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a b s t r a c t Chiari-like malformation (CM)/syringomyelia (SM) is a disease complex recognised in Cavalier King Charles spaniels (CKCSs) that can lead to neuropathic pain (NeP). In humans, NeP is associated with anxiety, depression and reduced quality of life (QoL). In this study, databases of three specialist veterinary centres were searched and CKCS breed societies and health forums were contacted to identify CKCS with an imaging diagnosis of CM/SM. Owners completed questionnaires on behaviour, signalment, general health status, NeP and QoL. Data were analysed from 122 dogs out of 564 questionnaires completed, after incomplete questionnaires and data from dogs that had other potentially debilitating disease processes were excluded. NeP severity score was signiﬁcantly and positively correlated with ‘stranger-directed’ fear (rS = 0.28), non-social fear (rS = 0.34), ‘separation-related’ behaviour (rS = 0.38), attachment behaviour (rS = 0.24), excitability (rS = 0.21) and proxy for pain sensation (rS = 0.29). Increased NeP was also significantly associated with decreased QoL (rS = 0.47), ability to settle (rS = 0.26) and willingness to exercise (rS = 0.50). Severity of NeP was positively associated with certain fear-associated behaviour and with decreased owner-perceived QoL. Thus, neurobehavioural changes should be considered in the management of NeP in CKCS with CM/SM. Ó 2012 Elsevier Ltd. All rights reserved.



Introduction An estimated 95% of Cavalier King Charles spaniels (CKCSs) are affected by Chiari-like malformation (CM) and around 70% develop syringomyelia (SM) (Dewey and Rusbridge, 2008; Parker et al., 2011). In humans, Chiari-type I malformation (the human counterpart to CM) and SM are associated with neuropathic pain (NeP) and present with a variety of symptoms, including headaches, pain in the trigeminal territory, back pain, temporomandibular joint pain and spontaneous pain (Todor et al., 2000; Thimineur et al., 2002). NeP is deﬁned as pain arising as a direct consequence of a lesion or disease process which affects the somatosensory system (Grubb, 2010). The resulting abnormal somatosensory processing can manifest as (1) dysaesthesia, a spontaneous or evoked unpleasant abnormal sensation (people with this condition describe burningtype pain, pins and needles and other strange sensations); (2) allodynia, pain from a stimulus which is not normally painful, such as light touch or motion; (3) hyperpathia, increased pain from stimuli ⇑ Corresponding author. Tel.: +44 170 7666365. E-mail address: [email protected] (H.A. Volk). 1090-0233/$ - see front matter Ó 2012 Elsevier Ltd. All rights reserved. http://dx.doi.org/10.1016/j.tvjl.2012.05.018



