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■ Abnormalities in brachycephalic
dogs restrict their breathing and
can have life-threatening effects.
■ Because anesthesia is risky for
brachycephalic patients, as
many diagnostic and therapeutic
steps as possible should be
planned and executed in the
same narcosis.
■ Early correction of stenotic nares
and elongated soft palates
results in a favorable prognosis.
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ABSTRACT: Stenotic nares and elongated soft palates seem to be the initiating events of
brachycephalic syndrome in dogs. As a result of increased negative pressure during inspiration, the soft tissues of the upper airway are sucked into the lumen, aggravating the condition.
The most common signs of brachycephalic syndrome are stress and heat intolerance, inspiratory stridor, and asphyxia. Severely affected animals are prone to life-threatening attacks. Surgical corrections include wedge resection of stenotic nares, shortening of the soft palate, and
removal of laryngeal saccules.

B

rachycephalic breeds tend to have respiratory problems that come under the
term brachycephalic syndrome. The typical anatomic abnormalities are stenotic
nares, enlarged tonsils, elongated soft palate, everted lateral saccules of the larynx, narrowed rima glottidis, and collapse of the larynx and trachea.1 These findings
occur singularly or in various combinations and degrees in each dog. These abnormalities narrow the lumen of the upper respiratory tract, thereby restricting breathing, which often leads to asphyxiation and collapse during excitement or heat resulting from the weather or activity. This article provides a review of the predisposition
and anatomic and pathophysiologic particularities of the respiratory tract in connection with brachycephalic syndrome.

PREDISPOSITION
The term brachycephalia refers to a local chondrodysplasia that occurs as a result of
domestication. Early ankylosis occurs in the cartilage of the base of the skull, leading
to a shortened longitudinal axis of the skull. Breeders have deliberately kept this
chondrodysplasia.2,3
The division of dogs into dolichocephalic, mesocephalic, and brachycephalic is
based on skull measurements (Figure 1). According to Evans,3 dogs with a short and
broad facial skull and skull width:length ratio of 0.81 and greater are brachycephalic.
However, German authors4,5 based their classification on the relationship of cranial
length to skull length; the length:length ratio of brachycephalic dogs is 1.60 to 3.44.
Alternative measurements6 are based on the angle between the base of the skull (basilar axis) and facial skull (facial axis). Brachycephalic dogs have craniofacial angles of
9˚ to 14˚, mesocephalic dogs 19˚ to 21˚, and dolichocephalic greyhounds 25˚ to 26˚.
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Figure 1—Skull measurements in brachycephalic dogs: craniofacial angle of the basilar and facial axes (top6), skull width
to skull length (bottom3), and cranial length to skull length
(bottom4,5).

Depending on the division modality, the following breeds
are typically brachycephalic: Chihuahua, bulldog, King
Charles spaniel, pug, Boston terrier, Maltese, Pekingese,
miniature pinscher, shih tzu, Yorkshire terrier, and boxer.
Because of the shape of their skull, these breeds not only suffer from respiratory problems but are also predisposed to
hydrocephalus, facial nerve paralysis, skinfold dermatitis,
eye-bulb prolapse, and false positioning of the teeth.7–9

