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The path…
Consensus

noun
1 there was consensus among most
delegates: agreement, ?harmony?, concord,
like-mindedness, concurrence, consent,
common consent, accord, unison, unity,
unanimity, oneness, solidarity, concert.
ANTONYMS disagreement.
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2 the consensus was that the Government
should act now: general opinion/view,
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Links between deficits identified on neurological examination, age of seizure onset and the presence of

structural forebrain
disease have oftenCOMPARISON
been postulated in dogs presenting
RETROSPECTIVE
CLINICAL
OF with a history of seizures. The
purpose of this study was to assess the influence of such factors on the likelihood of structural or funcIDIOPATHIC
VERSUS
EPILEPSY
tional
brain disease,SYMPTOMATIC
via a thorough history taking process
and interictal IN
neurological examination. Four
hundred and four dogs with seizures due to intracranial causes were included. Data including age, sex,
240 DOGS WITH SEIZURES
neuter status, time until diagnosis, age of seizure onset in years, type of seizure, seizure symmetry, seizure
severity, interictal neurological deficits, MRI changes and side effects associated with antiepileptic drugs

were
extracted from
medical files.
Ákos PÁKOZDY*, Michael
LESCHNIK
, Alexander
G. TICHY and Johann G. THALHAMMER

Two hundred and fifty-eight dogs were diagnosed with epilepsy of unknown origin (EUO), 11 with
symmetrical structural lesions and 135 with asymmetrical structural lesions. Multinomial analysis dem-

Neurology Service,
Clinic
Medicine
Infectious
Diseases,
onstrated
that for
dogsInternal
that were older
at seizureand
onset
were significantly
more likely to have an asymmetrical
structuralMedicine,
lesion than EUO
(OR 95% CI: 1.4–1.8).
Dogs that
had single
seizures rather than cluster seiUniversity of Veterinary
Veterinärplatz
1, A-1210
Vienna,
Austria

zures were less likely to have asymmetrical structural lesions than dogs with EUO (OR 95% CI: 0.2–0.7).
Dogs with abnormal neurological examinations were 16.5 times more likely to have asymmetrical structural24
lesions
(OR 95%
CI: 8.5–32.1)
and 12.5
times more
likely to have symmetrical structural lesions
(Received
October
2007;
accepted
7 February
2008)
(OR 95% CI: 3.0–52.3) than EUO. These findings support the importance of considering interictal
neurological deficits and seizure history in clinical reasoning.
© 2014 Elsevier Ltd. All rights reserved.

presentations, age of onset, and underlying causes (Ekenstedt and
Introduction
Oberbauer, 2013), it is essential for best care to provide a practiSeizures are the most common neurological presentation in noncal, robust and rational clinical reasoning approach for dogs
presenting with seizures.
referral dog populations, with a reported prevalence of 0.5–5% (Podell
et al., 1995). In a more recent study using a first-opinion clinical daSeveral studies have aimed to identify predictors of intracraIn the present study, 240 cases of dogs
with seizures were analysed retrotabase and only including dogs for which the cause of epilepsy was
nial disease using relatively small populations and few variables,
spectively.
The aim
to examine theincluding
underlying
aetiology
and
to compare
prinot identified, the prevalence
was estimated
to be was
0.6% (Kersley-Fleet
magnetic
resonance
imaging
(MRI) and
cerebrospinal fluid
or idiopathic
epilepsy
(IE) with symptomatic
epilepsy
et al., 2013). Dogs withmary
epilepsy
have a shorter
life expectancy
(CSF) analysis (Bush
et al.,(SE)
2002;concerning
Smith et al., sig2008). However, fi(Berendt et al., 2007) and
seizures are
responsible
8% of animal
nancial
considerations
and owner
avoid potentially
nalment,
history,
ictal for
pattern,
clinical and
neurological
findings.
Thepreference
diagnosistoof
deaths in the UK.1 In view of this, and the fact that epilepsy is not
non-benign procedures (general anaesthesia and CSF collection) can
symptomatic epilepsy was based on confirmed
pathological changes in haematolone single disease process but a group of chronic conditions
dictate case progression, and when this occurs the ability to suggest
ogy,
serum
biochemistry,
cerebrospinal
fluid
(CSF)
analysis
and
morphological
characterised by a comprehensive collection of clinical signs,
a diagnosis prior to further investigations is very desirable.
changes of the brain by CT/MRI or histopathological
examination.
Seizure
aetiThis study aimed to re-evaluate predictors of intracranial disease,
simultaneously
additional
factors associated
ologies were classified as idiopathic epilepsy
(IE, n identifying
= 115) and
symptomatic
epi- with varying
intracranial
based only
owner descriptions of seilepsy (SE, n = 125). Symptomatic epilepsy
wasaetiologies,
mainly caused
by on
intracranial
zures and neurological examination findings, in a large population
neoplasia (39) and encephalitis (23). The
following variables showed significant
* Corresponding author. Tel.: +44 1707 666366.
of dogs with epilepsy, using a multinomial statistical approach. This
E-mail address: hvolk@rvc.ac.uk
(H.A. Volk).
difference
between
the
IE
and
SE
group:
age,
body
weight,
presence
of
partial
study also focused on the logic assumption that asymmetrical motor
1 See: O’Neill, D.G., Church, D.B., McGreevy, P.D., Thomson, P.C., Brodbelt, D.C., 2012.
activity ictal
duringvocalisation
a seizure episode
symmetrical or asymmetriseizures,
cluster
seizures,
statusMedepilepticus,
andand
neurological
Longevity of UK Dog Breeds. Society
for Veterinary
Epidemiology
and Preventive
cal neurological
examination
predict the presence
icine. http://www.rvc.ac.uk/VetCompass/documents/Poster_SVEPM_2012_DONeill.pdf
deficits. In 48% of the cases, seizures were
found to be
due to IE,findings
while might
16% were
of a structural intracranial lesion.
(accessed 8 August 2014).

due to intracranial neoplasia and 10% to encephalitis. Status epilepticus, cluster
seizures, partial seizures, vocalisation during seizure and impaired neurological
status were more readily seen with symptomatic epilepsy. If the first seizure occurred between one and five years of age or the seizures occurred during resting
condition, the diagnosis was more likely IE than SE.

http://dx.doi.org/10.1016/j.tvjl.2014.08.008
1090-0233/© 2014 Elsevier Ltd. All rights reserved.
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Seizures are a common problem in small animal neurology. A seizure is a
transient and involuntary change in behaviour or neurological status (March,
*
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Inter-observer agreement of canine and feline
paroxysmal event semiology and classification
by veterinary neurology specialists and
non-specialists
Rowena MA Packer1, Mette Berendt2, Sofie Bhatti3, Marios Charalambous4, Sigitas Cizinauskas5, Luisa De Risio6,
Robyn Farquhar7, Rachel Hampel1, Myfanwy Hill1, Paul JJ Mandigers8, Akos Pakozdy9, Stephanie M Preston1,
Clare Rusbridge10, Veronika M Stein11, Fran Taylor-Brown1, Andrea Tipold11 and Holger A Volk1*
Abstract
Background: Advances in mobile technology mean vets are now commonly presented with videos of paroxysmal
events by clients, but the consistency of the interpretation of these videos has not been investigated. The objective of
this study was to investigate the level of agreement between vets (both neurology specialists and non-specialists) on
the description and classification of videos depicting paroxysmal events, without knowing any results of diagnostic
workup. An online questionnaire study was conducted, where participants watched 100 videos of dogs and cats
exhibiting paroxysmal events and answered questions regarding: epileptic seizure presence (yes/no), seizure type,
consciousness status, and the presence of motor, autonomic and neurobehavioural signs. Agreement statistics
(percentage agreement and kappa) calculated for each variable, with prevalence indices calculated to aid their
interpretation.
Results: Only a fair level of agreement (κ = 0.40) was found for epileptic seizure presence. Overall agreement of
seizure type was moderate (κ = 0.44), with primary generalised seizures showing the highest level of agreement
(κ = 0.60), and focal the lowest (κ =0.31). Fair agreement was found for consciousness status and the presence of
autonomic signs (κ = 0.21–0.40), but poor agreement for neurobehavioral signs (κ = 0.16). Agreement for motor
signs ranged from poor (κ = ≤ 0.20) to moderate (κ = 0.41–0.60). Differences between specialists and non-specialists
were identified.
Conclusions: The relatively low levels of agreement described here highlight the need for further discussions
between neurology experts regarding classifying and describing epileptic seizures, and additional training of
non-specialists to facilitate accurate diagnosis. There is a need for diagnostic tools (e.g. electroencephalogram)
able to differentiate between epileptic and non-epileptic paroxysms.
Keywords: Seizure, Epilepsy, Canine, Feline, Video, Paroxysmal event, Agreement, Kappa
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Table 1 Inter-observer agreement of seizure presence, type and consciousness status
Variable

Mean % agreement (95% CI) PI

Category

κ

Is this an epileptic seizure?

