
S T AND A RD A R T I C L E

Description of a novel method for detection of
sleep-disordered breathing in brachycephalic dogs

Iida Niinikoski1 | Sari-Leena Himanen2,3 | Mirja Tenhunen3,4 |

Liisa Lilja-Maula1 | Minna M. Rajamäki1

1Department of Equine and Small Animal

Medicine, University of Helsinki, Helsinki,

Finland

2Faculty of Medicine and Health Technology,

Tampere University, Tampere, Finland

3Department of Clinical Neurophysiology,

Tampere University Hospital, Medical Imaging

Centre and Hospital Pharmacy, Pirkanmaa

Hospital District, Tampere, Finland

4Department of Medical Physics, Tampere

University Hospital, Medical Imaging Centre

and Hospital Pharmacy, Pirkanmaa Hospital

District, Tampere, Finland

Correspondence

Iida Niinikoski, Department of Equine and

Small Animal Medicine, P.O. Box 57, FI-00014

University of Helsinki, Finland.

Email: iida-maria.niinikoski@helsinki.fi

Funding information

Agria Djurförsäkring/Svenska Kennelklubben

Forskningsfond, Grant/Award Number:

N2020-0021; Eläinlääketieteen Tutkimuksen

Tukisäätiö; Suomen Eläinlääketieteen Säätiö

Abstract

Background: Sleep-disordered breathing (SDB), defined as any difficulty in breathing

during sleep, occurs in brachycephalic dogs. Diagnostic methods for SDB in dogs

require extensive equipment and laboratory assessment.

Objectives: To evaluate the usability of a portable neckband system for detection of

SDB in dogs. We hypothesized that the neckband is a feasible method for evaluation

of SDB and that brachycephaly predisposes to SDB.

Animals: Twenty-four prospectively recruited client-owned dogs: 12 brachycephalic

dogs and 12 control dogs of mesocephalic or dolicocephalic breeds.

Methods: Prospective observational cross-sectional study with convenience sam-

pling. Recording was done over 1 night at each dog's home. The primary outcome

measure was the obstructive Respiratory Event Index (OREI), which summarized the

rate of obstructive SDB events per hour. Additionally, usability, duration of recording,

and snore percentage were documented.

Results: Brachycephalic dogs had a significantly higher OREI value (Hodges-Lehmann

estimator for median difference = 3.5, 95% confidence interval [CI] 2.2-6.8;

P < .001) and snore percentage (Hodges-Lehmann estimator = 34.2, 95% CI

13.6-60.8; P < .001) than controls. A strong positive correlation between OREI and

snore percentage was detected in all dogs (rs = .79, P < .001). The neckband system

was easy to use.

Conclusions and Clinical Importance: Brachycephaly is associated with SDB. The

neckband system is a feasible way of characterizing SDB in dogs.

K E YWORD S

apnea-hypopnea index, at-home device, brachycephalic obstructive airway syndrome,
Obstructive Respiratory Event Index, obstructive sleep apnea

1 | INTRODUCTION

Sleep-disordered breathing (SDB) implies any abnormal breathing dur-

ing sleep, ranging from hypopnea, that is, shallow breathing due to

Abbreviations: AHI/REI, Apnea Hypopnea Index/Respiratory Event Index; BCS, body

condition score; BD, brachycephalic dog; BOAS, brachycephalic obstructive airway

syndrome; CI, confidence interval; OREI, Obstructive Respiratory Event Index; OSA,

obstructive sleep apnea; REM, rapid eye movement; SBD, sleep-disordered breathing;

WBBP, whole-body barometric plethysmography.
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partial obstruction, to apnea, a complete cessation of airflow.1 In

