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Abstract

Objective: To determine the influence of extreme brachycephalic conformation

on presenting signs, imaging findings, intraoperative and perioperative compli-

cations following total ear canal ablation and lateral bulla osteotomy

(TECA-LBO).

Study design: Cross-sectional retrospective study.

Animals: A total of 306 (n = 242 dogs) TECA-LBOs (extreme brachycephalic

breeds [EBB] = 81, other breeds [OB] = 225).

Methods: Medical records of patients undergoing TECA-LBO at a single refer-

ral institution (2010–2022) were evaluated.
Results: Extreme brachycephalic breeds most commonly presented acutely, at

a younger age with oto-neurological signs (46/81, 56.8%). Chronic otitis

externa without neurological signs (171/225, 76.0%) was most common in OBs.

Extreme brachycephalic breeds preoperatively presented more frequently with

facial nerve paresis (p = .001), vestibular syndrome (p = .001), and Horner's

syndrome (p = .002) compared to OBs. On diagnostic imaging, bilateral

changes (p = .038), aural masses (p = .045), para-aural abscesses (p = .011),

otitis interna (p = .001), and brainstem changes (p = .001) were more common

in EBBs. The apparent difference in intraoperative complication rate between

EBBs (9/81, 11.1%) and OBs (12/225, 5.3%) did not reach statistical significance

(p = .078). Perioperative complications occurred in 85/306 (27.8%) of TECA-LBOs

with no difference in perioperative complication rate between EBBs (19/81,

23.5%) and OBs (66/225, 29.3%) (p = .586).
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Conclusion: Extreme brachycephalic breeds are more likely to present for

TECA-LBO acutely, with neurological signs and more advanced diagnostic

imaging abnormalities. Intra- and perioperative complication rates did not dif-

fer between EBBs and OBs.

Clinical significance: Despite being subjectively more technically challeng-

ing, TECA-LBO did not result in more surgical complications in EBBs.

Reported data are useful for effectively informing clients of the specific risks of

TECA-LBO surgery.

1 | INTRODUCTION

Total ear canal ablation with lateral bulla osteotomy
(TECA-LBO) is a salvage surgery performed to treat end-
stage otitis externa (OE), otitis media (OM), otitis interna
(OI), auricular neoplasia or tympanokeratoma (cholestea-
toma) in dogs.1–3 TECA-LBO is technically challenging
due to the anatomic complexity of the region. Poor access
and visualization of critical neurovascular structures
including the facial nerve, retroarticular vein, external
carotid artery, and maxillary vein may lead to iatrogenic
damage resulting in perioperative complications.4,5

Incomplete debridement of the epithelial lining of the
external acoustic meatus may result in latent para-aural
abscessation, which typically manifests 5.5–10 months
postoperatively.1,6

The most commonly encountered major intraopera-
tive complication is severe hemorrhage from the retroar-
ticular vein, maxillary vein, or external carotid artery
during dissection around the external acoustic meatus.1

Significant hemorrhage requiring a blood transfusion has
been reported in 5.5%–15.6% of cases.7,8 Overall postoper-
ative complication rates range from 21% to 53%.4,8–10

Wound-related complications include surgical site infec-
tion, fistulation, para-aural abscessation, and persistent
drainage tracts (2%–50%).1,7 Neurological complications
include facial nerve paresis or paralysis (13%–36%),
Horner's syndrome (3.3%), vestibular disease (1%–8%),
and hypoglossal nerve dysfunction (3%–8%).11–14

