Case Report Rapport de cas

Lafora disease as a cause of visually exacerbated myoclonic attacks
in a dog

Aubrey A. Webb, Chantal McMillan, Cheryl L. Cullen, Sarah E. Boston, Julie Turnbull,
Berge A. Minassian

Abstract — An 8-year-old, castrated male, miniature wire-haired dachshund was presented with a 4-month history
of intermittent facial twitching (myoclonus). The myoclonic episodes progressed over a 16-month period.
Generalized seizure activity was infrequent. Clinical examination revealed visually stimulated myoclonus. Response
to therapy with antiepileptic drugs was equivocal. Genetic testing identified the dog as being affected by Lafora
disease.

Résumé — Maladie de Lafora comme cause d’attaques myocloniques exacerbées chez un chien. Un Dachsund
miniature a poils raides male castré 4gé de 8 ans a été présenté avec une anamneése de 4 mois de secousses musculaires
faciales intermittentes (myoclonie). Les épisodes myocloniques ont progressé pendant une période de 16 mois.
visuelle. La réponse 4 la thérapie 4 'aide de médicaments antiépileptiques a été équivoque. Un dépistage génétique
a identifié le chien comme étant atteint par la maladie de Lafora.

(Traduit par Isabelle Vallieres)
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I n veterinary medicine, movement disorders can be catego- and response to therapy, of a dog with progressive myoclonus

rized as being either hyperkinetic (excessive muscular activ- and epilepsy due to Lafora disease, a condition rarely reported
ity) or hypokinetic (reduced muscle activity) (1). Myoclonus, in North America.
a form of hyperkinesia, is characterized by sudden, rapid, and

involuntary muscular twitches affecting a muscle or group of Case description

muscles. Positive myoclonus refers to twitching resulting from
repeated bouts of muscle contraction while negative myoclo-
nus refers to sudden and frequent relaxations in tonic muscle
contraction (2). Sporadic myoclonus can be benign or a form
of seizure disorder (3). Repetitive myoclonus can be classified
according to when the myoclonus occurs (constant, action-
related, postural, episodic, or resting) (3). In human medicine,
however, myoclonus can be categorized according to clinical
appearance, anatomic origin, or etiology (4). Anatomically,
myoclonus is classified as being cortical, thalamic, brainstem
(reticular), or spinal (4). With respect to etiologic classification,
myoclonus is classified as being physiologic, essential, epileptic,
or symptomatic (4). Herein, we describe the clinical features,

An 8-year-old, castrated male, miniature wire-haired dachshund
was presented to the surgical service at Western Veterinary
Specialist Centre (WVSC) with a 4-month history of progres-
sively worsening facial twitching that was exacerbated by visual
stimulation, in particular, sudden movements near the dog’s
face. Distant, physical and neurological examinations were
unremarkable. The animal had received all the recommended
vaccines. Results of complete blood (cell) count (CBC), serum
biochemistry, urinalysis, blood pressure, and electrocardiogram
performed by the referring veterinarian 3 mo previously were
unremarkable. The owners declined repeating any of these
tests. The owners agreed to magnetic resonance (MR) imag-
ing but declined cerebrospinal fluid collection and analysis.
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Figure 1. Cross section T2-weighted MR image of the dog’s
brain. Note the dilatation of the lateral ventricles.

The MR imaging was performed using a 1.5 Tesla Siemens
Symphony MR scanner. The sequences performed, in vari-
ous directional planes, included T1-weighted with and with-
out gadolinium enhancement, T2-weighted, fluid attenuated
inversion recovery (FLAIR), and diffusion-weighted imaging
including apparent diffusion coefficient (ADC) mapping.
Magnetic resonance imaging revealed moderately dilated lateral
ventricles (Figure 1). There was no evidence of any neoplastic,
cerebrovascular, or inflammatory processes affecting the brain.
A differential diagnosis of probable symptomatic epilepsy was
made. The dog was started on potassium bromide (KBr) therapy
(loading dose — 100 mg/kg PO, SID for 5 d; then maintained
at 22 mg/kg PO, SID) for a presumptive diagnosis of a focal
seizure disorder of undetermined origin.

