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Abstract

Objective: To analyze risk factors for complicated perioperative recovery of

dogs undergoing either staphylectomy or folded flap palatoplasty.

Study design: Retrospective study.

Animals: Seventy-six client-owned dogs.

Methods: Medical records of dogs that underwent either staphylectomy or

folded flap palatoplasty were reviewed for signalment, brachycephalic risk

(BRisk) score, history of gastrointestinal signs, laryngeal collapse grade, pres-

ence of preoperative aspiration pneumonia, intraoperative respiratory and car-

diovascular complications, length of general anesthesia, number of corrected

brachycephalic obstructive airway syndrome (BOAS) components, and gastro-

intestinal and respiratory postoperative complications. Complicated recovery

was defined as requirement for prolonged oxygen treatment and/or tracheos-

tomy or perioperative death. Penalized logistic regression was used to identify

risk factors.

Results: Seventy-six dogs were enrolled in the study. Multivariate penalized

logistic regression identified four risk factors for complicated recovery. These

include surgery type (p = .0002), age (p = .0113), laryngeal collapse grade >2

(p < .0001) and length of general anesthesia (p = .0051).

Conclusions: In this population, dogs that had staphylectomy, increasing age,

laryngeal collapse grade >2 and increasing length of general anesthesia were

at increased risk for perioperative complicated recovery.

Clinical significance: The results of this study identified risk factors for peri-

operative complicated recovery in dogs undergoing elongated soft palate cor-

rection and may assist in surgical planning and early prediction of

complications.
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1 | INTRODUCTION

Brachycephalic obstructive airway syndrome (BOAS) is a
frequently encountered disease in dogs with congenitally
short skull and muzzle.1,2 One of the components of
BOAS is elongated soft palate, which often contributes to
respiratory signs.3,4 Dogs that display signs of respiratory
obstruction require soft palate resection alongside other
corrective procedures of the upper respiratory tract such
as nares resection or laryngeal sacculectomy. Several sur-
gical techniques have been described for the correction of
elongated soft palate in brachycephalic dogs. Conven-
tional staphylectomy relieves the laryngeal obstruction
by resecting the caudal portion of soft palate. A newer
method, folded flap palatoplasty5 addresses both length
and thickness of the soft palate, aiming to alleviate both
laryngeal and pharyngeal obstruction.6 This technique is
suggested to increase the pharyngeal lumen due to signif-
icant amount of soft tissue being removed. The suture
line is located rostrally, thus advancing the caudal aspect
of soft palate cranially, potentially allowing for further
opening of the nasopharynx. Additionally, with the surgi-
cal site located farther from pharynx, there may be less
risk for airway obstruction from postoperative inflamma-
tion and edema.6 However, there are many factors that
may affect success of the selected surgical method,
including pre-, intra-, and postoperative variables.

To date, a limited number of prognostic indicators
have been investigated for dogs undergoing BOAS sur-
gery. Severity of laryngeal collapse was not associated
with surgical outcomes in one study.7 Preoperatively
assessed severity of inspiratory effort or pharyngeal nar-
rowing was not noted to negatively affect the outcome in
another study.8 Previously, preoperatively available infor-
mation such as dog age, breed or presurgery respiratory
sign severity was not shown to affect postsurgical out-
come.4,9 However, increasing age was a risk factor for
death in a more recent study of 423 brachycephalic dogs
undergoing BOAS surgery.10 Brachycephalic dogs were
reportedly four times more likely to experience postanes-
thetic complications compared to nonbrachycephalic
dogs, and prolonged anesthesia was a risk factor for
development of complications including aspiration pneu-
monia and need for temporary tracheostomy.9,11 Also,
young brachycephalic dogs with normal body condition
and presence of laryngeal collapse undergoing traditional
multilevel surgery for BOAS seemed to have less favor-
able postoperative prognosis.12 However, higher body
condition score (BCS) has been significantly associated
with BOAS and significantly overweight dogs were at
higher risk of developing signs of BOAS.13,14

The brachycephalic risk (BRisk) score has been sug-
gested to predict the risk of major complications for

brachycephalic dogs undergoing upper airway surgery.15

It can be easily applied in a clinical setting by using com-
monly accessible preoperative data including breed, body
condition score, rectal temperature, history of previous
airway surgery, degree of airway obstruction on admis-
sion, and concurrent surgeries performed at the time of
BOAS correction.

The variation in previously described risk factors for
perioperative complications, including conflicting evi-
dence for what constitutes a risk factor, stimulated us to
design a study further evaluating risk factors for negative
outcomes in our population of dogs undergoing BOAS
surgery.

The objective of this study was to identify risk factors
for complicated perioperative recovery in dogs undergo-
ing either staphylectomy (S) or folded flap palato-
plasty (FFP).

We hypothesized that receiving an FFP procedure
would be associated with a less complicated short-term
recovery compared to S.

2 | MATERIALS AND METHODS

2.1 | Animals

Medical records of client-owned dogs undergoing upper
airway surgery for BOAS between January 2018 and July
2022 were retrospectively reviewed. Dogs were included
in the study if they had S or FFP performed, and the
medical records were deemed complete. Dogs that under-
went additional surgical procedures concurrently were
also included. Due to the retrospective nature of the
study informed consent form from the owner was not
required.

