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Simple Summary

Chiari-like malformation (CM) is a skull abnormality common in small-breed dogs, result-
ing in overcrowding of the brain. This malformation is practically ubiquitous among the
Cavalier King Charles Spaniel (CKCS) breed. This can cause disruption in cerebrospinal
fluid flow, leading to the development of fluid-filled cysts in the spinal cord called sy-
ringomyelia (SM). Dogs with CM+/-SM can experience pain, scratching, and neurological
problems, like people with a similar malformation. In people, this can result in sleep
disturbances, but little is known about sleep in affected dogs. In this study, we used owner-
completed questionnaires to compare sleep quality in CKCS with and without clinical signs
compatible with CM+/-SM. Dogs with clinical signs had more disrupted sleep, including
poor sleep quality and more frequent sleep interruptions. These findings suggest that
sleep disturbances are a component of CM+/-SM in dogs and should be considered when
managing their condition.

Abstract

Chiari-like malformation (CM) and syringomyelia (SM) are prevalent in Cavalier King
Charles Spaniels (CKCS). We hypothesized that CKCS with clinical signs compatible with
CM+/-SM exhibit sleep disturbances. Thirty-seven CKCS with and without clinical signs
compatible with CM+/-SM were included. No magnetic resonance imaging was required
for inclusion. A questionnaire-based study was conducted using two validated instru-
ments: CHASE to assess CM+/-SM severity and SNoRE 3.0 to evaluate sleep disturbances.
Dogs with CHASE scores ≥7 were classified as having clinical signs. Nineteen dogs with
clinical signs (median: 5 years, range: 3–10 years) and 18 without clinical signs (mean:
4.1 years, SD: 2.6) were included, with median CHASE scores of 13 (range: 7–18) and
1 (range: 0–6), respectively. Dogs with clinical signs had higher median SNoRE scores
(median: 10, range: 6–30) than dogs without clinical signs (median: 7, range: 6–15). Sleep
quality (padj = 0.008) and sleep interruptions due to dreaming (padj = 0.003) were signifi-
cantly different between groups, with clinically affected dogs showing higher scores and
greater variability. CKCS with clinical signs compatible with CM+/-SM show evidence of
sleep disturbances, warranting confirmation with polysomnography and consideration in
therapeutic management.
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1. Introduction
Chiari-like malformation (CM) is a developmental disorder characterized by neuro-

parenchymal skeletal disproportion of the skull and craniocervical junctions, resulting
in overcrowding of the foramen magnum and altered cerebrospinal fluid dynamics. It
is common in small-breed dogs, although most often seen in the Cavalier King Charles
Spaniel (CKCS) [1]. This condition can lead to the development of syringomyelia (SM) due
to disruptions in cerebrospinal fluid (CSF) flow dynamics [2]. Clinical signs associated with
CM+/-SM commonly include phantom scratching towards the head, neck, or shoulder,
facial rubbing, scoliosis, ataxia, vocalization, and head and spinal pain [3,4].

In people, Chiari malformation type 1 (CM1) is a neuroanatomic disorder charac-
terized by the herniation of the cerebellar tonsils through the foramen magnum, often
associated with a reduced posterior fossa volume, which can result in the development of
syringomyelia [5–16]. CM1 has been described in association with developmental varia-
tions of the skull, which may contribute to alterations in the morphology of the posterior
fossa, and, notably, the canine ortholog may share features with these forms of Chiari
malformation [12,17,18]. This disorder results in neural changes due to compression and
crowding of the cerebellum, brainstem, and/or the upper cervical spinal cord at the cranio-
cervical junction [5,14,16,18–20].

Symptoms of CM1 include headaches, pain, weakness, numbness, ataxia, cranial
nerve dysfunction, and sleep disturbances [5,11,19,21,22]. Patients have been reported to
experience increased sleepiness, insomnia, longer sleep latencies, shorter total sleep times,
a greater incidence of restless legs syndrome, and a higher risk of sleep-disordered breath-
ing [15]. Notably, sleep apnea has been acknowledged as a common clinical manifestation
of CM1 [12,14,23].

