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ABSTRACT

Background: Status epilepticus (SE) is a neurologic emergency

with potential for substantial mortality and morbidity. Parenteral
benzodiazepine is the established first-line treatment but fails to control
SE in about one-third of patients. Levetiracetam may be used for SE that
is refractory to benzodiazepine therapy.

Objective: To examine, by means of a systematic review, the role of IV
levetiracetam for the treatment of SE in adults.

Data Sources: MEDLINE, Embase, CENTRAL, and CINAHL databases
were searched, from inception to August 18, 2020.

Study Selection and Data Extraction: Included in this review
were prospective randomized controlled trials comparing levetiracetam
with another antiepileptic drug, given with or after a benzodiazepine,
in adult patients with SE. The primary outcome was cessation of SE.
Quality of evidence was assessed with the Cochrane risk-of-bias tool.
Characteristics of the included studies were reported using descriptive
statistics.

Data Synthesis: Five studies compared IV levetiracetam with valproic
acid, phenytoin (or its prodrug fosphenytoin), or both. All 5 studies found
no statistically significant differences in efficacy or safety end points.
There were numerically more cases of hypotension and respiratory failure
with phenytoin, and more cases of psychiatric adverse effects (e.g., post-
ictal psychosis) with levetiracetam.

Conclusions: Available evidence suggests that levetiracetam is as
effective as valproic acid or phenytoin for the cessation of SE in adults.
Other factors should therefore dictate the choice of antiepileptic

drug for patients with SE, such as adverse effect profile, logistics of
administration, drug cost, inclusion on hospital formularies, and drug
availability.

Keywords: status epilepticus, seizures, levetiracetam, anticonvulsants,
systematic review
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RESUME

Contexte : L'état de mal épileptique (EME) est une urgence neurologique
qui s'accompagne d'un potentiel important de mortalité et de morbidité.
La benzodiazépine parentérale est le traitement de premiere ligne établi,
mais ne parvient pas a contréler I'EME chez environ un tiers des patients.
Le lévétiracétam peut s'utiliser pour les EME réfractaires au traitement par
les benzodiazépines.

Objectif : Examiner, au moyen d'une revue systématique, le role du
|évétiracétam IV pour le traitement de I'EME chez I'adulte.

Sources des données : Les bases de données MEDLINE, Embase,
CENTRAL et CINAHL ont fait I'objet d'une recherche, depuis leur création
jusqu'au 18 ao(t 2020.

Sélection des études et extraction des données : Cette revue
comprenait des essais controlés randomisés prospectifs comparant le
|évétiracétam a un autre médicament antiépileptique, administré avec ou
aprés une benzodiazépine, chez des patients adultes atteints d'EME. Le
critére de jugement principal était I'arrét de I'EME. La qualité des preuves
a été évaluée avec I'outil de risque de biais Cochrane. Les caractéristiques
des études incluses ont été rapportées a |'aide de statistiques descriptives.

Synthése des données : Cing études ont comparé le lévétiracétam IV
avec |'acide valproique, la phénytoine (ou son promédicament, la
fosphénytoine), ou les deux. Les 5 études n'ont trouvé aucune différence
statistiquement significative en termes d'efficacité ou d'innocuité.
Numériquement, les cas d’hypotension et d'insuffisance respiratoire
avec la phénytoine étaient plus élevés, et les cas d'effets indésirables
psychiatriques (par exemple, psychose post-critique) étaient plus élevés
avec le lévétiracétam.

Conclusions : Les preuves disponibles suggérent que le lévétiracétam
est aussi efficace que |'acide valproique ou la phénytoine pour I'arrét de
I'EME chez I'adulte. D'autres facteurs devraient donc dicter le choix du
médicament antiépileptique pour les patients atteints d'EME, tels que

le profil des effets indésirables, la logistique d'administration, le colt du
médicament, I'inscription sur les formulaires hospitaliers et la disponibilité
des médicaments.

