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A B S T R A C T

Adverse cutaneous reactions caused by mostly aromatic antiepileptic drugs (AED) affect 50.000 people a year in
the United Kingdom (UK; incidence 75.7/100.000). Optimal management of these cases is often difficult, as the
patient may report symptoms to a general practitioner, attend Accident & Emergency or inform a specialist over
the telephone or via email. When clinical assessment is limited it is thought safest to withdraw offending
medication and inform the patient of a new drug allergy. This may unjustifiably restrict future treatment choices,
and increase cost. Most frequent offenders are aromatic AEDs: carbamazepine, oxcarbazepine, eslicarbazepine,
phenytoin, lamotrigine, phenobarbitone, primidone (recently licensed lacosamide associated with lower risk)
and the sulpha-derivative zonisamide.

Our study provides a summary of severe delayed allergic reactions and offers a pragmatic management
pathway for patients suffering a suspected drug-induced rash. We include UK pretreatment screening guidelines,
step by step clinical assessment of rash and associated symptoms aiding early identification of patients at risk of
developing severe allergic reactions. At the same time our manuscript reviews published data informing best
choice and titration of alternative medication when allergy confirmed.

Finally we summarize current knowledge on genetic predisposition and other personalized risks of AED al-
lergies identifying gaps in our current understanding.

1. Introduction

A history of allergic drug reactions often limits the choice of medical
treatment. These are reported in 10% of community case notes and for
up to 35% of patients attending a US teaching hospital [1]. Current
assessment of drug hypersensitivity in the UK relies on self-reporting.
This is often misleading. In over 40% of cases, penicillin intolerance is
incorrectly labeled as ‘allergy’ [2].

Immune-mediated adverse reactions are most commonly caused by
antibiotics. Though hypersensitivity to antiepileptic drugs (AEDs) is less
common [3], the risk of severe allergy (e.g. Stevens-Johnson syndrome)
is higher in this group. Over a five year period Arif et al. [4] docu-
mented a rash at any time during data collection in 15.9% of 1649
patients taking AEDs. As a group, aromatic AEDs, including pheno-
barbital (PB), primidone (PRM), carbamazepine (CBZ), oxcarbazepine
(OXC), eslicarbazepine (ESL), lamotrigine (LTG), and phenytoin (PHT)
are the worst offenders. Large studies on Lacosamide (LCM), a new
aromatic AED launched in the UK in 2017 report risk of rash compar-
able to that on placebo [5]. Hypersensitivity is also commonly

associated with Zonisamide (ZNS), a sulphonamide derivative. Though
published data on incidence varies [6], annually an estimated 50.000
patients in the UK will suffer a skin rash after AED initiation. This
equals annual incidence of 75.7/100.000. Fortunately only a minority
of isolated skin reactions are at risk of becoming severe, potentially life
threatening allergies [7].

When treating adult patients suffering from epilepsy, we often face
the dilemma of adjusting AED dose or withdrawing an offending drug
in response to a new skin rash. At other times the challenge is in
planning treatment for a patient with a history of previous allergic re-
action, with additional factors limiting choice of medication (planned
conception, renal failure etc). Some patient groups, such as women of a
childbearing age in remission on LTG or CBZ, or those with trigeminal
neuralgia, kinesogenic dyskinesia etc. may especially benefit from de-
sensitization. In these patient groups the choice of effective and safe
AEDs is often limited. This paper offers not only a pragmatic review, but
also recommendations for risk testing and management, based on our
own clinical experience in this area; epilepsy service and the im-
munology/drug allergy clinic. Our aim is to inform clinical decision-
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making, facilitate early and accurate identification of those at risk, and
thus help avoid unnecessary drug withdrawal and incorrect labeling of
AED hypersensitivity. Optimal management will not only prevent un-
justified treatment restriction but also reduce health care costs.

2. Hypersensitivity; an idiosynchratic side effect

Cutaneous reactions are reported in between 1 to 8% of individuals
on prescribed medication [8]. A minority of these are caused by true
allergies. Hypersensitivity is an immune-mediated reaction, classified
as a type B or ‘idiosynchratic side effect’. When suspected, patients must
be assessed for ‘red flag’ features. If they have clinical signs of severe
cutaneous hypersensitivity, or are at high risk of this, the offending
drug must be withdrawn and avoided in the future. Re-exposure in this
group carries unacceptably high risk of exacerbating the previously
seen immune response. Reports addressing risk in males and females
are conflicting. Multivariate analysis in large group of patients from the
UK and Europe report no difference between sexes [4]. Smaller studies
on patients with learning difficulty [3] and those from China found
higher risk in females (2:1; androgens protective [7]). Hypersensitivity
is more common in those with pre-existing immune or dermatological
conditions, and at the extremes of life. Several genetic associations have
already been identified (see HLA data below).

Immediate reactions evolve from minutes to hours after exposure.
They are rapidly progressive IgE or histamine mediated medical
emergencies. Anaphylaxis is more frequent in children, often after in-
travenous (IV) AED administration. Caution is advised, as rarely ana-
phylaxis may also occur, when a drug previously taken and tolerated
orally is weeks or months later administered IV. Urticaria and angioe-
dema have both been reported after exposure to aromatic AEDs.
Isolated bronchospasm is rarely seen in patients with epilepsy, but a
few cases have been described after IV PHT treatment [9]. While PHT is
the most likely to cause immediate reactions, these are rarely anaphy-
lactic. For patients at risk, safe and structurally different drugs are
available for rapid iv administration in the acute setting, such as le-
vetiracetam (LEV) and sodium valproate (VPA). Note that VPA as a
liver enzyme inhibitor affects metabolism of several AEDs including
PHT, fosphenytoin, LTG, PB and PRM. Bruni et al. [10] describe a
complex interaction with PHT; VPA displaces protein bound fraction,
thus increasing active PHT levels. This process may temporarily ag-
gravate allergic reaction even after PHT discontinuation. Above inter-
actions must be considered when VPA administered to patient diag-
nosed or at risk of AED hypersensitivity.

Immediate reactions often have a clear temporal relationship be-
tween administration of the offending drug and the allergic response,
thus diagnosis is rarely in doubt. In these cases repeated exposure, or
desensitisation is best avoided (high risk-benefit ratio). Mortality after
re-challenge increases if a patient with an immediate reaction suffered
additional cardiovascular or respiratory symptoms. In carefully selected
cases skin prick testing and immediate intradermal testing (IDT) may be

helpful, and if negative reintroducing the drug should always utilize a
hospital based graded challenge format as detailed below.

Delayed, mostly T cell mediated cutaneous reactions evolve from 12 h
to days or weeks after the first AED dose was taken. The clinical picture
may be varied, from a low risk isolated skin rash to severe systemic and
multiorgan diseases such as Stevens-Johnson syndrome (SJS) or toxic
epidermal necrolysis (TEN). The clinical picture and skin rash is often
non-specific at the onset, but may rapidly evolve from a blanching
maculopapular rash with absent to mild systemic symptoms to the more
widespread severe, often non-blanching/blistering/pustular rash with
systemic upset in those developing the more severe reactions. Regular
clinical assessment is critical and targeted investigations will identify
patients at risk and inform choice of alternative future AEDs (see
Table 1). In general, patients with simple maculopapular rashes without
systemic symptoms and abnormal blood investigations (FBC, U&E, CRP,
LFTs) tend not to progress to the more serious syndromes even if the
offending drug is continued. This relates to the different immune me-
chanisms that underlie these reactions (see below).