29% (19-40%)

Yes

0.40 0.01

0.4

What type of epileptic seizure? 18% (10-28%)

0.47 Focal seizure

27.36 <0.001

Overall
9% (3-19%)

p

35.12 <0.001
45.63 <0.001

0.27 Primary generalised seizure
Is the dog conscious?

SE (κ) Z

0.31 0.01

0.86 Focal seizure with secondary generalisation 0.53 0.01
0.60 0.01

51.93 <0.001

0.44 0.01

62.08 <0.001

0.72 Conscious (No impairment)

0.45 0.01

39.92 <0.001

0.38 Impairment in consciousness

0.20 0.01

15.16 <0.001

0.48 Unconscious

0.54 0.01

41.99 <0.001

Overall

0.39 0.01

42.59 <0.001

8/13/19

(κ = kappa, PI = prevalence index, SE = standard error).

Hypothesis 3: are there differences in the classification of
seizure presence and type, and reporting of seizure
semiology between veterinary neurology specialists and
non-specialists?

Hypothesis 4: does observer-reported seizure semiology
differentiate between primary generalised seizures, focal
seizures, and focal seizures with secondary generalisation?

Multinomial mixed model analyses were carried out in
IBM SPSS v19 to determine which factors influenced the
choice of seizure type. Three dependent variables were
used in the multinomial models: primary generalised seizures, focal seizures, and focal seizures with secondary
generalisation. Independent variables in the model were
the observer-perceived consciousness status, and presence of thirteen motor, three autonomic and three neurobehavioural signs. All independent factors were first
tested at the univariable level using Chi-squared analysis
to identify significant factors for inclusion in the multinomial model, with P < 0.2 considered for inclusion. A
backward stepwise model building strategy was used,
selecting models based on fit, as determined by the
Akaike information criterion (AIC) statistic, significance

The influence of experience and training was investigated by analysing associations between observer type
(specialist vs. non-specialist) and seizure type/characteristics, using IBM SPSS v19. The binomial dependent
variable was neurology specialist or non-specialist, and
the independent variables were seizure presence, type,
consciousness status and the presence of motor (13),
autonomic (3) and behavioural (3) signs. Associations
were screened at the univariate level using Chi-squared
analysis for categorical variables. If significant variables
were identified they were taken forwards to a binary
mixed model, where video number and observer were
included as random effects to control for these sources
of non-independence.

Interobserver agreement

Interobserver agreement

Table 2 Inter-observer agreements of motor signs present in epileptic seizures
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Table 1 Inter-observer agreement of seizure presence, type and consciousness status
Variable

Mean % agreement (95% CI)

PI

Category

κ

SE (κ)

Z

p

Is this an epileptic seizure?

29% (19-40%)

0.4

Yes

0.40

0.01

35.12

<0.001

What type of epileptic seizure?

18% (10-28%)

0.47

Focal seizure

0.31

0.01

27.36

<0.001

0.86

Focal seizure with secondary generalisation

0.53

0.01

45.63

<0.001

0.27

Primary generalised seizure

0.60

0.01

51.93

<0.001

Overall

0.44

0.01

62.08

<0.001

Is the dog conscious?

9% (3-19%)

59% (48-70%)

0.40

0.58

0.01

50.27

<0.001

Were there rhythmic jerks around the mouth?

46% (35-57%)

0.40

0.44

0.01

38.35

<0.001

Was there rhythmic pelvic limb movements?

39% (28-50%)

0.12

0.56

0.01

48.79

<0.001

Are there rhythmic thoracic limb movements?

35% (25-46%)

Was there oral movement (lip smacking)?

0.17

0.55

0.01

48.02

<0.001

34% (24-45%)

0.20

0.35

0.01

30.43

<0.001

Was there stiffening of the pelvic limbs?
28% (19-39%)
Packer et al. BMC Veterinary Research (2015) 11:39
Was there stiffening of the thoracic limbs?
25% (16-36%)

0.42

0.37

0.01

0.01

0.39

0.01

33.80
<0.001
Page 5 of 11
34.09
<0.001

Were movements equal between both sides?

0.04

0.37

0.01

32.00

Are the eyes open?

<0.001

Does the dog show autonomic signs?

10% (4-18%)

0.09

42.59

<0.001

Did the dog salivate?

53% (42-64%)

0.51

Did the dog urinate?

92% (83-97%)

0.97

0.17

0.01

14.89

<0.001

Did the dog defecate?

99% (93-100%)

0.99

−0.01

0.01

−0.07

0.5298

Does the dog show neurobehavioral signs?

4% (1-10%)

0.15

0.16

0.01

14.09

<0.001

Did the dog show fear/anxiety?

22% (13-32%)

0.61

0.15

0.01

12.66

<0.001

Did the dog show aggression?

86% (76-92%)

0.96

0.17

0.01

14.48

<0.001

Did the dog appear to hallucinate?

65% (54-75%)

0.89

0.13

0.01

11.48

<0.001

Hypothesis 4: does observer-reported seizure semiology
differentiate between primary generalised seizures, focal
seizures, and focal seizures with secondary generalisation?

Multinomial mixed model analyses were carried out in
IBM SPSS v19 to determine which factors influenced the
choice of seizure type. Three dependent variables were
used in the multinomial models: primary generalised seizures, focal seizures, and focal seizures with secondary
generalisation. Independent variables in the model were
the observer-perceived consciousness status, and presence of thirteen motor, three autonomic and three neurobehavioural signs. All independent factors were first
tested at the univariable level using Chi-squared analysis
to identify significant factors for inclusion in the multinomial model, with P < 0.2 considered for inclusion. A
backward stepwise model building strategy was used,
selecting models based on fit, as determined by the
Akaike information criterion (AIC) statistic, significance

Z

p

4.84

<0.001

0.01

24.59

<0.001

0.01

6.05

<0.001

Was the head turned to the side?

63% (51-73%)

0.84

0.14

0.01

11.95

<0.001

Were there running movements?

59% (48-70%)

0.40

0.58

0.01

50.27

<0.001

Were there rhythmic jerks around the mouth?

46% (35-57%)

0.40

0.44

0.01

38.35

<0.001

Was there rhythmic pelvic limb movements?

39% (28-50%)

0.12

0.56

0.01

48.79

<0.001

Are there rhythmic thoracic limb movements?

35% (25-46%)

48.02

<0.001

30.43

<0.001

0.17

0.55

0.01

34% (24-45%)

0.20

0.35

0.01

Was there stiffening of the pelvic limbs?

28% (19-39%)

0.42

0.37

0.01

Was there stiffening of the thoracic limbs?

25% (16-36%)

0.01

0.39

0.01

Were movements equal between both sides?

18% (10-28%)

0.04

0.37

Are the eyes open?

5% (1-12%)

0.16

0.17

Seizure type

Packer et al. BMC Veterinary Research (2015) 11:39

33.80

<0.001

34.09

<0.001

0.01

32.00

<0.001

0.01

15.13

<0.001
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(κ = kappa, PI = prevalence index, SE = standard error).

of terms included (P ≤ 0.05 was considered significant),
and maximisation of the correct percentage classification
of cases. Multicollinearity was initially avoided via examining the associations between all nominal independent
variables to detect any high levels of association. If
found, the variable that resulted in better model fit was
selected for the final model. All models were also
checked for collinearity via inspection of the standard
errors of the regression coefficients to see if they were
inflated which would signify multicollinearity was a
problem in that model.