Mots-clés : état de mal épileptique, convulsions, lévétiracétam,
anticonvulsivants, revue systématique

CJHP = Vol. 75, No. 1 = Winter 2022

JCPH = Vol. 75,n° 1 « Hiver 2022



INTRODUCTION

Status epilepticus (SE) is a neurologic emergency with sub-
stantial mortality and morbidity if not treated promptly.!
It is also a cost-intensive condition for health care systems,
with one study estimating the direct cost in the United
States as $4 billion annually.? Parenteral administration of
abenzodiazepine (usually lorazepam, midazolam, or diaze-
pam) is the established first-line treatment; however, benzo-
diazepine therapy may fail to control SE in approximately
one-third of patients.> Reasons for failure of benzodi-
azepines to control prolonged SE may include an increased
rate of internalization of y-aminobutyric acid (GABA)
receptors during seizure activity.*

Ongoing seizure activity requires treatment with medi-
cations that act on a variety of receptors and ion channels
to increase inhibition and decrease excitation of the neur-
ons.> In patients whose SE is uncontrolled despite receiv-
ing benzodiazepines, guidelines recommend antiepileptic
drugs (AEDs), including IV levetiracetam, valproic acid,
phenytoin, or fosphenytoin, a prodrug of phenytoin.® Guide-
lines do not indicate an evidence-based preference for any
particular AED.%7

Oral levetiracetam is frequently used for the preventive
management of epilepsy, and there is evidence to support
its use for a variety of seizure types, including monotherapy
for partial onset or generalized tonic-clonic seizures.® Com-
pared with other AEDs, levetiracetam has several potential
benefits: high oral bioavailability, low plasma protein bind-
ing, and a lack of cytochrome P450 drug interactions.® The
parenteral version of levetiracetam was only recently (in
October 2019) approved and marketed in Canada, despite
having been available in other countries for several years.?

Levetiracetam has a novel structure and multiple pro-
posed mechanisms of action that distinguish it from other
available AEDs. Although not yet well understood, its pro-
posed main mechanism is binding to synaptic vesical protein
2A, which consequentially reduces the presynaptic release of
neurotransmitters and vesicular transport of calcium ions
(Ca?").>® In addition, levetiracetam has indirect effects on
levels of intraneuronal Ca?* and GABA modulation.”? It has
no direct effects on sodium channels or GABA receptors,
the main mechanism of action of many other AEDs.”®

The objective of this review was to determine whether,
in adult patients with SE refractory to benzodiazepines,
levetiracetam was more effective in the control of seizures
than other AEDs.

METHODS

Search Strategy and Study Selection

MEDLINE, Embase, CENTRAL, and CINAHL data-
bases were systematically searched from their inception
to August 18, 2020, as outlined in Appendix 1 (available at
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https://www.cjhp-online.ca/index.php/cjhp/issue/view/207).
The search terms were “levetiracetam”, “status epilepticus” or
“epileptic state”, and “randomized controlled trial”. Results
were limited to human participants. No language restric-
tions were applied. Conference proceedings from the data-
bases searched were included in the screening process. The
search was supplemented by reviewing the reference lists of
relevant articles. A request for unpublished data from the
brand name manufacturer was unsuccessful. One author
(C.AW.) screened the title and abstract of each identified
article for inclusion or exclusion in the systematic review. Eli-
gible studies were prospective randomized controlled trials
(RCTs) that included adult patients with SE. Studies were
included if they compared levetiracetam with another AED,
given concurrently with or after a benzodiazepine.

Our primary outcome of interest was cessation of SE.
The quality of evidence was assessed independently by
2 authors (C.A.W. and E.D.O.) using the Cochrane risk-
of-bias tool.!® Any disagreement was resolved through dis-
cussion until a consensus was reached. Characteristics of
the included studies were reported using descriptive statis-
tics. No quantitative synthesis of the evidence (i.e., meta-
analysis) was performed.

