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Abstract

Background: Clinical considerations for drug treatment of acute seizures involve variables such as safety, tolerability, drug-drug
interactions, dosage, route of administration, and alterations in pharmacokinetics because of critical illness. Therapy options that
are easily and quickly administered without dilution, well tolerated, and effective are needed for the treatment of acute seizures.
The objective of this review is to focus on the clinical considerations relating to the use of intravenous brivaracetam (IV BRV) for
the treatment of acute seizures in the hospital, focusing on critically ill patients.

Methods: This was a scoping literature review of PubMed from inception to April 13, 2021, and search of the American
Academy of Neurology (AAN) 2021 Annual Meeting website for English language publications/conference abstracts reporting
the results of IV BRV use in hospitalized patients, particularly in the critical care setting. Outcomes of interest relating to the
clinical pharmacology, safety, tolerability, efficacy, and effectiveness of IV BRV were reviewed and are discussed.

Results: Twelve studies were included for analysis. One study showed that plasma concentrations of [V BRV |5 min after the first
dose were similar between patients receiving IV BRV as bolus or infusion. IV BRV was generally well tolerated in patients with
acute seizures in the hospital setting, with a low incidence of individual TEAEs classified as behavioral disorders. IV BRV demon-
strated efficacy and effectiveness and had a rapid onset, with clinical and electrophysiological improvement in seizures observed
within minutes. Although outside of the approved label, findings from several studies suggest that [V BRV reduces seizures and is
generally well tolerated in patients with status epilepticus.

Conclusions: IV BRV shows effectiveness, and is generally well tolerated in the management of acute seizures in hospitalized
patients where rapid administration is needed, representing a clinically relevant antiseizure medication for potential use in the
critical care setting.
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Introduction Seizures during critical illness are common in patients with

Incidence and Management of Seizures in Hospital and pre-existing conditions, such as epilepsy.® Acute symptomatic

the Critical Care Setting

Hospital-onset seizures occur commonly as new-onset seizures,
and are likely to be acute symptomatic in origin." The reported
incidence of seizures, the majority of which are nonconvulsive,
in critically ill patients with altered level of consciousness is
approximately 20%.>™* Most seizures requiring acute medical
care will involve impaired awareness and responsiveness,
with some involving transient loss of consciousness.” A
seizure may only be detectable via electroencephalography
(EEG), which is pivotal in both diagnosing the seizure and
monitoring the response of seizures to treatment in the intensive
care unit (ICU).® Seizure activity in critically ill patients can
negatively affect patient outcomes, including increased mortal-
ity and morbidity, and increased length of hospital stay.*’
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seizures may also arise secondary to critical illness including
new-onset central nervous system insults such as traumatic
brain injury, stroke, infection, brain tumor, toxic metabolic
encephalopathy, and neurosurgical procedures.”” In addition,
some patients with coronavirus disease 2019 (COVID-19)
may develop acute symptomatic seizures because of hypoxia,
metabolic and electrolyte imbalances, multiorgan failure, or
brain damage.'®'" Drug-induced seizures have also been asso-
ciated with many medications used routinely in critically ill
patients, as frequent alterations in renal function may result in
more toxic concentrations of drugs at normal dosing.® Status
epilepticus is a common neurologic emergency with an
overall estimated incidence of 41 to 61 patients per year per
100 000 population, defined as >5 min of recurrent seizure
activity without recovery between seizures or continuous clini-
cal and/or electrographic seizure activity.'*™'*

Real-World Challenges of Seizure Management in
Critically Il Patients

Timely and effective management of seizures is essential. There
are many real-world challenges in the management of seizures
in patients in hospital and the critical care setting.'” For
example, seizures in critically ill patients may be subtle with
little or no clinical correlation which may make diagnosis chal-
lenging, and lack of continuous EEG facilities may further
impede early diagnosis and treatment. Drug-drug interactions
and pathophysiological changes such as pH alterations, fluid
shifts, renal dysfunction, and hepatic dysfunction in patients
admitted to hospital can lead to pharmacokinetic and pharmaco-
dynamic alterations, resulting in suboptimal or toxic medication
outcomes. "’

Pre-existing or new-onset renal insufficiency or compromise
is common in critically ill patients.'® Patients with acute ischemic
stroke requiring angiography with the use of a contrast agent may
also have increased risk of kidney damage through
contrast-induced nephropathy.'®!” Many critically ill patients
may have increased or decreased renal clearance, necessitating
dose modifications of renally excreted medications to avoid
therapy failure.'>'®2! Because it is mostly renally excreted,
the therapeutic effects of levetiracetam (LEV) can be compro-
mised by augmented renal clearance in critically ill patients.?'

Patients in the ICU are at risk of delirium which may lead to
behavioral disorders such as agitation and psychosis.*?*
Behavioral disorders are even more common in the neuro-ICU
where patients may already have pre-existing neurological con-
ditions (including acute brain injuries and neurodegenerative dis-
eases such as dementia).>>%’ Psychiatric and behavioral adverse
events of antiseizure medications (ASMs)**2° could make it
even more challenging to manage critically ill patients as they
are often compounded by underlying medical and neurologic
conditions and effects of medications.

Many critically ill patients have respiratory issues related to
underlying disease or drug administration, and protecting the
airway is important in this population. Central respiratory

drive suppression is common during the use of most benzodiaz-
epines and may require endotracheal intubation of the patient to
protect the airway.'**%>! For example, after a loading dose of 4
to 8 mg IV lorazepam, the level of alertness is typically
depressed and patients may require intubation, especially if
they are experiencing convulsive status epilepticus or noncon-
vulsive status epilepticus (NCSE)."