OR

95% CI

t

p

OR

95% CI

t

p

OR

95% CI

t

p

0.45

0.25-0.81

−2.64

0.008

0.50

0.23-1.09

−1.74

0.082

0.98

0.44-2.20

−0.04

0.966

6.98

<0.001

1.07

3.80

<0.001

1.85

9.75

3.60-26.42

4.48

<0.001

4.70

2.61-8.47

5.15

<0.001

1.49

Yes

0.17

0.868

0.19

0.08-0.41

−4.21

0.009

Yes
0.24

0.07-0.86

−2.19

0.029

generalised seizure (p = 0.009). Finally, reports of hallucination were associated with the classification of focal
seizures, with reports of absence of hallucination decreasing the likelihood of classification as a focal seizure
0.24 fold vs. a primary generalised seizure (p = 0.029).
There was overlap in the prediction of seizure type for
three aspects of seizure semiology, where their presence
increased the likelihood of two seizure types. Stiffening
of the thoracic limbs was associated with reports of a
primary generalised seizure (rather than a focal seizure),
but also reports of a focal seizure with secondary generalisation (rather than a focal seizure) (Table 4; Additional
file 2: Table S1). Running movements were associated
with reports of a primary generalised seizure (rather
than a focal seizure), but also reports of a focal seizure
(rather than a focal seizure with secondary generalisation). Finally, equal movements on each side of the body
were associated with reports of a primary generalised
seizure (rather than a focal seizure AND rather than a
focal seizure with secondary generalisation).

Discussion

0.73-4.68

1.31

0.191

0.64

0.24-1.65

−0.93

Hypothesis 1 and 2: are there high levels of agreement
between veterinary observers for the prediction of
seizure presence and type, the classification of
consciousness status, and the presence of motor,
autonomic and neurobehavioural signs?

Prior to this study, no data were available in the literature regarding inter-observer agreement for paroxysmal
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event semiology between vets. Contrary to our initial hypotheses of high levels of agreement between veterinary
observers for the prediction of seizure presence, type and
description of seizure semiology, this study has demonstrated that there was only fair-moderate inter-observer
agreement in the description of seizure semiology between
a cohort of veterinary neurology specialists and nonspecialists as ascertained by κ analysis and percentage
agreement, with prevalence indices to aid interpretation.
No variables achieved excellent agreement, and the only
variable to achieve good agreement was whether the dog
salivated or not, followed by whether the seizure type was
primary generalised, which nearly missed good agreement.
Few of the variables showed poor agreement; however,
neurobehavioural signs were the least agreed upon domain with consistently poor agreement ratings. There was
on average only 29% agreement between observers as to
whether a video represented a seizure event or not,
achieving a κ value of just 0.4, a value that is commonly
stated as the minimum threshold for reliability [5]. This
suggests that in isolation, observing videos of paroxysmal
events may be an unreliable way to diagnose a seizure,
thus highlighting the importance of detailed history taking, physical examination and diagnostic testing in determining whether an epileptic seizure has occurred.
Similar studies have been carried out in human medicine, and parallels can be made with the results of this
study [2]. Impairment of consciousness was the least
agreed upon consciousness status category in this study,

Clinical charateristics of episodic disorders
1.

5.

Motor signs
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N a r c o le p s y /C a ta p le x y

e p is o d e s

ref

Yes

3.

Syncope

C lin ic a l s ta tu s b e tw e e n

(κ = kappa, SE = standard error, OR = odds ratio, ref = reference category).

2.

Consciousness status

When questioned on whether the paroxysmal events in
the videos showed autonomic signs, 55% of responses to
all videos reported they thought autonomic signs were
present; however, % agreement was low with on average
just 10% agreement between observers and a ‘fair’ κ
value (κ = 0.28) (Table 3). There was good agreement as
to whether the dog salivated in the video (κ = 0.64), but
poor κ values for urination or defecation. There were
high PIs for both urination and defecation owing to
their rarity of reporting (1.4% and 0.1% of all ratings,

<0.001

ref
2.63

<0.001

c o n ta c t- s e e k in g , w ith d r a w a l, h id in g ,

0.50-2.27

ref
2.37

<0.001

55.24

ment (κ = 0.40) with on average only 29% (95% CI 1940%) agreement between observers as to whether it was
a seizure or not for each video (Table 1). Overall agreement of seizure type was moderate (κ = 0.44), with on
average only 18% agreement between observers across
videos. The most common seizure type reported from
the videos was primary generalised (36% of all ratings),
with the highest level of agreement (κ = 0.60) of all
types. The lowest level of agreement was for focal seizures (κ = 0.31).

ref

Yes

24.35

0.01

Very low% agreement was achieved regarding the consciousness status of the dog, with on average 9% agreement between observers as to whether the dog was
conscious during the paroxysmal events (Table 1). The
poorest agreement was achieved for impairment in consciousness (κ = 0.20), versus moderate levels of agreement for unconscious (κ = 0.54).
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a r r h y th m ia , p u ls e

Focal with secondary
generalisation vs. focal

0.28
0.64

SE (κ)

When questioned on whether the paroxysmal events in
the videos represented epileptic seizures, 72% of re-

Hypothesis 1 and 2: are there high levels of agreement
between veterinary observers for the prediction of
seizure presence and type, the classification of
consciousness status, and the presence of motor,
autonomic and neurobehavioural signs?
Epileptic seizure presence and type

d is o r d e r )

Focal with secondary
generalisation vs. primary
generalised

κ

PI

When questioned on whether the paroxysmal events in
the videos showed motor signs, 96% of responses to all
videos reported they thought motor signs were present,
with on average 73% agreement between observers as to
whether motor signs were present (Table 2). As the
PI was exceptionally high for this variable, with a
homogenous sample dominated by ‘yes’ responses, the κ
is artificially lowered to a level of poor agreement (κ =
0.06). The highest levels of agreement for individual
signs, as determined by κ values, were whether there
were running movements, whether there were rhythmic
pelvic limbs movements and whether there were rhythmic thoracic limb movements (moderate agreement).
The lowest levels of agreement as determined by κ
values were for whether the eyes were open, whether the
head was turned to the side and whether movements
were more present on the right side. The latter two variables had high PIs and thus the sample population may
be too homogenous to interpret these results.

Results
To allow for statistical analysis, all videos must have
been rated by an equal number of observers, and thus
17 of the 100 videos were excluded from the analysis
due to missing data, and all ratings from 1 observer were
excluded due to their low response rate to the questions.
In total 1162 ratings were made of 83 videos by the
remaining 14 independent observers.

N o rm a l o r

Focal vs. primary generalised

Yes

Mean % agreement (95% CI)

(κ = kappa, , PI = prevalence index, SE = standard error).

D is c r im in a to r

Table 4 Multinomial mixed model analysis of which observer perceived seizure characteristics predict reported
seizure type

1.29-5.61

<0.001

41.99

0.01

2.69

<0.001

15.13

0.01

SE (κ)

1.88-7.27

0.01

0.01

0.07

3.70

0.17

0.39

0.28

1.

0.16

0.54

0.06

4.39-13.96

5% (1-12%)

(κ = kappa, PI = prevalence index, SE = standard error).

Overall

κ

7.82

18% (10-28%)

Unconscious

0.86

No

<0.001

Were there running movements?

0.48

0.88

Hallucination

11.95

Variable

0.92

No

0.01

Table 3 Inter-observer agreement of autonomic and neurobehavioural signs in epileptic seizures

PI

Salivation

0.14

<0.001

67% (56-77%)

No

0.84

<0.001

77% (67-86%)

No

63% (51-73%)

39.92

73% (63-83%)

Equal movements on each side

<0.001

Was the head turned to the side?

15.16

Mean % agreement (95% CI)

Running movements

<0.001

6.05

0.01

Were movements more present on the right?

No

<0.001

24.59

0.01

0.01

Were movements more present on the left?