RESULTS

The literature search yielded 92 records, of which 5 met our
criteria and were included in this review.!1"!> The study flow
diagram is shown in Figure 1. Most exclusions were due to
the age of participants (pediatric only) or the study design
(not clinical trials). The included studies compared IV
levetiracetam with phenytoin, fosphenytoin, or valproic acid.
In all included studies, the patients had received a benzodi-
azepine first, except in the study by Gujjar and others,'® in
which only 77% of patients received benzodiazepines. That
study was included in the review anyway, because it was felt
to be relevant despite the limitations in its methodology. A
summary of the included trials is presented in Table 1.

Each of the 5 studies included in this systematic
review found no evidence to show superiority of either
levetiracetam, phenytoin/fosphenytoin, or valproic acid
for cessation of SE. The studies reported various secondary
outcomes, none of which showed any statistically signifi-
cant differences.

In the unblinded, prospective study by Chakravarthi
and others,!! patients were randomly assigned to receive
levetiracetam or phenytoin if seizures were uncontrolled
after administration of lorazepam. Patients were excluded
if they were already taking the study drug, had a history
of allergy to any of the study drugs, or had seizures upon
drug withdrawal. No power calculation for study size was
reported. Baseline characteristics were statistically simi-
lar between the phenytoin and levetiracetam groups, with
mean ages of 32 and 39 years and past history of epilepsy
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in 67% and 77% of patients, respectively. In numeric terms,
the mean duration of SE episodes was longer in the pheny-
toin group (72.05 minutes versus 55.91 minutes), and the
incidence of remote etiology was higher (55% versus 27%).
However, as shown in Table 1, there was no difference in
the control of SE between these agents. There were also no
statistically significant differences in any of the secondary
outcomes. Seizures recurred within 24 hours in 41% (n =
9/22) of the levetiracetam group and 27% (n = 6/22) of the
phenytoin group (p = 0.34). For purposes of this systematic
review, the seizure recurrence result was confirmed with
the study’s lead author, as there was a discrepancy in their
manuscript (specifically, an error in their Table 2). A good
final neurologic outcome at discharge, defined as Functional
Independence Measure score of 5 to 7, was reported in 86%
(n = 19/22) of the patients taking levetiracetam and 82% (n
= 18/22) of those taking phenytoin (p = 0.68). The mortality
rate was the same in the 2 groups, at 9%. No adverse effects
were reported with levetiracetam, whereas 9% (n = 2/22) of
patients treated with phenytoin experienced hypotension.
In their unblinded, prospective randomized controlled
study, Mundlamuri and others!? recruited patients who

presented to the neurologic emergency service with SE. The
patients were randomly assigned to receive phenytoin, val-
proic acid, or levetiracetam as the first-line AED following
lorazepam 0.1 mg/kg administered as an IV bolus dose.
Patients were excluded if they had nonconvulsive SE; had
a hepatic, renal, or cardiac disorder; were pregnant; had
a neurosurgical disorder requiring urgent surgical inter-
vention; had a known allergy to any of the AEDs; or had
received parenteral AEDs before study entry. Patients who
were taking oral AEDs leading up to the SE event were
included. Patients were assessed for seizure cessation 30
minutes after completion of the first infusion. If the first
agent failed, patients were given one of the alternative AEDs.
In the case of failure of the second-line drug, patients were
given whichever agent they had not yet received (as third-
line treatment). The sample size was chosen based on site
feasibility over 38 months. Baseline characteristics were
similar among the groups, with mean age 33 to 35 years, a
past history of seizures in 50% to 66% of patients, and mean
duration of SE of 6.7, 7.38, and 10.18 hours in the pheny-
toin, valproic acid, and levetiracetam groups, respectively.
There were no statistically significant differences between

FIGURE 1. Study flow diagram. LEV = levetiracetam.
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TABLE 1. Randomized Controlled Trials of Levetiracetam versus Other Antiepileptic Agents for Status Epilepticus

Study No. of Patients Study Population

Interventions

Primary Outcome

Results

Chakravarthi 44
etal. (2015)"

GCSE (defined as lasting > 5 min or as

lorazepam 0.1 mg/kg IV
Age range 14-75 years

Mundlamuri 150
etal. (2015)2 > 2 discrete seizures without complete

recovery of consciousness in between)