2.2 | Data collection

Preoperative data retrieved from medical reports
included breed, sex, neuter status, age, weight, BCS/5,
reason for presentation divided into gastrointestinal (GI),
respiratory and other reasons, clinical findings, rectal
temperature on admission, whether oxygen and sedation
was required on admission, previous medical history, diet
type, diagnostic tests, preoperative diagnoses divided into
respiratory, gastrointestinal, and other diseases, presence
of laryngeal collapse and its grade, and whether laryngeal
paralysis and aspiration pneumonia were present and
treated prior to surgery. BRisk score was calculated retro-
spectively for each data category.

The procedures described in this report were per-
formed or supervised by a group of three ACVS board
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certified surgeons. Each dog underwent either S or FFP
performed by a surgical team consisting of one ACVS
diplomate assisted by one surgery resident with method
selection at the discretion of the surgeon. The BOAS sur-
gery type for each patient was not inextricably linked to
the individual surgeon, and each surgeon performed both
procedures during the time period that was evaluated.
Collected intraoperative data included medications used
for general anesthesia, anesthetic and surgery time,
BOAS surgery type and number of BOAS components
that were corrected, type of surgery for soft palate re-
section and instrument used for its correction, additional
procedures performed alongside BOAS, intraoperative
complications divided into those considered respiratory
or cardiovascular in nature.

Postoperative data included complications divided
into respiratory and GI, requirement for oxygen, use of
dexmedetomidine constant rate infusion (CRI), tracheos-
tomy, time that oxygen and dexmedetomidine CRI were
administered, medications and diet given during hospi-
talization, duration of postoperative hospitalization, and
death or euthanasia during hospitalization.

Dyspnea and need for oxygen support for more than
12 h, aspiration pneumonia, the need for a temporary tra-
cheostomy, sedation, intubation, or death prior to dis-
charge from hospital, were considered major complications
consistent with an adapted Clavien-Dindo (aCD) postoper-
ative complication grading of III–V,16 and oxygen support
for less than 12 h, regurgitations and nausea were consid-
ered minor complications consistent with an aCD grade
of I–II.

Complicated recovery was defined as requirement for
prolonged oxygen treatment, that is, >12 h, and/or the
requirement of an emergency temporary tracheostomy,
or death.

2.3 | Statistical analysis

A total of 23 preoperative, 11 intraoperative and 10 post-
operative variables were reviewed; however, for appropri-
ate regression analysis reasons, only 15 variables of
highest interest based on previous literature were
selected for further analysis. Statistical analyses were per-
formed using commercially available statistical software
(JMP Pro 15.2, JMP Statistical discovery, Cary, North
Carolina). Variables were evaluated for normality with
Shapiro–Wilk's test, and as age failed the normality test
all continuous parameters are expressed as median and
interquartile range (IQR) in the text. Categorical data are
reported as percentage. Univariate regression was per-
formed to evaluate all selected variables, with compli-
cated recovery as the outcome variable. Parameters with

p-value <.25 were included in the multivariable logistic
regression model. Least absolute shrinkage and selection
operator (lasso) penalized logistic regression was used to
calculate CI for odds ratio (OR) to reduce potential bias
from the sample size limitations and low prevalence of
complicated recovery in our population. Significance was
set at p < .05.

To ensure proper interpretation of the model in the
face of multicollinearity, structure coefficients were also
considered for the model.17 Structure coefficients are cal-
culated in logistic regression by calculating the correla-
tions between predictors in the model and the saved
predicted probability of the outcome from the model.
Collinearity was assessed both by the pattern of the scat-
ter plot and by structure coefficient. The structure coeffi-
cients were compared to the coefficient statistics
(estimate andχ2) of the multivariate model to determine
if any parameter might be acting as a confounder or sup-
pressor in the model. Structure coefficients represent
how much a predictor correlates with the model by itself,
so these values are not affected by potential multicolli-
nearity, and therefore help to determine if multicollinear-
ity has impacted the interpretation of the model.17

3 | RESULTS

3.1 | Dogs

A total of 76 cases met inclusion criteria. Breeds included
the French Bulldog (n = 48; 63%), English Bulldog
(n = 13; 17%) Pug (n = 7; 9%), Boston Terrier (n = 3;
4%), cross-breeds (n = 2; 3%), Shih Tzu (n =; 1%), Cava-
lier King Charles Spaniel (n = 1; 1%), and Mastiff (n = 1;
1%). In total there were 61 Bulldogs (80%), seven Pugs
(9%) and eight other breeds (11%). There were 11 sexually
intact females (14%), 21 spayed females (28%), 23 sexually
intact males (30%), 20 castrated males (26%) and one her-
maphrodite (1%). The median age was 25 months (13–
70 months) and the median weight was 11 kg (9.15–
15.25 kg). Body condition scores were available for
72 dogs; 16 dogs (22%) had a BCS below 2.5, 40 (56%) had
a BCS between 2.5 and 3.5, and 16 dogs (22%) had a BCS
higher than 3.5. Signalment data are presented in
Table 1.