Rhythmic thoracic limb movements

p

4.84

0.01

0.07

0.45

Does the dog show motor signs?

No

Z

0.01

0.28

0.86

0.20

Variable

Stiffening of thoracic limbs

SE (κ)

0.06

0.88

67% (56-77%)

Conscious (No impairment)

Table 2 Inter-observer agreements of motor signs present in epileptic seizures

No

κ

0.92

77% (67-86%)

Were movements more present on the right?

Impairment in consciousness

The influence of experience and training was investigated by analysing associations between observer type
(specialist vs. non-specialist) and seizure type/characteristics, using IBM SPSS v19. The binomial dependent
variable was neurology specialist or non-specialist, and
the independent variables were seizure presence, type,
consciousness status and the presence of motor (13),
autonomic (3) and behavioural (3) signs. Associations
were screened at the univariate level using Chi-squared
analysis for categorical variables. If significant variables
were identified they were taken forwards to a binary
mixed model, where video number and observer were
included as random effects to control for these sources
of non-independence.

Oral movement

PI

73% (63-83%)

Were movements more present on the left?

0.72

Hypothesis 3: are there differences in the classification of
seizure presence and type, and reporting of seizure
semiology between veterinary neurology specialists and
non-specialists?

Risk factor

Mean % agreement (95% CI)

Does the dog show motor signs?

0.38

(κ = kappa, PI = prevalence index, SE = standard error).

Was there oral movement (lip smacking)?

Variable

Syncope
Cataplexy (Narcolepsy)
Neuromuscular weakness
Paroxysmal behaviour changes
Vestibular attack
Paroxysmal Dyskinesia
Idiopathic head tremor
Seizure

2.
3.
4.
5.
6.
7.
8.
9.
10.

Clinical status between episodes
Precipitating event or trigger
Pre-event changes
Event description
Level of consciousness
Autonomic signs
Muscle tone
Lateralising signs
Duration
Post-episodic changes
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Seizure

Focal epileptic seizures
• originating within networks limited to one hemisphere
• discretely localized or more widely distributed
• may originate in subcortical structures
• ictal onset is consistent from one seizure to another, with
preferential propagation patterns that can involve the
contralateral hemisphere
Generalised epileptic seizure
• more than minimal involvement of both cerebral hemispheres
• originating at some point within, and rapidly engaging,
bilaterally distributed networks

The term can be used for any sudden, short lasting and transient event. It does not
imply that the event is epileptic.
Epileptic seizure
•

•

M anifestation(s) of excessive synchronous, usually selflimiting epileptic activity of
neurons in the brain. This results in a transient occurrence of signs which may be
characterized by short episodes with convulsions or focal motor, autonomic or
behavioural features and due to abnormal excessive and/or synchronous epileptic
neuronal activity in the brain.

Reactive seizure
• A reactive seizure is a seizure occurring as a natural response from the normal
brain to a transient disturbance in function (metabolic or toxic in nature)— which is
reversible when the cause or disturbance is rectified. A provoked seizure can be
considered as being synonymous with a reactive seizure.

Early terminology

Terminology currently in use

Suggested veterinary terminology 2015

Petit Mal
Aura

Partial/focal seizure
- Simple partial/focal seizure
(consciousness unimpaireda)
- Complex partial/focal seizure
(consciousness impaireda)

Focal epileptic seizurea

Primary generalized seizure

Generalized epileptic seizure

EPILEPTIC SEIZURES
An epileptic seizure with clinical signs indicating activity which
starts in a localised area in the brain
-Will present with focal motor, autonomic or behavioural signs
alone or in combination

An epileptic seizure with clinical signs indicating activity
Grand Mal (always implicating convulsions)
involving both cerebral hemispheres from the start.
-In dogs and cats the seizure presents predominantly as immediate
‘convulsions’ and loss of consciousness. Salivation, urination
and/or defecation often also occur during convulsions.
May also (but rare) present as atonic or myoclonic seizures

Berendt et al. BMC Veterinary Research (2015) 11:182
DOI 10.1186/s12917-015-0461-2

Epilepsy
• disease of the brain characterized by an enduring
predisposition to generate epileptic seizures
• Practical definition - at least two unprovoked
epileptic seizures >24 h apart
Epileptogenesis
• sequence of events that converts a normal
neuronal network into a hyperexcitable network
Berendt et al. BMC Veterinary Research (2015) 11:182
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Epilepsy is defined as a disease of the brain characterized
by an enduring predisposition to generate epileptic seizures. This definition is usually practically applied as having
ndt et al.
BMCtwo
Veterinary
Research
(2015)
11:182
at least
unprovoked
epileptic
seizures
>24 h apart [48].

diseases confirmed by diagnostic imaging, cerebrospinal
fluid examination, DNA testing or post mortem findings
(see consensus on Diagnostic approach to epilepsy in
dogs [49]). Lafora disease progressive myoclonic epilepsy
would be classified under structural epilepsy as the gene
defect results in a storage disease which alters the brain
structurally and where the epileptic seizures associated
with the structural changes in the brain are one of the
multiple clinical and neurological signs associated with
the primary storage disease [50].

EPILEPTIC SEIZURES
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in classified
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‘convulsions’ and loss of consciousness. Salivation, urination
and/or
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Epilepsydefecation
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aetiology
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Focal epileptic seizure evolving to become
generalized
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classification proposals for canine epilepsy have been published during the years reflecting always in parts the
convulsions. Salivation, urination and/or defecation often
current proposals coming from the human epilepsy organisation the International League Against Epilepsy (ILAE).
also occur during convulsions.
It has however not been possible to gain agreed consensus, “a common language”, for the classification and
terminology used between veterinary and human neurologists and neuroscientists, practitioners, neuropharmacologists
and neuropathologists. This has led to an unfortunate situation where different veterinary publications and textbook
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Epilepsy

An epileptic seizure which starts in a localized area in the
Partial seizure with secondary generalization Focal seizure with secondary
brain and spreads subsequently to involve both hemispheres. (secondary generalized seizure)
generalization
-In dogs and cats the seizure starts with localized motor,
autonomic and/or behavioural signs rapidly followed by
CORR
E Stime
PONDENCE
Table
1 Veterinary
anddefecation
its most common
amendments
over
convulsions.
Salivation,terminology
urination and/or
often
also occur during convulsions.
Early terminology
Terminology currently in use
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Table 1 Veterinary terminology and its most common amendments over time

1

5

8/13/19

Classification by clinical signs

Petit-mal
10 days later

Grand-mal
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Epilepsy: A brain disease characterized by at least 2 unprovoked seizures occurring >24 hours apart
Commission on Classification & terminology
(ILAE 1981/1989)

CORRESPONDENCE

Open Access

-No underlying cause. Possible hereditary
disposition

International veterinary epilepsy task force
consensus report on epilepsy definition,
classification and terminology in
companion animals

Symptomatic epilepsy
-Epilepsy is a consequence of a
known/identified disorder of the central
nervous system
Probably symptomatic (cryptogenic) epilepsy
-A disorder whose cause is hidden or occult.
Presumed to be symptomatic
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Simon Platt13, Michael Podell14, Heidrun Potschka15, Martí Batlle Pumarola16, Clare Rusbridge17,18,
Veronika M. Stein19, Andrea Tipold19 and Holger A. Volk20

-The direct result of a known or presumed genetic defect
(supported by evidence)
-Seizures are the core symptoms of the disorder
Structural/metabolic
-There is a distinct other structural or metabolic condition or
disease in the brain that has been demonstrated to be
associated with a substantially risk of developing epilepsy
(may be of acquired or genetic origin)
-When of genetic origin a separate disorder must be
interposed between the gene defect and the epilepsy
Unknown
-The nature of the underlying cause is unknown
- May have a fundamental genetic basis (e.g. unrecognized
chanelopathy)
-May be the consequence of an unrecognized structural or
metabolic disorder not yet identified