The shape and size of the conchae determine the path of
the air stream through the nasal cavities. During inspiration, air flows mainly through the ventral and middle meatus toward the nasopharynx. Only with high inspiratory
pressure is the dorsal meatus also ventilated, bringing the
air into more intimate contact with the olfactory epithelium. During expiration, air first passes the choanae and
thereafter all meatuses before leaving the nasal respiratory
tract. While sniffing, air is kept in place around the olfactory epithelium with short, repeated breaths and pauses
and is only slowly exhaled. This study was conducted using
smoke in isolated canine skulls.10
Lateral to the nasopharyngeal meatus, the eustachian
tubes enter on both sides. They connect the pharynx to
the middle ear, equalizing pressure differences on either
side of the tympanic membrane. 3 The transition from
hard to soft palate is caudal to the last molar in dolichocephalic and mesocephalic dogs, whereas it is more caudal in brachycephalic dogs. The soft palate normally
extends to the top of the epiglottis. The muscular-cartilaginous larynx controls the airflow within the trachea
and takes part in vocalization. The narrowest passage of
the airflow is the rima glottidis, which is formed dorsally
by the paired arytenoid cartilages and ventrally by the
paired vocal folds. The laryngeal saccule is situated
between the vocal and ventricular folds.
Passage through the nasal cavities accounts for 76.5% of
total airflow resistance. In comparison, the larynx (4.5% of
resistance) and the more distally situated trachea,
bronchus, and bronchioli (19% of resistance) contribute
only a modest amount. In contrast to humans, the values
of airflow resistance in dogs barely differ between expiration and inspiration. If airflow is increased, nasal cavity
resistance increases up to 80%.11 Even if nasal resistance is
artificially increased, dogs still try to breathe through their
noses. Either their ability to smell is extremely important
to dogs or a reflex suppresses open-mouthed breathing.
Only when both nasal cavities are chronically obstructed
do intrapleural pressure and pulmonary changes occur.12

PATHOPHYSIOLOGY
PARTICULARITIES OF THE UPPER AIRWAY
The wings of the nostrils are very maneuverable because
they contain the fibers of the maxillary levator labii and
nasolabial levator muscles. Widening the nostrils improves
airflow through the vestibulum and is most often observed
during sniffing or labored breathing.
Both nasal cavities comprise the dorsal, ventral, and ethmoidal conchae (Figure 2), which create four main corridors: the common nasal, dorsal, middle, and ventral meatuses. The meatuses continue as nasopharyngeal ducts and
end as choanae in an oblique oval.3 The paranasal sinuses
are usually missing in brachycephalic dogs.4