3.2 | Presenting complaint, physical
examination, and diagnostic tests

Respiratory signs were the primary presenting complaint
in most dogs (58/76; 76%). These included stertor,
respiratory distress, dyspnea, stridor, snoring, increased
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TABLE 1 Signalment, history, and clinical data collected from 39 dogs undergoing staphylectomy and 37 undergoing folded flap

palatoplasty and selected for further analysis.

Variables CO2 laser staphylectomy N (%) Folded flap palatoplasty N (%)

Breed

• English Bulldogs 7 (18%) 6 (16%)

• French Bulldogs 19 (49%) 29 (78%)

• Pugs 7 (18%) 0 (0%)

• Boston Terriers 2 (5%) 1 (3%)

• Other breeds 4 (10%) 1 (3%)

Age (months) median (IQR) 25 (13.5–78) 25 (13–58)

BCS/5

• <2.5 8 (22%) 7 (19%)

• 2.5–3.5 22 (61%) 19 (53%)

• >3.5 6 (17%) 10 (28%)

History of GI signs

• Yes 15 (39%) 21 (57%)

• No 23 (61%) 16 (43%)

BRisk score

• Low risk <3 12 (34%) 10 (28%)

• Medium to high risk 3–4 16 (46%) 15 (42%)

• High risk >4 7 (20%) 11 (30%)

Laryngeal collapse grade

• ≤2 30 (94%) 27 (77%)

• >2 2 (6%) 8 (23%)

Preoperative aspiration pneumonia

• Yes 3 (9%) 2 (6%)

• No 29 (91%) 33 (94%)

Number of BOAS components operated

• 1 or 2 10 (26%) 5 (14%)

• 3 29 (74%) 32 (86%)

Intraoperative respiratory complications

• Yes 5 (15%) 4 (11%)

• No 29 (85%) 33 (89%)

Intraoperative cardiovascular complications

• Yes 12 (35%) 26 (70%)

• No 22 (65%) 11 (30%)

General anesthesia length (min) median (IQR) 112.5 (72.5–176.3) 145 (90–205)

Gastrointestinal postoperative complications

• Yes 4 (13%) 8 (23%)

• No 27 (87%) 27 (77%)

Requirement of oxygen >12 and or tracheostomy

• Yes 11 (28%) 5 (14%)

• No 28 (72%) 32 (86%)

Abbreviation: BOAS, brachycephalic obstructive airway syndrome; GI, gastrointestinal; IQR, interquartile range.
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respiratory effort, heat and exercise intolerance, sleep
apnea, coughing and nasal discharge. A large proportion
of dogs (35/76; 46%) also had concurrent gastrointestinal
signs, and only one dog was presented exclusively for a
gastrointestinal complaint. The symptoms associated
with gastrointestinal tract included regurgitation, vomit-
ing or difficulty swallowing. Additional historical data
were anal sac adenocarcinoma, neurological symptoms
including paraplegia, cervical pain, urethral prolapse,
rectal prolapse, mammary gland tumor, external genito-
urinary anomalies, splenic mass rupture and chronic uri-
nary incontinence.

A total of 41 dogs (54%) had a prior history of medical
problems, including allergies, dermatological or ocular
problems, epilepsy, inflammatory bowel disease, urinary
issues, and hypothyroidism. Five of the 41 dogs (12%)
had prior BOAS surgery performed by referring veterinar-
ian including one or more of the following procedures
rhinoplasty (4/5), staphylectomy (3/5) and laryngeal sac-
culectomy (1/5). Two of 41 dogs (5%) had a history of pre-
vious aspiration pneumonia prior to evaluation at our
institution.

A total of 31 dogs had been treated with medication
prior to presentation including antibiotics, steroids, non-
steroidal anti-inflammatory drugs, medications for gas-
trointestinal issues, gabapentin, trazodone, heart
medications, antiallergy medications, antiseizure medica-
tions. Out of 34 dogs that had history of regurgitations,
only seven had been on one or more medications which
included omeprazole (6 dogs; 19%), maropitant (2 dogs;
6%), and metoclopramide (1 dog; 3%).

On physical examination, all 76 dogs had respiratory
signs and evidence of elongated soft palate. Median rectal
temperature was 101.2 � F (100.25–101.6 � F).

Complete blood count and biochemistry were per-
formed in 71 cases (93%) and chest radiographs were
obtained prior to surgery in 72 cases (95%). Five of the
72 dogs (7%) had radiographic evidence of aspiration pneu-
monia, and all were treated with broad-spectrum antibi-
otics (ampicillin sulbactam or coamoxicillin) for 10–
14 days before surgery. These five dogs included those with
a history of aspiration pneumonia. Thoracic radiographs
were repeated the day before BOAS surgery to confirm that
the aspiration pneumonia had resolved. Nine of the 72 dogs
(13%) that had thoracic radiographs were diagnosed with
sliding hiatal hernia. A total of 13 of the 76 cases (17%)
underwent one or more additional diagnostic tests for gas-
trointestinal or neurological disease, including fluoroscopic
swallow study (5 dogs), esophagogram (4 dogs), echocar-
diogram (3 dogs), magnetic resonance imaging (MRI) scan
(2 dogs) or skull computed tomography (CT) (2 dogs).