Most AED induced allergic reactions are the result of delayed cell
mediated hypersensitivity. These are insidious, may occur up to several
weeks after commencement of new treatment, making it especially
difficult to implicate a specific drug in patients prescribed various
medications. This appears to suggest a direct drug induced T cell re-
activity and with likely involvement of the HLA class I and sometimes
class II proteins [11]. HLA-A*31:01 association has been most con-
sistently identified for CBZ induced reactions ([12], see below). AED
binding to specific parts of certain HLA molecules would then oligo-
clonally stimulate specific types of T cells as has been suggested in the
case of the antiretroviral, abacavir induced reactivity in HLA-B*57:01
positive patients [13]. It is likely that there is also a reduction in more
general T helper type 1 (Th1) function. This allows previously acquired
viruses such as HHV6 (human herpes virus 6) and to a lesser degree
HHV7 (human herpes virus 7), Epstein Barr Virus (EBV) and cytome-
galovirus to reactivate [14–16]. The final clinical features of the AED
induced skin reaction are therefore a composite of direct immune re-
sponse and viral reactivation with features of infection by one or more
of the above viruses. Symptomatically, the latter may be associated
with fatigue, headache, myalgia, fever, sore throat with cervical lym-
phadenopathy, raised liver function tests. Clinical assessment and tar-
geted investigations will identify patients at risk and inform manage-
ment (see Table 1 and Fig. 2)

3. Management of AED induced rash

Neurologists as well as general practitioners, psychiatrists and pain
management specialists may receive messages from their patients about
a skin rash following initiation of an aromatic AED. If symptoms started
within 8 weeks after taking first dose, and other causes (co-medication,
contact chemical/cosmetic, known or new skin conditions) have been
considered and excluded, a symptom based clinical risk assessment is

Abbreviations

AE Dantiepileptic drug
AGEP acute generalised pustulosis
APT atopy patch testing
CBZ carbamazepine
CRP c-reactive protein
DRESS drug reaction with eosinophilia and systemic symptoms
DT desensitization
ESL eslicarbazepine
FBC full blood count
HLA human leukocyte antigen
IDT intradermal testing

LCS lacosamide
LFT liver function test
LTG lamotrigine
LTR lymphocyte transformation responses
mg milligrams
OXC oxcarbazepine
PHB phenobarbitone
PHY phenytoin
SJS Stevens Johnson Syndrome
TEN toxic epidermal necrolysis
U&E urea and electrolytes
ZNS zonisamide
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required. The offending drug must be withdrawn if the patient cannot
be monitored safely (cognitive problems, elderly, lack of carer etc.). It is
important to characterize the rash; when hemorrhagic, blistering,
pustular, confluent or involving mucus membranes, the risk of a severe
allergic reaction is high. Further ‘red flags’ are the presence of systemic
symptoms, such as malaise, fever, lymphadenopathy. When in doubt, a
blood test (FBC, CRP, LFT, U&E) and urine dipstick for blood and
protein will add further information. For a comprehensive assessment
and management pathway see Fig. 2.

If the rash is non-confluent, maculopapular, limited to skin and in a
systemically well patient, it is safe to reduce the dose of the offending
AED and monitor patient. If required, an antihistamine may be started.
After symptoms resolved, dose may be escalated at a slower rate.
Morbilliform rashes are the most frequent and are usually mediated by
CD4 Th1 cells. Systemic symptoms are few and the role of viral re-
activation in the aetiology of the reaction is unclear. Thus, quite often
viral titers and copy numbers are only evident many days after the
onset of the reaction. Atopy patch testing (APT) involving the appli-
cation on intact forearm skin of a very small quantity of the suspected
drug mixed in white soft paraffin or normal saline and assessed after
48–72 h may be helpful in determining the AED responsible for the
reaction and appears to have only a low risk.

In case of high risk or confirmed diagnosis of severe hypersensitivity
an alternative and safe AED must be sought. As Hirsch et al. [17] re-
ported prescribing another aromatic AED also carries a risk. For ex-
ample, a patient allergic to OXC or PB has an estimated 70% risk of a
similar reaction to CBZ (Fig. 1). This risk reduces with slow titration or
desensitization regimen. Caution is advised when switching treatment
from LTG, PB, PRM or PHY to VPA, as if it is started before the of-
fending AED is fully metabolized and excreted, VPA may transiently
increase levels and worsen hypersensitivity.

4. Delayed hypersensitivity syndromes and desensitization

Exact description and onset of symptoms, rash pattern, character
and distribution with any additional systemic symptoms will secure an
accurate diagnosis of AED reactivity (Table 1). This is critical for de-
termining the mechanism of drug reaction [18]. Especially important is
onset of the reaction in regard to the first drug dose administration. In
certain types of delayed reactivity, APT [19,20] and delayed reading

intradermal testing (IDT) is helpful. However, this needs to be per-
formed several weeks after the disappearance of all features of the re-
action. Determining the ‘non-irritant’ concentration of the offending
AED is a challenge, as this has not been conclusively ratified for many
AEDs [21]. Unfortunately, the risk of an accelerated drug induced re-
action with re-exposure is significant and may sometimes be accom-
panied by systemic symptoms. In some cases, continuation of AED
treatment may be possible; perhaps with steroid and anti-viral medi-
cation to reduce symptoms, many caused by viral reactivation. The
latter is considered to involve one or more of the common herpes
viruses such as HHV6, EBV, HHV7 etc which are released from immune
control by a drug induced immune dysfunction. While routine non-toxic
anti-viral medication against these viruses is not generally available, a
trial of acyclovir or valaciclovir in full anti-varicella-zoster dosage is
worth considering alongside carefully utilized steroids as both have at
least activity against these agents [22,23].

In the case of Drug reaction with eosinophilia and systemic symptoms
(DRESS) a T helper lymphocyte (Th) type 2 pattern of cellular reactivity is
evident, although the reaction can be acute and occasionally life-threa-
tening. The Th2 cytokines interleukin (IL) 4 and IL5 appear critical and the
typical DRESS reaction is associated with a fever, sore and mildly itchy flat
to mildly bumpy rashes and systemic symptoms. The latter often comprise
lymphadenopathy, abnormal liver function, interstitial nephritis, lung and
heart infiltrates and several haematological abnormalities: especially eosi-
nophilia and atypical lymphocytes. The AEDS most frequently associated
with DRESS are PHT and CBZ. Other drugs that are implicated in causing
dress include allopurinol, minocycline and sulphonamides. The diagnosis is
often not in doubt with the typical syndrome but IDT with reading of the
test at 24, 48 and 72h can be used with a very high dilution of the most
likely causative drug. When test positive, redness, swelling and scaling may
be evident although sometimes blistering can also be seen. The value of
lymphocyte transformation responses (LTR) remains unclear although they
have been informative in some cases [24]. In the case of DRESS, Cabañas
et al. [25] recently reported LTR sensitivities and specificities of 73% and
82% in 41 patients with DRESS secondary to β lactams, contrast media and
AEDs, all assessed during the recovery phase. These figures were 100% in
the case of AEDs.

Acute generalised pustulosis (AGEP) is considered the result of T
helper 17 mediated reactivity in which pustules are seen in several
parts of the body but especially on the chest and upper back. Here drug

Fig. 1. Risk of allergic rash / hypersensitivity with new AED in patients with history of skin reaction to previous medication. Note confidence interval high in
columns with low number of patients in group. Created using data from [17].
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mediated stimulation of excessive interleukin 8 (IL8) secretion leads to
recruitment of T cells and neutrophils to the skin and systemic symp-
toms that include cutaneous itching/soreness, fever and fatigue [26].
Both APT and delayed reading ID has been considered helpful in con-
firming specific drug involvement.

The most serious of the delayed drug reactions seen with the AEDs is
severe erythema multiforme (EM) at the mild end of the spectrum and
SJS/Toxic Epidermal Necrolysis (TEN) at the severe end. Here CD8 T
cells secrete perforins, granzymes and other factors that directly da-
mage epidermal and mucosal cells. In the past skin testing, and in-
tradermal testing in particular, has been considered dangerous and with
a significant risk to reactivate skin inflammation. However, testing
using very low amounts of the drug may be undertaken safely and

0.001% of the dose that was considered causative of the reaction is
suggested. If the result is positive, then the drug is definitely avoided.
The problem arises with a negative result and whether the drug should
be offered even in a desensitization regime as described below.

