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ABSTRACT – Anxiety disorders represent a common psychiatric comorbid-
ity in patients with epilepsy, affecting prognosis and quality of life. However,
they are still underdiagnosed and undertreated. In clinical practice, a num-
ber of compounds are currently used as anxiolytics, with benzodiazepines
being the most popular. Other drug classes, especially antiepileptic drugs,
are increasingly prescribed for the treatment of anxiety. This article dis-
cusses the neurobiological targets and basic neuropharmacological aspects
of anxiolytics in order to give the reader clear insight into their activity and

egarding the treatment of anxiety in
sy are also summarised, emphasising

eptic drugs, benzodiazepines, GABA

probably play a key role in suicidality
among depressed patients (Placidi
et al., 2000).
From an evolutionary perspec-
tive, anxiety represents a normal
adaptive response to threat or
stress, and is characterised by
orrespondence:

mechanism of action. Clinical data r
both adults and children with epilep
the need for further studies.
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Despite the increasing interest in
psychiatric problems in epilepsy,
rather limited literature is available
on anxiety disorders (Hamid et al.,
2011) and this is probably due to the
high comorbidity rates with mood
disorders which obscure the dis-
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tinctive features of anxiety (Jones et
al., 2005). However, it seems rather
evident that anxiety disorders are
frequently present in patients with
epilepsy (Brandt et al., 2010), lead-
ing to a significant impact on quality
of life (Jacoby et al., 2015), and these

a set of preformed behavioural
patterns in response to visual, audi-
tory, olfactory, or somatosensory
stimuli (Price, 2003). In addition,
anxiety may also be the result
of cognitive processes mediating
the anticipation, interpretation, or
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Table 1. Medications with anxiolytic properties.

ATC Code Class of compounds

N03AA Barbiturates

N05BA Benzodiazepines

N06A Antidepressants

C07A Beta blockers

C02AC Alpha-adrenergic agonists
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Figure 1. Illustration of GABA-A receptor. Eight types of receptor
subunits have been cloned, with multiple subtypes within some
classes: alpha 1-6, beta 1-4, gamma 1-4, delta, epsilon, pi, rho 1-3,
and theta, but the majority of GABA-A receptors consist of alpha,
beta and gamma subunits, with a stoichiometry of 2:2:1 (Möhler
et al., 2001; Rudolph et al., 2001). In some cases, the epsilon or
delta subunit may replace the gamma subunit. The combination
of different subunit isoforms characterises GABA-A receptors
expressed in specific areas of the brain and modulates differ-
ent functions. The BZD binding site is located at the interface
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N03A Antiepileptic drugs

N05BX Others

ecollection of perceived stressors and threats. From
neurobiological perspective, the Pavlovian-fear con-
itioning and fear-potentiated startle response, are
ell-known models of anxiety and they have been
xtensively used to study anxiety, largely because
f their amenability to experimental manipulation

Martin et al., 2009). These neurobiological models
ave clarified an extended anatomical brain network
hich centres on the amygdala and a number of

onnected structures, including mesiotemporal cor-
ical structures, the sensory thalamus and cortices,
he orbital and medial prefrontal cortex, the ante-
ior insula, the hypothalamus, and multiple brainstem
uclei (Martin et al., 2009). The amygdala is the deter-
inant in the experience of fear and its autonomic

nd endocrine response (through the output to the
ypothalamus). The output to the periaqueductal grey
uclei is implicated in avoidance behaviour, while the
ippocampi play a role in the re-experiencing of fear

Nees and Pohlack, 2014; Cacciaglia et al., 2015). Sponta-
eous activation of fear circuits is the major hypothesis

or explaining symptoms in anxiety disorders and the
eduction of such an excessive output from these
eurons represents the main target of anti-anxiety

reatments. In this regard, it is interesting to note that
uch a mechanism has a number of similarities with
he excessive outburst typical of epileptic neurons, and
asily accounts for why some of the agents used in the
reatment of epilepsy are also effective against anxiety,
nd vice versa (Mula et al., 2007).
he term “anxiolytics” refers to a class of compounds
hat are used to treat anxiety symptoms (Stahl,
008). They are often discussed together with hyp-
18

otics as most of them are also used to induce
leep (table 1). Anxiolytics were traditionally named
minor tranquilizers” to distinguish them from neu-
oleptics or antipsychotics which were defined as
major tranquilizers”. Traditionally, anxiolytics were
hought to interact only with the GABA-A receptor

