
 
 

 

 
 

Brachycephalic obstructive airway syndrome
much more than a surgical problem
Mitze, Stefanie; Barrs, Vanessa R.; Beatty, Julia A.; Hobi, Stefan; Bęczkowski, Pawel M.

Published in:
Veterinary Quarterly

Published: 01/01/2022

Document Version:
Final Published version, also known as Publisher’s PDF, Publisher’s Final version or Version of Record

License:
CC BY

Publication record in CityU Scholars:
Go to record

Published version (DOI):
10.1080/01652176.2022.2145621

Publication details:
Mitze, S., Barrs, V. R., Beatty, J. A., Hobi, S., & Bęczkowski, P. M. (2022). Brachycephalic obstructive airway
syndrome: much more than a surgical problem. Veterinary Quarterly, 42(1), 213-223.
https://doi.org/10.1080/01652176.2022.2145621

Citing this paper
Please note that where the full-text provided on CityU Scholars is the Post-print version (also known as Accepted Author
Manuscript, Peer-reviewed or Author Final version), it may differ from the Final Published version. When citing, ensure that
you check and use the publisher's definitive version for pagination and other details.

General rights
Copyright for the publications made accessible via the CityU Scholars portal is retained by the author(s) and/or other
copyright owners and it is a condition of accessing these publications that users recognise and abide by the legal
requirements associated with these rights. Users may not further distribute the material or use it for any profit-making activity
or commercial gain.
Publisher permission
Permission for previously published items are in accordance with publisher's copyright policies sourced from the SHERPA
RoMEO database. Links to full text versions (either Published or Post-print) are only available if corresponding publishers
allow open access.

Take down policy
Contact lbscholars@cityu.edu.hk if you believe that this document breaches copyright and provide us with details. We will
remove access to the work immediately and investigate your claim.

Download date: 24/05/2023

https://scholars.cityu.edu.hk/en/publications/brachycephalic-obstructive-airway-syndrome(c92f5a2c-39ac-4e00-8281-520fd541e342).html
https://doi.org/10.1080/01652176.2022.2145621
https://scholars.cityu.edu.hk/en/persons/vanessa-rosemary-duke-barrs(9e9166c2-9a45-48c7-80dc-7ee5e3eafa6f).html
https://scholars.cityu.edu.hk/en/persons/jules-beatty(9239448e-0b03-4232-809c-300640978561).html
https://scholars.cityu.edu.hk/en/persons/stefan-hobi(c864b587-beeb-4e5c-817a-d894b1b38478).html
https://scholars.cityu.edu.hk/en/persons/pawel-marek-beczkowski(d1b2aac8-3fd2-40f0-8418-0162809ebf01).html
https://scholars.cityu.edu.hk/en/publications/brachycephalic-obstructive-airway-syndrome(c92f5a2c-39ac-4e00-8281-520fd541e342).html
https://scholars.cityu.edu.hk/en/publications/brachycephalic-obstructive-airway-syndrome(c92f5a2c-39ac-4e00-8281-520fd541e342).html
https://scholars.cityu.edu.hk/en/journals/veterinary-quarterly(d7e76730-347a-43de-9f10-9de6530ebc09)/publications.html
https://doi.org/10.1080/01652176.2022.2145621


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tveq20

Veterinary Quarterly

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tveq20

Brachycephalic obstructive airway syndrome:
much more than a surgical problem

Stefanie Mitze, Vanessa R. Barrs, Julia A. Beatty, Stefan Hobi & Paweł M.
Bęczkowski

To cite this article: Stefanie Mitze, Vanessa R. Barrs, Julia A. Beatty, Stefan Hobi & Paweł M.
Bęczkowski (2022) Brachycephalic obstructive airway syndrome: much more than a surgical
problem, Veterinary Quarterly, 42:1, 213-223, DOI: 10.1080/01652176.2022.2145621

To link to this article:  https://doi.org/10.1080/01652176.2022.2145621

© 2022 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 15 Nov 2022.

Submit your article to this journal 

Article views: 1156

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=tveq20
https://www.tandfonline.com/loi/tveq20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/01652176.2022.2145621
https://doi.org/10.1080/01652176.2022.2145621
https://www.tandfonline.com/action/authorSubmission?journalCode=tveq20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tveq20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/01652176.2022.2145621
https://www.tandfonline.com/doi/mlt/10.1080/01652176.2022.2145621
http://crossmark.crossref.org/dialog/?doi=10.1080/01652176.2022.2145621&domain=pdf&date_stamp=2022-11-15
http://crossmark.crossref.org/dialog/?doi=10.1080/01652176.2022.2145621&domain=pdf&date_stamp=2022-11-15


Brachycephalic obstructive airway syndrome: much more than a
surgical problem

Stefanie Mitzea, Vanessa R. Barrsb,c, Julia A. Beattyb,c, Stefan Hobib and Paweł M. BeRczkowskib

aZoetis UK Ltd, Leatherhead, UK; bDepartment of Veterinary Clinical Sciences, Jockey Club College of Veterinary Medicine and
Life Sciences, City University of Hong Kong, Hong Kong, SAR China; cCentre for Animal Health and Welfare, Jockey Club College
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ABSTRACT
Brachycephalic obstructive airway syndrome (BOAS) is a chronic, lifelong, debilitating, pri-
marily obstructive airway disease which adversely affects the quality of life of many popular
dog breeds. Respiratory restriction in bulldog breeds, pugs and Boston terriers frequently
co-exist with pathologies of the gastrointestinal tract. In addition, many brachycephalic dogs
that appear clinically normal are, in fact suffering from chronic hypoxia and its systemic con-
sequences. Concurrent gastroesophageal reflux-associated conditions, sleep disorders and
systemic hypertension further impact the welfare of affected dogs. Acceptance of BOAS and
associated clinical signs as being ‘normal for the breed’ is common amongst owners. While
surgical correction of the upper airway is the mainstay of treatment, the provision of subse-
quent, frequently lifelong medical management is equally important for the maintenance of
an acceptable quality of life, at least for some affected patients. Here we review the current
knowledge concerning brachycephaly, combine it with shared clinical experience in the
management of this debilitating condition, and discuss ethical considerations and the
responsibility of veterinarians to contribute public education and to support appropriate
breed standards for animals under our care.
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1. Introduction

Brachycephaly, derived from the ancient Greek
words ‘brakhu’ (short) and ‘cephalos’ (head), is the
terminology for a foreshortened skull (Ita and Rizvi
2021). This trait has been strongly selected for in
some of the most popular canine breeds of the cur-
rent era including pugs, French bulldogs, British bull-
dogs, and Boston terriers (Roedler et al. 2013; Liu
et al. 2017; Siedenburg and Dupr�e 2021). The
extreme brachycephalic conformation of these
breeds is represented by their high cephalic index
(CI), which is calculated by dividing skull width by
skull length, expressed as a percentage (Georgevsky
et al. 2014). The CI of wolves, the ancestors of mod-
ern-day dogs, is �50 (McGreevy et al. 2013). While
the CI has been preserved in dolichocephalic breeds
such as the Doberman Pinscher (CI �44), in some
extremely brachycephalic breeds, such as pugs, the
CI has been shown to be as high as � 99 (McGreevy
et al. 2013).

Brachycephaly was considered advantageous for
many centuries in dogs used for bullbaiting, a blood
sport that was practiced up to the nineteenth cen-
tury (Dawson 1964; Gray 1980; Kalof and Taylor

2007). The strong and shortened jaws made it easier
for dogs to bite the bull in the head and snout
(Dawson 1964). Although bullbaiting has died-off,
brachycephalic dog breeds are increasingly popular
due to their ‘snub-nose’ or ‘flat-faced’ appearance,
an infantile, anthropomorphic aesthetic feature that
owners may find endearing (Uvarov 1985; Roedler
et al. 2013; Liu et al. 2017; Ekenstedt et al. 2020).
Other features that have contributed to the soaring
popularity of extreme brachycephalic breeds in the
last two decades include their small stature and low
levels of aggression which make them popular family
pets in urban settings (Kenny et al. 2022; O’Neill
et al. 2022).

Selective breeding for extreme brachycephaly has
given rise to a conformation-related respiratory dis-
order, known as brachycephalic obstructive airway
syndrome (BOAS) (Dupr�e and Heidenreich 2016;
Ladlow et al. 2018). Affected dogs have deformation
of the upper respiratory tract due to shortening of
the skull without a proportional decrease in the soft-
tissues of the head, as well as other structural abnor-
malities involving the lower respiratory tract (Knecht
1979; Ekenstedt et al. 2020).
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Diagnosis is often delayed due to a limited recog-
nition of the problem by owners and the lack of an
absolute clinical gold standard, making BOAS and its
systemic consequences frequently underdiagnosed
(Roedler et al. 2013; Ekenstedt et al. 2020; Kenny
et al. 2022). In a recent survey of owners of brachy-
cephalic and non- brachycephalic dogs, common
clinical signs of BOAS such as snoring, snorting, and
loud breathing were considered normal for brachy-
cephalic breeds in �75% of respondents (Kenny
et al. 2022).

