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Definition 

A seizure event is a clinical sign used to describe manifestations of abnormal brain function 
characterized by paroxysmal stereotyped alterations in behavior.  Synonymous terms include fits and 
convulsions.  Epilepsy is a term for recurring seizures; however we use the term interchangeably with 
seizures of an idiopathic cause.  Primary epilepsy (asymptomatic epilepsy) is termed when there is no 
identifiable structural brain lesion.  Secondary epilepsy (symptomatic epilepsy) relates to seizures from an 
acquired or underlying cause.   

 
Pathophysiology 

Several neurotransmitters are involved in the pathophysiology of seizures.5,6  The GABA receptor 
has 2 subtypes:  GABA-A and GABA-B are responsible for the inhibitory postsynaptic potential (IPSP).  
GABA-A is considered more involved with seizures.  GABA binds to GABA-A causing an influx of 
chloride ions which results in hyperpolarization of cell and thereby, inhibition.  GABA-B is a G-protein-
coupled receptor that can open potassium potassium channels and close calcium channels to cause a rapid 
hyperpolarization of the cell membrane.  GABA plays a key role in seizure arrest.  Adenosine is an 
endogenous neuromodulator with inhibitory effects.  Acetylcholine, glutamate, and aspartate are major 
excitatory neurotransmitters.  Sodium channels gated by glutamate include the kainate and AMPA 
subtypes (non-NMDA channels).  Sodium influx through the channels will result in an excitatory 
postsynaptic potential (EPSP).  NMDA receptors mediate influx of both sodium and calcium channels 
and are also activated by glutamate.  Injuries to the brain may alter glutamate receptors.  Augmentation of 
glutamate-induced postsynaptic effects, especially at NMDA receptors, would increase EPSP amplitudes, 
enhance PDS and generally increase neuronal excitability.  Voltage gated calcium channels also become 
abnormally sensitive after neuronal damage.  Acetylcholine receptors help trigger epileptiform activity.  
Ionic changes include increased extracellular potassium and increased intracellular sodium and calcium.   

Seizures result from hypersynchronous spontaneous electrical discharges from a group of neurons 
within the cerebrocortical tissue.  Neurons occasionally fire spontaneously in normal animals, but these 
neurons are suppressed by intrinsic inhibitory neurotransmitters (GABA).  GABA is the most important 
inhibitory neurotransmitter.  An imbalance in the inhibitory and excitatory neurotransmitter (glutamate 
and aspartate) can lead to depolarized states within the tissue.  Neurons of a seizure foci are characterized 
by large-amplitude, prolonged membrane depolarizations with associated high-frequency bursts of spikes 
----referred to as a paroxysmal depolarization shift (PDS).  Intra- and extraneuronal electrolyte 
aberrations of sodium, potassium and calcium occur can occur as a secondary consequence of the 
abnormal activity or be the inciting cause.  An excess of excitatory neurotransmitters and a decrease in 
GABA also can be a consequence of seizure activity.  

The summation of events that regulate neuronal excitability is called a seizure threshold.  If a 
stimulus lowers the threshold a seizure event may occur. 

 
Seizure Types 

Seizure types are classified as generalized or focal motor disturbances.  A generalized seizure is a 
diffuse cortical disturbance and usually consists of tonic-clonic movements with complete loss 
consciousness.  These seizures are quite violent.  Tonic = opisthotonus and extensor rigidity; usually lasts 
15-30 seconds; clonic = jerking, paddling, chomping; may vocalize; usually last 1-2 minutes; may not 
ventilate well; often resembles recovery from anesthesia. Generalized seizures have numerous causes that 
most commonly include metabolic derangement (hypoglycemia, hypoxia, toxic, electrolyte disturbance), 
increased excitation (toxins), decreased inhibition (strychnine, picrotoxin), hereditary, spread from a focal 



seizure.   
A focal motor seizure consists of a focal onset and limited spread of the seizure focus within the 