M
g
c
s
c
p

f adjacent alpha and gamma subunits, therefore, the presence
f the gamma isoform is instrumental in determining BZD sen-
itivity, while the specific alpha isoform contributes to different
electivity and sensitivity.

omplex but, over time, neuropharmacological stud-
es have shown a number of other neurochemical
athways which can improve anxiety symptoms,
ither directly or indirectly, through modulation of
ABAergic neurotransmission (i.e. voltage-gated cal-

ium channels, alpha and beta adrenergic receptors,
nd serotonin neurotransmission). This article is aimed
t discussing the neurobiological and neuropharma-
ological aspects of anxiolytic medications with special
ttention to epilepsy.

olecular targets

ABA-A receptors

ABA is the principal inhibitory neurotransmitter of
he brain and, along with serotonin and noradrenaline,
s one of the key targets for anxiolytics (Mula et
l., 2007). The GABA-A receptor has a heteropen-
americ structure surrounding a central pore and is

ade up of different subunits (Möhler et al., 2001;
Epileptic Disord, Vol. 18, No. 3, September 2016

ula, 2011) (figure 1). GABA-A receptors can be cate-
orised into three groups based on their alpha isoform
ontent: alpha 1-containing receptors have greatest
ensitivity towards BZs (type I); alpha 2, 3 and 5-
ontaining receptors have similar but distinguishable
roperties (type II); and alpha 4- and 6-containing
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ssemblies have very low BZD affinity (Möhler et al.,
001). GABA-A receptors containing the delta subunit,
nstead of the gamma, are considered BZD insensitive.
n terms of brain localisation, for example, GABA-A
eceptors containing the alpha 1 subunit are densely
epresented in the cerebral neocortex (throughout),
he hippocampus (DG, CA1 and CA2), and cerebel-
um, while the alpha 4 and 6 subunits are typical of
erebellar granule cells (Saari et al., 2011). Mutations
r genetic variations of the genes encoding the alpha
, alpha 6, beta 2, beta 3, gamma 2, or delta sub-
nits (GABRA1, GABRA6, GABRB2, GABRB3, GABRG2,
nd GABRD, respectively) have been associated with
number of epileptic syndromes, from genetic (idio-
athic) generalized epilepsies (e.g. juvenile myoclonic
pilepsy and childhood absence epilepsy) to severe
pileptic encephalopathies, such as Dravet syndrome
r Lennox-Gastaut syndrome (Hirose, 2014).
he neurobiology of GABA-A receptors also accounts
or why different compounds have a different spec-
rum of activity. For example, the sedative-hypnotic
ffect and the partial anti-seizure effect are due to
he allosteric positive modulation of GABA-A recep-
ors containing the alpha 1 isoform, while the anxiolytic
ffect seems to be related to those containing the
lpha 2 isoform (Mula, 2011). Non-benzodiazepine
BZD) compounds, such as zolpidem, are often selec-
ive for the alpha 1 and alpha 5 isoforms and are,
herefore, sedative-hypnotic with partial anti-seizure
roperties (Mula, 2011). However, it is important to
mphasise that all these subunits are subjected to
ene variation, and different polymorphisms may be
esponsible for different anticonvulsant responses
o BZDs.
n addition to the biochemical structure of GABA-A
eceptors, GABA-mediated inhibitory neurotransmis-
ion can be classified as “phasic” or “tonic” (Mula,
011). Phasic inhibition is a short-lasting inhibition,
ypically generated by the activation of GABA-A recep-
ors containing the gamma subunit and following
ction potentials in a presynaptic interneuron. Tonic
nhibition is represented by GABA-A conductance,
ctivated by ambient GABA in the extracellular space
Farrant and Nusser, 2005), and is mediated by molec-
larly and functionally specialized GABA-A receptors
ontaining the delta subunit. Tonic inhibition is a
ong-lasting form of inhibition and does not seem
o be affected by the tolerance phenomenon typical
f GABA-A receptor stimulation (Farrant and Nusser,
pileptic Disord, Vol. 18, No. 3, September 2016