As yet, pre-treatment atopy patch testing (APT) has not been in-
vestigated as means of predicting potential reactivity in several of the de-
layed severe T cell mediated AED sensitivities. Clearly the danger is that the
testing may stimulate potential reactivity which was previously absent. In
the case of T cell mediated penicillin hypersensitivity, negative delayed
reading skin tests has provided an excellent negative prediction for non-
reactivity to a carbapenem [27]. In the case of AEDs, once a reaction has
occurred, skin prick test (SPT) may be helpful for acute IgE mediated re-
actions accompanied by urticaria and angioedema with or without

Fig. 2. Management pathway for patients presenting with AED related skin reaction summarising red flag signs of high risk hypersensitivity.
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cardiorespiratory symptoms. For the delayed reactions including DRESS,
APT [20,28] may be helpful. In the case of AGP and SJS/TENS IDT with
delayed reading of the test at 24, 48 and 72h may be useful. In these latter
cases a 0.1% solution is suggested for the testing as this is very unlikely to
produce a recurrence of the reaction.

The gold standard in establishing specific drug reactivity is provocation
testing. For certain types of reactions such as SJS/TENS this is extremely
hazardous and carries a very significant risk of reactivating muco-cutaneous
inflammation and blistering. However, where there is doubt as to the cause
of type 1 reactions and morbilliform rashes and SPT has been negative or
equivocal, provocation testing may be undertaken utilizing a graded chal-
lenge at specific time intervals. For the type 1 reactions a 0.1% dose fol-
lowed by a 1% dose 3 h later and then 10% dose 3 h subsequently and
finally 100% dose 3 h after this is suggested. Clearly an IV line and emer-
gency facilities should be available. In the case of the delayed onset mor-
billiform rashes, the same doses should be offered at 24 h intervals and the
patient may be allowed home between the exposures.

The alternative to provocation testing in the case of patients with mild
type 1 reactions without cardiorespiratory compromise and mucocutaneous
inflammation is an active desensitization process [29]. This may also be
employed in those with morbilliform rashes and possibly AGEP. Here par-
allels may be drawn with general penicillin allergy, piperacillin/tazo-
bactam, ceftazidime, meropenem and aztreonam allergy in cystic fibrosis
[30] and cotrimoxazole hypersensitivity in HIV infection [31]. The precise
regime to be employed with AED desensitization should be based on the
immune basis of the AED reactivity. Notwithstanding, the aim is to increase
blocking drug specific IgG4 antibodies, decrease the auto-reactive Th1, Th2,
Th17 cells and/or increase the number of T regulatory cells that can keep
drug specific T cells under control [32]. Interestingly, an increase in the
latter was noted after allopurinol desensitisation for a fixed drug eruption
by Teraki and Shiohara [33]. However, more specific evidence in those with
AED reactivity is lacking.

In terms of desensitization for AED induced reactions, three types of
regime may be utilized although intermediate patterns can be used and
varied according to time constraints and facilities for inpatient stay. For the
immediate type 1 IgE mediated reactions confirmed by SPT, several regimes
are available. The first involves an inpatient ‘rush’ exposure to the chosen
AED. It is initially introduced at a 0.1% dose and the amount doubled at 2
hourly intervals until the desired dose is reached. Facilities for cardior-
espiratory resuscitation should be available although in the case of peni-
cillin and insect venom desensitization this type of regime is considered
very safe. The second regime involves an initial 0.1% dose of the drug being
offered and the doubling interval being every 24 h. In the third regime, the
0.1% initial dose is taken daily for a week and the dose doubled at weekly
intervals. In the authors view this perhaps the safest of the three regimes but
only possible where there are no time constraints. Unfortunately, this is not
often available in patients with epilepsy. Regardless, regular contact with
the patient/carer is clearly critical in the case of the regimes used on an
outpatient basis. In the case of morbilliform rashes and AGEP, the second
and third patterns of desensitization may be used with doubling increments
daily or weekly. In terms of using prophylactic anti-histamines and/or
steroids there is no consensus on their use in any type of desensitization
[29].

There is little or no research in the use of AED desensitization in patients
suffering SJS/TENS and DRESS and even those returning negative skin
testing. There is a clear risk of reactivating the original reaction as there are
high numbers of T memory cells that are long lived and reactivate quickly
on drug re-exposure. Overall, we would not recommend desensitization in
patients whose AED sensitivity is associated with this type of reactivity and
especially if there are alternatives available.

5. Aromatic AEDs

5.1. Lamotrigine

LTG is a relatively well tolerated AED, with a wide spectrum of

efficacy, including focal, generalized as well as tonic-clonic seizures and
Lennox-Gastaut syndrome. It is also prescribed as a mood stabiliser in
bipolar disease. Pregnancy outcome data is also encouraging; LTG is
one of few low risk choices for women of childbearing age with idio-
pathic generalised epilepsy.

A rash is a common side effect of LTG treatment, occurring in 8.3%,
with half of these withdrawing medications as a consequence [34]. This
may be an over cautious measure, as separate studies have found that
only 0.04% of new users develop SJS/TEN, and less than 0.1% develop
DRESS [35]. Many clinicians are aware of appearance or aggravation of
acne in those staring lamotrigine, however literature on this is sparse
[36].

The risk of a severe rash from LTG is reduced by over 10 fold with
slow titration schedule such as 25mg fortnightly increments [34]. The
risk of rash is increased when LTG is prescribed with VPA, as it com-
petitively inhibits LTG glycoxidation in the liver, increasing half-life.
When the offending aromatic anticonvulsant is exchanged for another
aromatic AED, there is up to 60% risk of rash reoccurrence ([17];
Fig. 1).

For selected ethnic groups a genetic predisposition has been iden-
tified: HLA-B*15:02 in Han Chinese (odds ratio 4.98, 95% confidence
interval 1.43–17.28), HLA-B*44:03 and HLA-B*38:01 alleles as a
probable risk factor for SJS/TEN in the Korean population [37,38,39].
HLA-A*24:02 was recently confirmed as a shared risk factor for SJS/
TEN after exposure to aromatic AEDs, including LTG [40]. Pre-treat-
ment screening for HLA-B*15:02 and HLA-A*24:02 is indicated in Han
Chinese and future studies are expected to confirm other ethnic groups
at risk.

Further risk factors for LTG induced hypersensitivity include in-
fection with human immunodeficiency virus (HIV), co-administration
of antiviral drugs, liver disease, advanced age, and concomitant use of
immunosuppressive agents. LTG titration may also coincide with the
appearance of an unrelated skin condition, such as rosacea, acne etc
[41]. Our clinical experience suggests this is more likely in women.

Several publications suggest, if LTG related cutaneous reaction is
without red flag signs, it is safe to either treat through with or without
antihistamine cover, or lower the dosage until resolution and re-
challenge with slower titration regimen [29,42,43]. Serious adverse
cutaneous reactions are rare, with only 0.3% of those with a rash re-
quiring hospitalization. Rechallenge should only be attempted if patient
can be safely monitored in the Community and benefits of continuing
treatment outweigh risks. To make this decision, clinicians should
consider the necessity of LTG treatment and the availability of suitable,
safe and effective alternative drugs with acceptable risk of cross re-
activity (Fig. 1). Rechallenge is successful in 87% (n=48) of those in
whom it is attempted [42]. A starting dose of 5mg or 12.5mg daily is
recommended for the first 2 weeks, and then increased to 25mg once a
day for a fortnight. Additional 25mg fortnightly increments are then
added until the target dose is reached. Cautious titration using a re-
challenge regimen may also be appropriate if the individual previously
developed a non-serious skin reaction to other aromatic AEDs (CBZ,
OXC etc). After LTG induced SJS/TEN, DRESS, or other serious hy-
persensitivity rechallenge must not be attempted. If in doubt, and fur-
ther assessment of LTG treatment risk is indicated, referral for skin
testing may be appropriate.