Antiseizure Medications

Intravenous (IV) ASMs used for the treatment of acute seizures
in patients in hospital include LEV, lorazepam, midazolam,
diazepam, lacosamide, sodium valproate, phenobarbital, keta-
mine, pentobarbital, and fosphenytoin/phenytoin.'*** In the
European Union, United States, and other regions globally,
LEV is indicated for the treatment of focal seizures with or
without secondary generalization, myoclonic seizures in patients
with juvenile myoclonic epilepsy, and primary generalized
tonic-clonic seizures (PGTCS) in patients with idiopathic gener-
alized epilepsy.”> > LEV has been increasingly used at many
centers to manage seizures such as early posttraumatic seizures
in the hospital and critical care setting, including in patients with
acute traumatic brain injury, aneurysmal subarachnoid hemor-
rhage, arteriovenous malformation, and brain tumor.>*® For
continuity of care, patients that have been started on LEV in
the hospital may be switched from IV LEV to oral LEV.
Brivaracetam (BRV) is a second-generation IV-available
racetam ASM and analog of LEV that displays high and selec-
tive affinity for synaptic vesicle glycoprotein 2A (SV2A) in the
brain, and is believed to reduce neuronal excitability by modu-
lating synaptic transmission.**~* BRV is primarily metabo-
lized by hydrolysis, and secondarily via hydroxylation
mediated by the cytochrome P450 2C9 and 2C19 isoforms,***!
has minimal clinically relevant drug-drug interactions, and does
not interact with drug transporter enzymes.** The time to
maximum plasma concentration (t,.,) of BRV 100 mg IV
2-min bolus is achieved in approximately 5 min (vs. 1 h for
oral BRV; Figure 1).*> Oral BRV has demonstrated efficacy
for the adjunctive treatment of adults with focal seizures in ran-
domized, controlled clinical trials in the outpatient setting.**~**
Oral BRYV is generally well tolerated with a low overall inci-
dence of treatment-emergent adverse events (TEAEs), and a
generally low incidence of behavioral and psychiatric TEAEs,
allowing treatment initiation at target dose without titration.*’
In the European Union, BRYV is indicated as adjunctive treat-
ment for focal seizures with or without secondary generaliza-
tion in patients >4 years of age.’® In the United States, BRV
is indicated as monotherapy and adjunctive therapy for the
treatment of focal seizures in patients >1 month of age,’’ and
is also approved in multiple other regions globally.
Considering the clinical challenges encountered for the treat-
ment of seizures in patients in the hospital and critical care
setting, therapy options that have a rapid onset and are well tol-
erated and effective in diverse settings are needed. Given that
the safety and efficacy of oral BRV have been established in
patients with epilepsy in the outpatient setting, it is critical to
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Figure I. Arithmetic mean (standard deviation) of single-dose brivaracetam plasma concentration versus time profiles during 24 h post dose
(pharmacokinetic-per protocol set). BRY, brivaracetam; 1V, intravenous.*® Figure by Stockis, et al. 2016, CC BY-NC-ND 4.0.

examine the current state of evidence of IV BRV in the hospital
setting. IV BRV has the potential to be used for the treatment of
acute seizures in the hospital setting (including the ICU, emer-
gency department, and the epilepsy monitoring unit) because it
can be easily administered as an IV 2-min bolus and has rapid
penetration across the blood-brain barrier, and because oral
BRYV has shown efficacy and is well tolerated in patients with
focal seizures.*” The objective of this scoping review was to
evaluate evidence related to the clinical pharmacology, safety,
tolerability, efficacy, and effectiveness of IV BRV and highlight
its utility for acute seizure management in the hospital setting.

Methods

The five-stage methodological framework for scoping reviews
was utilized.>® This scoping review focused on addressing the
questions: “What does the current state of evidence suggest
related to clinical pharmacology, safety, tolerability, efficacy,
and effectiveness of IV BRV for the treatment of acute seizures
in the hospital setting? What are the gaps in the literature?”
PubMed was searched from inception to April 13, 2021. The
search query consisted of terms related to IV brivaracetam,
seizure, status epilepticus, epilepsy monitoring unit, intensive
care unit, and critically ill (Appendix A). Additional sources
were found through a manual search of the reference lists of
the PubMed studies and through the American Academy of
Neurology (AAN) 2021 Annual Meeting website. Included

studies were English language articles or abstracts of random-
ized controlled trials, case reports, retrospective observational
studies, and cohort studies of IV BRYV in the hospital setting.
Literature/narrative reviews, animal studies, letters to the
editor, systematic literature reviews, and pooled analyses
were excluded. Outcomes of interest were the pharmacokinet-
ics, pharmacodynamics, safety, tolerability, efficacy, and effec-
tiveness of IV BRV.

Results

The initial PubMed search yielded 33 studies, the manual
search yielded 1 further study, and the AAN website search
yielded 2 studies (Figure 2). After applying inclusion and exclu-
sion criteria, 12 studies were included. Table 1 provides the
characteristics of the included publications. Table 2 provides
the information extracted based upon the selected research
questions.

A randomized, Phase 3 trial established the pharmacokinet-
ics, safety, and tolerability of IV BRV (2-min bolus or 15-min
infusion) in 105 adult patients with epilepsy, 84.8% of which
were inpatients.”> Geometric mean plasma concentrations of
IV BRV 15 min after the first dose were similar between
patients receiving 2-min bolus and 15-min infusion. The inci-
dence of TEAEs with IV BRV was similar whether initiated
first or following oral BRV, and the most common TEAEs
were somnolence (29.5%) and dizziness (14.3%). Decreases
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Figure 2. Flow chart describing study selection process. AAN, American Academy of Neurology.

Table 1. Characteristics of Included Publications (N = 12).

Characteristic

Year of Publication:

2021

2020

2019

2018

2017

2016
Journals Published:

BM| Case Reports

CNS Drugs

Epilepsia

Epilepsy & Behavior

Epilepsy Research

Seizure: European Journal of Epilepsy
Congress:

American Academy of Neurology (AAN) 2021 Annual Meeting
Type of Publication:

Abstract only

Full text
Study Design:

Individual case study

Prospective, interventional

Retrospective, observational

Single-center case series
WHO Region:

Americas

European

Multi-country

—_—— NN WwWww

[ O T N ——

WHO, World Health Organization.

in mean seizure frequency from baseline were observed in all
patients. In a subgroup analysis of this Phase 3 trial in patients
who were on concomitant LEV treatment, TEAEs in patients
treated with IV BRV with concomitant LEV were similar to
the overall population, with no new safety signals reported,
and a low incidence of individual TEAEs classified as psychi-
atric or potential behavioral disorders (<3%).>*

In a prospective, randomized, double-blind, crossover trial
in 9 patients with photosensitive epilepsy in a hospital compre-
hensive epilepsy care center, IV BRV (100 mg 5- or 15-min
infusion) eliminated the electroencephalographic photoparox-
ysmal response faster than IV LEV (median 2 vs. 7.5 min,
respectively).”> When data from the 5- and 15-min IV BRV
infusions were combined, photoparoxysmal response elimina-
tion was 61% faster with BRV (P=0.039).

An open-label, randomized, active-control, Phase 2 trial was
conducted in 45 adult patients with epilepsy admitted to the
epilepsy monitoring unit who experienced seizures requiring
acute treatment.’® IV BRV 100 mg (2-min infusion) or
200 mg (4-min infusion) showed similar efficacy to IV loraze-
pam in controlling acute seizure activity; 80% of patients who
received IV BRV were seizure free for over 12 h compared
with 60% of patients who received lorazepam, and rescue med-
ication use within 12 h was numerically higher for patients on
IV lorazepam. The incidence of TEAEs was generally similar
between IV BRV and IV lorazepam.

