Idiopathic Epilepsy: he impact on dog welfare and implications for breeding healthier dogs
What is a seizure?
A seizure is caused by abnormal electrical activity in the brain and is characterised by a sudden episode of transient neurologic signs such as involuntary muscle movements, sensory disturbances and altered consciousness. Seizures can be generalised i.e. affecting both cerebral hemispheres (sides of the brain) or focal (partial) were the electrical disturbance is limited to a specific area(s) of the brain. The most common seizure type in the dog is a generalised tonic clonic characterised by stiffening of the limbs (the tonic phase), followed by jerking of the limbs and jaw (the clonic phase). 
Causes of seizures. 

Seizures are traditionally divided into intracranial (i.e. brain) and extracranial (i.e. blood) causes. An epilepsy is defined as having more than one seizure due to a intracranial cause.  Intracranial causes of epilepsy can be separated into primary (also known as idiopathic / genetic /hereditary) and secondary (also known as structural/metabolic, acquired, symptomatic, cryptogenic). For prognostic purposes it is useful to divide secondary epilepsy into static brain disease (e.g. following head trauma) and progressive brain disease (e.g. brain tumour). Static brain disease implies that there is non-progressive damage to the brain resulting in a seizure focus whereas progressive brain disease implies an on-going disorder that causes seizures amongst other neurological dysfunction. 
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What is idiopathic epilepsy? 

Idiopathic epilepsy is defined as epilepsy with a suspected hereditary predisposition and not in consequence of some other disease or injury. In the dog the epileptic seizures generally start between 1 and 4 years of age and the dog is described as normal in between seizures although many may have behavioural problems especially if the seizures are poorly controlled for example problems such as excessive fear/anxiety, abnormal perception (e.g. barking without apparent cause), abnormal reactivity, attachment disorder, demented behaviour, apathetic behaviour and aggression.  

How is idiopathic epilepsy diagnosed? 

The list of possible causes of seizures is a daunting and when working up an epileptic patient a systemic approach is advisable to “narrow down” the likely possibilities. The animal’s signalment (i.e. breed, age and history) is important for example brain tumours are uncommon in animals less than five years old. The animal should have a neurological examination for which the main objective is to identify other signs that the dog may have brain disease. The veterinary surgeon will also perform a general clinical examination to look for another indications of disease which could be associated with or confused with seizures e.g. heart disease. The veterinary surgeon is likely to obtain a blood sample to rule out the majority of the extracranial (i.e. blood) causes of seizures.  Further investigation of intracranial disease will depend on the clinical history, neurological findings, facilities available and whether they are affordable. Unfortunately, with the exception of the Lagotto Romagnola (juvenile epilepsy) and miniature wire-haired dachshund (Lafora’s disease) there is no definitive test for inherited epilepsy.  
After neurological examination, magnetic resonance imaging (MRI) or computed tomography (CT) are the most helpful tests to evaluate the epileptic patient. Both techniques allow viewing of the structure of the brain; the information is presented in a series of “slices”. Disease processes can be identified by alterations in the symmetry of the brain, differences in intensity and the ability to enhance with contrast media. MRI has advantages over CT in that it gives superior soft tissue contrast and has no ionising radiation. The advantage of obtain an MRI is that it rules out many diseases with a poorer prognosis e.g. brain tumour and sometimes can help with decision making for treatment. The main disadvantage of obtaining an MRI is that it is an expensive test which requires a general anaesthetic and is not a specific test for idiopathic epilepsy. Unless the patient has had recent seizures or if there is cortical atrophy following severe seizures a dog with idiopathic epilepsy will have a normal brain MRI. In addition for dogs with idiopathic epilepsy obtaining a MRI scan does not necessarily help with determining prognosis or treatment 