Diagnosis of BOAS is based upon pre- and post-
exercise clinical signs, clinical examination, and
advanced imaging techniques such as endoscopy,
computed tomography (CT) and magnetic resonance
imaging (MRI) which are used for identification and
grading (Roedler et al. 2013; Liu et al. 2015; 2016;
2017; Kim et al. 2019). Studies utilising plethysmog-
raphy, a novel non-invasive technique that facilitates
an objective assessment of respiratory function, sug-
gest that both dogs with BOAS, and dogs that have
undergone surgical corrective surgery for BOAS
remain affected by systemic consequences of the
disease (Liu et al. 2015; 2016). Extreme brachyceph-
aly is associated with a chronic hypoxia that has
similar consequences to human obstructive sleep
apnoea (OSA) (O’Neill et al. 2015; Erjavec et al. 2021).

The objective of this review is to critically appraise
current knowledge concerning BOAS in dogs, focus-
sing on pathologies which have the greatest impact
on the quality of life and on medical management,
which is as important as corrective surgery. We high-
light that canine BOAS should be managed as a sys-
temic disease, not just as a pathology of the head
and upper airways. In addition, we discuss ethical
concerns and responsibilities of veterinarians to
address the health and welfare impacts of extreme
brachycephaly.

2. Abnormalities of the airways

BOAS is composed of primary and secondary airway
abnormalities (Roedler et al. 2013; Liu et al. 2017;
Ekenstedt et al. 2020). The most prominent primary
anatomical malformations include stenotic nares,
aberrant nasopharyngeal turbinates, an elongated
and thickened soft palate, macroglossia, and some-
times a hypoplastic trachea (Wykes 1991; Hendricks
1992). Increased airway resistance imposed by these
anatomical abnormalities leads to chronic baro-
trauma, development of secondary airway changes
and a self-perpetuating, vicious cycle of respiratory
pathologies (Ekenstedt et al. 2020).

2.1. Primary abnormalities

Stenotic nares are defined as narrowed external nos-
trils, and reduced diameter of nasal vestibules that
lead into the nasal cavity (Roedler et al. 2013; Liu
et al. 2017; Ekenstedt et al. 2020). This varying and
abnormal narrowing, classified as mild, moderate, or
severe, forces dogs to breathe with an open mouth
(Ekenstedt et al. 2020). Early rhinoplasty of brachy-
cephalic puppies is recommended to reduce the like-
lihood of secondary consequences of upper airway
obstruction (Aron and Crowe 1985) (Table 1).

Mucosal hypertrophy of the turbinates and muco-
sal contact points (MCPs) within the nasal cavity,
lead to reduced ventilation of sinuses, airflow resist-
ance, nasal blockage, reduction in olfactory sense
and predisposition to chronic lymphoplasmacytic
rhinitis (Auger et al. 2016; Gianella et al. 2020). In
humans, MCPs are associated with nasal blockage
and altered sense of smell, while resultant stimula-
tion of the trigeminal nerve is linked to facial pain
defined as rhinogenic contact point headache
(RCPH) (Mantia et al. 2018). Whether similar pain
occurs in dogs is not known. Canine MCPs can be
resected surgically, however relapse is common due
to regrowth (Schuenemann and Oechtering 2014).

An elongated and thickened soft palate will fre-
quently overlap the epiglottis and is responsible for
the distinctive gagging, and retching (Roedler et al.
2013; Crosse et al. 2015). The rostral thickness of the
soft palate was previously attributed to the muscle
hypertrophy. However, based on the histological
examination of affected tissue, mucous gland hyper-
plasia and oedema accompanied by an apparent
reduction in muscle mass due to necrosis and
degeneration predominate (Pichetto et al. 2011;
Crosse et al. 2015).

The progressive increased airway resistance and
associated pressure changes exacerbate the thicken-
ing and elongation of the soft palate over time
(Pichetto et al. 2011; Crosse et al. 2015). These find-
ings are similar to those described in the soft palates
of humans with obstructive sleep apnoea (OSA)
(Pichetto et al. 2011; Crosse et al. 2015). They are
observed even in low grade adult brachycephalic
dogs, but are not evident in brachycephalic neonates
(Pichetto et al. 2011; Crosse et al. 2015; Pichetto
et al. 2015). Redundant soft palate tissue can be cor-
rected surgically, with electrocautery or a CO2 laser
(Tamburro et al. 2019; Conte et al. 2022) (Table 1).

An enlarged tongue (macroglossia) relative to the
widened and shortened head contributes further to
the dorsal displacement of the soft palate, and
increases the turbulent airflow in the nasopharynx.
Surgical correction of macroglossia has been
described in humans with OSA, but not in
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brachycephalic dogs (Jones et al. 2020; Siedenburg
and Dupr�e 2021).

Tracheal hypoplasia occurs frequently in English
bulldogs and screw-tailed brachycephalic breeds
(Komsta et al. 2019; Regier et al. 2020). It is charac-
terised by small and rigid tracheal cartilage rings
and a shortened or absent dorsal tracheal mem-
brane. Tracheal hypoplasia is not always associated
with clinical signs. However, it is recognised as a
negative prognostic indicator in patients with con-
current bronchopneumonia (Siedenburg and Dupr�e
2021). In young growing dogs an improvement of
the tracheal diameter is possible (Clarke et al. 2011),
but it does not increase in adult dogs following
BOAS surgery (Regier et al. 2020). Tracheal hypopla-
sia can be accompanied by thoracic wall and spinal
deformities such as kyphosis and scoliosis (Ryan
et al. 2017; Komsta et al. 2019). Rare congenital chest
wall anomalies such as pectus excavatum (PE) and
pectus carinatum (PC) are characterised by the dorsal

and ventral displacement of the sternum and associ-
ated ribs, respectively (Ryan et al. 2017; Komsta et al.
2019). Those anatomical abnormalities are more
common in certain brachycephalic dog breeds and
contribute to decreased thoracic wall flexibility, air-
trapping, atelectasis, reduced lung compliance and
in some cases, respiratory failure (Ryan et al. 2017;
Komsta et al. 2019).

2.2. Secondary abnormalities

Enlarged or protruding palatine tonsils are a result of
the chronic airway pressure changes, irritation, and
inflammation (K€ohler et al. 2022). Their enlargement
has been linked with respiratory infection and
decreased exercise tolerance (Montague et al. 2002).
Everted palatine tonsils can be treated by tonsillec-
tomy, although the benefit is unclear (Turkki
et al. 2022).

Table 1. Treatment options for brachycephalic obstructive airway syndrome (BOAS)-related pathologies.
Pathology Surgical Treatments Medical treatments Comments

Stenotic nares Vertical (Harvey 1982), horizontal
(Leonard 1956), lateral (Monnet
and Kudnig 2003) wedge
alarplasty

Alapexy (Ellison 2004)
Punch resection alaplasty (Trostel

and Frankel 2010)
CO2 laser ablation (Mendes Junior

et al. 2021)

– Rhinoplasty is recommended for
puppies of 12–16weeks of age
to reduce the likelihood of
secondary consequences of
upper airway obstruction (Aron
and Crowe 1985)

Elongated soft palate Staphylectomy (electroscalpel
(Knecht 1979), radiofrequency
(Elkins 2005), CO2 laser (Clark
and Sinibaldi 1994), bipolar
sealing device (Davidson et al.
2001)

Folded flap palatoplasty (Findji
and Dupre 2008)

H-pharyngoplasty (Carabalona
et al. 2022)

– CO2 laser is the fastest technique
(Davidson et al. 2001).

Dogs <2 years of age treated with
staphylectomy had better
outcome than older dogs
(Harvey 1982)

H-pharyngoplasty may be suitable
for most severely affected dogs
(Carabalona et al. 2022).