Traditional explanations of the pathophysiology of
brachycephalic syndrome are based on the shortened noses
of brachycephalic breeds. 1,13–15 Through breeding, the
anatomy of the respiratory tract has been changed, which
in turn has increased resistance during inspiration. The
narrowed nostrils1,13 and anatomy of the endoturbinalia are
considered to be possible stenoses. To obtain sufficient
oxygen, brachycephalic dogs must produce higher negative
pressure by increasing labored breathing distal to the resistance. With this negative pressure, the soft tissues are
drawn into the lumen and become hyperplastic. Significant differences have been found in breathing patterns
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the elongated soft palate below the epiglottis. If
the elongated soft palate is held above the
epiglottis, the dogs lie down on their sides,
which releases the soft palate by allowing it to
glide laterally to the epiglottis.25,26 Panting helps
Ethmoidal conchae
the dogs expel surplus heat. Air is inhaled rapDorsal conchae
idly through the nose, where it is moistened in
Ventral conchae
the conchae, and exhaled through the mouth.
To provide enough moisture, the lateral nasal
salivary glands increase production.27 Even if the
Choanae
Soft palate
upper respiratory tract is severely obstructed,
Epiglottis
some dogs resist breathing fully through the
mouth even though their oxygen demand could
Vestibular fold
be met using mouth breathing.12
Laryngeal saccules
Mesocephalic breeds (e.g., golden retriever,
Vocal fold
spaniel, dachshund, Norwich terrier) develop
Figure 2—Anatomy of the upper airway in the sagittal plane of a clinical signs similar to those of dogs with
brachycephalic dog. Note the elongated soft palate, which lies dorsal to brachycephalic syndrome,28,29 including inspirathe epiglottis and impinges on the larynx.
tory stridor, exercise intolerance, and asphyxia
while sleeping. 28 In addition, elongated soft
palates, everted laryngeal saccules, and other probetween nonbrachycephalic and brachycephalic dogs as truded soft tissues are observed, but narrowing of the noswell as the type of obstruction (fixed or not fixed) in trils is rare. On the other hand, pugs and cats30 often have
brachycephalic dogs.16 If negative pressure in the lumen is narrowed nostrils without elongated soft palates or partial
high enough, it might even exceed the resistance of the tis- pharyngeal collapse. Therefore, a short nose and narrow
sues, causing these structures to collapse.17
nostrils cannot be the only causes of brachycephalic synSecondary manifestations of brachycephalic syndrome, drome. Other causes could include malformation of the
such as everted laryngeal saccules or tonsils, partial collapse conchae, a changed shape of the whole head,6 loss of rigidof the dorsonasal pharynx, a narrowed rima glottis, and ity of cartilage or upper respiratory tract soft tissue (as
collapse of the cartilaginous respiratory tract, constrict the described in children),31 or vascular abnormalities.12
The respiratory tract is not the only organic structure
lumen even more. This increases the clinical signs and
leads to further deterioration that may ultimately cause exposed to increased negative pressure during inspiration.
Because of their close vicinity to the airways, the esophadeath from suffocation.1,14
Whether the elongated soft palate is a primary or sec- gus, auditory canals, central nervous system, and lower reondary event has not been determined.1,15,18 However, the spiratory tract should also be examined. An enlarged
soft palate can be so elongated or pushed caudally against tongue, difficulty in swallowing, hiatal hernia, gastric
the maxillary bone that breathing is heavily impeded. Dur- bloating, otitis media, neurologic signs, and bronchiectasia
ing inspiration, the soft palate audibly flutters. It may even are not uncommon in brachycephalic breeds.32–35
be caught dorsal to the epiglottis (Figure 2), near the rima
CLINICAL SIGNS
glottidis, inciting suffocation.19,20
The trachea of bulldogs is clearly hypoplastic. Other
Patients with brachycephalic syndrome often have severe
brachycephalic breeds also have narrower tracheas com- dyspnea. Some are also hyperactive and hyperthermic.
pared with those of dolichocephalic or mesocephalic dogs. Therefore, the initial examination should preferably be
However, this is thought to be due to an abnormal performed without restraint or anesthesia. In an emerembrygenesis21 and is not a sequela of a more cranially sit- gency, animals must be sedated, given oxygen, and cooled
uated stenosis.22
down with alcohol.
Affected dogs try to interrupt or prevent acute attacks
The history will show heat stress and exercise intolerof respiratory compromise. During excitement, a sympa- ance. Suffocation is mainly observed during sleep because
thetically controlled mechanism causes vasoconstriction, the general muscular relaxation narrows the respiratory
reducing resistance for a short time.23,24 During inspira- passages.18 If the upper respiratory tract is obstructed,
tion, the wings of the nostrils are actively dilated.3 If signs inspiratory stridor is the dominant clinical sign. With each
of dyspnea occur, the dogs stretch their necks upward to inspiration, thoracic volume increases and pressure subsedilate the nasopharynx and larynx and, if necessary, move quently decreases in the lungs and respiratory passages.
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Figure 3—Two surgical treatment options in brachycephalic
syndrome. Stenotic nares can be widened by excision of a
wedge, or the elongated soft palate can be corrected by shortening it to the level of the tip of the epiglottis.

The resulting airflow leads to an additional pressure reduction in the respiratory passages (law of Bernoulli). This, in
turn, brings the edges of the soft tissues close together in
the stenotic area, causing the typical breathing sound. As a
result of the positive pressure during expiration, the edges
of the soft tissues come together only if stenosis is severe.31
On inspection of the nose, narrow nares are noticeable. In
brachycephalic dogs, the wings of the nostrils barely move
outward during inspiration but are sucked into the airflow.

