.

FIG. 3. Risk Of Bias In Non-randomized Studies—of Interventions (ROBINS-I).
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shown the efficacy of sublingual dexmedetomidine for the
management of acute agitation associated with bipolar
disorder.®? Unfortunately, studies included in the
review used dexmedetomidine either for a short post-
operative period, in combination with butorphanol, in
comparison with haloperidol, or as an every-other-day
0.5 mcg/kg infusion, limiting the applicability of the
results.'?2%22 In addition, all three dexmedetomidine
studies had some concerns with regard to risk of bias
related to methodological issues and small sample
sizes. As such, future investigations that build on the
weaknesses of the aforementioned studies should be
conducted to explore the effects of dexmedetomidine
infusions for the management of agitation in critically
ill TBI patients. The safety and efficacy of sympathetic
blockade with combined clonidine, another alpha-2-
receptor agonist, and propranolol on ventilator-free
days after severe TBI were evaluated in one random-
ized controlled feasibility study (n =47). Interestingly,
clonidine 0.1 mg per tube twice daily in combination
with propranolol 1 mg intravenously every 6 h failed to
detect a difference in the secondary outcome of agita-
tion.?” The small drug doses used in this study as well
as the small sample size may explain this lack of effect.
Studies of clonidine and/or propranolol for agitation
probably necessitate a higher dosing strategy, as evi-
denced by the earlier study of propranolol for aggres-
sion, which used 60 mg to 420 mg per day.’° Pre-
clinical studies have suggested propranolol may
improve cognitive and motor functions in TBI and thus

may offer potential benefits for the management of
post-TBI agitation.®?

Despite being frequently used for the management of
post-TBI agitation, the efficacy of antipsychotics remains
unclear.’* % In the review update, we identified one
additional study evaluating olanzapine in the acute phase
of TBI.2!%4 Unfortunately, the study was unable to com-
plete recruitment because of the COVID-19 pandemic.24
An n-of-1 analysis suggested a reduction in agitation
over the PTA period.>* However, olanzapine patients
also demonstrated poorer orientation and memory and a
trend toward increased PTA duration.

We identified one retrospective observational study
evaluating valproic acid, which showed no significant
differences in agitation-free days.25 A number of obser-
vational studies have suggested potential benefits of val-
proic acid in critically ill patients, but there have been no
RCTs evaluating efficacy.®”°

Outpatient

In addition to the study on olanzapine in the acute set-
ting, a study evaluating the antipsychotic risperidone in
the outpatient setting was performed.zl’24 Unfortunately,
slow recruitment in the study prevented the completion
of recruitment, and no difference in agitation scores was
measured.?! As pre-clinical and clinical data have sug-
gested potential detrimental effects of antipsychotics
such as haloperidol and risperidone on cognitive recov-
ery, adequately powered RCTs are warranted to evaluate
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their efficacy and safety in the acute, rehabilitation, and
ambulatory settings.**°' Interestingly, antipsychotics
lacking D2 antagonist activity such as aripiprazole have
shown a more interesting safety profile in pre-clinical
studies.”? Until these studies are conducted, clinicians
should follow the recent INCOG 2.0 recommendations
and minimize the use of antipsychotics to treat agitation
or aggression in TBI patients.”®> Similarly, the recently
updated Canadian guideline for the rehabilitation of adults
with moderate to severe TBI suggests avoiding first-
generation antipsychotics and using second generation
agents such as quetiapine, ziprasidone, olanzapine, and ris-
peridone for severe agitation or aggression that threatens
patient safety.”

In addition to a study of valproic acid in TBI veterans
with affective lability and alcohol dependence identified
in the initial systematic review, one randomized con-
trolled study evaluating carbamazepine was identi-
fied.?** Clinician ratings of carbamazepine support a
potential benefit, but the study also showed no statistical
improvements in observer- and participant-rated irritability
and aggression, as high placebo effects were reported.”
Before anticonvulsants can be recommended for the man-
agement of TBI-associated agitation, further studies are
warranted.