Everted tonsils Tonsillectomy (Fasanella
et al. 2010)

– Rarely performed due to unclear
benefit (Poncet et al. 2005)

Everted laryngeal saccules Sacculectomy (Harvey 1982) – Clinical improvement post
sacculectomy only in 40% of
cases (Lorinson et al. 1997)

Laryngeal collapse Arytenoidectomy (Wykes 1991)
Partial laryngectomy, laryngeal

tieback, tracheostomy
(Johnston and Tobias 2017)

Weight loss (Thomason et al.
2016)
Exercise restriction
(Welcome 2008)

Laryngeal collapse is challenging
to manage with aspiration
pneumonia being most
common complication (Harvey
1982)
Laryngotomy and tracheostomy
are salvage procedures
(Johnston and Tobias 2017)

Middle ear effusion (MEE) Tympanostomy tube placement
(Guerin et al. 2015)

Local and systemic corticosteroids,
amitriptyline, antihistamines, N-
acetylcysteine (Milne
et al. 2020)

MEE can be subclinical, or
associated with vestibular signs
(Guerin et al. 2015)

Hiatal hernia (HH) Oesophagopexy (Johnston and
Tobias 2017)

Gastropexy (Johnston and
Tobias 2017)

Proton pump inhibitor, cisapride,
feeding management (Hwang
et al. 2017)

–

Reflux oesophagitis – Proton pump inhibitor, cisapride,
sucralfate (Kook 2021)

–

Systemic hypertension – Calcium channel blocker, ACEI,
ARB (Acierno et al. 2018)

Evaluate for concurrent causes of
secondary hypertension
(Acierno et al. 2018)

Hypercoagulability – Antiplatelet therapy (Thomason
et al. 2016)

–
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As the disease progresses due to the long-term
negative pressure gradients, many brachycephalic
dogs develop pharyngeal collapse. This is a partial or
complete narrowing of the pharynx due to dorsal
dislocation of the soft palate, ventral displacement
of the dorsal pharyngeal wall, or a combination
thereof (Pollard et al. 2018; Hara et al. 2020).

Eversion of the laryngeal saccules and laryngeal
collapse during BOAS is due to cartilage fatigue and
chondromalacia, both reducing the laryngeal stiff-
ness (Tokunaga et al. 2020). Repetitive micro-trauma
and abnormal mucosal contact lead to secondary
inflammation and development of laryngeal contact
granulomas on the vocal cords, epiglottic cysts and
excessive aryepiglottic folds (Sarran et al. 2020).
Everted laryngeal saccules and selected cases of
laryngeal collapse can be addressed surgically
(Table 1).

Bronchial abnormalities occur in over 85% of dogs
with BOAS (De Lorenzi et al. 2009). The location and
severity are variable, however collapse of the left
main and left cranial dorsal subsegmental bronchus
are most common (Bernaerts et al. 2010; Reinero
and Masseau 2021). Bronchial collapse has its big-
gest impact during expiration, which is usually a pas-
sive process. However in BOAS, upper airway
resistance leads to an increased intraluminal pressure
gradient during inspiration, resulting in a forced
active expiration and consequent airway collapse.
Bronchial collapse occurs at an early age, progresses
to bronchial stenosis and over time may lead to
development of pulmonary hypertension and its
sequelae (De Lorenzi et al. 2009; Yoon et al. 2020).

Brachycephaly confers an increased risk of aspir-
ation pneumonia and pneumonitis, emphasising the
importance of thoracic imaging in the presurgical
work-up of these patients (Ree et al. 2016; Darcy
et al. 2018). Treatment is frequently complicated by
gastroesophageal reflux and recurrence of aspiration
events (Table 1).

3. Middle ear effusions

Middle ear effusions (MEE) sometimes occur in bra-
chycephalic dogs and lead to an increased mucus
accumulation within the tympanic bulla (Paterson
2017; Milne et al. 2020; Schuenemann et al. 2022).
The secretion is typically viscous and sterile (Milne
et al. 2020). The goblet cells of the tympanic bulla
continuously produce mucus, which flows through
the Eustachian tube into the nasopharynx (Nuutinen
et al. 1983). In brachycephalic dogs, reduced naso-
pharyngeal width adversely affects clearance of the
mucus (Paterson 2017; Milne et al. 2020). In addition,
increased mucus production and pressure differences
may also play a role (Stern-Bertholtz et al. 2003;

Hayes et al. 2010). MEE frequently are an incidental
finding but can also be linked to head and neck
pain, unnatural neck carriage, abnormal vocalisation,
pruritus, impaired hearing, head shaking, vestibular
signs, and lethargy (Schuenemann et al. 2022).
Treatment of symptomatic cases involves placement
of tympanostomy tubes, repeated video-otoscopic
middle ear flushes and supportive medical treatment
with corticosteroids, amitriptyline, antihistamines, or
mucolytic N-acetylcysteine (Corfield et al. 2008;
Guerin et al. 2015; Paterson 2017) (Table 1). Since an
allergic reaction is suspected as part of the patho-
genesis, local and systemic corticosteroids and anti-
histamines improve opening of the Eustachian tube
(Stern-Bertholtz et al. 2003; Paterson 2017).
Amitriptyline is used to treat neuropathic pain, but
also due to its ability to disturb bacterial biofilm and
antimicrobial properties (Cashmore et al. 2009; May
et al. 2016). Systemic mucolytics are reported to
reduce relapse (Hayes et al. 2010; Paterson 2017).

4. Abnormalities of the gastrointestinal tract

Prognathism, frequently present as underbite,
although not anatomically normal, is considered a
standard in brachycephalic dogs (Regalado Ibarra
and Legendre 2019; O’Neill et al. 2021). This mal-
occlusion leads to traumatic contact of the mandibu-
lar incisors with the hard palate, subsequent pulpitis
and focal palatitis (Regalado Ibarra and Legendre
2019). Other abnormalities of the oral cavity include
dental crowding, tooth rotation, unerupted teeth,
prominent palatine rugae, periodontal disease and
consequent systemic bacteraemia (Regalado Ibarra
and Legendre 2019; O’Neill et al. 2021; Harvey 2022).

The respiratory and gastrointestinal tract share
overlapping mechanisms required for breathing and
swallowing and can pathologically affect each other
(Grobman 2021; Luciani et al. 2022). The prevalence
of gastrointestinal disease in brachycephalic dogs
presenting for respiratory signs is as high as 97%
(Poncet et al. 2005 2006; Kaye et al. 2018; Freiche
and German 2021). The most common clinical signs
are regurgitation, vomiting and dysphagia (Roedler
et al. 2013; Freiche and German 2021).

Congenital or acquired hiatal hernia (HH), fre-
quently represents an additional finding for dogs
presenting predominately for BOAS surgery. HH
defined as prolapse of abdominal organs through
the oesophageal hiatus into the mediastinum is exa-
cerbated in brachycephalic dogs by an abnormal
intrathoracic and intra-oesophageal pressure (Reeve
et al. 2017; Broux et al. 2018; Eivers et al. 2019).
Herniation of the stomach leads to chronic regurgita-
tion and predisposes to oesophagitis, gastric dilata-
tion–volvulus and aspiration pneumonia (Mayhew
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et al. 2021). Severe cases of HH can be treated surgi-
cally with gastropexy or oesophagopexy (Lorinson
and Bright 1998; Johnston and Tobias 2017; Mayhew
et al. 2017). Medical management is focussed on the
reduction of gastroesophageal reflux events
(Sivacolundhu et al. 2002) (Table 1).

Oesophageal motility disorders are common in
brachycephalic dogs, and include prolonged
oesophageal transit time (Reeve et al. 2017), and
prolonged secondary peristaltic waves (Eivers et al.
2019). These variations predispose to gastroesopha-
geal reflux disease (GERD) frequently documented in
brachycephalic dogs (Poncet et al. 2005 2006; Reeve
et al. 2017; Kaye et al. 2018; Eivers et al. 2019). GERD
is defined as the pathological reflux of gastric or
duodenal contents with resultant oesophagitis,
oesophageal ulceration, and in some cases oesopha-
geal strictures (Freiche and German 2021). The
pathophysiology is multifactorial. Incompetence of
the lower oesophageal sphincter (LES), obesity and
increased abdominal pressure are major contributors
(M€onkem€uller et al. 2012; Kempf et al. 2014).

Signs of GERD include lip smacking, ptyalism,
extension of head and neck while swallowing, retch-
ing, vomiting, regurgitation, grass ingestion, surface
licking, dysphagia, nocturnal restlessness, and ano-
rexia (Poncet et al. 2005, 2006; Reeve et al. 2017;
Eivers et al. 2019). Affected dogs frequently bring up
frothy sputum during exercise or excitement (Kempf
et al. 2014).

In humans, the clinical presentation of GERD is
classified into: 1) oesophageal, and 2) extraoesopha-
geal syndromes (Vakil et al. 2006).

Oesophageal syndromes are subdivided into a)
symptomatic syndromes, such as typical reflux syn-
drome and reflux chest pain syndrome, and b) syn-
dromes with oesophageal injury such as
oesophagitis, stricture, Barrett’s oesophagus, and
oesophageal adenocarcinoma.

Extraoesophageal syndromes are subdivided into:
a) established and b) proposed associations.
Established associations include reflux-cough, reflux-
laryngitis, reflux-asthma and reflux-dental erosion
syndromes. Proposed associations include sinusitis,
idiopathic pulmonary fibrosis, pharyngitis, and oti-
tis media.