Study drug given within 10 min after
lorazepam 0.1 mg/kg IV

Age range 15-65 years

> 2 seizures during which patient does not
regain normal sensorium) uncontrolled with

GCSE (defined as lasting > 10 min or as

PHT 20 mg/kg IV
(n=22)
LEV 20 mg/kg IV
(n=22)

PHT 20 mg/kg IV
(n =50)
VPA 30 mg/kg IV
(n =50)
LEV 25 mg/kg IV
(n =50)

Gujjar et al. 115 GCSE (defined as lasting > 5 min or recurrent  SE group:
(2017)3 with no regaining of consciousness between  PHT 20 mgrkg IV
seizures) or cluster attacks of seizures (defined (n = 30)
as > 2 partial or generalized seizures with LEV 30 mg/kg IV
return of consciousness in between), after (n=22)
IV administration of lorazepam 4 mg or
diazepam 5-10 mg in patients with observed
ongoing seizures
SE group: n = 52
Age > 15 years
Nene et al. 18 GCSE (defined as lasting > 5 min or as SVP 20-25 mg/kg
(2019)" > 2 seizures without full recovery of IV (n = 60)
consciousness in between) after receiving LEV 20-25 mg/kg
lorazepam 0.1 mg/kg IV (4—6 mg) IV (n =58)
Age > 60 years
Kapur et al. 384 Convulsive SE unresponsive to LEV 60 mg/kg IV
(2019)" benzodiazepines, 5-30 min after dose of (n = 145)

benzodiazepine

Age > 2 years

fPHT 20 mg/kg IV
(n=118)
VPA 40 mg/kg IV
(n=121)

Clinical termination of
seizure activity within
30 min

No recurrence of
seizures after 30 min

Control of SE =
cessation of seizure
with no recurrence
over 24 h and
improvement in
mental status

No seizure recurrence
after 30 min +
improvement in level
of sensorium in next
24 h, or if sensorium
did not improve but
EEG showed no NCSE

Absence of clinically
evident seizures and
improvement in the
level of consciousness
by 60 min

PHT: 68.2% (15/22)
LEV: 59.1% (13/22)
(p=0.53)

PHT: 68.0% (34/50)
VPA: 68.0% (34/50)
LEV: 78.0% (39/50)
(p=0.44)

SE group:
PHT: 73.3% (22/30)
LEV: 81.8% (18/22)
(p=0.33)

SVP: 68.3% (41/60)
LEV: 74.1% (43/58)
(p=0.49)

LEV: 46.9% (68/145)
fPHT: 44.9% (53/118)
VPA: 46.3% (56/121)

No statistically
significant differences

EEG = electroencephalography, fPHT = fosphenytoin, GCSE = generalized convulsive status epilepticus, LEV = levetiracetam, NCSE = nonconvulsive status
epilepticus, PHT = phenytoin, SE = status epilepticus, SVP = sodium valproate, VPA = valproic acid.

groups in the primary outcome of SE control with the
first-line AED. With the sequential approach to treatment,
71.3% (107/150) of the patients experienced seizure con-
trol with the first AED, 86.7% (130/150) with the addition
of a second agent (if needed), and 92% (138/150) with the
third agent, despite the extended duration of SE. Statistical
analysis was not done between subgroups of AEDs given
as second- or third-line therapy because of small numbers.
A good functional outcome at discharge, defined as modi-
fied Rankin score of 0 to 3, was reported in 74% (n = 37/50)
of patients given phenytoin first, 78% (n = 39/50) of those
given valproic acid first, and 86% (n = 43/50) of those given
levetiracetam first (p = 0.32). Mortality rates were 12%, 8%,
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and 10% for the phenytoin, valproic acid, and levetiracetam
groups, respectively (p = 0.94). One patient in the phenytoin
group suffered cardiac arrest and 2 experienced hypoten-
sion; the valproic acid group had no reported adverse events,
and the levetiracetam group had 3 patients with post-ictal
psychosis (p = 0.25).

