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ABSTRACT – Aim. Lacosamide is an antiepileptic drug approved for the
treatment of focal epilepsy in adult patients. The aim of this observational
study was to review our centre’s experience with lacosamide and to char-
acterize its effectiveness and tolerability as an adjunctive antiepileptic drug
in a retrospective cohort of children with refractory focal epilepsy.
Methods. We retrospectively reviewed the medical records of 22 patients
who received lacosamide from November 2009 to April 2014 at the CHU
Ste-Justine, University of Montreal. Treatment responders were defined as
children with a ≥50% reduction in seizure frequency compared to baseline,
and this was determined three months after the initiation of treatment and
at the last follow-up visit.
Results. We included 14 boys and eight girls with a mean age of 12.9 years
(SD: 5.2; range: 5.2-20.7 years) at the initiation of treatment. The average
length of follow-up was 11.9 months. Patients had previously received
an average of 7.5 antiepileptic drugs. The mean number of concomitant
antiepileptic drugs was 2.3. The mean initial and maintenance doses were
2.9 and 8.4 mg/kg/d, respectively. Thirteen (59%) and ten (45%) patients were
responders after three months of treatment and at the last follow-up visit,
respectively. One became seizure-free. Adverse effects were reported in 11
patients and none were severe. Responders and non-responders were iden-
tical with respect to all studied parameters except gender, with the propor-
tion of responders being greater in girls than in boys (75% vs 29%; p=0.035).
Conclusion. Our study adds evidence that lacosamide appears to be a safe
and effective adjunctive therapy for children with refractory focal epilepsy.

Key words: lacosamide, antiepileptic drug, refractory epilepsy, treatment,
pediatric patients
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Response to LCM treatment was quantified using the
pilepsy is one of the most common chronic neu-
ological disorders, affecting up to 0.5% to 1% of
he general population (Keränen and Riekkinen, 1988;
iaz-Arrastia et al., 2002). Administration of antiepilep-

ic drugs (AEDs) is the mainstay of treatment for most
atients. Despite the introduction of multiple new
EDs over the past 20 years, 30% of patients remain

efractory to medical treatment (Kwan and Brodie,
000; Diaz-Arrastia et al., 2002), which imposes a sig-
ificant burden on families and society (Bjornaes et
l., 2001). Therefore, new effective AEDs with novel
echanisms of action, better tolerability and phar-
acokinetic properties to effectively treat refractory

pilepsy in children are still needed.
acosamide (LCM) was approved by Health Canada
n 2010 and the US Food and Drug Administration
FDA) in 2008, as an adjunctive therapy for focal
pilepsy in adult patients (Health Canada Drug Product
atabase. Lacosamide, 2014). LCM ([R]-2-acetamido-
-benzyl-3-methoxyproprionamide) is a functional

mino acid that reduces neuronal excitability by selec-
ively enhancing the slow inactivation of voltage-gated
odium channels (Curia et al., 2009), which participate
n the generation and propagation of action potentials.
ecause of this novel mechanism of action, it may be
ffective in patients who are refractory to other AEDs.
harmacokinetic properties of LCM make it well suited
or polytherapy in a paediatric population. The drug
as 100% oral absorption with linear pharmacokinet-

cs, low protein binding (<19%), a 13-hour half-life,
enal clearance with limited hepatic metabolism, and
very low potential for drug interactions (Chu-Shore

nd Thiele, 2010).
CM was found to be effective in adults with
ocal-onset seizures in three randomized, double-
lind, placebo-controlled studies (Ben-Menachem et
l., 2007; Halasz et al., 2009; Chung et al., 2010). These
tudies have shown that daily administration of 400 to
00 mg of LCM for around three months is associated
ith a 50% reduction in seizure frequency in around