brain.  Localized epileptic discharges cause focal signs that vary depending upon the location of the lesion 
in the brain.  Focal motor seizures can be simple (no loss in consciousness) or complex (alterations in 
consciousness).  Pathogenesis of focal seizures involves focal damage from any cause.  This is more 
commonly recognized in the temporal lobe and hippocampus.  The damaged area sets up an “epileptic 
focus” and area of recurrent discharge that may stay focal or it can spread to producing a generalized 
seizure (kindling effect).  Facial twitching, head turning, and twitching of one limb are common 
manifestations of a focal seizure.  Complex focal seizures (psychomotor seizures) manifest as stereotyped 
involuntary motor activity with behavioral activities such as growling, hissing, chasing or attacking 
imaginary objects.  Focal motor seizures can progress to generalized motor seizures.  Seizure-types in cats 
are more varied than in dogs.  Mild generalized seizures and complex focal seizures are more frequent 
than generalized tonic-clonic seizures.  A complex focal seizure often is overlooked as not being a 
seizure. 
 
Clinical Signs 

Clinical signs of seizures are acute and of short duration (usually < 2 minutes).  A generalized 
seizure (major motor, grand mal) event typically occurs in phases.  The first phase, prodrome or aura, 
precedes the actual seizure or ictus by several hours or days and is characterized by behavior changes.  
The aura is the time of altered behavior just prior to the seizure and usually lasts for seconds to minutes.  
The second phase, the ictus is the actual seizure (tonic – clonic, focal) and the period that shows loss of 
consciousness.  The time and signs are variable but usually is short in duration.  Ictus often has autonomic 
signs.  The third phase is considered the postictal phase which can include confusion, wandering, ataxia, 
blindness, hunger sleepiness and last from minutes to hours.  Each seizure creates some brain damage and 
permanent brain damage can occur. 

   
Causes 

Recurrent seizures are more broadly defined as epilepsies.  Primary epileptic seizure (i.e., 
idiopathic) is the term used if an underlying cause cannot be identified. If seizures result from a structural 
lesion, they are defined as secondary epileptic seizures. Epilepsies are also described as asymptomatic 
(i.e., primary, idiopathic) and symptomatic (i.e., secondary). Symptomatic seizures are subdivided into 
intracranial and extracranial causes (See Tables).  Reactive seizures are a type of symptomatic 
(extracranial cause) seizure related to acute metabolic or toxic disturbances which resolve with treatment 
of the underlying disorder.  

 

The term idiopathic epilepsy, also known as primary or asymptomatic epilepsy, is used when there is 
no identifiable cause of seizures. The term inherited epilepsy is used when there is a genetic cause of 
seizures. It is felt than genetics plays an underlying role in idiopathic epileptic dogs.  Epilepsy suspected 
of having an inherited basis frequently occurs in dogs younger than 1 year of age. Although most dogs 
with idiopathic epilepsy have their first seizure at 1 to 5 years of age, seizures have been reported in 
Labrador retrievers as young as 2 months of age. An inherited basis, familial transmission, or a higher 
incidence has been recognized in many breeds.  Based on pedigree analysis, a genetic basis is strongly 
suspected in Keeshonds, Belgian Tervurens, Alsatian shepherds, Labrador and golden retrievers, Vizslas, 
and a colony of laboratory-raised beagles.  The mode of inheritance has been suggested in some breeds. 
Hall and Wallace found evidence of a single recessive gene contributing to a predisposition of epilepsy in 
keeshonds. Statistics suggest that seizures in Belgian Tervurens result from a complex pattern of 
inheritance. A polygenic multifactorial mode of inheritance is suggested in golden and Labrador 
retrievers. An autosomal recessive pattern of inheritance is suspected in Vizslas with idiopathic epilepsy. 
In humans, genes have been identified for ion channel defects in some epilepsies.  There is an increased 
probability of epilepsy if one parent is epileptic. 



Differentials for Dogs and Cats with Symptomatic Epilepsy 

Disorder/Category Breeds / Specific Diseases 

Intracranial Disorders 
Developmental Anomalies  
Hydrocephalus Boston terrier, Chihuahua, English bulldog, Maltese, Lhasa Apso, Pomeranian, toy 

poodle, Cairn terrier, Pug, Pekingese, Siamese cats 
Hydranencephaly 2º to infection 
Lissencephaly Lhasa Apso, Irish setter, wired-haired fox terrier, domestic short-haired cat, Korat cat 
Agenesis of Corpus Callosum Domestic short-haired cat 

