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Abstract

Background: Recent studies suggest potential roles of immune response in the pathophysiology of epilepsy. Anti-
seizure medications (ASMs) are known to have side effects of drug eruption caused by immune responses. A few
reports in adults have demonstrated disappearance of seizures after an ASM drug eruption episode. In this paper,
we described 2 cases of childhood absence epilepsy (CAE) who showed seizure disappearance after ethosuximide
(ESM) drug eruption, suggesting the possibility that the epilepsy disappears due to immune responses to ASM.

Case presentation: Case 1 was an 8-year-old girl diagnosed with CAE. She was treated with valproate acid (VPA)
initially, and then ESM was administered as an additional treatment. Her epileptic seizure disappeared 4 days after

initiation of ESM. However, drug eruption appeared 1 week after the administration of ESM. Even after discontinua-
tion of ESM administration, she maintains no seizure after the drug eruption. Case 2 was a 5-year-old boy diagnosed
as CAE. He was treated with VPA initially, and ESM was administered additionally. Drug eruption appeared 1 month
after the administration of ESM. Even after ESM was terminated, he maintained seizure freedom after the appearance
of eruption.

Conclusions: Epileptic seizures may have been suppressed due to the immune responses caused by ASM eruption.
Further studies are needed to elucidate the pathophysiologic effects of drug eruption on epilepsy through immune

responses.
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Background

Recent studies have suggested potential roles of immune
response and neuroinflammation in the pathophysiology
of epilepsy [1-4]. On the other hand, anti-seizure med-
ications (ASMs) are known to have side effects of drug
eruption mediated by an immune response [5-7], which
necessitates the discontinuation of the ASM. In a major-
ity of such cases, the seizure episodes might recur. How-
ever, a few reports in adults demonstrated disappearance
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of seizures after an ASM drug eruption episode [8]. In
this paper, we report 2 cases of childhood absence epi-
lepsy (CAE) who showed disappearance of epilepsy after
occurrence of an ethosuximide (ESM) drug eruption,
suggesting the possibility that the epilepsy may disappear
due to the immune response to an ASM.

Case presentation

Case 1

An 8-year-old girl had absence seizures accompanied by
automatism, induced by hyperventilation. She had more
than 10 absence seizures a day. Her electroencephalo-
gram (EEG) showed a 3-Hz generalized spike-and-wave
pattern, which occurred frequently with a duration of
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seconds to tens of seconds (Fig. 1a). Brain magnetic reso-
nance imaging (MRI) and magnetic resonance angiog-
raphy (MRA) showed no abnormalities. Hematological,
blood chemistry and blood gas analyses did not reveal
abnormal findings. We did not analyze susceptibility
genes related to CAE [9]. She was diagnosed as CAE and
was initially treated with valproic acid (VPA, 10 mg/kg
per day) [10, 11]. The clinical course of case 1 is shown
in Fig. 2a. As her epileptic seizures did not completely
resolve, ESM (10 mg/kg per day) was added. One week
later, the patient showed complete resolution of seizures,
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but she also developed fever, rashes, and conjunctival
congestion. The rashes were non-pruritic and did not
have a tendency to fuse. With a suspicion of drug erup-
tion, ESM was discontinued and oral steroid (predni-
solone, 0.5 mg/kg per day for 3 days) and antihistamine
were administered. Thereafter, her symptoms, such as
fever, rashes, and conjunctival congestion, improved
immediately. We anticipated recurrence of the seizures
after ESM discontinuation, but this did not occur. EEG
recording at 4 months after the ESM drug eruption
showed no abnormal pattern (Fig. 1b). The drug eruption
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Fig. 1 The electroencephalograms of case 1. The electroencephalogram at diagnosis (a) showed a generalized spike-and-wave discharge at 3 Hz,
and the electroencephalogram at 4 months after drug eruption (b) showed no abnormal pattern
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Fig. 2 The clinical courses of case 1 (a) and case 2 (b). DLST, drug-induced lymphocyte stimulation test; ESM, ethosuximide; VPA, valproic acid; PSL,
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was suspected to be caused by the drug-induced hyper-
sensitivity syndrome. However, the diagnostic criteria
were not met and human herpes virus 6 DNA was not
detected. On the other hand, the drug-induced lym-
phocyte stimulation test (DLST) against ESM showed
positive result. The patient was followed up for 2 years
after appearance of the drug eruption, during which no
absence seizures occurred.