A retrospective cohort analysis of real-world chargemaster
data from 860 United States hospitals in the Premier
Healthcare Database was conducted in adult patients treated



(panunuod)

syuaned jo (£/€)

%EP Ul PAAISSQO seM DI
aoeyns uo snondsjide
SNJels JO uonessad
[e2180jo1sAydods|s Alieg
syuaned Jo (£/7)

%67 Ul 3uswaAo.Idw
[ea180jo1sAydozdsfe

puE [ed1ul]> 3eIpaWIW]
syuaped

JO %98 Ul 9[edS dWoNNQ
Mo3se|D ul JuswaAoadw]

snondoajida

SNJEIS JO UONESSID

a3 4oy padinba. som
AYg Al jo uonensiuiwpe
QY3 J493E SISV Joyring
BUICTITLCN )

AYg Jo3e Jusned |

Ul 933 4q Ap2a.ip
paAtasqo sem snonda|ids
Snjels Jo uonnjosaJd

pue uopENUANY

sauaned

JO%LT U AJG SO Y $T ISy
ay ui snondajids smeas
JO UORIESSD B SEM 343y

syuaped e

Ul PAIISQO 3.49M Buljaseq
wo.y Adusnbauy aunzies
UBSW Ul s95ERIID(Q

PaAJasqo
9J9M SIUIAS 3S.I2APE
«  Auojeadsaiolpaed oN

snondajids

sn3e3s 9dudsqe

Yum sauaned g Joy
P31eJD|O] [|]9M SEM AYY

« Al 'snjog 3w 0o€ ©3 00T

JusunES.D

Adg 8urnp siuaped u
POAIISQO 3U9M SIUDAD

. 9SIOAPE SNOLI3S ON

paiodau suom

s3y3L sholas oN
AjoAnnoadsau

‘Adg Al Jo uoisnjui pue
snjoq Sumoy|oy s3vaL
pajejaJ-uondalu
paaiodau syusned

O %S°I | PUE %9°6
Ausuzaun ur (%11)
9)eJ9pow Jo (%8°€9)
Pliw 349M STy SO
(%€°% 1) ssauizzip pue
(%5°67) @2usjouwos
oJom s3y3 |

juanbauy 3sow sy
uoisnyul o snjoq e

SE AYG Al PRAIDDRI OYym
sjuaned Joj pue ‘suLie
JUSWIIED.I B3 SSOUDR
Je|lwis 9J9M s3I L
paieja.-3nup pue

. s3v3L JO saduapIdy|

uoysnjul
Jo snjoq e se
Mg Al Buiaada.
siusned usamiag
JE[lWIS 9J9M 3sOp
1541 Y3 JoNe

Ui g1 AYg Al

JO SUONEB.IIUIUOD
ewse|d

UBSW J1IDWODD

VN

VN

VN

snonds|ids smeas

4O 3WoOodIN0 ‘Y HT< pPuR Y |

UIYIIM AYg 02 asuodsau
JuswWies] (SS9UIAINIBRY]

Adg yum

JuSWIIE.} UO-ppE J3)e
SIUDAS 3s.U9APE :A31jIqeas|oL

snondajids smeas
JO UONESSID :SSOUDAIIIYTF

D33 4q paAIasqo se ‘Y T
IX3U 33 UIYIM S2UNZISs
Jaya.ny Jo 9duasqe pue
‘JusueaIl AYY JO Y HT
uiyam snondsjids smeas
JO UONESSID :SSOUIAIIIYT

$9DF ped|

-Z| pue ‘s1s91 AJolelOqR|

[e21ul]d ‘suSis [B)IA ‘SIUBAD

9SUSAPE ‘SIUNOD 2JNZISS
:f311qe.s|oy pue Ayojeg

uone.ssiulwpe

Adg Al 13y

ujw G| pue 3Jojoq ulW §

Adg JO suoneuadUod
ewse|d :A8ojodewieyyd

Adg
24029 SV (11-C
:a8uel) § Jo ueipaly
8w g 471 pue
8w 0001 VdA uay3
‘snjoq 3w 00T Add
Al A9 pamojioy AW
[eseue.nul 3w Q|
7 3udned
3w Q0¥ WD
pue 8w 0091 VdA
uays ‘8w opg 03 dn
Add pue 8w 4 01 dn
dZ1 Al snjog 3| 3usned

suaned ¢

Ul yaaims AYg

01 AJ73024ip &

PIm AYe

YIIM JUBIILUODUOD

pue auojeq

UaAI aJam sgzg
pUE SISy 2|dniniy

uonenwns

SAJU sn3eA

pue (urneqedia pue

ajeweq|ay uipnppxa)
SWSY JUBIIWOdUOD

(8w 00g-00| :o8ued)

Aep/3w 00| J0

osop uelpaw e 03 dn

pare.nn ‘(8w 00Z-0§

:23ued) ulw G| JoAo

3w 001 AYE Al Sem
asop 3uipeo| uelpa|y

snjoq
8w 00€ ©3 00T Y8 Al
(Bw 97
uesw ‘8w Q7
uelpaw) 3w oof
01 00| jo sasop Ajiep
wnwixew o3 Aep
| uiyam dn parenn
(Bw og| ueaw
Bw Q| uelpaw)
8w oop 03 0§ wo.y
paLieA 93esop Ayg [eniu]

uoisnjul ulWw-g| Jo
snjoq uiw-g se (q|g
8w 001) Aep/Bw 00T
Adg Al ;poiad [aqe|
-uado ‘uonen|eAg
ogadeid Jo (Qlg
8w 001) Aep/Bwi 00T
AYg [edo :poriad

pul|g-2|qnop ‘ul-uny

(Kanfur
ure.q d1xodAy o1 anp
usned | ur oaou ap
paJanddo snondajida

smeas) snondajide

SMIEIS IM

sjuaned Jo sisAjeue

osed 9ARdadso.al
433u9d 3[8uls

AYG Al Y1m paresnn

533 shonupuod

Aq pauiwiaiap

se snonda|ids

snyeIs 9dudsqe

pue sajsdajida

pazifesauasd

EENCERTIN

syuaned jo Apmas

240yod dARdadsourad
BETIERTETLIN]

snondajida smeas

Auo3delga.-19dns

pue AJo1drlpRd YIM

siuaned Jo 1104yod

® .10} SPI0D3.1 [B2IpaW
JO MaIADJ 9ARDRdsSO.NRY

SWSY T

01 | Aq pajjosauodun
Asdajida pazijesauad

Jo [e204 pim (33e jo
saeak 0/-9|) sauaned
ul el dnoud-jaje.ed
‘W.ie-}, ‘pazZiWopUERL