Degenerative 
Leukodystrophy Dalmatian, Labrador retriever, Shetland Sheepdog, Samoyed, silkie terrier; Alexander’s 

disease (Scottish Terrier, miniature poodle, Burnese Mtn. dog, Labrador retriever)  
Metachromatic leukodystrophy Domestic short-haired cat 
Subacute necrotizing encephalomyelopathy 
(mitochondrial encephalopathy) 

Australian cattle dogs, Alaskan Husky 

Spongiform encephalopathy Saluki, Labrador retriever, silkie terrier, Egyptian Mau cats 
Glycogen storage disease Type I (Silky terrier dog, domestic short-haired cat, toy breeds); Type II (domestic short-

haired cat); Type IV (Norwegian Forest cat) 
Lysosomal storage disease GM1 gangliosidosis (German short-haired pointer, Portugese water dog, Beagle, Alaskan 

huskies, Siamese cat [type II], domestic short-haired cat [type I and II], Korat cat [type 
II]); GM2 gangliosidosis (Siamese cat, domestic short-haired cat, Korat cat); fucosidosis 
(English springer spaniels); glycoproteinosis [Lafora’s disease] (Basset hound, miniature 
poodle, Beagle) 

Ceroid Lipofuscinosis (Infantile, Juvenile) Chihuahua, Dalmatian, English setter, dachshund, Saluki, Australian Blue Heeler, 
Australian cattle dog, Border collie, Siamese cat  

Multisystem neuronal degeneration Cocker spaniel, Rhodesian ridgeback 
Hereditary quadriplegia and amblyopia Irish setter 

Neoplasia 

Primary and secondary 
Meningioma, glioma, osteosarcoma, ependymoma, choroids plexus, pituitary 
macroadenoma 

Vascular 
 

Traumatic 
Acute and chronic Post-traumatic epilepsy 

Extracranial Disorders 
Metabolic 
Portosystemic shunting Yorkshire terrier, Maltese, Schnauzer, Irish wolfhounds, old English sheepdogs 
Hepatic microvascular dysplasia Poodle, Schnauzer, Dachshund, Yorkshire terrier, Shih tzu, Cocker spaniel,  
Hypoglycemia Toy and miniature breeds, insulinoma, paraneoplastic 
Hypoxemia Neonatal asphyxia 
Hypocalcemia 1° hypoparathyroidism 
Renal disease Uremia 

Nutritional 



Thiamine deficiency 
Seizures in dogs and cats fed diet mainly diets of meat and fish 

Inflammatory 
Viral  Canine distemper virus, feline infectious peritonitis, feline panleukopenia, feline 

immunodeficiency virus, nonsuppurative meningoencephalomyelitis in cats 
Fungal Cryptococcus 
Bacterial Aerobes, anaerobes, abscess 
Protozoal Toxoplasmosis, encephalitozoonosis 
Parasitic Cuterebra larval myiasis 
Rickettsial Ehrlichiosis, Rocky Mountain spotted fever 
Noninfectious-inflammatory Steroid-responsive meningoencephalomyelitis, Pug and Maltese dog encephalitis, GME 
Toxicity 
Pesticides-organophosphates, carbamates, pyrethrins, metaldehyde; rodenticides-bromethalin, strychnine, rotenone, zinc 
phosphate, vacor; herbicides; heavy metals-lead, triethyltin, thallium; drugs; poisonous plants; mycotoxins-Amanita mushrooms, 
penitrems A; antifreeze-ethylene glycol; disinfectants-hexachlorophene; methylxanthines; street drugs  
 
Treatment of Seizures 
When to initiate therapy 

We need to weigh in side effects against risk of further seizures and the owner’s wishes.  Anytime 
and animal presents in status epilepticus or has seizures that are severe or have postictal changes need to 
have anticonvulsant therapy initiated.  Rule of thumb – more than one seizure/2-3 months; each seizure 
causes brain damage and make further seizures more likely so better to start therapy early especially in 
breeds predisposed to epilepsy.  Other reasons include diagnosing an identifiable structural lesion, history 
of brain injury or disease, the animal having a status or cluster epilepsy event or prolonged post-ictal 
period.  Consider discontinuing therapy if underlying cause removed and/or animal seizure free for at 
least 6 months. Need to gradually taper off – animals become addicted to the anticonvulsants and acute 
withdrawal could precipitate status.   

