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A comparison of the effect of propofol and alfaxalone on laryngeal motion in non-

brachycephalic and brachycephalic dogs

Abstract

Objective To compare the effect of propofol and alfaxalondasyingeal motion under
a light plane of anaesthesia in non-brachyceplaaltcbrachycephalic dogs
anaesthetized for non-emergency procedures.

Study design Prospective, randomized clinical trial.

Animals A total of 48 client-owned dogs (24 non-brachyceishend 24
brachycephalic).

Methods A standardized premedication of methadone (0.2 g1ty &and acepromazine
(0.01 mg kg was administered intramuscularly. Dogs were ramgi@ssigned to be
induced with increments of propofol (1 — 4 mg*kgr alfaxalone (0.5 — 2 mg Ky
Laryngeal assessment was performed under a lighepf anaesthesia by a surgeon
(GTH) who was unaware of the induction protocolryireyeal movement was assessed
as either being present when abduction of the aghcartilages upon inspiration was
identified or absent when abduction was not recgghi Simultaneously, a 60-second
video was recorded. The same surgeon (GTH) andditianal surgeon (NK) re-
evaluated the videos one month later. Categoraalparisons were studied using Chi
squared and Fisher’s Exact tests where appropRaie-wise evaluation of agreement

between scorers was undertaken with the kappatstaki).



25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

a7

48

Results There were no significant differencgsX 0.05) identified between the
presence or absence of laryngeal motion betwees administered propofol or
alfaxalone, as well as when analysing non-brachyalépand brachycephalic dogs
separately. The majority of dogs (>75%) maintaiseche degree of laryngeal motion
with both protocols. Agreement between assessoseweellent = 0.822).
Conclusions Alfaxalone maintained laryngeal motion similarlygmpofol in non-
brachycephalic and brachycephalic dogs.

Clinical relevance Both agents would appear appropriate for allowisggasment of
laryngeal motion in non-brachycephalic and bracpiiedic dogs. The assessment
technigue of subjective evaluation of laryngealiomotia per oral laryngoscopy under
a light plane of anaesthesia produced consistenttseamongst assessors, regardless of
the induction agent used.

Keywords alfaxalone, dog, propofol, laryngeal paralysisytargoscopy

Introduction

Normal laryngeal motion, which is used as an inicéor laryngeal function, is
demonstrated by the abduction of the arytenoidlagets during inhalation and passive
relaxation during exhalation (Gross et al. 2002ydPal laryngoscopy under a light
plane of anaesthesia is the most widely used elimethod for interpretation of
laryngeal motion in dogs with 95% interobservereggnent (Broome et al. 2000;
Radlinsky et al. 2009; Smith 2000). The ideal atreti& protocol should provide
relaxation of the jaw muscles, maintenance of lgegah reflexes and minimal

respiratory depression (McKeirnan et al. 2014).
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A previous study by Jackson et al. (2004) conclutiatlintravenous thiopental given to
effect was the best choice for assessing larynge#bn in dogs. Significantly greater
arytenoid motion was demonstrated after thiopeadatinistration when compared with
other anaesthetic protocols (propofol, ketaminazelbam and acepromazine). Although
thiopental remains a useful agent in veterinaryeattgsia, it is no longer licensed in
veterinary species and has therefore been largplgged by propofol (Clarke et al.

2014).

Alfaxalone is a synthetic neurosteroid that at iighcentrations acts as a direct agonist
of the GABA receptor (Berry 2015). It is used in veterinargqtice as an induction
agent for anaesthesia. Minimal studies regardirgydiug’s effect on laryngeal motion
and function have been published up until now, egfig in a clinical setting. A paper
by Smalle et al. (2017) concluded that there wasigiificant difference in the total
number of arytenoid motions after administrationlabpental, propofol or alfaxalone

in six research dogs. Nelissen et al. (2012a)idksatified no significant difference in
arytenoid cartilage motion evaluating healthy ceisig video laryngoscopy after
administration of alfaxalone, propofol or midazol&etamine. On the other hand, a
paper looking at the efficacy and safety of alfaxalin humans (Monagle et al. 2015)
identified significantly less airway obstructiondatinerefore better airway patency after

alfaxalone administration compared to propofol.