005; Mula, 2011). The concept of tonic inhibition has
eceived increasing attention in the recent literature.
eurosteroids target GABA-A receptors containing

he alpha 4 and alpha 6 isoforms, which tend to
o-localize with the delta subunit, and are therefore
ZD insensitive (Bianchi et al., 2002). For this reason,
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t
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Using anxiolytics in epilepsy

eurosteroids have a reduced liability to tolerance and
heir potential usefulness in both epilepsy and anxiety
s receiving increasing attention (Mula, 2011). Inter-
stingly, other well-known antiepileptic drugs (AEDs)
eem to increase tonic GABA-ergic neurotransmission,
amely phenytoin (Wong and Teo, 1986) and lamotrig-

ne (Wang et al., 2002).
inally, for completeness, it is worth mentioning
ABA-B and GABA-C receptors although they do not

eem to play a role in anxiety. GABA-B receptors
re expressed presynaptically at GABAergic and glu-
amatergic synapses and decrease neurotransmitter
elease by reducing calcium influx. Baclofen is a clas-
ic GABA-B receptor agonist because it is specific
o GABA-B receptors and does not activate GABA-A
eceptors. GABA-B specific agonists promote spike-
ave discharges, while antagonists (i.e. phaclofen)

uppress them, in rodent models of absence epilepsy
Manning et al., 2003).
ABA-C receptors are characterised by the rho sub-
nit and play a unique functional role in retinal signal
rocessing (Zhang et al., 2001).

oradrenaline and serotonin neurotransmission

oth noradrenaline and serotonin neurotransmission
lay an important adaptive function in responding to

hreat or stress.
oradrenaline increases vigilance, modulates mem-
ry, mobilizes energy stores, and elevates cardiovascu-

ar function. Nevertheless, these biological responses
o threat and stress can become maladaptive if they
re chronically or inappropriately activated. Exposure
o various types of stressful stimuli increases central
oradrenergic (NE) function, especially in the locus
oeruleus (LC), the hypothalamus, the hippocampus,
he amygdala, and the cerebral cortex (Samuels and
zabadi, 2008). The firing activity of LC neurons also

ncreases during exposure to fear-conditioned stim-
li and other stressors or threats (Steckler et al.,
005). The recurrent symptoms of anxiety disorders,
uch as panic attacks, insomnia, exaggerated startle,
nd chronic sympathetic autonomic arousal, may con-
eivably reflect elevated NE function. Patients with
ost-traumatic stress disorder (PTSD) and panic dis-
rder (PD) show evidence of heightened peripheral
ympathetic nervous system arousal which, because of
he correlation between peripheral sympathetic activ-
ty and central noradrenergic function, is compatible
219

ith the hypothesis of increased central NE activity in
hese disorders (Blechert et al., 2007). BZDs decrease
C neuronal firing activity but other agents, which
pecifically target noradrenergic receptors, such as
eta or alpha blockers, are successfully used in the

reatment of anxiety symptoms.
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by La-Roche in 1960. Afterwards, numerous different
. Mula

n the contrary, the role of serotonin (5-HT) neu-
otransmission in anxiety disorders is still a matter
f debate, and normal and altered 5-HT receptors
nd/or serotonin transporter (SERT) function have
een demonstrated in an equal number of stud-

es (Maron et al., 2004a, 2004b; Freitas-Ferrari et al.,
010). During exposure to fear-conditioned stimuli, the
-HT turnover in the medial prefrontal cortex corre-
ates with the severity of stress and stimulates both
nxiogenic and anxiolytic pathways within the fore-
rain, depending on the region involved and the 5-HT
eceptor subtype that is predominantly stimulated.