Abstract

propose a classification system which reflects new thoughts from the human ILAE but also roots in former well
EPILEPTIC SEIZURES
accepted terminology. We think that this classification system can be used by all stakeholders.
Petit Mal
Partial/focal seizure
Focal epileptic seizurea
An epileptic seizure with clinical signs indicating activity which
Keywords: Epilepsy, Seizures, Dog, Classification,
starts in a localised area in the brain
Aura
- SimpleSemiology
partial/focal seizure
(consciousness unimpaireda)
-Will present with focal motor, autonomic or behavioural signs
- Complex partial/focalInseizure
a asignificant number of cases, the cause is not clear. Al-alone or in combination
Background
(consciousness
) the mechanisms behind companion animal epithough
Epilepsy is a complex brain disease where
sudden andimpaired

Petit Mal
Aura
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Terminology currently in use

Suggested veterinary terminology 2015

Partial/focal seizure
- Simple partial/focal seizure
(consciousness unimpaireda)
- Complex partial/focal seizure
(consciousness impaireda)

Focal epileptic seizurea

An epileptic seizure with clinical signs indicating activity
Epilepsy
by aetiology
involvingclassified
both cerebral
hemispheres from the start.
-In dogs and cats the seizure presents predominantly as immediate
‘convulsions’ and loss of consciousness. Salivation, urination
and/or
often
also occur during convulsions.
Epilepsydefecation
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May also (but rare) present as atonic or myoclonic seizures

a

a

- Epilepsy caused by identified

- Epilepsy caused by identified

however
remains
obscure
An epileptic seizure which starts in a localized area in the
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generalization
Abstractgeneralized seizure)

a

- Epilepsy caused by identified
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EPILEPSY
An epileptic seizure with clinical signs indicating activity which
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byarea
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a localised
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-Will present with focal motor, autonomic or behavioural signs
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pathology is suspected. A genetic
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component may be involved in
3. Unknown cause and no indication of
classification and terminology
(consciousness impaired )
structural epilepsy
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EPILEPSY
An epileptic seizure with clinical signs indicating activity which
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An epileptic seizure with clinical signs indicating activity
involving both cerebral hemispheres from the start.
-In dogs and cats the seizure presents predominantly as immediate
‘convulsions’ and loss of consciousness. Salivation, urination
and/or defecation often also occur during convulsions.
May also (but rare) present as atonic or myoclonic seizures
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An epileptic seizure with clinical signs indicating activity which
starts in a localised area in the brain
-Will present with focal motor, autonomic or behavioural signs
alone or in combination

Berg et al. Epilepsia 2010;51:676-685
Genetic

Idiopathic epilepsy

Dogs with epilepsy are among the commonest neurological patients in veterinary practice and therefore have
historically attracted much attention with regard to definitions, clinical approach and management. A number of
classification proposals for canine epilepsy have been published during the years reflecting always in parts the
current proposals coming from the human epilepsy organisation the International League Against Epilepsy (ILAE).
It has however not been possible to gain agreed consensus, “a common language”, for the classification and
terminology used between veterinary and human neurologists and neuroscientists, practitioners, neuropharmacologists
and neuropathologists. This has led to an unfortunate situation where different veterinary publications and textbook
chapters on epilepsy merely reflect individual author preferences with respect to terminology, which can be confusing
to the readers
and influence the definition and diagnosis of epilepsy in first line practice and research studies.
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Table 1 Veterinary terminology and its most common amendments over time
Suggested veterinary terminology 2015
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- Simple partial/focal seizure
(consciousness unimpaireda)
- Complex partial/focal seizure
(consciousness impaireda)

Focal epileptic seizurea

Primary generalized seizure

Generalized epileptic seizure

An epileptic seizure with clinical signs indicating activity
Grand Mal (always implicating convulsions)
involving both cerebral hemispheres from the start.
-In dogs and cats the seizure presents predominantly as immediate
‘convulsions’ and loss of consciousness. Salivation, urination
and/or defecation often also occur during convulsions.
May also (but rare) present as atonic or myoclonic seizures
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The clinical and electroencephalographic features of a canine
generalized myoclonic epilepsy with photosensitivity and onset in
young Rhodesian Ridgeback dogs (6 wk to 18 mo) are described. A
fully penetrant recessive 4-bp deletion was identified in the DIRAS
family GTPase 1 (DIRAS1) gene with an altered expression pattern
of DIRAS1 protein in the affected brain. This neuronal DIRAS1 gene
with a proposed role in cholinergic transmission provides not only a
candidate for human myoclonic epilepsy but also insights into the
disease etiology, while establishing a spontaneous model for future
intervention studies and functional characterization.
seizure
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thewith
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characterized a generalized myoclonic epilepsy syndrome
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Generalized myoclonic epilepsy with photosensitivity
in juvenile dogs caused by a defective DIRAS family
GTPase 1
−5

ADAM23 is a common risk gene for canine
idiopathic epilepsy

region was further split into a 300-kb and an 890-kb region (Fig. 2B)

Abstract
Background: Idiopathic or genetic adult-onset epilepsy is a common neurological disorder in domestic dogs. Genetic
association has been reported only with ADAM23 on CFA 37 in few breeds. To identify novel epilepsy genes, we
performed genome-wide association (GWA) analyses in four new breeds, and investigated the association of the
previously reported ADAM23 haplotype with the epilepsy phenotype in eight breeds.
Results: GWA analysis did not reveal new epilepsy loci. ADAM23 association (p < 0.05) was identified in five breeds.
Combined analysis of all eight breeds showed significant association (p = 4.6e−6, OR 1.9).
Conclusions: Our results further support the role of ADAM23 in multiple breeds as a common risk gene for epilepsy
with low penetrance. The lack of findings in the GWA analyses points towards inefficient capture of genetic variation
by the current SNP arrays, causal variant(s) with low penetrance and possible phenocopies. Future work will include
studies on ADAM23 function and expression in canine neurons, as well as whole-genome sequencing in order to
identify additional IE genes.
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The clinical and electroencephalographic features of a canine
generalized myoclonic epilepsy with photosensitivity and onset in
young Rhodesian Ridgeback dogs (6 wk to 18 mo) are described. A
fully penetrant recessive 4-bp deletion was identified in the DIRAS
family GTPase 1 (DIRAS1) gene with an altered expression pattern
of DIRAS1 protein in the affected brain. This neuronal DIRAS1 gene
with a proposed role in cholinergic transmission provides not only a
candidate for human myoclonic epilepsy but also insights into the
disease etiology, while establishing a spontaneous model for future
intervention studies and functional characterization.

Keywords: Dog, Canis familiaris, Epilepsy, Idiopathic epilepsy, ADAM23, GWA, Association

Results
Generalized Myoclonic Epilepsy with Photosensitivity in Young RR
Dogs. Altogether, we studied 95 RR dogs, of which 24 (15 males, 9 females) shared a unique epilepsy phenotype of frequent
myoclonic jerks/twitches, with an onset in young dogs (mean 6 mo;
median 3.5 mo; range 6 wk–18 mo) as the outstanding feature.
Eleven dogs were 5- to 18-mo-old (juvenile, adolescence) at age of

cholinergic forebrain nuclei (C; black frame). With DIRAS1 mutation (B and D) protein expression is abundant and there is a more diffuse staining of nerve cell perikarya
| juvenile | canine | photosensitivity | Ras

