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KEY POINTS

e Skull conformation anomalies in brachycephalic breeds lead to compression of nasal
passages.

e Additional mucosal hyperplasia and secondary collapse of the upper airway contribute to
a multilevel obstruction and the genesis of the so-called brachycephalic syndrome.

e Surgical treatments usually include widening of stenotic nares as well as various palato-
plasty techniques to improve airflow through the rima glottidis.

e The overall prognosis for a significant improvement is excellent.

@ Video content accompanies this article at http://www.vetsmall.theclinics.com

Brachycephalic syndrome (BS) is an established cause of respiratory distress
in brachycephalic breeds.'=3 Breeds most commonly affected are English and French
bulldogs, pugs, and Boston terriers; however, Pekingese, Shih tzu, Cavalier King
Charles Spaniels, Boxers, Dogue de Bordeaux, and Bullmastiffs are also categorized
as brachycephalic dogs.* Most owners report heat, stress and exercise intolerance,
shoring, inspiratory dyspnea, and in severe cases, cyanosis and even syncopal epi-
sodes. Sleep apneas can be observed,® and occasionally gastrointestinal signs
such as vomiting and regurgitation.

ANATOMIC AND PATHOPHYSIOLOGIC CHANGES OBSERVED IN BRACHYCEPHALIC
BREEDS
Skull Conformation Anomalies

Brachycephalic breeds have a shorter and wider skull compared with mesaticephalic
and dolichicephalic breeds,®” which leads to a compressed nasal passage® and
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altered pharyngeal anatomy.®~'" In addition, pugs are reported to have a dorsal rota-
tion of the maxillary bone, miniscule or absent frontal sinuses, %' a ventral orientation
of the olfactorial bulb,'* and altogether, a shorter craniofacial skull measurement than
French and English bulldogs.'?1417

This dorsal rotation has been discussed as a potential cause for aberrant naso-
pharyngeal turbinates, which are also more commonly reported in pugs (Figs. 1
and 2)_3,12,18—20

Soft Tissues Changes

Stenotic nares
One typical and easily recognized primary anatomic component of brachycephalic
syndrome.

BS-affected dogs have stenotic nares, which reduce each nostril to a vertical slit
(Fig. 3).

Soft palate hyperplasia

Although the literature used to emphasize an elongated soft palate,® 82" fluttering,
and obstructing the rima glottidis as a primary component of BS, recent radiographic,
computed tomography (CT), and histologic examinations demonstrated an additional
pathologic thickening of the soft palate, which might play a major role in the nasopha-
ryngeal obstruction.®'322-27 One study??> demonstrated a positive correlation be-
tween the thickness of the soft palate and the severity of the clinical signs. A recent
study using CT evaluation of airway dimension showed a significantly thicker soft pal-
ate in French bulldogs compared with pugs but no free airway space dorsal to the soft
palate in 81% of pugs.'® In addition to soft palate hyperplasia, CT and endoscopic
studies reported hyperplasia of the nasopharyngeal mucosa,?®2° hypertrophy and
eversion of the tonsils,3° and an overlong and thickened tongue (macroglossia), which
further displaces the soft palate dorsally."

Laryngeal, Tracheal, and Bronchial Anomalies

Laryngeal diseases

Laryngeal diseases associated with BS are thought to be mainly secondary to the tur-
bulent airflow and chronic high negative pressures in the pharynx.??"2332:33 They
include

e Mucosal edema
e Everted laryngeal saccules (ELS)
e Laryngeal collapse

Fig. 1. Dorsal rotation maxillary bone. Midsagittal CT image of a 4-year-old pug depicting
dorsal rotation (arrow) of the maxillary bone.
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Fig. 2. Aberrant turbinates. Transverse CT image of a French bulldog depicting aberrant
nasopharyngeal turbinates (arrow).

In one early classification, ELS were considered the first stage of laryngeal collapse®*
(Fig. 4). Stage 2 was characterized by a medial displacement of the cuneiform pro-
cesses of the arytenoid cartilages, and stage 3 by a collapse of the corniculate pro-
cesses with loss of the dorsal arch of the rima glottidis. Altogether, the incidence of
laryngeal collapse varies from 50%°3°° to as many as 95%°’ in BS-affected dogs.
Studies report that the size of the rima glottidis is smaller in pugs®® and that they are
also significantly more often affected by severe laryngeal collapse than French bull-
dogs.® In this breed, the arytenoid cartilages can even invert into the laryngeal lumen
as a consequence of lack of rigidity (chondromalacia), which makes the larynx inca-
pable to withstand high negative pharyngeal pressures?® (Video 1).

Tracheal and bronchial anomalies
Tracheal hypoplasia,?'®“° as defined as a tracheal diameter (TD) to the thoracic inlet
(Tl) ratio (TD:Tl) less than 0.2 in nonbrachycephliac and less than 0.16 in

Fig. 3. Stenotic nares. Stenotic nares in a 2-year-old French bulldog.
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Fig. 4. Everted laryngeal saccules. Laryngoscopic view of the rima glottides of a dog a
French bulldog with stage 1 laryngeal collapse with everted laryngeal saccules.

brachycephalic dogs,*! has been described in 13% of BS-affected dogs.%*? The En-
glish bulldog has the highest incidence of tracheal hypoplasia among brachycephalic
breeds, and tracheal hypoplasia in this breed has been defined as a TD:Tl ratio of less
than 0.12. Although tracheal hypoplasia increases airway resistance, its contribution
to the syndrome is likely minimal.®

Bronchial collapse was found to be significantly correlated to the severity of the
laryngeal collapse (P = .45), and pugs were found to be most severely affected.
Left-side bronchi were generally more affected by bronchial collapse (52.1%) than
the right, with the cranial left bronchus most commonly collapsed.®” Whether the eti-
ology is loss of rigidity (chondromalacia), increased negative pressure or compression
within the chest remains to be investigated (Video 2).

