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ABSTRACT

Background Postoperative neurosurgical patients have
increased risk of seizures. Traditional anti-epileptics,

such as phenytoin, are not always effective and cause
adverse effects. Levetiracetam is the first-line therapy
due to its similar efficacy and more favourable side effect
profile. However, many patients continue to seize despite
adequate dosing. Lacosamide has been used for refractory
seizures and may offer similar seizure control without the
negative aspects of traditional agents. The purpose of this
study is to evaluate if lacosamide is as safe and effective
as phenytoin in terminating seizures in neurosurgical
patients already on levetiracetam.

Methods This retrospective, single-centre cohort study
identified neurosurgical intensive care unit (ICU) patients
>18 years old who had received levetiracetam plus either
phenytoin or lacosamide at Northwestern Memorial
Hospital between 1 January 2016 and 31 August 2017.
The primary endpoint was treatment failure and the
secondary endpoint was safety assessed by liver function
tests, blood pressure, heart rate and ECG.

Results 70 patients were included in this study, 52 in the
phenytoin group and 18 in the lacosamide group. Both
phenytoin and lacosamide groups had similar treatment
failure rates (25% vs 22% respectively, p=1). Phenytoin
use resulted in a mean decrease in systolic blood
pressure of 20.9mm Hg compared with 9.8 mm Hg in the
lacosamide group (p=0.019). There were no statistically
significant differences in the rates of other adverse effects.
Conclusions The use of lacosamide for refractory
seizures in neurosurgical ICU patients was associated
with similar failure rates, but fewer adverse effects when
compared with phenytoin.

INTRODUCTION

Postoperative neurosurgical patients
have increased risk of seizures, particu-
larly after subdural haematoma evacua-
tion or tumour resection, with the highest
risk occurring early in the postoperative
setting.' Seizures contribute substantially to
increased morbidity and mortality due to
elevated intracranial pressure and significant
increases in systemic oxygen consumption.
Furthermore, the incidence and duration
of seizures directly correlates with morbidity
and mortality in these patients.” Therefore,
intravenous medications are preferred in
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the treatment of acute seizures for more
rapid response. Traditionally, fosphenytoin
or phenytoin, valproic acid and phenobar-
bital have been used most often for seizure
cessation. However, these older anti-epileptic
drugs (AED) are not always effective and
are associated with adverse effects and drug
interactions. A newer AED, levetiracetam,
has become the firstline therapy due to its
similar efficacy alongside a more favourable
side effect profile, less frequent therapeutic
drug monitoring and minimal drug interac-
tions. Furthermore, levetiracetam has been
the preferred firstline AED at Northwestern
Memorial Hospital (NMH) for neurosurgical
patients with brain tumours to avoid drug
interactions with chemotherapy regimens.
Unfortunately, many patients continue to
seize despite adequate dosing of levetirac-
etam, necessitating a second AED. In the
past, phenytoin had been the most common
second-line agent used at this institution, but
recently lacosamide has become more widely
used for this indication.

Lacosamide was approved by the Food and
Drug Administration in 2009 for adjunct and
monotherapy for partial seizures. It works
by controlling neuronal hyperexcitability via
selective sodium channel slow inactivation
and binding to collapsin response mediator
protein-2.” Compared with phenytoin, it does
not require therapeutic drug monitoring, has
limited adverse effects and drug interactions
and is generally well tolerated. Our study
aimed to evaluate the efficacy and safety of
lacosamide versus phenytoin when added to
levetiracetam in neurosurgical patients with
refractory seizures.

METHODS

This retrospective cohort study was conducted
using the electronic health record to iden-
tify neurosurgical intensive care unit (ICU)
patients 18 years of age or older who have
received levetiracetam plus either phenytoin
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or lacosamide at NMH between 1 January 2016 and 31
August 2017. Manual chart review was then conducted
to evaluate inclusion and exclusion criteria. Pregnant
patients and patients presenting in status epilepticus were
excluded.

