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Abstract
Purpose The purpose of this study was to investigate changes
in utilisation of antiepileptic drugs (AEDs) in epilepsy and
non-epilepsy disorders in Norway and furthermore to study
the retention rates of the most commonly used AEDs in these
indications in long-term use.
Methods The data consisted of all prescriptions of AEDs from
Norwegian pharmacies in the Norwegian Prescription
Database (NorPD) (2004–2012). Variables included anony-
mous data regarding age, gender, diagnosis specific reim-
bursement codes and utilisation of AEDs.
Results In recent years (2008–2012), the utilisation of AEDs
in non-epilepsy disorders accounted for 45–53 % of the total
use. In epilepsy, the most commonly used AED was
lamotrigine, followed by levetiracetam, carbamazepine and
valproate. Lamotrigine was also the predominant AED used
in psychiatry, while pregabalin and gabapentin were mostly
used in neuropathic pain. In migraine, topiramate predominat-
ed but accounted for <1% of the total utilisation of AEDs. The
majority of prescriptions were by general practitioners and
only 20 % by specialists. Regardless of indication, newer

AEDs had higher retention rates (34–48 %) and were used
for a longer period before discontinuation.
Conclusions The use of AEDs in non-epilepsy disorders is
increasing and accounted for 53 % in 2012. Newer AEDs
were predominantly used and demonstrated higher retention
rates than older AEDs in all indications. This nationwide
study demonstrates an increased exposure to AEDs in new
patient groups, and details in prescription patterns and clinical
and safety considerations should be closely monitored. This
contributes to long-term post-marketing data of AED and ac-
cordingly improved pharmacovigilance.
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Introduction

Antiepileptic drugs (AEDs), and especially the newer drugs,
are increasingly used in non-epilepsy indications, as in psy-
chiatric disorders, neuropathic pain and migraine [1–6]. New
patient groups are therefore exposed to AEDs. AEDs have
different mechanisms of action and considerable inter-
individual pharmacokinetic variability and are susceptible to
cause adverse effects and drug interactions [7, 8]. Careful
investigations of AED utilisation in large patient populations
in the clinical setting are thus of importance.

Prescription databases may be used to study specific patient
populations as children, women of childbearing age and the
elderly, prescription patterns and specific drugs to improve our
understanding of changes in treatment patterns over time.
Such pharmacoepidemiological studies are now more com-
monly utilised and show a new trend in clinical pharmacology
to assess drug utilisation in a clinical population setting

* Cecilie Johannessen Landmark
cecilie.landmark@hioa.no

1 Programme for Pharmacy, Department of Life Sciences and Health,
Faculty of Health Sciences, Oslo and Akershus University College of
Applied Sciences, Oslo, Norway

2 The National Center for Epilepsy, Sandvika, Oslo University
Hospital, Oslo, Norway

3 Department of Pharmacology, Oslo University Hospital,
Oslo, Norway

4 Department of Neurosurgery, Oslo University Hospital,
Oslo, Norway

Eur J Clin Pharmacol (2016) 72:1245–1254
DOI 10.1007/s00228-016-2092-3

PHARMACOEPIDEMIOLOGYAND PRESCRIPTION

http://crossmark.crossref.org/dialog/?doi=10.1007/s00228-016-2092-3&domain=pdf


[9–13]. This is relevant and important for policy makers (pre-
scribers, pharmacists and health authorities), regarding
follow-up of changes in prescription patterns and as an incen-
tive for updating treatment guidelines. Rapid changes have
been observed regarding the use of newer AEDs both in epi-
lepsy and non-epilepsy disorders from 2004 [3, 4]. From
2008, reimbursement codes for diagnoses specifically based
on the International Statistical Classification of Diseases and
Related Health Problems (ICD-10) or the International
Classification for Primary Care (ICPC-2) system were imple-
mented into the Norwegian Prescription Database (NorPD).
With this methodological improvement, a detailed study was
performed with regards to further changes in the use of AEDs
in epilepsy and non-epilepsy indications, i.e. psychiatric dis-
orders, neuropathic pain and migraine from 2008 to 2012.
Furthermore, long-term changes in utilisation and retention
rates from 2004 to 2012 could be studied as a measure of
effectiveness (efficacy and tolerability).