The goal of anticonvulsant therapy is to reduce the frequency and severity of seizures; not necessarily 
completely eliminate seizures.  The owners will need to be counseled. 
 
Mainenance Anticonvulsant Therapy 
Phenobarbital – acts by potentiating inhibitory neurotransmission by increasing the duration of time of 
GABA-A-mediated chloride channels remain open.  Phenobarbital also diminishes excitatory 
neurotransmission by diminishing effects of glutamate.  Phenobarbital diminishes neurotransmitter 
release from nerve terminals through its effects on calcium channels.  Recommended dose is 2 to 4 mg/kg 
BID PO in dogs and 1-2 mg/kg BID PO in cats.  Phenobarbital has the advantages of being cheap, 
effective, reaches steady-state quickly (2 weeks), safe for cats.  Disadvantages include that it is a 
controlled substance and side effects.  Side effects include sedation, paradoxical excitement, hepatotoxity 
(need to monitor liver function q 6 months), PU/PD, and idiosyncratic blood reactions 
(thrombocytopenia, panctopenia – immune mediated).  Need to monitor blood levels yearly or 2 weeks 
after a change in dosage or if seizure control is poor (therapeutic range – 10 to 45 ug/ml) 
 
Bromide – produces synergistic inhibition with drugs that open chloride channel.  Bromide is smaller that 
chloride which allows for preferential ion flow through the chloride channel.  This will lower resting 
membrane potential and produce a higher seizure threshold.  Potassium bromide (KBr) has been shown to 
be an effective adjunctive anticonvulsant for treatment of canine epilepsy.  Potassium bromide has been 
regarded as the second AED of choice for canine seizure disorders and more recently used alone as an 
AED.  Advantages of KBr administration include its low cost, renal elimination and few side-effects and 
adverse reactions.  Potassium bromide's main disadvantage is its long elimination half-life (25 days) and 
slow to reach steady state level (4 months) thus may need to do load dose initially.  The long half life 



makes adjusting dose difficult.  Other side effects include CNS effects similar to Phenobarbital, allergic 
reaction in cats (asthma) and dogs (dermatitis), pancreatitis also reported in dogs.  Bromide is not 
recommended for use in cats. 

You will need to monitor blood bromide levels.  Dosage is 20-60 mg/kg daily to achieve therapeutic 
concentrations.  Reported therapeutic KBr concentrations range between 0.7 and 3.0 mg/ml; depending 
upon its use alone or as an adjunctive anticonvulsant.  Potassium bromide is most commonly 
administered by mouth as a solution or in capsular form.   A loading-dose of KBr can be administered 
over a 1-5 day period, in order to reach steady state kinetics and therapeutic serum drug concentration in a 
shorter period of time.  This method of KBr administration is referred to as "bromide loading".  As an 
add-on, we will usually add bromide to phenobarbital and then taper off phenobarbital over several 
months.  Last resort drug in cats due to high incidence of asthma. 
 
Diazepam – has a large margin of safety and safe in cats.  It is the drug of choice for status epilepsy in 
animals.  Disadvantages include short half-life and requirement of 4 times daily dispensing in dogs.  The 
half life is longer in cats.  Dogs develop tolerance to anticonvulsant effects quickly.  Side effects include 
sedation, PU/PD, polyphagia and rarely, hepatic necrosis in cats.  In dogs, usually reserve for add-on 
therapy for a few days during clusters.  You can dispense vials for client to administer per rectum (0.5 to 
2.0 mg/kg) for treating seizures at home.  Clonazepam and clorazepate are longer acting benzodiazepines 
sometimes used for maintenance therapy. 
 
Refractory Seizures 
It is important to work with the maintenance drug one drug at a time until it has proved or disproved its 
effectiveness.  Reasons for refractory seizures include disease related variables, drug tolerance or side 
effects, and owner compliance issues.  Metabolic tolerance relates to increase in drug administered 
without seeing an increase in drug concentrations.  This is common recognized in AEDs that undergo 
hepatic metabolism.  Functional tolerance relates to the AED losing its effectiveness in at the receptor 
level and the seizures are not well controlled even at higher drug concentrations. 

