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ARTICLE INFO ABSTRACT

Keywords: Background: Acquired brain injuries (ABI) can cause various negative sequelae, including cognitive impairment,
Acquire‘d‘brain injury leading to poor functional outcomes for patients. Evidence is limited on pharmacological interventions to
Lamo.tr.lgufe . effectively improve the cognitive status of these patients. This study aims to provide evidence for the use of
COgmt.“./e Impairment lamotrigine to improve the cognitive status of patients with severe ABI.

Rehabilitation

Case presentation: We report the case of a 29-year-old man who suffered a severe traumatic brain injury secondary
to a motor vehicle collision. When admitted to our rehabilitation program three months later, he was in a
minimally conscious state, achieving Level IIT on the Rancho Los Amigos Cognitive Scale. Post-traumatic seizures
were well controlled with levetiracetam. Multiple neurostimulants including methylphenidate, amantadine, and
venlafaxine were trialed with minimal benefit, thereby prompting the switch of his antiepileptic medication to
lamotrigine five months after his injury. The introduction of lamotrigine was followed by relatively rapid and
significant improvement in arousal, cognition and communication that preceded levetiracetam being tapered.
The patient continued making functional gains over the following year while using lamotrigine.

Conclusions: Lamotrigine may potentially provide cognition-enhancing effects independent of its known anti-
epileptic properties in patients with severe ABI. Further research is required on the role of lamotrigine in pa-
tients with ABL

Functional outcome

At the time of this writing, the FDA stated that they have “not yet
cleared or approved any standalone medical products that are intended
to specifically diagnose or treat TBI” [18], and there is minimal accepted

1. Background

Acquired brain injuries (ABI) can leave patients with a variety of

negative sequelae, including physical disability, cognitive dysfunction,
and behavioural impairments. Regarding traumatic causes of ABI (TBI),
the global burden has increased significantly in the past few decades
with approximately 27 million incident cases and 55 million prevalent
cases worldwide in 2016, caused primarily by falls and road injuries [3].
These injuries not only adversely affect the life of individuals and their
families, but also result in a burden to health-care systems and econo-
mies. As such, it is imperative to find effective treatments for ABI
patients.

pharmacological intervention to improve cognitive status for moderate
to severe ABI patients except for methylphenidate, donepezil and riva-
stigmine [2]. As an anticonvulsant and mood stabiliser, lamotrigine has
been widely used for epilepsy and bipolar disorder as well as augmen-
tation for treatment-resistant depression [4]. Meanwhile, there is evi-
dence of its cognitive benefit for patients with bipolar disorder [7,13], in
ischemic animal brain models [6], and possibly for the elderly in-
dividuals with dementia [16]. However, the published evidence for
lamotrigine’s role in patients with moderate to severe ABI, while

Abbreviations: ABI, acquired brain injury; TBI, traumatic brain injury; CT, computerized tomography; VP shunt, ventriculoperitoneal shunt; RLACS, Rancho Los
Amigos Cognitive Scale; EEG, electroencephalogram; AED, antiepileptic drug; SLP, speech language pathologist.
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suggestive of benefit, is limited. Specifically, several case reports and
series have suggested that lamotrigine has led to improvement in mood
[11] and behavior [12], as well as functional outcomes in ABI patients
[17]. Showalter and Kimmel (2000) observed cognitive improvement in
patients with severe ABI when switching anticonvulsants (phenobar-
bital, phenytoin and/or carbamazepine) to lamotrigine; however, the
authors did not explain whether their finding was a result of the
reduction in the side effects of anticonvulsants and/or better seizure
management. The current case report adds to the literature by demon-
strating evidence of the potential cognitive benefit of lamotrigine in-
dependent of its impact on seizure management and minimization of
side effects. Reporting of this case has been done following the CARE
guidelines [15].