Case 2

Case 2 was a 5-year-old boy who had absence seizures.
EEG recording showed a 3-Hz generalized spike-and-
wave pattern, which lasted for several seconds and
appeared frequently. No abnormalities were revealed
by brain MRI, MRA, and blood chemistry test. He was

also not tested for CAE-related susceptibility genes. He
was diagnosed as CAE and was initially treated with VPA
(10 mg/kg per day) (Fig. 2b). However, ESM (10 mg/kg
per day) was added because VPA was not effective. At
2 weeks after addition of ESM, his seizures completely
resolved, but he also developed amorphous rashes and
cervical lymphadenopathy. With a suspicion of adverse
drug reaction, both ESM and VPA were discontinued.
Thereafter, the symptoms improved immediately, and the
patient remained seizure-free afterward. Nevertheless,
ESM administration was resumed due to the concerns
of his parents on seizure recurrence. After re-adminis-
tration of ESM, the patient developed fever and rashes,
which were clinically diagnosed as drug eruption caused
by the re-administration of ESM, so the DLST test was
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not performed. After the episode of drug eruption, the
patient was free from attacks of absence seizures even
after discontinuation of ESM. Three months after the
drug eruption, EEG recording showed no abnormal pat-
tern. The patient was followed up for two years and no
absence seizures occurred.

Discussion

Several recent clinical and preclinical studies have sug-
gested a potential role of immune response and neuro-
inflammation in the pathophysiology of epilepsy and
epileptogenesis, including absence epilepsy [1-4]. Here
we described 2 cases of CAE who showed epilepsy disap-
pearance after occurrence of drug eruption, probably due
to an immune response to ESM.

CAE, which is the most common form of epilepsy in
children, depends on age and is one of the benign seizure
disorders. VPA and ESM have been used as the ASMs for
CAE [10, 11], but similar to the other ASMs, they have
side effects, such as drug eruption. In general, occurrence
of drug eruption in CAE patients would necessitate dis-
continuation of the offending ASM; however, in most
cases, there is a risk of seizure recurrence. Interestingly,
Kakisaka et al. reported resolution of seizures after a drug
eruption episode due to lamotrigine (LTG) in a 57-year-
old woman who had seizures after a cerebral infarction
[8]. LTG administration was able to control her seizures,
but she had a drug eruption after 35 days. The eruption
was promptly improved after discontinuation of LTG,
and her epileptic seizures were not observed thereafter.
The clinical courses of our 2 cases were similar to this
previously reported case.

The mechanism of epileptic seizure disappearance after
a drug eruption is unclear. The immune modulation in
drug allergies may be involved in seizure suppression.
In this report, the case 1 was tested positive for DLST
against ESM, and seemed to have drug eruption caused
by type-4 allergy [12]. In general, the type-4 allergic reac-
tion is involved in ASM-induced drug eruption. When
the ASM antigen is recognized by and binds to the major
histocompatibility antigen (MHC), the drug-specific
CD4+ and CD8+ T cells are activated. As a result, the
activated CD4+ and CD8+ T cells produce inflam-
matory cytokines such as interleukin-8 (IL-8), IL-2 and
IEN-y [5, 13]. Although the details of the mechanisms
are unknown, immunomodulation, such as regulation of
cytokine production, might contribute to the suppression
of the epileptic seizure.