The purpose of the present study was to investigate changes in
utilisation of AEDs in Norway and furthermore to study the reten-
tion rates of the most commonly used AEDs in epilepsy and non-
epilepsy disorders (psychiatry, neuropathic pain and migraine).

Methods

Studymaterial from the Norwegian PrescriptionDatabase

Data from January 2004 to December 2012 were obtained
from NorPD upon request. This database includes pharmacy

records based on dispensed and collected prescriptions from
all Norwegian pharmacies from 01 January 2004. The data-
base is run by the Norwegian Institute of Public Health and is
described and evaluated in previous studies [3, 4, 14–16]. The
data in this study contained all prescriptions (from specialists
and general practitioners) to patients who received at least one
AED during the period 01 January 2008 to 31 December 2012
for any indication to study the use of AEDs in epilepsy vs.
non-epilepsy indication using diagnosis-specific reimburse-
ment codes. Furthermore, long-term changes in utilisation
and retention rates of most commonly used AEDs in each
indication could be studied in detail from 2004 to 2012.

Variables included gender, age groups, encrypted per-
son identifiers instead of identity (ID), defined daily
doses (DDDs), prescription category (public refund or
not refund) and the specific code for reimbursement or
indication. Specific diagnosis-specific reimbursement
codes following the classification system for ICD-10
and ICPC-2 were used [17, 18]. Classification of drugs
was based upon the Anatomical Therapeutic Chemical
(ATC) classification codes where AEDs are defined as
N03A. Population of Norway from 2008 to 2012 (as of
01 January) was supplied by Statistics Norway as
shown in Table 1 [19].

The study was approved by the Norwegian Institute of
Public Health. The ethical considerations included that the
data were anonymous with no patient identification, as each
patient was given a running number in the data file (pseudon-
ymous), and Statistics Norway provided security for protec-
tion of patient information.

Table 1 Prevalence of users of
antiepileptic drugs (AEDs) in
Norway, 2008–2012, in epilepsy
and non-epilepsy indications

2008 2009 2010 2011 2012

Number of inhabitants in Norwaya 4,737,200 4,799,252 4,858,199 4,920,305 4,985,870

Indication and diagnosis-specific reim-
bursement codes

Number of distinctive patients using AEDs in different
indications

Epilepsy

Code 7. ICD/ICPC
codes: G40, N88.

43,477 38,959 39,798 40,045 41,029

Psychiatry

Code 18. Approved ICD/ICPC
codes: −73/−F3. Other: F2,
F3, F4, −F4, F30, F31, F32,
F33, F41, F41.

28,444 19,546 20,783 21,632 23,521

Neuropathic pain

Codes 22, 46, 99. Approved
ICD/ICPC codes: −71, −90.
Other: G50, N92, 0
(non-reimbursement for
gabapentin and pregabalin).

29,775 51,209 54,017 57,341 59,980

Migraine

Code 36. ICD/ICPC codes: G43, N89.

158 202 273 368 394

aNumber of inhabitants was supplied by Statistics Norway
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Data analyses and calculations

The data were analysed using Structured Query Language
(SQL) in a database administration system (mySQL).
Kaplan–Meier analyses were carried out using IBM SPSS
Statistics 18. For further analysis of the use in non-epilepsy
indications, patients using AEDswith the reimbursement code
or indication for epilepsy were excluded. The remaining indi-
cations were psychiatric disorders, neuropathic pain, migraine
prophylaxis or other, as specified in Table 1. The estimate of
the use of AEDs in neuropathic pain was based upon reim-
bursement and self-payment prescriptions (only pregabalin
and gabapentin) [20, 21].

The utilisation of AEDs is presented as DDDs/1000 inhab-
itants/day. For the DDD measure, statistical measures for var-
iability will be too uncertain, due to variability in the con-
sumption of drugs (use of other doses than the DDD,
polytherapy, periodic use of drugs, etc.). Time to discontinu-
ation was analysed by the Kaplan–Meier method. A period of
9 years (3285 days, 2004–2012) was used to estimate the
retention rates for the most commonly used AEDs in each
indication based on findings from the first results from the
database: lamotrigine, levetiracetam, carbamazepine and
valproate in epilepsy; lamotrigine, carbamazepine, pregabalin
and valproate in psychiatric disorders and topiramate,
valproate and gabapentin in migraine. Due to introduction of
diagnosis-specific reimbursement codes in 2008, the analysis
of retention rates for gabapentin, pregabalin and carbamaze-
pine in neuropathic pain was for 5 years (1825 days, 2008–
2012). Retention rates (proportion of patients remaining on
treatment) may indicate the long-term tolerability and efficacy
of the particular drug.