5.2. Carbamazepine

CBZ is an aromatic voltage dependent sodium channel inhibitor, with a
wide range of uses. As an AED it is first line agent for focal onset seizures in
monotherapy. It’s also key in the treatment of trigeminal neuralgia, kine-
sogenic dyskinesia, bipolar disorder, prescribed unlicensed for alcohol
withdrawal and diabetic neuropathy. Between 1–10% of patients develop a
cutaneous reaction; over 85% of these are mild maculopapular reactions.
SJS/TEN is estimated to occur in less than 0.06% of adults started on CBZ,
0.04% or fewer develop DRESS [44].
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The mechanism of CBZ induced skin reaction remains unknown.
Theories propose abnormalities in drug metabolism producing toxic by-
products (arene oxides), or major histocompatibility complex pre-
sentation of metabolites to T-cells which are found in skin lesions of
DRESS and SJS/TEN. HHV 6 and 7 reactivation was shown to play a
part, and when present may worsen prognosis [45].

The HLA-B*1502 allele (both hetero- and homozygous) was first de-
scribed as a risk factor for SJS/TEN, however not DRESS, in the Southeast
Asian population. This allele is most prevalent (15%) in Hong Kong,
Malaysia, Thailand and the Philippines. In Caucasians this antigen is largely
absent. It is estimated to have a 98.3% sensitivity, 97% specificity, a 7.7%
positive predictive value and a 100% negative predictive value, for devel-
oping SJS/TEN on CBZ [46]. Guidelines for screening CBZ naïve patients
are in place in UK (BNF), US (https://www.accessdata.fda.gov/drugsatfda_
docs/nda/2007/016608s098.020712s029.021710_ClinRev.pdf), Canada
and the Netherlands (https://www.ncbi.nlm.nih.gov/books/NBK321445/
pdf/Bookshelf_NBK321445.pdf).

HLA-A*3101 positivity increases the risk of SJS/TEN, DRESS and
maculopapular eruptions. This marker is prevalent in 15% of Japanese,
South Indians and Native Americans, in 10% of Europeans, South
Koreans and Han Chinese. Those positive have a 0.89% risk of devel-
oping DRESS when exposed to CBZ, which is over five times less than in
those carrying HLA-B*1502).

HLA-B*1511 is a risk factor for SJS/TEN in Japan, Korea and central
China, also in those negative for HLA-B*1502. This allele is seen in
around 1% of this population. Patients positive for HLA-B*1511 have a
0.27–0.73% risk of developing SJS/TEN. Other HLA markers have also
been investigated as potential markers of CBZ hypersensitivity with
data at present inconclusive [47]. Screening for these and other less
studied markers is currently not recommended in the UK.

When the at risk population is identified and no acceptable alter-
native to CBZ / OXC treatment is available, close monitoring and slow
titration using a desensitization regimen, will reduce the risk of hy-
persensitivity. Warning signs and symptoms, alongside risks and ben-
efits must be discussed with patients if this management is chosen. Any
patient positive for the above markers and tolerating CBZ without ad-
verse effects for over 3 months is at low risk of hypersensitivity to this
AED.

In the case of a CBZ induced rash with red flags for DRESS or SJS/
TEN, medication must be immediately discontinued. Early hospitalisa-
tion and steroids are important in the management of DRESS. Some
authorities recommend IVIG and plasma exchange. If there’s doubt
about the culprit drug, patch testing has been safely used to determine
whether there is a reaction to CBZ, with positive patch tests in 62.5% of
those after SJS/TEN reactions, and in 70% of those after DRESS reac-
tions [48]. It can also be used to check for cross-reactivity if the deci-
sion is made to discontinue CBZ. In our opinion, APT should be used
first and if this is negative then SPT using a 0.001% amount of the daily
drug dosage is undertaken. If both are negative and the clinical suspi-
cion for drug reactivity is low then a graded challenge may be con-
sidered.

5.3. Oxcarbazepine

OXC is structurally similar (keto-analogue) to CBZ launched in the
UK almost 20 years ago, with comparable licensed indications. The
incidence of skin reactions and hypersensitivity is lower than seen with
CBZ, it is described as a side effect in 3% of 2436 patients [49]. This is
below 50% of that seen on CBZ. In the same population two cases of
exfoliative dermatitis and three of erythema multiforme were identi-
fied. When those with previous CBZ hypersensitivity are excluded from
recruitment, rates are lower: from 521 patients prescribed add-on ox-
carbazepine, none were reported to suffer a rash / allergies [50]. The
British National Formulary (BNF) advises caution when starting OXC in
patients with historic CBZ hypersensitivity. Hirsch et al. [17] using
retrospective data and routine drug titration regimens, reports the risk

of a rash after OXC exposure in those previously sensitive to CBZ 33%
(n= 15). Interestingly in the reverse situation (prescribing CBZ to those
previously allergic to OXC), the risk increases to 71% (note n=11).
Drug titration using desensitization regimens is expected to reduce
these numbers.

A paediatric case series (n=20) of successful OXC desensitization
have been published [51]. Asian children selected for the procedure
previously suffered only mild cutaneous adverse reactions to the drug;
those with severe hypersensitivity (SJS/TEN, DRESS) were excluded.

HLA-B*1502 association has also been recognized as a risk factor
(positive predictive value: 0.73% versus 7.7% for CBZ) for OXC induced
SJS/TEN (n= 26; [52,53]). Reactions are described as less severe than
those seen this CBZ. The BNF and 2017 guidelines for Clinical Phar-
macogenetics Implementation Consortium [47] recommend screening
and avoiding exposure to OXC in HLA-B 51:02 positive patients. An
exception may be made in those who had previous exposure to OXC for
3 months or longer with benefit and without signs of allergy.

5.4. Eslicarbazepine

ESL is the most recently (10 years ago) launched carboxamide de-
rivative licensed for focal onset seizures in the UK. The drug is given as
acetate which is rapidly metabolized to the same though mainly active
S isomere metabolite as oxcarbazepine, licarbazepine (mono-
hydroxycarbazepine). Up to 2.6% of patients report ESL related adverse
skin reactions. Less than a third stops the medication as a consequence
[54]. The lower incidence of skin reactions may be due to the absent
toxic epoxide metabolite when compared to CBZ. More severe skin
reactions are in the form of case reports: erythema multiforme major is
reported 25 days after ESL treatment started [55]. In 2018 Finelli et al.
[56] describe a case of purpuric maculopapular rash associated with
systemic symptoms (not satisfying diagnostic criteria for DRESS) 10
days after ESL exposure. This patient’s skin patch test was later positive
for ESL.

Due to the structural similarities with CBZ, as for OXC, the BNF
recommends pretreatment HLA-B*1502 screening in Han Chinese or
Thai origin. In positive patients the risk of SJS is considered high, and
where possible, an alternative AED is recommended. A desensitization
protocol has not been published for ESL.

5.5. Phenytoin

This aromatic AED has been available in the UK to treat focal onset
seizures and status for over 60 years. It is also licensed for postsurgical/
post head injury seizure prophylaxis. Cutaneous reactions seen in 5% of
patients limit its use. The incidence of SJS/TEN is reported 69/100,000,
and 23/100,000 for DRESS. Numbers are several folds higher in Asia:
240/100,000 and 210/100,000 respectively [57]. Risk factors for PHT
related hypersensitivity include a history of allergic reaction to other
aromatic AEDs and reactivation of latent viruses, such as HHV, EBV, or
CMV. Cranial irradiation for malignancy is associated with SJS in pa-
tients taking PHT, first cutaneous symptoms appear at the site of ra-
diation exposure, spreading from there [58].

As for CBZ and OXC, presence of HLA-B*1502 allele increases the
risk of SJS/TEN in south Asian population (p=0.0041; [53]). The BNF
carries a warning: unless essential, PHT should be avoided in patients
positive for HLA-B*1502. Other HLA subtypes were studied in Thailand
[57]. Patients (n= 36; versus 100 PHT tolerant controls) harbouring
HLA-B*1301 or HLA-B*5602 and HLA-B*5604 variants were found to
be at increased risk of DRESS and drug hypersensitivity syndrome. The
sensitivity of combined screening is 66.7% in this population. Shi et al.
[40] showed HLA-A*2404 allele increases the risk of SJS when exposed
aromatic AEDs, including PHT (p= 0.027) in those with Southern
Chinese ancestry. A small Spanish study reports PHT induced SJS/TEN
harbouring the HLA-A*02:01/Cw*15:02 allele combination in Cauca-
sians (n=9, one South American; [59]). When interpreting these
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findings, keep in mind: the study investigated numerous outcome
measures. McCormack et al. [60] found no association of HLA-A*3101
and maculopapular eruptions in the UK. Note only one patient with SJS
was recruited for this study.