French Bulldogs, English Bulldogs, and Pugs have
been referred to as extreme brachycephalic breeds
(EBBs).15 Recent studies have demonstrated significant
divergence of EBBs from other brachycephalic and non-
brachycephalic breeds in terms of overall health and spe-
cific disease predispositions including stenotic nares,
brachycephalic obstructive airway syndrome (BOAS),
aural discharge, and lower respiratory disease.16–18 Com-
puted tomographic conformational studies carried out in
these breeds have demonstrated distinct differences in
the anatomy of the tympanic bullae in EBBs including
bulla volume, wall thickness, and position in relation to

the temporomandibular joint compared with all other
breeds (OB).19 Furthermore, stenotic malformation of the
porous proximal external auditory canal resulting in a
50% reduction in the lumen compared with normocepha-
lic dogs has been demonstrated on computed tomography
(CT) examination.20 This malformation may predispose
to or complicate the treatment of OE and OM.20 In the
primary author's institution, the number of EBBs, pri-
marily French Bulldogs, presenting for TECA-LBO has
increased in recent years. Subjectively, otic surgery in
EBBs is considered more technically challenging com-
pared to OBs.

To the authors' knowledge, the complication rate fol-
lowing TECA-LBO in EBBs has not been reported. The
purpose of our study was to investigate and compare pre-
senting clinical signs and diagnostic imaging findings in
a cohort of EBBs and OBs and to determine intraopera-
tive and perioperative complication rates following
TECA-LBO. The hypothesis was that EBBs would have
higher complication rates than OBs.

2 | MATERIALS AND METHODS

2.1 | Patient and clinical data

The study was approved by the institutional Ethical
Review Board at the lead institution (URN SR2019-0199)
prior to commencement.

Electronic medical records were reviewed to include
dogs that underwent TECA-LBO at a single institution
between January 2010 and December 2020. Cases that pre-
sented for the management of complications resulting from
TECA-LBOs performed at other institutions and cases with
reports with inadequate detail regarding presenting signs,
treatment, or perioperative outcome were excluded. Cases
undergoing concurrent procedures including corrective
multilevel upper airway surgery were excluded.

Case details were collected, including signalment,
bodyweight, history, clinical signs, duration of presenting
complaint, lateralization of clinical signs, and diagnostic
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imaging findings (computed tomography, magnetic reso-
nance imaging, or both). Breed data were categorized
into two groups: EBBs (French Bulldogs, English Bull-
dogs, and Pugs) or all OBs. Duration of clinical signs was
categorized into four groups: less than 2 weeks, greater
than 2 weeks but less than 2 months, 2 to 6 months, and
greater than 6 months. The primary presenting complaint
was categorized into four groups: (1) Otitis externa with-
out neurological signs, (2) otitis externa, OM, or OI with
neurological signs (including peripheral vestibular syn-
drome, Horner's syndrome, facial nerve paresis or paraly-
sis), (3) aural mass (including those affecting the pinna,
vertical and horizontal canal) and (4) other (including
maxillary pain, facial swelling, and fistulous tract). For
this study, facial nerve deficits were referred to as paresis
rather than paralysis as not all cases had a complete
inability to move the muscles of the eyelid, ears, and lips.
Clinical signs of BOAS including tachypnea, dyspnea,
upper respiratory stertor or stridor, exercise intolerance,
or cyanotic episodes were recorded.

Diagnostic imaging reports were assessed, and imag-
ing modality and findings were recorded. Specific find-
ings from the diagnostic imaging report included the
presence of the following: unilateral or bilateral pathol-
ogy, ear canal mineralization, an aural mass affecting the
pinnal base, vertical canal or horizontal canal, para-aural
abscessation, middle ear soft tissue opacity, OI and evi-
dence of brainstem changes. Brainstem changes were
described as T2-weighted ± fluid-attenuated inversion
recovery (FLAIR) interaxial hyperintensity and menin-
geal enhancement on magnetic resonance imaging (MRI)
and intracranial contrast enhancement on CT.

The surgical records were examined for each patient.
TECA-LBO surgeries were either performed uni- or bilat-
erally. If bilateral surgery was performed, data for each
ear were considered separately. Bilateral procedures were
classified as single-session when left and right TECA-
LBOs were performed under the same general anesthetic.
Bilateral staged procedures were classified when left and
right TECA-LBOs were performed separately within any
time frame. The anesthetic record was examined to deter-
mine the surgical time for each operated ear. All surger-
ies were performed by a board-certified specialist in
Small Animal Surgery or a resident under the direct
supervision of a specialist.