Dogs can suffer from sleep disorders such as narcolepsy, rapid eye movement (REM)
sleep behavior disorder, and sleep-disordered breathing [24,25]. In addition, chronic disor-
ders such as osteoarthritis and canine cognitive dysfunction syndrome have been associated
with sleep disruption [24,26,27]. Sleep disorders in dogs can manifest as interrupted sleep,
sleeping with the chin elevated or mouth open, snoring, and choking or apneic episodes
during sleep [28]. Disruption of sleep can lead to a range of negative outcomes, including
cardiovascular and metabolic changes, as well as compromised physical and neurocogni-
tive performance [12,29,30]. Sleep disturbances have been well documented in people with
CM1, although prior studies have not systematically evaluated whether CKCS with clinical
signs compatible with CM+/-SM exhibit similar sleep-related issues. It has been postulated
that dogs with CM have sleep disturbances, although these are poorly defined. We aimed
to investigate sleep quality in dogs with and without clinical signs compatible with the mal-
formation using a validated, owner-completed questionnaire. We hypothesized that dogs
with clinical signs compatible with CM+/-SM would exhibit more sleep disturbances than
those without clinical signs, allowing for a more in-depth evaluation of sleep-related signs.

2. Materials and Methods
A survey was created using Qualtrics (Qualtrics LLC, Provo, UT, USA) to investigate

sleep disturbances among client-owned dogs (Supplementary File S1). Participation was
voluntary, and all owners completed an informed consent form to participate. Institutional
Review Board approval was not sought for this study as questions were asked about dogs
rather than their owners, classifying this work as “Not Human Subject Research”. The
survey was distributed to owners of dogs that had previously participated in a study at
North Carolina State University and to those whose owners had expressed interest in
participating in past studies. The survey was also posted in two social media groups and
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emailed to Central Carolina CKCS Club members. Sample size was determined by case
availability and owner participation during the study period.

Owners were asked to provide general information about their dog’s age, sex, other
medical conditions, and medications, with a specific question regarding skin disease.
Additionally, owners were asked whether their dog had a previous diagnosis or suspicion
of CM+/-SM.

Data were obtained using two validated questionnaires. The Chiari-like Malformation
and Syringomyelia Evaluation (CHASE) consists of 5 questions on a scale of 0–6, asking
the owners to rate the severity of the dog’s signs related to CM+/-SM over the past
7 days in the categories of scratching, anxious, sensitive, uncomfortable, and restless. This
generated an ordinal score that could be analyzed as continuous data but also allowed
dogs to be categorized as either having clinical signs compatible with CM+/-SM or not,
using the CHASE questionnaire threshold of 6 and under as not having clinical signs and
7 and above as showing signs. These thresholds were determined based on a previous
evaluation of the CHASE questionnaire in a population of healthy, normal dogs that
were not CKCS, as well as clinically affected CKCS [31]. Only a subset of dogs had
undergone an MRI performed for an established diagnosis or screening for breeding.
Chiari-like malformation with and without syringomyelia is nearly ubiquitous within
the CKCS, including in clinically unaffected individuals [32,33]. Classification of clinical
signs was solely made based on clinical scoring from the CHASE questionnaire because of
the mismatch between clinical signs and findings on imaging that have been consistently
reported in dogs with CM+/-SM [4,34–36].

The Sleep and Nighttime Restlessness Evaluation (SNoRE) 3.0 is a validated question-
naire tool for assessing sleep quality in dogs [27]. It consists of 6 questions divided into two
categories: sleep quality and sleep interruptions caused by dreaming. Four questions were
asked regarding sleep quality, including whether the dog falls asleep easily at bedtime,
how often it gets up or paces, how frequently it needs to eliminate during the night, and
how often it pauses breathing. Two questions addressed sleep interruptions caused by
dreaming, asking how often vocalizations or twitching wake the dog. The owners rated all
questions on a scale of 1 to 10.

Owners were also asked to report how much their dog snored at night over the
previous seven days on a scale of 1–10 and whether their dog tended to sleep with its head
propped up/elevated. Two open-ended questions were included for owners to describe
any other abnormalities they wanted to report regarding their dogs’ sleeping patterns.
Additionally, if the dog had started treatment for CM+/-SM, owners were asked whether
the medications caused any changes in sleeping habits.

Dogs were excluded if they did not sleep in their owner’s room at night or had any skin
conditions noted by the owner because of the potential impact on CHASE responses. Dogs
included had to be CKCS, and only one dog per owner was included. Medical conditions
reported by owners were evaluated individually for their potential to disrupt sleep or alter
the CHASE score. All data used in this analysis is available in Supplementary File S2.