The open-label, prospective single-centre study by
Gujjar and others" examined both patients with gener-
alized convulsive SE (GCSE) and those with cluster seiz-
ures. For the purposes of this review, only the results from
the GCSE group were included. The exclusion criteria were
known allergies, acute cardiac or pulmonary contraindica-
tions, imminent neurosurgery, pregnancy, and less obvious
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forms of seizures (e.g., pseudoseizures and seizures without
overt convulsions). Patients received IV benzodiazepine if
ongoing seizures were evident (77%), and were then randomly
assigned to receive phenytoin 20 mg/kg or levetiracetam
30 mg/kg in an open-label fashion. No power calcula-
tion was performed; rather, a convenience sample size of
100 patients was chosen (52 of whom were included in this
analysis of patients with GCSE). Numerically more patients
in the phenytoin group required management in the inten-
sive care unit (ICU), had abnormal imaging results, had a
Sequential Organ Failure Assessment score of 4 or above,
and received IV benzodiazepine. Epilepsy accounted for
56% of the SE cases, of which two-thirds were likely due
to non-adherence to medications. However, prior use of
AEDs was not described. The primary outcome of SE con-
trol, defined as cessation of seizures with improvement in
mental status and no recurrence of seizures over 24 hours,
occurred with similar frequency in the phenytoin and
levetiracetam groups (Table 1). Study protocol violations
occurred in 5 patients in each group, whereby patients were
given the alternative AED at the discretion of the treating
physician. Both intention-to-treat and per protocol analy-
ses were reported, with similar results (per protocol results
for SE control: 76% [19/25] with phenytoin, 82% [14/17] with
levetiracetam). If patients had a recurrence of seizures within
24 hours, a repeat dose of the initial AED was given, followed
by administration of the alternative AED if required for fur-
ther seizures. In the case of sequential use, all but 4 patients
achieved SE control. No significant differences were seen
between the groups with respect to poor functional out-
come at discharge (p = 0.29) or mortality. Two patients in
each group reported adverse events: transient hypotension
was documented by 2 patients in the phenytoin group,
whereas 1 case of transient thrombocytopenia and 1 case of
agitation were reported in the levetiracetam group.