Intraoperative complications, defined as complica-
tions occurring between skin incision to closure, were
recorded in the medical records at the time of surgery.
When available, microbiology results including the loca-
tion from which the sample was obtained, and the cul-
ture result were recorded. If a surgical drain was placed
before closure, the type of drain and time that it
remained in place was recorded in days.

Duration of hospitalization and survival to discharge
were recorded in days. Follow-up information was
included up to the time of discharge. Patient hospitaliza-
tion records were examined and the occurrence of new
postoperative clinical examination findings including
facial nerve paresis, vestibular signs, Horner's syndrome,
hemorrhage, extensive focal swelling around the surgical
wound, and incisional dehiscence was recorded.

Information regarding perioperative management
was ascertained from detailed hospital sheets. Postopera-
tive monitoring included 24-h monitoring in intensive
care or surgery ward depending on respiratory and car-
diovascular stability. Opioid analgesia was provided for
all cases with the drug, frequency, and dose individual-
ized to the patient based on pain scoring. Where intra- and
perioperative antimicrobial and nonsteroidal anti-inflam-
matory drugs (NSAIDs) were prescribed, the drug and
duration of treatment were recorded.

2.2 | Statistical analysis

All statistical analyses were performed using commer-
cially available software (IBM SPSS, Statistics, version
28.0, IBM Corp, Armonk, New York). Data were assessed
for normality using Shapiro–Wilk. Descriptive statistics
were generated to report signalment; bodyweight; dura-
tion of clinical signs; primary presenting complaint; diag-
nostic imaging findings; surgical time; placement,
duration, and type of drain; occurrence and nature of
intra- and perioperative complications; type and duration
of antimicrobial and anti-inflammatory medications; hos-
pitalization duration and survival to discharge.

Comparison of outcomes for all variables between
groups were assessed using independent sample t-test or
Mann–Whitney U test for normally and non-normally
distributed variables, respectively.

Chi-square test for independence assessed the associa-
tion between breed group and presenting signs, imaging
findings, intra- and postoperative complications, unilat-
eral, bilateral single-session, and staged surgeries, medi-
cations, and survival to discharge. Significance was set at
the 5% level and all tests were two-tailed.

3 | RESULTS

A total of 306 TECA-LBOs performed in 242 dogs were
included. Eighty-one and 225 TECA-LBOs were per-
formed in EBBs and OBs, respectively. Signalment data is
reported in Table 1. Dogs in the EBB group were younger
at the time of surgery compared to dogs in the OB group
(p = .000). No difference was detected in the
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TABLE 1 Summary of signalment data for extreme brachycephalic and other breeds.

Breed group Dogs

TECA-LBOs
performed
(n)

Mean age
(years, months)

Mean weight
kg (range)

Laterality of
operated ear Gender category

Left Right FE FN ME MN

Total 242 306 6y 5 m ± 2y 10 m 15.8 (3.7–73) 161 145

Extreme Brachycephalic breeds 69 81 5y 3 m ± 2y 4 m 14.7 ± 6.7 kg 42 39 11 9 37 32