which are normally painful; or (4) causalgia, a constant, burningtype pain (Gilron et al., 2006; Rusbridge and Jeffery, 2008). CM/SM in CKCS is commonly associated with pain, especially in the cervical region, and with neurological dysfunction, e.g. scoliosis, limb paresis and ataxia (Rusbridge et al., 2000, 2006). Affected dogs might be hypersensitive to touch and often scratch an area on the shoulder, ear, neck or sternum, commonly only on one side of the body without making skin contact, so called phantom scratching (Rusbridge et al., 2006). Some dogs perform facial or head rubbing or spontaneous vocalisations. Such clinical signs are thought to indicate the presence of the animal’s perception of NeP, possibly due to damage of the spinal dorsal horn grey matter secondary to SM, as well as overcrowding of the foramen magnum and subsequent compression of the trigeminal nuclei in the caudal brainstem (Todor et al., 2000; Rusbridge et al., 2006; Rusbridge and Jeffery, 2008). Maximal syrinx width, length and asymmetry strongly predict signs of pain, whilst the degree of cerebellar herniation does not (Lu et al., 2003; Rusbridge et al., 2007; Cerda-Gonzalez et al., 2009). The dorsal horn of the spinal grey matter is central for processing and transmission of sensory information to the brain.
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Neural connections in the dorsal horn are ‘plastic’ and therefore can be re-organised, which can result in persistent pain (Stanfa and Dickenson, 2004). In human and veterinary medicine, NeP is problematic due to its severity, chronic nature and resistance to simple analgesics (Gilron et al., 2006; Grubb, 2010). In people with NeP, neurobehavioural co-morbidities and cognitive impairment are common; as a consequence, cognitive and behavioural interventions play a growing role in the successful management of NeP (Gilron et al., 2006). Around one third of people with NeP report having neurobehavioural disorders, such as depression and anxiety (Gustorff et al., 2008) and it is important to consider the possibility that dogs with NeP may also have neurobehavioural co-morbidities. Furthermore, in humans, NeP is thought to have an even greater impact on the quality of life (QoL) than other chronic pain conditions (Grubb, 2010). The aim of this study was to investigate the impact of NeP associated with CM/SM on the behaviour and QoL of affected CKCS. CM/SM is currently the best characterised NeP condition in dogs and therefore was used for this questionnaire-based study. Materials and methods Animals CKCS were selected by searching the databases of the authors’ referral hospitals for CKCS with a diagnosis of CM/SM made by a board-certiﬁed neurologist, based on magnetic resonance imaging (MRI) of the brain and cervical spinal cord, from January 2004 to March 2010. The owners of these CKCS were contacted by letter and asked to complete an on-line questionnaire. Additionally, owners of CKCS with an imaging diagnosis of CM/SM were invited to participate in the study through CKCS breed societies and health forums in the USA, UK and the Netherlands. The web-based questionnaire was restricted to one questionnaire per Internet protocol (IP) address and was password protected. The results were anonymised and conﬁdential. The study was approved by the Royal Veterinary College Institutional Animal Care and Ethics Committee (approval number 20101006). Procedure and data collection A questionnaire was designed using previously validated questionnaires to assess health related QoL in dogs with chronic illness, such as heart diseases (Freeman et al., 2005) or chronic pain due to degenerative joint disease (Wiseman-Orr et al., 2006) and to assess behavioural changes in dogs which might be associated with NeP (Hsu and Serpell, 2003). The questionnaire consisted of three main sections. Section 1 This section collected demographic information, including country of residence, breed, sex, age and information relating to general health and medication status, including a range of conditions which might affect perception of pain or discomfort and confound data, such as a former diagnosed skin condition, non-compensated heart condition, seizures, otitis media with effusion, ‘ﬂy-catching’ behaviour, arthritis or intervertebral disc disease. Importantly, this section included speciﬁc information on the CM/SM status of the individual dog, including the date of MRI to conﬁrm a suspected CM/SM diagnosis and its current treatment, if any. Section 2 Questions asked in this section aimed to provide an insight into the dog’s general behaviour, any clinical manifestations of CM/SM and owner perceived QoL. Respondents were asked to what degree they had observed the following NeP signs of CM/SM in their dog on a semantic 5-point differential-type rating scale (Oosgood et al., 1957; Hsu and Serpell, 2003: behaviour is exhibited 0 = never, 1 = seldom, 2 = sometimes, 3 = usually, 4 = always): (1) persistent, compulsive scratching with no underlying skin disease; (2) facial rubbing; (3) hypersensitivity to touch; (4) unexplained yelping; (5) reluctance to lift head; (6) reluctance to bend neck to eat; or (7) reluctance or pain when defaecating. Scores were averaged across these clinical signs to determine an individual NeP severity score (NeP score). The same scale was also used to establish a locomotory score and a score for sleeping/resting. To quantify owner perceived QoL, owners were asked to rate their dog’s overall QoL on a ﬁxed scale as follows: 1 = could not be better; 2 = good; 3 = fairly good; 4 = neither good nor bad, 5 = fairly poor; 6 = poor; 7 = could not be worse or 8 = do not know. Section 3 This section was based on a questionnaire to evaluate behaviour, previously validated using 203 dogs with known behavioral anomalies and 1851 control dogs (Hsu and Serpell, 2003). This section had 11 broad categories: ‘stranger-directed’
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aggression; ‘owner-directed’ aggression; ‘stranger-directed’ fear; non-social fear; ‘dog-directed’ fear; ‘separation-related’ behaviour; attachment or attention seeking behaviour; trainability; chasing behaviour; excitability; and pain sensitivity. The aforementioned sliding scale from 0 to 4 was used to quantify responses. The loading factors for each question established by Hsu and Serpell (2003) were used for analysis of each behaviour category. Criteria for inclusion and exclusion CKCS were only included in further analysis if the dog was >1 year of age, alive at the time of questionnaire entry and had a stated date of an MRI that had conﬁrmed a diagnosis of CM/SM. CKCS were excluded from the study if they had been diagnosed with one of the following conditions or clinical signs: skin disease, a heart murmur associated with coughing and/or exercise intolerance, a seizure disorder, ‘ﬂy-catching’ behaviour, otitis media with effusion or any other debilitating condition which could be associated with pain or discomfort, such as pancreatitis, arthritis or intervertebral disc disease. Questionnaires were excluded if data were incomplete or obviously incorrectly entered. Statistical analysis Comparisons of data between populations were performed using the Mann– Whitney U test for unpaired data. Spearman’s rank correlations were used to assess the signiﬁcance level of correlations between NeP score, weighted behaviour scores and QoL. The false discovery rate (FDR) of Benjamini et al. (2001) was applied to control for the increased risk of falsely signiﬁcant results in multiple comparisons. All tests were two-sided and P < 0.05 was considered to be signiﬁcant. Data are presented as median (range minimum–maximum, interquartile range, IQR).