2. Case presentation

The patient is a 29-year-old right-handed Caucasian male who suf-
fered a severe ABI secondary to a motor vehicle collision. On arrival to
the hospital, the patient had a Glasgow Coma Scale of 3/15. Comput-
erized tomography (CT) scan demonstrated multiple intracranial in-
juries, including subdural hematoma, subarachnoid hematoma and
signs of diffuse axonal injury involving the bilateral frontal, temporal
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and occipital parenchyma. He underwent urgent decompressive cra-
niectomy due to the significant mass effect of his brain injury (see
Fig. 1). His recovery was complicated by central venous sinus throm-
bosis, hydrocephalus that required ventriculo-peritoneal (VP) shunt
insertion (Codman valve at 100 mmHg) and then its replacement with
an external ventricular drain (EVD) after VP shunt-related infection and
septic shock, replacement of craniectomy flap along with another EVD
as the prior EVD unexpectedly came out, and later the replacement of
this second EVD with another VP shunt (Codman medium pressure fixed
valve), all of which occurred before being transferred to our rehabili-
tation unit.

The patient was admitted to the ABI Rehabilitation Program subse-
quent to medical stabilization three months following his initial injury.
He was in a state of minimal consciousness in keeping with Rancho Los
Amigos Cognitive Scale (RLACS) Level III. Specifically, he required total
assistance including bed mobility and transfers, and used a gastrostomy
tube for feeding and medication with no oral intake. He responded
inconsistently to external stimuli (e.g. opening his eyes to verbal com-
mands without tracking visually or following commands). His mother
reported occasional verbal output of one or two words. He showed
positive frontal release signs including palmomental and grasp reflexes.
He developed significant spasticity bilaterally and had minimal

A [N\

Fig. 1. Non-contrast CT head images after traumatic brain injury. A-D: Head CT scan right after traumatic brain injury demonstrated multiple punctate hemorrhagic
foci at the gray-white junctions involving bilateral frontal, temporal and occipital parenchyma suggestive of diffuse axonal injury, evidence of diffuse cerebral edema
with increased intracranial pressure and mild leftward midline shift, small right cerebral convexity and parafalcine acute subdural hematoma, and small volume
subarachnoid hemorrhage over bifrontal convexity. E-H: Head CT scan one day after injury showed status post right-sided decompressive craniectomy and evac-
uation of subdural hematoma with small volume pneumocephalus, improvement in the midline shift and patency of the cerebral convexity sulci, ongoing increased
intracranial pressure with mild diffuse cerebral edema, and a possible focus of early ischemia in right anterolateral frontal cortex. I-L: Head CT scan four months post
injury demonstrated mild hydrocephalus with a VP shunt placed via a left parietal approach (without transependymal CSF leakage), focal encephalomalacia in
frontal, temporal and parietal lobes, a small right frontal porencephalic cyst, and stable subdural collections.
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purposeful movements in his right upper extremity.

He was on levetiracetam (1500 mg BID) and a tapering dose of
lacosamide (25 mg BID for 1 week before discontinuation) for seizure
prophylaxis when he was admitted to the rehabilitation unit. These
antiepileptic drugs (AEDs) were started because EEG one month prior to
admission noted epileptiform discharges from the left frontocentral re-
gion associated with chewing. Subsequently, no epileptiform abnor-
mality was identified in two repeat EEGs later that month other than
diffuse nonspecific slowing of the background activity, with persistent
asymmetric suppression over the right hemisphere; As such, lacosamide
was gradually tapered to discontinuation, keeping him on levetiracetam
1500 mg BID (Fig. 2).

Neurostimulants amantadine and methylphenidate, and antidepres-
sant venlafaxine were trialed in an attempt to improve the patient’s
cognitive status (see Fig. 2 for details). However, there was no observ-
able benefit from these medications, and some adverse effects were
noted. Specifically, a higher dose of amantadine (100 mg BID) led to
probable seizures in the form of “zoning out spells” and a reduced level
of alertness and awareness when an EEG demonstrated sharp waves in
the right temporal region. Methylphenidate resulted in an increased
stiffness and tachycardia consistent with dysautonomia. His function
gradually returned to baseline after these medications were dis-
continued. Another major pharmacological change was the switch of
baclofen 15 mg TID to dantrolene 100 mg TID for spasticity manage-
ment, in an attempt to minimize cognitive adverse effects. In addition,
onabotulinumtoxinA injections were performed, which were followed
by surgical release of the right quadriceps tendon and Achilles’s tendon
lengthening for spasticity and contractures.