Gastroesophageal Diseases Associated with Brachycephalic Syndrome

Dysphagia, vomiting, and regurgitation are common clinical signs in brachycephalic
breeds,>? and investigation of dogs affected by BS showed concurrent esophageal,
gastric, or duodenal anomalies.*® The negative intrathoracic pressures generated by
increased inspiratory effort** is believed to be a major cause of gastroesophageal
reflux. The associated regurgitation and vomiting can contribute to upper esophageal,
pharyngeal, and laryngeal inflammation.*® French bulldogs exhibit significantly more
often and more severe digestive signs than pugs.3°4°

DIAGNOSIS

Diagnosis is usually based on owners’ reports, clinical examination, and diagnostic
imaging.

Clinical Diagnosis

Snoring, inspiratory dyspnea, cyanosis, and in the most severe cases, syncopal epi-
sodes are most often reported by owners. On inspection, stenotic nares and inspira-
tory efforts with even abdominal breathing can be observed. A particular attention
shall be paid to respiratory sounds.

Whereas snoring is most likely caused by air turbulences in the oro-pharyngeal re-
gion, the high-pitch sound associated with extreme inspiratory effort is related to more
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severe airway compromise when turbulent air is passing through the collapsed larynx
or nasopharynx.

Diagnostic Imaging

Radiographic, fluoroscopic, CT, and endoscopic studies all contribute to the evalua-
tion of the static and dynamic obstruction of the respiratory tract.?12:13:22:23.50 |n g clin-
ical practice setting, a proper evaluation of BS patients should include at least neck
and thoracic radiographs, and endoscopic examination of the upper airways.

e Thoracic radiographs are performed to document secondary heart or lung dis-
eases and to rule out aspiration pneumonia. Also, on occasion a sliding hiatal
hernia can incidentally be found on a lateral radiograph.

e Lateral radiographs of the neck (when CT is not available) can help to assess the
soft palate thickness as defined by the soft tissue density present between the
nasopharynx and oropharynx.’

o CT evaluation of the head and neck allows a detailed assessment of the nostrils,
vestibule, nasal cavity, and nasopharynx and oropharynx (Fig. 5).'21322

e Endoscopic examination provides more information on the dynamic changes
within the upper airways:

o With the dog intubated, retrograde rhinoscopy performed with a 120° rigid
scope or a flexible endoscope allows for good evaluation of nasopharyngeal
tissue hyperplasia and collapse as well as for the presence of aberrant turbi-
nates (Fig. 6, Videos 3 and 4).

o With the dog extubated, a laryngoscopic examination can expose ELS and also
help evaluate laryngeal dynamics. With laryngeal collapse, lack of abduction
during inspiration or even paradoxic movements of the arytenoid cartilages
can occur. In pugs and other dogs affected by laryngeal chondromalacia, the
dorsal border of the cuneiform process of the arytenoid cartilages can even
invert into the laryngeal lumen (Video 5).

Fig. 5. Soft palate thickening. Midsagittal CT image of 2-year-old French bulldog with thick-
ening of the soft palate (arrow).
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Fig. 6. Nasopharyngeal turbinates. Images of a retrograde rhinoscopy displaying aberrant
nasopharyngeal turbinates.

CONTROVERSY REGARDING THE GENESIS OF BRACHYCEPHALIC SYNDROME

The genesis of BS is thought to be due to anatomic changes which lead to increased
inspiratory resistance.®2:42:51:52 With significant negative pressure, the soft tissues are
drawn into the lumen resulting in collapse of the upper airway.>>3? Eversion of the
laryngeal saccules, nasopharyngeal collapse, and laryngeal collapse, are suspected
to contribute to clinical signs and further deterioration of BS, which might ultimately
cause syncopal episodes and death from suffocation.*>-52

Although, in the past, an overlong soft palate fluttering in the rima glottidis has been
considered as the main cause of BS, it remains difficult to estimate the greatest
contributor to the clinical signs. The nose is known to be the greatest source of flow
resistance in the total airway system,>*>* and rhinomanometric studies confirm that
intranasal resistance is significantly higher in brachycephalic dogs compared with
normal dogs.®>°® The major upper airway obstruction was postulated to be intranasal
secondary to aberrant turbinates? or located in the compressed nasopharynx.?? But
late CT studies comparing pugs and French bulldogs found that the smallest airway
space is located dorsal to the soft palate even in dogs with aberrant nasopharyngeal
turbinates.'® Additionally, aberrant turbinates were also described in clinically normal
English bulldogs,®” which means that the contribution of the aberrant turbinates to BS
needs to be more thoroughly evaluated.