To the best of our knowledge, no studies have
investigated similar associations in brachycephalic
dogs. However, one study suggests a link between
GERD and idiopathic rhinitis (Gianella et al. 2020).

The severity and frequency of reflux in brachy-
cephalic dogs can be reduced medically (Table 1).
Therapy includes a frequent, small bolus feeding
regime and administration of a prokinetic and a pro-
ton pump inhibitor, and in cases of suspected
oesophagitis an addition of sucralfate (Grobman

2021; Kook 2021). Cisapride is superior to metoclo-
pramide in increasing the LES pressure, and esome-
prazole is superior to omeprazole in increasing
gastric pH (Hwang et al. 2017). However, consequen-
ces of long-term treatment with proton pump inhibi-
tors include potential small intestinal dysbiosis,
atrophic gastritis, hypomagnesemia, hypocobalami-
nemia, and hypocalcaemia (Katz 2018).

The correct diagnosis of gastrointestinal diseases
merits special consideration, because brachycephalic
dogs are commonly affected by concurrent gastro-
intestinal disorder, such as protein-losing enterop-
athy in pugs (Freiche and German 2021),
granulomatous colitis in boxers, mastiffs, and French
bulldogs (Manchester et al. 2013).

5. Sleep disorders in brachycephalic dogs

Canine BOAS share similarities to obstructive sleep
apnoea (OSA) in humans and therefore brachyceph-
alic dogs can serve as a valuable models of human
disease (Hendricks et al. 1987; Veasey et al. 1999).
Abnormal sleep behaviour in brachycephalic dogs is
common and linked to abnormal sleep disordered
breathing (SDB) (Hendricks et al. 1987; Veasey et al.
1999). It encompasses a wide range of abnormalities
such as sleeping with an open mouth in sitting or
elevated positions, sleep fragmentation, sleep
apnoea, sleep arousal or complete inability to sleep
with consequent daytime hypersomnolence
(Foldvary-Schaefer and Waters 2017). Owners often
do not perceive sleeping problems as restrictive for
their dog’s welfare compared to the exercise intoler-
ance caused by BOAS (Barker et al. 2021).

OSA in humans, is a complex pathological process
that occurs as a result of a muscular relaxation and
subsequent intermittent partial or complete block-
age of the pharynx (Gianella et al. 2019). This phe-
nomenon is also described in English bulldogs and
worsens during REM phase, particularly in older,
obese dogs (Hendricks et al. 1987).

In humans and dogs, the cycle of chronic inter-
mittent hypoxaemia and reoxygenation, resembles
repeated ischaemia and reperfusion events (Gianella
et al. 2019; Facin et al. 2020). This oxidative stress
leads to the formation of reactive nitrogen and oxy-
gen species, inflammation, and dysfunction of vascu-
lar endothelium and has been linked with
atherosclerosis and cardiovascular disease (Vakil
et al. 2006).

Human OSA patients and brachycephalic dogs
share similar clinicopathological abnormalities such
as decreased arterial partial pressure of oxygen
(PaO2), increased arterial partial pressure of carbon
dioxide (PaCO2), increased haematocrit (HCT), hyper-
glycaemia, hyperlipidaemia, and increased levels of
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C-reactive protein (CRP) (Mellema and Hoareau 2014;
Hoareau and Mellema 2015; Gianella et al. 2019). In
human OSA patients, these findings are suggestive
of activation of a chronic stress response due to hyp-
oxia, insulin resistance, altered hepatic lipid metabol-
ism and systemic inflammation. The same
mechanism is suspected in brachycephalic dogs
(Hendricks et al. 1987; Gianella et al. 2019; Barker
et al. 2021; Jawa et al. 2021). In fact, the antioxidant
enzyme, superoxide dismutase (SOD) levels are
increasing in the sera of brachycephalic dogs after
corrective surgery. This paradoxical increase is sug-
gestive of an improved postoperative oxygenation,
making SOD a potential biomarker of oxidative stress
(Lavie 2015; Erjavec et al. 2021).

5.1. Hypoxaemia, hypertension, and
hypercoagulability

In human OSA cases, chronic hypoxaemia leads to
liver hypoxia, inflammation, fibrosis, and portal
hypertension (Weingarten et al. 2012; Chou et al.
2015; Benotti et al. 2016; Jin et al. 2018; Jawa et al.
2021). The liver injury observed in human OSA
patients is described as non-alcoholic fatty liver dis-
ease (NAFLD) (Jawa et al. 2021). It has been demon-
strated that dogs with BOAS have increased tissue
stiffness of the liver and spleen, and therefore it is
possible that similar pathologies occur (Facin
et al. 2020).

Dogs with BOAS have significant higher systolic,
mean and diastolic arterial blood pressure in com-
parison to a dolichocephalic and mesocephalic con-
trol group (Hoareau et al. 2012; Mellema and
Hoareau 2014). Although an exact underlying mech-
anism is unknown, increased sympathetic activity,
metabolic dysfunction, endothelial damage and
hypomagnesemia are thought to play a role
(Hoareau et al. 2012; Mellema and Hoareau 2014).
Hypertensive brachycephalic dogs need to be thor-
oughly evaluated for concurrent causes of secondary
hypertension before institution of treatment (Acierno
et al. 2018) (Table 1).

Persistent chronic inflammation, increased platelet
activation and delayed fibrinolysis promote the
hypercoagulable state and predispose brachyceph-
alic dogs to thromboembolic disease (Hoareau and
Mellema 2015; Crane et al. 2017). Therapeutic con-
siderations include antiplatelet agents (Table 1).

6. Ethical concerns, responsibilities of
veterinarians and preventive strategies

The graduation oaths of veterinarians from most
countries contain statements affirming an obligation
to practice not just for the benefit of an individual

animal, but for the benefit of animal health and wel-
fare in general. In addition, the global professional
organisation for veterinarians, the World Small
Animal Veterinary Association (WSAVA) also asks
members to swear an oath that includes the state-
ment ‘As a global veterinarian, I will use my know-
ledge and skills for the benefit of our society
through the protection of animal welfare and health
and the prevention and relief of animal suffering’.
Thus, while it is beholden upon veterinarians to
manage extreme brachycephaly on a case-by-case
basis at the individual level of the patient and client,
it can be argued that veterinarians also have a duty-
of-care for broader engagement on the issue, for
example with breeders, the community, and policy-
makers (Fawcett et al. 2018). Even in the absence of
membership of such organisations, veterinarians
have an ethical responsibility to prevent and minim-
ise the negative health and welfare impacts of
extreme brachycephaly on the basis that affected
animals do not enjoy all the five freedoms of animal
welfare under human control (freedom from hunger
and thirst, freedom from discomfort, freedom from
pain, injury and disease, freedom from fear and dis-
tress, and freedom to express normal behaviour)
(Webster 2016).

Professional organisations such as the British
Veterinary Association (BVA) have made online tools
available for veterinarians, including a 10-point plan
to improve the health and welfare of brachycephalic
dogs and to promote responsible ownership (Atkin
2020). At the patient level, the plan includes offering
new dog owners pre-purchase consultations to iden-
tify potential health problems in dogs with extreme
brachycephalic conformation, performing exercise
tolerance and functional grading as part of an
annual health assessment and providing strong
advice against breeding of dogs with BOAS or that
require conformation altering surgery. At the com-
munity level, the plan includes development and
observation of a practice communication strategy
and mechanisms to support local breed clubs and
representatives.

In addition to the efforts of professional veterinary
associations including one organisation dedicated to
the issue (Vets Against Brachycephalism), there are
many cross-organisational initiatives such as the
Brachycephalic Working Group (www.ukbwg.org.uk)
and the Love is Blind campaign of the Australian
Veterinary Association and the RSPCA (www.ava.com.
au/love-is-blind/) that aim to prevent conformation-
related health problems and reduce the demand for
brachycephalic dogs. However, despite the traction
that the issue of extreme brachycephaly has gained
because of engagement by the veterinary profession,
charitable animal organisations and extensive media
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coverage, there is a continued upsurge in brachy-
cephalic dog ownership (Farnworth 2022; Loeb and
Williams 2022). Other strategies may be necessary to
make an impact to improve the health and welfare
of brachycephalic dogs.

Legislative approach has been started in Europe
to enact more rapid change (Commission euro-
p�eenne 2020). The Netherlands has a pro-healthy
brachycephalic breeding legislation and clearly
defined criteria for the enforcement of the article 3.4
of the Animal Keepers Decree which rules against
breeding of companion animals that is detrimental
to their welfare (Hagen 2019). A similar approach
has been enforced in Norway and although currently
under appeal, based on the two cases of an English
bulldog and a Cavalier King Charles Spaniel, a court
ruling in Oslo declared that breeding of dogs with
inherited diseases breaches the country’s Animal
Welfare Act (Norway Government 2009).