well-known and influential hypothesis regarding
he involvement of the serotoninergic system in anx-
ety postulates that 5-TH2A receptors of the amygdala

ediate the anxiogenic effects, while 5-HT1A recep-
ors in the hippocampi provide resilience to aversive
timuli (Graeff et al., 1993). This is confirmed by the 5-
T1A receptor knock-out animal model which exhibits

nxiety behaviour and the anxiolytic effect of 5-HT1A
eceptor agonists (Ramboz et al., 1998). In this regard, it
s important to note that glucocorticoids modulate the
enetic expression of both 5-HT1A and 5-HT2A recep-
ors (Watanabe et al., 1993; López et al., 1998). In fact,
ene expression of post-synaptic 5-HT1A receptors in
he hippocampi is down-regulated by corticosteroids,
hereas 5-HT2A receptors seem to be up-regulated

Watanabe et al., 1993; López et al., 1998). This mecha-
ism would explain the number of plastic changes and
rain network abnormalities in patients with anxiety
isorders and the role of acute and chronic stress asso-
iated with such changes. Still, this would also explain
hy selective serotonin re-uptake inhibitors (SSRIs),
r other serotoninergic antidepressants, are success-

ul for the long-term treatment of anxiety disorders
ather than being anxiolytics per se.

oltage-gated ion channels

oltage-gated ion channels have always been popular
n the psychiatric literature (Gargus, 2006). The differ-
nt types, primarily recognised as Na+, K+, Ca2+, Cl-,
ave been basically associated with neuronal firing and
rocesses. Therefore, any drug targeting ion channels
an influence all systems related to neuronal activity. In
he context of anxiety, the calcium channels involved
re those that have received increasing attention, as
hey have been shown to improve anxiety symptoms
n animal models of anxiety (Mula et al., 2007; Zamponi,
20

016).
alcium channels consist of two families: high voltage-
ctivated (HVA) and low voltage-activated (LVA). The
VA family comprises L-type (generating a long-lasting

urrent) and N-, P-, Q-, and R-type channels (expressed
n nerve terminals and responsible for the calcium

B
a
c
m
t
(

ntry that triggers neurotransmitter release) (Mula,
009). They are heterotrimeric structures consisting
f three subunits: alpha, beta, and alpha 2-delta. The
lpha subunit forms a pore with the ancillary subunit
eta, while the alpha 2-delta subunit forms a functional
ore by linking with the subunit alpha. The LVA family
onsists only of T-type channels which are monomers
nd composed of only the alpha subunit.
VA and HVA differ in function, localisation, and elec-
rophysiological activity. Although this represents an
versimplification, LVA T-type channels generate tran-
ient currents, have a somatodendritic localization,
nd are critical to pacemaker activity and some pat-
erns of burst firing, while HVA channels are more
ikely to be implicated in neurotransmitter release.
here is some evidence that calcium channels, par-
icularly HVA channels, may be implicated in the
athophysiology of mood disorders (Lodge and Li,
008). Genetic variation in CACNA1C, a gene encod-
ng the alpha 1C subunit of the L-type voltage-gated
alcium channel, has been associated with bipolar dis-
rder, depression, and schizophrenia (Bhat et al., 2012).

t is also well known that calcium channel modula-
ors can have either depressogenic or antidepressant
roperties (Perucca and Mula, 2013). Drugs target-

ng the alpha 2 delta subunit, such as gabapentin or
regabalin, seem to have anxiolytic properties (Joshi
nd Taylor, 2006), but the reason for this still remains
nexplained. One possibility is that the blockade of
VA calcium channels translates into a reduction in
lutamate release (Farber et al., 2002), which may be
ltimately responsible for positive effects on mood
nd some antianxiety properties. However, further
tudies are needed. At any rate, there is enough clini-
al evidence (see below) to support their use in anxiety
isorders.

pecific anxiolytic agents

enzodiazepines

ZDs are a class of drugs chemically characterised by
benzene and a diazepine ring fused together, plus
third benzene ring (figure 2). Chlordiazepoxide was

he first synthetized BZD and was accidently discov-
red by Leo Sternbach in 1955. It was also the first BZD

ntroduced into clinical practice and made available
Epileptic Disord, Vol. 18, No. 3, September 2016