Statistical analysis was performed using JMP Pro 18 (SAS Institute, Cary, NC, USA).
Dogs were grouped into two categories: those with clinical signs compatible with
CM+/-SM (CHASE score of 7 or greater) and those without (CHASE score < 7). Sum-
mary data on age, sex, CHASE, and SNoRE 3.0 scores were prepared for each group. A
Shapiro–Wilk test was used to determine the normality of continuous data; normal data
were expressed as the mean and standard deviation, non-normal data were expressed
as the median and range, categorical data were expressed as proportions. Age, sex and
pain medication (yes or no) were compared between the two groups using a Wilcoxon
rank-sum test (age) or contingency tables (sex and pain medications) with a Fisher’s Exact
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test. Given differences in treatment of CM+/-SM signs between these two groups, we
examined whether pain medications alone altered sleep by grouping dogs according to
pain medication (yes or no) and comparing the total SNoRE score between groups with a
Wilcoxon rank-sum test.

The relationship between clinical signs compatible with CM+/-SM and sleep was
examined through analyses of CHASE and SNoRE scores. With dogs grouped as clinically
affected or not, the SNoRE total score and scores for the two SNoRE categories (sleep
quality and sleep interruptions caused by dreaming) were compared between groups using
a Wilcoxon rank-sum test. To explore the relationship between the severity of signs and the
severity of sleep disturbance further, the relationship between CHASE and SNoRE 3.0 scores
was evaluated across the entire study cohort using linear regression. Finally, responses to
individual questions were plotted graphically for visual evaluation to determine whether
any difference detected was driven by a particular question. The age of CKCS with and
without twitching at night was compared using a Wilcoxon Rank Sum test to investigate
whether the twitching was caused by age-associated myoclonus. The responses to head
position during sleep and snoring were compared by the construction of contingency tables
and chi-square analysis. A Holm-Bonferroni correction was applied to account for multiple
comparisons, and adjusted p values were reported as padj.

3. Results
Fifty-four owners completed the questionnaire. Fourteen dogs were excluded because

they did not sleep in the owner’s room at night, and one owner completed the questionnaire
for two dogs, so the second dog was removed. One dog was excluded because it was a
different breed, and another was excluded due to food allergies that caused skin irritation.
One dog did not have a reported response on whether it slept with its head elevated,
leaving 36 dogs with complete surveys and one dog lacking a single response.

Eighteen dogs fit our criteria for not having clinical signs compatible with CM+/-SM.
These dogs had a mean age of 4.1 years (SD: 2.6) and a median CHASE score of 1 (range:
0–6). Eight were neutered males, eight were spayed females, and two were intact females.
This group included one dog with suspected CM+/-SM, three dogs diagnosed with CM
and SM on magnetic resonance imaging (MRI), and 14 dogs that were considered normal
by their owners and had not undergone advanced imaging. Comorbidities reported
included myxomatous mitral valve disease (2), protein-losing enteropathy/deafness/heart
murmur (1), keratoconjunctivitis sicca (1), and exocrine pancreatic insufficiency/urinary
incontinence (1). The dog with urinary incontinence did not have an increase in elimination
overnight. Medications and supplements included topical eye medications, supplements,
pregabalin, prednisone, pimobendan, Atopica, enalapril, spironolactone, Incurin, pancreatic
enzymes, Crananidin, Coballequin, gabapentin, omeprazole, Fortiflora, Myos supplement,
Dasuquin, and Antinol.

Nineteen dogs met the CHASE threshold to be categorized as having clinical signs
compatible with CM+/-SM. These dogs had a median age of 5 years (range: 3–10 years)
with a mean CHASE score of 12.3 (SD: 3.7). Seven dogs were neutered males, one was
an intact male, and 11 were spayed females. This group included 13 dogs diagnosed
with CM on MRI and six that had not undergone advanced imaging. Of the 13 dogs
diagnosed with CM on MRI, 10 also had SM. Comorbidities in this group of dogs included
primary secretory otitis media (2), macrothrombocytopenia (1), myxomatous mitral valve
disease (1), arthritis (1), loose and soft stool (1), flycatcher’s syndrome (1), dry eye (1), and
being deaf with a heart murmur (1). The medications and supplements the dogs were
taking at the time included trazodone, fluoxetine, pregabalin, tramadol, cyclosporine eye
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drops, tacrolimus eye drops, pimobendan, Rimadyl/Carprofen, probiotics, gabapentin,
and CBD oil.