Results

The present study covers the whole population of Norway and
reflects detailed information of the prescription patterns of
AEDs and the utilisation of AEDs in non-epilepsy disorders,
from 2004 to 2012.

Patient characteristics of the population

The age range of the patients included all age groups (per
10 years) from 0 up to 103 years. The gender distribution for
all age groupswas 50/50 women/men in epilepsy, 58/42 wom-
en/men in psychiatry, 59/41 in neuropathic pain and 71/29 in
migraine. Six percent of the patients using AEDs in epilepsy
were in the age group 0–19 years, and only 0.1 to 0.3 % of the
users of AEDs for non-epilepsy disorders were in this age
group. Forty-eight percent of the patients using AEDs in
non-epilepsy disorders were in the age group 20 to 60 years,
and 49 % were older than 60 years (Fig. 1).

Utilisation of AEDs in epilepsy

Over the years, both the number of patients and the utilisation
of AEDs in epilepsy have been constant with an average of
40,662 distinctive patients and 6.7 DDD/1000 inhabitants/day
(Table 1 and Fig. 2a). The total utilisation of AEDs in epilepsy
accounted for 55 to 47% of the total use of AEDs in 2008 and
2012, respectively. In 2008 to 2012, lamotrigine was the most
commonly used AED in epilepsy (1.4–1.5 DDDs/1000 inhab-
itants/day), followed by levetiracetam (0.7–1.1 DDD/1000 in-
habitants/day), carbamazepine (1.0–1.4 DDD/1000 inhabi-
tants/day) and valproate (0.98–1.0 DDD/1000 inhabitants/
day) (Fig. 2b). The gender distribution of the users of
lamotrigine and valproate was on average 55/45 and 43/57
women/men, respectively. The number of women using
valproate in epilepsy has declined with 26 % from 2008 to
2012.

Increased utilisation of AEDs in non-epilepsy disorders

In total, the prevalence of use of AEDs in non-epilepsy disor-
ders has increased by 35 % from 2008 to 2012, reflected by a
similar increase in both psychiatry and neuropathic pain
(Fig. 2a). The utilisation of AEDs in non-epilepsy disorders
accounted for 45 to 53 % of the total use of AEDs in 2008 to
2012.

Psychiatry

In psychiatry, the increase in the utilisation of AEDs in
DDDs/1000 inhabitants/day was 39 % from 2008 to
2012 and accounted for 16 to 20 % of the total use
of AEDs (Fig. 2a). The increased utilisation exceeded
the increase in prevalence of users. Lamotrigine was
the major drug used in psychiatry, constituting 67 to
73 % of the total use of the drug from 2008 to 2012
regardless of psychiatric disorder from 2008 to 2012,
which was 1.4 and 2.1 DDDs/1000 inhabitants/day, re-
spectively. Valproate, carbamazepine and pregabalin
were minor AEDs prescribed in psychiatry, all account-
ing for 27 to 32 % of the total use of AEDs, and
increased by 20 % from 2008 to 2012 (Fig. 2c). The
gender distribution of users of lamotrigine in psychiatry
was 63/37 women/men and 50/50 for valproate. The
utilisation of AEDs in psychiatric disorders in children
(aged less than 10 years) and adolescents (11–19 years)
constituted 2 and 442 individuals, respectively. The use
accounted for <0.001 and 0.003 DDDs/1000 inhabitants/
day, respectively, and represented 0.01 % of the
utilisation of AEDs in psychiatry per year from 2008
to 2012.
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Neuropathic pain and migraine

