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Introduction
Epilepsy is the most common chronic neurologi-
cal condition. Globally, 65 million individuals are 
affected1 and the diagnosis is made in an esti-
mated 2.4 million people each year.2 Despite the 
availability of over 14 new antiepileptic drugs 
(AEDs) during the past three decades, repeated 
outcome analyses show that >30% fail to achieve 
prolonged seizure freedom with medical treat-
ment.3–5 The introduction of novel agents is, 
therefore, welcome. Brivaracetam (BRV) is the 
latest AED to be licensed in Europe and the USA 
for the adjunctive treatment of focal-onset 

seizures with or without secondary generalization 
in patients aged 16 years or older. This article dis-
cusses the pharmacological properties of BRV,  
its performance in regulatory studies, details of its 
efficacy, tolerability and safety profiles and its 
place in everyday clinical practice.

Mechanisms of action and activity profile in 
animal models
BRV was discovered during a large-scale pro-
gramme aimed at optimizing pharmacodynamic 
activity at a novel molecular AED target.6 It is the 
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n-propyl analogue of levetiracetam (LEV; Figure 
1), which acts as a high-affinity ligand for synap-
tic vesicle protein 2A (SV2A). SV2A is an integral 
transmembrane glycoprotein expressed in neu-
rons and endocrine cells, which is involved in the 
modulation of synaptic vesicle exocytosis and 
neurotransmitter release.7 It also appears to have 
an important role in epileptogenesis, since SV2A 
deficiency in transgenic mice leads to increased 
seizure vulnerability.6

Like LEV, BRV binds to SV2A, but this molecule 
has more selective binding with the protein and a 
15- to 30-fold higher binding affinity.8 The SV2A 
protein has been shown to be the primary molec-
ular target of the anticonvulsant activity of both 
drugs.9,10 BRV enters into recycling synaptic vesi-
cles, producing a frequency-dependent decrease 
of synaptic transmission at 100-fold lower con-
centrations than LEV.11 The drug has also been 
shown to be more effective than LEV in slowing 
synaptic vesicle mobilization.12 Radioligand bind-
ing studies suggest that LEV and BRV may act at 
different binding sites or interact with different 
conformational states of the SV2A protein.13 BRV 
also has inhibitory activity at voltage-gated 
sodium channels, but there is no evidence to sug-
gest that this mechanism is relevant to its anticon-
vulsant properties.14

In animal models, including amygdala-kindled 
mice, BRV provides protection against focal and 
secondary generalized seizures, being more potent 

than LEV in protecting against secondary gener-
alization.6 BRV has also had significant anticon-
vulsant effects in genetic models of epilepsy, 
including the Genetic Absence Rats from 
Strasbourg.15 There is evidence from a rat model 
of self-sustaining status epilepticus that BRV may 
also be an effective treatment in this situation.16,17 
BRV crosses the blood–brain barrier much more 
rapidly than does LEV and reaches maximal brain 
concentration within minutes following intrave-
nous administration.16 The use of BRV with diaz-
epam in this model reduced frequency of 
spontaneous recurrent seizures, cumulative sei-
zure time and spike frequency.17

Pharmacokinetics
When BRV was administered to healthy adult 
male volunteers, it was absorbed rapidly, with 
kinetics unaffected by the presence of food.18,19 
The drug undergoes first-order pharmacokinetics 
with a volume of distribution close to total body 
water (VZ = 0.5 l/kg) and low plasma protein 
binding (17.5%).20 The elimination half-life is 7–8 
h. The major route of metabolism is by hydrolysis 
of the acetamide group, which leads to the pro-
duction of a carboxylic acid metabolite, constitut-
ing 34% of urinary excretion.19 Secondary routes 
of metabolism include hydroxylation mediated by 
cytochrome P450 2C19 (CYP2C19).20 Hydrolysis 
of the amide moiety results in the production of 
acid metabolites (34.2% of the radiolabelled 
dose). There is also CYP-mediated hydroxylation 

Figure 1.  Chemical structures of levetiracetam and brivaracetam.
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of the n-propyl side chain (15.9% of the dose). A 
hydroxyacid metabolite is formed by both of these 
pathways (15.2% of the dose). Glucuronic acid 
and taurine conjugates play a minor role in its 
elimination, with 8.6% of the dose being recov-
ered unchanged in the urine.20 The three BRV 
metabolites (acid, hydroxyl and hydroxyacid) are 
all pharmacologically inactive.

