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ABSTRACT

In human medicine, focal seizures can clinically express as autonomic signs, such as gastrointestinal dysfunction, cardiovascu-
lar changes, and variation of pupillary size; but little is known about possible presentations of autonomic seizures in veterinary
medicine. Three dogs were presented for recurrent episodes characterized by hypersalivation, vomiting, retching, and signs of
abdominal discomfort. Neurological examinations were normal between episodes. Electroencephalographic (EEG) recordings
identified ictal or interictal epileptiform discharges in all dogs. Based on clinical signs and EEG findings, a diagnosis of focal
autonomic seizures was made. There was a notable positive response of clinical signs to antiepileptic treatment. These cases
highlight the diverse clinical presentations of focal autonomic seizures in dogs and emphasize the diagnostic value of EEG in

these cases.

1 | Introduction

As defined by the International Epilepsy Task Force in 2015,
a seizure is “a transient occurrence of signs due to abnormal
excessive or synchronous neuronal activity in the brain” [1].
Seizures can present with a diverse array of clinical manifesta-
tions, posing a key challenge for neurologists in discerning if the
paroxysmal event is truly of epileptic nature [2].

Autonomic seizure is defined as “a seizure characterized by
altered autonomic function of any type at seizure onset or in
which manifestations consistent with altered autonomic func-
tion are prominent (quantitatively dominant or clinically im-
portant) even if not present at seizure onset” [3]. In human
medicine, various types of autonomic seizures have been de-
scribed, encompassing signs of gastrointestinal disorder (such

as retching, ptyalism, nausea, vomiting, abdominal discom-
fort, borborygmia, diarrhea), alterations in cardiovascular
function (bradycardia, tachycardia), fluctuations in pupil-
lary size (mydriasis and miosis), and other clinical signs [4].
Diagnosing this type of seizure is known to be particularly
challenging, because signs are commonly either disregarded as
unrelated to seizures or inaccurately attributed to conditions
such as migraine, syncope, or gastroenteritis [3, 5]. Several ep-
ileptic syndromes are described in human literature, includ-
ing self-limiting epilepsy with autonomic seizures or SeLEAS
(formerly known as Panayiotopoulos syndrome), Rolandic ep-
ilepsy in children, and mesial temporal lobe epilepsy in adults
[4]. Because of the possible confusion with other non-epileptic
conditions, electroencephalography (EEG) is considered the
gold standard method of diagnosis. While interictal EEG in
patients with autonomic seizures can be normal, there can be

Abbreviations: EEG, electroencephalography; MTLe, mesial temporal lobe epilepsy; SeLEAS, self-limiting epilepsy with autonomic seizures.
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epileptiform changes or intermittent slowing observed in the
anterior temporal EEG derivations, which become more pro-
nounced during sleep [6, 7].

In veterinary medicine, little information is available regarding
autonomic seizures. Phenobarbital-responsive sialadenosis in
dogs could represent an epileptic syndrome [8-10]. This hypoth-
esis was supported by the observation of epileptiform waves on
EEG recordings during episodes in one of the dogs under investi-
gation. However, there is limited knowledge regarding whether
autonomic seizures can manifest as other clinical signs. To pro-
vide a more detailed characterization of autonomic seizures in
dogs, we present three cases in which seizures primarily feature
autonomic signs, specifically involving disturbances in the gas-
trointestinal system.

2 | Materials and Methods

Video-EEG recordings were made using a wired EEG device
(Brainbox 1042 Braintronics BV, Fl, the Netherlands) with
EEG software (Coherence 7.1.3.2037 Natus Europe GMBH,
Planegg, Germany). The recordings were carried out by one
of the authors, E. Lyon. The montage used was bipolar, with
surface cup electrodes. The placement of the eight electrodes
is described in the reference [11] study. Both case no. 2 and
no. 3 were conscious and unsedated during recording. Case
no. 1 was administered a continuous infusion of midazolam
at a rate of 0.3 mg/kg/h for the management of nonconvulsive
status epilepticus, along with antiseizure medications such
as phenobarbital and levetiracetam. Details are provided in
Data S1.

2.1 | Case Presentation

Description of clinical signs of all three cases is summarized in
Table S1.