0% of patients as compared to 18-25% for those taking
lacebo.
hese studies have also shown a favourable adverse
ffects profile of LCM, with mild or moderate events
eported in around 50% of patients. The most frequent
ose-related adverse effects involved the nervous
nd gastrointestinal system and included dizziness,
eadache, nausea and diplopia. Only about 10% of
atients discontinued treatment due to the adverse
vents. Caution is advised when using LCM in adults
pileptic Disord, Vol. 17, No. 4, December 2015

ith severe cardiac disease or conduction problems
s high doses of the drug have been shown to slightly
rolong PR interval (de Biase et al., 2014).
lthough the potential usefulness of LCM is appar-
nt, it has not been well studied in the paediatric
opulation. No randomized clinical trials have been

d
t
e
a
5
c

cosamide as an adjunctive therapy for refractory focal epilepsy

onducted. Observational studies reported encour-
ging results, showing a more than 50% reduction
n seizure frequency in 30 to 50% of children with
ocal epilepsy, with the maintenance dose ranging
etween 2 and 20 mg/kg/day, with minor adverse
ffects reported in only 30% of patients (Gavatha et al.,
011; Guilhoto et al., 2011; Heyman et al., 2012; Rastogi
nd Ng, 2012; Kim et al., 2014; Yorns et al., 2014). Yet,
he optimal dose of LCM in the paediatric population
nd the profile of patients who will benefit most from
reatment still remain to be clearly determined.
he aim of this observational study was to review our
entre’s experience with LCM and to characterize its
ffectiveness and tolerability as an adjunctive therapy
or children with refractory focal epilepsy.

ethods

tudy population and data collection

e retrospectively reviewed the medical records of
5 consecutive patients who initiated treatment with
CM at the CHU Sainte-Justine, at the University of
ontreal, between November 2009 and April 2014. All

hese patients were under 21 years of age and had
ocal epilepsy refractory to multiple therapies includ-
ng medications, the ketogenic diet (three patients),
agal nerve stimulation (three patients), and surgery
one patient). All patients treated with LCM at our insti-
ution were included, independent of the status of
esponse to treatment, thus excluding the possibility
f a selection bias.
e collected data on age, sex, developmen-

al/cognitive level and other comorbidities, epilepsy
yndrome, seizure type and aetiology, duration of
pilepsy before the initiation of LCM treatment,
umber and types of previous and concomitant AEDs
sed, previous or concomitant use of other therapies

ketogenic diet, vagal nerve stimulator, or surgery),
EG findings before (available in all 22 patients) and
fter initiation of LCM treatment (available in 16 out
f 22 patients), initial and maximal daily dose of LCM,

reatment response, reported adverse events, reasons
or treatment discontinuation if any, and duration
f treatment and of follow-up after the initiation of

reatment. In patients who discontinued treatment,
ollow-up was considered to end at the time of dis-
ontinuation, although all patients continued to be
ollowed by our neurology team.
437

ata on seizure frequency before and after the initia-
ion of treatment, as determined by the neurologist at
ach follow-up visit according to the parental report
nd seizure diaries, when available. Children with
0% or more reduction in seizure frequency were
onsidered responders, while those with unchanged,
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Lacosamide as an adjunctive therapy for refractory focal epilepsy
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Table 2. Seizure characteristics and lacosamide
adverse effects in our population of patients (n=22).

Items n (%)

Seizure types:
Generalized:

Atonic 1 (5%)
Tonic 1 (5%)
Myoclonic 5 (23%)
Atypical absence 3 (14%)

Focal:
Without impairment of consciousness 5 (23%)
With impairment of consciousness 17 (77%)
Evolving to bilateral convulsive seizure 13 (59%)

Lacosamide adverse effects:
Dizziness 5 (23%)
Drowsiness 5 (23%)
Incoordination 3 (14%)
Irritability 2 (9%)
Insomnia 2 (9%)

t
m
b
o
r
a
v
r
p
t
a
d
c
s
g
m
v
e
m
c
A

ess than 50% reduction, or increase in seizure
requency, were considered non-responders. The
reatment response was determined for each patient
t two time points: three months after the initiation of
reatment (short term) and at the last follow-up visit.

tatistical analysis

e used descriptive statistics to characterize our pop-
lation of patients. Comparison between responders
nd non-responders was performed using chi-square
est and student’s t test for categorical and quantita-
ive variables, respectively. Statistical significance was
et to p<0.05.