Results Data collection Five-hundred and sixty-four questionnaires were answered. Incomplete or incorrectly entered questionnaires were excluded (n = 303). Two-hundred and one questionnaires were excluded because the diagnosis of CM/SM was based on clinical signs and was not conﬁrmed by MRI; an additional 91 entries were also excluded because the section asking about MRI was left blank. Eleven entries were excluded because no breed was entered. Dogs were also excluded if they had a history of skin disease (n = 21), heart murmur associated with coughing and/or exercise intolerance (n = 31), epilepsy (n = 6), ‘ﬂy-catching’ behaviour (n = 28), otitis media with effusion (n = 33) or any other debilitating condition apart from CM/SM (n = 20). Following these exclusion criteria, 122 questionnaires were included in the analysis. Animals Of 122 CKCS included in the study, 95 (78%) were from the UK, 11 (9%) from the USA, six (5%) from the Netherlands, four (3%) from Canada, four (3%) from Australia, one from Bermuda and one from the Czech Republic. The median age was 54 months (range 12–132, IQR 40.5–80.0 months) and the median weight was 8.5 kg (range 5.0–13.7, IQR 7.7–10.0 kg). Fifty dogs were male (29 neutered) and 72 were female (42 neutered). Eighty-four (69%) dogs were being treated with either one or a combination of the following drugs: gabapentin, furosemide, pregabalin, prednisolone, carprofen, cimetidine or omeprazole. Behavioural changes and quality of life A signiﬁcant positive association was found between NeP score and ratings for stranger-directed fear, non-social fear, separationrelated behaviour, attachment behaviour, excitability and pain sensation (Table 1). The NeP score had a signiﬁcant positive association with QoL score (Fig. 1). NeP was negatively associated with exercise level (rS = 0.5; P < 0.0001; FDR 0.0045) and ability to settle for rest (rS = 0.26; P = 0.0018; FDR 0.0068). However, only 9/ 120 (8%) of owners described their dog as having a fairly poor
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Table 1 Correlation between neuropathic pain score and behaviour factors and quality of life. Category



Spearman rank coefﬁcient



Description of shown behaviourb



P value/FDR thresholda 


Separation-related behaviour Non-social fear



0.38 0.34



0.0002/0.0055



Pain sensation Stranger-directed fear Attachment behaviour Excitability



0.29 0.28



0.0018/0.0068* 0.0023/0.011*



0.24



0.0095/0.015*



0.21



0.02/0.022*



Stranger-directed aggression Dog-directed fear or aggression Owner-directed aggression Trainability



0.16



0.07/0.034



0.09



0.32/0.05



0.08



0.39/0.05



0.05



0.6/0.05



Chasing



0.03



0.73/0.05



*



Dog displays fear/anxiety behaviour when left on its own Dog acts anxious/fearful towards loud/sudden noises, towards unfamiliar/wind-blown objects on walks, or during heavy trafﬁc, thunderstorms or unfamiliar situations generally Dog acts anxiously/fearful when treated by veterinarian, groomed, bathed or having claws clipped Dog acts anxious/fearful when approached by unfamiliar man/woman/child, or when an unfamiliar visitor enters the home Dog shows strong attachment behaviour to a particular member in the household and is attention seeking Dog overreacts or is excitable when household members/visitors arrive, when the doorbell rings, when it is being taken to a walk or car trip, or during play Dog acts aggressively when approached by an unfamiliar man/woman/child, or when an unfamiliar visitor enters the home Dog acts anxious/fearful or aggressive when approached by an unfamiliar dog Dog acts aggressively when approached, threatened, punished by owner, especially in relation to grooming, bathing, food or toys Dog responds to commands adequately and immediately, is quick to learn ‘tricks’ and responds to corrections Dog acts aggressively and chases cats, squirrels and birds if given the chance



Quality of life score



Spearman rank correlations were carried out between NeP scores and the median score for each behavioural category for each dog (n = 122). a False discovery rate controlling procedure (FDR). b For details of behaviour traits, see questionnaire of the study of Hsu and Serpell (2003). * P value below the FDR threshold and thus considered to be signiﬁcant.