423usdnINW ‘¢ Iseyy

pJem [ew.iou
[ea130j0unau
4o qun
9.D DAISUIUL
[ea180j0unau
‘wood
Aouarewe
[ea180j0anau

feasny

(98ued)
uelpaw
‘(6£-67) 89

Bumas
Aouagiawa
[eaidsoy ‘Aurwaagy

72 'z usned
‘8T 11 3usned

sjeaidsoy g
‘Auewaan

(401)
uepaw (17) ¥9

sjuanedul
[eadsoy
24om (%8'18)
Auolew ayp
qnday ysaz)
pue Auew.sn
‘pue|od

‘SN Y3 Ul sals /|

(Qs) uesw
@) 9w

(L=v)

6s810T ‘[ 39 ss[ep)

(T=v)
1,810
‘e 39 YAzdop]PzZNNg

(1=u)
g5l 10T
‘e 39 YAzoPZNIg

(s01=u)

¢s910T T30 Uy

SSUIARIRYT pue Adedlyg

AjiqeJsjo] pue Aiajes

A3ojodewieyq

synsoy

paulw.Ia sem asuodsay
9U) MOH PUE SSWONNQ Uk}

SWSY
JUBIWODUOD) IO JOoLid

(d1qe1reay 3)
UoNE.NSIUIWPY
Jo ya3ua] pue asoQg

udissq Apmg

Sunies  sdeap ‘susneg
1Apmg Jo Anuno)  jo 93y adedoay

suaney
Jo JaquinN|
uea) Uoyiny

‘[e31dsOH Ul S3USRRY Ul WEIDDBIBALIG SNOUDSARIU| L3IM JusWIeal| Bujujwex3 suonedliqnd *Z ojqeL

1137



(panunuod)

(Aj9Anoadsau

‘Ul '/ 'SA 7 uelpaw)
PIP A3 ueya Apjainb auow
SYdd pareuiw> Adg

8w 00T 40 3w 00|

Mg pm pasedwod 477
Joy aaydiy sem Y 7| ulyam
3sn uonesipaw andsay

n
Buonuow Asdajids aya
ur A1IARDE 2unzias 21nde
8uljjo.nuod ul 477 Al

03 AJ®D1YS JE|ILIS PaMOYS
(sdsop ya0q) AYE Al

uoseau
SIy3 4o} ND| O3 UoIssiwpe
PUE SOISYISIUER A| PaSU
01 Aj3)1| s3] 319M AYg 01
papuodsal oym sauaneq
y

9 uIyum asuodsa.l & uiaey
(saopuodsau Jo %5°99) €1
Yyum ‘(snondapids smeas
JO uonessad) papuodsau
sauaped (%5°€S) €7

asuodsau & Jo pooyiy|
12183.8 © YaIM paneldosse
auam ByjBw | ueyy
42431y AYE Al Jo sesog
Adg ©3 pspuodsau
swaned jo (41/£) %05

JeY) ssoupapeayIy3
JuUlisuBs) pliw papnuL
SIUDAD 9SIOAPY

s|yo.d Ajiqessjor pue
Aiages umowy| sI1 Yum
USISUOD ‘aydepEay
puUE ‘ssaulzzip ‘easneu
2.oM AYE YUM STVIL
uowIwIod 3s0W 3y |
dnous

8w 00T A¥g 3 ut
siuaned (%0°07) € pue
‘dnou8 8w 00| AYg oy
ur ssuaned (%0°0%) 9 4q
paiiodau auam 3y

(7 =u) @dusjouwos
QAISS?IX® pue (| =

u) SuluasJom a.nzias Jo
95NEI3Q SUOISEIIO € Uo
PaNURUOISIP SEM AYG
Bujuasiom

2unzids pasualiadxa |
PUE ‘uoneaIsiuiwpe
Adg J93e sdusjouwos
paiodau § ‘AYg

o3 painque s3y3 ]
pey sauaned (%p1) 9

JUsWIEDII AYg O3
paiejau paniodad adom
SIUDAD 3SIIAPE ON

533 Aq paJnsesw

SB UoNBUIWIR Ydd 02 oned

swn A37 :AYg :Adediye
s1wreudposewteyd

. VN

uopne.siuIWpE
uonEdIPaW [BL13 JO pUd Y3
. Jaye Y | uiyum (a.njrey
Juawnea. Sunuasaadaa)
uonedipaw andsaJ 03
J0 (UonBWIYUOD HIT YIM
uoneAsasqo [eaul)d Jad)

a4nzias 1xau 03 awn :Avediyy

. VN s3viL :A3ges

Auanoe
. ondajids snonunuod
Jo adueaeaddesip ayp AjiaA
01 HIJ Yam pue Ajedtuld
paJoyuow ‘snondajids
SN3E3S 10} JUSWILS.N
SE AMQ Al JO Juduies.ty
03 asuodsa. :ssauaAII[Y]

. VN s3vaL hiejes
91 N Y0 =d
HelUR )]
suapuodsaiuou
snsaoA (8w 7'7)
sJapuodsau
Jaydly
Apuedyiudis asom
SUORE.IUIIUOD
Pa1E[N[Ed AMG
wnwjuiw ‘9sop
Suipeo| a3 4oy o (3usUED. JSLAINY JO PISU
93N ‘10 =d a3 Inoym snands)ids
(1Bwg) snJels 9Aj0sa. 03 9|qe Bulaq
sJapuodsaiuou AYg se pauyep) asuodsau
snsJaA (/8w 9°7) [ed1Ul]> :SSAUBAIIRYT
sJapuodsau [opow sonsupjodew.eyd
ul seydly uone|ndod
Apuesyiudis & Suisn paje|nofed
aJam poliad sJoowe.ed aunsodxa
UoneAISqo pasejode.nxa pue AYg
ay3 Surnp Jo suone.nuaduod ewse|d
suoneJauaduod paJnseaw Ylim palg@aJod

Add sem asuodsaul [e:
«  polgNd[ed UBd .