The primary endpoint for this study was treatment
failure defined as the addition of a third anti-epileptic
medication or recurrent seizure as evident by continuous
electroencephalogram (EEG) monitoring. The compre-
hensive list of anti-epileptic medications that could be
considered as a third-line agent included: phenytoin,
fosphenytoin, lacosamide, valproic acid, propofol,
phenobarbital, pentobarbital, carbamazepine, topira-
mate, lorazepam, midazolam, clonazepam, diazepam and
clobazam. The secondary endpoint was safety assessed
by liver function tests (LFT), blood pressure, heart rate
and ECG changes with the administration of each drug.
Elevation in LFT was defined as a twofold increase in
aspartate transaminase or alanine transaminase during
the current hospital admission after the administration
of the AED. Hypotension was defined as a decrease in
systolic blood pressure (SBP) 220mm Hg within 1hour
of AED administration compared with baseline. Brady-
cardia was defined as heart rate <60 bpm within 1hour of
AED administration compared with baseline. PR interval
prolongation was defined as PR interval >200 ms during
current hospital admission after the administration of the
AED. Per hospital policy, the maximum infusion rate of
phenytoin was 25 mg/min.

Descriptive  statistics were calculated, including
frequencies and proportions for categorical data, and
means for continuous data. A % test was used for categor-
ical variables and student’s individual t-test was used for
continuous data analyses. P value of <0.05 was considered
statistically significant. Analyses were completed using
IBM SPSS Statistics V.23.

RESULTS

A total of 156 adult neurosurgical ICU patients were
identified for inclusion. Eighty-six of these patients were
excluded due to the study medications being home
medications, ordered for another indication, or ordered
but never administered to the patient. Additionally, five
of these patients presented in status epilepticus. After
exclusions, 70 patients, 52 in the phenytoin group and
18 in the lacosamide group, were included in the analysis
(figure 1). Baseline characteristics were similar in both
cohorts (table 1). The median age was 55 years old and
39% were women. The most common admission diag-
nosis was brain tumour followed by subdural haematoma.
Thirty-seven percent of patients in the phenytoin group
and 39% of patients in the lacosamide group had a history
of seizures. Most patients (93%) underwent a craniotomy.
Eighty-one percent of patients were monitored by contin-
uous EEG during hospital admission. The decision to
give either phenytoin or lacosamide as the second-line
agent was based on provider preference. The loading

156 patients
identified

86 patients
excluded

70 patients
included in
analysis

Phenytoin Lacosamide
n=52 n=18

Figure 1 One hundred and fifty-six patients were identified
for study inclusion. Of these patients, 86 were excluded.
Patients were excluded if medications of interest were home
medications (n=56), ordered but never given (n=22) or used
for another indication (n=3). Patients who presented in status
epilepticus were also excluded (n=5). This left 52 patients in
the phenytoin group and 18 patients in the lacosamide group
for analysis.

dose of phenytoin ranged from 10 to 24mg/kg (500 to
2000 mg) with an average loading dose of 16.9+2.8 mg/
kg (1333+323mg) based on actual body weight. Free
phenytoin levels were collected on all patients in the
phenytoin cohort and ranged from 0.42 to 3.15 mcg/mlL.
Sixty-nine percent of free phenytoin levels were within
goal range of 1-2 mcg/mL with 29% above goal range
and only 2% below goal range. The lacosamide loading
dose was 200mg for all patients followed by 100 mg two
times per day for maintenance dosing.

Thirteen patients (25%) failed therapy with phenytoin
while four patients (22%) failed therapy with lacosamide
(p=1) (table 2). Treatment failure was determined by
recurrent seizures captured by continuous EEG moni-
toring in 12 patients (92%) in the phenytoin group and 3
patients (75%) in the lacosamide group. Lacosamide was
added as the third AED in 84.6% of patients who failed
phenytoin. For those patients who failed treatment with
lacosamide, phenytoin was added as the third AED 50%
of the time and valproic acid was used the other 50%
of the time. Benzodiazepines were ultimately used for
seizure control in 21% of patients in the phenytoin group
and 11% in the lacosamide group. Of the benzodiaze-
pines, lorazepam was used most often (69%). Hypoten-
sion occurred in 55% of patients in the phenytoin group
and 36% of patients in the lacosamide group (p=0.198)
(table 3). The mean drop in SBP was 20.9mm Hg in
the phenytoin group and 9.8mm Hg in the lacosamide
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Table 1 Baseline characteristics of the patients, according to treatment group.
Total Phenytoin Lacosamide