Immune response to viral infections is another possi-
ble mechanism. In fact, several cases of West syndrome
have been reported to have seizure disappearance follow-
ing acute viral infections, such as exanthema subitum,
rotavirus colitis, measles, and mumps, so direct immune
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reactions in response to several viral infections might be
involved in seizure disappearance [14, 15]. Inflammation
as an immune response in viral infection may be associ-
ated with the disappearance of seizures.

Several other factors are also suspected to contribute to
the seizure disappearance in our 2 cases. One is the antie-
pileptic and anti-inflammatory effects of prednisolone
administration (case 1). However, it is unlikely that short-
term administration of steroids, which is not a high-dose
therapy, would result in the disappearance of seizures.
The other is the anti-seizure effect of ESM and/or VPA
itself. This possibility cannot be completely denied. How-
ever, even considering these factors, the strong coinci-
dence of seizure disappearance with the appearance of
drug eruption suggests that drug eruption is a trigger for
epileptic seizure disappearance.

Our case report had some limitations. First, video EEG,
which is useful for observing the obscure symptoms of
CAE [16, 17], was not performed in our 2 cases, thus
we could not confirm the detailed association between
unclear symptoms and EEG. Second, several susceptibil-
ity genes for CAE have been reported [9, 18, 19]. It has
also been reported that certain gene variants may be
involved in the responsiveness to the treatment of CAE
[20]. Several genetic factors may play a role in the disap-
pearance of seizures after drug eruption. In future stud-
ies, a genetic test should be performed to identify any
genetic factors that may be involved in the disappearance
of seizures after drug eruption.

Conclusions

In this report, we described 2 pediatric patients with
CAE who showed seizure disappearance after ESM-
induced drug eruption. Further studies are needed to elu-
cidate the pathophysiology of the effects of drug eruption
on epilepsy via immune responses.

Abbreviations

ASM: Anti-seizure medication; CAE: Childhood absence epilepsy; DLST: Drug-
induced lymphocyte stimulation test; EEG: Electroencephalogram; ESM: Etho-
suximide; HHV-6: Human herpes virus 6; IL: Interleukin; LTG: Lamotrigine; MHC:
Major histocompatibility antigen; MRA: Magnetic resonance angiography; MRI:
Magnetic resonance imaging; VPA: Valproic acid.

Acknowledgements
We thank the patients and their families for their consent to publish this report.

Authors’ contributions

NT and UK collected the information of the two cases and drafted the manu-
script. MM reviewed related articles and extracted the data. ZM conceived the
study and revised the manuscript. All authors have read and approved the
final manuscript.

Funding
The study was not supported by any funding.



Nakamura et al. Acta Epileptologica (2022) 4:36

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate

This study was approved by the Institutional Ethics Committee of National
Hospital Organization Ureshino Medical Center (No.18-13) and written
informed consent has been obtained from the parents of patients prior to
analysis.

Consent for publication
The written informed consent for publication was obtained from the parents
of patients.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Pediatrics, Faculty of Medicine, Saga University, Saga, Japan.
’Department of Pediatrics, National Hospital Organization Ureshino Medical
Center, 4279-3 Shimojuku Kou, Ureshino City, Saga 843-0393, Japan.

Received: 25 April 2022 Accepted: 20 July 2022
Published online: 01 December 2022

References

1. MarchiN, Granata T, Janigro D. Inflammatory pathways of seizure disor-
ders. Trends Neurosci. 2014;37(2):55-65.

2. Leo A NesciV, Tallarico M, Amodio N, Gallo Cantafio EM, De Sarro G,
et al. IL-6 receptor blockade by tocilizumab has anti-absence and anti-
epileptogenic effects in the WAG/RIj rat model of absence epilepsy.
Neurotherapeutics. 2020;17(4):2004-14.

3. Aguilar-Castillo MJ, Cabezudo-Garcia P, Ciano-Petersen NL, Garcia-
Martin G, Marin-Gracia M, Estivill-Torrus G, et al. Immune mechanism
of epileptogenesis and related therapeutic strategies. Biomedicines.
2022;10(3):716.