Although BRV is extensively metabolized, the 
main circulating compound is the unchanged 
molecule, accounting for over 90% of the plasma 
radioactivity following an oral dose of 14C-labelled 
BRV in healthy humans.20 Renal clearance of 
unchanged BRV is low (0.04 ml/min/kg).19 
Around 95% of metabolite elimination is via the 
kidneys, with an unchanged fraction of 8–11%.20,21

BRV clearance is increased in homozygous 
extensive metabolizers via CYP2C19, although 
this pathway appears to be insignificant com-
pared with hydrolysis to the acid metabolite.22 
There is no evidence of enzyme induction with 
this AED. Severe hepatic dysfunction may pro-
long its half-life to up to 17.4 h with BRV expo-
sure being increased by 50–60%.23 It is 
recommended that the daily dose be reduced by 
one-third in these circumstances. No dosage 
reduction is required in patients with renal 
impairment, although there are no available data 
in patients on dialysis for end-stage renal dis-
ease. Pharmacokinetics are similar in children 
and adults.24 A paediatric dose adaptation of 2 
mg/kg bodyweight twice daily with a maximum 
of 100 mg twice daily for bodyweight over 50 kg 
is predicted to ensure steady-state plasma con-
centrations in the same range as in adult patients 
receiving BRV 100 mg twice daily.

Fertility, pregnancy, teratogenicity and 
breast feeding
There are limited fertility, pregnancy and terato-
genicity data regarding BRV in humans.25 In ani-
mal studies, BRV did not affect male or female 
fertility and no teratogenic potential was demon-
strated in rat or rabbit models. Embryotoxicity 
was observed in rabbits at a maternal toxic dose 
of BRV with an exposure level eight-fold the clini-
cal area under the curve exposure at the maxi-
mum recommended dose. In rats, BRV was 
shown to cross the placenta and to be excreted in 
breast milk with concentrations similar to mater-
nal plasma concentrations. As with all women of 
childbearing potential with epilepsy, those taking 

BRV should receive counselling about these 
issues throughout their management and during 
pregnancy.26

Drug interactions
BRV has a low potential for drug interactions. 
There is the possibility for plasma concentrations 
to increase when the AED is given with inhibitors 
of CYP2C19, such as fluconazole and fluvoxam-
ine, although adverse clinical consequences are 
thought to be unlikely.25 BRV approximately 
doubles the effect of alcohol on psychomotor 
function, attention and memory, although there 
is no pharmacokinetic interaction.27 In regulatory 
studies, when BRV was coadministered with 
LEV, there was no added efficacy, and no safety 
or tolerability issues were observed.28 Hepatic 
enzyme-inducing AEDs, such as phenobarbital, 
phenytoin and carbamazepine, reduce slightly 
BRV plasma concentrations but no dose adjust-
ment is thought to be required.25,29 However, 
when BRV was given with carbamazepine, there 
was a 2.6-fold increase in carbamazepine epoxide 
concentrations.29 The clinical relevance of this 
potential interaction is thought to be minimal.30,31 
In healthy subjects, rifampicin reduces the BRV 
area under the concentration curve and thus BRV 
dosing may need to be increased in patients tak-
ing these two drugs.32 The summary of product 
characteristics also advises caution when consid-
ering coadministration with other enzyme induc-
ers, such at St. John’s wort.25 In vitro studies have 
shown that BRV may increase plasma concentra-
tions of drugs metabolized by CYP2C19, such as 
lansoprazole, omeprazole and diazepam.25 A 20–
30% reduction in the exposure of ethinylestradiol 
and levonorgestrel occurred with BRV 400 mg/
day,33 but no interactions were observed with a 
dose of 100 mg/day.34 Concentrations of drugs 
transported by the transmembrane protein 
organic anion transporter OAT3 (acyclovir, 
bumetanide, ciprofloxacin, zidovudine, pravasta-
tin, rosuvastatin, sitagliptin, famotidine, furosem-
ide, penicillin G and methotrexate) may be 
reduced by 200 mg daily of BRV.25

Efficacy
The efficacy and tolerability of adjunctive BRV in 
adults with focal-onset seizures have been 
explored in six randomized, placebo-controlled 
studies (Table 1). During two phase IIb studies, 
adults with focal-onset seizures were randomized 
to receive BRV 5, 20 or 50 mg/day35 and 50 or 
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150 mg/day.36 In both studies the primary effi-
cacy endpoint of percentage reduction in focal-
onset seizures from baseline was statistically 
significant for patients receiving 50 and 150 mg/
day, but not for smaller doses.