Six dogs (8%) required immediate oxygen administra-
tion on admission due to severe dyspnea, of which three

were diagnosed with aspiration pneumonia and one with
laryngeal paralysis, the latter arriving from the referring
veterinarian with a tracheostomy tube in place. Out of
these six cases that presented with severe dyspnea five
(83%) required sedation. All dogs' history and physical
examination data were considered adequate for calcula-
tion of BRisk score. Frequency data based on history of
GI signs, BRisk score and preoperative aspiration pneu-
monia is presented in Table 1.

3.3 | Anesthesia and surgery

A variety of agents were used for premedication, includ-
ing dexmedetomidine, methadone, acepromazine, hydro-
morphone, midazolam and butorphanol. Either propofol
or alfaxalone were used as the induction agent, and gen-
eral anesthesia was maintained using isoflurane or sevo-
flurane with 100% oxygen. The results of laryngeal
examination under anesthesia were available in 67 dogs.
Six dogs (9%) had no laryngeal collapse, 37 dogs (55%)
had everted laryngeal saccules as evidence of grade 1 col-
lapse, 14 dogs (21%) had aryepiglottic fold laxity with
medial deviation of the cuneiform cartilages considered
grade 2 collapse and 10 dogs (15%) had higher collapse
than grade 2.

All the dogs underwent surgical management of their
BOAS. All three BOAS components (stenotic nares, elon-
gated soft palate and everted saccules) were corrected in
61 dogs (80%); 13 dogs (17%) had two components cor-
rected (elongated soft palate and either stenotic nares or
everted saccules) and two dogs (3%) only required correc-
tion of the elongated soft palate.

All 76 dogs were found to have elongated soft palate
and underwent either S (39 dogs; 51%) or FFP (37 dogs;
49%). Staphylectomy procedures were completed using
CO2 laser as previously described.18 A total of 37 dogs
underwent FFP similar to a previous study.6 However,
23 dogs (62%) had the procedure performed with CO2

laser for palate dissection, nine dogs (24%) underwent
sharp dissection using Metzenbaum scissors with hemo-
stasis provided by bipolar electrocautery, and five dogs
(14%) had a combination of sharp dissection and laser
treatment. A total of 31 of the 76 dogs (41%) undergoing
BOAS surgery had additional surgical (26 dogs) or non-
surgical procedures (5 dogs) performed under the same
anesthesia. Additional surgical interventions included
ovariohysterectomies, ovariectomies or castrations
(9 dogs; 12%), hiatal hernia repairs (6 dogs; 8%), urethro-
pexies (2 dogs; 3%), unilateral left arytenoid lateralization
(2 dogs; 3%), hemilaminectomies (2 dogs; 3%), and one
each of the following: anal sacculectomy, colopexy, mas-
tectomy, mast cell tumor excision, gastropexy, penile
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amputation and scrotal ablation, splenectomy, liver
biopsy, and ectopic ureter ablation. Nonsurgical proce-
dures included MRI of a spine (2 of 76 dogs; 3%) and
upper gastrointestinal endoscopy (1 dog; 1%), chest CT
scan (1 dog; 1%), and thoracic radiographs (1 case; 1%).

Median duration of anesthesia was 120 min. A total
of 36 (47%) dogs experienced intraoperative complica-
tions. The most common complications were hypoten-
sion (29 dogs), arrhythmia (10 dogs), difficult intubation
(8 dogs) and bradycardia (7 dogs). Hypothermia (4 dogs),
laryngeal edema (2 dogs) and regurgitation (1 dog) were
less commonly seen. Hypotension, hypothermia, brady-
cardia, and arrythmias were considered cardiovascular in
nature. Difficulties in intubation, laryngeal edema and
regurgitation were considered of respiratory nature. Most
of these signs resolved when animal recovered from anes-
thesia; however, in some dogs, laryngeal edema and diffi-
cult intubation contributed to requirement for oxygen or
temporary tracheostomy. None of the dogs died intrao-
peratively. Frequency data including number of surgical
procedures, intraoperative respiratory and cardiovascular
complications, and general anesthesia length are pre-
sented in Table 1.

3.4 | Postoperative management

Postoperative complications occurred in 30 out of 76 dogs
(39%), of which 16 dogs (53%) experienced major compli-
cations and 14 dogs (47%) experienced minor complica-
tions. Of the 16 dogs with major complications, all were
either requiring prolonged oxygen treatment and or
needed a tracheostomy and or died during recovery.
These 16 dogs comprised the group considered to have a
complicated recovery. A total of 12 of the surgical cases
(16%) regurgitated after surgery. Twenty-six dogs (34%)
required oxygen administration on recovery due to dys-
pnea and/or swelling of the larynx, of which 13 dogs
(50%) required more than 12 h of oxygen administration
and remaining 13 (50%) less than 12 h. Dexmedetomidine
CRI was required due to anxiety with or without respira-
tory distress in 20 dogs (26%) postoperatively, of which
19 dogs required it for more than 12 h. A temporary tra-
cheostomy was performed in six of 76 dogs (8%) and all
these dogs were either English or French Bulldogs, had
various degree of laryngeal collapse and moderate to high
BRisk score and all had three BOAS components cor-
rected. Two of these dogs in addition had previously had
aspiration pneumonia that was treated with antibiotics
and none of them had laryngeal collapse. Five of these
six dogs survived to discharge. Five dogs that required
either >12 h oxygen treatment and/or tracheostomy dur-
ing surgical recovery had a history of having been treated

for aspiration pneumonia. Three dogs (4%) died or were
euthanized prior to discharge from the hospital.