humans, SDB can be classified into obstructive sleep apnea (OSA),

central sleep apnea, upper airway resistance syndrome, and sleep

hypoventilation syndrome.2 In dogs, SDB closely resembling human

OSA, characterized in sleep measurements by recurring episodes of

hypopnea and apnea caused by upper airway obstruction, is described

in English Bulldogs3,4 and Cavalier King Charles Spaniels5 with signs

of brachycephalic obstructive airway syndrome (BOAS). In brachyce-

phalic dogs (BDs), the congenital reduction of the cranio-facial length

in the absence of a concurrent reduction in the soft tissues can lead

to obstruction of upper airways that is, BOAS, and cause breathing

difficulties also during sleep.6-10 Consequences of SDB reported in

BDs include sleeping in a sitting position or with the chin elevated,

snoring, perceived apneic episodes during sleep, and not being able to

sleep.8,11-13 In dogs with a higher body condition score (BCS), the risk

for clinical signs of BOAS is higher.14 OSA results in fragmented sleep,

sympathetic activation, and hypoxemia in people.15 The relationships

between OSA and decreased quality of life, cardiovascular disease,

systemic inflammation, and hypertension are extensively studied in

humans.16-19 Inflammatory changes resembling those seen in human

OSA occur in BDs but not in connection with evaluation of SDB.20-22

Additionally, cardiovascular abnormalities bearing resemblance to those

seen in OSA occur in BDs.23-26

Although the diagnostics, comorbidities, consequences, and

treatment of OSA in humans are well researched, knowledge of SDB

in dogs is scarce. In people, the gold standard for diagnosis of SDB is

polysomnography, a comprehensive sleep study performed in a sleep

laboratory.1 However, when OSA is suspected, portable devices can

be used for readily accessible and inexpensive at-home screen-

ing.27,28 In dogs, diagnostic methods are limited to polysomnogra-

phy3 and whole-body barometric plethysmography (WBBP).5 Both

of these methods require extensive laboratory equipment and the

dog must be able to sleep in a clinical setting. As untreated, severe

OSA considerably increases the mortality and morbidity in

humans,29 practical tools to enhance our understanding of SDB in

dogs are needed. Easily available, convenient measurement devices

offer opportunities for evaluating the prevalence, severity, conse-

quences, and treatment options, including surgery and medical treat-

ment, of SDB also in dogs.5,30,31

The objective of this study was to evaluate the usability of a

novel portable at-home device for the detection of SDB in dogs in

their home environment. Our hypotheses were 2-fold. First, that the

device, a wearable neckband system validated for OSA screening in

humans,28 would be a feasible and well-tolerated method for detec-

tion of SDB in dogs. Second, that brachycephaly predisposes to SDB.

2 | MATERIALS AND METHODS

2.1 | Study subjects and protocol

The study protocol was approved by the Committee of Experi-

mental Animals of Southern Finland (ESAVI/10906/04.10.07/2017,

ESAVI/34278/15.11.21/2021) and by the University of Helsinki

Viikki Campus Research Ethics Committee (13/2020, 11/2021).

This prospective, observational cross-sectional study with conve-

nience sampling was performed at the Veterinary Teaching Hospital,

University of Helsinki, Finland and at the Kaarina Veterinary Clinic,

Kaarina, Finland, between October 2020 and September 2021. All

animals were privately owned pet dogs. The owners signed an

informed consent form before participation.

Privately owned dogs were recruited to participate in the study.

The inclusion criteria for all dogs were facial conformation, that is,

brachycephalic and mesaticephalic or dolicocephalic, age over 1 year,

and, to ensure neckband fit, weight over 9 kg. Detailed history was

taken and pregnant dogs and dogs with medications affecting breath-

ing during sleep, such as ondansetron and tricyclic antidepressants, or

gastroesophageal reflux requiring treatment, were excluded. Dogs

with illnesses other than those resulting from conformational changes

in the upper respiratory tract or with medications not directly affect-

ing breathing during sleep were not excluded.

A physical examination was performed and blood samples for

health verification obtained during a study visit. A 9-point scale was

used for scoring BCS.

Owners were advised to place the portable neckband system

developed for human OSA diagnostics (Nukute Ltd, Oulu, Finland) on

their dog's neck at home for 1 night. The Nukute neckband system

includes a c-shaped neckband device, a pulse oximeter (Berry

BM2000D, Shanghai Berry Electronic Technology Co Ltd, Shanghai,

China), and a tablet that provides instructions and routes the data. The

neckband combines a piezoelectric microphone for tracheal sounds, an

ambient microphone, and a gyroscope providing information on move-

ment and position. The device yields results closely matching data from

conventional polysomnography in humans.28 The neckband is available

in 4 sizes, suitable for neck girths between 25 and 65 cm. The audio

was recorded with 16 000 Hz sampling rate and saved as 2-channel

16-bit integers. Gyroscope data was saved with 10 Hz sampling rate as

32-bit integers. Breathing-related signals were derived from the tra-

cheal sound recordings and respiratory rate signal using audio. A picture

of the neckband is presented in Data S1, Supporting Information.