French Bulldog 44 49

Pug 15 19

English Bulldog 10 13

Other Breeds 173 225 6 year 11 m ± 2y 11 m 22.3 kg ± 13.2 kg 119 106 61 35 84 45

Cocker Spaniel 27 38

Cross Breed 22 25

Labrador Retriever 15 18

West Highland White Terrier 12 14

Staffordshire Bull Terriersa 11 17

English Springer Spaniel 9 11

Shar Peia 8 13

Cavalier King Charles Spaniela 7 8

Boxera 6 7

Rottweilera 5 7

Shih Tzua 4 4

German Shepherd 4 5

Basset Hound 3 4

Welsh Terrier 3 4

Jack Russell Terrier 2 3

St Bernard 2 3

Bichon Frise 2 2

Border Terrier 2 2

Flat-Coated Retriever 2 2

Hungarian Vizsla 2 2

Standard Poodle 2 2

Tibetan Terrier 2 4

Yorkshire Terrier 2 4

Afghan Hound 1 2

Airedale Terrier 1 1

Beagle 1 1

Blood Hound 1 2

Chow Chowa 1 1

Coton De Tulear 1 1

Dachshund 1 2

English Pointer 1 1

Fox Terrier 1 2

Golden Retriever 1 1

Grand Basset Griffon Vendeen 1 1

Irish Setter 1 1
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lateralization of the surgery between breed groups
(p = .790). Thirty-eight cases were identified to be clini-
cally affected by BOAS at the time of presentation, all
were EBBs (38/81, 46.9%). Twenty-two cases (22/38,
57.9%) including 15 French Bulldogs, five Pugs, and two
English Bulldogs had undergone previous BOAS surgery.

A total of 57 EBBs (57/81 TECA-LBOs, 70.4%) under-
went unilateral surgery, four EBBs (8/81 TECA-LBOs
9.9%) underwent bilateral single-session surgeries, and
eight EBBs (16/81 TECA-LBOs, 19.8%) underwent bilat-
eral staged surgeries. A total of 121 (121/225 TECA-LBOs,
53.8%) OBs underwent unilateral surgery, 37 (74/225
TECA-LBOs, 32.9%) underwent bilateral single-session
surgeries, and 15 (30/225 TECA-LBOs, 13.3%) underwent
bilateral staged surgeries. Extreme brachycephalic breeds
were more likely to undergo unilateral surgery compared
to OBs (p = .001). When bilateral surgery was performed,
EBBs were more likely to have staged surgeries compared
to OBs (p = .001). The median interval between bilateral
staged surgeries was 41 days (range 3–1670 days). No dif-
ference in surgical interval was detected between
groups (p = .580).

The median perioperative follow-up period for all
breeds was 3 days (range 1–18 days). The median hos-
pitalization period was longer for EBBs than OBs:
4 days (range 1–18) and 3 days (range 1–15) respec-
tively (p = .026).

3.1 | Presenting signs

The duration of clinical signs differed between groups
(p = .001). Extreme brachycephalic breeds most com-
monly presented with clinical signs <14 days duration
(35/81, 43.2%) whilst OBs most commonly presented with

chronic signs >6 months duration (104/225, 46.2%). The
presenting signs are summarized in Figure 1. The most
common presenting signs differed between EEBs and
OBs (p = .001). Extreme brachycephalic breeds most
commonly presented with OE, OM, or OI with neurologi-
cal signs (46/81, 56.8%) whereas OBs most commonly
presented with OE alone (171/224, 76.0%). Other causes
included maxillary pain in six cases, para-aural abscessa-
tion in five cases, and trauma to the ear canal in two
cases. Specific preoperative neurological signs are sum-
marized in Table 2. Extreme brachycephalic breeds were
more likely to present with facial nerve paresis
(p = .001), vestibular syndrome (p = .001), and Horner's
syndrome (p = .02).

3.2 | Diagnostic imaging findings

Advanced diagnostic imaging studies were performed in
281/306 (90.0%) of ears. The imaging modality performed
in EBBs and OBs is demonstrated in Table 3. A higher
proportion of EBBs underwent both CT and MRI and
MRI alone compared to OBs (p = .01). Specific imaging
findings between breed groups are summarized in
Table 4. Bilateral changes were more frequently identi-
fied in OBs. Canal mineralization, ear canal mass, para-
aural abscess formation, OI, and brainstem changes were
more frequently identified in EBBs (Figure 2).

