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Abstract: Carbamazepine and oxcarbazepine are used for behavioral disorders following organic
diseases. After severe acquired brain injury, patients may develop frontal symptoms. In our neuro-
logical rehabilitation routine, oxcarbazepine is used for better safety over carbamazepine, although
its efficacy is not clarified. We aimed to improve knowledge on this use of oxcarbazepine, by probing
clinical factors associated with response. We retrospectively examined the clinical records of our
patients, collecting clinical variables and outcomes of efficacy, both clinician-rated and caregiver/self-
rated. We described the distribution of clinical variables and examined their associations via logistic
regressions. Patients in our cohort were predominantly pediatric, with frontal lobe damage and irri-
table/reactive. With an oxcarbazepine median dose of 975 mg, almost half of patients improved. We
found several clinical factors associated with clinician-rated efficacy: absence of frontal damage and
absence of irritability/reactivity symptoms; clinical factors associated with caregivers/patients-rated
efficacy were: higher DRS score at baseline and higher patient age. In this retrospective study, we
observed that oxcarbazepine was differentially efficacious in patients with specific characteristics.
Our study could not examine drug therapy separately from neuropsychological therapy, nor the
influence of dose. Our associative results should be verified experimentally, also assessing causality
and establishing dose-related efficacy and safety.

Keywords: oxcarbazepine; psychomotor agitation; severe acquired brain injury; neurological rehabil-
itation

1. Introduction

Following severe acquired brain injury (sABI), many patients continue to experi-
ence major cognitive and behavior problems after physical recovery; these in turn affect
rehabilitation negatively and have social consequences [1].

In cases that require pharmacological treatment, options include psychiatric drugs,
from antipsychotics to mood stabilizing anticonvulsant and sedatives, used off-label and
hence not thoroughly tested for efficacy and safety [2].

Among these drugs, anticonvulsants have gained momentum as alternatives and
adjuncts to antipsychotics and lithium in the treatment of behavior disorders due to affec-
tive/schizoaffective disorders. Anticonvulsants can have a lithium-like clinical efficacy
profile on behavior, yet they carry less risk for adverse effects, leading to greater man-
ageability and patient compliance [3,4]. Most notably, carbamazepine was effective at
improving endogenous mania in patients with organic psychoses and appeared more effec-
tive in patients with mixed mania, rapid cycling, and “non-classical” bipolar disorders [4,5].
Carbamazepine appears to be a drug of choice in the treatment of personality disorder [6,7]
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especially when symptoms of aggressive or impulsive behavior are present [8,9]. Carba-
mazepine has been used successfully in small cohorts of patients with agitation due to
brain injury [10,11], and, more recently, a treatment guideline for behavioral disorders after
traumatic brain injury indicated carbamazepine and valproic acid as first line medications
over adrenergic antagonists and antipsychotics [12]. The clinical utility of carbamazepine
is also limited by multiple drug interactions and adverse reactions. Regarding interactions,
carbamazepine is a strong inducer of CYP3A4 and an inducer of glucuronyltransferase [13].
In the clinical setting of brain injury rehabilitation, typical concomitant therapies include
drugs with a narrow therapeutic index metabolized by the two above enzymes, such as
antibacterial chemotherapies, oral anticoagulants, drugs used for cardiovascular protection,
other anticonvulsants, and glucocorticoids. Adverse reactions to carbamazepine itself
include hyponatremia, cognitive impairment, hepatic toxicity, anemia, and immune sys-
tem activation with potentially fatal outcomes [14]. Oxcarbazepine [15] is a derivative of
carbamazepine that has the same main mechanism of action, as they both prolong the
inactivation phase of voltage-gated sodium channels. However, oxcarbazepine is a weak
inducer of CYP3A4 and of glucuronyltransferase, such that the concomitant therapies
typical of patients with sABI would not need a dose adjustment [16], which represents
a considerable added therapeutic value. The adverse reactions profile of carbamazepine
and oxcarbazepine is almost identical. Better tolerance of oxcarbazepine stems from its
increased manageability when drug combinations are frequent and inevitable, as in the
case of patients with sABI. A lessened impact on the alterations of plasma levels of other
drugs directly leads to reduced occurrence of adverse reactions and indirectly translates
into better tolerance of oxcarbazepine and easier clinical management. Several studies
suggest that oxcarbazepine has effects similar to those of carbamazepine in bipolar disor-
ders [17]. In small active comparative studies, oxcarbazepine was as effective as lithium,
haloperidol, and valproate in the treatment of acute mania [18,19]. In recent years, sev-
eral authors have reported on cases with a long history of bipolar II disorder and violent
behavior that showed an improvement in mood stabilization following treatment with
oxcarbazepine [20–22]. Others have described cases of reduction in acute manic symptoms
after oxcarbazepine [23]. There are also negative reports, as oxcarbazepine has been tested
without success in a trial on patients with aggression due to dementia [24], and a recent
meta-analysis on agitation due to dementia found no efficacy of oxcarbazepine [25]. It
is important to note that patients examined in the studies above were not comparable to
young or adult patients who incurred brain injury; thus results, both negative and positive,
should be considered provisional. More recently, a Cochrane Review has concluded that,
although numerous drugs have been tried in the management of aggressive behavior in
acquired brain injury, no firm evidence of their efficacy has been found, except for propra-
nolol [7]. Oxcarbazepine and valproate efficacy is likewise unsupported by a sufficient level
of evidence [7]. A recent randomized controlled trial demonstrated that carbamazepine
was efficacious in controlling aggression after traumatic brain injury [26], adding higher
quality evidence to the field. In this context of unclear but possible efficacy, it is most
important to choose drugs with few side effects and monitor their effects over time. Studies
with a pediatric focus should also be conducted, as there is currently no evidence base on
the use of carbamazepine and its derivatives for the control of behavior after brain injury
in pediatric patients.