7. Conclusions

Consequences of airway obstruction and reflux-asso-
ciated conditions in brachycephalic dogs are pro-
gressive and can eventually lead to multiorgan
dysfunction. The evidence that brachycephalic dogs,
including those without overt respiratory signs, are
systemically affected emphasises the importance of
early recognition. So far, the most promising, object-
ive diagnostic method is whole-body barometric ple-
thysmography which can help to avoid delays in
clinical decision making. Serum SOD offers a promis-
ing surrogate marker and its utility in the clinical set-
ting warrants further research.

Corrective surgery for BOAS, although associated
with potential serious complications is often recom-
mended (Ree et al. 2016; Hughes et al. 2018; Fenner
et al. 2020; Mayhew et al. 2021). Marked post-opera-
tive improvement is reported in 30–90% of cases
(Lorinson et al. 1997; Torrez and Hunt 2006; Riecks
et al. 2007; De Lorenzi et al. 2009; Pohl et al. 2016).
However, direct comparison of the surgical success
rate is challenging due to lack of an objective, stand-
ardised scoring system (Packer and Tivers 2015).
Adjuvant medical therapy targeting oesophageal and
gastrointestinal problems, is frequently employed as
it has been shown to decrease the risk of postsurgi-
cal complications and to substantially improve the
prognosis and long-term outcome in over 70% of
brachycephalic dogs (Poncet et al. 2006). Weight
loss, exercise restriction and environmental modifica-
tions, are equally important in the management of
brachycephalic dogs, regardless of the medical and
surgical treatments (Gossellin et al. 2007; Manens
et al. 2012; Packer and Tivers 2015).

Although the surgical and non-surgical manage-
ment of BOAS patients is our duty in the clinical set-
ting, it is indisputable that in many cases a fully
successful outcome is unachievable (Packer and
Tivers 2015). Therefore, our biggest responsibility is
to work together with all stakeholders to advise and
enact policy change and guide public education and
new breed standards for animals under our care.

Disclosure statement

No potential conflict of interest was reported by
the authors.

Funding

The authors reported there is no funding associated with
the work featured in this article.

ORCID

Paweł M. BeRczkowski http://orcid.org/0000-0003-
0498-3254

References

Acierno MJ, Brown S, Coleman AE, Jepson RE, Papich M,
Stepien RL, Syme HM. 2018. ACVIM consensus state-
ment: guidelines for the identification, evaluation, and
management of systemic hypertension in dogs and cats.
J Vet Intern Med. 32(6):1803–1822.

Aron DN, Crowe DT. 1985. Upper airway obstruction.
General principles and selected conditions in the dog
and cat. Vet Clin North Am Small Anim Pract. 15(5):
891–917.

Atkin H. 2020. BreedtoBreathe: 10-point plan for veterinary
practices [accessed 2022 May 7]. https://www.bva.co.uk/
news-and-blog/blog-article/breedtobreathe-10-point-
plan-for-veterinary-practices/

Auger M, Alexander K, Beauchamp G, Dunn M. 2016. Use
of CT to evaluate and compare intranasal features in
brachycephalic and normocephalic dogs. J Small Anim
Pract. 57(10):529–536.

Barker DA, Tovey E, Jeffery A, Blackwell E, Tivers MS. 2021.
Owner reported breathing scores, accelerometry and
sleep disturbances in brachycephalic and control dogs:
a pilot study. Vet Rec. 189(4):e135.

Benotti P, Wood GC, Argyropoulos G, Pack A, Keenan BT,
Gao X, Gerhard G, Still C. 2016. The impact of obstruct-
ive sleep apnea on nonalcoholic fatty liver disease in
patients with severe obesity. Obesity (Silver Spring).
24(4):871–877.

Bernaerts F, Talavera J, Leemans J, Hamaide A, Claeys S,
Kirschvink N, Clercx C. 2010. Description of original
endoscopic findings and respiratory functional assess-
ment using barometric whole-body plethysmography in
dogs suffering from brachycephalic airway obstruction
syndrome. Vet J. 183(1):95–102.

Broux O, Clercx C, Etienne A-L, Busoni V, Claeys S,
Hamaide A, Billen F. 2018. Effects of manipulations to
detect sliding hiatal hernia in dogs with brachycephalic
airway obstructive syndrome. Vet Surg. 47(2):243–251.

VETERINARY QUARTERLY 219

https://www.bva.co.uk/news-and-blog/blog-article/breedtobreathe-10-point-plan-for-veterinary-practices/
https://www.bva.co.uk/news-and-blog/blog-article/breedtobreathe-10-point-plan-for-veterinary-practices/
https://www.bva.co.uk/news-and-blog/blog-article/breedtobreathe-10-point-plan-for-veterinary-practices/


Carabalona JPR, Le Boedec K, Poncet CM. 2022.
Complications, prognostic factors, and long-term out-
comes for dogs with brachycephalic obstructive airway
syndrome that underwent H-pharyngoplasty and ala-
vestibuloplasty: 423 cases (2011–2017. J Am Vet Med
Assoc. 260(S1):S65–S73.

Cashmore RG, Harcourt-Brown TR, Freeman PM, Jeffery ND,
Granger N. 2009. Clinical diagnosis and treatment of
suspected neuropathic pain in three dogs. Aust Vet J.
87(1):45–50.

Chou T-C, Liang W-M, Wang C-B, Wu T-N, Hang L-W. 2015.
Obstructive sleep apnea is associated with liver disease:
a population-based cohort study. Sleep Med. 16(8):
955–960.

Clark G, Sinibaldi K. 1994. Use of a carbon dioxide laser for
treatment of elongated soft palate in dogs. J Am Vet
Med Assoc. 204(11):1779–1781.

Clarke DL, Holt DE, King LG. 2011. Partial resolution of
hypoplastic trachea in six english bulldog puppies with
bronchopneumonia. J Am Anim Hosp Assoc. 47(5):
329–335.

Commission E. 2020. Responsible dog breeding guidelines
[accessed 2022 Apr 7]. https://ec.europa.eu/food/system/
files/2020-11/aw_platform_plat-conc_guide_dog-breed-
ing.pdf

Conte A, Berlato D, Rasotto R, Bass J, Bussadori R, Nicoli S,
Murgia D. 2022. Comparison of harmonic shears, diode
laser, and scissor cutting and suturing for caudal palato-
plasty in dogs with brachycephalic obstructive airway
syndrome. Vet J. 280:105802.

Corfield GS, Burrows AK, Imani P, Bryden SL. 2008. The
method of application and short term results of tympa-
nostomy tubes for the treatment of primary secretory
otitis media in three Cavalier King Charles Spaniel dogs.
Aust Vet J. 86(3):88–94.

Crane C, Rozanski EA, Abelson AL, deLaforcade A. 2017.
Severe brachycephalic obstructive airway syndrome is
associated with hypercoagulability in dogs. J Vet Diagn
Invest. 29(4):570–573.

Crosse KR, Bray JP, Orbell G, Preston CA. 2015. Histological
evaluation of the soft palate in dogs affected by brachy-
cephalic obstructive airway syndrome. N Z Vet J. 63(6):
319–325.

Darcy HP, Humm K, Ter Haar G. 2018. Retrospective ana-
lysis of incidence, clinical features, potential risk factors,
and prognostic indicators for aspiration pneumonia in
three brachycephalic dog breeds. J Am Vet Med Assoc.
253(7):869–876.

Davidson EB, Davis MS, Campbell GA, Williamson KK,
Payton ME, Healey TS, Bartels KE. 2001. Evaluation of
carbon dioxide laser and conventional incisional techni-
ques for resection of soft palates in brachycephalic
dogs. J Am Vet Med Assoc. 219(6):776–781.

Dawson GE. 1964. London’s Bull-Baiting and Bear-Baiting
Arena in 1562. Shakespeare Quarterly. 15(1):97–101.

De Lorenzi D, Bertoncello D, Drigo M. 2009. Bronchial
abnormalities found in a consecutive series of 40 bra-
chycephalic dogs. J Am Vet Med Assoc. 235(7):835–840.

Dupre GP. 2008. Brachycephalic Syndrome: New
Knowledge, New Treatments. 33rd World Small Animal
Veterinary Association World Congress Proceedings; Aug
20–24; Dublin, Ireland.

Dupr�e G, Heidenreich D. 2016. Brachycephalic syndrome.
Vet Clin North Am Small Anim Pract. 46(4):691–707.

Eivers C, Chicon Rueda R, Liuti T, Salavati Schmitz S. 2019.
Retrospective analysis of esophageal imaging features in

brachycephalic versus non-brachycephalic dogs based
on videofluoroscopic swallowing studies. J Vet Intern
Med. 33(4):1740–1746.