»)
:A8ojodeWLIRYyd

Aep-p| < & uayy
‘uoisnjul ulw-g |
8w 001 AYG Al 40
paniodal 30N 3w 0051 ATTAI1 34ed

@B |
:ueipaw) Sw 4 03 |
wouy sasop

jusned | Joy
Anus [el13 38 uded
SWSY §< ‘siuaned
67 4o} Anua el

SEM dZ7 Al
“(uoisnjur

ulw-4) 8w ooz 4o
(uorsnyur urui-g)

18 UEL SWSY 02 0 3w 001 AYE Al
pali ueaq Apeade
Pey A3 y3noys (unw/i3w 060
UDAD Pasn Sem AYg -80°0 :28ueu)

uiw/BBw g|-Q sem
93,J UOISNjul UBIpaW
3y “(Bw 00b-ST
23ued) 3w Q| sem
asop 3uipeoj ue|

‘syuaned (%5°6¢€)
L1 Ul 'SWSY _yro
O 2un|re) Ja3ye pasn
Sem AYg ‘sauaned

€F 3 4o (%bpL) TE ul

3w gog asop
9duUBULIUIBW UBIPIW
pue 3w |'/0T Sem
9sOp dduUBUAIUIRW
uealy 8w Q0T
asop 3ulpeo) uelpaw
pue Bw 7| /]

sem asop Sulpeo| uea|y

AYg 34089 (£-T
:28uel) s|ISY  Uelpaly

Ul 13 JSAOSSOID

potiad-g ‘puiiq REMTER) (98ued)
-3|qnop ‘paziwopue. aJed Asdajide uesw (6=u)
‘aAndadsodd  aAIsuayaudwod ‘5N (T-81) 8'LT 40T0T [& 32 pooy
uswnes.n
a1noe Suriinbau
saJnzias pasualiadxa
oym 4sdsjids yaim (as) (s1=u
(8e yo seak 0£-81) ueaw (0" 1) dZ1AlI'§I=u
sauaned Tob dZ1 W 00T A¥E Al
ul el 3dedouod 091) 9'1¥ ‘g =u‘3w ]
-jo-jooud ‘jonuod Bwooz AN AME Al SH=U)
-3A113¢€ ‘pazIWopuel sun 3uLiojuow ‘b)) 6°€r 55020C
‘loqe|-uado ‘g aseyq Asdajida ‘5N Bw 00| AYG ‘e 33 DisJejezS
Adg Al Yim
pa1ea.n snondsjide
sMeIs YyaIm (o] ED:!
suaned ul malAa U1 JuswIER.s] PRy (ep=u)
Aaasi8a. usuLdnnw suened 91) (@s) uesw 19610C
aAndadsonay sjeadsoy  uredg “(1'€0) T9S  '[B 39 BULIBWEIUES
A4 Al YPIm
parea.nn snondsjids
SMIEIS AIM
suaned jo sisAjeur (ND1 ey jo (98ue.) F1=u)
aAndadso.nad apisano) |eaidsoy uelpaw 09610T
uuad 3(3ulg PUB|ISZIIMS (08-€€) 19 '|e 39 undey-endry

SSOUDARDDYT pue Adedlyq

Aupqeasjol pue A1ages

A3ojodewieyq paulw.9q sem asuodsay

s3nsay

9Y3 MOH pUE SBWOdINQ Ure}|

(G1qeireAy 41)
uoneIsIuIWPY
J0 yadua] pue ssoqg

SWSY
JUBIWODUOY) IO JOoLigd

udissg Apmsg Sumes  saeap ‘sausney

{Apmg jo Anuno)  jo a3y adesry

sauaney
Jo JaquunN|
43 Uoyiny

(panunuod) -z °|qel

1138



(panunuoo)

SNIBIS JO 39SUO WOJY Y §
UIym pasn sem Adg Al
uaym pue (70 =d ‘%05 sA
%18) PRIRSIUILIPE SISV
T 3S41J 341 JO | SEM I USYM
Y20q YU31|1e3 paJRISIUIWPE
SEM AYG Al USym

Ja3sey sem snondajids
smIels Jo uonnjosay
saInuIWw

M3} & UIYIIM PIAOSDI
snonda|ids smeas sausned
353y Ul pue Aduamiynsul
Asoreaidsau a|qissod pioae
01 JUBUWNEA.IY BUI|-ISl SB
A9 Al PaAIa3. syuaned 7
suaned Jo %4¢€

10} UOREISIUIWPE AYG Al
4O 4 9 3541 Y3 UIYIIM pue
‘||e49A0 AYg Al Uo saudired
4O %/§ Ul PaAjOsad
snonds|ids smeig

3JSDN Jo uonn|osad

pue AAnoe waojndsjids
Jo 934y spoliad 8uo)

A1aA Ypim ‘AYg Al Jo 3sop
Suipeo| sy Joye ulw G|
PaAJasqo JuawaAoIdwl
o1ydeagondspp

PpUE [ed1Ul]> dARIURQ

(6£0" =d) Adg pIm Jeasey
%19 SEM UODBUIWIR Ydd
.—uwc_nEOu SJ9M suoisnjul
MG Al UIW-G pue -G |
3l WouJj BIep USYAA
(9100" =) uoisnjur
ulw-G | dY3 Joj papn|IXd
SEM u:w_umn_ Js1ano ue
UsyM Ydd Suneuiwis e
AT Uey3 U91sB) SBM AYG
(1=4d)

QUOJE uoIsnjul uIW-§ Y3
40 (7T =) duoje uoisnyul
ulWw-g | dY3 IO} uonBUIWIR
Ydd ©3 oneJ awn
ATT:AYE 242 Ul 23UdIaYIp
JUeDYIUSIS OU SBM BJay ]

paAtasqo
SUOM STYJL 349A3S ON
SaWAZUD Jo,

u| aseaudu) Auo3isueny

B pRY | PUE ‘SSOUISMO.IP
pawiodau syusned g

paAJasqo

SIUDAD 3S.USAPE
Auojeaidsaolp.ed ou
2IM QUBLIIED AYg UO
9|iym smess Aioje.idsaul
o|qeas pey 3uoned ay |

paJina0
SIUSAD BSJoApE
s|qeaiodau-yq4
SNOLISS IO 9.19A9S ON
sjuaned pageaan

-A¥g # Ul paJ4ndd0o

VN

VN

(933 ypm

snondajida smeas
JO UONN|OSaJ SSBUBAIIYT]
s3viL :K3vges

VdA
pue ‘WD ‘ulolkusydsoy
‘AT dZ71 03 Adordedped
JSDN ssoua.eme
paJredwi-jedo) yam auaned
® Ul DI snonupuod
Aq paaJasqo se 3SON