Characteristic (n=70) (n=52) (n=18) P value
Female, n (%) 27 (38.6) 21 (40.3) 6 (33.3) 0.596
Age (years), mean+SD 55.3+15.6 54.5+15 57.7£17.8 0.456
Weight (kg), mean+SD 80+19 80.2+20.8 79.8+16.1 0.932
Admission diagnosis, n (%) 0.653

Brain tumour 48 (68.6) 34 (65.4) 14 (77.8)

Subdural haematoma 7 (10) 6 (11.5) 1(5.6)

Seizure 4 (5.7) 2 (3.9) 2(11.1)

Haemorrhagic stroke 2 (2.9 2 (3.9) 0 (0)

Cranial defect 2 (2.9 2 (3.9) 0 (0)

Arteriovenous malformation 2(2.9) 2 (3.9 0(0)

Other 5(7.1) 4(7.7) 1(5.6)
History of seizures, n (%) 26 (37.1) 19 (36.5) 7 (38.9) 0.859
Procedure type, n (%) 0.107

Craniotomy 65 (92.9) 50 (96.2) 15 (83.3)

Burr hole 3(4.3) 2 (3.8) 1(5.6)

Ventriculoperitoneal shunt 1(1.4) 0(0) 1(5.6)

Transsphenoidal resection 1(1.4) 0(0) 1(5.6)

group, which was statistically significant (p=0.019). Six DISCUSSION

patients in the phenytoin group had clinically signifi-
cant hypotension (SBP <80mm Hg) with four of these
patients requiring vasopressor therapy immediately
after the administration of phenytoin. In the phenytoin
group, bradycardia and LFT elevation occurred in 9.8%
and 29% of patients, respectively. There were no inci-
dences of bradycardia or LFT elevation in the lacosamide
group. Out of the 46 patients with ECG completed in the
phenytoin group, there were no incidences of PR interval
prolongation. However, 1 patient out of the 15 patients
(6.7%) with ECG completed in the lacosamide group
experienced PR prolongation.

Table 2 Incidence of primary outcome and additional anti-
epileptic drugs used.

This study found similar efficacy between lacosamide and
phenytoin for control of refractory seizures in neurosur-
gical ICU patients which could potentially be explained
by their similar mechanisms of action through voltage-
gated sodium channels. Resistant-to-treatment seizures
are common in postoperative neurosurgical ICU patients
and there are no clear guidelines on the appropriate AED
regimen to use for this patient population.1 Phenytoin has
traditionally been used in these patients as it has been well-
studied and is familiar to prescribers. However, it requires
therapeutic drug monitoring and has multiple adverse
effects and drug interactions. Lacosamide is a newer AED
that has a more favourable pharmacokinetic profile with

Table 3 Safety outcomes based on treatment group.

Phenytoin, Lacosamide, Phenytoin, Lacosamide,

Outcome n=52 n=18 P value Outcome n=52 n=18 P value
Treoatment failure, 13 (25) 4(22.2) 1 Hypotension, n (%)* 26 (55.3) 5 (35.7) 0.198
n (%) Mean decrease 20.9+18.5 9.8+11.5 0.019
Third anti-epileptic drug added, n (%) in systolic blood

Phenytoin 0(0) 2 (50) pressure+SD, mm Hg

Lacosamide 11 (84.6) 0(0) LFT elevation, n (%)t 5 (29.4) 0 (0) 0.539

Propofol 2 (154) 0 (o) PR interval 0 (0) 1 (67) 0.246

Valorol id 00 2 (50 prolongation, n (%)%

alproic aci © 2) Bradycardia, n (%)§ 5 (9.8) 0(0) 0.316
Benzodiazepine 11 (21.2) 2(11)
use, n (%) *n=47 and n=14, respectively.
Tn=17and n=3, respectively.
Lorazepam 7(63.6) 2 (100) Fn=46and n=15, respectively.
Midazolam 4 (36.4) 0 §n=51and n=18, respectively.
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minimal adverse effects and drug interactions.* This study
showed that the use of lacosamide for refractory seizures
in neurosurgical ICU patients was associated with similar
failure rates when compared with phenytoin.

