Phenotypic Variability and Clinical
Staging of Canine Dementia

Aladar Mad'ari, Petr Novak, and Norbert Zilka

Cognitive dysfunction syndrome (CDS) or canine dementia represents a serious health
problem for aged dogs, regardless of breed. CDS is characterised by deficits in learn-
ing, memory and spatial awareness, as well as changes to social interaction and sleep-
ing patterns. Several studies, using owner-based observational questionnaires, have
been performed to assess the severity of the disease or to identify first clinical symp-
toms before the onset of full-fledged dementia. Questionnaires include a broad range
of items measuring appetite, drinking behaviour, barking, elimination behaviour, day/
night rhythms, aimless behaviour, adaptive capabilities, social behaviour, perceptual
ability, disorientation, memory, and personality changes. It is important to note that
canine dementia probably does not represent a single disease entity; rather, it may have
various phenotypic presentations. Generally, the cognitive impairment and other clini-
cal features of CDS gradually worsen as the disease progresses. It is generally accepted
that at least three main stages of the disease—mild, moderate, and severe—can be
recognised. Despite this fact, there is no consensus regarding the thresholds for dis-
crimination of various stages. This chapter will guide the reader through the current
knowledge on the clinical variability and staging of canine dementia.
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3.1 The Clinical Picture of Canine Dementia in a Nutshell

The cognitive decline and behavioural presentation of canine cognitive dysfunc-
tion syndrome (CDS) indicates similarity in dementia syndromes between pets
and humans (Landsberg and Araujo 2005). The classic clinical signs of CDS are
disorientation, interaction changes (such as decline in response to learned com-
mands), sleep and wakefulness cycle changes, change in hygiene habits and
house soiling, and activity changes (DISHA) (Landsberg et al. 2012). A drop in
capability and adaptability is evident, generally accompanied by increased rates
of anxiety and repetitive behaviour (Gunn-Moore 2011). Unambiguous identifi-
cation of behavioural characteristics for cognitive decline can allow early inter-
vention, delaying progression of the disease (Dowling and Head 2012).

3.1.1 Disorientation and Activity Changes

Demented dogs display aimless wandering and pacing, which, along with a
reduction of spatial orientation and growing confusion, can cause the animal to
become trapped in corners or behind furniture (Gonzalez-Martinez et al. 2011).
A commonly seen problem is distinguishing between internal and external
doors, such as going to the wrong side of the door upon arrival and departure
(Landsberg and Araujo 2005). Dogs often ask to go out, but, once outside, dis-
orientation becomes apparent once the impaired animal is a short distance from
its home, manifesting in anxiety and confusion about the return route (Landsberg
et al. 2012).

3.1.2 Changes in Social Interactions

Social interaction between dog and man is one of the pivotal aspects where canine
dementia becomes apparent (Madari et al. 2015). Interactions of the dog with family
members become less frequent and/or less intense. Social behaviour abnormalities
become apparent in the expression of greetings or in association with feeding
behaviours. Greeting behaviour patterns are incomplete in their expression, with
pets showing disorientation in response to owners’ attempts to interact with them or
repeating greeting behaviour without previous separation time. Dogs may appear
confused or even frightened by welcoming rituals. Dogs may beg for food but refuse
to eat, begging to be fed once more a few minutes later. Behavioural patterns lasting
a few minutes, sometimes hours or even the whole day, are repeated, which is espe-
cially noticeable with vocalisation and destructive behaviours. These social changes
are manifestations of confusion and anxiety, similar to human dementia (Gunn-
Moore et al. 2007). Confusion is considered to be one of the main features of CDS
(Azkona et al. 2009).
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3.1.3 Sleep and Wakefulness Cycle Changes

Sleep-wake cycle changes may be observed especially in later stages of the disease.
Dogs might sleep more during the day but are active during the night. These changes
are often associated with excessive anxiety-driven vocalisation, such as barking or
howling. Demented dogs may wander, pace, or even scratch the ground. This behav-
iour is especially burdensome to owners and their surroundings (Landsberg and
Araujo 2005; Landsberg et al. 2012).

3.1.4 Changesin Hygiene Habits

The loss of learned behaviours, such as toilet training, represents the most common
sign attributable to CDS. Uncontrolled indoor elimination occurs in the absence of
apparent medical problems or environmental changes (such as lack of access to an
appropriate area) that would prevent the dog from following its toilet training. The
dog may eliminate even when the owner is present. Soiling may occur in random
locations (Neilson et al. 2001; Azkona et al. 2009; Landsberg and Araujo 2005).

To summarise, CDS represents a disorder with a very broad spectrum of clinical
symptoms, ranging from memory impairment to changes in hygiene habits. These
changes profoundly disturb the bond between dog and human by diminishing mean-
ingful interaction between them (whether it was for the purpose of companionship
or for professional use) on one hand and, on the other hand, by increasing the inci-
dence of unmanageable disturbing behaviour (such as house soiling) (Osella et al.
2007; Salvin et al. 2011; Landsberg et al. 2012).