Although laryngeal collapse has usually been considered to be associated with pro-
gression of the disease, a significant correlation between age and severity of laryngeal
collapse was demonstrated only recently.>® In another study including pugs and En-
glish and French bulldogs with stage 1 laryngeal collapse, no correlation between
Glottic index and age or weight could be demonstrated.®® Finally, the overall postop-
erative prognosis of BS was not affected by the grade of laryngeal collapse in 2 recent
studies.?’3°

Overall, although it is clear that air cannot flow through the nose as long as the nos-
trils are obstructed, it remains uncertain which part of the obstructed airway—nasal
cavity, nasopharynx or rima glottis—is most responsible for the clinical signs associ-
ated with BS. In that regard, the effect of soft palate resection might be due to the
opening of the nasopharyngeal space and not to the relief of the rima glottidis
obstruction.
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TREATMENT OF BRACHYCEPHALIC SYNDROME
Medical Therapy

Patients presented with acute signs of respiratory distress should be treated accord-
ingly with cooling, tranquilizers, oxygen therapy, and anti-inflammatory drugs. When-
ever digestive signs are observed in dogs with BS, medical treatment including
inhibition of hydrogen ion secretion and gastric prokinetic drugs is recommended
before and immediately after surgery.

Surgical Therapy

Timing

According to the pathophysiology of the syndrome, relief of the proximally located
obstruction should be attempted early to prevent deterioration or possibly reverse tis-
sue collapse,'%%2:°8 but the optimal time to correct upper airway obstruction has not
been determined and was recommended to be performed after the age of 6 months.
Recent studies suggest that improvement in clinical signs is still obtained when sur-
gery is performed on mature and middle-aged dogs.*°

Stenotic Nares

Several surgical options have been described for correction of stenotic nares: ampu-
tation of the ala nasi,®®° various alaplasty techniques, alapexy,®' and vestibuloplasty.

Alaplasty is the most used procedure and consists of the excision of a wedge of the
ala nasi with primary closure of the defect. This wedge excision can be made verti-
cally, horizontally,%®:2 or laterally."%42:5% Incisions are made with a No. 11 or 15 scalpel
blade or alternatively with a punch.®* Two to 4 simple interrupted sutures, using
absorbable monofilament material, are placed to appose the wedge margins. Hemor-
rhage resolves quickly when the wound is sutured (Video 6).

Vestibuloplasty has been advocated instead of alaplasty to further improve
airflow.%® It involves the dorsomedial and caudal portion of the ala and results in a
wide and open vestibule.

Turbinectomy

Turbinectomy®® and its laser-assisted variation (LATE)®’ are aimed at removal of mal-
formed obstructive parts of the ventral and medial nasal turbinates. The LATE, com-
bined with vestibuloplasty and staphylectomy, resulted in a decrease of 55% of
intranasal resistance 3 to 6 months after surgery compared with preoperative
values.®® Studies show partial regrowth of the removed turbinates but with less
mucosal contact points.®® The long-term positive effects of turbinectomy on intranasal
resistance and adverse effects on thermoregulation require further investigation.

Elongated-Hyperplastic Soft Palate

Common surgical techniques for correction of elongated soft palate are aimed at
shortening the soft palate by simple resection of its caudal portion (staphylectomy),
to prevent it from obstructing the rima glottidis on inspiration. Different landmarks
have been recommended, varying from the tip of epiglottis,>2:62¢°~"1 or the middle
to caudal aspect of the palatine tonsils.'%-33.69.71.72

During staphylectomy, the caudal border of the soft palate is grasped and held with
Allis forceps or stay sutures,”®”® and resection of excessive length of soft palate can
be performed with a scalpel blade,®>°%7° scissors,3?#2:6274 monopolar electrocoagu-
lation,®-5%7> carbon dioxide laser,>”"">"" diode laser,”® or bipolar sealing device
(Ligasure, Valleylab, Covidien, Boulder, Colorado).”>"”
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As these palate-trimming techniques may not address the soft palate hyperplasia,
techniques designed to more extensively shorten and thin the soft palate have been
described.?4 72757879 The folded flap palatoplasty (FFP) has been developed to cor-
rect both the excessive length and excessive thickness of the soft palate, therefore
relieving also nasopharyngeal obstruction.?*787° In this technique, the soft palate is
made thinner by excision of a portion of its oropharyngeal mucosa and underlying
soft tissues. In addition, the palate is made shorter by being folded onto itself until
the caudal nasopharyngeal opening is readily visible transorally (Box 1, Figs. 7-9,
Video 7).

Postoperative adverse effects or pharyngo-nasal regurgitation have not been
observed with the folded flap palatoplasty.”®">7® Whatever technique is chosen, a
telescope and high-definition camera system for magnification and illumination of
the surgical field (VITOM TM, Karl Storz Endoscopy, Tuttlingen, Germany) are helpful
(Fig. 10).

Surgical Treatments for Laryngeal Diseases

Everted laryngeal saccules

Excision of ELS has been described using electrocautery, scissors, tonsil snares
or laryngeal biopsy cup forceps. ' 0:21:82:42.62.69.72 |n 1 study reevaluating ELS after
single side resection, no regression of the nonremoved site despite treatment of nares
and soft palate was found.?° Altogether, whether resection of the ELS is needed re-
mains questionable. In several recent BS outcome studies, in which nares and palates
were corrected but ELS were either not or rarely addressed, outcomes appeared to
be similar to studies in which ELS were excised.?>">"® Also, complications such as
laryngeal webbing and regrowth can occur.?'82 With this in mind, the authors only
recommend removal of ELS when the eversion contributes significantly to the
obstruction.

Laryngeal collapse

As laryngeal collapse is suspected to be secondary to proximal airway obstruction,
first address the proximal obstruction areas (ie, nares and soft palate), as this may
obviate the need to treat the collapse.??"23:3383 |n the author’s experience, surgical

Box 1
The folded flap palatoplasty: surgical technique

e The head is restrained and the mouth kept open. The tongue is pulled rostrally and
maintained with a malleable retractor connected to an articulated arm.