Electroencephalogy (EEG) plays an important role in diagnosis and management of epilepsy in humans. It is less useful in animals because needle electrodes and heavy sedation are typically required. Occasionally other tests are employed in the work up of an animal with seizures for example cerebrospinal fluid analysis, organic acid urinalysis or DNA tests for other inherited diseases e.g. l-2-Hydroxyglutaric aciduria in the Staffordshire bull terrier 
Can idiopathic epilepsy be successfully treated?
Epilepsy can be successfully treated in the majority of cases and most animals enjoy a good quality of life. Treatment is aimed at reducing the frequency, duration or severity of the seizures. It is unusual for the seizures to stop altogether.  The mainstay of therapy is anti-epileptic drugs (AEDs or anticonulsants).  This name-tag is somewhat inappropriate as the mode of action of most AEDs is to suppress seizures but unfortunately not epileptogenesis. In other words unlike the majority of other drugs prescribed in veterinary medicine they do not “cure” but merely suppress signs of disease. AEDs are not without adverse effects of which the most common are drowsiness with increased appetite and urination. In dogs it is estimated that one-third of all individuals with epilepsy are refractory to AED therapy. One study of 49 epileptic Border collies found that drug resistance was apparent in 71% of 24 dogs treated with more than two AEDs (Hülsmeyer and others 2010). Many individuals with drug-resistant epilepsy are unresponsive to multiple drugs with a wide range of mechanistic actions.
How common is idiopathic epilepsy? 
It is generally regarded that epilepsy has 1-2% prevalence in the dog population i.e. higher than this suggests a breed tendency. Many dog breeds are predisposed to epilepsy e.g. the “Inherited diseases in Dogs” website (http://www.vet.cam.ac.uk/idid/) lists 42 breeds.  The prevalence or inheritance is not determined in the majority of these breeds. Such research requires a high level of breed club and individual breeder cooperation. Understandably there is often an unwillingness of breeders to reveal that one of their dogs is epileptic; this combined with a complex mode of inheritance and difficulty in making a definitive diagnosis means that there is a paucity of studies in this area. Table 1 indicates the few studies which have been performed – all of which were conducted outside the UK. 

Table 1 – prevalence of epilepsy 

	Breed
	Prevalence Epilepsy 
	Reference

	Belgian shepherd (Groenendael and Tervueren).
	9.5% (Denmark) 17% (USA) 
	Acta Vet Scand. 2008 Dec 22;50:51

Prev Vet Med. 1998 Jan;33(251-9)

	Boxer
	2.4% with a mortality rate of 40.8%. (Netherlands)
	Tijdschr Diergeneeskd. 2003 Oct 1;128(19):586-90

	Irish Wolfhound
	18.3% (USA) 
	J Vet Intern Med. 2006 Jan-Feb;20(1):

	Labrador Retriever
	3.1%  (Denmark) 
	J Vet Intern Med. 2002 May-Jun;16(3):262-8

	Petit Basset  Griffon Vendeen
	8.9% (Denmark)
	DOI: 10.1111/j.1939-1676.2011.00791.x


How is idiopathic epilepsy inherited? 
The inheritance of canine epilepsy has not been determined in the vast majority of breeds and in most breeds is likely to be complex i.e.the influence of several genes and possibly additional environmental effects.  In some breeds, male dogs are more likely to have seizures than females.  
Juvenile epilepsy in the Lagotto Romagnola has been determined to be due to protein-truncating mutation in the Lgi2 gene (Seppälä et al 2011).  There is on-going research into the genetics of epilepsy in many breeds and published work is summarized in the appendix. 
What is the welfare impact of idiopathic epilepsy? 
Although many dogs can be successfully treated, a diagnosis of epilepsy has a serious implications for both pet and owner. Dogs with epilepsy have an increased risk of premature death as compared to the general population of dogs (Berendt et al 2007).  The main reasons are 1) failure to achieve adequate seizure control and/or perceived poor quality of life 2) on-going expense of treatment 3) increased susceptibility to other life-threatening diseases e.g. pancreatitis. Rarely, sudden unexpected death in epilepsy (SUDEP) may occur. Owning an epileptic dog can be problematic. Medication usually must be given at set times which may impact on work schedules and social life. The ability to have vacations may be influenced as leaving the dog in a boarding kennel without 24 hours supervision may not be advised.  If the dog is prone to clusters of seizures then during the cluster the owner may feel unable to leave the dog unattended and/or have disrupted sleep. Finally taking AEDs can have a daily impact on the dog for example increased drowsiness and may predispose to other diseases e.g. obesity. 
Summary 
· Idiopathic Epilepsy is a disease with a major welfare impact which is not curable in most dogs and often requires life time management. 

· The tendency for idiopathic epilepsy is inherited in many breeds. There is no definitive test in the majority and therefore no easy way for a breeder to select dogs that do not have this inherited tendency. 

Advisory Council Recommendations

Co-operation between breeders, breed clubs and researchers is paramount. This can only be achieved if breeders are motivated to address this issue and if they are confident that disclosed information will be treated confidentially. In addition, divulged information, e.g. about affectedness of dogs, should be truthful and complete. 