(white arrowhead) in all brain regions, including
the brainstem. Figure shows expression in parietal cortex (B; blue frame), and forebrain nuclei (D; black frame). Cholinergic
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| vol. 114 by
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7, 2017
10 | 2671
target
were
confirmed
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for the vesicular acetylcholine transporter (AChT), as demonstrated in the Inset. (Scale bar: A–D, 35 μm; inlet AChT, 150 μm.)
ogs provide physiologically relevant models of human disComprehensive clinical, neurological, and genetic examinations
ease. Aggressive breeding has resulted in a unique genetic
2672 | www.pnas.org/cgi/doi/10.1073/pnas.1614478114
Wielaender et al.
characterized a generalized myoclonic epilepsy syndrome with
architecture that facilitates gene discovery (1). Many breeds originate
photosensitivity in young Rhodesian Ridgeback dogs. The average
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defective DIRAS family GTPase 1 (DIRAS1) gene and protein.
an isolated population with high levels of phenotypic homogeneity,
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to regulate acetylcholine release and play a role in neuro(2). Hundreds of naturally occurring canine conditions are analogous
development. This study reveals a candidate gene for human
to human diseases, such as diabetes, cancers, epilepsies, eye diseases,
myoclonic epilepsies, and a translational model to further elucidate
autoimmune diseases, and monogenic diseases.
the role of DIRAS1 in neurotransmission and neurodevelopment,
Epilepsy is the most common chronic neurological disease in dogs
and its modulation as a therapeutic option in common epilepsy.
(3). A strong genetic background is suspected in many dog breeds
with a high prevalence (4) and several genes have been discovered in Author contributions: A.F. and H.L. designed research; F.W., R.S., F.J., M.K.H., G.K., L.L.E.K.,
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-In dogs and cats the seizure presents predominantly as immediate
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and/or defecation often also occur during convulsions.
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inherited condition, which warranted us to embark a comprehensive
study to describe the clinical features and find the genetic cause.
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genes including DIRAS1. (D) Chromatograms of an affected, carrier, and wild-type dog indicate the c.564_567delAGAC variant.
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the neural mechanisms of photosensitivity (31, 32).
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Generalized Myoclonic Epilepsy with Photosensitivity in Young RR

GENETICS

DOI 10.1186/s12863-017-0478-6

ADAM23 harbors a common risk haplotype for IE in
Belgian Shepherd, Finnish Spitz, Schipperke and Beagle
breeds [11]. The risk haplotype spans exons 5 and 11 of
the ADAM23 gene and presented with odds ratios of
3.3–12.0 depending on the breed. The results suggest
that ADAM23 is a common but a low penetrance risk
gene for IE in several breeds, but other yet unknown
factors may contribute to the disease risk. ADAM23
(ADAM23 metallopeptidase domain 23) is a membraneanchored protein expressed in several tissues and
involved in cell adhesion and central nervous system
development. It interacts with LGI1, LGI2 and ADAM22
in synaptic transmission [12]. LGI1, LGI2 and ADAM22
have previously been implicated in epilepsy [9, 13, 14].
In this study, we aimed to identify new IE loci by GWA
analyses in four breeds: Finnish Lapphund, Kromfohrländer,
Miniature Pinscher and Pyrenean Shepherd. Furthermore,
we investigated the role of ADAM23 in an extended
epilepsy collection of altogether eight dog breeds with
IE: Australian Shepherd, Irish Setter, Labrador Retriever
and Whippet, and the above mentioned breeds.

Results
Dogs. Altogether, we studied 95 RR dogs, of which 24 (15 males, 9 females) shared a unique epilepsy phenotype of frequent
myoclonic jerks/twitches, with an onset in young dogs (mean 6 mo;
median 3.5 mo; range 6 wk–18 mo) as the outstanding feature.
Eleven dogs were 5- to 18-mo-old (juvenile, adolescence) at age of

D

Epilepsy classified by aetiology

Background
Idiopathic, or primarily genetic, epilepsy (IE) is the most
common neurological disease in dogs with an overall
prevalence of approximately 0.62% [1]. It is common
across many breeds, but some breeds have higher
disease prevalence, which indicates increased genetic
predisposition [1–7]. Although pedigree analysis has
clearly suggested strong genetic influence, the identification of risk genes has been challenging [8].
To date, two genes underlying canine IE have been
identified: LGI2 on chromosome 3 for benign juvenile
epilepsy in the Lagotto Romagnolo breed [9], and
ADAM23 on chromosome 37 for focal and generalized
adult-onset epilepsy in the Belgian Shepherd breed [10].
According to our recent study employing high-density
genome-wide association (GWA) analysis and targeted
next generation sequencing in large sample cohorts,

inherited condition, which warranted us to embark a comprehensive
study to describe the clinical features and find the genetic cause.

GENETICS

Terminology currently in use

Petit Mal
Aura

GENETICS

Early terminology

EPILEPTIC SEIZURES

An epileptic seizure with clinical signs indicating activity which
starts in a localised area in the brain
-Will present with focal motor, autonomic or behavioural signs
alone or in combination
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Epilepsy
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Epilepsy is defined as a disease of the brain characterized
by an enduring predisposition to generate epileptic seizures. This definition is usually practically applied as having
Berendt et al.
BMCtwo
Veterinary
Research
(2015)
11:182
at least
unprovoked
epileptic
seizures
>24 h apart [48].

diseases confirmed by diagnostic imaging, cerebrospinal
fluid examination, DNA testing or post mortem findings
(see consensus on Diagnostic approach to epilepsy in
dogs [49]). Lafora disease progressive myoclonic epilepsy
would be classified under structural epilepsy as the gene
defect results in a storage disease which alters the brain
structurally and where the epileptic seizures associated
with the structural changes in the brain are one of the
multiple clinical and neurological signs associated with
the primary storage disease [50].

8/13/19
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Early terminology

Terminology currently in use

Suggested veterinary terminology 2015

International veterinary epilepsy task force
consensus report on epilepsy definition,
classification and terminology in
companion animals

Berendt et al. BMC Veterinary Research (2015) 11:182
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• To date the criteria to diagnose idiopathic epilepsy (IE) have
been inconsistent
– age range at seizure onset, laboratory parameters, whether and how MRI of the
brain was performed, whether or not CSF analysis was performed

• To improve consistency in the diagnosis of IE in the clinical and
research settings

International Veterinary Epilepsy Task Force – Consensus Proposals

Epilepsy Task Force. The aim of this consensus proposal is to improve consistency in the diagnosis of epilepsy in
the clinical and research settings. The diagnostic approach to the patient presenting with a history of suspected
epileptic seizures incorporates two fundamental steps: to establish if the events the animal is demonstrating
truly represent epileptic seizures and if so, to identify their underlying cause. Differentiation of epileptic seizures
from other non-epileptic episodic paroxysmal events can be challenging. Criteria that can be used to make this
differentiation are presented in detail and discussed. Criteria for the diagnosis of idiopathic epilepsy (IE) are
described in a three-tier system. Tier I confidence level for the diagnosis of IE is based on a history of two or
more unprovoked epileptic seizures occurring at least 24 h apart, age at epileptic seizure onset of between six
months and six years, unremarkable inter-ictal physical and neurological examination, and no significant
abnormalities on minimum data base blood tests and urinalysis. Tier II confidence level for the diagnosis of IE is
based on the factors listed in tier I and unremarkable fasting and post-prandial bile acids, magnetic resonance
imaging (MRI) of the brain (based on an epilepsy-specific brain MRI protocol) and cerebrospinal fluid (CSF) analysis.
Tier III confidence level for the diagnosis of IE is based on the factors listed in tier I and II and identification of
electroencephalographic abnormalities characteristic for seizure disorders. The authors recommend performing
MRI of the brain and routine CSF analysis, after exclusion of reactive seizures, in dogs with age at epileptic seizure
onset <6 months or >6 years, inter-ictal neurological abnormalities consistent with intracranial neurolocalisation,
status epilepticus or cluster seizure at epileptic seizure onset, or a previous presumptive diagnosis of IE and
drug-resistance with a single antiepileptic drug titrated to the highest tolerable dose.
This consensus article represents the basis for a more standardised diagnostic approach to the seizure patient.
These recommendations will evolve over time with advances in neuroimaging, electroencephalography, and
molecular genetics of canine epilepsy.
Keywords: Dog, Seizure, Epilepsy, Idiopathic epilepsy, Diagnosis
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Diagnostic approach to epilepsy
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1. Is the animal having epileptic seizures?