No significant differences in age (p = 0.15) or sex (p = 0.44) were observed
between groups.

Twenty-four dogs were not on pain medication at the time of this survey, and 13 were
taking one or more of the following medications: pregabalin, gabapentin, carprofen, and/or
tramadol. Medications controlled signs effectively in two of these dogs, and they had
CHASE scores of <7 at the time of the survey and were therefore categorized as not
clinically affected. Eight owners reported a change in their dogs’ sleep patterns when
they started on medication, noting that their dogs slept better, they were calmer and
more comfortable, did not wake up to scratch, slept more restfully, and required fewer
adjustments to their position during the night, resulting in deeper sleep. Among these
dogs, one owner reported that their dog woke up more often and abruptly since starting the
medication, while another reported that their dog slept more during the day, and another
specifically noted that their dog woke up earlier and scratched persistently until the owners
got up.

Of the thirteen dogs that were receiving pain medication at the time of this survey:
eight dogs were on pregabalin, four were on gabapentin, two were on carprofen, and two
were on tramadol (one being only given as needed). Two of these dogs were receiving
multiple pain medications at the same time: one receiving pregabalin and tramadol and the
other receiving carprofen and gabapentin. A larger proportion of dogs with clinical signs
compatible with CM+/-SM were on pain medications (11 out of 19) compared to those
without clinical signs (2 out of 18) (p = 0.005). Given this treatment difference between
groups, we compared SNoRE scores between dogs based on treatment with pain medica-
tions and found no significant difference between groups (p = 0.11). (Figure 1) A similar
result was observed when dogs were compared based on treatment with gabapentinoids
alone (p = 0.15).

Figure 1. Box plot of SNoRE Total scores in dogs receiving or not receiving pain medication at the
time of questionnaire completion. Dots represent individual dogs. The horizontal line indicates the
median. ns = not significant.
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When evaluating the total SNoRE score, dogs with clinical signs compatible with
CM+/-SM had a median score of 10 (range: 6–30), whereas those without clinical signs had
a median score of 7 (range: 6–15). This difference was significant (p ≤ 0.001, padj = 0.003)
(Figure 2) The group without clinical signs had one outlier with a total SNoRE score of 15,
the only score exceeding 10. The owner of this dog reported that it was suspected of having
clinical signs compatible with CM+/-SM by the veterinarian. This dog had no other listed
medical conditions and was receiving gabapentin and omeprazole at the time of this survey.
The SNoRE scores were separated into two clusters in the group of dogs with clinical signs
compatible with CM+/-SM. Nine dogs in the group with clinical signs had scores above 10,
while the remaining 10 dogs had scores that were comparable to the group that did not
have clinical signs (Figure 2).

Figure 2. Box plot of SNoRE Total scores in dogs with and without clinical signs compatible with a
Chiari-like malformation +/− syringomyelia. Dots represent individual dogs. The horizontal line
indicates the median. The adjusted p-value for the group comparison is shown above the bracket.

After determining that a significant difference exists between dogs with and without
clinical signs compatible with the malformation, we assessed whether these scores were
directly correlated. A moderately strong positive correlation (p ≤ 0.001, R = 0.61), was seen
between the CHASE score and the total SNoRE score (Figure 3).

When broken down into their respective categories of sleep quality and sleep interrup-
tions caused by dreaming, the significant difference in total SNoRE scores was driven by re-
sponses in both areas, with significant differences between groups for quality (padj = 0.008),
and interruptions (padj = 0.003) (Figure 4). The outlier noted in the total SNoRE score was
also an outlier in both categories, as was the spread of SNoRE scores in clinically affected
dogs, with a subset having severe problems and others scoring more normally.
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Figure 3. Scatter plot of SNoRE Total score versus CHASE score. A line of best fit (solid dark
blue) is shown with the 95% confidence interval (blue shading). The vertical dashed blue line
indicates the division between dogs with and without clinical signs compatible with a Chiari-like
malformation +/− syringomyelia. The corresponding p-value and R-value are displayed in the
upper left corner.

Figure 4. Box plots of the SNoRE questionnaire categories: sleep quality (A) and sleep interrup-
tions due to dreaming (B), in dogs with and without clinical signs compatible with a Chiari-like
malformation +/− syringomyelia. Dots represent individual dogs; horizontal lines indicate medians.
Corresponding adjusted p-values are shown above the brackets.