Various medications were given at postoperative
period and included: steroids, trazodone, maropitant,
pantoprazole or omeprazole, ondansetron, cisapride,
sucralfate, gabapentin metoclopramide, butorphanol, fen-
tanyl CRI, methadone, and tramadol.

The median duration of hospitalization postopera-
tively was 1.5 days (1–2 days).

Seventy-three dogs (96%) survived to discharge, and
three dogs (4%) died or were euthanized for reasons
including severe dyspnea, 1–2 days after airway surgery.

3.5 | Risk factors

Results of univariate analysis for the selected variables
are presented in Table 2. Each variable was analyzed for
association with a complicated recovery, defined as the
requirement of oxygen treatment more than 12 h and/or
requirement of temporary tracheostomy, and or death.
Seven variables were preliminarily entered into the mul-
tivariate model with results presented in Table 3. After
removal of nonsignificant or unstable variables the final
model included four variables; surgery type, age, laryn-
geal collapse>2, and length of anesthesia (Table 3). A his-
tory of aspiration pneumonia was only present in dogs
with a complicated recovery (p < .0001), but due to insta-
bility in the model was not included in the final multivar-
iate model.

4 | DISCUSSION

In the investigated population of dogs, staphylectomy
surgery, increasing age, high laryngeal collapse grade,
and increasing length of general anesthesia were associ-
ated with a complicated recovery in dogs undergoing S or
FFP. While surgery type was not associated with outcome
in univariable analysis, when included in the multivari-
able model with age, length of anesthesia, and severity of
laryngeal collapse, staphylectomy was associated with an
increased risk of complicated surgery as compared to
FFP. We do however advise caution when interpreting
the effect size of surgery type. The OR was extremely
high in our results but was at the same time associated
with a wide CI. This may be a result of upward bias due
to a limited sample size and low occurrence of compli-
cated recovery. With that in mind we still noted that the
surgery type was one of four variables associated with
the complicated recovery and this allowed us to accept
our hypothesis. There may be several possible explana-
tions for the association between less complicated
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TABLE 2 Results from univariate analysis of selected variables investigated for association with dogs experiencing complicated recovery

or not.

Variable

Dogs with
complicated
recovery N = 16

Dogs without
complicated
recovery N = 60

Odds ratio
(95% likelihood
based CI) p-value

Surgery type .1233

Staphylectomy (n = 39) 11 (69%) 28 (47%) 2.51 (0.809–8.800)
Palatoplasty (n = 37) 5 (31%) 32 (53%) Reference

Breed group .3441

Bulldogs (n = 61) 13 (81%) 48 (80%) n/a

Pugs (n = 7) 2 (13%) 5 (8%) n/a

Nonbrachycephalics (n = 8) 1 (6%) 7 (12%) n/a

Age (months) .0057

Median (IQ1-IQ3) 74 (38–83) 19 (13–60) 1.02 (1.006–1.036)a

Body condition score (/5) n = 14 n = 58 .6381

<2.5 (n = 15) 3 (21%) 12 (20%) 0.714 (0.142–2.835)
2.5 < BCS≤3.5 (n = 42) 8 (50%) 34 (57%) Reference

>3.5 (n = 16) 2 (14%) 14 (24%) 0.476 (0.067–2.163)
BRisk score n = 14 n = 57 .5377

Low risk <3 (n = 22) 3 (21%) 19 (33%) Reference

Medium to high risk 3–4 (n = 31) 6 (42%) 25 (77%) 1.520 (0.336–6.873)
High risk >4 (n = 18) 5 (36%) 13 (23%) 2.436 (0.494–12.014)

History of gastrointestinal signs n = 59 .3408

None (n = 39) 10 (62%) 29 (49%) Reference

Yes (n = 36) 6 (38%) 30 (51%) 0.58 (0.187–1.802)
Laryngeal collapse grade n = 15 n = 53 .0348

≤2 (n = 58) 10 (67%) 48 (91%) Reference

>2 (n = 10) 5 (33%) 5 (9%) 4.7 (1.142–19.349)
Preoperative aspiration pneumonia <.0001

No (n = 71) 11 (69%) 60 (100%) Reference

Yes (n = 5) 5 (32%) 0 (0%) n/a

Intraoperative respiratory complications n = 14 n = 57 .8419

No (n = 62) 12 (86%) 50 (88%) Reference

Yes (n = 9) 2 (14%) 7 (12%) 1.2 (0.219–6.471)
Intraoperative cardiovascular complications n = 14 n = 57 .1350

No (n = 33) 9 (65%) 24 (42%) Reference

Yes (n = 38) 5 (35%) 33 (58%) 0.404 (0.120–1.359)
General anesthesia length (min) n = 14 n = 57 .0065

Median (IQ1-IQ3) 183 (123–269) 110 (80–165) 1.009 (1.002–1.016)a

Number of BOAS procedures .0926

3 (n = 61) 15 (94%) 46 (77%) 4.565 (0.027–1.808)
1 or 2 (n = 15) 1 (6%) 14 (23%) Reference

Gastrointestinal postoperative complications n = 14 n = 52 .1899

No (n = 54) 13 (93%) 41 (79%) Reference

Yes (n = 12) 1 (7%) 11 (21%) 0.287 (0.410–29.646)

Note: Complicated recovery defined as >12 h of O2 treatment and/or tracheostomy and/or death. n/a = parameter unstable.