Ekenstedt KJ, Crosse KR, Risselada M. 2020. Canine brachy-
cephaly: anatomy, pathology, genetics and welfare.
J Comp Pathol. 176:109–115.

Elkins, A.D., 2005. Soft palate resection in brachycephalic
dogs.Vet Forum. (22):43–46.

Ellison GW. 2004. Alapexy: an alternative technique for
repair of stenotic nares in dogs. J Am Anim Hosp Assoc.
40(6):484–489.

Erjavec V, Vovk T, Svete AN. 2021. Evaluation of oxidative
stress parameters in dogs with brachycephalic obstruct-
ive airway syndrome before and after surgery. J Vet Res.
65(2):201–208.

Facin AC, Uscategui RAR, Maronezi MC, Pavan L, Menezes
MP, Montanhim GL, Camacho AA, Feliciano MAR,
Moraes PC. 2020. Liver and spleen elastography of dogs
affected by brachycephalic obstructive airway syndrome
and its correlation with clinical biomarkers. Sci Rep.
10(1):16156.

Farnworth MJ. 2022. Rising ownership of brachycephalic
dogs: what can we do to intervene? Vet Rec. 190(11):
459–461.

Fasanella FJ, Shivley JM, Wardlaw JL, Givaruangsawat S.
2010. Brachycephalic airway obstructive syndrome in
dogs: 90 cases (1991–2008). J Am Vet Med Assoc.
237(9):1048–1051.

Fawcett A, Barrs V, Awad M, Child G, Brunel L, Mooney E,
Martinez-Taboada F, McDonald B, McGreevy P. 2018.
Consequences and management of canine brachyceph-
aly in veterinary practice: perspectives from australian
veterinarians and veterinary specialists. Animals. 9(1):3.

Fenner JVH, Quinn RJ, Demetriou JL. 2020. Postoperative
regurgitation in dogs after upper airway surgery to treat
brachycephalic obstructive airway syndrome: 258 cases
(2013–2017). Vet Surg. 49(1):53–60.

Findji L, Dupre G. 2008. Folded flap palatoplasty for treat-
ment of elongated soft palates in 55 dogs. Wiener
Tierarztliche Monatsschrift. 95(3/4):56.

Foldvary-Schaefer NR, Waters TE. 2017. Sleep-disordered
breathing. Continuum (Minneap Minn). 23(4):1093–1116.

Freiche V, German AJ. 2021. Digestive Diseases in
Brachycephalic Dogs. Vet Clin North Am Small Anim
Pract. 51(1):61–78.

Georgevsky D, Carrasco JJ, Valenzuela M, McGreevy PD.
2014. Domestic dog skull diversity across breeds, breed
groupings, and genetic clusters. J Vet Behav. 9(5):
228–234.

Gianella P, Caccamo R, Bellino C, Bottero E, Fietta F,
Roncone S, Ostanello F, Pietra M, Buracco P. 2019.
Evaluation of metabolic profile and C-reactive protein
concentrations in brachycephalic dogs with upper air-
way obstructive syndrome. J Vet Intern Med. 33(5):
2183–2192.

Gianella P, Roncone S, Ala U, Bottero E, Cagnasso F,
Cagnotti G, Bellino C. 2020. Upper digestive tract abnor-
malities in dogs with chronic idiopathic lymphoplasma-
cytic rhinitis. J Vet Intern Med. 34(5):1845–1852.

Gossellin J, Wren J, Sunderland S. 2007. Canine obesity–an
overview. J Vet Pharmacol Ther. 30(s1):1–10.

Gray J. 1980. Bull-baiting in Pemba. Azania: Archaeol Res
Africa. 15(1):121–132.

Grobman M. 2021. Aerodigestive disease in dogs. Vet Clin
North Am Small Anim Pract. 51(1):17–32.

220 S. MITZE ET AL.

https://ec.europa.eu/food/system/files/2020-11/aw_platform_plat-conc_guide_dog-breeding.pdf
https://ec.europa.eu/food/system/files/2020-11/aw_platform_plat-conc_guide_dog-breeding.pdf
https://ec.europa.eu/food/system/files/2020-11/aw_platform_plat-conc_guide_dog-breeding.pdf


Guerin V, Hampel R, Ter Haar G. 2015. Video-otoscopy-
guided tympanostomy tube placement for treatment of
middle ear effusion. J Small Anim Pract. 56(10):606–612.

Hagen M. 2019. Breeding short-muzzled dogs [accessed
2022 Apr 7]. https://www.uu.nl/sites/default/files/eng_
breeding_short-muzzled_dogs_in_the_netherlands_
expertisecentre_genetics_of_companionanimals_2019_
translation_from_dutch.pdf

Hara Y, Teshima K, Seki M, Asano K, Yamaya Y. 2020.
Pharyngeal contraction secondary to its collapse in dogs
with brachycephalic airway syndrome. J Vet Med Sci.
82(1):64–67.

Harvey C. 1982. Upper airway obstruction surgery. 2. Soft
palate resection in brachycephalic dogs. J Am Animal
Hosp Assoc. 18:538–544.

Harvey C. 1982. Upper airway obstruction surgery. 3.
Everted laryngeal saccule surgery in brachycephalic
dogs. J Am Animal Hosp Assoc. 18:545–547.

Harvey C. 2022. The relationship between periodontal
infection and systemic and distant organ disease in
dogs. Vet Clin North Am Small Anim Pract. 52(1):
121–137.

Hayes G, Friend E, Jeffery N. 2010. Relationship between
pharyngeal conformation and otitis media with effusion
in Cavalier King Charles spaniels. Vet Rec. 167(2):55–58.

Hendricks JC. 1992. Brachycephalic airway syndrome. Vet
Clin North America: Small Animal Practice. 22(5):
1145–1153.

Hendricks JC, Kline LR, Kovalski RJ, O’Brien JA, Morrison
AR, Pack AI. 1987. The English bulldog: a natural model
of sleep-disordered breathing. J Appl Physiol (1985).
63(4):1344–1350.

Hoareau G, Mellema M. 2015. Pro-coagulant thromboelas-
tographic features in the bulldog. J Small Anim Pract.
56(2):103–107.

Hoareau GL, Jourdan G, Mellema M, Verwaerde P. 2012.
Evaluation of arterial blood gases and arterial blood
pressures in brachycephalic dogs. J Vet Intern Med.
26(4):897–904.

Hughes JR, Kaye BM, Beswick AR, Ter Haar G. 2018.
Complications following laryngeal sacculectomy in bra-
chycephalic dogs. J Small Anim Pract. 59(1):16–21.

Hwang J-H, Jeong J-W, Song G-H, Koo T-S, Seo K-W. 2017.
Pharmacokinetics and acid suppressant efficacy of eso-
meprazole after intravenous, oral, and subcutaneous
administration to healthy Beagle dogs. J Vet Intern Med.
31(3):743–750.

Ita MI, Rizvi MB. 2021. Brachycephaly. USA: StatPearls
Publishing.

Jawa HA, Khatib H, Alzahrani N, Alawi A, Al-Gamdi M,
Abuljadayel A, Altayyari S, Alhejaili F, Mosli M, Wali SO.
2021. Nonalcoholic fatty liver disease and fibrosis risk in
patients with obstructive sleep apnea: a retrospective
analysis. Cureus. 13(2):e13623.

Jin S, Jiang S, Hu A. 2018. Association between obstructive
sleep apnea and non-alcoholic fatty liver disease: a sys-
tematic review and meta-analysis. Sleep Breath. 22(3):
841–851.

Johnston SA, Tobias KM. 2017. Veterinary Surgery: Small
Animal Expert Consult-E-book. Elsevier Health Sciences:
4777–4804.

Jones BA, Stanley BJ, Nelson NC. 2020. The impact of
tongue dimension on air volume in brachycephalic
dogs. Vet Surg. 49(3):512–520.

Kalof L, Taylor C. 2007. The discourse of dog fighting. Hum
Soc. 31(4):319–333.

Katz PO. 2018. The advantages and adverse events associ-
ated with long-term use of proton pump inhibitors.
Gastroenterol Hepatol (N Y). 14(10):595–597.

Kaye BM, Rutherford L, Perridge DJ, Ter Haar G. 2018.
Relationship between brachycephalic airway syndrome
and gastrointestinal signs in three breeds of dog. J
Small Anim Pract. 59(11):670–673.

Kempf J, Lewis F, Reusch CE, Kook PH. 2014. High-reso-
lution manometric evaluation of the effects of cisapride
and metoclopramide hydrochloride administered orally
on lower esophageal sphincter pressure in awake dogs.
Am J Vet Res. 75(4):361–366.

Kenny DD, Freemantle R, Jeffery A, et al. 2022. Impact of
an educational intervention on public perception of bra-
chycephalic obstructive airway syndrome in brachyceph-
alic dogs. Veterinary Record.