JO UONESSID SSAUDAIIYT

VdA 4o

‘|eaiqaeqousyd

‘uroahuayd

AT S YaNS SWSY
s|dnjnw pue sqzg

Y 7| A1oas

8w | wezeqop

(Y T1 Adord Bwi 0G|

950p ddUBUAURW

8w 00€)

WDTAI‘(u8

Asaa9 3w (G| asop

SoueuUIRW By

/8w g asop Suipeo))

uioahuaydsoy

Al 8w 0001 AT AI

(4TI A4ard Bw 00S

9sop ddueUAUIRW

ByBw gz asop

IpeO)|) WINIPOS WA

A ‘B ) dZT1 Al
119pJo [ediSojouc.yd uj

(8w 0g7-05 :98ued)
3w 001 AYg Al SEM
asop 8uipeo| uelpajy

y 7| A1aas 8w |
9SOp @duEUAUIRW
Aq pamoj|o}
W 00T AYE Al

Jo asop 3uipeo]

A3 03 usyy

384l AYg 02 10 ‘AYg

01 uUay3l 3sdy A3 O3

Jayae paziwopued

9J9M sjuaied

uoisnyul ulw-g

8w 001 A¥E Al 40
8w 0051 AT1 Al T 34ed

T g

3.40j2q 3w INOYsem

070t

aunf 031 8|07 Ya-e|

wouy snondajids

smes yum sauaned

uo Apnis us3uadn|nw

‘[euoneAlasqo
‘9And3dsoioy

SWSY 2|dnjnw
03 Auordedpel

3SON [e204 Lpim
uaned e jo Apms ase)

AYd Al

PUEATT Al

Yam panea.y Asdajide
aAnisuasojoyd

yam sauaned

saun A8ojounau

SSOUDANDRYT puk Adedlyq

Aupqeasjol pue A1ages

A3ojodewieyy

s3nsay

paulw.9q sem asuodsay

SU3 MOH pUE SSWONNQ Ukl

SWSY
JUBWODUOYD) IO Jolid

(S1qeireAY 41)
uone.IsIuIWPY
J0 yadua] pue ssoqg

udissq Apmsg

[endsoy (@s) uesw  (95=1) .,170T
‘e ur sauls g (I'61) 6'19 [ 33 IpUBHO
(1=1) ;0707
NDI-o4nau 5N 19 ‘[e 39 Jewwy
3uniag  sdes) ‘saudned sjuaned
{Apmg jo Anuno)  jo 93y a3edory Jo JaquinN

aesy Uoyiny

(panunuod) -z a|qel

1139



-ajeoudjeA

‘VdA 'S9383S Pa3IUN ‘SN {UORE.IUSIUOD BWise|d WNWIXEW 03 SN XBLUY JUDSAD 9SIDAPE JUSSI9WD-3USUNED.) ‘JyT | {UONBIASP P.epurls ‘(S ‘@suodsau [ewsAxotedoloyd “Ydd ‘snonds|ide snaeas aAis|nAuodUOU ‘JSDN (9|qe|ieA. 10U ‘YN ‘Wejozepiw ‘Z| ‘wedsze.o|

dZ7 ‘weisdeanans| ‘A3 OPIWESOdE| ‘LD ‘ShousAe.nul A| 23ued djndenbaaiul ‘YO 2iun aJed sAisusiul ‘ND)| ‘AydesSojeydssusondse ‘H37 ‘weidolpaedond9)p ‘D)F Buldezelpozusq ‘g7Zg {WeISdRIRALIQ ‘AYg ‘UONEBIIPAW UNZIDSUE ‘|SY SUONEIASIGQY

(50> d)
AT Al SNSI9A AN Al
Yaim paseaay syusired .oy
J9MO| %/{ SEM UuoIssiwpe
NDI 404 sppo passnlpy .
(S0> d'%TH sA
%(0) SUOISSILpPEa. paje[ad
-24nzias Aep-Qg Jamo|
Apuesayuis pue (50> d
‘%TYT SA %v1) ATT Al
yum pareann sauaned
Ypim pasedwod uoissiwpe
NDI jo adusjessd Jamoy
Apuedyiudis e pey A¥g
Al Y3IMm pojeay susned o

uone|ndod

|[e49A0 a3 pue

A3 3UBIIWOOUOD YIM
AYG Al Ym pareann
syusned usamiag
sadua.ayIp Jua.edde
ou yam (%€>)

MO| SEM S.I3PJOSIP
[edolARyaq [enualod U0
o1eIYdAsd se payissed
S3V3L [enplApul

JO @duspiuUl a3y
AjoAndadsau

AT+ AYE Al

Y3Im pazea.aa sauaped jo
%€'S PUB ‘%501 ‘%S0l
‘9%€°97 Aq paiiodau
aJam “(%/°G) andney
pue (%L'9) aydepeay
(%€ ¥ 1) sseuizzip
“(%S°67) 92usjouwos
jo uonejndod ||edsr0
ay us3avaL (%5<)
uowlwiod Isow 3y |
(AjoAndadsau

‘%8°€9 SA %8'99 'SIVIL
pa3eRI-3nup %79/

SA %€°9L $Av3L)
uone|ndod |[esano

3y3 01 JE|IWIS B4oM
AJ JUBIIWODUOD YIM
A4 Al YMm panea.ny
VN syusned ul s3y3 L

(100>
d ‘%€ "SA %GS) snondojids

VN

uoIssIwpea.
paiepJ-ainzies
PpUE 3sNnEd-|[e ‘Uoissiwpe

VN NDI :ssausARdaY]

potsad Apmas
AYg Al Pue jeJo a13|dwod
a3 8urinp uopendod
|[e43A0 3Y3 pue AT
JUBWODUOD YIM AYG
Al 8unjea sausned usamiag
paJedwod auom sy
VN :f311qeJa)oy pue Ayojeg

saz4

uonenwns
9AJBU sn3eA
pue (urneqedia pue
S1eweq|e) Sulpn|Pxa)
SISV UBINWOdUOD)

patiodau 10N

uoisnjul ulw-g| Jo
snjoq uiw-g se (Qig
8w 001) Aep/3w 00T
A¥g Al ;potad jaqe|
-uado ‘uonen|eAg
ogaoeld Jo (QIg
3w 001) Aep/Bw 00T
AY9g [edo :poriad

puIlq-2|qnop ‘ur-uny

Sumss |endsoy

Y3 UIYIIM Saunzias

Joj sgzg Inoyam Jo

YIM ATT 40 AXgG Al

Yyam parea.s sauaned

3npe jo aseqereq

aJedyI[ESH JalWald

ays ui sjedsoy

SN 098 Wo.y sisAjeue
140yod 2ARdadso.ny

uswies.n

A3 uo sauaned

Ul AYG AlJO (¢910T

[ 32 uiRPy|) [e

pa||oauod-ogaded

‘POZIWOpUER. ‘g dsByq
® Jo sisAjeue dnou3qng

Ngl
sy u sjedsoy 098

mmﬂcw_uan_:_
[eadsoy auam
(%8'+8) Aiolew
a3 ‘uopejndod
||ea9A0

a3 oy ‘puejog
pue Auew.an

‘2nqnday y29z) ‘5N

1%
paydlew auoMm
s3oyod ay |
(06=
U ‘AYg ‘09€=u
‘A37) 0S¥
swuaned 3npy ,170T e 3 Aieag