Laryngeal paralysis is a common airway disorddaige breed dogs (Holt & Brockman
1994; Burbridge 1994) that is diagnosed via subjed@irway assessment. It is vital to
use an induction agent that maintains laryngealanoh suspect cases to increase

objectivity and accuracy of the assessment metkodeover, an anaesthetic agent that
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maintains laryngeal motion will provide a patembai glottidis during induction

allowing persistent oxygen flow. This may proveesaéspecially in breeds where
difficult intubation is more likely to occur. Bragbephalic breeds often have congenital
defects such as narrowed nares, an overlong datep&acheal hypoplasia and
excessive laryngeal tissue (De Lorenzi et al. 2D0%ese defects impose a much
higher risk of airway occlusion and secondary hya@specially during induction of

anaesthesia, before successful intubation hasmectur

The main aim of this study was to assess whetingndgaal motion was present or
absent under a light plane of anaesthesia aftecting either alfaxalone or propofol.
This was evaluated in a cohort of non-brachyceplaald brachycephalic dogs, prior to
routine surgical procedures performed in a unitersgferral hospital. The second aim
of this study was to evaluate the degree of inteeover variability when using peroral

laryngoscopy for assessment of laryngeal motion.

Methods and M aterials

Animals

The study was approved by the Ethics and Welfara@ittee of the Royal Veterinary
College (URN 2016 1603) and informed owner congext obtained. A total of 48
client-owned dogs were included (24 non-brachyckphad 24 brachycephalic dogs)
all of which were admitted to the Queen Mother Hi@dpequiring general anaesthesia
for non-emergency procedures. This sample sizechvasen as it was deemed an
achievable number of dogs to enrol onto the stuilyinvthe time frame that it could be
performed. The time frame was pre-determined byetheal committee and surgeon

availability. On the basis of a full physical exawaion and the medical history, all non-
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brachycephalic dogs were considered to be Amefscamety of Anaesthesiologists
(ASA) grade | — Il and all the brachycephalic degse considered to be ASA grade
[l (Tranquilli and Grimm 2015). Dogs were excludedm the study if they were
classified as ASA grade Il (non-brachycephalic) o¢ IV (brachycephalic), or if they
presented with a problem that may impact the namiasing to the function of the
larynx, such as laryngeal paralysis. The dogs waardomly allocated to one of two
groups by blindly drawing a number out of an engelcAnaesthesia was induced with
propofol in group Rn = 24: 12 non-brachycephalic, 12 brachycephalic) and with
alfaxalone in group An = 24: 12 non-brachycephalic, 12 brachycephalic).

Protocol

Premedication consisted of acepromazine (ACP iiojecNovartis, UK) 0.01 mg K§
and methadone (Comfortan; Dechra, UK) 0.2 mg igected intramuscularly (IM) into
the cervical epaxial musculature 30 minutes podntuction. The premedication was
administered in a quiet preparation room. Immediigigor to induction, an
intravenous (1V) catheter was placed in a peripherm and a sedation score using a
simple descriptive scale ranging from 0 (no change pre-sedation behaviour) to 3
(very heavily sedated, unable to walk) (Table 1% wassigned.

The maximum dose of each induction agent (propbfolg kg* or alfaxalone

2 mg kg') were calculated for each animal, drawn up and kigfglen. Each drug’s
dose was chosen following the data sheets’ recordatiem in premedicated dogs.
Estimated lean body weight was used in severelywaight dogs. Prior to the arrival
of the assessor, a drape was placed over the héteatsite to allow the induction agent
to be concealed from everyone in the room apam fitte injector.