During four subsequent phase III studies patients 
received 5–200 mg/day BRV or placebo. Three 
studies employed fixed BRV doses37,39,40 and one 
was a flexible dosing trial.38 The percentage 
reduction in focal-onset seizures from baseline 
was statistically significant for patients receiving 
100–200 mg/day in the three flexible dosing stud-
ies, and for patients taking 50 mg/day in study 
NO1253.35–37 This primary efficacy endpoint did 
not reach statistical significance in the flexible 
dose study in patients receiving BRV 50–150 mg/
day,38 nor for lower doses of 5 mg and 20 mg/
day.35,37,39 Statistically significant seizure freedom 
rates of 4.0–5.2% were achieved in patients 
treated with 100–200 mg BRV daily in the largest 
study.40 Health-related quality of life scores from 
patients participating in the fixed dose studies 
were stable or improved over the trials.41

Meta-analyses of adjunctive BRV for patients 
with refractory focal seizures have been under-
taken.42,43 Results from 1639 adults who partici-
pated in five randomized, controlled studies 
found the pooled risk ratio of BRV versus placebo 
was 4.11 (95% CI 1.39–12.21) for seizure-free 
rates and 1.80 (95% CI 1.43–2.26) for 50% 
responder rates. These results were statistically 
significant, although the pooled risk ratio of 1.08 
(95% CI 0.73–1.59) for withdrawal rates was 
not.42 The 50% responder rate for patients receiv-
ing BRV was significantly higher than placebo for 
daily doses of 20 mg, 50 mg and 100 mg, but not 
statistically significant for 5 mg or 150 mg. 
Patients randomized to receive BRV were statisti-
cally more likely to develop fatigue and somno-
lence than those receiving placebo.

The analysis of six randomized, controlled studies 
in which 2399 adults participated found the over-
all pooled risk ratios for seizure freedom and 50% 
responder rate were 4.74 (95% CI 2.00–11.25) 
and 1.79 (95% CI 1.51–2.12) respectively.43 
Doses achieving a 50% or more reduction in sei-
zures were 20–200 mg/day. Where BRV was 
administered to patients already receiving LEV, 
the AED was not effective in reducing seizure fre-
quency by 50%. The authors postulated that this 
outcome may reflect the similar chemical struc-
ture and mechanism of action of the two AEDs. 

BRV was significantly more likely than placebo to 
be associated with irritability, fatigue, somno-
lence and dizziness.

Using an indirect comparison meta-analysis, the 
efficacy and tolerability of adjunctive BRV was 
compared to that of lacosamide, eslicarbazepine 
acetate and perampanel in patients with focal-
onset seizures who participated in randomized, 
controlled trials.44 No significant differences were 
demonstrated using minimum (BRV 50 mg/day, 
eslicarbazepine acetate 800 mg/day, lacosamide 
200 mg/day, perampanel 8 mg/day) and the high-
est effective tolerated doses (BRV 200 mg/day, 
eslicarbazepine acetate 1200 mg/day, lacosamide 
400 mg/day, perampanel 12 mg/day).

An efficacy, tolerability and safety analysis con-
cluded that studies provided Class 1 evidence 
that adjunctive BRV is effective in reducing focal-
onset seizure frequency in adults with uncon-
trolled seizures.45 Efficacy in elderly people is 
comparable to that in younger subjects with no 
dosage adjustment required.46

Outcomes with BRV were evaluated in 47 (94% 
of ITT population) adults with Unverricht–
Lundborg disease (genetically ascertained 
EPM1), who participated in two prospective, 
multicentre, double-blind phase III trials.47 
Overall, 106 patients with moderate to severe 
myoclonus were randomized to receive BRV 50 
mg/day, 150 mg/day or placebo in study NO1187 
and 5 mg/day, 150 mg/day or placebo in study 
NO1236. Doses were titrated over 2 weeks with a 
treatment period of 12 weeks. NO1187 was com-
pleted by 47 of 50 patients; NO1236 by 54 of 56 
randomized. There was no significant improve-
ment in action myoclonus scores with the three 
BRV doses. However, the drug was well tolerated 
with high study completion rates. The authors 
postulated that perhaps doses were too small to 
produce improvements or that action myoclonus 
was not the optimal assessment tool for efficacy 
due to wide intra-patient variability.