The caudal edge of the soft palate is grasped with forceps and retracted rostrally and dorsally
into the oropharynx, until the caudal opening of the nasopharynx can be visualized.

e The contact point on the ventral mucosa of the soft palate is marked, as this represents the
proximal cut of the soft palate.

The ventral mucosa of the soft palate is then incised in a trapezoidal shape from this mark
rostrally to the free edge of the soft palate caudally.

Laterally, the sides of the trapeze passed just medially to the tonsils.

The soft tissues under the cut portion of the soft palate are excised together with part of the
levator veli palatini muscle.

The caudal edge of the soft palate is retracted rostrally and is sutured folded on itself with
simple interrupted monofilament absorbable sutures.




Brachycephalic Syndrome

Fig. 7. Folded flap palatoplasty: incision lines in the oral mucosa for the thinning process of
soft palate hyperplasia.

treatment of laryngeal collapse is considered only when clinical signs do not improve
after appropriate treatment of the nares and soft palate. Partial laryngectomy as
described earlier® has been found to be associated with unacceptably high (50%)
mortality rates, and is no longer recommended.”? Laser-assisted partial arytenoidec-
tomy as recommended for treatment of laryngeal paralysis might provide some relief®
but needs to be further investigated. Alternatively, arytenoid lateralization is a valid op-
tion for dogs with sufficient mineralization of the laryngeal cartilages.>*>%*%> On the
contrary, its efficacy is questionable in pugs and dogs suffering from chrondromalacia
when arytenoid cartilages have a tendency to inwardly rotate during inspiration
(pugs).?"?% If there is inefficient relief of airway obstruction after the previously

mentioned procedures, a permanent tracheostomy can be attempted as a palliative
option.10,32:42,58,86

Removal of other hyperplastic tissues

Excision of the palatine tonsils has been recommended when they seem to contribute
to pharyngeal obstruction.*>6%74 However, the advantage of tonsillectomy warrants
further investigation.®%32:62 Similarly, excision of redundant soft tissues located in
the pharynx, especially in its dorsal aspect, has been suggested,®? but more data
are needed to evaluate which of the pharyngeal tissues are involved in the obstruction
process and the optimal surgical method to remove the hyperplastic tissue.
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Fig. 8. Folded flap palatoplasty: end of dissection of the soft palate. The yellow area depicts
the removed oral part of the soft palate.

Tracheostomy

Although it has been advocated in the past, a preoperative temporary tracheos-
tomy'-6987 is not necessary. Postoperative temporary tracheostomy has been re-
ported in the past in 5% to 28% of cases.?!?9587988 Ag the complication rate of
temporary tracheostomy in brachycephalic dogs is very high (86% in 1 study)®® it
should therefore be reserved for cases not responding to routine postoperative care.

Postoperative Care

The challenge during the postoperative period is to enable adequate airflow in a not
yet fully awake patient with potentially swollen airway mucosa. It is critical that BS
dogs are monitored constantly after extubation to determine if ventilation is
inadequate.

Several methods can be combined or used independently to help relieve upper
airway obstruction or improve ventilation after surgical repair:

e The dog can be recovered with the upper jaw hung up, which allows the lower
jaw to drop, further opening the airway (Fig. 11).

e Increasing the oxygen delivery—placement of a small nasotracheal tube imme-
diately after surgery but before the dog is awake is a very simple technique of in-
sufflating oxygen, allowing oxygen delivery beyond the rima glottis.>*°
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Fig. 9. Folded flap palatoplasty: schematic view showing folding of thinned soft palate
upon itself.

Fig. 10. Surgery set-up with telescope. For folded flap palatoplasty, the mouth of the dog is
kept open, and the tongue is pushed down using a malleable retractor. Magnification is pro-
vided with the Exoscope (VITOM TM, Karl Storz Endoscopy, Tuttlingen, Germany).
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Fig. 11. Patient recovery after BS surgery. Bulldog recovering from anesthesia with the up-
per jaw hung to help open the mouth to improve oxygenation.

PROGNOSIS

It is difficult to gain an accurate perspective of the prognosis for individual dogs
afflicted with BS.221:33:58.64.71.76.91 Mgt studies evaluating outcome after BS surgery
are retrospective in nature, and compare results in different breeds with various com-
binations of treatments and reconstructive techniques. In addition, these studies
compare outcomes with surgical treatments performed at variable patient ages and
by different surgeons, using different grading systems, 24597375 Furthermore, it is diffi-
cult to compare the postoperative outcome in these various studies, because there is
often a mismatch between the owners’ perception of their pets clinical disability and
the severity of the clinical signs.®? A recent study compared preoperative and postop-
erative treatments in different breeds that underwent the same diagnostic work-up,
treatment, and evaluation methods.3® Despite inherent study limitations, late studies
report that around 90% of BS dogs are significantly improved with surgery.224:29:39.75
This is better than earlier reports. Similarly, perioperative mortality rates have
improved from around 15% in earlier reports®®°! to less than 4% in more recent
studies.??4297375 pPostoperative improvement is most often observed immediately
after surgery.>#?° Some studies report long-term recurrence of clinical signs in up
to 100% of cases, although 89% of dogs still remain improved compared with their
preoperative status.?! In other studies, clinical grades improved in the first 2 weeks af-
ter folded flap palatoplasty®**° and remained the same over the following period
(mean 12-22 months).
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SUMMARY

Animals presenting with BS suffer of multilevel obstruction of the airways and second-
ary soft tissue collapse. Despite progresses achieved through advanced diagnostic
modalities such as CT and endoscopy, the main contributor to the increased inspira-
tory efforts remains to be found. Recent studies suggest that postoperative prognosis
is good even in middle-aged dogs.