([3uswiyeann
(921) L6 AT
ausWIes. JUBIWOOUOD
AT uo
JUBIWOdUOD aJam sjuaned
uo UM gel s01=u)
siuaned 45120T

8€ 9y Jo4 ‘e 39 unJely

(as) uesw

SSUAANIRYT pue Adediy3

AjiqeJs|o) pue Alayesg

ASojooewrieyy paulw.a1a Sem asuodsay

s3nsay

9Y3 MOH pUE SBWOINQ Ure}

SWSY
JUBIWODUOY) IO JOoLid

(a19e1eAY 31)

UoNE.ISIUIWPY

J0 yadua] pue ssoqg

udissg Apmsg

EHEN
{Apmg jo Anunod

saea) ‘sausned
Jo 98y 98eJoAy

sauaney
Jo JaquunN|
3y Uoyany

(Panunuod) - 3jqeL

1140



Lee et al.

1141

with IV LEV (n=360) or IV BRV (n=90) for seizures within
the hospital setting.”’ Patients treated with IV BRV had a lower
prevalence of ICU admission than patients treated with IV LEV
(14.4% vs. 242%; P <.05), as well as lower 30-day
seizure-related readmissions (0% vs. 4.2%; P <.05), and
adjusted odds for ICU admission was 47% lower for patients
treated with IV BRV versus IV LEV (P <.05). These findings
are associations and not evidence of causality, as the order of
events could not be determined from the hospital billing data.

Although outside of the approved label, IV BRV has been
evaluated in terminating seizures in patients with status epilep-
ticus and refractory status epilepticus. In a retrospective review
of medical records for a cohort of 11 patients with refractory
and super-refractory status epilepticus, status epilepticus
ceased in the first 24 h of BRV treatment in 27% of patients,
with attenuation and resolution of status epilepticus observed
directly by EEG in 1 patient.>® In a retrospective assessment
in 7 patients with status epilepticus in the emergency setting,
a median loading dose of 100 mg IV BRYV resulted in immedi-
ate clinical and electrophysiological improvement in 29% of
patients, with early electrophysiological cessation of status epi-
lepticus on surface EEG observed in 43% of patients.”® The
positive treatment response to BRV combined with absence
of cardiorespiratory adverse events resulted in no ICU admis-
sions among these patients. Another retrospective analysis in
14 patients treated with IV BRV for status epilepticus reported
that doses of IV BRV higher than 1.9 mg/kg were associated
with a greater likelihood of resolution of status epilepticus.®
A retrospective registry study of 43 patients showed that treat-
ment with IV BRV in both the hospital and ICU ceased status
epilepticus in 53.5% of patients, with over half of these patients
responding within the first 6 h.°" In a case study of a patient
with focal NCSE admitted to the neurological ICU who had
been unsuccessfully treated with a number of previous IV
ASMs (including LEV), definitive clinical and electrographic
improvement in NCSE was observed 15 min following
200 mg IV BRV, with very long periods of cessation of epilep-
tiform activity and resolution of NCSE.®* A retrospective,
observational, multicenter study of 56 patients with status epi-
lepticus in hospital neurology units reported that resolution of
status epilepticus was significantly faster when IV BRV was
administered earlier, and resolution occurred within a few
minutes in 2 patients who received IV BRV as first-line treat-
ment (instead of a benzodiazepine).63

Overall, the sample sizes of the included studies were small,
and there were gaps in the literature relating to the use of IV
BRYV for the treatment of acute seizures in the hospital and critical
care setting. Very few studies have examined the pharmacology of
IV BRV in patients in the hospital setting, and a limited number
have assessed the effectiveness and tolerability of IV BRV in
the critical care setting. In addition, no data are available on the
potentially altered pharmacokinetics of IV BRYV in critically ill
patients, which are needed to determine accurate dosing of IV
BRYV in these patients. Finally, further data are required relating
to behavioral adverse events and the absence of respiratory depres-
sion when patients in hospital are treated with IV BRV.

Discussion

IV BRYV shows efficacy and effectiveness and is generally well
tolerated in patients with seizures in the hospital and critical
care setting. Although larger well controlled studies are
needed, small real-world studies suggest that IV BRV also
reduces seizures and is generally well tolerated in patients
with status epilepticus, including those requiring treatment in
the ICU.

Providing timely and effective management of acute seizures
in patients in hospital is essential. Data from healthy volunteers
show that therapeutic doses of IV BRV have rapid penetration
across the blood-brain barrier and enter the brain faster than IV
LEV.** IV BRV acts fast, with 100 mg 2-min bolus achieving a
tmax i approximately 5 min,*> and suppression of epileptiform
activity on EEG in a median of 2 min in patients with photosen-
sitive epilepsy.”” This translates to the rapid response observed
with IV BRV. In numerous studies, resolution of status epilep-
ticus or NCSE was observed directly by clinical observation
and EEG within minutes of administration of IV BRV treat-
ment.”®>%92%3 A retrospective analysis reported that doses of
IV BRYV higher than 1.9 mg/kg were associated with a greater
likelihood of resolution of status epilepticus, and the authors
suggested a loading dose of at least 2 mg/kg in adults for the
treatment of status epilepticus.®® However, this is outside of
the current approved label for BRV, and the dosing for status
epilepticus (including weight-based vs. flat dose) has not been
formally assessed.