The size of the neckband used was determined by the dog's neck

girth. The pulse oximeter was not used during the recording, as the

finger probe used with the device is not suitable for dogs. The owner

was advised to place the neckband on the dog late in the evening and

to remove it upon waking in the morning. Recorded time was defined

as duration of recording. The minimum duration of recording was set

at 2 hours to ensure sufficient rapid eye movement (REM) sleep. The

owner kept notes of potential distractions during the night, and

usability was evaluated by oral feedback.

Data were transferred to the manufacturer's analysis software

and analyzed by an experienced sleep researcher (SLH). The apnea

and hypopnea events were scored manually as in human children.32

Children's rules were chosen as dogs have a similarly high respiratory

rate. Tracheal sounds were used to calculate airflow signal automati-

cally, and respiratory events were scored on this computer derived

airflow trace. Physiologic central apneas related to sighs and
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movements were not included in the analyses. The respiratory event

results were summarized as the Respiratory Event Index (REI) value,

which describes the number of apnea and hypopnea events per moni-

toring time. Central apneas were few and since the aim was to evalu-

ate obstructive breathing, obstructive REI value (OREI) was used in

further statistical analyses. The presence of snoring was based on the

level of breathing noise, and an individual detection threshold was

determined by listening to the audio signal of each dog. The percent-

age of snoring (as time spent snoring during recorded time) was manu-

ally scored and ensured by listening. A visual example of the data

trace is presented in Data S2, Supporting Information.

2.2 | Statistical analysis

Continuous data were assessed for normality using the Shapiro-Wilk

test. Normally distributed data are presented as mean ± SD and non-

parametric data as median with range. Differences in nonparametric

variables (OREI values and snore percentage) between BDs and control

dogs, and between dogs aged under and over 5 years were analyzed

with the Mann-Whitney U test. The difference in parametric variable

(duration of recording) between BDs and control dogs was analyzed

with Student's t-test. The correlation between OREI value and snore

percentage was analyzed with the Spearman rank correlation.

All statistical analyses were done using GraphPad Prism for

Macintosh, version 9.3.0 (GraphPad Software, San Diego, California).

P-values <.05 were considered statistically significant.

3 | RESULTS

3.1 | Demographics

The study group consisted of 12 BDs and 12 normocephalic (mesati-

cephalic or dolicocephalic) control dogs of different breeds. The BD

group comprised 9 French Bulldogs and 1 of each of: English Bulldog,

Cavalier King Charles Spaniel, and Bullmastiff. The control group

comprised 3 Labrador Retrievers, 2 Golden Retrievers, 2 Basset Fauve

de Bretagne, and 1 of each of: Lapponian Herder, Whippet, Wales

Terrier, Spanish Waterdog, and Irish Setter. The demographics are

presented in Table 1. The Bullmastiff and 1 French Bulldog had had

surgical treatment for BOAS. Of the 24 dogs, 21 attended a study

visit and had no notable changes, discounting BOAS-related issues, on

clinical examination, hematology, or serum biochemistry.

TABLE 1 Demographics of dogs participating in the study.

Brachycephalic
dogs (n = 12)

Control
dogs (n = 12)

Sex

Female 5 5

Neutered/intact 1/4 4/1

Male 7 7

Neutered/intact 1/6 2/5

Age (y)

Median/range 4.4/2.0-9.0 5.4/1.5-10.1

Weight (kg)

Median/range 12.7/9.8-57.0 20.0/10.4-37.8

Body condition score

(1-9)

Median/range 4/4-6 5/4-6

F IGURE 1 Scatter plot with mean duration of recording in hours
in control dogs and brachycephalic dogs (BDs). No significant
difference was found between the 2 groups. In BDs, the black data
points denote French Bulldogs, and the orange data points denote
other brachycephalic breeds.