Mean neuropathic pain score Fig. 1. Association of owner-perceived quality of life (QoL) with mean neuropathic pain score. QoL score was positively associated with the neuropathic pain score (rS = 0.47; P < 0.0001; FDR 0.0045). A larger QoL score indicates a poorer quality of life (1 = could not be better; 7 = could not be worse), whereas a larger neuropathic pain score indicates a higher frequency of seven pain-related behaviours (1 = seldom; 4 = always). The size of each data point shows the number of dogs represented by that point and, for points representing more than one dog, the precise number is shown in white within the point. NeP score median was 1 (range 0–3.43, IQR 0.43–1.61) and QoL had a median of 2 (range 1–5, IQR 2–3).



overall QoL (score 5) and 4/120 (3%) thought that it was neither good nor bad (score 4). All other owners perceived their dog to have a fairly good to excellent QoL. QoL tended to be worse with increasing weight (rS = 0.25; P = 0.0086; FDR 0.017), but not with increasing age. Treated dogs had a signiﬁcantly worse QoL (median score 2; range 1–5) than untreated dogs (median score 2; range 1– 3; P < 0.0001; FDR 0.0045). There was no signiﬁcant difference between female and male dogs. NeP score was not correlated with age or weight. Male and female dogs did not differ signiﬁcantly in NeP score or in behaviour scores. Treated dogs had a higher NeP score than untreated dogs



(median score 1.3, range 0.1–3.4 vs. median 0.4, range 0–2.7; P < 0.0001, FDR 0.0045).