In our clinical practice we regularly use oxcarbazepine as pharmacotherapy for behav-
ioral disorders after brain injury [27], making it possible to analyze its use on a fair number
of patients. The objectives of this study were: (1) to describe the efficacy of oxcarbazepine
on the containment of symptoms of conduct disorder and oppositional defiant disorder in
our clinical population; (2) to verify whether oxcarbazepine efficacy was associated with
differences in any clinical variables. The results of our analysis provide indications that
distinct groups of patients may benefit more or less from oxcarbazepine; we described also
its adverse effects.
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2. Materials and Methods
2.1. Data Source and Extraction

This retrospective study evaluated for inclusion the clinical records of all patients
admitted to the sABI unit of our rehabilitation institute during the last 20 years. Inclusion
criteria for this study were: (1) having incurred sABI (GCS < 8); (2) being admitted to our
institute for rehabilitation; (3) having results from magnetic resonance imaging performed
prior to admittance to rehabilitation; (4) having a diagnosis of behavioral disorders formu-
lated by staff neuropsychologists. This diagnosis followed the presence of the criteria that
by the DSM-IV-TR lead to the diagnosis of conduct disorder or oppositional-defiant disor-
der. However, due to the presence of a brain injury not fully recovered, a formal diagnosis
of conduct disorder or oppositional-defiant disorder was not made until discharge; the
details of behavioral disorders were reported on clinical files and monitored; (5) having a
Clinical Global Impression-Improvement (CGI-I) rating of behavioral symptoms (includ-
ing but not limited to irritability, agitation, escaping, disruption, aggression), by which
improvement is defined as CGI-I less than 3 on a scale of 1 (extremely improved) to 7
(extremely worsened); (6) having the referring physician opt for pharmacological treatment
of behavioral disorders with oxcarbazepine. Exclusion criteria comprised: (1) having a
psychiatric diagnosis before incurring sABI; (2) using psychotropic drugs before incurring
sABI; (3) using oxcarbazepine as an anticonvulsant. Once in rehabilitation, all patients
received the same standard treatments, as required by their injury (neurological and physi-
cal, kinesiotherapy, speech therapy). Psychological support and therapy are included for
patients with a level of functioning sufficient to allow interaction; in the present group of
patients, cognitive/behavioral psychological therapy was administered to everyone, fol-
lowing clinical protocols previously published [28]. For all included patients, we recorded
the following variables: sex (m/f); date of birth; date of admittance to rehabilitation; brain
injury etiology (trauma, stroke, anoxic brain damage, other); GCS score (the earliest avail-
able); GOS score at admittance to rehabilitation; duration of coma (days). From results
of magnetic resonance imaging (MRI), we recorded the presence (yes/no) of damage to
areas that may be involved with behavior and impulse control: frontal lobe, callous body,
thalamus, or diffuse axonal injury. From results of psychological assessments (including,
where applicable: Wechsler Intelligence Scale for Children, Leiter-R, Vineland Adaptive
Behavior Scales, Child Behavior Checklists, Adult Behavior Checklist), we recorded the
presence (yes/no) of behavioral disorders, subdividing them by distinct types of internaliz-
ing or externalizing disorders, in partial accordance with previous work [29]: oppositional
behavior or non-compliance; hyperactivity or impulsivity; uninhibition or recklessness;
confabulation or perseveration; irritability or over-reaction; aggression; mood disorders.
We also recorded the use of concomitant drugs, classifying them as antidepressant or
nootropic; antipsychotic or mood stabilizing; antispastic. We registered the dose of ox-
carbazepine used for maintenance therapy and the occurrence and type of adverse drug
reactions (ADRs) to oxcarbazepine, with details on actions taken to manage them and their
outcomes. We collected the scores of the Disability Rating Scale (DRS) [30] and Functional
Independence Measure (FIM—Subscale social function) [31] at admittance and at discharge
from rehabilitation. For patients who had it administered, we collected scores of two
behavior scoring scales. The Agitated Behavior Scale (ABS) rated by caregivers [32] and
the Strengths and Difficulties questionnaire (SDQ) self-rated [33] were collected (where
available) at two time points, before and after oxcarbazepine administration, which corre-
sponded to admittance and discharge from rehabilitation. If two ABS or SDQ measures
were not available, the patient was only evaluated following clinician-rated CGI-I.