In the 2019 review, we identified four studies evaluat-
ing amantadine and one study with methylphenidate for
the management of anger, aggressivity or agitation,
mostly in the outpatient setting. In our update, we found
no additional studies evaluating psychostimulants. In one
study focusing on the effects of rivastigmine on memory
recovery after TBI, no decrease in agitation or aggression
was observed. A search of TBI-associated agitation stud-
ies in clinical registries revealed ongoing studies for the
management of agitation, aggression, or irritability with
dexmedetomidine (NCT06620393), deudextromethorphan
hydrobromide/quinidine sulfate (NCT03095066), and
buspirone (NCT01821690).

Strengths and limitations

Strengths of this systematic review include an updated
search of the literature in the adult and pediatric popula-
tions with no language limitation. A risk of bias assess-
ment was performed and updated from the initial
systematic review with the newer RoB 2 and ROBBINS-1
tools. Limitations of this systematic review include the
presence of significant heterogeneity with variations in the
different agitated behaviors (agitation, irritability, and
aggression), TBI severities (mild, moderate, and severe),
agitation measurement tools, and populations (acute TBI,
rehabilitation, and outpatient), precluding a meta-analysis.
Further limiting interpretability, comparators varied
between studies from placebo for a majority to other treat-
ments such as butorphanol22 or haloperidol20 in studies

evaluating dexmedetomidine. Few studies reported length
of hospital stay or functional outcomes, and no studies
were conducted in the pediatric population. Finally, as the
risk of bias assessment of many of the RCTs had at least
some concerns and all of the observational studies had seri-
ous or critical risks of bias, the results of these studies need
to be interpreted in light of these limitations.

Since the 2019 review, this update shows ongoing
research in the field, with new pharmacological agents
being tested and different behavioral scales being used.
While the novelty of these different tools is important to
push the field forward, it remains that new studies are
very heterogenous, thus hindering possible comparisons.
To facilitate future comparisons, core outcome sets spe-
cific to agitated behaviors for the acute, rehabilitation,
and outpatient TBI periods are needed. In addition, better
knowledge on the most optimal treatment strategies must
be provided to clinicians. For example, studies in the
acute and rehabilitation setting are typically in single-
center settings and underpowered. Given that there are
more patients susceptible to agitation in these acute
phases, larger studies similar to those in the outpatient
setting are needed.

Conclusion

In conclusion, there remain insufficient data to recom-
mend the use of any medications for the management of
agitation following TBI. In this updated review, dexme-
detomidine was identified as an agent with potential ben-
efit in an acute setting with monitoring; however, it needs
to be further studied. The benefits of antipsychotics still
remain unclear, with official recommendations suggesting
to minimize their use. Beta-blockers and valproic acid
have shown benefits, but results are inconsistent. Carbama-
zepine and amantadine have both shown clinician-rated
benefits in the outpatient setting, although patient- and
observer-reported outcomes were not improved. More
studies on tailored interventions and continuous evaluation
throughout the acute, rehabilitation, and outpatient settings
are needed to assess the efficacy and safety of pharmaco-
logical agents for the management of agitated behaviors in
both the adult and pediatric TBI populations. In addition,
there is a need to better define and standardize the assess-
ment of agitated behaviors in TBI, especially during the
acute phase. Newer agents such as dexmedetomidine
should also continue to be evaluated.

Transparency, Rigor, and Reproducibility
Summary

This updated systematic review is registered in PROSPERO
International Prospective Register of Systematic Reviews
(CRD42023391456). We followed the PRISMA guidelines
for systematic reviews, and the protocol for the initial sys-
tematic review was published (Syst Rev 2016;5:193). The
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MedLine search strategy is available in the supplements,
and two reviewers screened each article at both steps of the
screening process and discussed conflicts with a third
reviewer in the screening process to come to a consensus
decision for each article. All the selected articles were eval-
uated for risk of bias.
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