F IGURE 2 Scatter plot with median and interquartile range of
obstructive Respiratory Event Index (OREI) in control dogs and
brachycephalic dogs (BDs). In BDs, the black data points denote
French Bulldogs, and the orange data points denote other
brachycephalic breeds.
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3.2 | Device usability

Usability feedback indicated that the device was easy to use and well

tolerated by all dogs. All owners reported that the neckband system

did not disrupt the dogs' sleep. Small-scale technical issues with net-

work connection were seen in 1 BD and 1 control dog, resulting in

briefer recording durations.

3.3 | Sleep-disordered breathing variables

The mean duration of recording was 6.98 hours (range, 2.22-11.95;

SD = 2.74) in BDs and 7.57 hours (2.90-9.88; SD = 2.21) in controls.

There was no significant difference in recording time between the

groups (estimate for difference = 0.59, 95% CI �2.69 to 1.52,

P = .57; Figure 1).

The BDs had a significantly higher OREI value than controls

(median, 3.80; range, 1.80-15.60 vs 0.55; 0.00-1.90; Hodges-Lehmann

estimator for median difference = 3.5, 95% CI 2.2-6.8; Figure 2).

No difference in OREI value was detected between dogs aged

under 5 years and dogs aged over 5 years (median, 2.3; range,

0.0-10.4 vs 1.4; 0.1-15.6; Hodges-Lehmann estimator for median

difference = �0.4, 95% CI 3.1-1.4; P = .70; Figure 3).

Snore percentage was significantly higher in BDs than in controls

(median, 34.2; range, 2.80-65.70 vs 0.00; 0.00-0.10; Hodges-Lehmann

estimator = 34.2, 95% CI 13.6-60.8; Figure 4). A strong positive cor-

relation between OREI value and snore percentage was detected in all

dogs (rs = .79, P < .001), but not in BDs (rs = .15, P = .65).

4 | DISCUSSION

We found the Nukute neckband system to be a well-tolerated and

feasible method of diagnosing SDB and snoring in dogs. BDs had

higher OREI values, confirming earlier findings of brachycephaly pre-

disposing to SDB. Snoring is common in BDs.

Due to the convenience sampling method, French Bulldogs were

overrepresented in the BD group. The BD breed distribution, with

extremely short skull conformation in French Bulldogs and the English

Bulldog, might affect the results. The results would potentially be dif-

ferent if the BD group consisted of dogs with longer snouts such as

the Bullmastiff and the Cavalier King Charles Spaniel. However, in

addition to the laryngeal area, also obstruction of the nasal cavity can

result in SDB, as documented in the Cavalier King Charles Spaniel.5 In

questionnaire studies, English Bulldogs, French Bulldogs, Pugs, and

Chihuahuas are distinguishable with signs of sleep distur-

bances.8,11,12,30,31,33 The comorbid conditions or concurrent medica-

tions existing in our study group are not suspected of generating SDB.

Variation in BCS was low in both groups, and thus, its effect on

the recorded variables was minimal. However, as there were no over-

weight or obese dogs (BCS ≥7) in either group, the effect of obesity

could not be ascertained here. In humans, obesity is a well-established

risk factor for OSA, as prevalence of OSA increases with degree of

obesity,34 and weight loss is an effective treatment form.35 In dogs,

obesity has a negative effect on lung function of healthy dogs36 and is

a risk factor for BOAS.9 In people, neck fat accumulation and large

neck circumference are strongly associated with OSA.37,38 Although

the relationship between neck girth ratio and upper airway obstruc-

tion in BDs is unknown, greater neck girth increases the risk of

BOAS.14,39

F IGURE 3 Scatter plot with median and interquartile range of
obstructive Respiratory Event Index (OREI) in all 24 dogs aged under
and over 5 years. No significant difference was found between the
2 groups. Green data points denote brachycephalic dogs.

