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Editorial on the Research Topic
Epilepsy in veterinary science

Epilepsy is a unique manifestation of abnormal network excitability of the brain of
humans and animals, which remains poorly understood, and, therefore, challenging to treat,
presenting with an ongoing and frequently life-long predisposition for epileptic seizures.
Epilepsy occurs in dogs with a similar population prevalence to humans. Broad etiologic
classes are largely shared between the two species. Etiologies range from a few monogenic
inherited genetic epilepsies with onset in childhood and juveniles, the presence of genetic
risk variants and risk haplotypes in association with epilepsies without identifiable lesions
on brain MRI (unknown etiology), and structural epilepsies, e.g., from brain tumors,
post-traumatic epilepsy, and malformations of cortical development (1, 2).

Autoimmune encephalitis and autoimmune-associated epilepsy form a new distinct
etiologic group in humans offering new treatment approaches. In humans, autoimmune
encephalitis is frequently associated with neural antibodies, presents with new onset of
epileptic seizures, psychiatric and behavioral symptoms, and subtle inflammatory CSF
and MRI changes, and may cause new-onset refractory status epilepticus (NORSE) (3).
Huenerfauth et al. contribute evidence for the involvement of GABA-A receptor antibodies
in new-onset refractory status epilepticus (NORSE) in dogs and parallels to humans (4).
Five different neural antibodies have been described in dogs up to now including this case
report (NMDARI1, GFAP, GAD65, IgLON5, GABA-A receptor antibodies). Yet their clinical
impact is not always as clear as for LGI1 antibodies in cats with limbic encephalitis (5, 6),
and more research is necessary to explore disease associations. This is especially important
considering the frequent occurrence and the efforts and challenges of the treatment of
status epilepticus in dogs (7), and the potential for treatment with anti-inflammatory or
immunosuppressive drugs.

There is an urgent need to develop and evaluate better therapies for canine epilepsy,
considering the high proportion of dogs with idiopathic epilepsy (IE) and to drug-resistant
epilepsy (8-10). The need to step forward in canine epilepsy is reflected by the manuscripts
submitted to the Research Topic “Epilepsy in veterinary sciences.” Twenty-two manuscripts
were published on this Research Topic, 19 focused on canine epilepsy, and 18 on treatment
aspects of epilepsy. Overall, the type of manuscripts ranged widely from single case reports to
observational and explorative cohort studies (phenotype, biomarkers, physiologic responses,
seizure detection), to reviews and prospectively controlled treatment studies. All contributed
significantly to knowledge in the field. Most manuscripts of the Research Topic collection,
“Epilepsy in veterinary science” explored treatment strategies and potential biomarkers for
treating epilepsy in dogs. These manuscripts highlight the relevance of difficult-to-treat
epilepsy in dogs and the need to develop novel treatment strategies for client-owned dogs
with IE.
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The genetic background of many dog breeds appears to
predispose them to epilepsy with a severe clinical course. The
appearance of tonic-clonic seizure in clusters appears as a point-
of-no-return across many breeds (9). Breed-specific epilepsies in
Greater Swiss Mountain dogs and Border Collies were the focus of
three manuscripts of this article collection. All of them considered
treatment response, survival, and quality of life an important aspect
of the epilepsy description. First, Ostermann et al. confirmed
a severe manifestation of IE with frequent tonic-clonic seizures
in a large cohort of Greater Swiss Mountain dogs. In addition,
they proved the frequent occurrence of cluster seizures and status
epilepticus, significantly impacting survival time. Their finding
aligned with previous studies on the association of cluster seizures
with drug refractoriness (9). Santifort et al. explored a cohort of
116 Border Collies with IE and confirmed the previously found
association between a younger age of onset and a more severe
manifestation of epilepsy. This finding raises the question, of
whether the age of onset should be more closely explored in dogs as
a characteristic feature of epilepsy syndromes (11). It is a concern
that a significant percentage of owners perceived the quality of life
of their dogs as heavily impacted. Finally, Mauri et al. explored the
role of 3T single voxel magnetic resonance spectroscopy to track
changes in brain metabolites in these two breed-specific epilepsies
(Border Collies, Greater Swiss Mountain dog) in a prospective
cohort study. N-acetyl aspartate (NAA) was used as a marker
for neuronal degeneration and glutamate-glutamine for neuronal
excitability. Their results showed decreased glutamate-glutamine
in thalamic regions in treated dogs compared to untreated dogs
and controls. There is a need for more functional neuroimaging
studies in veterinary epilepsy (see also review provided by Szabo
and Salinas in this Research Topic).