Nearly 6 wk after beginning KBr therapy, the dog was pre-
sented for re-evaluation to the internal medicine service at the
WVSC. The presenting complaint was continued myoclonic
events. These events occurred randomly and seemed to be
most prominent when the patient was startled. The previ-
ously prescribed KBr therapy had been discontinued at the
discretion of the owners, who felt that there was no notable
improvement. Potassium bromide levels had not been assessed
following the loading doses. Complete physical, neurologic, and
fundic examination revealed no abnormalities. The myoclonic
episodes reported by the owner were not observed at the time
of initial evaluation and instructions to obtain a video of the
described events were recommended. The KBr was reinstituted
(22 mg/kg PO, SID). Video obtained from the dog’s owners
revealed subtle intermittent myoclonus of the dog at rest.

Five months following instituting KBr therapy for the
2nd time, the patient was again presented to WVSC, the owners
reported worsening symptoms. In addition to the myoclonic epi-
sodes, the owners reported 1 generalized seizure characterized by
whole body twitching that lasted 20 to 30 s with hypersalivation
and an associated postictal phase characterized by disorientation
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and ataxia. Physical examination and neurological examina-
tion were unchanged; however, myoclonic episodes originally
described by the owners were now evident. These episodes
involved rapid myoclonic movements involving the head, neck,
and forelimbs. Complete blood (cell) count, serum biochemistry,
and urinalysis were performed in light of the onset of general-
ized seizure activity. There was a mild elevation in serum alanine
transferase (ALT) (306 IU/L; reference range: 0—-113 IU/L), but
blood work was otherwise unremarkable. The KBr levels were
measured and found to be 13.8 mmol/L (therapeutic range for
KBr monotherapy: 16.8-25.2 mmol/L) (5). Although KBr was
not in the range for monotherapy for canine epileptic disorders,
the dosage was not increased; adjunctive therapy with gabapen-
tin (50 mg/kg PO, TID) was instituted instead. Therapy with
phenobarbitol was not instituted, as seizures did not appear to
be a predominant component of the clinical picture and because
of the newly detected hepatic enzyme changes.

One month following gabapentin therapy, the owners
reported an equivocal response in the frequency and severity
of the dog’s resting myoclonus to anticonvulsant drug therapy.
Importantly, the types of stimuli that evoked these myoclonic
attacks were increased. Specifically, bright light, television,
lightning, and stroboscopic light (for example, light and shade
alternation when driving alongside a row of trees with sunlight
peering through) resulted in stimulation of the myoclonic
attacks. No changes in physical or neurological examinations
were noted. Re-evaluation of serum biochemistry in the sub-
sequent 5 mo did not reveal any additional hepatic enzyme
changes, excluding the consistently mild elevation in serum
ALT (range: 149-207 IU/L). Therapy with gabapentin was
discontinued due to equivocal clinical improvement and because
the owners were having difficulties administering the drug.
Consultation with the neurology/electrodiagnostic service at
WVSC was agreed upon by the owners.

Potential neuroanatomic lesion localizations that were con-
sidered for the dog’s myoclonus included brain, spinal cord, or
muscle. Given the dog’s signalment, clinical history, the clini-
cal examination findings, especially the lack of any apparent
muscular hypertrophy or atrophy, and lack of clinical labora-
tory evidence of any pre-existing systemic condition, disease
processes affecting muscle (such as Cushing’s-related myotonia)
were considered highly unlikely. Instead, given the signalment,
history, clinical and laboratory findings, the progressive nature
of this condition, the age of onset, and the generalized seizures,
a central neurodegenerative disease process was suspected, most
likely affecting the forebrain (storage diseases or demyelinating
diseases). In particular, Lafora disease as the underlying etiology
for the myoclonic events was suspected, though conditions such
as neuronal ceroid lipofuscinosis have been reported in other
breeds of dogs, and were considered. The patient returned for
laboratory tests to confirm this suspected disease.