esults

e identified 25 children with refractory focal epilepsy
reated with LCM. Three patients were excluded from
he analysis because of insufficient clinical informa-
ion in the medical records. We included 14 (64%) boys
nd 8 (36%) girls with a mean age of 12.9 years (SD:
.2; range: 5.2-20.7 years) at the initiation of treatment
ith LCM. The mean age at onset of seizures was 4.2

ears (SD: 4.1; range: birth to 12.1 years). Fourteen
64%) patients had developmental delay. All patients
ad undergone MRI scans of the brain. The putative
etiology of their epilepsy was found to be structural
n 11 patients, metabolic in 1 patient and of unknown
etiology in 10 patients (table 1). All patients had focal
nset epilepsy and the majority of them had multiple
eizure types (table 2). Twenty out of 22 patients had
ateralizing EEG findings (focal onset electrographic
eizures, epileptiform discharges or focal slowing) and
wo of them additionally had generalized epileptiform
ctivity.
atients had previously received an average of 7.5 AEDs
SD: 2.5; range: 4-14). At the initiation of treatment with
CM, the average number of concomitant AEDs was 2.3
SD: 0.9; range: 1-4). Three patients (14%) had tried but
one benefited from vagal nerve stimulation. Three
atients (14%) had tried the ketogenic diet: two did
ot tolerate the diet, one benefited for one year with a
90% control of seizures and then relapsed. Only one
atient had undergone neurosurgery which helped to
artially control epilepsy by reducing the frequency of
eizures. The mean initial dose of LCM was 2.9 mg/kg/d
SD: 1.4; range: 0.9-5.4) and the mean maintenance dose
as 8.4 mg/kg/d (SD: 4.2; range: 2.1-16.6). The average
pileptic Disord, Vol. 17, No. 4, December 2015

ength of follow-up after starting LCM was 11.9 months
SD: 11.0; range: 3 to 35 months).

total of 13 patients (59%) had more than 50% reduc-
ion of seizures at the three-month follow-up visit,
nd 10 patients (45%) still had a ≥50% reduction of
eizures at the last follow-up visit (figure 1). More-
ver, a significant proportion of patients had more

t
p
r
q
r
o
h

Headache 1 (5%)
Blurred Vision 1 (5%)
Nausea 1 (5%)

han 90% seizure reduction: 23% and 14% at the three-
onth and last follow-up visits, respectively, with one

eing seizure-free. Six patients in the study have been
n lacosamide for over two years and four were still
esponding to treatment. The patients’ characteristics
ccording to treatment response at the last follow-up
isit are presented in table 3. Responder and non-
esponder groups were identical with respect to the
atients’ age, the maximal maintenance dose attained,

he number of previous and of concomitant AEDs,
s well as the occurrence of interictal epileptiform
ischarges noticed on the regular EEG recording pre-
eding LCM treatment initiation. The only statistically
ignificant difference was observed with respect to
ender, the proportion of girls that responded to treat-
ent being greater than the proportion of boys (75%

s 29%; �2=4.43, df=1, p=0.035). Girls were not differ-
nt from boys with respect to patient age, maximal
aintenance dose attained, number of previous and

oncomitant AEDs, or the aetiology of epilepsy.
mong the six non-responders with interictal epilep-

iform discharges noticed on the last regular EEG
439

receding treatment initiation (table 3), four had EEG
ecordings before their last follow-up visit. The fre-
uency of discharges decreased in two of them and
emained unchanged in the remaining two. Only two
ut of three responders with interictal discharges
ad follow-up EEGs and their frequency remained
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Figure 1. Reduction in seizure frequency and overall response to lacosamide treatment after the short-term (three months) and
long-term (mean: 11.9 months) follow-up period.

Table 3. Patient characteristics according to response to lacosamide treatment at the last follow-up visit.

Item Responders (n=10) Non-Responders (n=12) p Value

Age, years (mean [SD]) 13.6 (5.6) 12.3 (5.0) 0.28

Gender (n [%])
Male (n=14) 4 (29%) 10 (71%) 0.035
Female (n=8) 6 (75%) 2 (25%)

Maximal maintenance dose, mg/kg/d (mean [SD]) 8.3 (4.9) 8.4 (3.6) 0.5

Number of previous AEDsa (mean [SD]) 6.5 (2.0) 8.3 (2.7) 0.054

Number of concomitant AEDs (mean [SD]) 2.0 (0.8) 2.3 (0.8) 0.11

30%)

a

u
o
T
m
c
(
t
A
3

w
w

Interictal epileptiform discharges on
the regular EEG preceding LCM
treatment initiation (n [%])