SUPPLEMENTARY DATA

Supplementary data related to this article can be found at http://dx.doi.org/10.1016/j.
cvsm.2016.02.002.

REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

Hendricks JC. Brachycephalic airway syndrome. Vet Clin North Am Small Anim
Pract 1992;22:1145-53.

Riecks TW, Birchard SJ, Stephens JA. Surgical correction of brachycephalic syn-
drome in dogs: 62 cases (1991-2004). J Am Vet Med Assoc 2007;230:1324-8.

Dupré G, Findji L, Oechtering G. Brachycephalic airway syndrome. In: Monnet E,
editor. Small animal soft tissue surgery. Ames (IA): Wiley-Blackwell; 2012.
p. 167-83.

Meola SD. Brachycephalic airway syndrome. Top Companion Anim Med 2013;28:
91-6.

Farquharson J, Smith DW. Resection of the soft palate in the dog. J Am Vet Med
Assoc 1942;100:427-30.

Stockard CR. The genetic and endocrinic basis for differences in form and
behavior. Am Anat Memoir 1941;19:775.

Evans HE. The skeleton. In: Evans HE, editor. Millers’ anatomy of the dog. Phila-
delphia: Saunders; 1993. p. 122-218.

Schuenemann R, Oechtering GU. Inside the brachycephalic nose: intranasal
mucosal contact points. J Am Anim Hosp Assoc 2014;50:149-58.

Arrighi S, Pichetto M, Roccabianca P, et al. The anatomy of the dog soft palate. |.
Histological evaluation of the caudal soft palate in mesaticephalic breeds. Anat
Rec (Hoboken) 2011;294:1261-6.

Wykes PM. Brachycephalic airway obstructive syndrome. Probl Vet Med 1991;3:
188-97.

Trappler M, Moore K. Canine brachycephalic airway syndrome: pathophysiology,
diagnosis, and nonsurgical management. Compend Contin Educ Vet 2011;33(5):
E1-4.

Oechtering TH, Oechtering GU, Noller C. Strukturelle besonderheiten der nase
brachyzephaler hunderassen in der computertomographie. Tierarztl Prax 2007;
35:177-87.

Heidenreich D, Gradner G, Kneissl S, et al. Nasopharyngeal dimensions from
computed tomography of pugs and french bulldogs with brachycephalic airway
syndrome. Vet Surg 2016;45(1):83-90.

Hussein AK, Sullivan M, Penderis J. Effect of brachycephalic, mesaticephalic,
and dolichocephalic head conformations on olfactory bulb angle and orientation
in dogs as determined by use of in vivo magnetic resonance imaging. Am J Vet
Res 2012;73:946-51.

Hennet PR, Harvey CE. Craniofacial development and growth in the dog. J Vet
Dent 1992;9:11-8.

703


http://dx.doi.org/10.1016/j.cvsm.2016.02.002
http://dx.doi.org/10.1016/j.cvsm.2016.02.002
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref1
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref1
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref2
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref2
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref3
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref3
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref3
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref4
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref4
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref5
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref5
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref6
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref6
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref7
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref7
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref8
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref8
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref9
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref9
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref9
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref10
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref10
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref11
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref11
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref11
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref12
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref12
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref12
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref13
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref13
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref13
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref14
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref14
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref14
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref14
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref15
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref15

704

Dupré & Heidenreich

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Hussein AK. MRI mensuration of the canine head: the effect of head conformation
on the shape and dimensions of the facial and cranial regions and their compo-
nents [PhD Thesis]. Glasgow (United Kingdom): University of Glasgow; 2012.
Regodon S, Vivo JM, Franco A, et al. Craniofacial angle in dolicho-, meso- and
brachycephalic dogs: radiological determination and application. Anat Anz
1993;175(4):361-3.

Ginn JA, Kumar MS, McKiernan BC, et al. Nasopharyngeal turbinates in brachy-
cephalic dogs and cats. J Am Anim Hosp Assoc 2008;44:243-9.

Billen F, Day M, Clercx C. Diagnosis of pharyngeal disorders in dogs: a retro-
spective study of 67 cases. J Small Anim Pract 2006;47:122-9.

Heidenreich DC, Dupré G. The nasopharyngeal space in brachycephalic dogs: a
computed tomographic comparison of Pugs and French Bulldogs. In: Proceed-
ings 24th ECVS Annual Meeting. Berlin (Germany): Vet Surg; 2015. p. E20, 44(5).
Torrez CV, Hunt GB. Results of surgical correction of abnormalities associated
with brachycephalic airway obstruction syndrome in dogs in Australia. J Small
Anim Pract 2006;47:150-4.

Grand JG, Bureau S. Structural characteristics of the soft palate and meatus na-
sopharyngeus in brachycephalic and non-brachycephalic dogs analysed by CT.
J Small Anim Pract 2011;562:232-9.

Dupré G, Poncet C. Respiratory system - brachycephalic upper airways syn-
drome. In: Bojrab MJ, editor. Mechanisms of diseases in small animal surgery.
3rd edition. Jackson (WY): Teton New Media; 2010. p. 298-301.

Findji L, Dupré G. Folded flap palatoplasty for treatment of elongated soft palates
in 55 dogs. Eur J Companion Anim Pract 2009;19:125-32.