In a prospective, single-centre, single-blind trial, Nene
and others!* randomly assigned adults over 60 years of age
with GCSE to receive either valproic acid or levetiracetam
after an initial dose of lorazepam 0.1 mg/kg I'V. The authors
specifically wanted to study an elderly population because
of the lack of existing evidence in this age group. Patients
who had renal, liver, or cardiac disease, those with aller-
gies to either of the study medications, and those who had
received any parenteral treatment for the index episode of
SE before arrival at the study site were excluded. No power
calculation for study size was reported. Given the inclusion
criteria, the mean age of participants was 68 years, which
represents a much older population than in the other studies.
Analysis of the baseline characteristics revealed several
differences between the groups, with more patients in the
valproic acid group having hypertension, alcohol abuse,
and a past history of stroke. Patients presenting to the study
site had ongoing seizures for a mean duration of 5.5 hours,
and the cause of seizures was unknown in approximately
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half. The primary outcome of control of SE, defined as no
recurrence of seizures after infusion of study drugs and
significant improvement in symptoms or electroenceph-
alographic changes within 24 hours, was not significantly dif-
ferent between the groups (86% versus 76% for levetiracetam
and valproic acid, respectively; p = 0.202). Interestingly,
among patients who did not experience cessation of seiz-
ures (the primary outcome), 50% (6/12) experienced subse-
quent control when levetiracetam was added to valproic acid,
whereas only 14% (1/7) did so when valproic acid was added
to levetiracetam. This difference was not significant, but the
comparison may have been underpowered. No significant
differences were seen in duration of hospital stay, modified
Rankin score at discharge, or death at 30 days. The mortality
rates were 22.4% and 18.1% among patients who received val-
proic acid and levetiracetam, respectively (p = 0.927). The only
adverse effect noted by the authors was evidence of hepatic
dysfunction on day 3 for 1 patient in the valproic acid group.
In the largest prospective, randomized study in our
review (and the only multicentre, double-blinded trial),
by Kapur and others,' patients aged 2 years or older were
randomly assigned to 1 of 3 treatment arms: levetiracetam
60 mg/kg, fosphenytoin 20 mg/kg (phenytoin equivalent),
or valproic acid 40 mg/kg. Patients were recruited from
57 hospital emergency departments in the United States.
The primary exclusion criteria were having a seizure pre-
cipitant of major trauma, anoxic brain injury, or hypo- or
hyper-glycemia; having already received an AED for the
index episode of SE; or being pregnant or incarcerated. A
power calculation showed that a maximum of 720 patients
would be required; however, the trial was stopped after
enrolment of 400 visits (by 384 unique patients) based
on a predefined stopping rule for the futility of finding
one drug to be superior or inferior. Baseline character-
istics were similar among all 3 groups, with mean age of
approximately 33 years and a history of epilepsy in 67% to
69% of patients. The median duration of seizure at enrolment
was approximately 60 minutes. No treatment was found to
be superior to the others for the primary outcome of seizure
cessation and improved level of consciousness at 60 minutes
without the use of other anticonvulsants. Approximately half
of the patients had a response to each of the 3 treatments.
Efficacy results were comparable between the intention-
to-treat, per-protocol, and adjudicated-outcomes analyses.
A post hoc analysis of patients with a response to treatment
showed that seizure cessation within 20 minutes was also
not significantly different among the groups (77.9% with
levetiracetam, 81.1% with fosphenytoin, and 78.2% with val-
proic acid). The authors reported on the time from the start
of the study drug infusion to seizure cessation, although
these data were available for only 10% of patients enrolled
(those with an audio recording of the clinical event available
to corroborate the documented time of seizure cessation).
There was no statistically significant difference among
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groups, and the median times ranged from 7 minutes in the
valproic acid group to 10.5 and 11.7 minutes in the leve-
tiracetam and fosphenytoin groups, respectively. Rates
of ICU admission were approximately 60%, regardless of
treatment group. The length of ICU stay was also similar,
with a median of 1 day for all groups. There was no statis-
tically significant difference in mortality among the groups,
with rates of 4.7% for the levetiracetam group, 2.4% for the
fosphenytoin group, and 1.6% for the valproic acid group.
Similarly, no statistically significant differences in adverse
effects were found. The most commonly reported adverse
effects were a need for endotracheal intubation (20% for
the levetiracetam group, 26.4% for the fosphenytoin group,
and 16.8% for the valproic acid group) and acute respiratory
depression (8% for the levetiracetam group, 12.8% for the
fosphenytoin group, and 8% for the valproic acid group),
which may have been secondary to treatment with benzodi-
azepines or the seizures themselves, rather than the AEDs.
No other adverse effects occurred in more than 10% of
patients, which supports the safety of the higher doses given.
There was numerically, but not statistically, more encephal-
opathy reported with levetiracetam than with phenytoin or
valproic acid (2.7%, 0%, and 0.8%, respectively).

The risk-of-bias assessment is summarized in Table 2,
with complete details provided in Appendix 2 (available at
https://www.cjhp-online.ca/index.php/cjhp/issue/view/207).
The study by Kapur and others' had a low risk of bias,
whereas all other studies were ranked as having a high risk
of bias because of incomplete blinding. The studies by Chak-
ravarthi and others'! and Gujjar and others'? also had poor
randomization methodology, the study by Chakravarthi
and others'! had a risk of selection bias due to inadequate
allocation concealment, and the study by Mundlamuri and
others'? had missing data that were not clearly addressed.