The use of AEDs in pain, and mainly neuropathic pain, in-
creased by 40 % from 2008 to 2012 and consisted of 30 % of
the total use of AEDs in 2012 (Fig. 2a). The number of
patients using AEDs in neuropathic pain has increased by
nearly 100 % from 28,444 patients in 2008 to 59,980 patients
in 2012 (Table 1). Pregabalin and gabapentin were the main
drugs (>93 %) utilised in neuropathic pain and accounted for
2.8 to 4.1 DDDs/1000 inhabitants/day (Fig. 2d). The use of
carbamazepine in neuropathic pain was minor, on average
5.5 % of the total use in this indication. Migraine prophylaxis
is a minor indication for AEDs, where the predominant drug
is topiramate, followed by minor use of valproate and
gabapentin. Migraine constituted less than 1 % in total of
the use in non-epilepsy indications. The utilisation of
topiramate in migraine consisted on average of 0.01 DDDs/
1000 inhabitants/day from 2008 to 2012), constituting 83–
95 % of the use of AEDs in migraine. Valproate and
gabapentin were minor AEDs prescribed in migraine and
accounted for only 3.9–15 % of the use (Fig. 2e). The gender
distribution of valproate users was on average 73/27 women/
men in migraine.

Other and unspecified indications

The percentage of use of AEDs in other, unspecified dis-
orders and especially as off-label use in psychiatry was

constant at 3.6 to 5 % of the total consumption of AEDs
and accounted for 0.67 to 0.51 DDDs/1000 inhabitants/
day from 2008 to 2012, respectively. The use of AEDs
without reimbursement or any stated indications includ-
ed for instance clonazepam, 0.43 DDDs/1000 inhabi-
tants/day. During 2008 to 2012, a number of codes
and indications that were used exceeded by large the
limited number of main indications given in reimburse-
ment, as stated in this category: 45 different reimburse-
ment codes, 43 ICD-10 codes and 50 ICPC-2 codes,
with only a limited number of patients within each
category.

Prescription patterns

Due to changes in prescription patterns in Norway in
2008, the average for the years 2009 to 2012 are used
to elucidate the prescription patterns. The prescription of
AEDs from specialists (ICD-10) was considerably lower
than the prescription from general practitioners (ICPC-
2). On average, 20 % of the prescriptions in epilepsy,
psychiatry and migraine were prescribed by specialists
and 15 % in neuropathic pain. No major changes in
specialist/general practitioner ratios in prescriptions were
seen from 2009 to 2012. The prescriptions with old
reimbursement codes accounted for <5 % after the in-
troduction of diagnosis-specific reimbursement codes.

Fig. 1 Age and gender distribution of users of AEDs in Norway in epilepsy and non-epilepsy disorders, 2008–2012

1248 Eur J Clin Pharmacol (2016) 72:1245–1254



Retention rates for the most commonly used AEDs

Based on the findings of the most commonly used AEDs
in Norway in all indications, survival plots were based
upon comparative Kaplan–Meier statistics for comparison

between AEDs in different indications. Regardless of in-
dication, newer AEDs have better effectiveness. The mean
numbers of days to discontinuation of the most commonly
used AEDs are shown in Table 2. The retention rate at
year 9 in epilepsy was 48 % for levetiracetam (Fig. 3a). In

Fig. 2 Utilisation of antiepileptic drugs in epilepsy and non-epilepsy
disorders in Norway. Total use of AEDs in various indications, 2004–
2012 (a). Utilisation of the most common AEDs in epilepsy (b), in

psychiatric indications (c), in neuropathic pain (d) and in migraine (e),
2008–2012. DDDs defined daily doses
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psychiatric disorders, lamotrigine had a retention rate of
37 % and carbamazepine had a significantly poorer out-
come than the other AEDs had. Pregabalin, used predom-
inantly in anxiety, had the highest retention rate of 47 %
but was used in a low number of patients (Fig. 3b). At day
1825, pregabalin and gabapentin had retention rates of 36
and 35 %, respectively, in neuropathic pain, and 33 % for
carbamazepine (Fig. 3c). In migraine, the prescription
numbers were small, but topiramate and valproate had
the highest retention rates of 37 and 36 %, respectively
(Fig. 3d).

Discussion

The present study covers the whole population of Norway and
reflects detailed information of the increased utilisation of
AEDs in non-epilepsy indications, i.e. psychiatry, neuropathic
pain and migraine in various patient groups, as a follow-up of
changes based on previous studies [3, 4].

Changes in utilisation of AEDs in epilepsy
and non-epilepsy, various indications and clinical
implications

The present results demonstrate a shift in recent years towards
more extensive utilisation of AEDs in non-epilepsy disorders
as compared to our results from 2004 to 2007 [3]. A similar
increase in other disorders has been shown in e.g. Denmark
and Italy using different methodologies during the 1990s to
the 2000s [1, 2, 5, 6].