Since there was no improvement in his cognitive status with the
aforementioned management, we decided to switch his AED to lamo-
trigine based on our clinical observations of cognitive benefit of lamo-
trigine in some ABI patients that our team had encountered. Five months
after injury when the patient was in a minimally conscious state,
lamotrigine was started at 25 mg daily with slow up-titration. Clear
functional improvement in the patient’s cognitive status was noted

Week 0: Week 24:
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following the initiation of lamotrigine starting at 25 mg daily. While the
patient previously had minimal verbalizations (e.g. occasionally one or
two words while being with family), two weeks after starting lamo-
trigine (on 50 mg daily) he was able to produce a short sentence,
recognize and verbally indicate when he needed to use the urinal, and
initiate a question (e.g. asking for water). At that point, his speech
language pathologist (SLP) started a trial of oral intake, and by the
fourth week (on lamotrigine 50 mg BID) the SLP documented that he
was improving in all areas of intervention and able to participate in a
fulsome rehabilitation program. Visual tracking had improved as well as
right arm motor function, and he could respond to his name. His
cognitive function continued to improve, and by the fifth week (lamo-
trigine 50 mg BID) he could state his birth month and day correctly, and
sometimes even location and season. At that time, he had achieved
RLACS Level VI, being able to consistently follow simple commands,
retain learning for familiar tasks he performed pre-injury, and demon-
strate increased awareness of self, situation, and environment. Lamo-
trigine was gradually titrated up to 200 mg BID over thirteen weeks in
total. Six weeks after the initiation of lamotrigine, we started to taper
levetiracetam, which did not cause setbacks to his functional progress.
Similarly, the venlafaxine was tapered off by the 30th week, which also
did not negatively affect his functional progress.

One complication that occurred during his lamotrigine trial was VP
shunt malfunction, which was associated with fatigue, agitation and
verbal aggression, but without loss of his cognitive gains. Neurosurgery
revised his shunt through the removal of the previous medium pressure
Codman Valve and replacement with a programmable Codman Valve set
at 80mmH,0. However, his behavior persisted after the shunt revision.
In an attempt to determine whether lamotrigine was contributing to his
behavior, his dose was decreased from 200 mg BID to 150 mg BID;
however, this led to drowsiness and a reduced responsiveness. As such,
lamotrigine was increased back to 200 mg BID. Subsequently, risperi-
done 0.5 mg BID was added for his behavior. Propranolol was also tri-
aled for his behaviour, but this was discontinued as it was either non-
beneficial or worsened his aggression. He was medically optimized

Intrathecal baciofen trial Week 47:
Motor vehicle collision, GCS 3/15 Week 15: (one dose 100mcg) Discharge from Week 89:
decompressive craniectomy Admitted to ABI Week 26: ABI Rehabiltation Unit | Admitted to the ABI
Weeks 6-12: Rehabilitation Unit " Neurobehavioural
Quadriceps tendon confracture Communicates verbally, | Rehabitation Unit
VP shunt with Codman valve, release and Achile’s tendon g Weeks 96-100:
sepsis from VP shunt infection, | Minimal consciousness lengthening (’jss 5%5”95;”” vty | &
VP shunt replaced with EVD, lependent for mobility -ngages in
ropiacom ;f;csammmy nap Week 31: selfpropels whesichair | Don msioht
and EVD, EVD replaced Fixed Codman VP shunt malfunction, mproving behavioural insigy
Months After ABI O it VP shant 5 revision with programmable Codman 1 0 2 0 22
1 } 1 ' | v ] ] J
v v ° ° " — "
1
T Lamotrigine
Levetiracetam Weeks 22+ Wooks 30-41, 100+ Risperidone
Weeks 7-32 Peak dose 200mg BID Poak dose 70mg TID Weeks 39+
Peak dose 1500mg BID Peak dose 0.5mg BID
Dantrolene
Lacosamide Weeks 22+
Wooks 7-16 Peak dose 100mg TID
Peak dose 100mg BID
Venlafaxine XR
Weeks 20-31
" Peak dose 150mg daily
Amantadine o e
Weeks 3,6, 810 and 1420 OnabotulinumtoxinA injections
ek dose 100mg BID Once per weeks of 17, 29, 30, 44
Methylphenidate
Weeks 16-17
Peak dose 5mg BID
Baclofen