DIAGNOSIS
Before anesthesia is administered, blood samples should
be taken for a complete blood count and serum biochemical analysis. Blood gas analysis from a venous blood sample
provides important information about blood pH, bicarbonate, and carbon dioxide partial pressure values. The
oxygen saturation of the blood can be measured by oxymetry. Chest radiographs are taken to estimate secondary
changes to the lungs, such as bronchiectasis, and to diagnose a probable hypoplastic trachea.1,18,25
Once the patient is anesthetized, all diagnostic and therapeutic steps should be performed. Anesthetizing brachycephalic dogs is particularly challenging because almost all
sedatives and anesthetic drugs relax the muscles of the
upper respiratory tract. However, the diaphragm is still

able to generate negative pressure necessary for breathing,
thereby promoting collapse of upper airway soft tissue.20
We recommend preoxygenation for a couple of minutes,
premedication with a tranquilizer and an opioid, and rapid
induction of anesthesia with thiopental or propofol. First,
the oropharynx is examined with a laryngoscope. The
tongue is then displaced ventrally with the blade of the
laryngoscope. Ideally, the caudal border of the soft palate
and the tip of the epiglottis should just touch each other.
Nevertheless, the soft palate is often too long and can even
prevent ventral displacement of the epiglottis. Both abnormalities disturb airflow through the oropharynx. Negative
pressure within the air passages leads to edema and wavelike protrusions of the soft tissues at the roof of the
nasopharynx and (sometimes) to enlargement and protrusion of the tonsils. Next, the blade of the laryngoscope displaces the epiglottis ventrally. The everted laryngeal saccules may be seen between the vestibular folds and vocal
cords. The movement of the rima glottidis is examined
during inspiration and expiration. The vocal cords and
arytenoid cartilage should abduct during inspiration. If
there are advanced pathologic changes, the soft tissues and
their supporting cartilaginous regions of the larynx may
collapse, additionally restricting the air passages. Laryngeal
collapse is characterized by plastic deformation of the
laryngeal entrance. It must be distinguished from laryngeal
paralysis, in which abduction of the arytenoid cartilage is
compromised during inspiration. The inner lumen and
trachea can be visualized only by endoscopy. In some
brachycephalic dogs, tracheal collapse may be observed as a
result of continuing negative pressure.

THERAPY
If treatment is provided immediately following the diagnostic workup, anesthesia should be maintained with
isoflurane and oxygen. Securing the endotracheal tube to
the lower jaw ensures free access to the soft palate. For
some procedures, such as removal of the laryngeal saccules,
we temporarily extubate patients. Short-acting steroids
may help prevent life-threatening postoperative swelling
resulting from intubation and surgical manipulation. In
critical cases, transtracheal intubation may be required.
According to the literature, brachycephalic syndrome
should be treated from front to back; therefore, widening
stenotic nostrils is the first step 1,18,25,36 (Figure 3). This
should prevent secondary changes, such as protrusion of
soft tissue of the nasopharynx or collapse of the larynx and
trachea. Aron and Crowe1 assume that prolongation of the
soft palate is a sequela of stenotic nares. Therefore, they
recommend widening the nostrils at 3 to 4 months of age.
The entrance to the vestibulum nasi is increased by
removing a triangle of the nostril wings and adapting the
wound edges. Hemorrhage is normally severe but tran-
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sient. Only one to three stitches with nonabsorbable
thread are necessary to close the wound, stop the bleeding, and prevent scarring.
An elongated soft palate should be shortened to the correct length to prevent interference with the epiglottis19,26
(Figure 3). To determine the correct length, the tip of the
epiglottis or middle of the tonsils can be used as the caudal
landmark. The soft palate can be shortened by cutting the
excess tissue and suturing it with a rapidly absorbable material. Stepwise cutting and continuous suturing control hemorrhage and improve visibility during surgery. The soft
palate can also be cut using a laser technique.37 After widening the nostrils and shortening the soft palate, prognosis is
generally quite good, especially in younger patients.19,38
Everted laryngeal saccules and laryngeal collapse are considered sequelae of more rostral stenoses. The everted
laryngeal saccules are cut off with long scissors.13,39 In cases
of laryngeal collapse, a permanent tracheostomy is the
treatment of choice because partial laryngectomies caused
too many deaths postoperatively.38,40,41
Removing the tonsils is controversial.18,25,42 They are usually removed if they protrude (as a result of irritation or
negative pressure in the air passages) into the oropharynx.
However, they can usually be left intact because they rarely
interfere with breathing.
A large study on therapy for brachycephalic syndrome38
concluded that most brachycephalic dogs with dyspnea at
a young age have stenotic nares. Widening the nostrils and
possibly shortening the soft palate provide a favorable
prognosis. The laryngeal area is often not yet affected.1,36 If
brachycephalic dogs have dyspnea due to brachycephalic
syndrome as an adult, they tend to have soft palates that are
too long, everted laryngeal saccules, and a narrow rima
glottidis or laryngeal collapse.38 Presumably, nonbrachycephalic dogs with similar clinical signs, such as Norwich
terriers,28 belong to this group.
Postoperative care includes late extubation, an analgesic
protocol, nasal oxygen supplementation for up to 24
hours, and close monitoring of the breathing pattern.
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2. Which breed shows signs similar to those of brachycephalic syndrome even though it is not classified as
brachycephalic?
a. flat-coated retriever
b. Norfolk terrier
c. Norwich terrier
d. miniature poodle
e. bullterrier
3. The common nasal meatus
a. lies on the lateral side of the nasal cavity.
b. communicates with all meatuses but the dorsal one.
c. continues as nasopharyngeal meatus, which ends at
the choanae.
d. carries the olfactory epithelium.
e. normally ends at the level of the last molar.
4. Which statement regarding airway resistance and
labored breathing is correct?
a. Airway resistance increases with higher airflow
rates.
b. Airway resistance is mainly produced in the larynx.
c. Sympathetic response causes increased airway resistance.
d. Dogs easily switch to mouth breathing when their
airways are obstructed.
e. Changes in airway resistance are not reported to
cause pulmonary changes.
5. Which of the following characteristics is not part of
brachycephalic syndrome?
a. everted laryngeal saccules
b. an elongated soft palate
c. enlarged tonsils
d. hyperplastic soft tissue in the oropharynx
e. laryngeal paralysis