DISCUSSION

Previous systematic reviews have examined the comparative
efficacy of antiepileptic agents in SE. A 2014 meta-analysis'®
of results from 23 articles found that the rates of seizure

cessation were as follows: with levetiracetam, 68.5% (95%
confidence interval [CI] 56.2%-78.7%); with phenobarbital,
73.6% (95% CI 58.3%-84.8%); with phenytoin, 50.2% (95%
CI 34.2%-66.1%); and with valproic acid, 75.7% (95% CI
63.7%-84.8%). Although phenytoin appeared to have lower
efficacy, this result was not statistically significant, and all
of the CIs were wide. However, the articles included in the
meta-analysis were mostly retrospective reports, with only
1 RCT included. A 2016 direct and indirect meta-analysis
of levetiracetam, valproic acid, and phenytoin also found
no statistically significant differences among the agents in
terms of clinical seizure cessation, but there was a lack of
statistical power to detect a difference.l” Our review dif-
fers from past reviews in that only RCTs comparing leve-
tiracetam with other agents were included (to minimize
bias), along with the recently published study by Kapur and
others.!> However, our results are consistent with those of
previous studies, in that no significant differences in SE ces-
sation were found among the various AEDs.

Before publication of the large study by Kapur and
others,'® in 2019, comparative studies were each limited to
a single centre, were underpowered, and lacked blinding.
Furthermore, known regional variations in the common
causes of SE and delays in treatment initiation (resulting
in long duration of seizures before treatment) make it
difficult to extrapolate the results of these earlier studies,
which were based in South and West Asian countries, to
Western populations. The addition of the multisite trial by
Kapur and others® to this body of literature has provided
confirmation of previous results, by means of an adequately
powered study. In that study, AED administration occurred
approximately 1 hour after the onset of seizure activity,
patients of most age categories were included, and the etiol-
ogies represented local trends in North America.

The focus of the current systematic review was the
treatment of SE in adults, and studies involving only pedi-
atric patients were therefore excluded; however, most of the
included trials involved children as well as adults. Three of
the studies'"* included adolescents (at least 14 or 15 years
old); however, the investigators did not report the number of

TABLE 2. Risk of Bias of the Included Studies

Type of Bias; Level of Risk

Random Blinding of Blinding of

Sequence Allocation Participants Outcome Incomplete Selective
Study Generation Concealment  and Personnel Assessment Outcome Data  Reporting  Other
Chakravarthi et al. (2015)" High High High Unclear Low Low Low
Mundlamuri et al. (2015)"? Low Unclear High Unclear High Unclear Low
Guijjar et al. (2017)"3 High Unclear High Unclear Low Low Low
Nene et al. (2019)™ Low Unclear High Unclear Low Low Low
Kapur et al. (2019)" Low Low Low Low Low Low Low
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participants who were under 18, nor did they perform a sub-
group analysis by age. Kapur and others'” included patients
as young as 2 years of age, and 39% of the participants were
children or adolescents. In a subsequent publication from
the same trial, the researchers did perform a subgroup
analysis, which showed that results for the primary outcome
of seizure cessation were consistent across age groups.'®

All 5 studies included in the current review found no
superiority of levetiracetam, phenytoin, or valproic acid for
SE cessation. In addition, no differences were identified in
terms of the need for ICU admission, the length of hospital or
ICU stay, efficacy of the medications when administered as
the second AED, neurologic function at hospital discharge,
mortality, or adverse effects. However, there were signals that
phenytoin may cause more hypotension and adverse cardiac
effects, and that levetiracetam may cause more psychiatric
adverse effects, such as agitation or psychosis.

Three of the included studies showed that in the case of
failure of the first AED, giving a second antiepileptic agent
increased the likelihood of seizure cessation, regardless of
the order in which the medications were given.!>* Over-
all, the addition of a second AED, if needed, resulted in a
total of 77% to 92% of patients experiencing seizure control.
This benefit may prevent the need for intubation in some
patients with SE.

There were differences among the trials in terms of the
doses of AEDs given; in particular, the dose of levetiracetam
ranged from 20 to 60 mg/kg (maximum 4500 mg).""!> In
addition, differences in methodologies and definitions of
the primary outcomes make it difficult to compare results
across the various studies. Based on the available evidence,
the ideal dose of levetiracetam for SE remains unclear, and
there have not been any head-to-head trials comparing dif-
ferent levetiracetam doses for SE in adults.