Propofol (Propoflo; Abbott Animal Health, UK) orfakalone (Alfaxan; Jurox,

Australia) were administered in quarterly incrensdivt until a light plane of



124 anaesthesia was achieved; characterized by eas} @iscess to the larynx, persistence
125 of breathing and the maintenance of a gag reflakhEncrement was administered by
126 hand over 10 seconds with a 20-second pause kbefrext increment was injected.
127 An experienced board certified small animal spéestialirgeon (GTH) was present at
128 each induction and assessed the airway using péaoyagoscopy. The laryngeal exam
129 was performed by placing the dog in sternal recurapeholding open the upper jaw to
130 expose the oral cavity, pulling the tongue forwandl depressing the base of the tongue
131 just below the epiglottis (epiglottic valleculaging a laryngoscope. If the plane of

132 anaesthesia was deemed too deep by the surgeon (@Tikhmediate laryngeal

133 assessment, the dog’s oral cavity was closed amdldl oxygen was provided whilst
134 being under constant observation from the anagstlaed surgeon. As soon as the
135 respiration rate increased, the surgeon (GTH) wattkempt another laryngeal exam
136 ensuring the return of the gag reflex before begmithe assessment. In each dog

137 laryngeal motion was simply assessed as beingrgtksent or absent. This was

138 determined by the degree of arytenoid abductiomdunspiration and the amount of
139 rima glottidis observed (Table 2).

140 During the assessment, a short (30 — 60 secondd wichs also made of the larynx

141 using an iPhone 6s over at least 4 respiratoryesyelhich was to be used later for re-
142 evaluation of laryngeal motion. Following this, ttheg was given more induction agent
143 to allow intubation and was no longer followed floe purposes of the study. The

144  dosages of induction agent administered to alloynigeal assessment and intubation
145 were recorded as well as any complication that wedu

146

147 One month after the last assessment, all the videos reassessed for the presence or

148 absence of laryngeal motion by the same surgeo{@$ well as another board
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certified small animal surgery specialist (NK). g reassessment of the videos, a
third intermediate answer category (presence oimahlaryngeal motion) (Table 2)
was added. This third category was added to réffieggrading system and potentially
detect more subtle differences between inducti@mtsgas during the data collection
process varying degrees of laryngeal movement detected. The videos were
evaluated separately by each surgeon. A random eushiown at the beginning of
each video was used to identify each dog. Followirigy a final collaborative
assessment was made between the two surgeons vdeol ayn one assessment

category for each dog.

Statistical analysis

Data were analysed using commercial software (§BIS8ac 2015 version 23; IBM,
United States). Normality of the interval variab{esight, age, dose of induction agent
required for laryngeal assessment and dose of fimatuagent required for intubation)
was assessed graphically and by using the Shapiiot¥gt. None of the data were
normally distributed and therefore results wereorggal as median (range). Categorical
comparisons (presence or absence of laryngeal matiere studied using Chi square
and Fishers Exact tests as appropriate. Pair-wele@ion of agreement between
scorers in the evaluation of laryngeal motion ushmgscale with categories was

undertaken with the kappa statistic. Results wersiclered significant whem< 0.05.

Results
A total of 48 dogs (24 non-brachycephalic; 24 byaephalic) were recruited for this
project. All animals completed the study (Fig. The demographic data of the animals

did not differ significantly between the two grou@sble 3). The dose of injectable
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anaesthetic that allowed laryngeal assessmenitdogs was 1.9 (0.9 — 5.1) mg képr
group P and 0.5 (0.2 — 1.9) mg kdor group A. The dose of injectable anaesthetic
agent to allow intubation in all dogs was 3.0 (4.8.9) mg kg for group P and 2.0 (0.5

— 3.0) mg kg for group A.

Overall the maintenance of some degree of laryngedion was identified in a large
majority of cases regardless of the induction agseetl or whether the dog was non-
brachycephalic or brachycephalic. During the ihdissessment (Fig. 2), 75% of dogs
were evaluated as having laryngeal motion pregamning the collaborative assessment
(Fig. 3) after the addition of the third scorindeggory, 87.5% of dogs were assessed as

having some degree of laryngeal motion.