Pichetto M, Arrighi S, Roccabianca P, et al. The anatomy of the dog soft palate. II.
Histological evaluation of the caudal soft palate in brachycephalic breeds with
grade | brachycephalic airway obstructive syndrome. Anat Rec (Hoboken)
2011;294:1267-72.

Pichetto M, Arrighi S, Gobbetti M, et al. The anatomy of the dog soft palate. IlI.
Histological evaluation of the caudal soft palate in brachycephalic neonates.
Anat Rec (Hoboken) 2015;298:618-23.

Crosse KR, Bray JP, Orbell G, et al. Histological evaluation of the soft palate in
dogs affected by brachycephalic obstructive airway syndrome. N Z Vet J 2015;
63(6):319-25.

Oechtering GU, Hueber JP, Kiefer I, et al. Laser assisted turbinectomy (LATE): a
novel approach to brachycephalic airway syndrome. In: Proceedings 16th ECVS
Meeting. Dublin (Ireland): Vet Surg; 2007. p. E11, 36(4).

Poncet CM, Dupré GP, Freiche VG, et al. Long-term results of upper respiratory
syndrome surgery and gastrointestinal tract medical treatment in 51 brachyce-
phalic dogs. J Small Anim Pract 2006;47(3):137-42.

Fasanella FJ, Shivley JM, Wardlaw JL, et al. Brachycephalic airway obstructive
syndrome in dogs: 90 cases (1991-2008). J Am Vet Med Assoc 2010;237:
1048-51.

Fox MW. Developmental abnormalities of the canine skull. Can J Comp Med Vet
Sci 1963;27(9):219-22.

Koch DA, Arnold S, Hubler M, et al. Brachycephalic syndrome in dogs. Comp
Cont Ed 20083;25(1):48-55.

Pink JJ, Doyle RS, Hughes JML, et al. Laryngeal collapse in seven brachyce-
phalic puppies. J Small Anim Pract 2006;47(3):131-5.

Leonard HC. Collapse of the larynx and adjacent structures in the dog. J Am Vet
Med Assoc 1960;137:360-3.


http://refhub.elsevier.com/S0195-5616(16)00008-5/sref16
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref16
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref16
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref17
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref17
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref17
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref18
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref18
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref19
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref19
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref20
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref20
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref20
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref21
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref21
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref21
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref22
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref22
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref22
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref23
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref23
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref23
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref24
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref24
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref25
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref25
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref25
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref25
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref26
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref26
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref26
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref27
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref27
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref27
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref28
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref28
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref28
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref29
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref29
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref29
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref30
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref30
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref30
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref31
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref31
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref32
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref32
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref33
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref33
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref34
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Brachycephalic Syndrome

Wilson FD, Rajendran El, David G. Staphylotomy in a dachshund. Indian Vet J
1960;37:639-42.

Wegner W. Genetisch bedingte zahnanomalien. Prakt Tierarzt 1987;68(5):19-22.
De Lorenzi D, Bertoncello D, Drigo M. Bronchial abnormalities found in a consec-
utive series of 40 brachycephalic dogs. J Am Vet Med Assoc 2009;235(7):
835-40.

Caccamo R, Buracco P, La Rosa G, et al. Glottic and skull indices in canine
brachycephalic airway obstructive syndrome. BMC Vet Res 2014;10:12.

Haimel G, Dupré G. Brachycephalic airway syndrome: a comparative study be-
tween pugs and French bulldogs. J Small Anim Pract 2015;56(12):714-9.
Coyne BE, Fingland RB. Hypoplasia of the trachea in dogs: 103 cases (1974-
1990). J Am Vet Med Assoc 1992;201(5):768-72.

Harvey CE, Fink EA. Tracheal diameter: analysis of radiographic measurements
in brachycephalic and nonbrachycephalic dogs. J Am Anim Hosp Assoc 1982;
18:570-6.

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

Poncet CM, Dupré GP, Freiche VG, et al. Prevalence of gastrointestinal tract le-
sions in 73 brachycephalic dogs with upper respiratory syndrome. J Small
Anim Pract 2005;46(6):273-9.

Ducarouge B. Le syndrome obstructif des voies respiratoies supérieures chez les
chiens brachycéphales. etude clinique a propos de 27 cas [Thesis]. Lyon (France):
University Lyon; 2002.

Hardie EM, Ramirez O, Clary EM, et al. Abnormalities of the thoracic bellows:
Stress fractures of the ribs and hiatal hernia. J Vet Intern Med 1998;12(4):279-87.
Hunt GB, O’'Brien C, Kolenc G, et al. Hiatal hernia in a puppy. Aust Vet J 2002;
80(11):685-6.

Miles KG, Pope ER, Jergens AE. Paraesophageal hiatal hernia and pyloric
obstruction in a dog. J Am Vet Med Assoc 1988;193(11):1437-9.

White DR, Heavner SB, Hardy SM, et al. Gastroesophageal reflux and eustachian
tube dysfunction in an animal model. Laryngoscope 2002;112(6):955-61.
Roedler FS, Pohl S, Oechtering GU. How does severe brachycephaly affect dog’s
lives? Results of a structured preoperative owner questionnaire. Vet J 2013;198:
606-10.

Rubin JA, Holt DE, Reetz JA, et al. Signalment, clinical presentation, concurrent
diseases, and diagnostic findings in 28 dogs with dynamic pharyngeal collapse
(2008-2013). J Vet Intern Med 2015;29:815-21.