Of the 17 patients who failed therapy, 88% were deemed
as treatment failure due a recurrent seizure noted on
continuous EEG monitoring which is a more accurate
marker of breakthrough seizures than the addition of a
third AED. Furthermore, phenytoin failure could poten-
tially be due to suboptimal dosing resulting in subther-
apeutic levels in a critically ill population, however this
study had 69% of free phenytoin levels within goal range
of 1-2 mcg/mL. Additionally, phenytoin was associated
with higher rates of adverse effects including hypoten-
sion, bradycardia and LFT elevation which may partially
be attributed to the supratherapeutic free phenytoin
levels found in 29% of patients in the phenytoin cohort.

Several small studies have evaluated the general use of
lacosamide in patients with brain tumour-related epilepsy
(BTRE) and found it to be effective and well tolerated.
The NEOPLASM study was a multicentre, retrospective,
observational study that evaluated the efficacy and tolera-
bility of lacosamide in 105 adult patients with BTRE over
6months.” Thirty-one percent of patients were seizure-
free and 66% were responders, defined as a 250% seizure
reduction at 6 months after the initiation of lacosamide.
This study also found that the rates of seizure freedom and
response rates in the overall population compared with
those who switched to lacosamide because of a lack of effi-
cacy with their previous AED were similar. Lastly, this study
noted that the number of patients with adverse effects was
lower in those receiving levetiracetam plus lacosamide
than those receiving other dual therapy combinations,
although this difference was not statistically significant.
Adverse effects associated with lacosamide use occurred
in 42% of patients with the most common being somno-
lence, fatigue and dizziness. Only 4.7% of these adverse
effects led to the discontinuation of lacosamide. Saria
et al completed a retrospective chart review of 70 brain
tumour patients who had received lacosamide for seizure
management to determine the tolerability and activity
of lacosamide in patients with brain tumours.” In this
study, 66% of patients reported a decrease in seizures and
83% of these patients reported 250% decrease in seizure
frequency. Seventy-seven percent of patients did not
require additional AEDs following lacosamide therapy.
Twenty-three percent of patients reported adverse
effects with the most common being fatigue, dizziness,
nausea, confusion and weakness. Finally, a case series of
14 patients suffering from BTRE evaluated the efficacy
and tolerability of lacosamide as an add-on therapy.’ The
mean duration of follow-up was 5.4 months and at last
follow-up, the mean seizure number was reduced from
15.4 to 1.9 per month (p<0.022) after initiation of lacos-
amide. Forty-three percent of these patients were seizure-
free and only one patient had to discontinue lacosamide
due to side effects including dizziness and blurred vision.
In addition to these previous studies, the results of the

present study support the use of lacosamide for refractory
seizures in neurosurgical ICU patients.

Limitations of this study include the retrospective and
single-centre design. Due to its retrospective nature, the
timing of medication administration was dependent on
the time the medication was charted in the medication
administration record. The incidence and timing of
seizures was based on documentation in neurosurgical
notes if the patient was not on continuous EEG moni-
toring. Furthermore, it was also only possible to assess
the secondary outcome of safety on patients who had the
laboratory values and vitals documented. We were unable
to control for certain factors that may have influenced the
rate of adverse effects in our patient population including
concomitant medications and comorbidities. Lastly, due
to the small sample size, this study was not powered to
detect a difference in treatment failure rates and adverse
effects associated with each medication.

CONCLUSIONS
In conclusion, lacosamide was associated with similar
failure rates, but fewer adverse effects when compared
with phenytoin for refractory seizures in neurosurgical
ICU patients.
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