3 (

antiepileptic drugs

nchanged. No patients had increase in the frequency
f epileptiform discharges post-treatment.
40

he proportion of patients who responded to treat-
ent was similar between patients treated with a

ombination of LCM and sodium channel blockers
carbamazepine, oxcarbazepine, lamotrigine, pheny-
oin) and those treated with a combination of LCM and
EDs with a different mechanism of action (50% and
8%, respectively; p=0.57). Finally, treatment response

t
(
r
A
d
r
t

6 (50%) 0.4

as not significantly different between the patients
ith symptomatic (structural or metabolic) or cryp-
Epileptic Disord, Vol. 17, No. 4, December 2015

ogenic (unknown) aetiology of epilepsy, with 50%
5/10) and 42% (5/12) of patients respectively having
esponded to treatment.
t three months after initiation, four patients (18%) had
iscontinued treatment with LCM. Reasons for inter-
uption were mild but persistent adverse effects in
hree patients and lack of efficacy in one patient. At
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he last follow-up visit, a total of nine patients (41%)
ad discontinued treatment. Reasons were persistent
dverse effects in six patients and lack of efficacy in
hree patients.
dverse effects (table 2) were observed in 11 patients

50%), dizziness and drowsiness being the most fre-
uently reported adverse effects in our population.
o severe adverse events were reported. The average
aximal doses reached by patients with and with-

ut adverse effects were similar (8.6 and 8.1 mg/kg/d,
espectively; p=0.38).

iscussion

n three previous adult randomized, double-blind,
lacebo-controlled studies (Ben-Menachem et al.,
007; Halasz et al., 2009; Chung et al., 2010), LCM was
hown to be safe and effective with as many as 40%
f patients showing ≥50% seizure reduction by the
nd of a three-month follow-up period. Data regarding
he experience with LCM in the paediatric population
s limited, but five retrospective studies have shown
o far that the proportion of children that respond to
reatment varies between 30 and 50% (Heyman et al.,
012; Gavatha et al., 2011; Guilhoto et al., 2011; Rastogi
nd Ng, 2012; Yorns et al., 2014), indicating that the
fficacy in children appears to be equivalent to that

n adults. The present study, showing ≥50% seizure
eduction in 59% of children after the short-term three-

onth follow-up, adds more evidence toward this
nding. Our data also indicate a minor decrease in

he proportion of patients responding to LCM with
onger duration of follow-up, due to both loss of effec-
iveness and treatment discontinuation due to adverse
ffects. Nevertheless, the effectiveness of LCM was
aintained in as many as 45% of patients even after

n average of one year of treatment.
ur study does not show significant difference

etween responders and non-responders with respect
o the patients’ age, maximal maintenance dose
ttained, number of previous and concomitant AEDs,
EG findings, or the aetiology of epilepsy. The only
tatistically significant difference noticed between the
wo groups was the treatment response by gender,
ith females (75%) responding better than males

29%). This finding is surprising as no previous study
eported a gender effect on the LCM treatment
esponse and, to our knowledge, no such reports exist
pileptic Disord, Vol. 17, No. 4, December 2015

or other AEDs. However, knowing that girls are more
ikely to benefit from treatment than boys would be of
reat clinical importance and is worth being validated
y larger trials.
he maximal maintenance dose of LCM in our popula-
ion of patients was quite variable (2.1 to 16.6 mg/kg/d),
artially due to the lack of clear dosing recommen-

t
C
a
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G
a

cosamide as an adjunctive therapy for refractory focal epilepsy

ations in children. However, the mean dose was
dentical in responders and non-responders (8.3 and
.4 mg/kg/d, respectively), which suggests that the lack
f efficacy in non-responders was most probably not
ccounted for by insufficient dosing.
ur study population included only patients with

efractory focal epilepsy, reflecting the current prac-
ice at our hospital, in accordance with the FDA and
ealth Canada recommendations. However, LCM has
een shown effective in a rat model of generalized
pilepsy (Stöhr et al., 2007). Moreover, paediatric stud-

es that included patients with refractory generalized
pilepsy reported a similar efficacy to focal epilepsy
42.5%) or slightly lower (25% vs 62.5%) (Heyman et al.,
012; Rastogi and Ng, 2012; Yorns et al., 2014). Neverthe-
ess, a substantial proportion of patients responding
o treatment with LCM suggests that the indications of
se of LCM could be extended to a larger population
f paediatric patients. Future studies could investigate

he spectrum of patients with generalized epilepsies
esponding to LCM treatment.
nother important avenue of LCM use is the utility of

he intravenous formulation for the emergency treat-
ent of status epilepticus. Numerous case reports and

ase series described LCM effectiveness in adults with
arious types of status epilepticus. A systematic review
f 19 studies (136 patients) demonstrated an overall
uccess rate of 54% (Höfler and Trinka, 2013). The data
or paediatric status epilepticus is scarce, but an Ital-
an multicentre study of nine patients with refractory
tatus epilepticus has shown a success rate of LCM as
igh as 45% (Grosso et al., 2014). Although we began
sing LCM for treating status epilepticus in our centre,
ur experience is still limited.