Large breed dogs show IE more frequently than small breed
dogs offering the chance to apply neurostimulation devices and
strategies designed for use in humans. Previously, Charalambous
et al. showed the potential efficacy of repetitive transcranial
magnetic brain stimulation (rTMS) in drug-resistant dogs with
IE (12). Yet more data are necessary for a targeted approach e.
g., to define the targeted brain areas and changes in the canine
brain networks in space and time. Interestingly, 2-deoxy-2-['3F]
fluoro-D-glucose positron emission tomography (18F-FDG-PET)
could demonstrate differential effects of precisely targeted high-
frequency rTMS on glucose metabolism in the pre-frontal cortex
and hippocampus of healthy Beagle dogs (13). The upcoming
potential of neurostimulation for the non-pharmacologic treatment
of seizures in dogs is the focus of three manuscripts within
the Research Topic “Epilepsy in veterinary science” A review by
Nowakowska et al. summarizes current knowledge on available
neurostimulation methods for treatment of drug-resistant epilepsy
in dogs, and highlights repetitive transcranial magnetic and
transcutaneous vagal nerve stimulation. Castillo et al. documented.
changes in electroencephalography (EEG) power spectra, increased
heart rate variability, and decreased heart rate after transcutaneous
vagal nerve stimulation in healthy Beagle dogs. EEG was recorded
with subdermal wire electrodes forlh before and 1h after
transcutaneous vagal stimulation for 120 s with a device marketed
for dogs. Further exploration of this approach in controlled studies
is warranted. Notably, Hirashima, Saito, Igarashi et al. reported
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on the successful use and long-term follow-up of an implanted
vagal nerve stimulator in a dog with drug-resistant IE. There was
a significant (> 50%) and long-lasting decrease in tonic-clonic
seizures but less impact on focal seizures. No side effects other than
coughing occurred. The owner was also provided with an external
magnet that could induce a vagal pulse that could prevent focal
seizures’ evolution to tonic-clonic seizures.

A series of three manuscripts provide insights into metabolic
alterations of current treatment strategies with phenobarbital or
medium-chain triglycerides (MCT) in dogs with IE: Watanagura
et al. investigated alterations in the microbiota-gut-brain axis
and behavioral changes that occurred in phenobarbital-treated
dogs in a prospective cohort study. Analysis of fatty acids with
gas chromatography mass spectrometry (GC-MS) indicated an
association between the short-chain fatty acid butyrate and drug
responsiveness in new-onset epilepsy (Watanagura et al.). This
opens exciting research perspectives on fecal short-chain acids as
potential biomarkers of drug responsiveness). Berk et al. explored
the metabolite and neurotransmitter profiles in a prospective
well-controlled study with a cross-over design in dogs with
IE and documented changes in amino acids, fatty acids, and
neurotransmitters associated with dietary MCT oil supplements.
Furthermore, the 3-hydroxybutyrate-triacylglyceride ratio showed
an overall negative correlation with seizure frequency. In support
of this study, Schmidt et al. further explored altered urinary
neurotransmitter profiles in dogs with IE.