ZDs were synthetized and approximately 30 of them
re currently available in clinical practice as important
ompounds, not only as anxiolytics or hypnotics but,
ost importantly, for the treatment of status epilep-

icus, epileptic seizures, and, in general, anaesthesia
Saari et al., 2011).
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Figure 2. BZD structure and examples. Upper left: the three rings are required for BZD receptor binding activity. Substituents in
position 1,2, and partially in position 7, influence pharmacokinetics and half-life but not the affinity and activity of the individual
drug at the BZD receptor site. BZDs can also be classified according to the relative position of the nitrogen atom in the heterocyclic
ring, as 1,2; 1,3; 1,4; 1,5 or 2,4. Upper right: position R2’ can be unsubstituted or contain a halogen atom (F or Cl), a process called
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alogenation. Halogenation generally increases BZD activity, for
he Cl-substituted form of alprazolam and oxazepam, respective
e replaced by a heterocycle ring, such as imidazole or triazole, g
imidazo- and triazolo-BZDs”. Midazolam is an example of imida
f triazolo-BZDs. Lower right: clobazam and diazepam, as examp

linicians are often unaware of the wide range of BZDs
vailable on the market and how they differ in terms
f activity and clinical effects (Stahl, 2008; Schatzberg
nd Nemeroff, 2009). BZDs can be divided into a num-
er of subgroups according to different chemical and
harmacological parameters (figure 2).
pileptic Disord, Vol. 18, No. 3, September 2016

he majority of compounds which are well known to
linicians belong to the 1,4 group, while clobazam is
he only 1,5 BZD. The difference in the chemical struc-
ure between diazapam (1,4 BZD) and clobazam (1,5
ZD) is shown in figure 2. The main difference between
,4 and 1,5 BZDs is in the hypnotic effect (Nicholson,
979). In fact, while all 1,4 BZDs have more or less

g
i
e
i
t
b
p

ple, as is the case for triazolam and lorazepam which represent
wer left: the amide group in position 2 in the diazepine ring can
ating two distinct subgroups of heterocyclic BZDs, referred to as
ZDs, while alprazolam and triazolam (upper right) are examples
f 1,4 and 1,5 BZDs, with similar structure.

significant hypnotic effect, 1,5 BZDs lack such an
ffect, which accounts for why clobazam has a dif-
erent impact on cognitive functions, compared to
iazepam (Bawden et al., 1999). As a note, both clozap-

ne and olanzapine are also 1,5 BZDs but their chemical
tructure is, however, completely different from the
221

roup of compounds referred to as “BZDs”. Another
mportant BZD subgroup is that of imidazo-BZDs; for
xample, midazolam (figure 2). Their distinctive feature

s mainly based on a chemical point of view, because
hey exhibit pH-dependent water solubility. In fact,
elow pH 4, they are freely water-soluble, while at
hysiological pH in plasma, the ring closes and the
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Table 2. Classification of benzodiazepines according to the onset of action.

Onset Half-life (hrs) Active metabolites

Alprazolam Intermediate 6-15 -

Brotizolam Short 5 +

Chlordiazepoxide Intermediate 8-28 +

Clonazepam Intermediate/Slow 18-50 -

Diazepam Short 20-50 +

Estazolam Short/intermediate 10-24 -

Flunitrazepam Short 19-22 +

Flurazepam Short/Mixed profile 2-4 + (half-life: 40-100)

Loprazolam Short 5-8 +

Lorazepam Intermediate 10-20 -

Lormetazepam Short 12-20 -

Midazolam Short 1-4 -

Nitrazepam Short/Mixed profile 15-38 +

Oxazepam Intermediate/Slow 5-20 -

Prazepam Slow 30-100 +
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Quazepam Short/Mixed profile