Abbreviations: BOAS, brachycephalic obstructive airway syndrome; CI, confidence interval; IQ, interquartile range.
aOdds ratio per additional unit increase.
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perioperative recovery and FFP; FFP may remove exces-
sive redundant soft tissue which addresses both laryngeal
and pharyngeal obstruction, compared to staphylectomy
which relieves only a laryngeal obstruction. Additionally,
FFP decreases the thickness of soft palate, which may be
less susceptible to the edema development or edema may
not be as clinically significant as in thick soft palates.6

Regardless of the thinning effect and perhaps even more
importantly, the FFP moves the surgical site rostrally in
the oral cavity which may decrease the caudal
pharyngeal-laryngeal edema as compared to a more cau-
dal resection.6 Our result is similar to others12 showing
that modified multilevel surgery with FFP was associated
with better outcomes than traditional multilevel surgery
with S. Conversely, Miller et al. showed that there was no
difference in outcomes between FFP and S, and perioper-
ative as well as anesthetic complications were similar in
both surgery groups.19 It has been suggested that chronic
airflow obstruction may persist after S due to minimal
soft tissue resection in the pharyngeal region.10 However,
it is important to note that our study was focusing solely
on the immediate postoperative recovery, in contrast to
other outcome studies.10,12 The long-term outcome of
FFP has recently been criticized for high frequency of
wound healing complications.20 Anecdotally our research
team has also experienced similar complications, which
was one of the inspirations for performing this study.
Some surgeons at our institution started using FFP in
dogs with subjectively perceived higher risk for complica-
tions, such as older English or French Bulldogs with very
thick soft palates and were encouraged to keep using the
procedure also in other demographics due to a likewise
perceived improvement in immediate outcome. When
presented with a suspicion of potential wound healing
complications, it was prudent to assure that the subjec-
tive advantages were indeed true before continuing to
use the FFP procedure. Our interpretation of the findings
in our study population is that FFP seems to be associ-
ated with less risk for complicated immediate recovery.
This effect was not immediately apparent on univariate
analysis, perhaps due to case selection of more severely
affected dogs initially. However, when surgery type was
included with the other variables in the multivariate

model, surgery type indeed seemed to have an undeni-
able effect on the frequency of complicated recovery.
How large an effect may not be clearly demonstrated by
the OR in our model. The wide CI associated with our
OR makes us suspect there is an upwards bias due to lim-
ited sample size and relatively unusual occurrence of
complicated outcome. It will also be imperative to deter-
mine if the long-term outcome likewise is associated with
an improved outcome, as has been reported by others,12

or if the complication rate is as high as has been
suggested.20

While FFP may be effective in improving respiratory
function when combined with other BOAS procedures,6,7

it is not without disadvantages. Wound healing complica-
tions can occur in the postoperative period following FFP
surgery and dehiscence rate is as high as 36%. However,
dogs that exhibit these post-surgical complications did
not show associated worsening of clinical signs.20

Another potential risk of the FFP is extensive soft pal-
ate resection which may lead to nasal regurgitations.21–23

Currently, there are no clear guidelines on the ideal
amount of soft palate resection and flap dimension/ mar-
gins that would balance opening the airway versus pre-
serving palatal function. Therefore, further research is
warranted to provide standardized protocol for optimal
soft palate resection following FFP, which could improve
surgical outcomes and minimize postoperative complica-
tions associated with overcorrection.

While staphylectomy has some benefits over FFP
such as straightforward, technically easier and less chal-
lenging approach, minimal soft tissue manipulation and
shorter surgical time18 it may lead to incomplete relief of
airway obstruction. The procedure addresses laryngeal
obstruction only and this may not adequately open the
airway, particularly in patients with severe clinical signs.6

Consequently, residual obstruction persists requiring
additional corrective surgery. Therefore, the selection of
the surgical technique for soft palate correction should be
tailored to the individual patient, and risk factors should
not be underestimated.

Laryngeal collapse most commonly is a feature of
brachycephalic dogs with chronic upper airway disease.24

Constant negative pressure within the larynx results in

TABLE 3 Multivariate analysis of risk factors associated with dogs experiencing complicated recovery.