McCormack et al. [12] identified a novel, complement factor H re-
lated 4 gene in patients developing maculopapular rash on PHT
(p=4.5×10−11). This association was confirmed for those with
European descent (n=259), but not Han Chinese (n=116) and not
controls tolerant of 3 aromatic AEDs (n= 1321). No HLA associations
were detected.

In addition, cytochrome P450 polymorphism (CYP2C9) is also ex-
pected to increase the probability of severe cutaneous adverse reactions
(SCARs), in both DRESS and SJS/TEN [61]. CYP2C9 is known to be
involved in the clearance of PHT; polymorphs are likely to cause the
accumulation of toxic arene oxides. Similar mechanism is suspected
when PHT is used with an enzyme inhibitor, such as VPA.

Desensitization can be attempted several weeks after non-ser-
iouscutaneous reactions have resolved. A successful published PHT
desensitization regimen (PHT power mixed in lactose) is detailed in
Fig. 2 [62].

5.6. Phenobarbitone

This drug is a well-established AED, infrequently prescribed in the
UK today. In many other and most developing countries it remains first
line treatment for epilepsy. Rash and other severe allergic reactions are
quoted as rare when administered, a Cochrane review of monotherapy
studies found an incidence of 2.25% (n= 754; [63]). The risk of SJS/
TEN in new users is somewhat higher than for PHT, estimated 82/
100,000 [64], this compares unfavourably with VPA at 5/100,000.
Intravenous application and previous SCARs to other aromatic AEDs
will increase this risk.

Data on genetic predisposition informing pre-exposure screening is
very limited. Small studies on children from Thailand suggest an as-
sociation of CYP2c19*2 and HLA-B*13:01 alleles [65].

5.7. Lacosamide

Publications on rashes induced by LCM, a recently licensed AED are
limited. As it harbours an aromatic ring, we include this agent in our
review. Pivotal studies [5] reported a rash in 2.9% of 1308 patients,
0.2% discontinued the drug as a consequence. The risk was not sig-
nificantly different from the 3% incidence observed in those taking a
placebo. No cases of SJS/TEN were seen. When administered in-
travenously, one of 47 children suffered a skin reaction in a US in-
tensive care unit [66]. A case report documents a rash after rapid oral
titration of LCM starting 50mg BD for a week, doubling the dose after.
Patient history is relevant for past LTG skin reaction. HLA association
and additional risk factors remain to be explored.

A single published case of DRESS in a Chinese man developed weeks
after a previous adverse cutaneous reaction to phenobarbitone [67]. He
also suffered a rash on PHT four years prior. In other cases angioedema
is reported after intravenous administration [68].

6. Non-aromatic AEDs

Undoubtedly the above discussed aromatic AEDs carry the highest
risk of a rash and hypersensitivity. A Cochrane review of selected AED
side effects [63] summarised adverse skin reactions in several AEDs
with a different chemical structure. In monotherapy the risk with le-
vetiracetam was reported 13.1% (n= 948), gabapentin 9.3%
(n=1209), ZNS 10.9% (n=282), VPA 2% (n=2303), and topir-
amate 8.5% (n=1898). These numbers were extracted from selected
adult and pediatric monotherapy trails, without a placebo arm. Rash
was not reported amongst the common side effects in levetiracetam add
on, placebo controlled licensing studies [69]. However, statistical

analysis of matched cases of 480 validated SJS/TEN reported no casual
association with VPA, gabapentin, pregabalin and clobazam [70]. There
were no cases observed after initiating levetiracetam, clonazepam or
topiramate. Note, case reports of SJS/TEN after exposure to gabapentin,
levetiracetam and clobazam have been published. In these, AEDs were
taken in combination with other potentially causative agents, such as
antibiotics or started in high doses after previous hypersensitivity to
one or more aromatic AEDs. Other immune mediated side effects have
also been described. For example, levetiracetam effects CD4 T cell
function, leading to increased incidence of viral upper respiratory tract
infections [71].

DRESS syndrome on non-aromatic AEDs (excluding ZNS, see below)
is also rare. Six case reports document DRESS after levetiarcetam
treatment, some of these in monotherapy. Small trials of HLA associa-
tion as a risk factor for levetiracetam hypersensitivity thus far could not
be identified. Case reports of VPA induced DRESS are also known,
mostly in combination with lamotrigine, questioning direct causation.

6.1. Zonisamide

ZNS is considered a safe AED with intermediate withdrawal rates in
post-marketing retention trials [72]. Structurally ZNS is sulphonamide
derivative incorporating an aromatic ring, with metabolism similar to
aromatic AEDs. Hydroxylation breaks the molecule down into toxic
arene oxides, increasing risk of allergic reactions. The risk of a rash is
estimated at around 2% when ZNS is prescribed as an add-on AED. Case
reports exist on ZNS induced SJS as well as DRESS. The latter occurred
when patient was re-challenged with unknown dose of ZNS months
after discontinuing the drug for unpublished reasons.

A promising method of assessing risk of ZNS allergy in drug naïve
patients is in vitro lymphocyte toxicity essay [72]. Twenty patients with
history of CBZ, PB or PHT hypersensitivity (1) were recruited and
compared to sulphonamide allergic (2) and control populations (3).
Test was negative in first and third and positive in second group, pre-
dicting the highest risk of a rash on ZNS exposure in the latter. There is
no data on the outcome of ZNS exposure in individuals studied, and this
screening method is not routinely recommended at present.

ZNS was first marketed in Korea and Japan, thus early reports relate
to non-caucasian populations [73]. Analysis of HLA types of 12 Japa-
nese patients with ZNS induced SJS/TEN, found five patients to have
HLA-A*02:07 allele compared to 6.8% of controls (p= 0.0176).

7. Summary

Our current understanding informs the cost effective pretreatment
screening only for selected epilepsy patients. Findings, however point to
the possibility of genomic markers used more widely in the future to
predict hypersensitivity and other sinister adverse reactions. In addi-
tion, new diagnostic tests (such as serum interleukin 15 levels and
microRNA miR 122) are expected to aid differential diagnosis of al-
lergic skin rash from low risk cutaneous side effect in the acute setting.
Until these become available, targeted clinical assessment is required to
prevent mislabeling patients with unconfirmed allergy and/or miss
early sings of serious hypersensitivity.

References

[1] Zhou L, Dhopeshwarkar N, Blumenthal KG, Goss F, Topaz M, Slight SP, et al. Drug
allergies documented in electronic health records of a large healthcare system.
Allergy 2016;71:1305–13.

[2] Apter AJ1, Kinman JL, Bilker WB, Herlim M, Margolis DJ, Lautenbach E, et al.
Represcription of penicillin after allergic-like events. J Allergy Clin Immunol
2004;113(April (4)):764–70.

[3] Alvestad S1, Lydersen S, Brodtkorb E. Rash from antiepileptic drugs: influence by
gender, age, and learning disability. Epilepsia 2007;48(July (7)):1360–5. Epub
2007 May 1.

[4] Arif H1, Buchsbaum R, Weintraub D, Koyfman S, Salas-Humara C, Bazil CW, et al.
Comparison and predictors of rash associated with 15 antiepileptic drugs.

T. Fowler, et al. Seizure: European Journal of Epilepsy 72 (2019) 61–70

68

http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0005
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0005
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0005
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0010
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0010
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0010
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0015
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0015
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0015
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0020
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0020


Neurology 2007;68(May (20)):1701–9.
[5] Biton V, Gil-Nagel A, Isojarvi J, Doty P, Hebert D, Fountain NB. Safety and toler-

ability of lacosamide as adjunctive therapy for adults with partial-onset seizures:
analysis of data pooled from three randomized, double-blind, placebo-controlled
clinical trials. Epilepsy Behav 2015;52(November (Pt A)):119–27. https://doi.org/
10.1016/j.yebeh.2015.09.006. Epub 2015 Sep 27.