Lastly, the Research Topic “Epilepsy in veterinary science”
includes also studies, which provide data on the potential efficacy
of new treatment strategies in dogs with drug-resistant IE. Polidoro
et al. investigated the pharmacokinetics of an intranasal, rectal
and oral administration of a cannabidiol (CBD) formulation in
six healthy Beagle dogs. Fischer et al. explored the efficacy of a
cyclooxygenase-2 inhibitor (firocoxib) as an add-on treatment in
dogs with phenobarbital-resistant epilepsy in a translational pilot
study. The research hypothesis originated from rodent data on
seizure-induced induction of p-glycoprotein at the blood-brain
barrier. Considering, that only the two dogs with the highest
seizure frequency were partial responders with a >50% decrease
in seizures (18.2% per protocol, 11.8% intent-to-treat) argued
against the overall efficacy of the add-on treatment (Fischer
et al.). Subsequently, Kriechbaumer et al. introduced a time-to-
event study design for dogs with drug-resistant epilepsy. Thereby
dogs participated in the study only until their pre-defined clinical
trial endpoint (n-th seizure). This protocol aimed to reduce the
study duration of non-responders. The efficacy evaluation follows
International Veterinary Epilepsy Task Force (IVETF) suggestions
(14). The International League Against Epilepsy regulatory task
force and pediatric commission proposes a similar approach where
children participate until the same number of seizures occurs
as in a predefined baseline period (15-17). Both canine studies
demonstrate a lack of relevant placebo responses in drug-resistant
dogs, contrary to previous findings (18).

Other manuscripts explored current medical treatment
strategies in dogs with reactive (acute symptomatic) seizures or IE:
efficacy of levetiracetam as first-line treatment of presumed reactive
seizures from exogenous poisoning by Stabile et al., variables with
a potential influence on treatment with bromides in 220 dogs from
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the Netherlands by Lichtenauer et al; aggressive behavior as an
adverse event of zonisamide by Kanazono et al., the approach of
primary care UK veterinarians toward the management of canine
IE by Griffin et al..

The call for papers for the Research Topic “Epilepsy
in veterinary science” addressed originally also other animal
species than dogs. Spontaneous epilepsy has been reported in
many other animal species, and animal models are widely
used as research tools in epilepsy. Yet contributions from
different species were limited to three manuscripts on cats and
baboons. Hasegawa, Asada, Hamamoto et al. and Hasegawa,
Asada, Mizuno et al. report on their efforts to cure drug-
resistant epilepsy in two cats with epilepsy surgery. Their
approaches were individualized to the cats' epilepsy type.
Hippocampectomy was chosen in one cat, and corpus callosotomy
in the other cat (Hasegawa, Asada, Hamamoto et al. and
Hasegawa, Asada, Mizuno et al). The manuscripts highlight
the challenges of identifying the epileptogenic zone in chronic
drug-resistant epilepsy, even if structural lesions are visible on
MRI. Szabo and Salinas provide a review of neuroimaging in
baboons. Baboons with spontaneous epileptic seizures are a large
animal model for idiopathic generalized epilepsies in humans
and photosensitivity. A similar genetically defined generalized
idiopathic epilepsy has been described in Rhodesian Ridgebacks
(19). The review provides insights into the perspectives of structural
and functional neuroimaging in a large animal species. While
structural imaging is usually standard in individual animals
with idiopathic generalized epilepsies, statistical approaches can
identify gray matter volume/concentration changes. Functional
neuroimaging can map epileptic networks, altered functional
connectivity of physiological networks, photoepileptic responses,
and the effects of anti-seizure therapies (Szabo and Salinas).

Research for better treatment of epilepsy in dogs and cats is
driven by the strong human-animal bond, the efforts, and the
psychological and emotional stress owners face when caring for
an animal with epilepsy beyond the financial issues involved. The
power of this human-animal bond can drive efforts to better
our treatment armory of epilepsy. Novel seizure detection devices

References

1. Berendt M, Farquhar RG, Mandigers PJ, Pakozdy A, Bhatti SE, De Risio L.
International veterinary epilepsy task force consensus report on epilepsy definition,
classification and terminology in companion animals. BMC Vet Res. (2015)
11:182. doi: 10.1186/512917-015-0461-2

2. Charalambous M, Fischer A, Potschka H, Walker MC, Raedt R, Vonck K,
et al. Translational veterinary epilepsy: a win-win situation for human and veterinary
neurology. Vet J. (2023) 293:105956. doi: 10.1016/j.tvjl.2023.105956