2.1.1 | CaseNo.1

A 3-year-old male intact Jack Russell Terrier dog was presented
to the internal medicine consultation at Ecole nationale vétéri-
naire d'Alfort (ENVA) for spastic regurgitations, ptyalism, and
dysorexia with weight loss (20%) lasting for 3weeks. After an ep-
isode of dietary indiscretion, the dog presented acute regurgita-
tions of both alimentary and non-alimentary content occurring
several times a day, accompanied by nearly constant ptyalism.
The exact frequency of episodes was hard to determine, but it
was roughly estimated to be between 20 and 25 episodes per
hour. The dog also exhibited non-alimentary vomiting. Clinical
signs did not improve with symptomatic treatments such as
metoclopramide, maropitant, and omeprazole.

The dog was presented with a clinical dehydration level of 7%,
was lethargic, and exhibited mild enlargement of the parotid
glands. The dog displayed discomfort during abdominal palpa-
tion, and manipulations of the dog triggered several episodes of
regurgitation. The neurological examination was normal, ex-
cept for regurgitations and constant ptyalism.

Routine serum biochemistry, pre- and postprandial bile acids, ca-
nine pancreatic lipase, basal cortisol, and complete blood count
results were within reference intervals (RI). Ionogram revealed
marked hypokalemia (2.5mmol/L; RI, 3.9-5.3), attributed to
digestive potassium loss. To search for a radio-opaque foreign
body, abdominal and esophageal radiographs were conducted,
yielding no notable findings. An abdominal ultrasound followed
by an endoscopic screening of the upper gastrointestinal tracts
was performed and did not reveal any abnormalities. The EEG
was performed during 40 min when the dog was hospitalized for
a quasi-permanent salivation episode (Figure 1), suspected to
be a nonconvulsive status epilepticus. Bursts of spike-and-slow-
wave complexes in the left anterior region and isolated gener-
alized spikes were observed without clinical signs. Paroxysmal
manifestations with salivation, belching, and swallowing were
observed 23 times during the 40-min EEG recording; during
those episodes, generalized spikes mixed with movement and
muscle artifacts were observed.

Phenobarbital was initiated with a loading dose of 15mg/kg
given over 24h in three doses, then was followed by a dose of
3mg/kg every 12h. Due to the continuous regurgitations and
vomiting, phenobarbital was initially administered intrave-
nously. There was a gradual improvement in clinical signs
during the hospitalization, 48h after receiving phenobarbital.
However, due to the persistence of intense regurgitations, the
phenobarbital dosage was increased to 6 mg/kg every 12h. On
Day 12 after the initiation of treatment, the dog showed com-
plete resolution of clinical signs.

The dog remained seizure free for 4years. During that period,
phenobarbital was continuously administered. Then, the dog
presented a new episode of nearly constant regurgitations,
vomiting, epigastric pain, abdominal distension, and diar-
rhea. A thorough investigation of gastrointestinal disease was
conducted but failed to identify the underlying cause. Relapse
of autonomic seizures was then suspected. Levetiracetam was
added and progressively increased until a dose of 100 mg/kg/q8h
PO. After initial improvement, seizure frequency and intensity
worsened. Potassium bromide was added with a loading dose of
150mg/kg/day for 3days, then 25mg/kg every 12h. Clinical re-
mission (absence of episodes) occurred 3days after initiation of
tritherapy. During the weeks after hospitalization, a gradual re-
currence of seizures was observed. The addition of imepitoin at
a dose of 30 mg/kg every 12h had limited efficacy in controlling
the seizures. The dog was euthanized 3 months after discharge
due to persistent cluster episodes (exact frequency was not de-
tailed in medical records). Necropsy was not performed.