 
Second-Line AED Therapy (Polytherapy) 
Polytherapy using an add-on anticonvulsant is indicated when monotherapy fails.  Currently clinician 
preference guides the choice of anticonvulsant selected.  When a dog is on phenobarbital fails to respond, 
bromide often is considered the next drug of choice.  Side effects of either drug may be additive when 
adding on the other drug, i.e. sedation, ataxia, PU/PD, polyphagia.  When a dog on target serum levels of 
bromide and phenobarbital with inadequate seizure control or unacceptable side effects other second-line 
drugs are added.  Such drugs used in dogs include:  gabapentin, pregabalin, levatiracetam, zonisamide and 
felbamate.  These drugs are considered expensive and side effects may be unknown.  It is important to 
start the dosing low and incrementally increase to the recommended dosage range while monitoring 
for adverse effects. 



Second-line Anticonvulsants 
Anticonvulsant Dosage Side effects Mechanism of Action 

Gabapentin 5-10  mg/kg q 8 h Sedation and ataxia; renally 
excreted 

Voltage-gaited calcium channel modulation to 
decreased calcium influx and neurotransmitter 
release 

Pregabalin 5 mg/kg q 8 to 12 h Sedation and ataxia; renally 
excreted 

Voltage-gaited calcium channel modulation to 
decreased calcium influx and neurotransmitter 
release 

Felbamate 15 mg/kg q 8 h Hepatic, blood dyscrasias, KCS Facilitates GABA mediated inhibition; inhibits 
NMDA receptor (?); inhibit voltage gated Na and 
Ca channels 

Levetiracetam 10-20 mg/kg q 8 h; IV loading 
at 40-60 mg/kg over 10 minutes 

Minimal side effects – sedation (NO 
hepatic metabolism) 

Binds to a synaptic vesicular protein (SV2A) and 
decreases neurotransmitter release  

Zonisamide 5 – 10 mg/kg q 12 h Sedation, GI upset, metabolic 
acidosis, renal calculi formation 

Blocks Ca and Na channels, enhance GABA, 
decrease glutamate-mediated activities 

 
 
 

Status Epilepsy 
Status epilepsy was defined in the first International Classification of Epileptic Seizures as a 

condition in which a seizure persists for a sufficient length of time or is repeated frequently enough to 
produce a fixed and enduring epileptic condition.  Current definition implies status epilepsy is a seizure 
that persists for more than 30 minutes or two or more sequential seizures without a full recovery to 
consciousness.  Normal brain homeostasis can be affected after 1 to 2 minutes of seizure activity. If 
seizures last longer than 5 minutes, emergency management to stop the seizures is needed.  Status can 
start as one continuous seizure but more typically are cluster seizures; a seizure coming frequently and 
closer together.  These seizures also may dissociate; body stops convulsing but ongoing seizure activity in 
brain; only see little facial twitches – this is not a good sign. 

Risk factors for status epilepsy are poorly understood perhaps as a result of inconsistent 
documentation.  Symptomatic and idiopathic epilepsies have the potential to present as status epilepsy.  
Acute symptomatic epilepsies with a clear cause should have treatment directed to the cause.  A 
substantial number of dogs with idiopathic epilepsy will have episodes of SE.  Dogs with greater body 
weights were likely to have SE, and early appropriate treatment of seizures does not decrease the risk of 
episodes of SE. 

Status epilepsy can lead to numerous complications.  Autonomic changes include hypertension, 
tachycardia, cardiac arrhythmias, hyperthermia, and vomiting.  Hyperglycemia (occurs initially) and 
metabolic acidosis are common. Initially, blood glucose is increased because of sympathetic stimulation 
and an increase in catecholamine and glucagon release.  Indirect complications include rhabdomyolysis 
with myoglobinuria or acute renal failure, pulmonary edema and aspiration pneumonia.  Prolonged SE 
can cause metabolic decompensation with subsequent hypotension, bradycardia, hypoxemia, 
hypoglycemia, acidosis, and hyperkalemia.  Cerebral autoregulation may be lost causing cerebral edema. 
 