With no proven difference among levetiracetam,
phenytoin, and valproic acid in terms of efficacy for cessa-
tion of SE, other factors may dictate which AED to give after
a benzodiazepine in patients with this condition. These fac-
tors may include the logistics of administration, drug cost,
inclusion on hospital formularies, and drug availability. Val-
proic acid for IV administration is currently not marketed
in Canada and is only available through Health Canada’s
Special Access Programme. Given its ease of preparation
and rapid administration (it may be given as a 5-minute
IV bolus “push” dose), valproic acid is a practical agent to
administer between IV lorazepam doses.! Valproic acid is
not commonly associated with hypotension, but potential
cytochrome P450 interactions, metabolic disorder contra-
indications, and liver function must be considered before
administration. Phenytoin has a number of potential issues
that may make it a less desirable choice. Rapid administra-
tion of this drug, which is diluted in propylene glycol for
solubility, has been associated with hypotension and car-
diac arrhythmias.?° It is therefore recommended to be given
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at a maximum rate of 50 mg/min, with 20-30 minutes often
being required for administration of the complete dose.?
This prolonged administration time may prevent the
administration of other fluids and medications, including
lorazepam, through the same IV line and could theoretic-
ally delay clinical onset of effect. Phenytoin can also cause
local venous irritation during administration, which may
be reduced by giving the dose through a large peripheral or
central IV line. Fosphenytoin, the more costly water-soluble
prodrug of phenytoin, is thought to be more readily tolerated
and can be given at a faster infusion speed of 150 mg/min.!
However, the faster infusion speed may not lead to a faster
clinical onset because of the time required for metabolic
activation (hydrolysis) into the drug’s active form, and ser-
ious adverse effects also occur with fosphenytoin (as with
phenytoin).??>4 Phenytoin also requires careful therapeutic
drug monitoring because of its narrow therapeutic window
and nonlinear pharmacokinetics.?* Finally, as an inducer
of the cytochrome P450 3A4 and 2C9 isozymes, phenytoin
is subject to many drug interactions.?’ In contrast, leve-
tiracetam does not cause significant injection site irritation,
can be administered over a shorter period (10-15 minutes),
and does not have cytochrome P450-mediated drug inter-
actions.!>?> Tt has, however, been associated with neuro-
psychiatric effects, such as somnolence, ataxia, depression,
and agitation.?

Some potential limitations of this systematic review are
the small number of studies, the high risk of bias in some
of the studies, and heterogeneity in terms of participants
studied and definitions of SE cessation. Only 5 studies
met the inclusion criteria for this review, and the number
of participants in each trial ranged from 44 to 384. Only
the largest trial, by Kapur and others," reported a power
calculation for their sample size. Exclusion of nonrandom-
ized data from our review may have reduced the ability to
detect trends in secondary outcomes (e.g., adverse effects)
which may have been apparent with higher numbers of
patients. Despite limiting this systematic review to RCTs,
all of the included studies were ranked as having a high risk
of bias in at least 1 domain, except for the trial by Kapur
and others.!> The most common reason for unclear or high
risk of bias was the lack of blinding of study personnel or
outcome assessors. Studies differed in terms of age of par-
ticipants, definitions of SE, and definitions of SE cessation.
This heterogeneity would make the use of a meta-analysis
inappropriate for this review.

CONCLUSION

IV levetiracetam at doses of 20 to 60 mg/kg appeared to be
just as effective as valproic acid 20 to 40 mg/kg or phenytoin
20 mg/kg when given with or after benzodiazepines for the
treatment of SE. Levetiracetam efficacy rates for cessation
of SE ranged between 46.9% and 81.8%, depending on the
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definition used. Although perhaps underpowered to allow
conclusive statements, the included studies showed no sta-
tistically significant differences among agents for secondary
outcomes, including adverse effects. However, there were
numerically more cases of hypotension and respiratory fail-
ure with phenytoin, and more cases of psychiatric adverse
effects (e.g., post-ictal psychosis) with levetiracetam. Other
factors, including drug interactions, comorbidities, logis-
tics of administration, availability, and cost, may be con-
sidered on a patient-specific basis to determine the drug of
first choice. Should a first antiepileptic agent fail to control
SE, the addition of a different AED treatment may increase
the likelihood of achieving cessation of SE.
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