There were no significant differences identifiedvizen the presence or absence of
laryngeal motion in all dogs collectively afterlest propofol or alfaxalone was
administered, as well as when analysing non-bragtyalic and brachycephalic dogs
separately, in any of the assessments carriedPaatues calculated for the initial
assessment made by the first surgeon (GTA) dogs: p = 0.63, non-brachycephalic:

p = 0.5, brachycephalic: p = 0.653. P values calculated for the reassessment made by
the first surgeon (GTH) All dogs: p = 0.571, non-brachycephalicl: p = 0.879,
brachycephalic: p = 0.325. P values calculated for the reassessment made by the
second surgeon (NK)AIIl dogs: p = 0.607, non-brachycephalic: p = 0.717,
brachycephalic: p = 0.154. There were no statistical differences found betwgrenp P
and group A in respect to the presence or absdriaeyageal motion in the final
collaborative assessment made between the twoasd&TH, NK) All dogs: p =

0.371, non-brachycephalic: p = 0.879, brachycephalic: p = 0.593).
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Agreement between the surgeons for assessmeniyonfj&al motion using the scale
with three categories was rated as excellent [kapgasstic €) = 0.822] displaying very

good inter-rater reliability for the assessmenthodt

In total, three complications were noted duringshealy. One occurred in group P
which involved pain on injection of the inductiogeat. Two occurred in group A in
which excitation was experienced during injectidnhe@ induction agent in both dogs.
These complications were considered mild and tipemxent was continued in all of
these dogs without any intervention implemented.

Discussion

There was no significant difference found betwdentse of either propofol or
alfaxalone on the maintenance of laryngeal motmany of the assessments carried
out. This result is consistent with the resultSofalle et al. (2017). On the contrary,
Monagle et al. (2015) found that airway patency masntained better with alfaxalone
compared to propofol in humans. The explanatioemifor the difference in airway
patency is attributed to the distribution of GABAubunits, targeted by alfaxalone and
propofol. Previous work has shown that there islative lack of GABA subunits
targeted by neurosteroids in the human brainstenpaced with the cerebral cortex
(Persohn et al. 1992; Wegner et al. 2007) and fineralfaxalone has little activity in
the brainstem (Thornton et al. 1986). The vaguseneriginates from the brainstem and
is ultimately responsible for the control of thérimsic muscles of the larynx via the
recurrent and caudal laryngeal nerve (Hermansow#&nk 1993). However,

information regarding the distribution of speciBABA subunits in other species
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including dogs is limited and therefore explainthg difference in the results between

the two studies can only be done by speculation.

Other factors that may have affected laryngeal omotn this study include the
premedication given and the speed of administraifdhe injectable anaesthetic agent.
The use of acepromazine as part of the anaesfiretiacol when assessing laryngeal
motion has both been advocated and advised agadatsison et al. (2004) identified
that arytenoid motion was significantly less witiopental and acepromazine than with
thiopental alone, suggesting that ACP depressésrangl motion. However, the doses
used (0.05 mg kY were five times higher than those used in theeturstudy.
Moreover, numerous sources actually suggest thesion of low dose ACP in the
premedication before laryngeal assessment becéitseaaxiolytic effect (Dugdale
2010; Murrell 2016); which decreases stress anctthee the risk of airway occlusion.

This was deemed patrticularly important for the hymephalic cohort in this study.

Achieving the optimum level of anaesthesia for feygal assessment can be difficult,
with the speed of administration of the injectadm@esthetic agent contributing heavily
to this. The preservation of the respiratory cysleecessary to determine accurate
arytenoid motion. Rapid IV injection (less thanggands) of propofol and alfaxalone
commonly resulted in post-induction apnoea (Amehgtial. 2013). In this study, the
anaesthetic agent was given slowly to effect inamental doses. Another possible
method of administration would have been via a tamgate infusion using a syringe
driver. This method, in theory, should titrate thectable anaesthetic agent more
precisely allowing the desired level of anaesth&sidaryngeal assessment to be

captured instantly. However, when this method wsesiun cats receiving different



248 anaesthetic agents for assessing laryngeal madtieliséen et al. 2012a), assessment
249 and intubation doses in all the cats were the sarggesting that the appropriate point
250 at which to assess had already been surpassed.aHpoatical point of view, the

251 method of administration performed in this studyuieed less equipment and is more
252  reflective of common clinical practice.