Initial Medical Management for SE 
Treatment starts with attention to the ABCs and systemic stabilization.  Human regimens recommend 
thiamine and glucose administration.  Medical management includes normalizing blood pressure, 
temperature, volume status, ventilation and oxygenation.  When it can be corrected rapidly (i.e. 
hypoglycemia, electrolyte imbalance, or certain toxins), antiepileptic drugs (AED) may not be necessary.  
Collect blood for AED levels, glucose, calcium, magnesium, electrolytes, BUN, creatinine, hepatic 
enzymes and CBC.  Screen for toxins or street-drugs when exposure is suspected.  An MRI/CT is 
recommended to rule out structural diseases.  CSF analysis will determine presence of overt inflammatory 
disease.  When an identifiable treatment is undetermined, AED therapy should be initiated.   
 



Treatments for Status Epilepticus 
Goal of drug therapy is rapid termination of seizure activity.  Human studies suggest that the longer 

an episode of SE goes untreated, the more difficult it is to control.  Prompt administration of appropriate 
AEDs, attention to hypoventilation and continuous observation are crucial for cessation of seizure 
activity.  Intravenous drug administration is the route of choice, but rectal administration is an alternative 
route with some drugs.   

Diazepam is the drug of choice for stopping seizure activity.  Diazepam has high-lipid solubility, 
enters the brain rapidly and has a high redistribution.  Diazepam is administered IV at 0.5 to 1.0 mg/kg.  
For refractory cases, diazepam is administered as a continuous rate infusion CRI 0.1 to 1.0 mg/kg/hr.  A 
recommended infusion rate to start is 0.1 mg/kg/hour in 2.5% dextrose/0.9% sodium chloride drip at 
maintenance rate.  An infusion pump also can directly deliver diazepam using the same dosage.  Per rectal 
administration using a 1-inch cannula or a rubber catheter attached to a syringe is as effective as 
intravenous route.  Intraosseous and intranasal administrations are other alternative routes.   

 
Status epilepsy that does not respond to diazepam and maintenance AED requires more aggressive 
treatment.  Continuous intravenous infusions with anesthetic doses of propofol, barbiturates or 
inhalation anesthesia are useful treatments:   

Phenobarbital is a safe drug that can be administered orally, intravenously or intramuscularly.  
Distribution into the CNS can take up to 30 minutes.  The initial dose can be administered 4-6 mg/kg half 
IV and half IM.  The IM dose is repeated q 6 hours.  A total dose of 24 mg/kg can be administered within 
a 24 hour time period.  Side effects include respiratory and cardiovascular depression.   

Propofol is a rapidly acting, highly lipid soluble anesthetic agent.  Propofol has a short duration of 
action, barbiturate and benzodiazepine-like effects on the GABA-A receptor and can suppress CNS 
metabolic activity.  Intubation and ventilatory support may be necessary.  Seizure-like episodes have been 
observed during induction of anesthesia and emergence from it. Propofol is administered as a bolus of 2 
to 8 mg/kg IV.  Propofol can be administered also by constant-rate infusion (0.1 to 0.6 mg/kg/min).  The 
advantages of propofol over barbiturates are its rapid clearance rate, elimination by hepatic metabolism to 
inactive metabolites, and less profound hypotensive effects.  Cats with pre-existing liver disease may be 
susceptible to longer recovery times with propofol administration.  Cats may develop Heinz body 
formation with repeated use of propofol.  Heinz bodies are produced as a result of oxidative injury to 
RBCs. 

Pentobarbital has potential cerebroprotective effects in management of SE, but maintenance AED 
therapy is needed for seizure control.  Severe hypotension and respiratory depression limits safety.  
Recommended dosage is 3 to 15 mg/kg IV slowly to effect.  Dopamine may be necessary to maintain 
blood pressure.  

Patients with status epilepsy require a high level of monitoring and possibly ventilatory support. 
Other supported therapies to consider for the anesthetized patient in status epilepsy include:  
intubation/ventilation, arterial blood gas monitoring, urethral catheterization, and continuous 
electrocardiogram.  Inhalation anesthetics are used as a last resort.  Mannitol 1 g/kg IV can be 
administered if cerebral edema is suspected; however, the edema is usually at the cellular level rather than 
vasogenic against which mannitol has its primary effects.  Muscle relaxants prevent tonic-clonic 
movements; however, they do not prevent seizure activity.  Curarized animals with ongoing seizure 
activity will develop irreversible cerebrocortical damage. 
 
 
 