3.2 Questionnaires: A Double-Edged Sword
in the Diagnostics of CDS

A variety of scales and questionnaires are used to diagnose and evaluate cognitive
decline in pets. Generally, they constitute useful tools for the acquisition of informa-
tion about the cognitive function of aged dogs and prevalence of cognitive decline
in the domestic canine population. Many different questionnaires have been created
(Colle et al. 2000; Neilson et al. 2001; Osella et al. 2007; Azkona et al. 2009, Salvin
et al. 2011; Landsberg et al. 2012; Madari et al. 2015) since initial efforts by Ruehl
et al. (1995). Questionnaires include a broad range of items measuring appetite,
drinking behaviour, barking, elimination behaviour, day/night rhythms, aimless
behaviour, adaptive capabilities, social behaviour, perceptual ability, disorientation,
memory and personality changes (Table 3.1).

One of the main weaknesses of the questionnaires is the subjective evaluation of
the dog’s cognitive status made by a pet owner (Salvin et al. 2011). The use of the pet
owner as untrained evaluator of behavioural changes represents an impactful source
of inaccurateness. Several extensive studies on CDS were based either on phone
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consultations with dog owners (Neilson et al. 2001) or on distribution of a question-
naire via online or hard copy formats (Salvin et al. 2011). While the advantage of
these approaches lies in large datasets, the main limitations of this approach are a lack
of systematic control for potential impact of other disorders on the cognitive decline,
and the subjective nature of evaluations performed by pet owners (Madari et al. 2015).

Another issue that should be taken into consideration is how individual items
addressed by the questionnaire are quantified. Some authors prefer to use item
scoring that reflects the degree of abnormal behaviour (Colle et al. 2000; Pugliese
et al. 2005), while others aim to quantify the frequency of their occurrence using
either four- or five-point frequency scales (Osella et al. 2007; Salvin et al. 2011).
Salvin et al. (2011) proposed a 5-point scale based on the frequency of abnormal
behaviour: 1 point—never, 2 points—once a month, 3 points—once a week, 4
points—once a day and 5 points—more than once a day. Similarly, we have pro-
posed a 5-point scale for easy evaluation of behaviour: O point—abnormal behav-
iour of the dog was never observed, 2 points—abnormal behaviour of the dog was
detected at least once within the last 6 months, 3 points—abnormal behaviour
appeared at least once per month, 4 points—abnormal behaviour was seen several
times per month, and 5 points—abnormal behaviour was observed several times a
week (Madari et al. 2015).

To sum up, questionnaires serve as valuable tool for detection of disease
severity and are a helpful screening tool for identification of early behavioural
changes. Finally, they can quantify the level of impairment of various cognitive
domains.

3.3 CDSClinical Staging

As mentioned above, CDS may progress through several stages. A few studies have
focused on clinical staging of cognitive decline. Based on the level of cognitive
impairment, Pugliese et al. (2005) divided dogs into three groups: normal, light
cognitive deficits and severe cognitive deficits. Unfortunately, this approach does
not reflect the frequency of abnormal behaviour. Azkona et al. (2009) classified
cognitive impairment into mild (one behavioural domain), moderate (two domains)
or severe (three or four domains). This classification could be sometimes mislead-
ing, because the number of impaired categories does not necessarily precisely
reflect the degree of cognitive decline. We found that two and sometimes three cat-
egories of cognition can be slightly impaired already in cognitively normal or mildly
affected dogs (see Table 3.2).

We have proposed criteria for discrimination of three stages of the disease: mild
cognitive impairment, moderate cognitive impairment, and severe cognitive impair-
ment (the last stage being full-fledged canine dementia). For evaluation of the sever-
ity of the disease, we have used a universally applicable scale for diagnostics of the
canine cognitive dysfunction syndrome—CADES—which contains 17 items dis-
tributed into four domains (spatial orientation, social interactions, sleep-wake
cycles, and house soiling) related to changes in dogs' behaviour. Staging criteria for
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Table3.2 Stages of Questionnaires Stages

cognitive dechne. m dggs, as Neilson et al. (2001) Mild impairment
defined by questionnaires
Severe impairment

Azkona et al. (2009) Mild impairment
Moderate impairment

Severe impairment
Golini et al. (2009) Dogs with CDS

Dogs without CDS
Salvin et al. (2011) Normal ageing

Query CCD

Dementia
Landsberg et al. Unimpaired
(2012) Impaired

Severely impaired

Rosado et al. (2012) Mild cognitive impairment

Moderate cognitive impairment

Severe cognitive impairment

Fast et al. (2013) Normal cognitive status
Borderline CCD

CCD

Madari et al. (2015) Normal ageing

Mild cognitive impairment

Moderate cognitive impairment

Severe cognitive impairment

CCD canine cognitive dysfunction, CDS cognitive dysfunc-
tion syndrome

detection of the severity of disease were based on the severity of behavioural
changes, the number of affected domains, and total scores (Madari et al. 2015).