Weeks 11-26
Peak dose 15mg TID
Intrathecal Baclofen trial on one day in Week 24

Fig. 2. Timeline summarizing pharmacological and surgical interventions and neuropsychological assessment. The major medication changes during the patient’s
admission in the ABI rehabilitation program are demonstrated. Colored bars represent medication duration of use. Lamotrigine was initiated approximately 5 months
after injury and was gradually titrated up to 200 mg BID over thirteen weeks in total. Levetiracetam 1500 mg BID was used for seizure prophylaxis before being
tapered off during lamotrigine up-titration. The patient was on a tapering dose of lacosamide 25 mg BID for 1 week before discontinuation in the beginning of his stay
in the rehabilitation program. Amantadine 50 mg BID was used at the time of his admission to the rehabilitation program, and the increase of amantadine to 100mg
BID led to probable seizure activities; therefore, it was discontinued. Methylphenidate was trialed with a maximum dose of 5 mg BID but was discontinued following
his increased symptoms of dysautonomia. Venlafaxine was trialed with a dose up to 150 mg daily over 2 months before being discontinued. Baclofen 15 mg TID was
used for spasticity before being switched to dantrolene 100 mg TID. Propranolol was trialed for behavior that was followed by risperidone later during his stay in the

rehabilitation program, and risperidone remained at 0.5 mg BID.
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before being discharged to complex continuing care, at which point he
was able to communicate verbally, follow simple instructions, initiate
bowel movements, and display less agitation and aggression. Physically,
he was still dependent for mobility, but showed greater motor control of
his right upper extremity with some participation in basic components of
activities of daily living.

Following discharge, he continued to make functional progress while
remaining on lamotrigine 200 mg BID. Twenty months after injury he
was admitted to the neurobehavioral unit for a comprehensive assess-
ment and rehabilitation. At that time, he was able to engage in con-
versation, voluntarily move both arms and self-propel his wheelchair. A
neuropsychological assessment was completed between 22 and 23
months post-injury which indicated a DSM-5 diagnosis of Major Neu-
rocognitive Disorder due to traumatic brain injury, with behavioural
disturbance (affective lability). He had relative strengths within the
verbal domain including vocabulary, verbal fluency and immediate
memory for simple verbal information as well as emotionally salient
information (while this is typical for all individuals, it appeared more
drastic in light of his lower memory capacity). He continued to have
significant cognitive deficits in attention, processing speed, working
memory, executive functioning, and emotional regulation as well as left
homonymous visual field loss. Behaviorally, he was generally positive
although he continued to have emotional outbursts when overwhelmed
or frustrated. In general, the patient had limited insight into his diffi-
culties, although there were signs of improvement in his level of insight
over the course of this admission. He gradually became faster at inde-
pendently recognizing his outbursts as inappropriate and would apolo-
gize without being prompted. In addition, over time he was able to learn
the types of responses that he should inhibit and was able to successfully
do so in some situations. Physically, by the end of this admission he was
able to complete pivot transfers and ambulate short-distances with a
rollator walker and minimal assistance

The patient’s timeline since his brain injury is summarized in Fig. 2.

3. Discussion and conclusion

In summary, we observed a striking and relatively rapid response to
lamotrigine in this patient with severe TBI when he appeared to have
reached a plateau in cognitive function five months after injury. Later
decrease of the dose of lamotrigine in an attempt to reduce his inap-
propriate behavior was associated with worsened cognitive status. Prior
to the lamotrigine trial, he was refractory to other neuro-stimulants.