The responses to individual questions are shown in Figure 5 (sleep quality questions)
and Figure 6 (sleep interruptions caused by dreaming questions) with data provided
in Tables 1 and 2. These data demonstrate that group differences are not being driven
by one question or type of sleep disturbance. Notably, age-associated myoclonus has
commonly been reported among older CKCS regardless of CM+/-SM status [37]. The
median twitching score among all dogs was 1, with 9 dogs exhibiting a score greater than 1.
Dogs with a twitching score of 1 had a median age of 4 years (range: 1–10 years), while
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those with a score greater than 1 also had a median age of 4 years (range: 3–6 years). There
was no significant difference in age between dogs with higher versus lower twitching scores
(p = 0.68), suggesting that the observed twitching behavior during sleep is unlikely to be
related to age-associated myoclonus. This is further supported by the age of the CKCS in
this study (mean: 4.1 years, SD: 2.6).

Figure 5. Box plots of SNoRE questions within the sleep quality category: ability to fall asleep (A),
ability to sleep continuously (B), pauses in breathing (C), and need to eliminate overnight (D). Dots
represent individual dogs; horizontal lines indicate the medians.

Table 1. Summary of median and range for the category of sleep quality questions in dogs with and
without clinical signs compatible with a Chiari-like malformation +/− syringomyelia.

Question Clinical Signs Median Range

Ability to sleep at bedtime No 1 1–2

Yes 1 1–8

Ability to sleep continuously No 1 1–3

Yes 2 1–8
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Table 1. Cont.

Question Clinical Signs Median Range

Pauses breathing No 1 1–5

Yes 2 1–8

Need to eliminate during the night No 1 1–4

Yes 2 1–9

Figure 6. Box plots of SNoRE questions within the sleep interruptions caused by dreaming category:
vocalizations that wake the dog up (A) and twitching that wakes the dog up (B). Dots represent
individual dogs; horizontal lines indicate the medians.

Table 2. Summary of median and range for the category of sleep interruptions caused by
dreaming questions in dogs with and without clinical signs compatible with a Chiari-like
malformation +/− syringomyelia.

Question Clinical S1. Median Range

Vocalization that wakes the dog up No 1 1–2

Yes 2 1–6

Twitching that wakes the dog up No 1 1–3

Yes 1 1–5

Dogs that had clinical signs compatible with CM+/-SM had a higher median snoring
score (median: 5, range: 1–10) compared to those without clinical signs (median: 2.5, range:
1–10). This resulted in a significant difference between the two groups, but once corrected
for multiple comparisons, it did not reach this threshold (p = 0.033, padj = 0.065). Similarly,
57.9% of dogs with clinical signs tended to sleep with their heads propped up, compared to
only 23.5% of dogs without clinical signs. This behavior was also significantly associated
with the presence of clinical signs compatible with CM+/-SM, until corrected for multiple
comparisons (p = 0.034, padj = 0.065). Of the four dogs without clinical signs reported to
sleep with their heads up, one was suspected to have CM+/-SM, and was the outlier noted
in each of the categories in the SNoRE 3.0. (Figure 7).
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Figure 7. Box plot (A) showing the prevalence of snoring in dogs with and without clinical signs
compatible with a Chiari-like malformation +/− syringomyelia. Each dot represents an individual
dog; horizontal lines indicate medians. Corresponding adjusted p-value is shown above the brackets.
A contingency table (B) depicting whether dogs sleep with their heads propped up by clinical status.
The adjusted p-value is displayed in the bottom right corner. A color key is provided in the upper
right corner, and each section is labeled with the number of dogs (n).

4. Discussion
Chiari-like malformation in dogs shares similarities with CM1 in people, leading us

to investigate whether sleep disturbances exist among dogs with this condition. Based on
the SNoRE 3.0 questionnaire, clinically affected dogs experienced more sleep disturbances,
clustering into two distinct groups: those with signs of sleep disruption and those without.
The difference in SNoRE scores was driven by differences across both categories of the
questionnaire and individual questions, suggesting that sleep disturbances manifest in
multiple ways.