Kim YJ, Lee N, Yu J, Lee H, An G, Bang S, Chang J, Chang
D. 2019. Three-dimensional volumetric magnetic reson-
ance imaging (MRI) analysis of the soft palate and naso-
pharynx in brachycephalic and non-brachycephalic dog
breeds. J Vet Med Sci. 81(1):113–119.

Knecht C. 1979. Upper airway obstruction in brachyceph-
alic dogs. Compend Contin Educ Pract Vet. 1:25–31.

K€ohler C, Fromme V, Kohl S, Winter K, Weidauer J, Kiefer I.
2022. 3T MRI characteristics of the palatine tonsil in bra-
chycephalic dogs. Vet Rec. 190(5):e1077.

Komsta R, Osi�nski Z, DeRbiak P, Twardowski P, Lisiak B.
2019. Prevalence of pectus excavatum (PE), pectus cari-
natum (PC), tracheal hypoplasia, thoracic spine deform-
ities and lateral heart displacement in thoracic
radiographs of screw-tailed brachycephalic dogs. PLoS
One. 14(10):e0223642.

Kook PH. 2021. Esophagitis in cats and dogs. Vet Clin
North Am Small Anim Pract. 51(1):1–15.

Ladlow J, Liu N-C, Kalmar L, Sargan D. 2018.
Brachycephalic obstructive airway syndrome. Vet Rec.
182(13):375–378.

Lavie L. 2015. Oxidative stress in obstructive sleep apnea
and intermittent hypoxia–revisited–the bad ugly and
good: implications to the heart and brain. Sleep Med
Rev. 20:27–45.

Leonard H. 1956. Surgical relief for stenotic nares in a dog.
J Am Vet Med Assoc. 128(11):530.

Liu N-C, Adams VJ, Kalmar L, Ladlow JF, Sargan DR. 2016
May. Whole-body barometric plethysmography charac-
terizes upper airway obstruction in 3 brachycephalic
breeds of dogs. J Vet Intern Med. 30(3):853–865.

Liu N-C, Oechtering GU, Adams VJ, Kalmar L, Sargan DR,
Ladlow JF. 2017. Outcomes and prognostic factors of
surgical treatments for brachycephalic obstructive air-
way syndrome in 3 breeds. Vet Surg. 46(2):271–280.

Liu N-C, Sargan DR, Adams VJ, Ladlow JF. 2015.
Characterisation of brachycephalic obstructive airway
syndrome in French bulldogs using whole-body baro-
metric plethysmography. PLoS One. 10(6):e0130741.

Liu N-C, Troconis EL, Kalmar L, Price DJ, Wright HE, Adams
VJ, Sargan DR, Ladlow JF. 2017. Conformational risk fac-
tors of brachycephalic obstructive airway syndrome
(BOAS) in pugs, French bulldogs, and bulldogs. PLoS
One. 12(8):e0181928.

Loeb J, Williams A. 2022. French bulldogs still as popular
as ever. Vet Rec. 190(12):480–480.

Lorinson D, Bright R, White R. 1997. Brachycephalic airway
obstruction syndrome–A Review of 118 Cases. Canine
Pract. 22(5/6):18–21.

VETERINARY QUARTERLY 221

https://www.uu.nl/sites/default/files/eng_breeding_short-muzzled_dogs_in_the_netherlands_expertisecentre_genetics_of_companionanimals_2019_translation_from_dutch.pdf
https://www.uu.nl/sites/default/files/eng_breeding_short-muzzled_dogs_in_the_netherlands_expertisecentre_genetics_of_companionanimals_2019_translation_from_dutch.pdf
https://www.uu.nl/sites/default/files/eng_breeding_short-muzzled_dogs_in_the_netherlands_expertisecentre_genetics_of_companionanimals_2019_translation_from_dutch.pdf
https://www.uu.nl/sites/default/files/eng_breeding_short-muzzled_dogs_in_the_netherlands_expertisecentre_genetics_of_companionanimals_2019_translation_from_dutch.pdf


Lorinson D, Bright RM. 1998. Long-term outcome of med-
ical and surgical treatment of hiatal hernias in dogs and
cats: 27 cases (1978–1996). J Am Vet Med Assoc. 213(3):
381–384. 1998/08//

Luciani E, Reinero C, Grobman M. 2022. Evaluation of aero-
digestive disease and diagnosis of sliding hiatal hernia
in brachycephalic and nonbrachycephalic dogs. J Vet
Intern Med. 36(4):1229–1236.

Manchester AC, Hill S, Sabatino B, Armentano R, Carroll M,
Kessler B, Miller M, Dogan B, McDonough SP, Simpson
KW. 2013. Association between granulomatous colitis in
French Bulldogs and invasive Escherichia coli and
response to fluoroquinolone antimicrobials. J Vet Intern
Med. 27(1):56–61.

Manens J, Bolognin M, Bernaerts F, Diez M, Kirschvink N,
Clercx C. 2012. Effects of obesity on lung function and
airway reactivity in healthy dogs. Vet J. 193(1):217–221.

Mantia L, Grillo I, Andaloro C. 2018. Rhinogenic contact
point headache: surgical treatment versus medical treat-
ment. J Craniofac Surg. 29(3):e228–e230. May

May ER, Conklin KA, Bemis DA. 2016. Antibacterial effect of
N-acetylcysteine on common canine otitis externa iso-
lates. Vet Dermatol. 27(3):188–e47.

Mayhew PD, Balsa IM, Marks SL, Pollard RE, Case JB, Culp
WTN, Giuffrida MA. 2021. Clinical and videofluoroscopic
outcomes of laparoscopic treatment for sliding hiatal
hernia and associated gastroesophageal reflux in bra-
chycephalic dogs. Vet Surg. 50(Suppl 1): o67–o77.

Mayhew PD, Marks SL, Pollard R, Culp WTN, Kass PH. 2017.
Prospective evaluation of surgical management of slid-
ing hiatal hernia and gastroesophageal reflux in dogs.
Vet Surg. 46(8):1098–1109.

McGreevy PD, Georgevsky D, Carrasco J, Valenzuela M,
Duffy DL, Serpell JA. 2013. Dog Behavior Co-Varies with
Height, Bodyweight and Skull Shape. PLoS One. 8(12):
e80529.

Mellema MS, Hoareau GL. 2014. Hypomagnesemia in bra-
chycephalic dogs. J Vet Intern Med. 28(5):1418–1423.

Mendes Junior AF, Hotz MR, Duarte PCdS, Santos GSLBd,
Sanches Neto AP, Moth�e GB, Soares AMB, Almosny NRP.
2021. Uso do laser diodo para correç~ao cir�urgica de
estenose de narina e prolongamento de palato mole
em c~ao portador da s�ındrome do braquic�efalo – relato
de caso. Res Soc Dev. 10(2):e33410212630.

Milne E, Nuttall T, Marioni-Henry K, Piccinelli C, Schwarz T,
Azar A, Harris J, Duncan J, Cheeseman M. 2020.
Cytological and microbiological characteristics of middle
ear effusions in brachycephalic dogs. J Vet Intern Med.
34(4):1454–1463.

M€onkem€uller K, Wex T, Kuester D, Fry LC, Kandulski A,
Kropf S, Roessner A, Malfertheiner P. 2012. Role of tight
junction proteins in gastroesophageal reflux disease.
BMC Gastroenterol. 12:128.

Monnet E, Kudnig S. 2003. Brachycephalic airway syn-
drome. In: Slatter D. editors. Textbook of Small Animal
Surgery, 3rd ed. Philadelphia: Saunders; p.808–813.

Montague AL, Markey BK, Bassett HF, Jones BR, Larkin H,
Mcallister H, Quinn PJ. 2002. A study of greyhounds
with tonsillar enlargement and a history of poor racing
performance. Vet J. 164(2):106–115.

Norway Go. 2009. Animal Welfare Act [accessed 2022 Apr 7].
https://www.regjeringen.no/en/dokumenter/animal-welfare-
act/id571188/

Nuutinen J, K€arj€a J, Karjalainen P. 1983. Measurement of
mucociliary function of the eustachian tube. Arch
Otolaryngol. 109(10):669–672.

O’Neill DG, Jackson C, Guy JH, Church DB, McGreevy PD,
Thomson PC, Brodbelt DC. 2015. Epidemiological associ-
ations between brachycephaly and upper respiratory
tract disorders in dogs attending veterinary practices in
England. Canine Genet Epidemiol. 2:10.

O’Neill DG, Mitchell CE, Humphrey J, Church DB, Brodbelt
DC, Pegram C. 2021. Epidemiology of periodontal dis-
ease in dogs in the UK primary-care veterinary setting. J
Small Anim Pract. 62(12):1051–1061.