Tolerability and safety
Dose-related adverse effects reported in the regu-
latory studies were classified by investigators as 
generally mild to moderate.48 The commonest 
comprised headache, somnolence, dizziness, 
fatigue and nausea.35–40,47 Overall, of 2218 patients 
randomized to receive BRV in these trials, 136 
(6.1%) discontinued the drug due to adverse 
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events.48 Pooled data from phase II and phase III 
studies suggested that long-term treatment with 
BRV was well tolerated.49

Psychiatric disorders were reported in less than 
3% of study patients receiving BRV.35,37–40 The 
exception was the NO1114 study, analysis of 
which also showed that patients randomized to 
placebo were almost twice as likely to report psy-
chiatric problems.36 Irritability, agitation, anxi-
ety, insomnia, aggression and depression were 
the commonest symptoms. One patient receiving 
BRV in the NO1252 study had the drug with-
drawn following an episode of psychosis.39 In the 
Unverricht–Lundborg studies, psychiatric symp-
toms were reported by 9 of 106 (8.5%) patients 
randomized in each of the BRV and placebo 
arms.47

Dosage and administration
BRV is available in 10 mg, 25 mg, 50 mg, 75 mg 
and 100 mg film-coated tablets and a bioequiva-
lent 10mg/ml solution25 for oral administra-
tion.50,51 The tablets contain lactose and, 
therefore, are not suitable for patients with galac-
tose intolerance, lactase deficiency or glucose–
galactose malabsorption. The solution can be 
diluted in water or fruit juice and can be given by 
nasogastric or gastrostomy tube. It contains sorb-
itol (E420) and may not be suitable for patients 
with fructose intolerance. It also contains methyl-
parahydroxybenzoate (E218), a paraben ester, 
which can produce allergic reactions. For patients 
requiring parenteral administration, there is a 
bolus injection solution or a 15-min intravenous 
infusion, both at a concentration of 10 mg/ml. 
The injection does not need to be diluted, 
although it may be mixed with 0.9% sodium chlo-
ride injection USP, lactated Ringer’s injection or 
5% dextrose injection USP.

Use in clinical practice
BRV is currently licensed in Europe and the USA 
as an adjunctive treatment for patients with focal 
and /or secondary generalized seizures. Early in 
2017, the manufacturer filed an application to the 
FDA for use of the AED as monotherapy for this 
indication, the outcome of which is awaited. The 
recommended starting dose is 50 mg/day or 100 
mg/day in two divided doses. However, in clinical 
practice, this titration schedule has led to tolera-
bility problems in some patients and thus a lower 

starting dose of 25 mg/day for 2 weeks, increasing 
to 25 mg twice daily for 2 more weeks, after which 
50 mg twice daily is usually employed and events 
awaited. Thereafter, dosing is adjusted as clini-
cally indicated with an initial upper target of bri-
varacetam 100 mg twice daily. Employing a low 
starting dose and slow titration schedule will help 
to minimize the risk of adverse effects, allowing 
dosing to be tailored for each individual patient 
and thereby improving the potential for optimal 
seizure control and better quality of life.

Post-marketing studies
Following the licensing of BRV, a number of pro-
jects have evaluated outcomes in everyday clini-
cal settings. A German multicentre study 
included 262 children and adults with seizures 
refractory to AED treatment, who received 50–
400 mg/day adjunctive BRV.52 Of the 192 
patients for whom efficacy data were available at 
6 months, 77 reported a 50% seizure reduction 
(including 29 seizure-free), 13 had a marginal 
seizure improvement, 50 had no change and 4 
had an increase in seizures. Genetic generalized 
epilepsies were present in 19 patients. At 3 
months three were seizure-free, eight had an 
improvement in seizure frequency, two reported 
no change and six had discontinued BRV. 
Absence seizures became completely controlled 
in all of six patients and myoclonia in four of 
eight patients. The most frequently reported 
adverse events were sedation, dizziness, mood 
changes, nausea and vomiting, irritability and 
aggression. During the study period, 68 (26%) of 
the 262 patients discontinued BRV, 41 (16%) 
due to side effects.