2.2. Data Analysis

Variables were tested for normality by Kolmogorov–Smirnov or Wilcoxon Tests, as
relevant. We described continuous variables as means with standard deviation (if normally
distributed), or as medians with first and third quartile; categorical variables were reported
as numbers and percentages. The cohort was described subdividing it between patients
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who responded or not. Variables were compared between responders and non-responders
for descriptive purposes, by means of chi squared or the Kruskal–Wallis test or ANOVA as
applicable. To define responders and non-responders, we used the main study outcome,
i.e., CGI-I scale rated by clinicians 1 to 2 indicated responders, and scores of 3 or more
indicated non-responders. Regarding caregiver- and patient-rated scales (ABS and SDQ),
we calculated the Reliable Change Index (RCI) [34] using normative data [35,36], and used
the RCI as a secondary study outcome. Patients who had a RCI < −1.96 were considered
as responders. To assess the association between clinical variables and the clinician-rated
response to oxcarbazepine on the CGI-I, we built a logistic regression model with a step-
wise approach (p-in < 0.05; p-out > 0.1). The overall fit, adjusted R2, and lack-of-fit were
reported; significant predictors were expressed with p-values and with odds ratios (OR).
To assess the association between clinical variables and caregiver/patient-rated responses
to oxcarbazepine on the ABS/SDQ, we built a linear regression model with a stepwise
approach (p-in < 0.05; p-out > 0.1). The overall fit and adjusted R2 were reported; significant
predictors were expressed with p-values and beta parameters. The full list of variables
tested for associations was: Glasgow Coma Score (GCS) at injury; duration of coma (days);
Glasgow Outcome Score (GOS) at admittance to rehabilitation; Disability Rating Scale
(DRS) at admittance to rehabilitation and at discharge; Functional Independence Measure
(FIM) at admittance to rehabilitation and at discharge; age at start of oxcarbazepine admin-
istration (years); oxcarbazepine titrated dose administered (mg/day); damage evidenced
by MRI to the frontal lobe/callous body/thalamus/diffuse axonal damage (each yes/no);
presence at neuropsychological evaluation of opposition, noncompliance/of hyperactivity,
impulsivity/of uninhibition, recklessness/of confabulation, perseveration/of irritability,
reactivity/of aggression/of disordered mood (each yes/no); concomitant use of antide-
pressant or nootropic drugs/of antipsychotic or mood stabilizing drugs/of anticonvulsant
or antispastic drugs (each yes/no). Analyses were conducted by SPSS v.22 (IBM, Chicago,
IL, USA).

3. Results
3.1. Cohort Description

Through a chart review, we assembled a retrospective cohort of 46 patients treated
with oxcarbazepine for behavioral disorders; of these, 12 were children, 18 adolescents,
and 16 adults. The most frequent cause of brain injury was trauma (73.9%), and the median
GCS at injury was 5.75. Lesion sites, as described by MRI, were heterogeneous: damage
was reported for 58.7% patients in the frontal lobe, 32.6% in the callous body, 30.4% in
the thalamus; 45.7% patients had diffuse axonal injury. Behavioral symptoms were also
variable; 58.7% patients were irritable and reactive, 47.8% aggressive, 41.3% oppositional or
non-compliant, 34.8% hyperactive/impulsive, 32.6% uninhibited and reckless, and 19.6%
perseverant/confabulatory; 39.1% of patients had mood disorders. Considering drug
therapy, oxcarbazepine was used at a median daily dose of 975 mg; 30.4% patients used
also antipsychotic/mood stabilizing drugs, 15.2% antidepressant or nootropic drugs, 13%
antispastic drugs. A complete description of the demographic and clinical characteristics
collected is shown in Table 1, in which the cohort is split among patients who either
improved or not.
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Table 1. Description of demographic and clinical characteristics of the study sample.

Not Improved on
CGI-I (n = 21)

Improved on CGI-I
(n = 25) p Value *

C
lin

ic
al

ch
ar

ac
te

ri
st

ic
s

Brain injury etiology

Trauma 14 20

0.059
Stroke 1 4

Anoxia 4 0

Other 2 1

Age (years)
Median 17.2 17.4

0.5891st–3rd q 12.8–20.7 15.0–26.6

GCS at injury
Median 5.75 5.75

0.7611st–3rd q 5–6.5 4.5–6.5

GOS at admittance to rehabilitation
Median 3 3

0.7891st–3rd q 3–4 3–3.5

Coma duration (days)
Median 0 0

0.3661st–3rd q 0–16 0–9

Br
ai

n
da

m
ag

e
as

se
en

th
ro

ug
h

M
R

I

Frontal lobe
Yes 15 12

0.108No 6 13

Callous body
Yes 6 9

0.592No 15 16

Thalamus
Yes 5 9

0.371No 16 16

Diffuse axonal injury
Yes 10 11

0.806No 11 14

Be
ha

vi
or

al
sy

m
pt

om
s

at
ba

se
lin

e

Oppositional/noncompliant
Yes 9 10

0.845
No 12 15

Hyperactive/impulsive
Yes 7 9

0.850
No 14 16

Uninhibited/reckless
Yes 8 7

0.467
No 13 18

Confabulatory/perseverative
Yes 4 5

0.935
No 17 20

Irritable/reactive
Yes 13 14

0.685
No 8 11

Aggressive
Yes 11 11

0.571
No 10 14

Disordered mood
Yes 7 11

0.460
No 14 14

D
ru

g
tr

ea
tm

en
t Oxcarbazepine daily dose (mg)

Median 1200 900
0.238

1st–3rd q 725–1650 675–1200

Antidepressant/nootropic
Yes 3 4

0.872
No 18 21

Antipsychotic/other mood stabilizer Yes 8 6
0.301

No 13 19

Antispastic
Yes 2 4

0.673
No 19 21
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Table 1. Cont.

Not Improved on
CGI-I (n = 21)