Neurologic and complete ophthalmic examinations were
unremarkable aside from visually stimulated myoclonus of the
musculature of the face, head, and neck during completion of
the menace response. Blood was submitted to the Hospital for
Sick Children for testing of the EPM2B mutation previously
reported in miniature wire-haired dachshunds and basset hounds
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affected with Lafora disease, as this test is not commercially
available (6). Results of the polymerase chain reaction (PCR)
assay revealed that this dog was homozygous for the mutation
responsible for Lafora discase. Electrodiagnostic testing was
used to help identify any involvement of central neural struc-
tures. Electroretinography was not performed as it was deemed
potentially unsafe to stimulate the dog with stroboscopic light.
Brainstem auditory evoked response (BAER) testing was per-
formed to evaluate involvement of brainstem auditory pathways,
although clinical signs of hearing loss were not present. Given
our high suspicion of a neurodegenerative or demyelinating
disease process, BAER testing, which is relatively non-invasive
was performed using a Cadwell Sierra Wedge II electrodiagnostic
unit. Two thousand 100 ws multi-tonal alternating clicks were
delivered to each ear at 21.1 Hz at 80 dB nHL using insert
ear phones to obtain the BAER. Each ear was tested separately
with a masking noise of 30 dB nHL being delivered to the ear
not being tested. Performing the BAER examination did not
stimulate myoclonus. The BAER examination revealed that all
5 major waveforms were present. Latencies for peaks I-V were
within previously reported reference ranges. The owners were
counselled regarding the fact that there is no cure or proven
therapy for dogs with Lafora disease and that the dog’s condition
would inevitably worsen over time. Given preliminary evidence
suggesting that the myoclonus may improve with feeding a
commercially available diet (Hills b/d) high in antioxidants, it
was recommended to the owners that they institute an exclusive

diet of Hills b/d (7).

Discussion

Physiological myoclonus describes those myoclonic episodes
that occur naturally in unaffected individuals (for example,
hiccup — diaphragmatic myoclonus; possibly reverse sneez-
ing in dogs). Essential myoclonus, although described as an
idiopathic form of myoclonus in humans (4), has not been
described in domesticated animals. Epileptic myoclonus is
that form of myoclonus where epilepsy is the primary disor-
der (4). Finally, and most commonly reported in the human
and veterinary literature, symptomatic myoclonus includes
those disease entities in which myoclonus occurs as a feature of
some primary underlying disorder (4). Symptomatic myoclonus
has been reported as a clinical feature of a variety of diseases in
cats (8-10), dogs (11-18), cattle (19-23), horses (24,25), pigs
(26,27), and birds (28). Symptomatic myoclonus can result
from infectious diseases such as distemper and pseudorabies,
various idiopathic meningoencephalomyelitides, or may be the
result of drug reactions. Inherited conditions causing myoclonus
include inherited myoclonus of polled Hereford cattle, familial
reflex myoclonus in Labrador retrievers, and various cellular
storage diseases, including Lafora disease. It should be noted
that epileptic and symptomatic myoclonus are not mutually
exclusive of each other. That is, myoclonic epilepsies are a form
of symptomatic myoclonus.

In humans, 6 main diseases make up the inherited progressive
myoclonic epilepsies. These include neuronal ceroid lipofus-
cinoses, sialidosis, Unverridcht-Lundbord disease, myoclonic
epilepsy with ragged red fibers, dentatorubral-pallidoluysian
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atrophy, and Lafora disease (29,30). Neuronal ceroid lipofuscin-
osis (31) and Lafora disease (6,32) have so far been identified
as causes of progressive myoclonic epilepsy in dogs. Lafora
disease has been uncommonly reported in a variety of breeds;
however, it has been most notably reported as an inherited
trait in the beagle, basset hound, and miniature wire-haired
dachshund (6).

Lafora disease in humans is caused by a mutation of EPM2A
or EPM2B genes (33), that code for the proteins laforin and
malin, respectively. Laforin is a glycogen phosphatase while
malin is an E3 ubiquitin ligase (34). The function of these
proteins is poorly understood. Recently, however, it has been
shown that laforin deficiency leads to elevated phosphoryla-
tion of glycogen which is thought to result in poorly branched
glycogen-like polysaccharides (polyglucosan) intracellularly
(34) throughout a wide variety of tissue including nervous,
skin, heart, muscle, spleen, lymph nodes, retina, and liver
(35-37). These intracellular inclusions are periodic acid-Schiff
(PAS) positive and are known as Lafora bodies, hence the name
Lafora disease.

Lafora disease in the miniature wire-haired dachshund is clin-
ically recognized between 6 and 9 years of age and is caused by
an expanded repeat mutation in the EPM2B gene (6). Affected
animals appear physically and neurologically normal except for
progressive myoclonus that can be triggered by audio or, in our
instance, visual stimulation (6). Atonic attacks resulting in the
animal collapsing on the ground and generalized seizures are
reported (6). Interestingly, visually stimulated seizures with
or without myoclonus, but not associated with Lafora disease,
are reported with increasing frequency in humans (38). These
photosensitive epilepsies are known as video game epilepsies,
Pokemon shock, photic and pattern-induced seizures (39). In
these epilepsies, the most common precipitating factor is stro-
bic light conditions or specific alternating patterns of different
colors (38). Photosensitive seizures can be controlled by antiepi-
leptic drugs or avoidance of the photic stimulation. In advancing
stages of Lafora disease, however, animals may become ataxic
and/or blind, and increased frequency of seizures refractory to
antiepileptic drugs will be noted (6,32).