Leonard HC. Eversion of the lateral ventricles of the larynx in dogs - five cases.
J Am Vet Med Assoc 1957;131:83-4.

Cook WR. Observations on the upper respiratory tract of the dog and cat. J Small
Anim Pract 1964;5:309-29.

Ohnishi T, Ogura JH. Partitioning of pulmonary resistance in the dog. Laryngo-
scope 1969;79(11):1847-78.

Negus VE, Oram S, Banks DC. Effect of respiratory obstruction on the arterial and
venous circulation in animals and man. Thorax 1970;25(1):1-10.

Hueber J. Impulse oscillometric examination of intranasal airway resistance before
and after laser assisted turbinectomy for treatment of brachycephalic airway syn-
drome in the dog [Thesis]. Leipzig (Germany): University of Leipzig; 2008.

705


http://refhub.elsevier.com/S0195-5616(16)00008-5/sref35
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref35
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref36
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref37
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref37
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref37
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref38
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref38
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref39
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref39
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref40
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref40
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref41
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref41
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref41
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref42
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref42
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref42
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref43
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref43
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref43
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref44
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref44
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref44
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref45
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref45
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref46
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref46
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref47
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref47
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref48
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref48
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref49
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref49
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref49
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref50
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref50
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref50
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref51
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref51
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref52
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref52
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref53
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref53
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref54
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref54
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref55
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref55
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref55

706

Dupré & Heidenreich

56.

57.

58.

59.
60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Lippert JP, Reinhold P, Smith HJ, et al. Geometry and function of the canine nose:
how does the function change when the form is changed? Pneumologie 2010;
64(7):452-3.

Vilaplana Grosso F, Haar GT, Boroffka SA. Gender, weight, and age effects on
prevalence of caudal aberrant nasal turbinates in clinically healthy english bull-
dogs: a computed tomographic study and classification. Vet Radiol Ultrasound
2015;56(5):486-98.

Harvey CE. Soft palate resection in brachycephalic dogs. Il. J Am Anim Hosp As-
soc 1982;18:538-44.

Trader RL. Nose operation. J Am Vet Med Assoc 1949;114:210-1.

Huck JL, Stanley BJ, Hauptman JG. Technique and outcome of nares amputation
(trader’s technique) in immature shih tzus. J Am Vet Med Assoc 2008;44(2):82-5.
Ellison GW. Alapexy: an alternative technique for repair of stenotic nares in dogs.
J Am Vet Med Assoc 2004;40(6):484-9.

Hobson HP. Brachycephalic syndrome. Semin Vet Med Surg (Small Anim) 1995;
10(2):109-14.

Nelson A. Upper respiratory system. In: Slatter DG, editor. Textbook of small an-
imal surgery. 2nd edition. Philadelphia: Saunders; 1993. p. 733-76.

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

Oechtering GU, Schuenemann R. Brachycephalics-trapped in man-made mis-
ery? Proceedings AVSTS Meeting. Cambridge (United Kingdom): 2010. p. 28.
Tobias KM. Stenotic nares. In: Tobias KM, editor. Manual of soft tissue surgery.
Oxford (United Kingdom): Wiley-Blackwell; 2010. p. 401-6.

Oechtering GU, Hueber JP, Oechtering TH, et al. Laser assisted turbinectomy
(LATE): treating brachycephalic airway distress at its intranasal origin. In: Pro-
ceedings ACVS Meeting. Chicago (IL): Vet Surg; 2007. p. E18, 36(6).
Schuenemann R, Oechtering G. Inside the brachycephalic nose: conchal re-
growth and mucosal contact points after laser-assisted turbinectomy. J Am
Anim Hosp Assoc 2014;50:237-46.

Harvey CE, Venker-von Haagan A. Surgical management of pharyngeal and
laryngeal airway obstruction in the dog. Vet Clin North Am Small Anim Pract
1975;5:515-35.

Bright RM, Wheaton LG. A modified surgical technique for elongated soft palate
in dogs. J Am Vet Med Assoc 1983;19:288.

Davidson EB, Davis MS, Campbell GA, et al. Evaluation of carbon dioxide laser
and conventional incisional techniques for resection of soft palates in brachyce-
phalic dogs. J Am Vet Med Assoc 2001;219(6):776-81.

Harvey CE. Review of results of airway obstruction surgery in the dog. J Small
Anim Pract 1983;24(9):555-9.

Brdecka DJ, Rawlings CA, Perry AC, et al. Use of an electrothermal, feedback-
controlled, bipolar sealing device for resection of the elongated portion of the
soft palate in dogs with obstructive upper airway disease. J Am Vet Med Assoc
2008;233(8):1265-9.

Singleton WB. Partial velum palatiectomy for relief of dyspnea in brachycephalic
breeds. J Small Anim Pract 1962;3:215-6.

Dunié-Mérigot A, Bouvy B, Poncet C. Comparative use of CO2 laser, diode laser
and monopolar electrocautery for resection of the soft palate in dogs with brachy-
cephalic airway obstruction syndrome. Vet Rec 2010;167:700-4.