Risk factor Odds ratio 95% confidence interval p-value Structure coefficient

Surgery type staphylectomy 59.29 6.87–511.98 .0002 0.3548

Increasing age (per additional month) 1.04 1.01–1.07 .0113 0.5818

Laryngeal collapse > grade 2 97.13 9.90–952.50 <.0001 0.6733

Increasing anesthesia length (per additional minute) 1.01 1.00–1.02 .0051 0.4551

Note: Complicated recovery defined as >12 h of O2 treatment and/or tracheostomy and/or death.
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permanent cartilage deformation and collapse.21 The dis-
ease is considered progressive and demonstrated that
prognoses are variable.22,24–27 In the current study, pres-
ence of laryngeal collapse grade higher than 2 was
another prognostic factor identified. Our results are in
concordance with previous studies.12,15,23,26,28 Dogs with
laryngeal collapse higher than grade 2 were nearly three
times more likely to have postoperative major complica-
tions such as need for oxygen supplementation for >48 h
or tracheostomy, than dogs with lower laryngeal collapse
grade in one study.15 Additionally, Liu et al. reported that
presence of laryngeal collapse of any grade, based on
BOAS index generated from whole-body barometric
plethysmography, has previously been associated with
poor prognosis.12 However, laryngeal collapse as a nega-
tive prognostic indicator is a quite controversial topic,
since other studies did not show correlation between
laryngeal collapse grade and postoperative prognosis,7,25

but reported that dogs with advanced laryngeal collapse
improved after BOAS surgery.25 These differences may be
explained by small number of dogs with laryngeal col-
lapse grade 2 and 3 or inconsistencies in grading. A major
challenge of laryngeal collapse grading is that it is based
on subjective assessment and it may vary between
observers. Grade 2 collapse was not rare in our study but
found in one of five dogs which may reflect how our sur-
gery team grade laryngeal collapse. In fact, almost one
third of the dogs in this study were considered to have
laryngeal collapse of grade 2 or higher. In our experience,
only the highest grades of laryngeal collapse, that is, with
signs of corniculate cartilage and/or severe cuneiform
median deviation, are associated with the immediate out-
come, which is why this group was selected for outcome
analysis. Regardless, considering discrepancies on influ-
ence of laryngeal collapse grade on postoperative progno-
sis, further investigations with more objective or
standardized grading criteria may be warranted to get
consensus on this issue.

In the current study, increasing age was associated
with increased risk for complicated recovery. The median
age of dogs with complicated recovery were 74 months,
and dogs with a normal recovery only 19 months. In fact,
each month of increased age increased the odds ratio of
complicated recovery by 2%. Our results are similar to a
previous investigation, reporting that each 1-year
increase in age lead to a 30% increase in the odds ratio
for temporary tracheostomy tube placement following
BOAS surgery.29 It has been suggested that with BOAS
soft tissue in the oronasopharyngeal area gets constantly
irritated by abnormal air flow and its pressure changes,
which results in tissue inflammation and loss of elasticity
over time. Therefore, dogs undergoing BOAS surgery,
with such changes present, are more likely to require

temporary tracheostomy tube placement due to dyspnea
caused by even minor soft tissue edema in the orophar-
ynx.29 In addition, laryngeal collapse has been also docu-
mented as contributing factor to less favorable outcome
in older dogs.12,26,30 Conversely, other reports did not find
an association between age and postoperative complica-
tions following BOAS surgery.9,31 In fact, Liu et al., found
that younger age was a risk factor for surgical treatment
of BOAS in a population of dogs of similar age distribu-
tion to our study.12 It was speculated that severely com-
promised BOAS dogs may be assessed at a younger age,
since they develop marked respiratory problems earlier
in life, which affect quality of their life. Congenital abnor-
malities of the upper respiratory tract in these dogs lead-
ing to severe BOAS signs also cannot be ruled out. It is
possible that the immediate outcome we investigated,
may be quite different from the 1 month and 6 months
outcome noted by Liu et al.12 This is another argument
for following up our study with a long-term outcome
analysis.

The finding that prolonged general anesthesia was asso-
ciated with an increased risk for complicated recovery was
not unexpected. Each additional minute in general anesthe-
sia time increased the odds ratio of complicated recovery by
0.9%. Similar results have been obtained previously,15

where the odds of poor outcome increased 1.22 times for
each 10 min in additional procedure time. Gruenheid et al.
also identified that duration of anesthesia is associated with
intra-anesthetic risk of complications.11 They reported that
the odds of intra-anesthetic complications rose 1.01 times
for each additional 30-min increment. Longer surgery or
multiple procedures concurrently increase general anesthe-
sia time and therefore increases the risk for slow recov-
ery.9,11 In contrast, one recent study suggested that
duration of anesthesia and surgery were not associated with
anesthetic complications in either group: S or FFP, even
though FFP surgery time was longer.19 Nevertheless, the
study compared anesthesia and surgery time between only
S and FFP and did not include any other concurrent, non-
airway procedures, which may explain differences between
their results and our findings.

Similar to our results, Ree et al. reported that pro-
longed surgical time in dogs undergoing BOAS surgery
was associated with increased risk for temporary tracheos-
tomy.9 Additionally, prolonged anesthesia was recently
suggested to increase the risk for postoperative anesthesia-
induced pulmonary atelectasis.32 Our results seem to sup-
port previously made suggestions that additional surgical
procedure at the time of BOAS surgery should be avoided
to decrease overall general anesthesia time and minimize
postoperative complications.