Epilepsy

The utilisation of lamotrigine and valproate has been constant,
while the utilisation of carbamazepine has declined as the use
of e.g. levetiracetam has increased. The top four most fre-
quently prescribed AEDs in epilepsy are in line with the
evidence-based recommendations from the International
League Against Epilepsy (ILAE). Carbamazepine, levetirace-
tam and lamotrigine (in the elderly) are among the AEDs with
the highest evidence-based recommendations and are first
choices in focal onset seizures in adults. Valproate, carbamaz-
epine and lamotrigine are regarded as first choices (evidence
level C) in generalised onset seizures in adultswhile valproate
is of choice (evidence level A) in absence seizures in children
[22].

Psychiatry

The utilisation of lamotrigine has increased in psychiat-
ric disorders each year since 2004 [3]. Patients with
epilepsy often suffer from comorbid conditions, and
lamotrigine is in many cases chosen, pointing to rational
therapy [23]. Lamotrigine is regarded as a first-line
treatment option in bipolar depression in adults, accord-
ing to recent evidence-based guidelines [24–26].
Pregabalin in generalised anxiety disorder constitutes
only limited use. Off-label use of AEDs in psychiatry
is an issue of concern, according to all the diagnosis-
specific related reimbursement codes that have been reg-
istered. Documentation of adverse drug reactions in this
group of patients is, however, scarce [27, 28].

Table 2 Retention rates of the most commonly used antiepileptic drugs
(AEDs) in epilepsy and non-epilepsy indications

Indication AED (patients) Percentage of
patients on
treatment after
9 years
(3250 days)
(2004–
2012)Neuropathic
pain 5 years
(1825 days)
(2008–2012)

Kaplan–Meier
estimates of mean
time to
discontinuation
(days) (CI 95 %)

Epilepsy Levetiracetam
(n = 9397)

48 % 1490 (1461–1519)a

Lamotrigine
(n = 17,421)

34 % 1311 (1292–1329)

Valproate
(n = 12,297)

34 % 1296 (1273–1318)

Carbamazepine
(n = 10,891)

26 % 1340 (1317–1363)

Psychiatric
disorder

Lamotrigine
(n = 24,110)

37 % 1301 (1284–1317)

Pregabalin
(n = 916)

47 % 1175 (1097–1253)

Valproate
(n = 9031)

28 % 1117 (1093–1142)b

Carbamazepine
(n = 3892)

14 % 780 (751–809)a

Neuropathic
pain

Carbamazepine
(n = 4734)

33 % 827 (808–846)a

Pregabalin
(n = 14,018)

36 % 782 (770–794)a

Gabapentin
(n = 32,938)

35 % 675 (667–683)a

Migraine Topiramate
(n = 574)

37 % 972 (880–1064)

Valproate
(n = 25)

36 % 786 (418–1153)

Gabapentin
(n = 17)

6 % 628 (373–883)

CI confidence intervals

aStatistical significant difference as compared to the other drugs
(p < 0.005)
b Valproate is significantly different from lamotrigine and carbamazepine
(p < 0.005)
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Neuropathic pain and migraine

The use of pregabalin and gabapentin has increased in recent
years, and they are the predominant AEDs used in neuropathic
pain [29]. The use of carbamazepine in neuropathic pain is
mainly limited to trigeminal neuralgia, according to previous
findings where this indication had a separate reimbursement
code [3]. The increase in utilisation of gabapentin may be due
to differences in the preference of reimbursement in neuro-
pathic pain [20, 21]. The two drugs have similar efficacy
and tolerability profiles [30]. Pregabalin has a potential for
abuse as reported from the WHO database from 12 countries
and findings from NorPD in Norway [31, 32]. Gabapentin is
also at risk based on the similar mechanism of action, and case
reports have been published, but it has a large variability in

bioavailability [33–36]. This demonstrates a need for surveil-
lance of drug utilisation at an international level. Migraine is
still a minor indication for AEDs while the number of patients
using topiramate as migraine prophylaxis is increasing [3].