F IGURE 4 Scatter plot with median and interquartile range of
snore percentage, as time spent snoring of total recording time, in
control dogs and brachycephalic dogs (BDs). In BDs, the black data
points denote French Bulldogs, and the orange data points denote
other brachycephalic breeds.
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The Nukute neckband system offers a feasible tool for detection

of SDB in dogs. The device was well tolerated by dogs and easy to

use for owners and could be a useful diagnostic method for SDB in

dogs. Portable at-home devices have obvious advantages compared

with expensive and cumbersome polysomnography, which is the gold

standard for SDB diagnostics. Previously, polysomnography, including

measurement of neural activity, eye movements, muscle activity, heart

rhythm, and respiratory function, was used for SDB measurement in a

small cohort of English Bulldogs,3,4 and later in sleep macrostructure

and cognitive studies in normocephalic dogs.40-42 Whole-body baro-

metric plethysmography, the other method earlier applied successfully

for SDB detection, has been used in 3 Cavalier King Charles Spaniels.5

In WBBP, the dog rests in the WBBP chamber and barometric pres-

sure oscillations proportional to tidal volume induced by respiration

are analyzed. Measurement is affected by panting, which prevented

analysis in 2 of 5 dogs.5 Both of these methods require extensive

equipment, and the dog must be able to sleep in a laboratory environ-

ment. Polysomnography is nevertheless the only alternative that

yields information on sleep stages and sleep quality in dogs; the

Nukute neckband system does not provide these data.

The duration of recording did not differ between the 2 groups.

The advised recording time for people is overnight, but in our study

technical issues with network connectivity shortened the recording in

2 cases. In contrast to generally monophasic human sleep, where

sleep occurs in 1 long period, sleep in dogs is polyphasic and occurs in

various smaller periods with time between periods spent awake.43,44

The sleep stages in dogs are drowsiness, non-REM sleep, and REM

sleep,40 and the sleep cycle during which all sleep stages are experi-

enced is about 20 minutes.44 The obstruction occurs mainly at REM

sleep,4 and thus, acceptable minimum recording time in our study was

set at 2 hours to allow for at least 1 complete polyphasic sleep-wake

period, including a REM sleep phase.43-45

The OREI value was significantly higher in BDs than in controls,

indicating SDB. Sleep disturbances observed by owners are reported

in BDs.8,11-13 Apnea and hypopnea events can be caused by either

obstructive or central conditions. Obstructive apneas are thought to

result from the obstruction of upper airways due to loss of muscle

tone during REM sleep phase.3,4 Additionally, myopathic changes,

including morphologically abnormal muscle fibers and increased con-

nective tissue, are reported in upper airway dilator muscles of English

Bulldogs, further impairing their activity during sleep.46

The range of OREI values in BDs was wide, from 1.8 to 15.6,

which are considered low to moderate values in humans.1 These OREI

values probably reflect the group of BDs not presenting for surgical

treatment of BOAS, that is, the less severe cases. Noteworthy is that

normocephalic dogs had minimal variation, with OREI values between

0 and 1.9. Previously, a SDB index closely resembling the OREI value

presented here has been calculated from polysomnography recordings

in English Bulldogs.3 The English Bulldogs in the studies by Hendricks

et al3,4 were more seriously affected by SDB than our dogs, and the

SDB index values ranged from 0.5 to 114, with markedly more SDB

events in REM sleep. As in our study, the control dogs had almost no

SDB events, with values ranging from 0 to 0.9.3 However, the OREI

and SDB index values are not entirely comparable, as values measured

by polysomnography are considerably more exact since wake periods

can be excluded from the analysis. In polysomnography in humans,

the Apnea Hypopnea Index/Respiratory Event Index (AHI/REI) value

is used to summarize the number of apneas and hypopneas per hour

of sleep.

The diagnostic criteria for OSA in humans include AHI/REI value

greater than 15 on its own or greater than 5 combined with uninten-

tional sleep episodes during wakefulness; daytime sleepiness; unre-

freshing sleep; fatigue; insomnia; waking up breath holding, gasping,

or choking; or loud snoring or breathing interruptions, or both.1 In

stark contrast to adults, obstructive AHI/REI over 1 is abnormal in

children.47 As the OREI value has not been used in large-scale studies

in dogs, defining thresholds between normal and abnormal as well as

severity grading of SDB in dogs warrant further investigations. How-

ever, in our study group, an OREI of 2 seemed to distinguish between

brachycephalic and normocephalic dogs.