2.1.2 | Case No.2

A 7-year-old female spayed Podenco was presented to our hos-
pital for episodes of gastrointestinal disorders occurring for
3years. Approximately twice a week, the dog displayed clini-
cal signs including ptyalism, coughing, retching, regurgitation,
pica, epigastric pain, excessive repetitive swallowing move-
ments, and borborygmi, lasting several hours. The postictal
phase was identified by the owners and consisted of lethargy
and intense fatigue. Otherwise, the dog exhibited normal behav-
ior between episodes. Prior to the presentation, the frequency of
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FIGURE 1 | Electroencephalography recording of case no. 1. Symmetrical background activity was observed with low amplitude beta rhythm

during wakefulness, and with medium-amplitude theta and delta rhythm and slow waves during rest, without it being possible to differentiate be-
tween drowsiness and sleep stages (A). Bursts of spike-and-slow-wave complexes in the left anterior region and isolated generalized spikes were
observed without clinical signs (A) Paroxysmal manifestations with salivation, belching, and swallowing were observed 23 times during the 40-min
EEG recording. Generalized spikes mixed with movement and muscle artifacts were then observed (B).

seizures had increased, with a minimum of three episodes per
day and a median of five episodes per day.

During consultation, the dog presented constant ptyalism and
coughing. The rest of the physical examination was normal.
Neurological examination was also normal.

Routine serum biochemistry, pre and postprandial bile acids,
ionogram, and complete blood count were within reference

intervals. Abdominal ultrasound and endoscopy of the upper
abdominal tracts revealed no abnormalities. Histology of the
endoscopic biopsy showed mild chronic superficial lympho-
plasmacytic gastritis and duodenitis, which were deemed in-
sufficient to account for the observed clinical signs. Thoracic
radiographs confirmed the absence of megaesophagus and
ruled out intrathoracic causes for the cough. Echocardiography
findings were similar to the examination conducted during
the previous year. Magnetic resonance imaging (MRI) of the
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brain yielded no notable findings, and the cerebrospinal fluid
(CSF) analysis yielded no abnormalities. An EEG was recorded
for 40min during natural wakefulness and drowsiness, with
an intermittent photic stimulation procedure at the beginning
of the session (Figure 2). Isolated occipital spikes (boxes) were
observed without clinical signs. During drowsiness, rhythmic
swallowing movements were suddenly observed. On the EEG,
rhythmic spike-and-slow-wave complexes superimposed on
swallowing movement artifacts were observed, with a sudden
onset and offset and with an increased heart rate.

Phenobarbital was started orally at a dose of 3.3mg/kg twice
daily. After initiation, the seizure frequency decreased to max-
imum of two seizures per day. Doses were gradually increased
to 4.5mg/kg twice daily. Potassium bromide was added with a

<] “"'IV o |[(owvime " 2f03 s 2| & o |

loading dose of 600 mg/kg over 5days and maintained at 40 mg/
kg/day. Insufficient response prompted a gradual increase in
bromide dosage, reaching 60mg/kg/day. Higher doses led to
pronounced sedation and ataxia. Seizure frequency decreased
to two seizures over 3-day period. Persistent ataxia and leth-
argy led to a decreased potassium bromide dosage to 28 mg/
kg/day and levetiracetam was added at 28 mg/kg every 8h.
Subsequently, the seizure frequency decreased to about one sei-
zure every 2-3days for a year and 9 months (with a maximum
range of 7days between seizures).

Twenty-one months after the initiation of phenobarbital, the dog
exhibited cluster generalized tonic-clonic seizures. The preictal
phase was characterized as hyperexcitation, disorientation, hyper-
esthesia, and facial pruritus lasting about 60s. Intense fatigue was
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FIGURE 2 | Electroencephalography recording of case no. 2. Symmetrical background activity was observed with low amplitude beta rhythm

during wakefulness, and with medium-amplitude theta rhythm during drowsiness (A). Isolated occipital spikes (boxes) were observed without
clinical signs (A). No abnormalities were observed during the intermittent photic stimulation procedure. During drowsiness, rhythmic swallowing

movements were suddenly observed. On the EEG, rhythmic spike-and-slow-wave complexes superimposed on swallowing movement artifacts were

observed, with a sudden onset and offset and with an increased heart rate (B).
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identified between episodes. He was readmitted to the hospital,
where he was additionally diagnosed with aspiration pneumonia.

After loading dose, the bromide dosage was increased and there
were no further occurrences of tonic-clonic seizures. Signs of
respiratory disease worsened over a period of 5days, and the
dog died due to cardiorespiratory arrest during hospitalization.
Necropsy was not performed.