There should be improved monitoring of the incidence and prevalence of epilepsy. Identification of the genetic factors associated with epilepsy is pivotal to being able to develop a DNA screening test.  Veterinary surgeons should be encouraged to submit left over blood from diagnostic tests to hospitals and institutions that can extract and store DNA with a view to future or on-going genetic studies. To enable general practitioners to do this they must be aware of theneed and it must be a simple process e.g. easy to use and access forms characterising the phenotype, postage paid envelopes and clear instructions. Some examples of DNA storage facilities are below 

UK DNA Archive for Companion Animals (http://pcwww.liv.ac.uk/DNA_Archive_for_Companion_Animals/index.htm)  (phenotype forms http://www.veterinary-neurologist.co.uk/seizures_epilepsy.htm ) 
Animal Health Trust( http://www.aht.org.uk/genetics_research.html  
Biomedicum Helsinki at the University of Helsinki- http://www.koirangeenit.fi/in-english/projects/neurological-diseases/epilepsy/
Universities of Missouri and Minnesota USA http://www.canine-epilepsy.net/cerc.html 
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Appendix 
Breed related epilepsy 
	Breed
	Type of seizure
	Proposed or determined  Inheritance
	References

	Belgian shepherd (Groenendael and Tervueren).


	focal  / focal with secondary generalisation /  generalised 
	oligogenic with probable single gene with significant influence Homozygotes will be epileptic and heterozygotes have increased risk of epilepsy

heritability 0.77

Recent genome wide linkage scan has suggested six  quantitative trait loci
	BMC Genet. 2010 May 4;11:35.

J Small Anim Pract. 2009 Dec;50(12):655-61.

Acta Vet Scand. 2008 Dec 22;50:51

J Hered. 2003 Jan-Feb;94(1):57-63; 

Vet Rec. 2000 Aug 19;147(8):218-21

J Small Anim Pract. 1997 Aug;38(8):349-52

	Border Collie 
	Generalised 

Frequently characterized by a severe clinical course and poor response to medical treatment.
	Not determined - strong genetic founder effect and autosomal recessive inheritance suggested.

A variation in intron 1 of the ABCB1 gene is associated with poor phenobarbital responsiveness 
	J Vet Intern Med. 2010 Jan-Feb;24(1):171-8.

J Vet Intern Med. 2011 May-Jun;25(3):484-9. 

	Bernese Mountain dog 
	Generalised
	autosomal multifactorial recessive,  male dogs at increased risk.


	J Small Anim Pract. 1999 Jul;40(7):319-25

	Border terrier 
	Not determined if a focal motor seizures or a paroxysmal dyskinesia 
	Not determined
	Kleintierpraxis 53, Heft 1 (2008) Seiten 5-12.

	Boxer
	Generalised
	Hereditably of 0.18 rising to 0.21 for severe epilepsy
	Tijdschr Diergeneeskd. 2003 Oct 1;128(19):586-90

	English Springer spaniel
	Focal / generalised


	partially penetrant autosomal recessive inheritance (i.e., a single major locus with modifying genes) or polygenic inheritance
	J Am Vet Med Assoc. 2005 Jan 1;226(1):54-8.

	Finnish Spitz 
	Focal / generalised
	 Not determined 
	J Vet Intern Med. 2007 Nov-Dec;21(6):1299-306.

	Golden Retriever
	Focal/generalised
	autosomal multifactorial recessive
	Tierarztl Prax. 1994 Dec;22(6):574-8. 



	Irish Wolfhound
	Generalised 
	autosomal recessive, with incomplete penetrance,  male dogs at increased risk.


	J Vet Intern Med. 2006 Jan-Feb;20(1):

	Keeshonds
	Generalised
	autonomic simple recessive 
	Vet Rec. 1996 Apr 13;138(15):358-60

	Labrador Retriever
	Focal/generalised
	autosomal multifactorial recessive
	J Small Anim Pract. 1998 Jun;39(6):275-80.

	Lagotto Romagnola
	simple or complex focal seizures (juvenile) 
	autosomal recessive - protein-truncating mutation in the Lgi2 gene
	PLoS Genetics www.plosgenetics.org 4 July 2011  Volume 7  Issue 7 e1002194

J Vet Intern Med. 2007 May-Jun;21(3):464-71.

	Miniature Wirehaired Dachshunds 
	Lafora’s disease 

Myoclonic / generalised / Complex partial 
	Autosomal recessive – disease mutation identified 
	Science. 2005 Jan 7;307(5706):81

	Petit Basset Griffon Vendeen
	
	
	DOI: 10.1111/j.1939-1676.2011.00791.x

	Standard Poodle
	Focal / generalised

May begin > 5 years of age.


	Simple recessive autosomal trait with complete or almost complete penetrance.
	J Am Vet Med Assoc. 2007 Nov 15;231(10):1520-8

	Vizsla
	Complex focal (esp. limb tremors, staring, pupillary dilatation, or salivation / generalised


	autosomal recessive trait (polygenic could not be excluded)
	J Vet Intern Med. 2003 May-Jun;17(3):319-25