When imaging findings were compared between pre-
senting sign categories, dogs with neurological signs were
more likely to have OI and brainstem changes than dogs
presenting for other reasons (p = .001). No difference
was detected in the presence of unilateral versus bilateral
changes, middle ear effusion, or canal mineralization
between presenting sign categories.

TABLE 1 (Continued)

Breed group Dogs

TECA-LBOs
performed
(n)

Mean age
(years, months)

Mean weight
kg (range)

Laterality of
operated ear Gender category

Left Right FE FN ME MN

Lhasa Apsoa 1 1

Mastiffa 1 2

Newfoundland 1 1

Patterdale Terrier 1 1

Polish Sheepdog 1 2

Sussex Spaniel 1 1

Toy Poodle 1 2

Abbreviation: TECA-LBOs, total ear canal ablation and lateral bulla osteotomy.
aRepresents breeds included that are identified as brachycephalic but do not fall within the extreme brachycephalic breed group.
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3.3 | Surgical details and intraoperative
complications

Intraoperative complications occurred during 21/306
(6.9%) TECA-LBOs including 9/178 (5.1%) unilateral sur-
geries, 8/82 (9.8%) bilateral single-session, and 4/46
(8.7%) bilateral staged surgeries. No difference in overall
intraoperative complication rate between unilateral, bilat-
eral single-session, and bilateral staged surgeries was
detected (p = .329). Intraoperative complications included
iatrogenic hemorrhage in 16/21 (76.2%) TECA-LBOs and
difficulty in identifying bony landmarks reported to increase
surgical time in 6/21 (28.6%) cases. Intraoperative complica-
tions were more frequent in EBBs (9/81, 11.1%) compared
to OBs (12/225, 5.3%). The apparent difference in intrao-
perative complication rate did not reach statistical

significance (p = .078). One French Bulldog required a
packed red blood cell transfusion intraoperatively. All other
hemorrhage was managed with either digital pressure or

FIGURE 1 Bar chart demonstrating the percentage of extreme brachycephalic (n = 81) and other breeds (n = 225) presenting with each

clinical sign.

TABLE 2 Pre- and perioperative neurological signs in extreme brachycephalic and other breeds.

Preoperative neurological signs Perioperative neurological signs

Extreme
brachycephalic
breeds (n = 81)

Other breeds
(n = 225) p-value

Extreme
brachycephalic
breeds Other breeds p-value

Facial nerve paresis 23 (28.4%) 12 (5.3%) .001 17/58 (29.3%) 43/213 (20.2%) .138

Vestibular signs 47 (58.0%) 26 (11.5%) .001 0/34 (0%) 6/199 (3.0%) .305

Horner's syndrome 6 (7.4%) 2 (0.9%) .002 1/75 (1.3%) 0/223 (0%) .084

Other Cranial nerve deficits 3 (3.7%) 2 (0.9%) .087 0/1 (0%) 0/1 (0%) .000

Note: p-value determined via Pearson's chi-square test.

TABLE 3 Imaging modality performed in extreme

brachycephalic and other breeds.

Imaging modality

Study performed in each breed group

Extreme
brachycephalic
Breeds Other breeds

CT only 58 (71.6%) 180 (80.0%)

MRI only 10 (12.3%) 14 (6.2%)

Both CT and MRI 12 (14.8%) 7 (3.1%)

Note: p-value determined via Pearson's chi-square test = 15.397. p < .001.
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topical hemostatic agents. Overall median surgical time for
each ear was 100 min (30–255). Median surgical time was
longer in EBBs than in OBs; 115 min (35–242) versus
95 min (30–255) (p = .011) (Figure 3).

Surgical drains were placed in 113/306 (36.9%) TECA-
LBOs. An active suction drain was placed in 2/113 (1.7%)
and a Penrose drain was placed in the remaining
111/115 (96.5%). Drains were placed in 31/81 (38.3%)
TECA-LBOs in EBBs and 82/225 (36.4%) TECA-LBOs
in OBs. Drains were left in place for a median of 2 days
in both EBBs and OBs with a range of 1–3 and 1–5 days
respectively. No difference in drain placement or

TABLE 4 Imaging findings in extreme brachycephalic and other breeds.