Both obstructive and central apneas are described in English Bull-

dogs, but neither their proportion nor count are reported.3 In humans,

central apneas can occur in combination with obstructive apneas or

independently as a result of, for instance, neurological disease or heart

failure.48-50 Central apneas occur when the brain's respiratory control

center fails to send signals needed for respiration, and no respiratory

effort is made. As central apneas cannot be detected using WBBP and

in the study by Hinchliffe et al5 all 5 Cavalier King Charles Spaniels

responded positively to corrective upper airway surgery, it was con-

cluded that obstruction of the laryngeal region and nose due to aber-

rant turbinates contributed at least partly to the SDB events.

Although the control dogs represented a plethora of normocephalic

breeds of various sizes, the OREI values and also snore percentages

are convergent. It seems that conformational changes in the upper air-

ways, not breed or size, affect SDB in dogs.

We found no significant difference in OREI values between dogs

aged under 5 years and dogs aged over 5 years across both groups.

However, the oldest brachycephalic dog in the study was only 9 years

old, and therefore, age-related changes in SDB remain unknown. In

humans, the prevalence of OSA increases with age,51-53 with later

onset for women.52 As BOAS can progress with age, secondary

changes, such as eversion of laryngeal saccules, laryngeal collapse,

and tonsillar hypertrophy, could further worsen respiratory obstruc-

tion54 and aggravate SDB.

All BDs, but none of the normocephalic dogs, snored. Snoring

results from soft tissue vibration during sleep, and it is often caused

by changes in the upper airway properties leading to obstruction of

the upper airways.55 In BDs, an increased degree of pharyngeal nar-

rowing is associated with the severity of snoring, while soft palate

length alone is not.56 Similar findings are described in earlier studies,

where all English Bulldogs3,4 and Cavalier King Charles Spaniels5

snored, while the control dogs did not.3,4 However, the proportion of

time spent snoring during sleep has not earlier been objectively mea-

sured. Previously published owner-reported prevalence of sleep dis-

turbances, including snoring, in BDs varies between 2.7% and

66.0%.8,11-13 In questionnaire studies, however, the presence of
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snoring or other sleep disturbances can be difficult to detect ana-

mnestically, as owners can consider snoring normal for the brachyce-

phalic breeds and not regard it as a sign of conformational changes

associated with brachycephaly.33

We found snoring to correlate positively with OREI values in all

dogs but not within BDs, suggesting that the amount of time spent

snoring is not indicative of the degree of SDB in BDs. Additional diag-

nostics, such as use of the Nukute neckband system, are thus needed

to exclude SDB in BDs.

This study has some limitations. Due to the pre-defined neck-

band sizes available, only dogs with a suitable neck girth were

recruited to the study. The device cannot currently be used in small

or toy breeds with a neck girth of less than 25 cm. A broader sam-

ple size is needed to investigate differences between dogs with

varying degrees of BOAS severity. No obese dogs participated in

our study, and thus, the effect of obesity on SDB could not be

evaluated.

SDB events in dogs can be detected by using a portable neck-

band system in the dog's home surroundings. Brachycephaly predis-

poses to SDB. The neckband system is well accepted by dogs and

easy for owners to use for dogs with a neck girth suitable for the

device.

ACKNOWLEDGMENT

This study was supported by grants from Agria Djurförsäkring/

Svenska Kennelklubben Forskningsfond, the Finnish Foundation of

Veterinary Research, and the Finnish Veterinary Foundation. Nukute

Ltd provided the portable neckband systems used in the study. These

sources had no influence on study design, sample collection, interpre-

tation of results, or preparation of the manuscript. We thank Jouni

Junnila from EstiMates Ltd and Tarja Pääkkönen for assistance. Pre-

liminary results were presented as an abstract at the Veterinary Com-

parative Respiratory Society Symposium, Saskatoon, Canada, October

2022, and as a poster at the Annual Veterinary Congress of the Finn-

ish Veterinary Association, Helsinki, Finland, November 2022.

CONFLICT OF INTEREST DECLARATION

SLH acts as medical advisor for Nukute Ltd. The authors have no con-

flicts of interest to declare; none of the authors has a financial rela-

tionship with Nukute Ltd.

OFF-LABEL ANTIMICROBIAL DECLARATION

Authors declare no off-label use of antimicrobials.