We have described normal ageing as a clinical status when dog owners usually
do not notice any apparent changes in their pets’ behaviour. The number of affected
domains varies from O to 2. Early behavioural changes appear occasionally
(Table 3.3).

Similarly, in the case of mild cognitive impairment, pet owners often do not rec-
ognise any changes in their pets’ behaviour. Evaluation and interview by a veteri-
nary clinician can identify very mild changes of the dog’s behaviour, particularly
alterations in interaction with owners or other pets, reduction in activity during the
day and increased activity at night and, rarely, inappropriate indoor elimination. The
number of slightly affected domains varies from 2 to 4.

When CDS progresses into the stage of moderate cognitive impairment, pet own-
ers may observe salient behavioural changes, such as undesirable indoor elimination
(urination, defaecation) or hyperactivity through the night. At this stage, dogs require
more care than ever before. The number of affected domains varies from 2 to 4.
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Table 3.3 List of questionnaires for canine cognitive dysfunction and their characteristics

Colle Osella | Azkona | Golini | Salvin | Landsberg | Rosado | Fast Madari
Questionnaire/ | et al. etal. etal. etal. etal. etal. etal. etal. etal.
characteristic | (2000) | (2007) |(2009) | (2009) |(2011) |(2012) (2012) | (2013) | (2015)

1. Fill-out 15min |20 min | 10 min 15 min | 5 min 15 min 15min | 15 min | 10 min
time
2. Filled by - - — _ + 42 _ _ B
an owner

3.Filledbya |+ + + + _ 42 + i +
specialist

H+
+

3a. A dog + + - + - +? +
was
presented
during filling
out a
questionnaire

4. Special -~ + _c + _ 42 + i 4
examination

4a. Clinical - + - + - +? + + +
examination

4b.
Behavioural

examination - - —c + _ 42 + _

4c. -5 + - - - + + -
Difterential
diagnostic

5. Number of | 10 39 15 32 13 33 22 30 17
items

6. Dog age 3-19y | >7y >9y >Ty >8y - >0y >8y >8y

min minutes, y years

“Landsberg et al. (2012) did not state questionnaire characteristics, but they recommended performing a special
examination of the dog before every testing

"Dogs were not specially examined, because Colle et al. (2000) examined dogs before euthanasia was requested
by the owner

°Azkona et al. (2009) performed phone interviews with dog owners, but dogs were chosen based on medical
history in patient database

In the final stage, severe cognitive impairment or canine dementia, pet owners
report severe detrimental changes in behaviour, which markedly impair the quality
of the coexistence between owner and dog. All four domains were affected, some of
them heavily. A majority of animals shows apparent decline (over 10 points per
domain) either in three or four domains. The CADES score was higher than 45
points.

3.4 The Phenotypic Variability of CDS

CDS encompasses a broad spectrum of clinical symptoms, and not all of them are
present in all senior dogs. The variability in the clinical presentation is most prob-
ably caused by selective damage to various brain areas. Variations in phenotype
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were described in some studies (Madari et al. 2015; Schutt et al. 2015). Although
the authors used different questionnaires, both studies demonstrated the existence of
arange of individual phenotypic patterns. In our study, we found that 57.1% of dogs
suffering from moderate cognitive impairment had severely impaired social interac-
tions and sleep-wake cycles, 26% were impaired only in social interactions, 8.2%
displayed impairment of both spatial orientation and social interaction, and 8.2%
showed impairment exclusively in sleep-wake cycles. Of the 38 dogs suffering from
severe cognitive dysfunction included in the study, 26.7% demonstrated concurrent
impairment in spatial orientation, social interaction and sleep-wake cycles, and
26.7% in all four domains. Our results showed that social interactions and sleep-
wake cycles were the most impaired categories (Madari et al. 2015). These findings
indicate CDS is a multifarious disorder affecting various behavioural domains; with
increasing severity of the disorder, more domains become affected.

The variety of clinical manifestations can be explained by variation in the distri-
bution of pathological changes in different brain areas and selective vulnerability of
said areas. From a plethora of studies on human dementia patients (Braak and Braak
1991; Neary et al. 1998; Mackenzie et al. 2010; Josephs et al. 2011), we know that
the frontal and temporal cortices, as well as the hippocampus and entorhinal cortex
represent the brain areas that are most vulnerable to neurodegeneration. Further
studies are warranted to explore the direct relationship between the extent of the
damage in specific brain areas and phenotypic patterns of canine dementia.

3.5 Summary

Canine dementia constitutes an unmet medical need. The number of dogs suffering
from dementia rises quickly because we have prolonged the lifespan of dogs and cats.
Current diagnostic approaches utilise various forms of questionnaires that can identify
the disease in early stages of development. CDS passes through several stages from
mild, moderate to severe cognitive impairment. CDS seems to have a slightly variable
phenotype, which may differ between demented dogs. Taking these findings into con-
sideration allows therapy to be started in the earliest stages of the disease.

Acknowledgement The work was funded by APVV-15-0613 and APVV-14-0872 and VEGA
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