Safety aspects of AEDs in special patient populations
and changes in prescriptions

Focus on special patient groups where pharmacokinetic vari-
ability and safety is of importance requires careful pharmaco-
logical considerations and close monitoring [7, 9, 37].
Gender- and age-specific safety aspects of drug utilisation
are thus important to document. The use of AEDs in children
is mainly restricted to epilepsy. Lamotrigine is widely used in
epilepsy and psychiatry. The use of valproate in women is

a Epilepsy b Psychiatric disorders 

c Neuropathic pain d Migraine 

DaysDays 

Days Days

Fig. 3 Retention rates of the most commonly used antiepileptic drugs
(AEDs) in epilepsy and non-epilepsy indications at 9 years (3285 days)
and 5 years (1825 days) for neuropathic pain. The y-axis (survival prob-
ability) shows the number of patients, and the x-axis represents time
(days). Censored values are indicated by crosses. Carbamazepine

(N03AF01), valproate (N03AG01), lamotrigine (N03AX09), levetirace-
tam (N03AX14), pregabalin (N03AX12), gabapentin (N03AX16),
topiramate (N03AX11). ATCcode Anatomical Therapeutic Chemical
classification
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decreasing and is an important concern regarding adverse ef-
fects and teratogenic effects [9, 38]. Nearly 50 % of the pa-
tients were more than 60 years old where pharmacological
challenges increase. The use of gabapentin and pregabalin in
neuropathic pain in elderly patients is important in this regard.

The Norwegian public reimbursement scheme covers the
expenditures for all drugs used in chronic indications, and
therefore, reimbursement of AEDs is almost complete (includ-
ing off-label use), in contrast to many European countries
[39]. The national authorities require initial use in neuropathic
pain before full reimbursement is given for gabapentin and
pregabalin. The present data of the prescriptions show a con-
siderable part (>80 %) of prescriptions prescribed by general
practitioners as compared to specialists (20 %). However, they
may initially be issued by specialists and then continued by
general practitioners. This is disquieting, since detailed
knowledge of the individual drugs and extent of pharmaco-
logical variability and safety concerns are essential.

Retention rates of AEDs in epilepsy and non-epilepsy
indications

The retention rate reflects effectiveness (efficacy and/or toler-
ability) of AEDs, and Kaplan–Meier statistics have not been
used in this context as far as the authors are aware of. Overall,
the newer AEDs have higher retention rates and a longer mean
time to discontinuation than the older drugs. This is in line
with other studies of carbamazepine, lamotrigine and leveti-
racetam [40, 41]. Lack of effect was the primary reason for
discontinuation of AEDs in another study [42], but this could
not be distinguished in the present study. The present analyses
of a nationwide population contribute to long-term safety data
o f AED use in va r i ous i nd i c a t i on s a s pa r t o f
pharmacovigilance that cannot be provided in post-
marketing studies.

Methodological considerations

The NorPD is a validated database well suited for
pharmacoepidemiological studies [3, 4, 23]. In NorPD,
>90 % of the population is included [16]. The implementation
of ICD-10 and ICPC-2 systems from 2008 gives access to
more detailed information regarding clinical use of AEDs in
non-epilepsy disorders and could be used as a direct measure,
in contrast to other studies in Europe [12, 43, 44]. A limitation
is that patients treated in hospitals and institutions are not
included in NorPD. The term DDD is a defined value for each
drug and does not necessarily reflect the actual prescribed
daily dose (PDD) in clinical practice. Such studies are impor-
tant, as concluded in an evaluation of pharmacoepidemiology,
to monitor and extend knowledge of safety after authorization
[11, 45].

Conclusions

The use of AEDs is increasing in non-epilepsy disorders and
accounted for 53 % of the total utilisation in 2012. AEDs are
almost completely reimbursed, with only 20 % of prescrip-
tions from specialists and 80 % from general practitioners.
Newer AEDs are most commonly used and show the highest
retention rates (34–48 %) (2004–2012): levetiracetam in epi-
lepsy, lamotrigine in psychiatry, pregabalin and gabapentin in
neuropathic pain and topiramate in migraine. This nationwide
study demonstrates an increased exposure to AEDs in new
patient groups, and details in prescription patterns and clinical
and safety considerations should be closely monitored. This
contributes to long-term post-marketing data of AEDs and
accordingly improved pharmacovigilance.
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