2.1.3 | CaseNo.3

A 5-year-old intact male Lhasa Apso was presented to the gas-
troenterology consultation for paroxysmal gastrointestinal epi-
sodes (characterized by rumbling, nausea, ptyalism, vomiting
without food content, and epigastric pain) lasting several hours,
since his adoption 3years before presentation. The dog also
showed cluster episodes of impaired awareness, chewing, and
licking his paws since adoption, especially during rest. Initial
frequency of seizures was about 10-12 episodes of gastrointesti-
nal disease per month, along with 8-10 episodes of stereotypical
behavior per month. Physical examination and neurological ex-
amination were normal. Routine serum biochemistry, bile acids
dosage, basal cortisol, and canine lipase were within reference
intervals. The abdominal ultrasound did not reveal significant
abnormalities. Mild signs of gastritis were present on endoscopic

examination. Endoscopic biopsies of upper and lower digestive
tracts were consistent with mild lymphoplasmocytic gastro-
enteritis. Those findings were insufficient to explain clinical
signs, and poor response to treatment of chronic gastroenteritis
was observed. The EEG was performed the day after an episode
of digestive discomfort. In addition, the owners reported epi-
sodes of myoclonus when falling asleep, encouraged by physi-
cal exercise. So, the EEG was performed after a long walk. EEG
(Figure 3) was performed for 40 min and included an intermit-
tent photic stimulation procedure. Fronto-temporal isolated
spikes (boxes) and polyspikes of moderate amplitude were ob-
served during drowsiness.

After initiation of levetiracetam therapy at 20mg/kg every 8h,
an 80% decrease in seizure frequency was noted (with 0-2 ep-
isodes per month). Additionally, owners reported diminished
severity in the clinical presentation (episodes were less intense)
and a reduction in their duration (less than an hour).

Six months after initiation of levetiracetam, there was an in-
crease in seizure frequency (4-6 episodes per month), necessi-
tating adjusting the levetiracetam dosage (93 mg/kg every 8h)
and introducing phenobarbital (3.1 mg/kg every 12h). The dog
stabilized with 0-2 episodes per month, with diminished se-
verity (one vomiting per episode, mild restlessness, licking and
chewing his paws) and reduced duration (usually less than 1h).
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Electroencephalography recording of dog no. 3. Symmetrical background activity was observed with low amplitude beta and alpha

rhythms during wakefulness, and with medium-amplitude theta rhythm during drowsiness. Frontotemporal isolated spikes (boxes) and polyspikes

of moderate amplitude were observed during drowsiness. No abnormalities were observed during the intermittent photic stimulation procedure.
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Owners have consistently rated the dog's quality of life as very
good since the initiation of antiepileptic therapy. The dog was
still alive at the time of writing, after 2 years of follow-up.

3 | Discussion

This case series highlights the broad range of clinical manifesta-
tions observed in focal autonomic seizures, a diversity similarly
noted in human medicine. Clinical signs in our study differed
from previously reported cases of phenobarbital-responsive si-
aladenosis. Only one dog showed enlarged salivary glands, de-
spite all dogs exhibiting ictal ptyalism.

During paroxysmal events, the presence of pre- or postictal
phases, altered consciousness, and/or autonomic signs supports
the classification of the event as a seizure, as outlined by the
International Veterinary Epilepsy Task Force [2]. However,
in focal autonomic seizures, pre- and postictal phases are not
necessarily present. Notably, only one dog in our case series ex-
hibited a postictal phase. Because of the large array of presen-
tations, focal autonomic seizures should be considered in dogs
exhibiting recurrent paroxysmal episodes of digestive disorders
that had extensive digestive work-ups that failed to identify a
causative disease, and especially when there is a poor response
to chronic gastroenteritis treatment.

Because of the confounding aspect of seizure, other elements
can confirm the epileptic nature of the episodes. In particular,
the presence of other types of seizure might be useful. In our
study, one dog experienced generalized tonic-clonic seizures
in addition to focal autonomic seizures. Another dog exhibited
behavioral seizures with impaired awareness, chewing and lick-
ing his paws. However, the last dog only presented one type of
seizure, and thus its absence should not definitively rule out the
epileptic nature of the episodes.