3. Steriade C, Britton J, Dale RC, Gadoth A, Irani SR, Linnoila J, et al.
Acute symptomatic seizures secondary to autoimmune encephalitis and
autoimmune-associated  epilepsy:  conceptual  definitions.  Epilepsia.  (2020)
61:1341-51. doi: 10.1111/epi.16571

4. Petit-Pedrol M, Armangue T, Peng X., Bataller L., Cellucci T, Davis R, et al.
Encephalitis with refractory seizures, status epilepticus, and antibodies to the GABAA
receptor: a case series, characterisation of the antigen, and analysis of the effects of
antibodies. Lancet Neurol. (2014) 13:276-86. doi: 10.1016/S1474-4422(13)70299-0

5. Hemmeter L, Bien CG, Bien CI, Tipold A, Nefiler ], Bathen-Nothen A, et al.
Investigation of the presence of specific neural antibodies in dogs with epilepsy or
dyskinesia using murine and human assays. J Vet Intern Med. (2023) (In press).

Frontiersin Veterinary Science

10.3389/fvets.2023.1200311

will provide objective data on tonic-clonic seizure counts, which
can supplement the reports of the owners in treatment studies
in veterinary epilepsy. The data provided by Hirashima, Saito,
Kuriyama et al. show the potential of this approach. Like in human
epilepsy, in addition to drug treatment, the new era of epilepsy
treatment in pets also includes dietary, neurostimulation, and
surgical options. The hope is that the convergence of human and
veterinary research needs will enhance awareness and funding of
epilepsy research in dogs and cats (1).

Author contributions
AF drafted the work. HV provided review and advice. Both

authors are responsible for the content. Both authors contributed
to the article and approved the submitted version.

Acknowledgments

We would like to thank
manuscripts to this Research Topic.

all authors who contributed

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

6. Binks S, Lamquet S, Crawford AH, Meurs A, Irani SR, Pakozdy A.
Parallel roles of neuroinflammation in feline and human epilepsies. Vet J. (2022)
290:105912. doi: 10.1016/j.tvj1.2022.105912

7. Charalambous M, Bhatti SE, Volk HA, Platt S. Defining and overcoming the
therapeutic obstacles in canine refractory status epilepticus. Vet J. (2022) 283-
4:105828. doi: 10.1016/j.tvjl.2022.105828

8. Jones G, Volk H, Packer R. Future research priorities in canine epilepsy:
viewpoints of owners, general practice veterinarians and neurology specialists. J Vet
Intern Med. (2021) 35:1466-79. doi: 10.1111/jvim.16144

9. Packer RM, Shihab NK, Torres BB, Volk HA. Clinical risk factors associated
with anti-epileptic drug responsiveness in canine epilepsy. PLoS ONE. (2014)
9:€106026. doi: 10.1371/journal.pone.0106026

10. Munana KR, Thomas WB, Inzana KD, Nettifee-Osborne JA, McLucas K], Olby
NJ, et al. Evaluation of levetiracetam as adjunctive treatment for refractory canine
epilepsy: a randomized, placebo-controlled, crossover trial. J Vet Intern Med. (2012)
26:341-8. doi: 10.1111/j.1939-1676.2011.00866.x

11. Wirrell EC, Nabbout R, Scheffer IE, Alsaadi T, Bogacz A, French JA, et al.
Methodology for classification and definition of epilepsy syndromes with list of

frontiersin.org


https://doi.org/10.3389/fvets.2023.1200311
https://doi.org/10.3389/fvets.2022.906288
https://doi.org/10.3389/fvets.2021.763822
https://doi.org/10.3389/fvets.2022.907313
https://doi.org/10.3389/fvets.2021.719455
https://doi.org/10.3389/fvets.2021.745063
https://doi.org/10.3389/fvets.2021.719455
https://doi.org/10.3389/fvets.2021.745063
https://doi.org/10.3389/fvets.2022.908801
https://doi.org/10.3389/fvets.2022.908801
https://doi.org/10.3389/fvets.2022.848604
https://doi.org/10.1186/s12917-015-0461-2
https://doi.org/10.1016/j.tvjl.2023.105956
https://doi.org/10.1111/epi.16571
https://doi.org/10.1016/S1474-4422(13)70299-0
https://doi.org/10.1016/j.tvjl.2022.105912
https://doi.org/10.1016/j.tvjl.2022.105828
https://doi.org/10.1111/jvim.16144
https://doi.org/10.1371/journal.pone.0106026
https://doi.org/10.1111/j.1939-1676.2011.00866.x
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Fischer and Volk