t has been suggested that LCM, acting via the slow
nactivation of voltage-gated sodium channels, would
e more effective when combined to AEDs with dif-

erent pharmacodynamic properties (Villanueva et al.,
012). Our study results, similar to those of Kim et
l. (2014), could not find greater effectiveness of LCM
hen combined to AEDs with a mechanism of action
ther than sodium channel blockers. In fact, although

he difference was not statistically significant, we
ound more responders among patients using another
odium channel blocker than AEDs with other mecha-
isms of action (50% vs. 38%, respectively). This could
uggest that blockade of the sodium channel in differ-
nt states might improve seizure outcome. Prospective
tudies with larger sample size are, however, needed
o explore the role of LCM in polytherapy.
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ommon adverse effects reported in the adult tri-
ls and paediatric studies were dizziness, nausea,
rowsiness, diplopia, and headaches (Ben-Menachem
t al., 2007; Halasz et al., 2009; Chung et al., 2010;
avatha et al., 2011; Guilhoto et al., 2011; Heyman et

l., 2012; Rastogi and Ng, 2012; Kim et al., 2014; Yorns
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t al., 2014). In our study, similar adverse effects were
oted, with dizziness and drowsiness being the most
ommon. No severe adverse effects were reported.
s previously reported (Yorns et al., 2014), these
dverse effects tended to happen early on and often
imited the increase of LCM to optimal doses. A total of
2 (55%) patients reported persistent adverse effects,
nd in six of them this was the reason for treatment
iscontinuation. At the end of our study, a total of
1% of patients had discontinued treatment because of
dverse effects or lack of effectiveness which is within
he range from other paediatric studies (mean: 30%;
ange: from 14% to 50%) (Heyman et al., 2012; Gavatha
t al., 2011; Guilhoto et al., 2011; Kim et al., 2014; Rastogi
nd Ng, 2012; Yorns et al., 2014).
n conclusion, our study adds evidence that LCM
ppears to be an effective and safe adjunctive treat-
ent in paediatric patients with refractory epilepsy.

he profile of patients who are most likely to benefit
rom treatment is still unknown. In this respect, our
tudy is the first to suggest the possibility of a bet-
er response to treatment in girls compared to boys.
arger studies are needed to identify the best com-
inations of LCM and other AEDs that will allow for
ationale polytherapy. Innovative clinical trials will help
btain further evidence on the safety and efficacy
f LCM in paediatric patients with epilepsy and will
alidate hypotheses generated by previous observa-
ional studies (Registry and results database of publicly
nd privately supported clinical studies of human
articipants conducted around the world, 2014). �

upplementary data.
ummary didactic slides are available on the
ww.epilepticdisorders.com website.
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TEST YOURSELF
EDUCATION

(1) Is lacosamide safe and effective for treating paediatric patients with refractory focal epilepsy?

Yorns W, Khurana D, Carvalho K, Hardison H, Legido A,
Valencia I. Efficacy of lacosamide as adjunctive therapy in
children with refractory epilepsy. J Child Neurol 2014; 29(1):
23-7.
pileptic Disord, Vol. 17, No. 4, December 2015

(2) What is the lacosamide mechanism of action?

(3) What are the most common adverse events of treatm

Note: Reading the manuscript provides an answer to all q
website, www.epilepticdisorders.com, under the section
443

ent with lacosamide?

uestions. Correct answers may be accessed on the
“The EpiCentre”.

http://www.ncbi.nlm.nih.gov/pubmed?term=Rational polytherapy with lacosamide in clinical practice: results of a Spanish cohort analysis RELACOVA
http://www.ncbi.nlm.nih.gov/pubmed?term=Efficacy of lacosamide as adjunctive therapy in children with refractory epilepsy
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