Although Lafora bodies may occur in the retina, specifically
within the retinal ganglion cells (37), we failed to identify any
abnormalities after performing a complete ophthalmic examina-
tion. It may have been interesting to complete an electroretino-
gram, but we did not believe it was in the best interest of the
patient given his photic myoclonic epileptic attacks.

Similar to the dog in the current report, MR imaging may
reveal generalized ventricular dilatation, and cortical atrophy
may be present in some cases (6). Whether these imaging find-
ings represent features unique to the disease or are simply a
manifestation associated with aging in the dog remain unknown
(40). Imaging studies of age- and breed-matched controls have
not been compared to dogs with Lafora disease.

Results from electrodiagnostic testing of dogs with Lafora
disease have been limited to electroencephalography (EEG)
and electromyography (EMG) (6,32). The EEG from dogs
with Lafora disease is characterized by bilateral synchronous
polyspike wave paroxysms and erratic myoclonus without EEG
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correlation (32). Electromyograms from 1 dog with Lafora
disease revealed spontancous muscular discharges, including
fibrillation potentials and positive sharp waves, indicative of
neurogenic or primary muscle disease (41). Given that Lafora
disease represents a primarily gray matter (neuronal) disease,
and that BAER recordings have not been reported in cases of
canine Lafora disease, we hypothesized that abnormalities may
be detected by evaluating neuronal function using BAER test-
ing. Each of the waveforms represents different regions of the
neural hearing pathway (for review see reference 42). Waves I-11
represent activity in the vestibulocochlear nerve, wave III is gen-
erated by 2nd order neurons in and around the cochlear nucleus,
wave IV is generated possibly by 2nd and 3rd order neurons
found within the superior olivary complex and from neurons in
the cochlear and lateral lemniscus nuclei, and wave V is thought
to be generated by lateral lemniscal fibers synapsing in the caudal
colliculus. We did not find any evidence of neuronal involvement
of brainstem pathways involved in hearing, consistent with what
has been reported in humans with Lafora disease (43).

There is no known curative treatment for Lafora disease. In
humans with Lafora disease, clinical symptoms begin in the
teenage years and progtess to intractable myoclonic and cortical
seizures, hallucinations, and dementia (44). The disease is invari-
ably fatal with affected people dying within 10 y of developing
clinical signs (45). In dogs, many of the affected animals are
euthanized when their quality of life is deemed unacceptable
(6). Although gabapentin has synergistic anti-epileptic effects
in combination with other anti-epileptic drugs in some dogs
with refractory epilepsy (46), this adjunctive therapeutic had
no additional benefit in controlling myoclonic attacks and, in
fact, the clinical signs progressed.

Given the pathophysiology of Lafora disease, dietary manage-
ment has been considered. Eating foods that are ketogenic (low
in carbohydrates) may slow the progression of Lafora disease,
although large prospective studies are required to support this
hypothesis (47). Preliminary evidence suggests that a diet high in
anti-oxidants will also slow the progression of clinical signs (7). As
Hills b/d has been shown to have no detrimental effects on health
and to halt or even improve cognitive decline associated with
aging (48), and it may be useful at halting the progression of clini-
cal signs associated with Lafora disease in dogs (7), we prescribed
this diet as final adjunctive therapy for the dog presented herein.

The present case highlights that Lafora disease should be
considered when presented with a dog with progressive visually
stimulated myoclonus and epilepsy. This case also highlights
that the genetic mutation for Lafora disease exists within the
miniature wire-haired dachshund population in Canada. It is
important that a detailed description of the clinical signs be
obtained from the animal’s owners in the early stages of the
disease. Obrtaining video recordings of the myoclonus and sei-
zures is important. Although therapy for Lafora disease is purely
palliative, it is possible to identify carrier and affected animals
and to thereby eliminate the disease from the breeding popula-
tion. Genetic testing also allows identification of individuals
with the disease, so that creation of an experimental breeding
colony can be developed to evaluate various therapies for use
in dogs and humans.
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