In people and dogs with this condition, sleep disturbances may stem from com-
pression of the brainstem, cervical spinal cord and the more caudal cranial (IX-XII)
nerves, resulting in respiratory compromise, cranial nerve dysfunction, and disruptions
in sleep regulation [8,9,12,14,38–40]. Studies in people with CM1 have reported insom-
nia, with one study reporting sleep latency nearly three times longer than in controls [15].
Similarly, owners in our study reported that dogs with clinical signs compatible with
CM+/-SM took longer to fall asleep. People with CM1 also experience shorter habitual
sleep duration and a higher prevalence of restless legs syndrome [15]. In our population,
more dogs with clinical signs woke and paced during the night, which might reflect dif-
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ficulty finding a comfortable position due to chronic pain. Sleep disturbances, including
insomnia and frequent waking, are commonly associated with pain in both humans and
animals, as supported by questionnaire data and activity monitoring [26,41,42].

Owners also noted increased nighttime elimination in dogs with clinical signs compati-
ble with CM+/-SM. While this might be secondary to more frequent awakenings, increased
daytime and nighttime frequency of urination are documented in people with SM, a fre-
quent comorbidity in CM [43]. However, we could not rule out other non-neurological
causes of increased urinary frequency in our study population, because while owners
were asked to list other medical conditions, full medical records were not obtained for
these dogs.

Dogs that had clinical signs compatible with CM+/-SM were more likely to exhibit
breathing pauses during sleep. Sleep-disordered breathing has been reported with a
prevalence of approximately 50–70% in individuals with CM1, with frequency depending
on assessment criteria [8,10,14,15,18,21,39]. Sleep-disordered breathing patterns reported
include obstructive, central, mixed, and hypopneas [8,10,12,13,19,38,44–46]. Compression
of the brainstem can alter ventilatory control through impairment of central chemoreception,
which may cause decreased responsiveness to carbon dioxide and disruption of feedback
mechanisms [8,18,44,47,48]. This might also result in brief arousals due to hypoventilation,
elevated end-tidal carbon dioxide levels, and reduced respiratory rates, resulting in sleep
fragmentation [13,47]. Another possibility is dysfunction of the pontomedullary respiratory
network, particularly the ventral medullary group that is responsible for respiratory rhythm
generation [44]. Additionally, cervical SM can cause compression of the phrenic motor
neurons and reduced blood supply to the brainstem, both of which might contribute to this
dysfunction [12,49].

Obstructive sleep apnea is associated with brachycephalic breeds such as Pugs, French
Bulldogs, English Bulldogs, and CKCS, and is characterized by snoring, recurrent partial
and/or complete obstruction of the upper airway during sleep, intermittent oxyhemoglobin
desaturations, and sleep disruption [25,50,51]. In CKCS, snoring might result from craniofa-
cial structural abnormalities. In a morphometric study in CKCS with pain from CM+/-SM
or that had a large syrinx, osseous insufficiency resulting in rostral flattening, and a closer
proximity of the soft palate to the cranial base were noted, which might further compromise
airway integrity and contribute to snoring [50]. Obstructive sleep apnea has also been
reported among people with CM1, possibly due to compression of the cranial nerves IX, X,
and XI, resulting in decreased tone of the pharyngeal, laryngeal, and dilating muscles or
loss of upper airway sensation, allowing for negative thoracic pressure that occurs with
inhalation to cause upper airway collapse [8,12,18,23,46].

During REM sleep, dogs can exhibit limb paddling, twitching, yelping, and muffled
barking, and this can occur without disrupting their sleep. However, in our study, dogs
with clinical signs compatible with CM+/-SM experienced vocalization and twitching
severe enough to disrupt their sleep. In people with CM1, it is proposed that REM sleep
behavior disorder occurs because of brainstem compression leading to dysfunction of the
reticular activating system and neuron groups responsible for inhibitory neuronal control
during REM sleep, which can result in hyperarousal, increased wakefulness, and sleep
fragmentation [10,44]. Similar brainstem dysfunction in CM might underlie this increase in
activity that disrupts sleep among affected dogs.

Some dogs with CM+/-SM prefer sleeping with their heads elevated, a behavior that is
more common in those with a large syrinx [52]. Elevation of the head to 30 degrees is recom-
mended when managing dogs with increased intracranial pressure (ICP) based on human
head injury guidelines. It has been demonstrated in people that lying flat increases ICP,
while elevating the head to 30 degrees lowers ICP, through enhanced venous return while
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maintaining cerebral perfusion [53,54]. We hypothesize that dogs with CM+/-SM seek
head elevation when sleeping to avoid increases in ICP and the accompanying headaches.