– Differentiation of epileptic seizures from other nonepileptic episodic paroxysmal events

2. What is the cause of the epileptic
seizures?

International Veterinary Epilepsy Task Force – Consensus Proposals
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Tier I confidence level for the diagnosis of
IE

Criteria for the diagnosis of IE
• Tier I confidence level for the diagnosis of IE
• Tier II confidence level for the diagnosis of IE
• Tier III confidence level for the diagnosis of IE

• ≥ 2 unprovoked epileptic seizures occurring ≥24h apart
• Age at epileptic seizure onset 6m - 6y
• Unremarkable inter-ictal physical and neurological examination
– Re-examine animals with suspected AED-induced neurologic abnormalities and/
or postictal neurologic deficits

• No clinically significant abnormalities on MDB blood tests and
urinalysis
– Additional discretionary diagnostic investigations

• A family history of IE further supports the diagnosis
International Veterinary Epilepsy Task Force – Consensus Proposals

International Veterinary Epilepsy Task Force – Consensus Proposals

Tier II confidence level for the diagnosis of
IE
factors listed in tier I
fasting and post-prandial bile acids
MRI of the brain (epilepsy-specific brain MRI protocol)
CSF analysis

Repeat MRI (16w sf) and CSF (6w sf) in case of suspected epileptic seizureShort
Communications
associated brain
MRI
and CSF changes

• factors listed in tier I and II
• ictal or inter-ictal EEG abnormalities characteristic for seizure
disorders
Downloaded from veterinaryrecord.bmj.com on March 27, 2011 - Published by group.bmj.com
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CEREBROSPINAL fluid (CSF) analysis is an important part of
the clinical assessment in dogs with seizure disorders. Idiopathic
epilepsy – defined as recurrent seizures with no identifiable underlying cause – is largely a diagnosis of exclusion, and demonstrating
normal CSF is important in excluding infectious and inflammatory
aetiologies. However, in human medicine, seizures have been reported to induce pleocytosis and increased CSF protein levels (Aminoff
and Simon 1980, Schmidley and Simon 1981, Edwards and others
1983, Prokesch and others 1983). The reported frequency of seizureinduced CSF abnormalities varies widely, having been estimated to
occur in between 2 and 30 per cent of cases (Edwards and others 1983,
Prokesch and others 1983).
It is unknown whether seizures induce alterations in the CSF
parameters in dogs. Recognising whether they influence CSF composition may provide indirect evidence that postictal CSF changes do
occur. This short communication describes a study that examined a
population of dogs with idiopathic epilepsy to determine whether seizures themselves influence the CSF composition.
The medical records of dogs presented to the University of
Glasgow for investigation of seizures, and which had been diagnosed
with idiopathic epilepsy, were reviewed retrospectively. Diagnosis
was achieved through normal neurological examination, the absence
of abnormalities on routine haematology and biochemistry profiles,
normal CT or MRI of the brain and the normal CSF analysis (total
nucleated cell counts [TNCC] <5 cells/µl and protein concentration
<0.25 g/l) (Wamsley and Alleman 2004). Data on the CSF analysis
results, number of seizure episodes and time interval between the
last seizure and collection of the CSF sample were recorded. The last
seizure episode before CSF collection was defined as cluster seizures
when more than one seizure was observed within a 24-hour period.
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Prevalence and risk factors for canine epilepsy
of unknown origin in the UK
L. Kearsley-Fleet, D. G. O’Neill, H. A. Volk, D. B. Church, D. C. Brodbelt
Epidemiological evaluation of canine epilepsy is an under-researched area. The objectives of
this study were to estimate prevalence and investigate risk factors for epilepsy of unknown
origin (EUO) among dogs attending primary veterinary practices in the UK. The clinical data
analysed spanned a two-year period and included all dogs attending 92 primary veterinary
clinics participating in the VetCompass project. Five hundred and thirty-nine EUO cases were
identified giving a prevalence of 0.62% (95% CI 0.57% to 0.67%). Males were over 1.5 times
as likely to have EUO compared with females (95% CI 1.44 to 2.06; P<0.001). Of purebred
dogs, the border terrier had 2.70 (95% CI 1.57 to 4.62; P<0.001) and the German shepherd
dog had 1.90 (95% CI 1.28 to 2.80; P=0.001) times increased odds of EUO compared with
crossbred dogs. In addition, the West Highland white terrier had reduced odds (OR 0.23;
95% CI 0.08 to 0.62; P=0.004) of EUO compared with crossbred dogs (likelihood ratio test
P<0.0001). No association was found with neuter status, colour or weight. The current study
highlights the clinical importance of epilepsy as a canine disorder in the UK. Increased
awareness of sex and breed predispositions may assist clinicians with diagnosis. Further
research is merited to evaluate the specific breed associations identified.
Downloaded from veterinaryrecord.bmj.com on January 9, 2013 - Published by group.bmj.com

Introduction

Epilepsy is the most common chronic neurological disorder in human
beings with an estimated worldwide incidence of approximately
0.05–0.1 per cent, and a prevalence of 0.4–1 per cent (Sander and
Shorvon 1996, Cowan 2002). Epilepsy in dogs has also been suggested to be the most common chronic neurological condition (Chandler
2006, Fluehmann and others 2006) with an estimated prevalence of
1–2 per cent in a referral hospital population (Schwartz-Porsche 1986).
The exact prevalence of epilepsy in the general dog population, however, remains unknown.
Recently, individual breed and country-specific prevalence of
canine genetic epilepsy have been estimated ranging from 0.7 per cent
to 18.3 per cent (Jaggy and others 1998, Kathmann and others 1999,
Berendt and others 2002, 2008, Casal and others 2006, Gullov and
others 2011). Despite reports showing a higher risk of epilepsy in certain breeds, there remains a lack of epidemiological studies estimating
prevalence and investigating risk factors for epilepsy in general dog
populations. Short and others (2011) have investigated associations
between sex and neuter status with treated cases of epilepsy, but did

Paper

not statistically evaluate breed effects. Idiopathic epilepsy (IE) has also
been seen more frequently in solid coat-colour Cavalier King Charles
spaniels indicating that the number of colours may have some association with the disease (Rusbridge 2005). The current study aimed
to investigate the prevalence and risk factors for canine epilepsy of
unknown origin (EUO) in the UK in general practice in order to better
understand the clinical importance of the disorder.
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Materials and methods

Study data were collected within VetCompass Animal Surveillance
(Vetcompass 2011), an ongoing Royal Veterinary College (RVC) project sharing first-opinion clinical data with UK veterinary practices
via Practice Management Systems (PMSs). Participating practices routinely recorded electronic patient records and, additionally, selected
the most appropriate summary diagnostic terms from an embedded
list of standard terminology, the VeNom codes (Venom Coding Group
2011), at the end of each episode of clinical care. Data were uploaded
from the PMSs of participating practices to the VetCompass database. Ethics approval was obtained from the RVC Ethics and Welfare
Committee (URN 20101076a).
The diagnosis of EUO was based on a history of more than two
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95% CI 0.08 to 0.62; P=0.004) of EUO compared with crossbred dogs (likelihood ratio test
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P<0.0001). No association was found with neuter status, colour or weight. The current study
highlights the clinical importance of epilepsy as a canine disorder in the UK. Increased
awareness of sex and breed predispositions may assist clinicians with diagnosis. Further
research is merited to evaluate the specific breed associations identified.
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mechanisms that link genotype with phenotype are
largely unknown [33]. Genetic factors might also
explain why some individuals develop epilepsy after
acquired insults whereas others do not [33].
Mapping
mutations responsible
Neurobehavioural
changes for rare forms of
familial epilepsies has identified several genes,
mutation of which results in epilepsy in humans
[33–35]. Each encodes either a voltage- or ligandgated ion channel, which underlines the important
role of channelopathies in some types of idiopathic
epilepsy. However, most idiopathic epilepsies are
caused by inheritance of two or more mutant genes
[2]. Genetic animal models, including both
spontaneous mutants and genetically engineered
transgenic mice, have contributed significantly
to our understanding of the mechanisms of epilepsy
by allowing dissection of the genetic, biochemical
and pathophysiological factors that predispose to
Fig. 1. Steps in the develop m ent and progression of epilepsy and
pharm acological interventions. The term epileptogenesis includes
processes that take place before the first seizure occurs to render the
epileptic brain susceptible to spontaneous recurrent seizures and
processes that intensify seizures and m ake the m m ore refractory to
therapy (progression). In addition to the pharm acological interventions
illustrated in the figure, pharm acological potentiation of endogenous
anti-ictal processes (w hich serve to terminate a seizure) could form a
strategy for the treatm ent of seizures.