Improved on CGI-I
(n = 25) p Value *

D
is

ab
ili

ty
an

d
re

ha
bi

lit
at

io
n

as
pe

ct
s

DRS at admittance to rehabilitation
Median 16.25 16.25

0.798
1st–3rd q 11–22 14.5–20.5

DRS after rehabilitation
Median 5.5 5.5

0.247
1st–3rd q 4.5–7 3–6

FIM social subscale at admittance to
rehabilitation

Median 3 3
0.841

1st–3rd q 1–5 1–5

FIM social subscale after rehabilitation
Median 3 5

0.482
1st–3rd q 2.5–6.5 3–6

Legend. 1st–3rd q: first and third quartiles; GCS: Glasgow Coma Score; GOS: Glasgow Outcome Score; MRI: Magnetic Resonance Imaging;
DRS: Disability Rating Scale; FIM: Functional Independence Measure. * p-values reported regard: for categorical variables, Chi-square
and/or Fisher’s exact tests, as applicable; for continuous variables, Mann–Whitney U tests.

Following the clinician-rated CGI-I, 21 (45.7%) patients were rated as having improved
(CGI-I 2 or less), 25 (54.3%) as not (13 slightly improved, 7 unchanged, 1 worsened). On
the caregiver-rated behavioral scales, considering RCI values, eight patients (50%) had
significant improvements, and eight (50%) showed no significant change (7 improved
slightly, 1 worsened slightly).

3.2. Variables Associated with Improvement

On the whole dataset (n = 46), we performed a stepwise logistic regression analy-
sis probing the association between clinician-rated improvement on the CGI-I and the
clinical variables we collected. We found (model p = 0.005, pseudo-R2 = 0.40, lack of
fit p = 0.591) two variables associated with non-efficacy: the presence of a frontal lobe
damage, OR = 0.078 (95% C.I. 0.008–0.749, p = 0.027) and the presence of symptoms of
irritability/reactivity OR= 0.094 (95% C.I. 0.010–0.893, p = 0.040). We analyzed further the
subpopulation of patients who had a behavior scoring scale, either ABS or SDQ, filled
out by caregivers or self-rated, respectively, both before and after the introduction of ox-
carbazepine. On the RCIs from these data (n = 16), we could perform a linear regression
analysis in search of associations between the reliable change index of the scale available
for each patient and the clinical variables we collected. We observed (model p = 0.001,
R2 = 0.25) that a higher DRS at baseline (β = −0.356, p = 0.010) and a higher patient age
(β = −0.327, p = 0.017) were associated with a lower RCI (which means more improvement).

3.3. Adverse Effects

Eight patients (17.4%) experienced adverse reactions considered by the treating physi-
cians as possibly related to the use of oxcarbazepine: hyponatremia (3 patients; 6.5%),
drowsiness or asthenia (2; 4.3%), psychiatric reactions (2; 4.3%), and one allergic reaction
(2.1%). All adverse reactions were resolved at the time of discharge from rehabilitation,
which required oxcarbazepine withdrawal in four cases and dose reduction in two; in
two cases, the ADR was resolved by adding drugs or supplements. Details of ADRs are
reported in Table 2.
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Table 2. Description of adverse events attributed to oxcarbazepine.

Sex Age ADR Dose (mg) Management Outcome

M 29.4 Allergic reaction Not titrated Oxcarbazepine withdrawal Resolved

M 18.5 Drowsiness 1050 BID Dose reduction (750 BID) Resolved

M 37.4 Severe asthenia 450 BID Dose reduction, then
withdrawal

Resolved only by
withdrawal

M 18.6 Hyponatremia (134 mEq/L) 600 TID Sodium supplementation Resolved

F 20.9 Hyponatremia (132 mEq/L) 600 TID Dose reduction (300 BID + 600) Resolved

F 27.5 Severe hyponatremia
(117 mEq/L), seizures 600 BID

Hospitalization, oxcarbazepine
withdrawal, antiepileptic

prophylaxis
Resolved

M 17.2 Psychotic behavior,
derealization, mutism 300 BID Risperidone add-on Improved

M 8.8
Behavior worsened (increased

agitation, aggression,
screaming)

300 BID

Oxcarbazepine withdrawn,
re-administered causing the

same ADR, then permanently
withdrawn

Resolved

4. Discussion

Carbamazepine and oxcarbazepine have been demonstrated as variably efficacious
for the treatment of behavioral disorders in the context of psychiatric and neurological
illness [25,37–39]. Given its lower potential for drug-drug interactions, we are using oxcar-
bazepine on patients in rehabilitation from brain injury in our clinical routine. Since the
efficacy of oxcarbazepine has not been systematically assessed in brain-injured patients [7],
any information on its effects, or on factors that may modulate them, is highly valuable
from a clinical perspective. Regarding the composition of our study sample, there were
predominantly pediatric patients; the majority of them had suffered brain trauma. In the
literature, there is no clear indication of the efficacy of oxcarbazepine in such a population,
with an exception made for some case-reports; thus, it is hard to compare our results with
previous work.

Following clinician ratings and parent/self-ratings alike, around half of the patients
who received oxcarbazepine improved their behavioral disorders. We could find significant
roles for some clinical variables that were associated with the responder status.