[6] Walker LE, Mirza N, Yip VLM, Marson AG, Pirmohamed M. Personalized medicine
approaches in epilepsy. J Intern Med 2015;277(February (2)):218–34. https://doi.
org/10.1111/joim.12322.

[7] Wang XQ, Lang SY, Shi XB, Tian HJ, Wang RF, Yang F. Antiepileptic drug-induced
skin reactions: a retrospective study and analysis in 3793 Chinese patients with
epilepsy. Clin Neurol Neurosurg 2012;114(September (7)):862–5.

[8] Bigby M. Rates of cutaneous reactions to drugs. Arch Dermatol 2001;137(June
(6)):765–70.

[9] Dube SK, Rath GP. Cough and bronchospasm after rapid intravenous administration
of phenytoin. J Neurosurg Anesthesiol 2012;24(July (3)):239–40.

[10] Bruni J, Gallo JM, Lee CS, Perchalski RJ, Wilder BJ. Interactions of valproic acid
with phenytoin. Neurology 1980;30(November (11)):1233–6.

[11] Pavlos R, Mallal S, Ostrov D, Pompeu Y, Phillips E. Fever, rash, and systemic
symptoms: understanding the role of virus and HLA in severe cutaneous drug al-
lergy. J Allergy Clin Immunol Pract 2014;2(1):21–33. https://doi.org/10.1016/j.
jaip.2013.11.005.

[12] McCormack M, Gui H, Ingason A, International League Against Epilepsy Consortium
on Complex Epilepsies, et al. Genetic variation in CFH predicts phenytoin-induced
maculopapular exanthema in European-descent patients. Neurology
2018;90(4):e332–41. https://doi.org/10.1212/WNL.0000000000004853.

[13] Redwood AJ, Pavlos RK, White KD, Phillips EJ. HLAs: key regulators of T-cell-
mediated drug hypersensitivity. HLA 2018;91(1):3–16. https://doi.org/10.1111/
tan.13183.

[14] Chen YC, Chiang HH, Cho YT, Chang CY, Chen KL, Yang CW, et al. Human herpes
virus reactivations and dynamic cytokine profiles in patients with cutaneous ad-
verse drug reactions –a prospective comparative study. Allergy 2015;70(5):568–75.
https://doi.org/10.1111/all.12602.

[15] Tan SC, Chan GY. Relapsing drug-induced hypersensitivity syndrome. Curr Opin
Allergy Clin Immunol 2016;16(4):333–8. https://doi.org/10.1097/ACI.
0000000000000288.

[16] Ishida T, Kano Y, Mizukawa Y, Shiohara T. The dynamics of herpesvirus reactiva-
tions during and after severe drug eruptions: their relation to the clinical phenotype
and therapeutic outcome. Allergy 2014;69(June (6)):798–805. https://doi.org/10.
1111/all.12410.

[17] Hirsch LJ, Arif H, Nahm EA, et al. Cross-sensitivity of skin rashes with antiepileptic
drug use. Neurology 2008;71:1527.

[18] Barbaud A. Skin testing and patch testing in non-IgE-mediated drug allergy. Curr
Allergy Asthma Rep 2014;14(6):442. https://doi.org/10.1007/s11882-014-0442-8.

[19] Ben Mahmoud L, Bahloul N, Ghozzi H, Kammoun B, Hakim A, Sahnoun Z, et al.
Epicutaneous patch testing in delayed drug hypersensitivity reactions induced by
antiepileptic drugs. Therapie 2017;72(5):539–45. https://doi.org/10.1016/j.
therap.2017.01.011.

[20] Galindo PA, Borja J, Gómez E, Mur P, Gudín M, García R, et al. Anticonvulsant drug
hypersensitivity. J Investig Allergol Clin Immunol 2002;12(4):299–304.

[21] Brajon D, Menetre S, Waton J, Poreaux C, Barbaud A. Non-irritant concentrations
and amounts of active ingredient in drug patch tests. Contact Derm
2014;71(3):170–5. https://doi.org/10.1111/cod.12269.

[22] Gentile I, Talamo M, Borgia G. Is the drug-induced hypersensitivity syndrome
(DIHS) due to human herpesvirus 6 infection or to allergy-mediated viral re-
activation? Report of a case and literature review. BMC Infect Dis 2010;6(March
(10)):49. https://doi.org/10.1186/1471-2334-10-49.

[23] Wagstaff AJ, Faulds D, Aciclovir Goa KL. A reappraisal of its antiviral activity,
pharmacokinetic properties and therapeutic efficacy. Drugs 1994;47(January
(1)):153–205.

[24] Schaub N, Bircher AJ. Severe hypersensitivity syndrome to lamotrigine confirmed
by lymphocyte stimulation in vitro. Allergy 2000;55(2):191–3.

[25] Cabañas R, Calderón O, Ramírez E, Fiandor A, Caballero T, Heredia R, et al.
Sensitivity and specificity of the lymphocyte transformation test in drug reaction
with eosinophilia and systemic symptoms causality assessment. Clin Exp Allergy
2018;48(3):325–33. https://doi.org/10.1111/cea.13076.

[26] Song HS, Kim SJ, Park TI, Jang YH, Lee ES. Immunohistochemical comparison of IL-
36 and the IL-23/Th17 Axis of generalized pustular psoriasis and acute generalized
exanthematous pustulosis. Ann Dermatol 2016;28(August (4)):451–6. https://doi.
org/10.5021/ad.2016.28.4.451.

[27] Romano A, Gaeta F, Valluzzi RL, Alonzi C, Maggioletti M, Zaffiro A, et al. Absence
of cross-reactivity to carbapenems in patients with delayed hypersensitivity to pe-
nicillins. Allergy 2013;68(12):1618–21. https://doi.org/10.1111/all.12299.

[28] De Vries A, Philippe J, Van Renterghem D, De Cuyper CA, Hindryckx PH, Matthys
EG, et al. Carbamazepine hypersensitivity syndrome: report of 4 cases and review of
the literature. Medicine 1995;74:144–51.

[29] Scherer K, Brockow K, Aberer W, Gooi JHC, Demoly P, Romano A, et al.
Desensitization in delayed drug hypersensitivity reactions – an EAACI position
paper of the Drug Allergy Interest Group. Allergy 2013;68:844–52.

[30] Whitaker P, Shaw N, Gooi J, Etherington C, Conway S, Peckham D. Rapid de-
sensitization for non-immediate reactions in patients with cystic fibrosis. J Cyst
Fibros 2011;10:282–5.

[31] Lin D, Li W, Rieder M. Cotrimoxazole for prophylaxis or treatment of opportunistic
infections of HIV/AIDS in patients with previous history of hypersensitivity to co-
trimoxazole. Cochrane Database Syst Rev 2007;2:CD005646.

[32] Calzada D, Baos S, Cremades-Jimeno L, Cárdaba B. Immunological mechanisms in

allergic diseases and allergen tolerance: the role of treg cells. J Immunol Res
2018(June):6012053https://doi.org/10.1155/2018/6012053. 2018 eCollection
2018.

[33] Teraki Y, Shiohara T. Successful desensitization to fixed drug eruption: the presence
of CD25+ CD4+ T cells in the epidermis of fixed drug eruption lesions may be
involved in the induction of desensitization. Dermatology 2004;209:29–32.

[34] Calabrese JR, Sullivan JR, Bowden Charles, Suppes T, Goldberg Joseph, Sachs GS,
et al. Rash in multicenter trials of lamotrigine in mood disorders: clinical relevance
and management. 2002. p. 1012–9.

[35] Bloom R, Amber KT. Identifying the incidence of rash, Stevens-Johnson syndrome
and toxic epidermal necrolysis in patients taking lamotrigine: a systematic review of
122 randomized controlled trials. An Bras Dermatol 2017;92(1):139–41.