Dogs with BOAS are at risk of developing aspiration
pneumonia due to their brachycephalic conformation.33,34
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Upper respiratory tract obstruction creates high negative
intrathoracic pressure, which increases prevalence of
regurgitation and gastroesophageal reflux and therefore
risk of aspiration pneumonia.4,35,36 A similar mechanism
is observed in people, where reflux may lead to pharyngeal
and laryngeal damage, which increases risk of
aspiration.37–39 It has been reported that other conditions
such as presence of hiatal hernia, gastroesophageal reflux
or pyloric stenosis also predispose brachycephalic dogs to
aspiration pneumonia.4,40 Our univariate analysis identi-
fied preoperative aspiration pneumonia as a risk factor for
complicated perioperative recovery. However, the multi-
variate model was not able to include this variable as all
dogs with previously diagnosed aspiration pneumonia
experienced complicated recovery. As nominal regression
is based on the chi-square test, the model considers vari-
ables with 0 in the contingency table as unstable due to
inadequate data. Nonetheless, we found it interesting that
all five dogs with a history of preoperative aspiration
pneumonia experienced complicated recovery. This was
despite the fact that these dogs had been cleared by
follow-up radiographic evaluation to ensure that the pneu-
monia was healed prior to surgery. To our knowledge, this
variable has not been previously documented as a risk fac-
tor for complicated recovery in dogs with BOAS. Aspira-
tion pneumonia affects the lower respiratory tract and
may exacerbate respiratory compromise in BOAS dogs,
further complicating their recovery after surgery, espe-
cially when postoperative swelling and inflammation of
the upper airways develop postoperatively. Additionally,
hypoplastic trachea and presence of respiratory secretions
may extend the time needed for resolution of aspiration
pneumonia.41 We speculate that dogs that have previously
suffered from aspiration pneumonia may have more
advanced stages of BOAS. As a result, their recovery may
be more difficult and prolonged, which our study was
unable to clearly demonstrate. Despite radiographic signs
indicating healed aspiration pneumonia, the lungs may
still be affected by the previous disease state, potentially
adding to the risks of surgical recovery. Hopefully future
studies will be able to elucidate the influence of previous
aspiration pneumonia on the surgical outcome.

The structure coefficients for the four variables in the
multivariate model indicated that the estimated effect of
the variables contributed for the most part as expected. The
surgery type did, however, show a larger effect in the model
compared to the structure coefficient as indicated by a
slightly lower than expected structure coefficient. This indi-
cates that surgery type apart from being a direct predictor
of outcome, also may act as a suppressor of variance for
other predictors in the model.42 Therefore, including sur-
gery type in outcome predictions adds to the understanding
of how other predictors relate to the outcome.

Multicollinearity of logistic regression is not quite as
straightforward to elucidate as in linear regression, but
several techniques, such as structure coefficients, can be
utilized for both types of models.43 The structure coeffi-
cient carries advantages in interpretation of multivariate
models as it is not impacted by many of the concerns
associated with suspected confounding variables.17

There are several limitations to the present study, and
these are related to its limited sample size and retrospec-
tive nature. For example, there was no standardization of
the medical records. Additionally, there is possibility that
some information in the medical records might have
been incomplete or very limited such as description of
clinical signs, intra- or postoperative complications, and
so on. Clinical examination as well as laryngeal evalua-
tion could not be retrospectively controlled and were per-
formed by different clinicians with different level of
experience. Therefore, higher, or lower grade of laryngeal
collapse in dogs could have been underreported and
some vital information could have been missed during
examination. Additionally, there was no protocol for
immediate postoperative care and medications that dogs
received after surgery and the selection was determined
based on clinicians' preferences. These limitations are
inherent to all retrospective studies and need to be con-
sidered when drawing conclusions. However, retrospec-
tive data is nonetheless of high value for planning of
future prospective studies.

Length of oxygen treatment more than 12 h was cho-
sen as a primary outcome variable despite the lack of pro-
spective standardized documentation in the medical
record, and the 12 h limit may be considered arbitrary.
However, we chose this variable as we suspected this
may be one of the more sensitive indicators of how the
primary care team considered the dog's status during
recovery. In the authors' experience, many dogs recover-
ing from BOAS surgery at our institution are temporarily
receiving oxygen supplementation for the first few hours
of anesthesia recovery while still quite sedated. When the
dog is fully alert and likely able to regain the normal aux-
iliary airway protective mechanisms, oxygen support
tends to be discontinued unless the dog requires it, due to
associated high costs for the client. Therefore, we believe
administration of oxygen for 12 h or more would be a
reasonable primary outcome variable indicating that the
recovery was more complicated than average.

Another limitation is the low number of dogs, which
could have affected statistical analysis and led to a type II
error. For example, the majority of our dog population
were bulldogs with a small number of pugs and other
brachycephalic and nonbrachycephalic breeds which
might have contributed to selecting risk factors typical of
bulldogs, but not other breeds. Also, low population size
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means that some outcomes such as death were too few
for meaningful analysis and potentially more risk factors
for complicated recovery could have been identified.
Importantly, the limited sample size and the rare occur-
rence of complicated recovery may have resulted in an
upwards bias in our statistical model. The very wide CI of
our OR for surgery type and laryngeal collapse>2 war-
rants very cautious interpretation of the OR. A further
prospective study is warranted in order to determine the
true association between risk factors and complicated
recovery following soft palate surgery.

5 | CONCLUSIONS

The results of this study identified important risk factors
for dogs undergoing elongated soft palate correction
including surgery type, high-grade laryngeal collapse,
increasing age and long anesthesia. These may need to be
taken into consideration for planning surgery and after-
care during the immediate recovery period.
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