Clark GN, Sinibaldi KR. Use of a carbon dioxide laser for treatment of elongated
soft palate in dogs. J Am Vet Med Assoc 1994;204(11):1779-81.


http://refhub.elsevier.com/S0195-5616(16)00008-5/sref56
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref56
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref56
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref57
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref57
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref57
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref57
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref58
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref58
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref59
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref60
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref60
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref61
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref61
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref62
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref62
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref63
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref63
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref64
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref64
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref66
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref66
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref67
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref67
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref67
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref68
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref68
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref68
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref69
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref69
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref69
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref70
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref70
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref71
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref71
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref71
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref72
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref72
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref73
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref73
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref73
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref73
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref74
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref74
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref75
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref75
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref75
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref76
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref76

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Brachycephalic Syndrome

Brdecka D, Rawlings C, Howerth E, et al. A histopathological comparison of two
techniques for soft palate resection in normal dogs. J Am Vet Med Assoc 2007;
43(1):39-44.

Dupré G, Findji L. Nouvelle technique chirurgicale: La palatoplastie modifiée
chez le chien. Nouveau Prat Vet 2004;20:553-6.

Findji L, Dupré GP. Folded flap palatoplasty for treatment of elongated soft pal-
ates in 55 dogs. Vet Med Austria/Wien Tierarztl Mschr 2008;95:56-63.
Cantatore M, Gobbetti M, Romussi S, et al. Medium term endoscopic assessment
of the surgical outcome following laryngeal saccule resection in brachycephalic
dogs. Vet Rec 2012;170:518.

Mehl ML, Kyles AE, Pypendop BH, et al. Outcome of laryngeal web resection with
mucosal apposition for treatment of airway obstruction in dogs: 15 cases (1992-
2006). J Am Vet Med Assoc 2008;233:738-42.

Matushek KJ, Bjorling DE. A mucosal flap technique for correction of laryngeal
webbing. Results in four dogs. Vet Surg 1988;17:318-20.

Seim HB. Surgical management of brachycephalic syndrome. Proceedings North
American Veterinary Conference. Orlando (FL): 2010.

Olivieri M, Voghera S, Fossum T. Video-assisted left partial arytenoidectomy by
diode laser photoablation for treatment of canine laryngeal paralysis. Vet Surg
2009;38:439-44.

White RN. Surgical management of laryngeal collapse associated with brachyce-
phalic airway obstruction syndrome in dogs. J Small Anim Pract 2012;53:44-50.
Hedlund CS. Brachycephalic syndrome. In: Bojrab MJ, Ellison GW, Slocum B, ed-
itors. Current techniques in small animal surgery. 4th edition. Baltimore (MD): Wil-
liams & Wilkins; 1998. p. 357-62.

Orsher R. Brachycephalic airway disease. In: Bojrab M, editor. Disease mecha-
nisms in small animal surgery. 2nd edition. Philadelphia: Lea & Febiger; 1993.
p. 369-70.

Harvey CE, O’Brien JA. Upper airway obstruction surgery 7: Tracheotomy in the
dog and cat: analysis of 89 episodes in 79 animals. J Am Anim Hosp Assoc 1982;
18:563-6.

Nicholson |, Baines S. Complications associated with temporary tracheostomy
tubes in 42 dogs (1998 to 2007). J Small Anim Pract 2012;53:108-14.

Senn D, Sigrist N, Fortere F, et al. Retrospective evaluation of postoperative na-
sotracheal tubes for oxygen supplementation in dogs following surgery for
brachycephalic syndrome: 36 cases (2003-2007). J Vet Em Crit Care Med
2011;3:1-7.

Lorinson D, Bright RM, White RAS. Brachycephalic airway obstruction
syndrome - a review of 118 cases. Canine Practice 1997;22:18-21.

Packer RMA, Hendricks A, Burn CC. Do dog owners perceive the clinical signs
related to conformational inherited disorders as ‘normal’ for the breed? A poten-
tial constraint to improving canine welfare. Animal Welfare-The UFAW J 2012;
21:81.

707


http://refhub.elsevier.com/S0195-5616(16)00008-5/sref77
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref77
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref77
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref78
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref78
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref79
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref79
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref80
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref80
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref80
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref81
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref81
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref81
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref82
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref82
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref84
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref84
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref84
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref85
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref85
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref86
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref86
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref86
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref87
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref87
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref87
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref88
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref88
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref88
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref89
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref89
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref90
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref90
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref90
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref90
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref91
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref91
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref92
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref92
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref92
http://refhub.elsevier.com/S0195-5616(16)00008-5/sref92

	Brachycephalic Syndrome
	Key points
	Anatomic and pathophysiologic changes observed in brachycephalic breeds
	Skull Conformation Anomalies
	Soft Tissues Changes
	Stenotic nares
	Soft palate hyperplasia

	Laryngeal, Tracheal, and Bronchial Anomalies
	Laryngeal diseases
	Tracheal and bronchial anomalies

	Gastroesophageal Diseases Associated with Brachycephalic Syndrome

	Diagnosis
	Clinical Diagnosis
	Diagnostic Imaging

	Controversy regarding the genesis of brachycephalic syndrome
	Treatment of brachycephalic syndrome
	Medical Therapy
	Surgical Therapy
	Timing

	Stenotic Nares
	Turbinectomy
	Elongated–Hyperplastic Soft Palate
	Surgical Treatments for Laryngeal Diseases
	Everted laryngeal saccules
	Laryngeal collapse
	Removal of other hyperplastic tissues

	Tracheostomy
	Postoperative Care

	Prognosis
	Summary
	Supplementary data
	References