Sleep-disordered breathing has been described as an initial manifestation of CM1 in
people, even without other neurologic signs [14,21,55]. In our study, one dog was an outlier
in both categories of the SNoRE 3.0 in the group of dogs without clinical signs. This dog
was suspected to have CM+/-SM and was being successfully treated with gabapentin and
omeprazole at the time of this survey with CHASE scores below the threshold used to
separate clinically affected and normal dogs. This dog might reflect a presentation that
was characterized primarily by sleep disturbances, similar to that seen in people, although
other factors could also explain the sleep disturbances.

Impaired sleep is associated with a wide range of adverse physical, cognitive, and
psychological effects [15]. These include increases in cardiovascular diseases, oxidative
stress, inflammation, endothelial dysfunction, metabolic changes, and carotid body ac-
tivity, as well as decreased nitric oxide bioavailability, leading to negative effects on the
brain, cerebrovasculature, and heart [14,31,56–59]. More specifically, sleep-related breath-
ing disturbances might exacerbate neuropathology and clinical signs among dogs with
CM+/-SM. Hypercapnia and increased respiratory effort against an obstructed airway can
cause cerebral vasodilation, resulting in transient intracranial hypertension, potentially in-
creasing cerebellar herniation, compressing neural tissue, and promoting the development
or worsening of SM or hydrocephalus [5,13,45,46,60,61]. Among dogs with neuropathic
pain syndromes, sleep disruption might be especially harmful, because sleep fragmentation
can exacerbate pain, increase hypersensitivity, and alter neurotransmitter modulation,
possibly contributing to the development or persistence of chronic pain [62,63]. These
possible adverse effects emphasize the importance of evaluating sleep in the therapeutic
plan for dogs with CM+/-SM and pain.

This study was intentionally designed to use owner-reported clinical signs for both
CM+/-SM and sleep. The validated questionnaires used are designed to capture the signs
that owners witness in the home environment. Capturing signs of pain is notoriously
difficult, and it is well established that the MRI findings do not correlate well with clinical
signs, as identified both by veterinarians in hands-on examinations and by owner reports
in CM+/-SM [4,35,36,52,64]. The gold standard for sleep evaluation and quantification is
polysomnography, but this is challenging and time-consuming to perform in dogs, and the
SNoRE 3.0 was validated against both activity monitors and polysomnography [27].

Our study had several limitations. First, we relied on the owners for accurate re-
porting of their dog’s current state and medical history. This study did not include direct
examinations of dogs, such as evaluations for brachycephalic obstructive airway syndrome,
respiratory grading, obesity, environmental conditions, and other comorbidities, which
could also influence sleep. Comorbidities that were present within this population were
unable to be investigated in depth because of small sample sizes. In addition, we did not
have brain MRI scans for every dog in the study and so we cannot confirm their imaging
status, either positive or negative regarding CM and SM; rather we identified the popula-
tion based on the presence or absence of typical signs of CM+/-SM. A subset of dogs in
this study were receiving medications for pain or behavioral signs. Although there were
no apparent effects of medications on sleep in our cohort, and overall data on their effects
on sleep in dogs is limited, it is important to acknowledge that several of these agents
have the potential to influence sleep. Owner bias and recall bias might have influenced the
questionnaire responses. Owners who are hypervigilant or have a dog with more medical
needs may be more aware of potential issues that might seem less concerning to other
owners. Similarly, the frequency and severity of reported sleep disturbances may not fully
reflect the dog’s objective sleep patterns if owners are not accurately remembering past
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events. Finally, hypersomnia and excessive daytime somnolence have been reported in
those with CM1, but SNoRE 3.0 does not evaluate these aspects of sleep [8,60].

This article is a revised and expanded version of an abstract presented as an oral
research presentation titled “Owner Observed Sleep Disturbances Between Cavalier King
Charles Spaniels with and without Symptomatic Chiari-like Malformation” at the American
College of Veterinary Internal Medicine Forum in Louisville, Kentucky in June of 2025 [65].

5. Conclusions
We conclude that CKCS with clinical signs presumed to be associated with CM+/-SM

also exhibit sleep disturbances. Veterinarians should discuss the signs suggestive of sleep
disturbances and sleep-disordered breathing, such as snoring, apneas, and daytime som-
nolence, with dog owners. Treatment options for sleep disorders are limited in dogs
because interest in this medical problem has been limited historically. Future studies
should focus on using objective diagnostic methods such as polysomnography to validate
the presented findings.
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