Imaging findings
Extreme brachycephalic
breeds (n = 81) Other breeds (n = 200) p-value

Bilateral changes 49 (61.3%) 95 (47.5%) .038

Mineralization of the external ear canal 33 (41.3%) 101 (50.5%) .162

Aural mass 8 (10.0%) 40 (20.0%) .045

Para-aural abscess 13 (16.3%) 13 (6.5%) .011

Middle ear effusion 60 (75.0%) 133 (68.2%) .263

Otitis interna 37 (46.3%) 17 (8.5%) .001

Brainstem changes 14 (17.5%) 6 (3.0%) .001

Note: p-value determined via Pearson's chi-square test.

FIGURE 2 Bar chart demonstrating preoperative diagnostic imaging findings between extreme brachycephalic (n = 81) and other

breeds (n = 225).

FIGURE 3 Box and Whisker plot demonstrating surgical times

in extreme brachycephalic and other breeds.
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duration was detected between groups (p = .646 and
p = .535, respectively).

Two EBBs (both English Bulldogs) and one OB
(Staffordshire Bull Terrier) underwent an elective tem-
porary tracheostomy postoperatively due to marked,
pre-existing pharyngeal swelling resulting from para-
aural abscessation. No dogs required emergency tem-
porary tracheostomy.

Microbiology results were available for 270/306
TECA-LBOs (88.2%) and culture was positive in 204/270
TECA-LBOs (75.6%). Samples were taken from the tym-
panic bullae in 187 cases, the external ear canal in
24 cases and the site was unspecified in 15 cases. A total
of 341 microbes were isolated in total, including 15 bacte-
rial isolates and one fungal isolate. The microbiology
results are demonstrated in Table 5.

3.4 | Perioperative complications

Overall perioperative complications occurred following
85/306 (27.8%) TECA-LBOs including 47/178 unilateral
(26.4%), 20/82 bilateral single-session (24.4%), and 18/46
bilateral staged surgeries (39.1%). No difference in periop-
erative complication rate was detected between unilat-
eral, bilateral single-session, and bilateral staged
surgeries (p = .166).

Facial nerve paresis occurred postoperatively in
60/271 TECA-LBOs (22.1%); postoperative vestibular
syndrome occurred in 6/233 TECA-LBOs (2.6%); postop-
erative Horner's syndrome occurred in 1/298 (0.3%)
TECA-LBOs; postoperative hemorrhage occurred in
4/306 (1.3%) TECA-LBOs; postoperative wound swelling
occurred in 10/306 (3.3%); wound dehiscence within the
hospitalization period occurred in 13/306 (4.2%) surgeries
(Figure 4). No difference in perioperative complication
rate was detected between EBBs (19/81, 23.5%) and OBs
(66/225, 29.3%) for any complication (p = .311) (Table 6).

3.5 | Perioperative medications

Broad-spectrum intravenous antimicrobials were admin-
istered intraoperatively to all cases. Postoperative antimi-
crobials were prescribed in 237/306 (77.5%) TECA-LBOs
(64/81, 79.0% of EBBs and 173/225, 76.9% of OBs) with
no difference between breed groups (p = .274). Amoxi-
cillin clavulanate was prescribed in 125/237 (52.7%,
cephalexin in 98/237) (41.4%), enrofloxacin in 12/237
(5.1%), and clindamycin in 2/237 (0.01%). Antimicro-
bials were prescribed for a median of 8 days postopera-
tively (range 1–56). No difference in the choice of
antimicrobial or duration of prescription was detected
between groups (p = .552 and p = .271 respectively).