Regarding clinician-rated CGI-I, we observed that the presence of a frontal lobe
damage diagnosed by MRI and the presence of symptoms of irritability/reactivity were
associated with non-response. Damage to the frontal lobe may indicate conditions that
are connected with a “frontal lobe syndrome”, a generic definition for an organic behav-
ioral disorder characterized by thought disorganization and personality changes including
impulsivity, disinhibition, and aggression [31,40]. Symptoms of irritability and hyper-
reactivity are the primary target of antipsychotic therapies used for the control of behavior,
especially in young patients [41]; thus, it is not surprising that oxcarbazepine may be
scantly efficacious at treating them, given its particular mechanism of action of suppressing
neuronal hyperactivation. In fact, oxcarbazepine has been often used for mania, aggression,
and mood swings in the context of bipolar disorders [23]. Of note, however, the presence
of aggressive symptoms in our patients was not a factor associated with oxcarbazepine
efficacy. It may be speculated that the presence of damage to the frontal lobe resembles
a cognitive impairment; whether primary or degenerative, cognitive impairment is fre-
quently the base of inappropriate comprehension of the environment (and relation with the
environment) leading to frustration and irritability and eventually to abnormal behavior.
Oxcarbazepine’s efficacy does not include cognitive improvement. On the caregiver/self-
rated behavioral scales, higher DRS at baseline and higher patient age were associated with
larger improvement. These results can be connected with a biased subjective perception of
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improvement. Indeed, parents of patients who are more severe at admittance to rehabilita-
tion usually tend to overestimate their recovery; this bias effect can be even bigger when
patients are asked to self-evaluate. Indeed, a qualitative result that emerged from several
clinical records was that patients had the incapacity of perceiving their own behavioral
issues and disability, possibly as part of an organic psychiatric illness. Indeed, a minority
of patients reported complaints about their status, and they were those who developed
depressive mood disorders after brain injury. The role of age may thus be involved with
the fact that older patients are administered self-evaluations, with more positive bias, while
children are evaluated by caregivers, with less bias. Moreover, age has been previously
associated with the severity of behavioral disturbances in children [42]; following results of
the present study, it may be hypothesized that younger patients incur deeper personality
and behavior changes, as compared to older patients. Another important role of patients’
age regards the metabolism of oxcarbazepine. In the liver, oxcarbazepine is metabolized to
its 10-monohydroxymetabolite, which is mostly responsible for psychopharmacological
effects. The clearance of this metabolite decreases from childhood to adulthood. According
to product labels for oxcarbazepine, 10-monohydroxymetabolite exposure in children up
to 12 years is on average 40% higher than that of adults.

Of note, the response was not associated with any variable regarding pharmacological
treatment: this is an expected finding in the context of a non-interventional retrospective
study. In support of this interpretation, the dose of oxcarbazepine at titration was lower
in the responder group as compared to the non-responder group. This also suggests that
if a response could be achieved, it was achieved with oxcarbazepine doses of around 1
g/day. In general, the need for oxcarbazepine doses higher than 1–1.2 g/day for this use
might be considered as a proxy of non-response. However, it is impossible to distinguish
in a retrospective work the beneficial effects of oxcarbazepine from those of rehabilitation
therapy, including cognitive-behavioral therapy that was administered to all patients in
the study. Randomized, double-blind studies should be conducted to demonstrate the
efficacy of oxcarbazepine in the treatment of behavioral disorders in brain-injured patients.
Such studies are difficult to perform due to the heterogeneity of patients’ characteristics,
involving different degrees of physical injuries, as well as sensory, motor, and cognitive dis-
turbances and language disorders, all aspects that affect profoundly social interactions and
behavior, together with organic psychiatric symptoms. Furthermore, patients recovering
from brain injury usually require multiple drug therapies that must be tailored, rendering
a standard clinical trial hardly feasible. In this view, more observational studies, possibly
prospective, may also provide useful insight. The lack of high-quality studies on behavioral
disorders following brain injury currently limits any conclusion on the efficacy of proposed
drug therapies [7]. Clinical decisions should thus be based on safety and lack of drug-drug
interactions, properties for which oxcarbazepine would be a suitable candidate [15]. In the
present study, we have in fact found a significant occurrence of adverse drug reactions,
including hyponatremia (known to occur [43]), as well as asthenia and psychiatric reac-
tions. These adverse reactions should not be underestimated as they can compromise the
precarious course of recovery of patients undergoing rehabilitation from brain injury. In
particular, asthenia may impair physical rehabilitation, and psychiatric reactions may be
mistaken for genuine psychiatric disorders requiring drug treatment. Future prospective
studies should perform a thorough evaluation of adverse reactions to oxcarbazepine.

The generalizability of our results is limited by the composition of our study sample,
which was small and predominantly of pediatric patients and brain traumatized patients.
Whereas patients’ age may be an important factor limiting generalizability, the traumatic
etiology would be less limiting as it is the most frequent cause of brain injury. A technical
limitation of our work regards the grouping of symptoms that we chose post-hoc; however,
we tried to follow groups of symptoms that were previously described for the frontal
syndrome [29] and that were included in the DSM-IV-TR classifications for conduct disorder
and oppositional defiant disorder. We explored different groupings for symptoms and
found irritability/over-reactivity was a significant factor only when taken on its own.
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Another limitation regards the limited sample size of the caregiver/self-evaluation sample,
due to the absence of scoring scales in the clinical charts. In addition, the caregiver/self-
evaluation questionnaires were not entirely equivalent and interchangeable. Future studies
should thoroughly implement behavior rating scales such as the ABS and administer them
only to caregivers, to minimize bias. In addition, the consistency between clinician- and
caregiver-rated efficacy judgments should be verified, a task that we could not carry out
due to the low sample size.