At the Kork Epilepsy Centre in Germany, data 
were prospectively collected from 101 adult 
patients with difficult-to-control (mainly focal-
onset) seizures started on adjunctive BRV.53 On a 
median dose of 200 mg/day (range 50–400 mg/
day), 28 (27.8%) patients demonstrated at least a 
50% seizure reduction over 3 months, seven of 
whom were seizure-free. After 6 months the 
retention rate was 51.5%, with the main reason 
for discontinuation being lack of efficacy. The 
most frequent adverse events were dizziness and 
somnolence, but they only accounted for BRV 
discontinuation in three patients. Psychiatric 
problems, comprising irritability, aggression, 
depression and psychosis, each occurred in one 
patient.
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Brivaracetam use in status epilepticus
A retrospective review of 205 patients with status 
epilepticus identified 11 patients who had been 
administered BRV for refractory and super-
refractory status epilepticus, mainly due to vascu-
lar causes.54 Four patients had a history of epilepsy 
and were already taking AED treatment. BRV 
was started in initial doses of 50–400 mg/day with 
maintenance doses of 100–400 mg/day. Within 
24 h of starting BRV resolution of status epilepti-
cus occurred in three patients.

Switching to brivaracetam from 
levetiracetam
Given that LEV and BRV are both ligands of 
SV2A, there has been interest in how patients fare 
when switched from the older to the newer AED. 
At a single centre in Germany, 43 patients with 
focal-onset seizures were switched abruptly from 
LEV (3 monotherapy) to BRV in ratios of 15:1 
and 20:1. There were no immediate adverse con-
sequences.53 Of these, 26 (60%) discontinued 
BRV and restarted LEV, 20 due to lack of efficacy 
(5 with worsening seizures) and 6 because of tol-
erability issues. BRV was continued by 17 (40%) 
patients, 3 of whom reported reduced irritability 
with one experiencing an improvement in somno-
lence. In a German multicentre study, 133 
patients were switched from LEV to BRV (median 
ratio 15:1; range 2:1–40:1), the majority in one 
day.52 At 3 months, 18 (13.5%) were seizure-free, 
36 (27.1%) had improved seizure outcomes and 
31 (23.3%) patients discontinued BRV. Of the 51 
patients switched to BRV because of adverse 
events associated with LEV, an improvement was 
reported in 30 (58.8%). Of patients who had 
behavioural problems with LEV, 75% reported 
no such issues with BRV. However, these indi-
viduals were statistically more likely to also have 
behavioural problems with BRV. In the two stud-
ies, 41 patients were switched to BRV doses 
higher than the recommended 200 mg/day. Of 
these, nine patients had an improvement in sei-
zure frequency, but two had a subsequent dose 
reduction due to dizziness53 and seven discontin-
ued BRV thereafter.52

Non-psychotic behavioural adverse events were 
evaluated in a phase IIIb open-label, multicentre 
study.55 Adults who had all experienced behav-
ioural problems within 16 weeks of receiving LEV 
were switched overnight to BRV, which was then 
prescribed over a 12-week period with doses 
titrated to 50–200 mg/day. Of 29 patients, 20 

showed a marked or moderate improvement in 
behavioural adverse effects. BRV was discontin-
ued by three patients – two due to side effects and 
one because of lack of efficacy.

Conclusion
BRV is a novel AED which acts as a high-affinity 
ligand for SV2A with evidence to suggest that it 
modulates vesicle activity. It has more potency for 
SV2A than LEV and may affect the protein differ-
ently. BRV has efficacy for focal and secondary 
generalized seizures. Animal models and some 
open-label human data provide encouraging 
results for genetic epilepsies. BRV carries a low 
potential for drug interactions. Most common side 
effects comprise headache, somnolence, dizziness, 
fatigue and nausea. Patients who develop psychiat-
ric symptoms with LEV appear to be at risk of 
similar side effects with BRV, although preliminary 
data suggest that these issues are likely to be less 
frequent and perhaps less severe. As with all AEDs, 
a low starting dose and slow titration schedule help 
to minimize side effects and optimize seizure con-
trol and thereby quality of life.
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