To our knowledge, only one case study of lamotrigine on cognitive
status for patients with severe ABI exists, in which the authors reported
13 patients that benefited cognitively from the switch of AEDs (pheno-
barbital, phenytoin and/or carbamazepine) to lamotrigine, and
demonstrated improved functional outcomes in rehabilitation, as more
of these patients were able to be discharged to the community rather
than to a nursing home [17]. The replaced AEDs in their study are
known to have worse cognitive adverse effects than lamotrigine, leve-
tiracetam and other newer medications [1]. While the -clinical
improvement of their patients could be explained, at least partially, by
less adverse effects of lamotrigine compared to those older AEDs, our
patient was using levetiracetam, which has no significantly negative
effect on cognition [1]. Interestingly, our patient started to respond to
lamotrigine even before levetiracetam was tapered, with significant
improvement in terms of his level of arousal and functional abilities.
Therefore, this case report serves as more substantive evidence that
lamotrigine may be cognitively beneficial for patients with severe ABIL

Another question is whether lamotrigine provided a better control of
seizure activity and thus led to improved cognitive status, for which
Showalter and Kimmel (2000) did not provide an answer in their study.
As discussed earlier, our patient was using high dose levetiracetam and
had two EEG studies that did not detect epileptiform abnormality shortly
before his admission to the rehabilitation unit. Thus, non-convulsive
status epilepticus was ruled out as the cause of his low level of
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cognition, although occasional clinical or subclinical seizures could not
be excluded. The neurostimulant amantadine could have caused focal
impaired awareness seizures that manifested as zoning out episodes with
epileptiform findings on EEG, resulting in a reduced level of functioning.
Discontinuation of amantadine eliminated the episodic zoning out and
led to a gradual return to his functional baseline, which preceded the
lamotrigine trial. Later on, levetiracetam was tapered off during the time
that lamotrigine was titrated up, and did not lead to any setbacks of his
cognitive progress. Taken together, though it cannot be completely
excluded, we believe that his low cognitive status prior to lamotrigine
use was less likely to be predominantly due to uncontrolled seizures, and
thus also less likely to have specifically been only the anti-epileptic ef-
fects of lamotrigine that allowed the patient to improve his functioning.

In contrast to its widely accepted antiepileptic and mood stabilising
properties, the cognitive effect of lamotrigine has been minimally
explored [14]. In patients with bipolar disorder, lamotrigine was
observed to improve their working memory, verbal memory and exec-
utive function [7,13], and enhance cortical function within neural cir-
cuits involved in working memory and emotional processing on
functional MRI [5]. Moreover, lamotrigine was shown to slightly
improve attentional processes in patients with focal epilepsy based on
EEG data [9]. Interestingly, healthy adults using lamotrigine showed
statistically better performance on reading speed on neuropsychological
testing compared to that in a drug-free condition [10]. In addition, the
protective effects of lamotrigine on cognition after cerebral ischemia
was demonstrated in an animal study, possibly via inhibition of p-am-
yloid accumulation and tau hyperphosphorylation in the hippocampus
[6]. The current case report adds evidence towards the potential
cognition-enhancing effect of lamotrigine in patients with severe ABI.

The mechanism of action of lamotrigine during in vitro pharmaco-
logical studies demonstrated its properties of inhibiting voltage-gated
sodium and calcium channels, thereby modulating presynaptic trans-
mission of glutamate [13,14]. Further research is warranted to clarify
the mechanism underlying the observed potential beneficial effect of
lamotrigine on cognition.

There is one case report of lamotrigine leading to a decrease in
aggression and agitation in a patient with severe TBI [12], which is
notably in contrast to the increase in aggression noted in our patient
when he was improving in cognitive status. Of note, the patient in that
case had presented with behavioral disturbance before the use of
lamotrigine, whereas our patient was in a minimally conscious state
prior to the trial of lamotrigine. Thus, our patient’s disinhibited
behavior with verbal aggression was likely a part of the natural recovery
from severe brain injury rather than the adverse effects of lamotrigine.