5. Conclusions

We have investigated retrospectively which clinical factors may be associated with
responses to oxcarbazepine in behavioral disorders, in the setting of rehabilitation from
brain injury. We found possible roles for the presence of frontal lobe damage, of a diagnosis
of irritability/hyper-reactivity, of lower patient age, and of lower disability ratings at
baseline, in association with non-response. Given the nature of this study, it was expected
that pharmacological factors could be not associated with the responder status. Future
studies should implement experimental protocols or at least prospective observational
protocols, in order to investigate the efficacy of oxcarbazepine. Such studies may be hard to
conduct, given the need of patients for multiple drug, physical, and psychological therapies.

Author Contributions: Conceptualization, M.P., P.A., and S.S.; methodology, M.P. and S.S.; formal
analysis, M.P. and C.C.; investigation, P.A. and V.P.; data curation, M.P. and E.C.; writing—original
draft preparation, M.P. and P.A.; writing—review and editing, M.P., P.A., E.C., S.S.; supervision, E.C.,
S.S. All authors have read and agreed to the published version of the manuscript.

Funding: This work was funded by the Italian Ministry of Health (Ricerca Corrente, to M.P., V.P.,
and S.S.) and by the Regional Center of Pharmacovigilance of Lombardy (to E.C.) and the Italian
Medicines Agency, Agenzia Italiana del Farmaco (AIFA, to E.C.), which are gratefully acknowledged.
The funding public institutions had no role in any part of the work.

Institutional Review Board Statement: Following the Italian law, retrospective chart studies on
anonymized data do not require ethical approval. The work described in clinical records has been
performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki
and its later amendments.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are available from the corresponding author upon request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Annoni, J.M.; Beer, S.; Kesselring, J. Severe traumatic brain injury—Epidemiology and outcome after 3 years. Disabil. Rehabil.

1992, 14, 23–26. [CrossRef]
2. McKay, A.; Trevena-Peters, J.; Ponsford, J. The Use of Atypical Antipsychotics for Managing Agitation after Traumatic Brain

Injury. J. Head Trauma Rehabil. 2020. [CrossRef]
3. Dietrich, D.E.; Kropp, S.; Emrich, H.M. Oxcarbazepine in affective and schizoaffective disorders. Pharmacopsychiatry 2001, 34,

242–250. [CrossRef]
4. Greil, W.; Ludwig-Mayerhofer, W.; Erazo, N.; Engel, R.R.; Czernik, A.; Giedke, H.; Müller-Oerlinghausen, B.; Osterheider, M.;

Rudolf, G.A.; Sauer, H.; et al. Lithium vs carbamazepine in the maintenance treatment of schizoaffective disorder: A randomised
study. Eur. Arch. Psychiatry Clin. Neurosci. 1997, 247, 42–50. [CrossRef]

5. Ketter, T.A.; Wang, P.W.; Becker, O.V.; Nowakowska, C.; Yang, Y.S. The diverse roles of anticonvulsants in bipolar disorders. Ann.
Clin. Psychiatry 1993, 15, 95–108. [CrossRef]

6. Garbutt, J.C.; Loosen, P.T. Is carbamazepine helpful in paroxysmal behavior disorders? Am. J. Psychiatry 1983, 140, 1363–1364.
[PubMed]

7. Fleminger, S.; Greenwood, R.J.; Oliver, D.L. Pharmacological management for agitation and aggression in people with acquired
brain injury. Cochrane Database Syst. Rev. 2006, CD003299. [CrossRef]

8. Klein, E.; Bental, E.; Lerer, B.; Belmaker, R.H. Carbamazepine and haloperidol v placebo and haloperidol in excited psychoses. A
controlled study. Arch. Gen. Psychiatry 1984, 41, 165–170. [CrossRef]

9. Monroe, R.R. Limbic ictus and atypical psychoses. J. Nerv. Ment. Dis. 1982, 170, 711–716. [CrossRef]

http://doi.org/10.3109/09638289209166422
http://doi.org/10.1097/HTR.0000000000000614
http://doi.org/10.1055/s-2001-18036
http://doi.org/10.1007/BF02916252
http://doi.org/10.3109/10401230309085675
http://www.ncbi.nlm.nih.gov/pubmed/6624974
http://doi.org/10.1002/14651858.CD003299.pub2
http://doi.org/10.1001/archpsyc.1984.01790130061009
http://doi.org/10.1097/00005053-198212000-00001


Brain Sci. 2021, 11, 949 10 of 11

10. Azouvi, P.; Jokic, C.; Attal, N.; Denys, P.; Markabi, S.; Bussel, B. Carbamazepine in agitation and aggressive behaviour following
severe closed-head injury: Results of an open trial. Brain Inj. 1999, 13, 797–804. [CrossRef]

11. Patterson, J.F. Carbamazepine for assaultive patients with organic brain disease: An open pilot study. Psychosomatics 1987, 28,
579–581. [CrossRef]

12. Plantier, D.; Luauté, J.; SOFMER Group. Drugs for behavior disorders after traumatic brain injury: Systematic review and expert
consensus leading to French recommendations for good practice. Ann. Phys. Rehabil. Med. 2016, 59, 42–57. [CrossRef]

13. Spina, E.; Pisani, F.; Perucca, E. Clinically significant pharmacokinetic drug interactions with carbamazepine. An update. Clin.
Pharm. 1996, 31, 198–214. [CrossRef]