Temazepam Intermediate/Slow

Triazolam Short

rug becomes lipid-soluble and rapidly penetrates the
lood/brain barrier to exert their action. They are,

herefore, more water-soluble/stable than other BZDs.
inally, BZDs can also be classified as short-,
ntermediate- or slow-acting, according to pharma-
okinetic and pharmacodynamic parameters (table 2)
Stahl, 2008). Short-acting BZDs are hypnotics and
an be used to induce general anaesthesia, while
low-acting BZDs are recommended for the treatment
f anxiety. In this context, it should be acknowl-
dged that some BZDs undergo complex and extensive
etabolism, leading to a number of metabolites which,

n some cases, are active and contribute to the final
harmacological effect. For example, BZDs, such as flu-
azepam, present a mixed profile; they are short-acting
n terms of a rapid hypnotic effect, but the pharmaco-
22

ogical activity is relatively sustained due to the long
alf-life of the active metabolite (table 2). An exten-
ive discussion on the pharmacokinetics of BZDs is
eyond the aim of this article, however, the reader
hould bear in mind that individual differences in the
etabolism of BZDs may be responsible for inter-

ndividual differences in the magnitude of the effect

m
n
s
d
n
m
l

27-41 +

10-24 -

2-5 -

nd the onset of side effects. In fact, the elimination
alf-life of diazepam, like other long-half-life BZDs, is

wice as long in the elderly compared to younger indi-
iduals, and doctors should always adjust the dosage
ccording to age.

ntiepileptic drugs

uring the last 15 years, clinical researchers have
ecome increasingly interested in the potential for
EDs to improve or control anxiety symptoms. This
as due to the limitations connected with the long-

erm use of BZDs (see below) and the number of
atients still refractory to first-line treatment. In addi-

ion, as already briefly discussed, the spontaneous
ctivation of fear circuits has a number of com-
Epileptic Disord, Vol. 18, No. 3, September 2016

onalities with the spontaneous activation of brain
etworks described in epilepsy. For all these rea-
ons, a number of AEDs have been trialled for anxiety
isorders (Mula et al., 2007). Despite a considerable
umber of published studies, the majority have several
ethodological limitations: inadequate sample size,

ack of a placebo control, use of non-specific outcome
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easures (i.e. the clinical global impression scales),
nd lack of control for concomitant bias (i.e.
omorbidities, diagnostic subtypes, and concomitant
edications). These factors may help explain why
EDs have yielded inconsistent results in the treatment
f anxiety disorders. At present, the most convincing
ata to support the use of an AED to improve or con-

rol anxiety symptoms is for pregabalin (at dosages
etween 300 mg and 600 mg) in patients with gen-
ralized anxiety disorder, with or without comorbid
epression (Feltner et al., 2003; Pande et al., 2003, 2004;
ontgomery et al., 2008; Diaper et al., 2013). Pregabalin

Pande et al., 2004; Kawalec et al., 2015) and gabapentin
Pande et al., 1999) have also shown promising results
or the treatment of social phobia, but further stud-
es are needed. For the remaining AEDs, results are
till preliminary and randomised controlled trials are
acking (Mula et al., 2007).

ntidepressants

ntidepressants are increasingly used for the treat-
ent of anxiety disorders (Bandelow et al., 2008) and

his is due to the number of limitations associated
ith BZDs, such as tolerance, dependence, and the

isk of withdrawal (see below). Data is available mainly
or SSRIs and serotonin and noradrenaline re-uptake
nhibitors (SNRIs) for long-term treatment. It remains
ontroversial why antidepressants are effective against
nxiety, but this seems to be related to the number
f plastic changes to noradrenergic and serotoniner-
ic neurotransmission. For panic attack disorder, SSRIs
ere shown to be as effective as tricyclics, but bet-

er tolerated (Bakker et al., 2002). Data on generalised
nxiety disorder has focused mainly on venlafaxine,
aroxetine, and imipramine, and all of these have
hown good efficacy, but overall appear to be as effec-
ive as lorazepam or pregabalin (Mula and Strigaro,
010). For social anxiety disorder and post-traumatic
tress disorder, data are still limited and further stud-
es are needed, although there is promising evidence
or sertraline and paroxetine (Mula and Strigaro, 2010).