TABLE 5 Microbiology isolates from positive middle ear or ear canal cultures in extreme brachycephalic and other breeds. Numbers

represent individual total ear canal ablation and lateral bulla osteotomy (TECA-LBO) results.

Cultured organism Extreme brachycephalic breed Other breeds Total count (all dogs)

Staphylococcus pseudintermedius 34 50 84

Enterococcus faecalis 22 50 72

Pseudomonas aeruginosa 7 48 55

Escherichia coli 7 32 39

Proteus mirabilis 10 15 25

Streptococcus canis 3 19 22

Bacteroides spp. 3 6 9

Staphylococcus aureus 4 3 7

Pasteurella spp. 3 3 6

Malassezia pachydermatis 0 6 6

Corynebacterium spp. 2 3 5

Staphylococcus schleiferi 2 2 4

Methicillin-resistant Staphylococcus
pseudintermedius

4 0 4

Methicillin-resistant Staphylococcus aureus 0 1 1

Enterobacter spp. 0 1 1

Streptococcus dysgalactiae 0 1 1

Total 101 240 341
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Intra- and perioperative complication rates did not dif-
fer when antimicrobials were prescribed (p = .796 and
p = .408, respectively).

NSAIDs were prescribed in 228/306 (74.5%) of
TECA-LBOs (58/81, 71.6% of EBBs and 170/225, 75.6%
OBs) with no difference detected between groups
(p = .484). NSAIDs were prescribed for a median of
7 days (3–14 days). No difference in NSAID course
duration was detected between groups. Intra- or peri-
operative complication rates did not differ when
NSAIDs were prescribed (p = .078 and p = .311,
respectively).

3.6 | Survival to discharge

Reasons for prolonged hospitalization included wound
management following surgical site dehiscence (7), the
severity of neurological signs (2) and hospitalization for
the duration between staged surgeries (2), and manage-
ment of corneal ulceration (2) and upper respiratory
obstruction (2). Prolonged hospitalization in one dog was
due to an investigation of unrelated narcolepsy.

Two dogs did not survive to discharge including one
EBB and one OB (0.70%). A 5-year 1-month-old female
entire English Bulldog underwent bilateral single-session
TECA-LBO for the treatment of chronic OE. The dog
developed postoperative aspiration pneumonia and had a
cardiopulmonary arrest 4 days postoperatively. The sec-
ond case was a 7-year 5-month-old female neutered
Bichon Frise who underwent unilateral TECA-LBO for
treatment of a para-aural abscess. The dog developed sep-
sis and acute kidney injury and had a cardiopulmonary
arrest 2 days postoperatively.

4 | DISCUSSION

This study is the largest to date exploring the presenting
signs, diagnostic imaging findings, and intra- and periop-
erative complications in dogs undergoing TECA-LBO
and the first to compare these factors amongst two
groups: EBBs and OBs.4,7,9,10,14

The perioperative complication rate of 27.8% is at the
lower end of the range of previously reported complica-
tions for TECA-LBO (21%–53%).9,21 The occurrence of
perioperative facial nerve paresis and vestibular signs
were similar to previously reported values.1 Wound com-
plications occurred in 5.8% of cases which is lower than
previously reported (11%–41%).4,14,21 However, the dura-
tion of follow-up in this study varied from previous litera-
ture and direct comparisons should be interpreted with
caution. Despite the perceived increase in the difficulty of
TECA-LBO surgery and the apparent increase in intrao-
perative complication rates in EBBs compared with OBs,
the difference did not reach statistical significance. Thus,
our hypothesis was rejected. This may be a result of low
numbers of intraoperative complications overall and type
I statistical error.