syndromes: report of the ILAE Task Force on Nosology and Definitions. Epilepsia.
(2022) 63:1333-48. doi: 10.1111/epi.17237

12. Charalambous M, Van Ham L, Broeckx BJ, Roggeman T, Carrette S, Vonck
K, et al. Repetitive transcranial magnetic stimulation in drug-resistant idiopathic
epilepsy of dogs: a noninvasive neurostimulation technique. J Vet Intern Med. (2020)
34:2555-61. doi: 10.1111/jvim.15919

13. Xu Y, Peremans K, Courtyn J, Audenaert K, Dobbeleir A, D’Asseler Y, et al. The
impact of accelerated HF-rTMS on canine brain metabolism: an [18F]-FDG PET study
in healthy beagles. Front Vet Sci. (2022) 9:800158. doi: 10.3389/fvets.2022.800158

14. Potschka H, Fischer A, Loscher W, Patterson N, Bhatti S, Berendt M,
et al. International veterinary epilepsy task force consensus proposal: outcome
of therapeutic interventions in canine and feline epilepsy. BMC Vet Res. (2015)
11:177. doi: 10.1186/s12917-015-0465-y

15. Auvin S, French J, Dlugos D, Knupp KG, Perucca E, Arzimanoglou A, et al.
Novel study design to assess the efficacy and tolerability of anti-seizure medications
for focal-onset seizures in infants and young children: a consensus document from the

Frontiersin

04

10.3389/fvets.2023.1200311

regulatory task force and the pediatric commission of the International League aAainst
Epilepsy (ILAE), in collaboration with the Pediatric Epilepsy Research Consortium
(PERC). Epilepsia Open. (2019) 4:537-43. doi: 10.1002/epi4.12356

16. Johnson ME, McClung C, Bozorg AM. Analyses of seizure responses supportive
of a novel trial design to assess the efficacy of antiepileptic drugs in infants and young
children with epilepsy: post-hoc analyses of pediatric levetiracetam and lacosamide
trials. Epilepsia Open. (2021) 6:359-68. doi: 10.1002/epi4.12482

17. French JA, Gil-Nagel A, Malerba S, Kramer L, Kumar D, Bagiella E. Time to pre-
randomization monthly seizure count in perampanel trials: a novel epilepsy endpoint.
Neurology. (2015) 84:2014-20. doi: 10.1212/WNL.0000000000001585

18. Munana KR, Zhang D, Patterson EE. Placebo effect in canine epilepsy trials. J Vet
Intern Med. (2010) 24:166-70. doi: 10.1111/j.1939-1676.2009.0407.x

19. Wielaender F Sarviaho R, James F, Hytonen MK, Cortez MA, Kluger G,
et al. Generalized myoclonic epilepsy with photosensitivity in juvenile dogs caused
by a defective DIRAS family GTPase 1. Proc Nat Acad Sci USA. (2017) 114:69-
2674. doi: 10.1073/pnas.1614478114


https://doi.org/10.3389/fvets.2023.1200311
https://doi.org/10.1111/epi.17237
https://doi.org/10.1111/jvim.15919
https://doi.org/10.3389/fvets.2022.800158
https://doi.org/10.1186/s12917-015-0465-y
https://doi.org/10.1002/epi4.12356
https://doi.org/10.1002/epi4.12482
https://doi.org/10.1212/WNL.0000000000001585
https://doi.org/10.1111/j.1939-1676.2009.0407.x
https://doi.org/10.1073/pnas.1614478114
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

	Editorial: Epilepsy in veterinary science
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