Discussion The aim of this study was to determine if NeP associated with CM/SM has an impact on behaviour and on owner-perceived QoL of CKCS. Dogs with higher owner-perceived NeP severity scores were more likely to demonstrate stranger-directed fear, non-social fear, separation-related and attachment behaviour, excitability and
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pain sensitivity. Owners perceived dogs with more severe clinical signs of NeP to have a worse QoL and a decrease in exercise and resting behaviour. Nevertheless, 89% of the dog owners thought that their dog had a fairly good to excellent QoL. NeP is pain arising as a direct consequence of a lesion or disease process affecting the somatosensory system (Grubb, 2010). An Austrian study showed that around one third of people with NeP suffered from neurobehavioural disorders, such as depression and anxiety (Gustorff et al., 2008). Moreover, NeP is chronic, severe and drug resistant (Gilron et al., 2006; Rusbridge and Jeffery, 2008; Dworkin et al., 2010; Grubb, 2010). In our canine population, an increase in clinical signs of NeP was positively correlated with fear-related behaviours. Dogs acted more fearfully when approached by an unfamiliar person (stranger-directed fear), when in unfamiliar situations or when sudden loud noises occurred, e.g. thunderstorms (non-social fear). Dogs were more attached (‘clingy’) to the owners (attachment behaviour) and appeared to be more ‘afraid’ when left alone (separation-related behaviour). Additionally, dogs increased their attention-seeking behaviour and were more excitable in positive, reward-associated situations (excitability). It could be postulated that more clinically affected CKCS become more attached to their owners and therefore demonstrate more fear-associated behaviour when left by their owners. It is possible that these highly attached individuals then become more excited when handled. Fearful mood disorders could be based on a kindling phenomenon (Maletic and Raison, 2009), whereby each episode of fear reduces the stimulus threshold for further fear episodes, thus making each episode less dependent on the external pain impetus. Clinical signs associated with NeP, such as phantom scratching, hypersensitivity to touch, unprovoked yelping and facial or head rubbing (Rusbridge et al., 2006) occur episodically and could evoke a fear response and stress in the affected animal, particularly as the unpredictability of the pain allows for no mitigation or control (Weiss, 1972). The neurobiological processes are thought to be comparable between kindling and sensitisation (Post, 2007) and involve functional and structural alterations in central nervous system circuitry involved in regulation of emotion and pain (Maletic and Raison, 2009). The limbic brain, especially the amygdala and hippocampus, is mainly involved in this phenomenon. Therefore, some authors have proposed the aforementioned processes as a common aetiology for chronic pain, depression and anxiety disorders (Miller, 2000). CKCS with higher NeP score also showed decreased willingness to exercise. This could be related to increased fear, to hypersensitivity or even allodynia to touch, since owners often reported dog discomfort and phantom scratching when putting the collar or harness on. Increased NeP score was also associated with problems in settling of the animals. Many human patients with chronic pain experience pain-related sleep disturbances (Brennan and Lieberman, 2009). NeP and the associated sleep disturbances and neurobehavioural comorbidities have a substantial impact on the QoL of a patient. It is thought that NeP has a greater impact on the QoL of human pain patients than other chronic pain conditions (Grubb, 2010). Similarly, in the present study in CKCS, decreased owner-perceived QoL was associated with increased NeP. However, only 8% of owners judged their dog’s QoL as poor and 3% were indifferent about it. One limitation of this study is reliance on owner interpretation. Measurement of NeP is challenging in humans due to its subjective nature and this also could be a limitation in the present study, although the criteria for NeP used in our study have been used previously (Rusbridge et al., 2007). Our response bias is likely to be reduced by asking objective questions about observable signs associated with NeP, rather than subjective assessment of pain being experienced.
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Owner assessment of a dog’s QoL is subjective. It is inﬂuenced by the owners’ individual opinion and their interpretation of the dog’s environment and needs at the time the questionnaire was completed (Budke et al., 2008) and may be inﬂuenced by the owner’s own mood. Therefore, it is plausible that, while owners acknowledge that some aspects of QoL, such as experience of pain, are not ideal, they may perceive the other aspects of the dog’s life to be exemplary, such that overall QoL is good. Additionally, owners may have difﬁculty in recognising that signs they see frequently could be problematic, i.e. such signs become ‘the norm’, or owners experience cognitive dissonance (Festinger, 1957, 1964), subconsciously avoiding acknowledging suffering in their pet about which they can do very little. However, owners also remain the best source of knowledge about individual dogs, because they are in a position to observe their pets more closely than anyone else. Another possibility is that the overall impact of NeP on perceived QoL is not as high in the CKCS as in other breeds, because people often perceive most individuals in the breed to demonstrate a ‘positive affective state’ generally. For example, the UK kennel club describes CKCS’ temperament as ‘gay, friendly, non-aggressive’, with the tail ‘carried happily’ (The Kennel Club, 2007). Furthermore, aggression did not parallel the associations seen with fear and NeP score. QoL and behaviour could be inﬂuenced by many factors, including lifestyle, training and physical factors, such as age, sex and weight. In our study, weight was positively correlated with a reduced QoL, but not greater NeP. Obesity has an inﬂuence on the health and the QoL of animals (Zoran, 2010). However, data in the current study were owner reported rather than by trained observers and weight rather than body condition score was recorded, so the reported level of obesity may not be accurate. Furthermore, treated dogs had a worse QoL and increased NeP, which most likely reﬂect the higher disease status in this group and the necessity for improving the efﬁcacy of current treatments. Conclusions Clinical signs indicative of NeP due to CM/SM in CKCS are associated with increased fear-related behaviour and can have a negative impact on the owner-perceived QoL of a dog, similar to observations in humans with NeP. Conﬂict of interest statement None of the authors of this paper has a ﬁnancial or personal relationship with other people or organisations that could inappropriately inﬂuence or bias the content of the paper. Acknowledgements The authors would like to thank CKCS clubs and all the owners of dogs included in the study. The manuscript was assessed according to the Royal Veterinary College, London, Good Research Practice guidelines (Authorisation Number VCS_00195). References Benjamini, Y., Drai, D., Elmer, G., Kafkaﬁ, N., Golani, I., 2001. Controlling the false discovery rate in behavior genetics research. Behavioural Brain Research 125, 279–284. Brennan, M.J., Lieberman 3rd, J.A., 2009. Sleep disturbances in patients with chronic pain: Effectively managing opioid analgesia to improve outcomes. Current Medical Research Opinion 25, 1045–1055. Budke, C.M., Levine, J.M., Kerwin, S.C., Levine, G.J., Hettlich, B.F., Slater, M.R., 2008. Evaluation of a questionnaire for obtaining owner-perceived, weighted qualityof-life assessments for dogs with spinal cord injuries. Journal of the American Veterinary Medical Association 233, 925–930.
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