This review has important clinical implications for day-to-
day practice in patients in hospital, including in the critical
care setting. Although reduced renal clearance of BRV has
been observed in patients with renal impairment, dose adjust-
ments are likely not necessary, and this represents an important
advantage of BRV in patients with acute renal failure or aug-
mented renal clearance.®>®® This is beneficial in the
neuro-ICU where iodine contrast is frequently used for com-
puted tomography angiography and digital subtraction angiog-
raphy, and often patients already have multiple vascular risk
factors including hypertension and diabetes.®” For example,
there may be a patient with impaired renal function, or rising
creatinine, for instance in the setting of subarachnoid hemor-
rhage requiring repeated angiograms for evaluation of vaso-
spasm. If such patients are on a high dose of IV LEV (1 g
BID) and high rate of normal saline infusion as part of hyperten-
sive euvolemic therapy, switching to less acidic IV fluids along
with switching to IV BRV can be considered. There is also low
potential for drug-drug interactions with IV BRV. These clini-
cal considerations are especially important for patients with
acute ischemic stroke, intracerebral hemorrhage, aneurysmal
subarachnoid hemorrhage with vasospasm with inevitable use
of contrast neuroimages and therapeutic digital subtraction
angiography.'*

Patients admitted to the emergency department or ICU often
receive LEV or benzodiazepines as an initial treatment for sei-
zures. Psychiatric and behavioral adverse events of ASMs
including LEV?%233:43-68 ¢ould make it even more challenging
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to manage critically ill patients. In a pooled analysis of patients
with epilepsy receiving adjunctive oral BRV, psychiatric and
behavioral disorders were reported by 11.3% and 4% of
patients, respectively (vs. 8.2% and 2.5% with placebo); <1%
of patients discontinued due to behavioral adverse events.*’
In numerous real-world evidence studies, switching from
LEV to BRYV treatment in patients with epilepsy resulted in res-
olution of behavioral side effects in approximately two thirds of
patients.*>”*~73 In patients with focal seizures, IV BRV 100 mg
BID was well tolerated in patients on LEV treatment, with a low
incidence of individual TEAEs classified as psychiatric or
potential behavioral disorders.>* In addition, IV BRV shows
effectiveness and is generally well tolerated in patients in hos-
pital with prior LEV treatment.>*:6'~63

Respiratory depression has not been reported with BRV,*
and no cardiorespiratory adverse events were observed in
patients treated with IV BRV.>%%? This makes IV BRV a good
treatment option for patients with acute seizures, as it may not
increase the need for endotracheal intubation that is often
required for excessive use of IV benzodiazepines or anesthetic
medications such as continuous IV lorazepam, midazolam, pro-
pofol, or pentobarbital.'* Compared with drugs such as loraze-
pam and propofol, which can cause respiratory depression and
paranoia,”* IV BRV has the potential to be a viable treatment
option without leading to respiratory depression and other nega-
tive side effects. More studies are required to provide evidence
for the lack of respiratory depression for patients in hospital
and the critical care setting treated with IV BRV.

The pharmacokinetics, safety, and tolerability of IV BRV in
pediatric patients >1 month to <16 years of age with epilepsy
was studied in a Phase 2, multicenter, open-label trial.”> The
results showed that IV BRV given as a 2-min bolus or
15-min infusion was well tolerated at doses up to 200 mg/
day, with no new safety concerns identified and no unexpected
pharmacokinetic differences observed between infusion groups.

For continuity of care, patients may be switched from IV
BRYV to oral BRV. Pooled data of Phase 2b/3 and long-term
follow-up trials (>8.0 years) confirmed the safety, tolerability,
and efficacy of adjunctive oral BRV for the treatment of focal
seizures, with a 5-year retention rate of 54.4%.%

Limitations

There are limitations to this review. Our search may not have
been exhaustive as it was only conducted in 1 database
(PubMed) and 1 conference website (AAN 2021). Of note,
the limited frequency and strength of the existing evidence
identified in this review (particularly a number of smaller, retro-
spective case studies and chart reviews) should be interpreted in
context and reflects the difficulty of capturing real-world data
for patients during critical seizure events. Larger, more robust
studies are needed to confirm the trends summarized here.
Currently, BRV has not been included in NCSE management
guidelines and not enough comparative data from clinical
studies exist. Nevertheless, the strength of this review is that
it likely captures the major themes for clinical decision-making

regarding the use of IV BRV in hospital and potentially in the
critical care setting.

Conclusions

In summary, IV BRV shows effectiveness in randomized clin-
ical trials and studies in real-world settings and is generally well
tolerated in patients with seizures in the hospital and critical
care setting. IV BRV has rapid onset with clinical and electro-
physiological improvement in seizures observed within 2 min
of administration, minimal drug-drug interactions, a favorable
pharmacokinetic profile, and does not require renal dose adjust-
ments. IV BRV represents a clinically relevant ASM for the
management of acute seizures in the hospital and potentially
in the critical care setting.

Abbreviations

ASM antiseizure medication

BID twice daily

BRV brivaracetam

ECG electrocardiogram

EEG electroencephalography

ICU intensive care unit

v intravenous

LCM lacosamide

LEV levetiracetam

MDZ midazolam

NCSE  nonconvulsive status epilepticus

PET positron emission tomography

PGTCS primary generalized tonic-clonic seizures
PPR photoparoxysmal response

SV2A synaptic vesicle glycoprotein 2A
TEAE treatment-emergent adverse event

tmax time to maximum plasma concentration
UsS United States

VPA valproate.
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Appendix

A: Search Method

PubMed search: The following key words were used to
search PubMed from inception until April 13, 2021: Primary
(base) search string: intravenous AND brivaracetam (33 hits)
(https:/pubmed.ncbi.nlm.nih.gov/?term=%28%28intravenous
%29 + AND + %28brivaracetam%29%29 + AND + %28%
28%221996%2F01%2F01%22%5BDate + - + Publication%
5D+ %3A + %222021%2F04%2F13%22%5BDate + - +
Publication%5D%29%29&sort=pubdate). Secondary search
strings: brivaracetam AND intravenous AND efficacy (0 new
hits); brivaracetam AND intravenous AND safety (0 new
hits); brivaracetam and intravenous AND seizure (0 new hits);
AND status epilepticus (0 new hits); AND epilepsy monitoring
unit (0 new hits); AND intensive care unit (0 new hits); AND
critically ill (0 new hits); AND critical care (0 new hits);
AND intensive care (0 new hits). Tertiary search strings: brivar-
acetam and intravenous AND seizure AND critically ill (0 new
hits); brivaracetam and intravenous AND seizure AND criti-
cally ill AND intensive care (0 new hits).

American Academy of Neurology 2021 website search:
The following key words were used in the AAN website on
April 13, 2021: intravenous brivaracetam (https:/index.
mirasmart.com/AAN2021/SearchResults.php?q=intravenous
+ brivaracetam).

Manual literature search: Strzelczyk et al. 2017 found
through manual literature search of the reference lists of system-
atic literature reviews and clinical studies.
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