253

254  Both the use of ACP as part of the premedicatiahtha incremental injection of the
255 chosen anaesthetic agent in this study, are fatttatsn theory would reduce laryngeal
256 motion. Therefore, it would be expected to identifgre dogs with the absence of

257 laryngeal motion than truly present. However, desiiese factors the majority of dogs
258 (>75%) maintained some degree of laryngeal motidooith the propofol and

259 alfaxalone group, suggesting that they had minimahct. Moreover, this result

260 supports the use of either injectable anaesthgéatdor laryngeal assessment.

261

262 A potential limitation in this study was the useao$coring system with minimal

263 categories. Smalle et al. (2017) used a much mdemgive scoring system comprising
264  of four categories each with two subcategoriesh@lgh not validated, the scoring
265 system utilized in this study was adopted from ey studies and adjusted using the
266 grading system for laryngeal function in non-seddterses (Gross et al. 2002;

267 Robinson 2004; McKeirnan et al. 2014). While nangigant difference was found in
268 that study between thiopentone, propofol and aléae with the much larger subject
269 numbers used in the current study, a potentia¢dfice between anaesthetic agents and
270 laryngeal motion may have been detected.

271
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The third intermediate category (minimal larynge@lvement) for the reassessment of
the airways was not part of the original study pcot. However, after the initial data
collection it was apparent that some dogs had ebwous laryngeal motion and some
had minimal. The justification to implement thisd#nal category was to potentially
identify a significant difference between obvious gubtle laryngeal motion and
whether this could be attributed to either anaéstlagent, possibly providing some
clinical benefit. Due to this alteration, intra-elpger variability could not be

determined.

Another limitation of the study was that thiopentals not used as a comparative
induction agent. Thiopental has historically beensidered the best choice for the
assessment of laryngeal motion (Jackson et al.)20@#therefore novel induction
agents should be compared to it. However, no liegrniopental product is available
for veterinary patients in the EU or UK, therefdgeuse could not be justified in
clinical patients. Moreover, the fact that thio@dns no longer available gives more

reason to find a comparable, accessible altern&dinaryngeal assessment.

To the knowledge of the authors, this is the Btady to assess the effect of different
anaesthetic agents on laryngeal motion in bracthalepas well as non-brachycephalic
dogs. Therefore, an appropriate assessment teefogevaluating laryngeal motion in
a cohort of dogs with such a grossly altered rasmpiy anatomy has not been described
before and there may be other factors that shaaikdken into account when trying to
make an accurate assessment. For example, wetkaba majority of brachycephalic
dogs present with some degree of laryngeal colldds@et and Tobias 2012). The

effect of laryngeal collapse on laryngeal motios hat been reported although the
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incident of both pathologies co-occurring has baéescribed (Nelissen and White
2012b). The degree of laryngeal collapse was matrded in this study; therefore, it is
difficult to determine whether this variable hag/ampact on the results obtained.
Future studies could focus on specific laryngeséasment in the brachycephalic
population, the impact of laryngeal collapse ogrigeal motion and if our current
assessment measures for laryngeal motion are @pdicable to brachycephalic dogs as

they have so many airway malformations.

Conclusion Alfaxalone maintains laryngeal motion similarly e@@hcompared to
propofol in non-brachycephalic and brachycephatigsd Agreement between assessors

was excellent.
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Table 1 Description of scoring categories used to assegeed of sedation after
premedication with acepromazine 0.01 mg kgd methadone 0.2 mgkg

intramuscularly in 48 dogs.

Table 2 Descriptors used for assessing laryngeal motion.

Table 3 Demographic and other data of all dogs includetthis study. Anaesthesia was
induced with either propofol (0.9 — 6.9 mgKp(group P all dogs) = 24; group P non-
brachycephalic dogs,= 12; group P brachycephalic dogs; 12) or alfaxalone (0.2 —
3.0 mg kg?) (group A all dogsn = 24; group A non-brachycephalic dogs; 12;

group A brachycephalic dogs= 12).

Figure 1 CONSORT flow diagram for this study. Dogs wered@mly divided into two
groups: group P, in which laryngeal motion was eatdd after the administration of
propofol; and group A, in which laryngeal motionsxevaluated after the

administration of alfaxalone.