[36] Nielsen JN, Licht RW, Fogh K. Two cases of acneiform eruption associated with
lamotrigine. J Clin Psychiatry 2004;65(December (12)):1720–2.

[37] Zeng T, Long YS, Min FL, Liao WP, Shi YW. Association of HLA-B*1502 allele with
lamotrigine-induced Stevens-Johnson syndrome and toxic epidermal necrolysis in
Han Chinese subjects: a meta-analysis. Int J Dermatol 2015;54:488–93.

[38] Park HJ, Kim SR, Leem DW, Moon IJ, Koh BS, Park KH, et al. Clinical features of,
and genetic predisposition to drug-induced Stevens-Johnson syndrome and toxic
epidermal necrolysis in a single Korean tertiary institution patients-investigating
the relation between the HLA -B*4403 allele and lamotrigine. Eur J Clin Pharmacol
2015;71:35–41.

[39] Kim BK, Jung JW, Kim TB, Chang YS, Park HS, Moon J, et al. HLA-A*31:01 and
lamotrigine-induced severe cutaneous adverse drug reactions in a Korean popula-
tion. Ann Allergy Asthma Immunol 2017;118(May (5)):629–30. https://doi.org/10.
1016/j.anai.2017.02.011. Epub 2017 Mar 25.

[40] Shi YW, Min FL, Zhou D, Qin B, Wang J, Hu FY, et al. HLA-A*24:02 as a common
risk factor for antiepileptic drug-induced cutaneous adverse reactions. Neurology
2017;88(June (23)):2183–91.

[41] Schmitz B, Bergmann L. The use of lamotrigine in female patients. Nervenarzt
2007;78(August (8)):912–22.

[42] Aiken CB, Orr C. Rechallenge with lamotrigine after a rash: a prospective case series
and review of the literature. Psychiatry (Edgmont) 2010;7(5):27–32.

[43] Lorberg B, Youssef NA, Bhagwagar Z. Lamotrigine-associated rash: To rechallenge
or not to rechallenge? Int J Neuropsychopharmacol 2009;12(2):257–65.

[44] Tennis P, Stern RS. Risk of serious cutaneous disorders after initiation of use of
phenytoin, carbamazepine, or sodium valproate: a record linkage study. Neurology
1997;49(August (2)):542–6. [cited 2018 Aug 7];Available from:. http://www.ncbi.
nlm.nih.gov/pubmed/9270593.

[45] Oskay T, Karademir A, Ertürk ÖI. Association of anticonvulsant hypersensitivity
syndrome with Herpesvirus 6, 7. Epilepsy Res 2006;70(1):27–40.

[46] Hung S-I, Chung W-H, Jee S-H, Chen W-C, Chang Y-T, Lee W-R, et al. Genetic
susceptibility to carbamazepine-induced cutaneous adverse drug reactions.
Pharmacogenet Genomics 2006;16(4):297–306. Available from: http://content.
wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=01213011-
200604000-00008.

[47] Phillips EJ, Sukasem C, Whirl-Carrillo M, Müller DJ, Dunnenberger HM, Chantratita
W, et al. Clinical pharmacogenetics implementation consortium guideline for HLA
genotype and use of carbamazepine and oxcarbazepine: 2017 update. Clin
Pharmacol Ther 2018;103(April (4)):574–81. https://doi.org/10.1002/cpt.1004.
Epub 2018 Feb 2.k.

[48] Lin YT, Chang YC, Hui RCY, Yang CH, Ho HC, Hung SI, et al. A patch testing and
cross-sensitivity study of carbamazepine-induced severe cutaneous adverse drug
reactions. J Eur Acad Dermatol Venereol 2013;27(3):356–64.

[49] Schmidt D1, Sachdeo R. Oxcarbazepine for treatment of partial epilepsy: a review
and recommendations for clinical use. Epilepsy Behav 2000;1(December
(6)):396–405.

[50] Barcs G1, Walker EB, Elger CE, Scaramelli A, Stefan H, Sturm Y, et al.
Oxcarbazepine placebo-controlled, dose-ranging trial in refractory partial epilepsy.
Epilepsia 2000;41(December (12)):1597–607.

[51] Lee B, Yu HJ, Kang ES, Lee M, Lee J. Human leukocyte antigen genotypes and trial
of desensitization in patients with oxcarbazepine-induced skin rash: a pilot study.
Pediatr Neurol 2014;51(August (2)):207–14.

[52] Chen CB, Hsiao YH, Wu T, Hsih MS, Tassaneeyakul W, Jorns TP, et al. Risk and
association of HLA with oxcarbazepine-induced cutaneous adverse reactions in
Asians. Neurology 2017;88(January (1)):78–86. https://doi.org/10.1212/WNL.
0000000000003453. Epub 2016 Dec 2.

[53] Hung SI, Chung WH, Liu ZS, et al. Common risk allele in aromatic antiepileptic-drug
induced Stevens-Johnson syndrome and toxic epidermal necrolysis in Han Chinese.
Pharmacogenomics 2010;11(3):349–56. [PubMed: 20235791].

[54] Gama H, Vieira M, Costa R, Graça J, Magalhães LM, Soares-da-Silva P. Safety profile
of eslicarbazepine acetate as add-on therapy in adults with refractory focal-onset
seizures: from clinical studies to 6 years of post-marketing experience. Drug Saf
2017;40(December (12)):1231–40. https://doi.org/10.1007/s40264-017-0576-4.

[55] Massot A, Gimenez-Arnau A. Cutaneous adverse drug reaction type erythema
multiforme major induced by eslicarbazepine. J Pharmacol Pharmacother
2014;5(Oct-Dec (4)):271–4. https://doi.org/10.4103/0976-500X.142456. 10.
4103/0976-500X.142456.

[56] Finelli E, Custódio P, Porovska O, Prates S. Leiria-Pinto P Patch testing in a case of
eslicarbazepine and carbamazepine induced cutaneous reaction. Eur Ann Allergy
Clin Immunol 2018;50(September (5)):229–31. https://doi.org/10.23822/
EurAnnACI.1764-1489.37. Epub 2017 Nov 29.

[57] Yampayon K, Sukasem C, Limwongse C, Chinvarun Y, Tempark T, Rerkpattanapipat
T, et al. Influence of genetic and non-genetic factors on phenytoin-induced severe
cutaneous adverse drug reactions. Eur J Clin Pharmacol 2017;73(July (7)):855–65.
https://doi.org/10.1007/s00228-017-2250-2. Epub 2017 Apr 8.