A possible confounding factor and limitation of this study was the
switch of baclofen to dantrolene for spasticity management, which may
have slightly, if any, helped his overall functional improvement, given
baclofen’s possible adverse effects including proconvulsive action and
dantrolene’s possible protective properties. That being said, the patient
continued to improve after baclofen (peak dose 15 mg TID) was dis-
continued, and dantrolene’s potential cognitive effect has only been
demonstrated in animal models with inconsistent reports [8]. Similarly,
he was trialled with intrathecal baclofen injection (100mcg) on the same
day that he began saying sentences, but as he had no significant
improvement in spasticity with this, intrathecal baclofen pump was not
considered. Neither did that intrathecal baclofen administration worsen
nor its withdrawal improve his cognition acutely, making baclofen’s
taper less likely to be the cause for his improvement. Given that all of the
medication changes and their potential confounding effects have been
taken into consideration as discussed above, lamotrigine appears to be
the major cause of our patient’s improvement in cognitive status.
However, it is difficult to generalize these findings to the ABI popula-
tion. First, the mechanism, location, and severity of brain injury vary
from patient to patient. Second, complications following brain injury
also affect functional outcome. Third, most patients with severe brain
injury require medication to manage multiple symptoms and
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complications such as sleep disturbance, spasticity and pain, all of which
may further impact cognitive functioning. As a result, all of these
contributing factors need to be taken into account when considering the
generalizability of these findings.

In conclusion, this case study indicates that lamotrigine may be a
useful medical therapy in patients with severe ABI, particularly for those
requiring seizure prophylaxis. Lamotrigine appears to have potential
cognitive benefits independent of its antiepileptic properties. Given the
sparse evidence in the area, this case study highlights the need for future
research that focuses on neuropharmacology for severe ABI populations
where lamotrigine may be a viable option.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

We thank the patient described in the study and all team members
who cared for him on the Acquired Brain Injury Rehabilitation Unit as
well as Sandra Silliker for her advice on figure generation.

References

[1] C.M. Eddy, H.E. Rickards, A.E. Cavanna, The cognitive impact of antiepileptic
drugs, Ther. Adv. Neurol. Disord. 4 (6) (2011) 385-407.

[2] P. Faltynek, S. Marshall, M. Bayley, C. Ferri, P. Welch-West, R. Teasell, 2. Cognition

and cognitive-communication following acquired brain injury, in: Evidence-Based

Review of Moderate to Severe Acquired Brain Injury Clinical Guidebook, 12th ed.,

ERABI, London, ON, 2019, pp. 1-55.

GBD 2016 Traumatic Brain Injury and Spinal Cord Injury Collaborators. Global,

regional, and national burden of traumatic brain injury and spinal cord injury,

1990-2016: a systematic analysis for the Global Burden of Disease Study 2016. The

Lancet Neurology, 2019;18(1), 56-87.

[4] R.L. Gutierrez, R. McKercher, J. Galea, K.L. Jamison, Lamotrigine augmentation
strategy for patients with treatment-resistant depression, CNS Spectr. 10 (10)
(2005) 800-805.

[3

=

Interdisciplinary Neurosurgery: Advanced Techniques and Case M 25 (2021) 101186

[5] M. Haldane, J. Jogia, A. Cobb, E. Kozuch, V. Kumari, S. Frangou, Changes in brain
activation during working memory and facial recognition tasks in patients with
bipolar disorder with Lamotrigine monotherapy, Eur. Neuropsychopharmacol. 18
(1) (2008) 48-54.

[6] H.Han, Q. Qian, Y. Yu, D. Zhao, G. Sun, Lamotrigine attenuates cerebral ischemia-
induced cognitive impairment and decreases p-amyloid and phosphorylated tau in
the hippocampus in rats, Neuroreport 26 (12) (2015) 723-727.

[7] N.S. Kaye, J. Graham, J. Roberts, T. Thompson, K. Nanry, Effect of open-label
lamotrigine as monotherapy and adjunctive therapy on the self-assessed cognitive
function scores of patients with bipolar I disorder, J. Clin. Psychopharmacol. 27 (4)
(2007) 387-391.