Figure 2 Number of dogs in each scoring categorgXis) during the initial assessment
of laryngeal motion after receiving either propadolalfaxaloneyf axis). A ‘Present’
assessment equates to the maintenance of larymgéaih and an ‘absent’ assessment

equates to the absence of laryngeal motion.

Figure 3 Number of dogs in each scoring categorgXis) during the collaborative re-

assessment of laryngeal motion after receivingeeitinopofol or alfaxaloney(axis). A
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‘present’ assessment equates to the obvious mamterof laryngeal motion, a
‘Minimal’ assessment equates to marginal laryngaeation and an ‘absent’ assessment

equates to the absence of laryngeal motion.



Tables

Table 1 Description of scoring categories for degree aisien after premedication with

acepromazine 0.01 mg kg@nd methadone 0.2 mg kintramuscularly in 48 dogs.

Category Description

0 No change from pre-sedation behaviour

1 Mild sedation (with head slightly
lowered)

2 Moderate sedation (with head lowered
and ataxia)

3 Very heavily sedated, unable to walk

Table 2 Descriptors used for assessing laryngeal motion.

Assessment answer

Description

Obvious laryngeal motion present

Clear abductiotinefarytenoid
cartilages during inspiration. Maximal
rima glottidis observed. Maintenance of

laryngeal motion.

Absence of laryngeal motion

No obvious arytendidwction during
inspiration. Minimal rima glottidis
observed. Laryngeal motion not

maintained.

Minimal laryngeal motion present

Mild to moderate degree of abduction |of

the arytenoid cartilages during




inspiration. Moderate rima glottidis
observed. Maintenance of laryngeal

motion.

Table 3 Demographic and other data of all the dogs inghugly. Anaesthesia was induced
with either propofol (0.9 — 6.9 mg kb (group P all dogs) = 24; group P non-
brachycephalic dogs,= 12; group P brachycephalic dogs; 12) or alfaxalone (0.2 — 3.0
mg kg™) (group A all dogsh = 24; group A non-brachycephalic dogs; 12; group A

brachycephalic dogs,= 12).

Dogs Group P | Group A
Sex Female 10 8
Male 14 16
Age (months) All 525(11- | 51.5(7-165)
167)

Non-brachycephalic | 69.5 (11— | 51.5 (7 —104)

167)
Brachycephalic 385(12— |46 (11-169)
119)
Weight (kg) Al 11.1(5.8— | 11.4(2.2-46.0)
34.7)

Non-brachycephalic | 16.5(5.8— | 26.8 (5.0 - 46.0)

34.7)
Brachycephalic 9.0(6.2—- |[10.2(2.2-22.0)
18.8)
Sedation score All 1(0-3) 2(0-13)

Non-brachycephalic | 1(0-3) 2(1-3)




Brachycephalic 1(0-3) 2(1-3)
Dose of drug to allow All 1.9(09- ]05(0.2-1.9)
laryngeal assessment 50)
1 Non-brachycephalic | 1.9(0.9- |0.5(0.4-1.0)
(mg kg ™)
5.0)
Brachycephalic 1.9(0.9 — 0.5(0.2-1.9)
5.1)
Dose of drugto allow All 3.0(1.1- 2.0 (0.5 -3.0)
intubation (mg kg ™) 6.9)
Non-brachycephalic | 3.0(1.1 - 1.0(0.7-3.0)
6.9)
Brachycephalic 3.0(1.1- 1.0 (0.5-1.9)
5.1)
Number of All 1 2
complications Non-brachycephalic | 1 1
Brachycephalic 0 1




Enrollment ]

Assessed for eligibility
+ Owner agreed to participate (n=48)

Excluded (n=0)

+ Not meeting inclusion criteria (n=0)
+ Owner declined to participate (n=0)
+ Other reasons (n=0)

A4

Allocation ]

A 4

Allocated to Propofol (P) group (n=24) Allocated to Alfaxalone (A) group (n=24)

+ Non-brachycephalic breed (n=12)
+ Brachycephalic breed (n=12)

Analysis ]

Analyzed (n=24)
+ Excluded from analysis (n=0)

+ Non-brachycephalic breed (n=12)
+ Brachycephalic breed (n=12)

Analyzed (n=24)
+ Excluded from analysis (n=24)
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