4. Soltani Khaboushan A, Yazdanpanah N, Rezaei N. Neuroinflammation
and proinflammatory cytokines in epileptogenesis. Mol Neurobiol.
2022;59(3):1724-43.

5. Krauss G. Current understanding of delayed anticonvulsant hypersensitiv-

ity reactions. Epilepsy Curr. 2006;6(2):33-7.

6. Tensini TS, Von Glehn CQC, Bettinotti MP, Iglehart B, de Paola L, Lohr A,
et al. Cutaneous adverse reactions associated with antiseizure medica-
tion: clinical characteristics and implications in epilepsy treatment.
Epileptic Disord. 2021;23(3):466-75.

7. Tachibana K, Hamada T, Tsuchiya H, Shibata T, Fujii K, Kobayashi K, et al.
Ethosuximide-induced Stevens-Johnson syndrome: Beneficial effect of
early intervention with high-dose corticosteroid therapy. J Dermatol.
2018;45(5):592-5.

8. KakisakaY, Jin K, Kato K, Iwasaki M, Nakasato N. Seizure freedom after
lamotrigine rash: a peculiar phenomenon in epilepsy. Intern Med.
2014,53(21):2521-2.

9. XieH,SuW, PeiJ, ZhangY, Gao K, Li J, et al. De novo SCNTA, SCN8A,
and CLCN2 mutations in childhood absence epilepsy. Epilepsy Res.
2019;154:55-61.

10. Kessler SK, McGinnis E. A practical guide to treatment of childhood
absence epilepsy. Paediatr Drugs. 2019;21(1):15-24.

11. RinaldiVE, Di Cara G, Mencaroni E, Verrotti A. Therapeutic options for
childhood absence epilepsy. Pediatr Rep. 2021;13(4):658-67.

12. Wilkerson RG. Drug hypersensitivity reactions. Emerg Med Clin North Am.

2022;40(1):39-55.

13. Warrington R. Drug allergy: causes and desensitization. Hum Vaccin
Immunother. 2012;8(10):1513-24.

14. Yamamoto H, Yamano T, Niijima S, Kohyama J, Yamanouchi H. Spontane-
ous improvement of intractable epileptic seizures following acute viral
infections. Brain Dev. 2004;26(6):377-9.

20.

5.

Page 5 of 5

Fujita'Y, Imai Y, Ishii W, Endo A, Arakawa C, Kohira R, et al. Improvement of
intractable childhood epilepsy following acute viral infection. Brain Dev.
2011;33(1):62-8.

Frassineti L, Barba C, Melani F, Piras F, Guerrini R, Manfredi C. Automatic
detection and sonification of nonmotor generalized onset epileptic
seizures: Preliminary results. Brain Res. 2019;1721:146341.

Sohal AP, Khan A, Hussain N. Prolonged video-EEG in identifying parox-
ysmal nonepileptic events in children with epilepsy: a useful tool. J Clin
Neurophysiol. 2014;31(2):149-51.

LiW, Zhao W, Wang J, Zhang X, Qian X, Gu R, et al. Identification of a
novel variant p.Ser606Gly in SCN3A associated with childhood absence
epilepsy. Epilepsy Res. 2021;175:106682.

Knox AT, Glauser T, Tenney J, Lytton WW, Holland K. Modeling pathogen-
esis and treatment response in childhood absence epilepsy. Epilepsia.
2018;59(1):135-45.

Glauser TA, Holland K, O'Brien VP, Keddache M, Martin LJ, Clark PO, et al.
Pharmacogenetics of antiepileptic drug efficacy in childhood absence
epilepsy. Ann Neurol. 2017;81(3):444-53.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Two cases of childhood absence epilepsy who showed seizure disappearance after ethosuximide drug eruption
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Case 1
	Case 2

	Discussion
	Conclusions
	Acknowledgements
	References