14. Fricke-Galindo, I.; LLerena, A.; Jung-Cook, H.; López-López, M. Carbamazepine adverse drug reactions. Expert Rev. Clin. Pharm.
2018, 11, 705–718. [CrossRef]

15. Grant, S.M.; Faulds, D. Oxcarbazepine. A review of its pharmacology and therapeutic potential in epilepsy, trigeminal neuralgia
and affective disorders. Drugs 1992, 43, 873–888. [CrossRef] [PubMed]

16. Schmidt, D.; Elger, C.E. What is the evidence that oxcarbazepine and carbamazepine are distinctly different antiepileptic drugs?
Epilepsy Behav. 2004, 5, 627–635. [CrossRef] [PubMed]

17. Ghaemi, S.N.; Berv, D.A.; Klugman, J.; Rosenquist, K.J.; Hsu, D.J. Oxcarbazepine treatment of bipolar disorder. J. Clin. Psychiatry
2003, 64, 943–945. [CrossRef] [PubMed]

18. Hellewell, J.S. Oxcarbazepine (Trileptal) in the treatment of bipolar disorders: A review of efficacy and tolerability. J. Affect. Disord
2002, 72, S23–S34. [CrossRef]

19. Emrich, H.M.; Altmann, H.; Dose, M.; von Zerssen, D. Therapeutic effects of GABA-ergic drugs in affective disorders. A
preliminary report. Pharm. Biochem. Behav. 1983, 19, 369–372. [CrossRef]

20. Nasr, S. Oxcarbazepine for mood disorders. Am. J. Psychiatry 2002, 159, 1793. [CrossRef]
21. Teitelbaum, M. Oxcarbazepine in bipolar disorder. J. Am. Acad Child. Adolesc Psychiatry 2001, 40, 993–994. [CrossRef]
22. Gaudino, M.P.; Smith, M.J.; Matthews, D.T. Use of oxcarbazepine for treatment-resistant aggression. Psychiatr. Serv. 2003, 54,

1166–1167. [CrossRef]
23. Vasudev, A.; Macritchie, K.; Vasudev, K.; Watson, S.; Geddes, J.; Young, A.H. Oxcarbazepine for acute affective episodes in bipolar

disorder. Cochrane Database Syst. Rev. 2011, CD004857. [CrossRef]
24. Sommer, O.H.; Aga, O.; Cvancarova, M.; Olsen, I.C.; Selbaek, G.; Engedal, K. Effect of oxcarbazepine in the treatment of agitation

and aggression in severe dementia. Dement. Geriatr. Cogn. Disord. 2009, 27, 155–163. [CrossRef]
25. Kongpakwattana, K.; Sawangjit, R.; Tawankanjanachot, I.; Bell, J.S.; Hilmer, S.N.; Chaiyakunapruk, N. Pharmacological treatments

for alleviating agitation in dementia: A systematic review and network meta-analysis. Br. J. Clin. Pharm. 2018, 84, 1445–1456.
[CrossRef]

26. Hammond, F.M.; Zafonte, R.D.; Tang, Q.; Jang, J.H. Carbamazepine for Irritability and Aggression after Traumatic Brain Injury: A
Randomized, Placebo-Controlled Study. J. Neurotrauma 2021. [CrossRef]

27. Pastore, V.; Galbiati, S.; Villa, F.; Colombo, K.; Recla, M.; Adduci, A.; Avantaggiato, P.; Bardoni, A.; Strazzer, S. Psychological and
adjustment problems due to acquired brain lesions in pediatric patients: A comparison of vascular, infectious, and other origins.
J. Child. Neurol. 2014, 29, 1664–1671. [CrossRef]

28. Pastore, V.; Colombo, K.; Liscio, M.; Galbiati, S.; Adduci, A.; Villa, F.; Strazzer, S. Efficacy of cognitive behavioral therapy for
children and adolescents with traumatic brain injury. Disabil. Rehabil. 2011, 33, 675–683. [CrossRef] [PubMed]

29. Barrash, J.; Stuss, D.T.; Aksan, N.; Anderson, S.W.; Jones, R.D.; Manzel, K.; Tranel, D. “Frontal lobe syndrome”? Subtypes of
acquired personality disturbances in patients with focal brain damage. Cortex 2018, 106, 65–80. [CrossRef] [PubMed]

30. Rappaport, M.; Hall, K.M.; Hopkins, K.; Belleza, T.; Cope, D.N. Disability rating scale for severe head trauma: Coma to community.
Arch. Phys. Med. Rehabil. 1982, 63, 118–123. [PubMed]

31. Linacre, J.M.; Heinemann, A.W.; Wright, B.D.; Granger, C.V.; Hamilton, B.B. The structure and stability of the Functional
Independence Measure. Arch. Phys. Med. Rehabil. 1994, 75, 127–132. [CrossRef]

32. Corrigan, J.D. Development of a scale for assessment of agitation following traumatic brain injury. J. Clin. Exp. Neuropsychol 1989,
11, 261–277. [CrossRef]

33. Goodman, R. The Strengths and Difficulties Questionnaire: A research note. J. Child. Psychol. Psychiatry 1997, 38, 581–586.
[CrossRef]

34. Christensen, L.; Mendoza, J.L. A Method of Assessing Change in a Single Subject: An Alteration of the RC Index. Behav. Ther.
1986, 17, 305–308. [CrossRef]