Neurobehavioural changes

Chronic epilepsy
Often
pharmacoresistant
TRENDS in Pharmacological Sciences

http://tips.trends.co m

Löscher, Trends in Pharmacological Sciences, 2002

Melancholics become epileptics
Aubrey Lewis
First Professor of Psychiatry at the
Institute of Psychiatry, London (1934)

Comorbid
disorder

Epilepsy
patients

General
population

Reference

Depression

11-60%

2-4%

Anthony et al (1995)

Anxiety

19-45%

2.5-6.5%

Weismann et al
(1986)

Behaviour changes
Fear/anxiety: Acts anxiously/fearfully when:
• Approached by unfamiliar dogs
• Is in unfamiliar surroundings
• When an unfamiliar person enters the house,
• When there are sudden movements
Defensive aggression: acts aggressively when:
–
Being handled
–
Approached by other dogs
–
People or dogs walk past the house
–
Approached by people on a walk
Abnormal perception: dog is seen to
–
Barks without apparent cause
–
Chases light spots or shadows
–
Aimlessly paces/wanders
–
Stares into space
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Abnormal reactivity: anxious behaviour if
• There is a loud/sudden noise
• There are sudden movements
Attachment disorder: acts anxiously if
• Left alone in the house or when a
particular family member leaves
Demented behaviour:
• Dog fails to recognize family members
or familiar people
• Dog is seen pacing aimlessly or
wandering
Apathetic behaviour:
• Dog is agitated if disturbed from sleep
• Dog shows reduced interest in activities

•55% of all dogs showed a behaviour change prior to start
of medication
•Drug naïve dogs with IE :
•Fear/anxiety
•Defensive aggression
•Abnormal perception

What next in canine epilepsy research?
Primary care vs.
Specialist vets
Research Area

Existing AEDs
New AEDs
Vet education
Side effects of AEDs
Genetic aetiology
Non genetic aetiology
Non AED management
Seizure detection
Diagnosing epilepsy
Lifespan
Seizure classification
Prognosis
Co-morbidities
Anxiety
Hyperactivity
Attention
Physical capabilities
Social interactions

X2

p

1.2
11.8
6.2
2.4
13.8
5.4
3.8
15.6
2.1
4.1
8.4
2.7
4.6
1.8
6.6
8.9
3.6
5.8

0.876
0.019
0.186
0.692
0.008
0.247
0.430
0.004
0.709
0.393
0.079
0.609
0.329
0.880
0.161
0.064
0.463
0.213

Who rated
higher?

Specialist

Specialist

Specialist

Owner vs.
Primary care
X2

p

14.3
17.6
37.6
24.1
22.8
13.8
32.3
25.5
15.4
24.3
3.6
0.6
11.1
23.5
31.8
29.1
18.4
18.2

0.006
0.001
<0.001
<0.001
<0.001
<0.008
<0.001
<0.001
0.004
<0.001
0.456
0.965
0.025
<0.001
<0.001
<0.001
0.001
0.001

Owner vs.
Specialist vets
Who rated
higher?
Owner
Owner
Owner
Owner
Owner
Owner
Owner
Owner
Owner
Owner

Owner
Owner
Owner
Owner
Owner
Owner

X2

p

5.7
4.1
2.7
10.8
2.6
0.7
5.9
2.8
1.6
7.9
11.3
3.7
6.9
10.7
6.2
5.8
12.1
6.2

0.128
0.395
0.432
0.028
0.465
0.871
0.205
0.596
0.650
0.097
0.023
0.442
0.143
0.030
0.186
0.211
0.016
0.182
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Behavioral Abnormalities in Lagotto Romagnolo Dogs with a History
of Benign Familial Juvenile Epilepsy: A Long-Term Follow-Up Study
T.S. Jokinen, K. Tiira, L. Mets€
ahonkala, E.H. Sepp€
al€
a, A. Hielm-Bj€
orkman, H. Lohi, and O. LaitinenVapaavuori

Who rated
higher?

Background: Lagotto Romagnolo (LR) dogs with benign juvenile epilepsy syndrome often experience spontaneous remission of seizures. The long-term outcome in these dogs currently is unknown. In humans, behavioral and psychiatric comorbidities have been reported in pediatric and adult-onset epilepsies.
Hypothesis/Objectives: The objectives of this study were to investigate possible neurobehavioral comorbidities in LR with
a history of benign familial juvenile epilepsy (BFJE) and to assess the occurrence of seizures after the remission of seizures in
puppyhood.
Animals: A total of 25 LR with a history of BFJE and 91 control dogs of the same breed.
Methods: Owners of the LR dogs in the BFJE and control groups completed an online questionnaire about each dog’s
activity, impulsivity, and inattention. Principal component analysis (PCA) served to extract behavioral factors from the data.
We then compared the scores of these factors between the 2 groups in a retrospective case–control study. We also interviewed
all dog owners in the BFJE group by telephone to inquire specifically about possible seizures or other neurological problems
after remission of seizures as a puppy.
Results: Lagotto Romagnolo dogs with BFJE showed significantly higher scores on the factors Inattention and Excitability/Impulsivity than did the control group (P = .003; P = .021, respectively). Only 1 of the 25 BFJE LR exhibited seizures
after remission of epilepsy in puppyhood.
Conclusions and Clinical Importance: Although the long-term seizure outcome in BFJE LR seems to be good, the dogs
exhibit behavioral abnormalities resembling attention deficit hyperactivity disorder (ADHD) in humans, thus suggesting
neurobehavioral comorbidities with epilepsy.
Key words: Comorbidity; Epilepsy; Excitability; Impulsivity.

Owner

Hallmarks of ADHD
•Inattention
• e.g. trouble holding attention, does not listen,
easily distracted
•Hyperactivity and impulsivity
• e.g. overexcited, sudden urges to act, hard to
train, impatient, repetitive behaviours

Specialist

P

Owner

Owner

sychiatric, cognitive, and social neurobehavioral
comorbidities have been identified in human
patients with epilepsy. The etiology of these comorbidities is multifactorial.1,2 The term comorbidity refers to a
more than coincidental presence of 2 disorders in the
same patient, but does not judge the causal relationship
of the 2 conditions.3 Childhood epilepsies are common
in human medicine, and the majority of these patients
will become seizure-free by adulthood.4 However,
reports have confirmed an increased incidence of behavioral disorders of various kinds in children with epilepsy.5 Younger age at seizure onset is reportedly
associated with a higher risk for comorbidities,2,3 even
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Abbreviations:
ANOVA
ADHD
ADLTE
BCECTS
BFJE
IE
LR
PCA

analysis of variance
attention deficit hyperactivity disorder
autosomal dominant lateral temporal lobe epilepsy
benign childhood epilepsy with centrotemporal spikes
benign familial juvenile epilepsy
idiopathic epilepsy
Lagotto Romagnolo
principal component analysis

in benign childhood epilepsy syndromes.6–13 The longterm outcome of these comorbidities, however, remains
largely unknown.14–16
Psychiatric comorbidities that have a higher prevalence in patients with epilepsy include mood disorders,
anxiety disorders, attention deficit hyperactivity disorder
(ADHD), and other psychiatric disorders.3 Attention
deficit hyperactivity disorder is 1 of the most common
comorbidities of epilepsy, and children with epilepsy are
at much higher risk for ADHD, with a prevalence of
20–40% as opposed to 5% in the general pediatric population.5,16–21
Regardless of whether childhood epilepsies are common in children, only 1 well-defined juvenile epilepsy
syndrome has been reported in dogs.22 Benign familial
juvenile epilepsy (BFJE) in Lagotto Romagnolo dogs is
characterized by focal-onset seizures that start at the
age of 5–9 weeks and spontaneously remit by the age of
13 weeks.22 A recent study identified a nonsense
mutation in the LGI2 gene as a cause of BFJE.23 The
long-term outcome of seizures or other neurological
problems in BFJE, however, remains unknown. Little is

Cognition

Anxiogenic

Anxiolytic
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