O’Neill DG, Sahota J, Brodbelt DC, Church DB, Packer RM,
Pegram C. 2022. Health of Pug dogs in the UK: disorder
predispositions and protections. Canine Med Genet. 9:4.

Packer RM, Tivers M. 2015. Strategies for the management
and prevention of conformation-related respiratory dis-
orders in brachycephalic dogs. Vet Med Res Rep. 6:
219–232.

Paterson S. 2017. Otitis media with effusion in the boxer: a
report of seven cases. J Small Anim Pract. 59:646–650.

Pichetto M, Arrighi S, Gobbetti M, Romussi S. 2015. The
anatomy of the dog soft palate. III. Histological evalu-
ation of the caudal soft palate in brachycephalic neo-
nates. Anat Rec (Hoboken). 298(3):618–623.

Pichetto M, Arrighi S, Roccabianca P, Romussi S. 2011. The
anatomy of the dog soft palate. II. Histological evalu-
ation of the caudal soft palate in brachycephalic breeds
with grade I brachycephalic airway obstructive syn-
drome. Anat Rec (Hoboken). 294(7):1267–1272.

Pohl S, Roedler FS, Oechtering GU. 2016. How does multi-
level upper airway surgery influence the lives of dogs
with severe brachycephaly? Results of a structured pre-
and postoperative owner questionnaire. Vet J. 210:
39–45.

Pollard RE, Johnson LR, Marks SL. 2018. The prevalence of
dynamic pharyngeal collapse is high in brachycephalic
dogs undergoing videofluoroscopy. Vet Radiol
Ultrasound. 59(5):529–534.

Poncet CM, Dupre GP, Freiche VG, Bouvy BM. 2006. Long-
term results of upper respiratory syndrome surgery and
gastrointestinal tract medical treatment in 51 brachy-
cephalic dogs. J Small Anim Pract. 47(3):137–142.

Poncet CM, Dupre GP, Freiche VG, Estrada MM, Poubanne
YA, Bouvy BM. 2005. Prevalence of gastrointestinal tract
lesions in 73 brachycephalic dogs with upper respiratory
syndrome. J Small Anim Pract. 46(6):273–279.

Ree JJ, Milovancev M, MacIntyre LA, Townsend KL. 2016.
Factors associated with major complications in the
short-term postoperative period in dogs undergoing
surgery for brachycephalic airway syndrome. Can Vet J.
57(9):976–980.

Reeve EJ, Sutton D, Friend EJ, Warren-Smith CMR. 2017.
Documenting the prevalence of hiatal hernia and
oesophageal abnormalities in brachycephalic dogs using
fluoroscopy. J Small Anim Pract. 58(12):703–708.

Regalado Ibarra AM, Legendre L. 2019. Anatomy of the
brachycephalic canine hard palate and treatment of
acquired palatitis using CO(2) laser. J Vet Dent. 36(3):
186–197.

Regier PJ, Grosso FV, Stone HK, van Santen E. 2020.
Radiographic tracheal dimensions in brachycephalic
breeds before and after surgical treatment for brachy-
cephalic airway syndrome. Can Vet J. 61(9):971–976.

Reinero CR, Masseau I. 2021. Lower airway collapse: revisit-
ing the definition and clinicopathologic features of
canine bronchomalacia. Vet J. 273:105682.

222 S. MITZE ET AL.

https://www.regjeringen.no/en/dokumenter/animal-welfare-act/id571188/
https://www.regjeringen.no/en/dokumenter/animal-welfare-act/id571188/


Riecks TW, Birchard SJ, Stephens JA. 2007. Surgical correc-
tion of brachycephalic syndrome in dogs: 62 cases
(1991–2004). J Am Vet Med Assoc. 230(9):1324–1328.

Roedler FS, Pohl S, Oechtering GU. 2013. How does severe
brachycephaly affect dog’s lives? Results of a structured
preoperative owner questionnaire. Vet J. 198(3):606–610.

Ryan R, Gutierrez-Quintana R, Ter Haar G, De Decker S.
2017. Prevalence of thoracic vertebral malformations in
French bulldogs, Pugs and English bulldogs with and
without associated neurological deficits. Vet J. 221:
25–29.

Sarran D, Caron A, Billet JP. 2020. Vocal fold granulomas in
six brachycephalic dogs: clinical, macroscopical and
histological features. J Small Anim Pract. 61(7):458–461.

Schuenemann R, Kamradt A, Truar K, Oechtering G. 2022.
Prevalence and characterization of middle ear effusion
in 55 brachycephalic dogs. Tierarztl Prax Ausg K
Kleintiere Heimtiere. 50(5):329–336.

Schuenemann R, Oechtering G. 2014. Inside the brachy-
cephalic nose: conchal regrowth and mucosal contact
points after laser-assisted turbinectomy. J Am Anim
Hosp Assoc. 50(4):237–246. Jul-Aug

Siedenburg JS, Dupr�e G. 2021. Tongue and upper airway
dimensions: a comparative study between three popular
brachycephalic breeds. Animals (Basel). 11(3):662.

Sivacolundhu R, Read R, Marchevsky A. 2002. Hiatal hernia
controversies – a review of pathophysiology and treat-
ment options. Aust Vet J. 80(1–2):48–53.

Stern-Bertholtz W, Sj€ostr€om L, Håkanson NW. 2003. Primary
secretory otitis media in the Cavalier King Charles span-
iel: a review of 61 cases. J Small Anim Pract. 44(6):
253–256.

Tamburro R, Brunetti B, Muscatello LV, Mantovani C, De
Lorenzi D. 2019. Short-term surgical outcomes and his-
tomorphological evaluation of thermal injury following
palatoplasty performed with diode laser or air plasma
device in dogs with brachycephalic airway obstructive
syndrome. Vet J. 253:105391.

Thomason J, Lunsford K, Mackin A. 2016. Anti-platelet ther-
apy in small animal medicine. J Vet Pharmacol Ther.
39(4):318–335.

Tokunaga S, Ehrhart EJ, Monnet E. 2020. Histological and
mechanical comparisons of arytenoid cartilage between
4 brachycephalic and 8 non-brachycephalic dogs: a pilot
study. PLoS One. 15(9):e0239223.

Torrez C, Hunt GB. 2006. Results of surgical correction of
abnormalities associated with brachycephalic airway
obstruction syndrome in dogs in Australia. J Small Anim
Pract. 47(3):150–154.

Trostel CT, Frankel DJ. 2010. Punch resection alaplasty
technique in dogs and cats with stenotic nares: 14
cases. J Am Anim Hosp Assoc. 46(1):5–11.

Turkki OM, Bergman CE, Lee MH, H€oglund OV. 2022.
Complications of canine tonsillectomy by clamping
technique combined with monopolar electrosurgery – a
retrospective study of 39 cases. BMC Vet Res. 18:242.

Uvarov DO. 1985. Research with animals: requirement,
responsibility, welfare. Lab Anim. 19(1):51–75.

Vakil N, van Zanten SV, Kahrilas P, Dent J, Jones R. 2006.
The Montreal definition and classification of gastroeso-
phageal reflux disease: a global evidence-based consen-
sus. Am J Gastroenterol. 101(8):1900–1920; quiz 1943.

Veasey SC, Fenik P, Panckeri K, Pack AI, Hendricks JC. 1999.
The effects of trazodone with L-tryptophan on sleep-dis-
ordered breathing in the English bulldog. Am J Respir
Crit Care Med. 160(5 Pt 1):1659–1667.

Webster J. 2016. Animal welfare: freedoms, dominions and
“a life worth living”. Animals (Basel). 6(6):35.

Weingarten TN, Mantilla CB, Swain JM, Kendrick ML,
Oberhansley JM, Burcham RJ, Ribeiro TCR, Watt KD,
Schroeder DR, Narr BJ, et al. 2012. Nonalcoholic steato-
hepatitis in bariatric patients with a diagnosis of
obstructive sleep apnea. Obes Facts. 5(4):587–596.

Wykes P. 1991. Brachycephalic airway obstructive syn-
drome. Probl Vet Med. 3(2):188–197.

Yoon H, Yu J, An G, Bang S, Kwon D, Kim H, Lee H, Chang
J, Chang D. 2020. CT and radiographic evaluation of
bronchial collapsibility at forced expiration in asymp-
tomatic brachycephalic dogs. Vet Radiol Ultrasound.
61(2):167–180.

VETERINARY QUARTERLY 223


	Abstract
	Introduction
	Abnormalities of the airways
	Primary abnormalities
	Secondary abnormalities

	Middle ear effusions
	Abnormalities of the gastrointestinal tract
	Sleep disorders in brachycephalic dogs
	Hypoxaemia, hypertension, and hypercoagulability

	Ethical concerns, responsibilities of veterinarians and preventive strategies
	Conclusions
	Disclosure statement
	Funding
	Orcid
	References