T. Fowler, et al. Seizure: European Journal of Epilepsy 72 (2019) 61–70

69

http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0020
https://doi.org/10.1016/j.yebeh.2015.09.006
https://doi.org/10.1016/j.yebeh.2015.09.006
https://doi.org/10.1111/joim.12322
https://doi.org/10.1111/joim.12322
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0035
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0035
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0035
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0040
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0040
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0045
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0045
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0050
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0050
https://doi.org/10.1016/j.jaip.2013.11.005
https://doi.org/10.1016/j.jaip.2013.11.005
https://doi.org/10.1212/WNL.0000000000004853
https://doi.org/10.1111/tan.13183
https://doi.org/10.1111/tan.13183
https://doi.org/10.1111/all.12602
https://doi.org/10.1097/ACI.0000000000000288
https://doi.org/10.1097/ACI.0000000000000288
https://doi.org/10.1111/all.12410
https://doi.org/10.1111/all.12410
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0085
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0085
https://doi.org/10.1007/s11882-014-0442-8
https://doi.org/10.1016/j.therap.2017.01.011
https://doi.org/10.1016/j.therap.2017.01.011
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0100
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0100
https://doi.org/10.1111/cod.12269
https://doi.org/10.1186/1471-2334-10-49
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0115
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0115
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0115
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0120
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0120
https://doi.org/10.1111/cea.13076
https://doi.org/10.5021/ad.2016.28.4.451
https://doi.org/10.5021/ad.2016.28.4.451
https://doi.org/10.1111/all.12299
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0140
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0140
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0140
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0145
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0145
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0145
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0150
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0150
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0150
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0155
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0155
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0155
https://doi.org/10.1155/2018/6012053
https://doi.org/10.1155/2018/6012053
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0165
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0165
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0165
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0170
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0170
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0170
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0175
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0175
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0175
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0180
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0180
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0185
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0185
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0185
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0190
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0190
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0190
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0190
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0190
https://doi.org/10.1016/j.anai.2017.02.011
https://doi.org/10.1016/j.anai.2017.02.011
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0200
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0200
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0200
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0205
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0205
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0210
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0210
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0215
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0215
http://www.ncbi.nlm.nih.gov/pubmed/9270593
http://www.ncbi.nlm.nih.gov/pubmed/9270593
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0225
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0225
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage%26an=01213011-200604000-00008
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage%26an=01213011-200604000-00008
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage%26an=01213011-200604000-00008
https://doi.org/10.1002/cpt.1004
https://doi.org/10.1002/cpt.1004
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0240
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0240
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0240
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0245
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0245
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0245
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0250
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0250
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0250
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0255
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0255
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0255
https://doi.org/10.1212/WNL.0000000000003453
https://doi.org/10.1212/WNL.0000000000003453
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0265
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0265
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0265
https://doi.org/10.1007/s40264-017-0576-4
https://doi.org/10.4103/0976-500X.142456
https://doi.org/10.4103/0976-500X.142456
https://doi.org/10.23822/EurAnnACI.1764-1489.37
https://doi.org/10.23822/EurAnnACI.1764-1489.37
https://doi.org/10.1007/s00228-017-2250-2


[58] Aydin F, Cokluk C, Senturk N, Aydin K, Canturk MT, Turanli AY. Stevens-Johnson
syndrome in two patients treated with cranial irradiation and phenytoin. J Eur Acad
Dermatol Venereol 2006;20(5):588–90.

[59] Ramírez E, Bellón T, Tong HY, Borobia AM, de Abajo FJ, Lerma V, et al. Significant
HLA class I type associations with aromatic antiepileptic drug (AED)-induced SJS/
TEN are different from those found for the same AED-induced DRESS in the Spanish
population. Pharmacol Res 2017;115:168–78.

[60] McCormack M, Urban TJ, Shianna KV, et al. Genome-wide mapping for clinically
relevant predictors of lamotrigine- and phenytoin-induced hypersensitivity reac-
tions. Pharmacogenomics 2012;13(4):399–405.

[61] Chung W-H, Chang W-C, Lee Y-S, Wu Y-Y, Yang C-H, Ho H-C, et al. Genetic variants
associated with phenytoin-related severe cutaneous adverse reactions. Jama
2014;312(5):525. Available from: http://jama.jamanetwork.com/article.aspx?
doi=10.1001/jama.2014.7859.

[62] Okumura A, Tsuge I, Kubota T, Kurahashi H, Natsume J, Negoro T, et al. Phenytoin
desensitization monitored by antigen specific T cell response using carboxy-
fluorescein succinimidyl ester dilution assay. Eur J Paediatr Neurol
2007;11(6):385–8.

[63] Nevitt SJ, Sudell M, Weston J, Tudur Smith C, Marson AG. Antiepileptic drug
monotherapy for epilepsy: a network meta-analysis of individual participant data.
Cochrane Database Syst Rev 2017;12(December):CD011412https://doi.org/10.
1002/14651858.CD011412.pub3.

[64] Mockenhaupt M, Messenheimer J, Tennis P, Schlingmann J. Risk of Stevens-
Johnson syndrome and toxic epidermal necrolysis in new users of antiepileptics.
Neurology 2005;64(April (7)):1134–8.

[65] Manuyakorn W, Mahasirimongkol S, Likkasittipan P, Kamchaisatian W,
Wattanapokayakit S, Inunchot W, et al. Association of HLA genotypes with phe-
nobarbital hypersensitivity in children. Epilepsia 2016;57(October (10)):1610–6.

https://doi.org/10.1111/epi.13509. Epub 2016 Aug 24.
[66] Welsh SS, Lin N, Topjian AA, Abend NS. Safety of intravenous lacosamide in cri-

tically ill children. Seizure 2017;52(November):76–80. https://doi.org/10.1016/j.
seizure.2017.09.019. Epub 2017 Oct 3.

[67] Fong MK, Sheng B. DRESS syndrome: A case of cross-reactivity with lacosamide?
Epilepsia Open 2017;2(2):273–5. https://doi.org/10.1002/epi4.12053.

[68] Goodwin H, Hinson HE, Shermock KM, Karanjia N, Lewin JJ3rd. The use of laco-
samide in refractory status epilepticus. Neurocrit Care 2011;14:348–53.

[69] Shorvon SD1, Löwenthal A, Janz D, Bielen E, Loiseau P. Multicenter double-blind,
randomized, placebo-controlled trial of levetiracetam as add-on therapy in patients
with refractory partial seizures. European Levetiracetam Study Group. Epilepsia.
2000;41(September (9)):1179–86.

[70] Frey N, Bodmer M, Bircher A, Rüegg S, Jick SS, Meier CR1, et al. The risk of Stevens-
Johnson syndrome and toxic epidermal necrolysis in new users of antiepileptic
drugs. Epilepsia 2017;58(December (12)):2178–85. https://doi.org/10.1111/epi.
13925. Epub 2017 Oct 13.

[71] Godhwani N, Bahna SL. Antiepilepsy drugs and the immune system. Ann Allergy
Asthma Immunol 2016;117(December (6)):634–40. https://doi.org/10.1016/j.
anai.2016.09.443.

[72] Neuman MG, Shear NH, Malkiewicz IM, Kessas M, Lee AW, Cohen L. Predicting
possible zonisamide hypersensitivity syndrome. Exp Dermatol 2008;17(December
(12)):1045–51. https://doi.org/10.1111/j.1600-0625.2008.00748.x. Epub 2008
Jul 7.

[73] Kaniwa N, Sugiyama E, Saito Y, Kurose K, Maekawa K, Hasegawa R, et al. Specific
HLA types are associated with antiepileptic drug-induced Stevens-Johnson syn-
drome and toxic epidermal necrolysis in Japanese subjects. Pharmacogenomics
2013;14:1821–31. PubMed Citation.

T. Fowler, et al. Seizure: European Journal of Epilepsy 72 (2019) 61–70

70

http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0290
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0290
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0290
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0295
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0295
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0295
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0295
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0300
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0300
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0300
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2014.7859
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2014.7859
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0310
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0310
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0310
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0310
https://doi.org/10.1002/14651858.CD011412.pub3
https://doi.org/10.1002/14651858.CD011412.pub3
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0320
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0320
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0320
https://doi.org/10.1111/epi.13509
https://doi.org/10.1016/j.seizure.2017.09.019
https://doi.org/10.1016/j.seizure.2017.09.019
https://doi.org/10.1002/epi4.12053
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0340
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0340
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0345
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0345
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0345
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0345
https://doi.org/10.1111/epi.13925
https://doi.org/10.1111/epi.13925
https://doi.org/10.1016/j.anai.2016.09.443
https://doi.org/10.1016/j.anai.2016.09.443
https://doi.org/10.1111/j.1600-0625.2008.00748.x
https://doi.org/10.1111/j.1600-0625.2008.00748.x
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0365
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0365
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0365
http://refhub.elsevier.com/S1059-1311(19)30203-1/sbref0365

	Risks and management of antiepileptic drug induced skin reactions in the adult out-patient setting
	Introduction
	Hypersensitivity; an idiosynchratic side effect
	Management of AED induced rash
	Delayed hypersensitivity syndromes and desensitization
	Aromatic AEDs
	Lamotrigine
	Carbamazepine
	Oxcarbazepine
	Eslicarbazepine
	Phenytoin
	Phenobarbitone
	Lacosamide

	Non-aromatic AEDs
	Zonisamide

	Summary
	References