vidence from clinical studies

nxiety disorders are chronic conditions with a clear
elapsing/remitting course, and this has been demon-
trated by a number of cross-sectional and prospective
pileptic Disord, Vol. 18, No. 3, September 2016

tudies (Maser, 1990). However, this concept is of
reat relevance as clinicians remain focused almost
ntirely on the acute control of anxiety symptoms and
nly secondarily acknowledge relapse prevention. In
ddition, the natural history of anxiety disorders is
requently complicated by Axis I (e.g. major depres-
ion, bipolar disorder, psychoses, etc.) and Axis II
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i.e. personality disorders) comorbidities which have
major impact on response to treatment. For exam-
le, 73% of patients with panic attacks have other
omorbid conditions, ranging from major depression
o substance abuse and personality disorders (Maser,
990) that need to be taken into account in any long-
erm anxiolytic treatment. BZDs have been historically
onsidered first-line treatment for the acute manage-
ent of anxiety, but their long-term use should be

voided as BZDs may lead to complications, such
s abuse liability, dependence, and withdrawal syn-
rome. Long-term use is usually defined by a period
f daily use over at least three months (Voshaar et
l., 2006), because this seems to be long enough to
ause changes in neural adaptation that counteract
he drug’s effects (tolerance phenomenon). In these
ubjects, even a reduction in dose may cause rebound
ymptoms that are almost identical to those for which
he drug was initially taken (e.g. insomnia, agitation,
nd panic attacks). In epilepsy, tolerance and depen-
ence are even more relevant as seizures are common
anifestations of a withdrawal reaction. In general

erms, long half-life BZDs should be preferred rela-
ive to short-acting compounds, due to less associated
ebound symptoms, but the management of with-
rawal should be planned on a case by case basis,
epending on age, concomitant comorbidities, and
eizure risk. The potential risk of dependence with pre-
abalin should be considered, however, compared to
ZDs, this is less evident (Caster et al., 2011).
ata on treatment of anxiety disorders in epilepsy

re still limited and rely heavily on clinical experi-
nce (Kerr et al., 2011). However, as already mentioned,

t is evident that anxiety disorders represent a fre-
uent comorbidity in patients with epilepsy (Brandt
t al., 2010). The Commission on Neuropsychiatry of
he International League Against Epilepsy published

collection of articles concerning treatment strate-
ies in adults with epilepsy and psychiatric disorders
Mula and Kanner, 2013), one of which was dedicated
o the treatment of anxiety disorders (Mula, 2013a).
videnced-based therapeutic strategies in patients
ith anxiety disorders without epilepsy can be easily

dapted to patients with epilepsy by considering spe-
ific needs (table 3). For panic disorder, a combined
pproach, namely SSRIs and cognitive behavioural
herapy (CBT), is recommended for the acute phase,
hile long-term maintenance treatment can be com-
ined or based on CBT alone, depending on the
223

ndividual patient. For generalized anxiety disorder
GAD), pregabalin can be reasonably considered first
hoice for the acute and long-term maintenance treat-
ent as it is licensed, although not everywhere, for

oth conditions. For social anxiety disorder and post-
raumatic stress disorder, SSRIs, in particular sertraline
nd paroxetine, should be preferred for their low
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Table 3. Treatment of anxiety disorders in patients with epilepsy (modified from Mula [2013a]).

Panic attacks SSRIs (any) + CBT or CBT alone

Generalized anxiety disorder First choice: pregabalin
Second choice: paroxetine, venlafaxine
Third choice: imipramine

Social anxiety disorder First choice: SSRIs (sertraline, escitalopram, paroxetine)
Second choice: pregabalin

Post-traumatic stress disorder SSRIs (sertraline, paroxetine)
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Obsessive-compulsive disorder F
S
T