CE

6. Panting indicates
a. air inflow through the nose and outflow through
the mouth.
b. air inflow and outflow through the mouth.
c. dead-space ventilation.
d. heat loss by evaporation over the oral mucosa.
e. increasing oxygen consumption.

1. According to Evans,3 dogs are classified as brachycephalic when the
a. skull length:width ratio is less than 1.6.
b. skull width:length ratio is more than 0.81.
c. cranial length:skull length ratio is more than 3.44.
d. craniofacial angle is 9° to 14°.
e. craniofacial angle is less than 9°.

7. The secondary characteristics of brachycephalic syndrome are predominantly caused by
a. an anatomically induced mismatch between bone
and soft tissue.
b. increased negative pressure in the upper airways.
c. pulmonic tissue alterations, which change the
breathing pattern.
d. direct contact of the elongated soft palate with the
oropharyngeal region.
e. inflammation of the soft tissue in the oropharynx.
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8. Which initial measure(s) is(are) recommended for stabilizing heat stress and exercise intolerance caused by
brachycephalic syndrome?
a. oxygen, sedation, alcohol
d. erythropoietin
b. propofol narcosis
e. muscle relaxants
c. tracheotomy
9. Anesthesia is particularly risky in brachycephalic dogs
because
a. the diaphragm quickly stops contracting.
b. their narrow nostrils do not allow enough airflow.
c. transtracheal intubation is difficult to perform.
d. the oropharyngeal muscles relax quickly, allowing
rapid collapse of upper airway tissue.
e. sedation is not advisable.
10. When performing surgery on brachycephalic dogs,
which of the following guidelines are preferred?
a. Early and delayed correction of stenotic nares have
the same prognosis.
b. The elongated soft palate should be cut at the
height of the arytenoid cartilage.
c. Tonsillectomy consistently improves the general
outcome.
d. Surgical correction is started at the larynx and ends
at the nostrils.
e. Permanent tracheostomy is a salvage procedure for
unresolved brachycephalic syndrome.
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