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE

(IACUC) OR OTHER APPROVAL DECLARATION

The study protocol was approved by the Committee of Experimental

Animals of Southern Finland (ESAVI/10906/04.10.07/2017,

ESAVI/34278/15.11.21/2021) and by the University of Helsinki Viikki

Campus Research Ethics Committee (13/2020, 11/2021).

HUMAN ETHICS APPROVAL DECLARATION

Authors declare human ethics approval was not needed for this study.

ORCID

Iida Niinikoski https://orcid.org/0000-0002-9989-8679

REFERENCES

1. American Academy of Sleep Medicine. The International Classification

of Sleep Disorders: Diagnostic & Coding Manual. 3rd ed. Darien, IL:

American Academy of Sleep Medicine; 2014.

2. American Academy of Sleep Medicine Task Force. Sleep-related

breathing disorders in adults: recommendations for syndrome defini-

tion and measurement techniques in clinical research. Sleep. 1999;22:

667-689.

3. Hendricks JC, Kline LR, Kovalski RJ, O'Brien JA, Morrison AR, Pack AI.

The English Bulldog: a natural model of sleep-disordered breathing.

J Appl Phys. 1987;63:1344-1350.

4. Hendricks JC, Kovalski RJ, Kline LR. Phasic respiratory muscle pat-

terns and sleep-disordered breathing during rapid eye movement

sleep in the English Bulldog. Am Rev Respir Dis. 1991;144:1112-1120.

5. Hinchliffe TA, Liu NC, Ladlow J. Sleep-disordered breathing in the

Cavalier King Charles spaniel: a case series. Vet Surg. 2019;48:

497-504.

6. Bernaerts F, Talavera J, Leemans J, et al. Description of original

endoscopic findings and respiratory functional assessment using baro-

metric whole-body plethysmography in dogs suffering from brachyce-

phalic airway obstruction syndrome. Vet J. 2010;183:95-102.

7. Oechtering G. Brachycephalic syndrome—new information on an old

congenital disease. Vet Focus. 2010;20:2-9.

8. Roedler FS, Pohl S, Oechtering GU. How does severe brachycephaly

affect dog's lives? Results of a structured preoperative owner ques-

tionnaire. Vet J. 2013;198:606-610.

9. Liu N-C, Sargan DR, Adams VJ, Ladlow JF. Characterisation of brachy-

cephalic obstructive airway syndrome in French Bulldogs using

whole-body barometric plethysmography. PLoS One. 2015;10:

e0130741.

10. Liu NC, Adams VJ, Kalmar L, Ladlow JF, Sargan DR. Whole-body baro-

metric plethysmography characterizes upper airway obstruction in

3 brachycephalic breeds of dogs. J Vet Intern Med. 2016;30:853-865.

11. Pohl S, Roedler FS, Oechtering GU. How does multilevel upper airway

surgery influence the lives of dogs with severe brachycephaly?

Results of a structured pre- and postoperative owner questionnaire.

Vet J. 2016;210:39-45.

12. Aromaa M, Lilja-Maula L, Rajamäki MM. Assessment of welfare and

brachycephalic obstructive airway syndrome signs in young, breeding

age French Bulldogs and Pugs, using owner questionnaire, physical

examination and walk tests. Anim Welf. 2019;28:287-298.

13. Packer RMA, O'Neill DG, Fletcher F, et al. Great expectations, incon-

venient truths, and the paradoxes of the dog-owner relationship for

owners of brachycephalic dogs. PLoS One. 2019;14:e0219918.

14. Liu NC, Troconis EL, Kalmar L, et al. Conformational risk factors of

brachycephalic obstructive airway syndrome (BOAS) in pugs, French

bulldogs, and bulldogs. PLoS One. 2017;12:e0181928.

15. White D. Pathophysiology of obstructive sleep apnea. Thorax. 1995;

50:797-804.

16. Lavie P, Herer P, Hoffstein V. Obstructive sleep apnoea syndrome as a

risk factor for hypertension: population study. BMJ. 2000;320:479-482.

17. Baldwin CM, Griffith KA, Nieto FJ, O'Connor GT, Walsleben JA,

Redline S. The association of sleep-disordered breathing and sleep

symptoms with quality of life in the sleep heart health study. Sleep.

2001;24:96-105.
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SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.
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