The duration of autonomic seizure is unusual. Typically, sei-
zures have a duration of less than 5min, or they are classified
as status epilepticus. In human medicine, focal simple seizures
typically have a shorter duration compared to generalized
tonic-clonic seizures [12]. However, focal status epilepticus
is considered common in certain syndromes, such as SeLEAS
(44% of seizures are more than 10min in this syndrome, and
frequently persists for hours). In our case series, all dogs exhib-
ited a long duration of clinical signs, often for hours. When left
untreated, epilepsy can be progressive, carrying risks of struc-
tural damage to the brain and occurrence of status epilepticus
or cluster seizures [13, 14]. In these dogs, epilepsy might have
progressed due to the long period of medical misdiagnosis be-
fore presentation.

Electroencephalography is an essential diagnostic tool to distin-
guish epileptic from non-epileptic disorders, especially in auto-
nomic seizures. In SeLAES, ictal and interictal EEG has showed
high sensitivity. Ictal abnormal findings can be identified in up
to 90% of patients [15]. Because there is a suspicion that EEG
abnormalities are more likely to manifest during sleep studies,
it is advisable that a sleep EEG recording should always be con-
ducted if a routine EEG yields normal results [16]. Otherwise,
several techniques can maximize the sensitivity of scalp EEG

in temporal lobe epilepsy, including nasopharyngeal, sphenoi-
dal, anterior temporal, and mandibular notch electrodes [17]. In
many cases, when scalp EEG is inefficient, intracranial EEG is
necessary to directly record activity from the brain parenchyma
[18]; although this technique is not widely available in veteri-
nary medicine. Prolonged video-EEG monitoring increases the
likelihood of recording spontaneous seizures, with a minimum
of 24h considered the gold standard [19, 20]. Recent literature
is available on the clinical application of unanesthetized video-
EEG in veterinary medicine [2]. In these studies, EEG proved
itself a powerful tool in identifying seizures in dogs [20-22]. In
our study, we concluded that dogs experienced seizures due to
the presence of EEG abnormalities during the ictal or interictal
phase, and, at the very least, an initial response to treatment (a
reduction of more than 50% in seizure frequency). Other diag-
nostic approaches exist for detecting seizures in dogs, includ-
ing heart rate variability (HRV). It is interesting to note that
one dog in our study displayed tachycardia during autonomic
seizures (case n°2). This variable could be useful in detecting
autonomic seizures if alteration in cardiovascular function is
associated [23].

We suspected that the seizures, given that the dogs initially ex-
hibited clinical signs between 6 months and 6years of age, and
had normal interictal neurological examinations, were indica-
tive of idiopathic epilepsy. All dogs had a minimum follow up of
21months, and did not develop interictal signs of neurological
disease, supporting the diagnosis of idiopathic epilepsy. In this
series, only one case had MRI of the brain and CSF analysis that
excluded structural disease. However, no postmortem examina-
tion was performed to confirm the presumptive diagnosis of id-
iopathic epilepsy.

Given the suspicion of idiopathic epilepsy in all dogs, cou-
pled with the presentation of recurrent cluster seizures or
status epilepticus, phenobarbital was considered the pre-
ferred treatment over imepitoin or levetiracetam (according to
International Epilepsy Task Force Consensus) [24]. However,
levetiracetam was selected in one case due to its infrequent
side effects. In previous descriptions of focal autonomic sei-
zures, clinical signs responded positively to phenobarbital
[8-10]. In our study, all dogs still presented frequent seizures
after treatment. Further studies are needed to evaluate the ef-
ficiency of treatment for this type of seizure.

This case series highlights the variety of clinical manifestations
observed in focal autonomic seizures in dogs. Dogs with such
clinical signs are usually referred or presented for an internal
medicine consultation. Diagnosis is often difficult and relies on
a wide diagnostic workup. Clinical presentation, EEG record-
ing, and treatment response are essential to characterize the
disease, after exclusion of any gastrointestinal disease. Focal
autonomic seizures should be considered in dogs exhibiting re-
current paroxysmal episodes of digestive disorders, along with
no to moderate organic lesions, especially when there is a poor
response to chronic gastroenteritis treatments.
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