35. Bogner, J.A.; Corrigan, J.D.; Bode, R.K.; Heinemann, A.W. Rating scale analysis of the Agitated Behavior Scale. J. Head Trauma
Rehabil 2000, 15, 656–669. [CrossRef] [PubMed]

36. Yao, S.; Zhang, C.; Zhu, X.; Jing, X.; McWhinnie, C.M.; Abela, J.R. Measuring adolescent psychopathology: Psychometric
properties of the self-report strengths and difficulties questionnaire in a sample of Chinese adolescents. J. Adolesc. Health 2009, 45,
55–62. [CrossRef]

37. Jones, R.M.; Arlidge, J.; Gillham, R.; Reagu, S.; van den Bree, M.; Taylor, P.J. Efficacy of mood stabilisers in the treatment of
impulsive or repetitive aggression: Systematic review and meta-analysis. Br. J. Psychiatry 2011, 198, 3–98. [CrossRef] [PubMed]

http://doi.org/10.1080/026990599121188
http://doi.org/10.1016/S0033-3182(87)72456-6
http://doi.org/10.1016/j.rehab.2015.10.003
http://doi.org/10.2165/00003088-199631030-00004
http://doi.org/10.1080/17512433.2018.1486707
http://doi.org/10.2165/00003495-199243060-00007
http://www.ncbi.nlm.nih.gov/pubmed/1379159
http://doi.org/10.1016/j.yebeh.2004.07.004
http://www.ncbi.nlm.nih.gov/pubmed/15380112
http://doi.org/10.4088/JCP.v64n0813
http://www.ncbi.nlm.nih.gov/pubmed/12927010
http://doi.org/10.1016/S0165-0327(02)00338-5
http://doi.org/10.1016/0091-3057(83)90067-9
http://doi.org/10.1176/appi.ajp.159.10.1793
http://doi.org/10.1097/00004583-200109000-00005
http://doi.org/10.1176/appi.ps.54.8.1166-a
http://doi.org/10.1002/14651858.CD004857.pub2
http://doi.org/10.1159/000199236
http://doi.org/10.1111/bcp.13604
http://doi.org/10.1089/neu.2020.7530
http://doi.org/10.1177/0883073813513329
http://doi.org/10.3109/09638288.2010.506239
http://www.ncbi.nlm.nih.gov/pubmed/20695794
http://doi.org/10.1016/j.cortex.2018.05.007
http://www.ncbi.nlm.nih.gov/pubmed/29883878
http://www.ncbi.nlm.nih.gov/pubmed/7073452
http://doi.org/10.1016/0003-9993(94)90384-0
http://doi.org/10.1080/01688638908400888
http://doi.org/10.1111/j.1469-7610.1997.tb01545.x
http://doi.org/10.1016/S0005-7894(86)80060-0
http://doi.org/10.1097/00001199-200002000-00005
http://www.ncbi.nlm.nih.gov/pubmed/10745182
http://doi.org/10.1016/j.jadohealth.2008.11.006
http://doi.org/10.1192/bjp.bp.110.083030
http://www.ncbi.nlm.nih.gov/pubmed/21282779


Brain Sci. 2021, 11, 949 11 of 11

38. Douglas, J.F.; Sanders, K.B.; Benneyworth, M.H.; Smith, J.L.; DeJean, V.M.; McGrew, S.G.; Veenstra-Vander, J.W. Brief report:
Retrospective case series of oxcarbazepine for irritability/agitation symptoms in autism spectrum disorder. J. Autism Dev. Disord.
2013, 43, 1243–1247. [CrossRef]

39. Gallagher, D.; Herrmann, N. Antiepileptic drugs for the treatment of agitation and aggression in dementia: Do they have a place
in therapy? Drugs 2014, 74, 1747–1755. [CrossRef]

40. Pirau, L.; Lui, F. Frontal Lobe Syndrome; StatPearls Publishing: Treasure Island, CA, USA, 2020.
41. Loy, J.H.; Merry, S.N.; Hetrick, S.E.; Stasiak, K. Atypical antipsychotics for disruptive behavior disorders in children and youths.

Cochrane Database Syst. Rev. 2017, CD008559. [CrossRef]
42. Wade, S.L.; Kaizar, E.E.; Narad, M.E.; Zang, H.; Kurowski, B.G.; Miley, A.E.; Moscato, E.L.; Aguilar, J.M.; Yeates, K.O.; Taylor,

H.G.; et al. Behavior Problems Following Childhood TBI: The Role of Sex, Age, and Time Since Injury. J. Head Trauma Rehabil.
2020, 35, E393–E404. [CrossRef]

43. Berghuis, B.d.H.G.J.; van den Broek, M.P.; Sander, J.W.; Lindhout, D.; Koeleman, B.P. Epidemiology, pathophysiology and putative
genetic basis of carbamazepine- and oxcarbazepine-induced hyponatremia. Eur. J. Neurol. 2016, 23, 1393–1399. [CrossRef]

http://doi.org/10.1007/s10803-012-1661-2
http://doi.org/10.1007/s40265-014-0293-6
http://doi.org/10.1002/14651858.CD0085
http://doi.org/10.1097/HTR.0000000000000567
http://doi.org/10.1111/ene.13069

	Introduction 
	Materials and Methods 
	Data Source and Extraction 
	Data Analysis 

	Results 
	Cohort Description 
	Variables Associated with Improvement 
	Adverse Effects 

	Discussion 
	Conclusions 
	References