SRIs: selective serotonin re-uptake inhibitors; CBT: cognitive be

isk of interactions and favourable tolerability. For
bsessive compulsive disorder (OCD), CBT should
lways be considered as first-line treatment. When
rug treatment is needed, SSRIs, in particular sertra-

ine at 100 mg, is preferred. Although it is reasonable
o embrace standardized treatment protocols that
ave been developed for people with anxiety with-
ut epilepsy, it is also evident that psychiatric disorders
ssociated with epilepsy present, more often than not,
ith atypical features (Mula, 2013b) that may require

ndividualised approaches. For this reason, studies on
atients with epilepsy are urgently needed.
egarding children with epilepsy, data are even more

imited, relative to that of adults. This is fairly surprising
f we consider that, in the general population, anxiety
isorders are much more common in children than

n adults (Costello et al., 2005; Franz et al., 2013). In
ddition, children with anxiety disorders seem to be
t an increased risk of further psychiatric comorbidi-
ies, such as ADHD or conduct disorder (Kendall et
l., 2010). Finally, it seems now established that half
f adults with anxiety or depression have a history of
nxiety onset before the age of 15 (Kim-Cohen et al.,
003). For all these reasons, The American Academy
f Child and Adolescent Psychiatry has recommended

hat children and adolescents are routinely screened
or symptoms of anxiety (Connolly et al., 2007). It would
herefore appear evident that both careful assess-

ent and prompt treatment for children with epilepsy
ould probably reduce the development of major
roblems during adulthood. Jones (2014) recently
eviewed the management and treatment of anxiety
24

isorders in children and adolescents with epilepsy.
SRIs remain the first-line treatment, especially for
CD, and there is promising data for venlafaxine for

he treatment of GAD and separation anxiety disorder.
gain, PGB represents a good therapeutic option, but

here are no studies on PGB in children with epilepsy
nd anxiety disorders.
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hoice: CBT
d choice: CBT + sertraline
choice: CBT + clomipramine

oural therapy.

inally, it is important to mention that children may
resent paradoxical reactions to short-acting BZDs

Jackson et al., 2015). This is a well-known phe-
omenon; for example, midazolam when used to

nduce mild sedation for elective surgical/invasive
rocedures (McKenzie and Rosenberg, 2010). Older
atients with intellectual disabilities are affected simi-

arly to children and may develop paradoxical agitation
nd aggressive behaviour with short-acting BZDs
Barron and Sandman, 1985). For this reason, short-
cting BZDs should be avoided or carefully used in
hese patients.

onclusions

nxiolytic treatment is often perceived by clinicians
o be safe and easy. However, a multitude of different
ompounds with different mechanisms of action and
eculiarities are available. In the context of epilepsy,

his is even more relevant, as the main target for most
f these medications is exactly the same as that for
EDs. Controlled studies in both children and adults
ith epilepsy are urgently needed in order to develop

ailored treatment strategies for anxiety disorders in
his specific subgroup of patients.
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TEST YOURSELF
EDUCATION

(1) What is the difference between 1,4 and 1,5 BZDs?
A. They have a different half-life and metabolism
B. 1,5 BZDs do not bind the GABA-A receptor complex
C. 1,5 BZDs do not have a significant hypnotic effect
D. 1,4 BZDs do not have muscle relaxant properties

(2) Which of the following statements is correct regarding the use of anxiolytics in children?
A. Short-acting BZDs represent first-line treatment in children
B. Short-acting BZDs should be avoided or carefully used in children
C. 1,4 BZDs are contraindicated in children
D. 1,5 BZDs are contraindicated in children

(3) What can be considered as first-line treatment for patients with epilepsy and generalised anxiety disorder?
A. 1,5 BZDs
B. Imidazo-BZDs

Zamponi GW. Targeting voltage-gated calcium channels in
neurological and psychiatric diseases. Nat Rev Drug Discov
2016; 15(1): 19-34.

Zhang D, Pan ZH, Awobuluyi M, Lipton SA. Structure and
function of GABA(C) receptors: a comparison of native ver-
sus recombinant receptors. Trends Pharmacol Sci 2001; 22(3):
121-32.
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C. Levetiracetam
D. Pregabalin

Note: Reading the manuscript provides an answer to all q
website, www.epilepticdisorders.com, under the section
227

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