[8] L. Liang, H. Wei, Dantrolene, a treatment for Alzheimer disease? Alzheimer Dis.
Assoc. Disord. 29 (1) (2015) 1-5.

[9]1 M.G. Marciani, P. Stanzione, D. Mattia, F. Spanedda, M.A. Bassetti, M. Maschio,
G. Bernardi, Lamotrigine add-on therapy in focal epilepsy:
electroencephalographic and neuropsychological evaluation, Clin. Neurophysiol.
21 (1998) 41-47.

[10] K.J. Meador, D.W. Loring, P.G. Ray, A.M. Murro, D.W. King, K.R. Perrine, B.

R. Vazquez, T. Kiolbasa, Differential cognitive and behavioural effects of
carbamazepine and lamotrigine, Neurology 56 (2001) 1177-1182.

[11] J. Omura, M. Osorio, Premenstrual dysphoric disorder in a patient with traumatic
brain injury: a case presentation, PM&R 10 (3) (2018) 317-319.

[12] A. Pachet, S. Friesen, D. Winkelaar, S. Gray, Beneficial behavioural effects of
lamotrigine in traumatic brain injury, Brain Inj. 17 (8) (2003) 715-722.

[13] M.N. Pavuluri, A.M. Passarotti, T. Mohammed, J.A. Carbray, J.A. Sweeney,
Enhanced working and verbal memory after lamotrigine treatment in pediatric
bipolar disorder, Bipolar Disord. 12 (2) (2010) 213-220.

[14] S. Ramaratnam, M. Panebianco, A.G. Marson, Lamotrigine add-on for drug-
resistant partial epilepsy, Cochrane Database of Systematic Reviews (2016).

[15] D.S. Riley, M.S. Barber, G.S. Kienle, J.K. Aronson, T. von Schoen-Angerer,

P. Tugwell, H. Kiene, M. Helfand, D.G. Altman, H. Sox, P.G. Werthmann, D. Moher,
R.A. Rison, L. Shamseer, C.A. Koch, G.H. Sun, P. Hanaway, N.L. Sudak, M. Kaszkin-
Bettag, J.E. Carpenter, J.J. Gagnier, CARE guidelines for case reports: explanation
and elaboration document, J. Clin. Epidemiol. 89 (2017) 218-235.

[16] M. Sajatovic, E. Ramsay, K. Nanry, T. Thompson, Lamotrigine therapy in elderly
patients with epilepsy, bipolar disorder or dementia, Int. J. Geriatr. Psychiatry 22
(10) (2007) 945-950.

[17] P.E.C. Showalter, D.N. Kimmel, Stimulating consciousness and cognition following
severe brain injury: a new potential clinical use for lamotrigine, Brain Inj. 14 (11)
(2000) 997-1001.

[18] U.S. Food & Drug Administration. (2019, March 20). Traumatic Brain Injury: What
to Know About Symptoms, Diagnosis, and Treatment. FDA Consumer Updates.
https://www.fda.gov/consumers/consumer-updates/traumatic-brain-injury-what-
know-about-symptoms-diagnosis-and-treatment.


http://refhub.elsevier.com/S2214-7519(21)00098-0/h0005
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0005
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0010
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0010
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0010
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0010
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0020
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0020
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0020
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0025
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0025
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0025
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0025
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0030
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0030
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0030
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0035
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0035
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0035
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0035
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0040
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0040
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0045
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0045
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0045
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0045
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0050
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0050
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0050
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0055
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0055
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0060
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0060
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0065
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0065
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0065
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0070
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0070
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0075
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0075
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0075
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0075
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0075
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0080
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0080
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0080
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0085
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0085
http://refhub.elsevier.com/S2214-7519(21)00098-0/h0085

	Ng_Maxwell_InterdiscipNeurosurg_2021_cover
	Ng_Maxwell_InterdiscipNeurosurg_2021
	Beneficial cognitive effect of lamotrigine in severe acquired brain injury: A case report
	1 Background
	2 Case presentation
	3 Discussion and conclusion
	Declaration of Competing Interest
	Acknowledgements
	References