Significant hemorrhage was the most encountered
complication in this study. The rate and severity of
intraoperative hemorrhage is consistent with previous
reports.4,7 The other intraoperative complication reported
in the current study was difficulty in the identification of
anatomical landmarks and performing the lateral bulla
osteotomy. This was included as an intraoperative com-
plication as the surgery diverged from the ideal course
and may have prolonged surgical time. Obtaining intrao-
perative information was reliant on details in the surgical
report due to the retrospective nature of this study. Com-
plications may therefore be underreported. The increased
intraoperative complication rate and prolonged surgical
time in EBBs supports the anecdotal suggestion that
TECA-LBO surgery is considered more challenging in
these breeds. Aberrant bulla location, size, thickness of
the bony wall, narrow external bony meatus diameter
and proximity of neurovascular structures to the surgical
site account for these perceived challenges.19,22–24 The
morphology and anatomic position of the tympanic bulla
in relation to the temporomandibular joint in French
Bulldogs, English Bulldogs, and Pugs differs significantly
from all OBs.19 This makes visualization of the interior of
the tympanic bulla more difficult and could theoretically
make removal of contents more complicated. Thicker
bullae walls in French and English Bulldogs, a larger
overlap between the temporomandibular joint and

TABLE 6 Perioperative complications in extreme brachycephalic and other breeds.

Perioperative complication Extreme brachycephalic breeds (n = 81) Other breeds (n = 225) p-value

Hemorrhage 0 (0%) 4 (1.8%) 227

Swelling 1 (1.2%) 9 (4.0%) .230

Wound complication 1 (1.2%) 3 (5.7%) .093

Note: p-value determined by Pearson's chi-square test.
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tympanic bullae in Pugs and French Bulldogs, and smal-
ler bullae volume: weight ratios have also been described
in EBBs adding to difficulties in accessing the surgical
sites in these breeds.19

Recent studies have also considered these three EBBs
to be predisposed to similar conformation-related disease
processes and therefore it was deemed appropriate to
group them as a single category in our study.25–28 French
Bulldogs were the breed most frequently presented for
TECA-LBO in our study, representing 49 of 306 total sur-
geries.29 Previous studies have dichotomized breeds as
either brachycephalic or nonbrachycephalic. However,
recent literature suggests that brachycephaly is not
binary.17,18,22,30,31 Quantitative skull morphometry has
demonstrated that dogs with more extreme brachyce-
phalic conformations are at higher risk of conditions
such as BOAS.22 They are 3.5 times more likely to have at
least one upper respiratory tract disorder and a signifi-
cantly shorter life span than moderate brachycephalic or
nonbrachycephalic dogs.15 This is supported by our find-
ing that all dogs reported to be clinically affected by
BOAS were EBBs with almost half of these cases requir-
ing previous BOAS surgery. Extreme brachycephalic
breeds also presented more frequently for “other” reasons
including jaw pain. This may be linked to the occurrence
of para-aural abscessation, concurrent OM or the close
anatomic association between the tympanic bullae and
the temporomandibular joint.22 This study compared
EBBs to all OBs due to the morphological differences
summarized above. The results could differ if all

brachycephalic breeds were compared to nonbrachyce-
phalic breeds.

One of our major findings was the difference in pre-
senting signs between EBB and OBs. Excluding EBBs,
most dogs presented for management of chronic OE
without neurological signs. This suggests that TECA-LBO
is most commonly performed in OBs as a salvage proce-
dure for end-stage ear canal disease when medical man-
agement fails.21 Conversely, EBBs were significantly
more likely to present acutely, at a younger age, with pre-
dominantly neurological signs. This is consistent with
findings from previous literature which demonstrated
that younger age was significantly associated with a diag-
nosis of OM or OI.32 Neurological signs were attributed
to OM, OI, or intracranial extension of infection in these
cases. Previous studies have demonstrated that two-thirds
of dogs displaying vestibular signs have a chronic history
of OE in addition to OM.32 For that reason, cases with
clinical or radiographic evidence of OE in addition to the
primary neurological presenting complaint were still
included in the neurological sign category. Fluid accumu-
lation in the middle ear can be an incidental finding in
brachycephalic dogs probably due to auditory tube or
pharyngeal dysfunction.33 Our study demonstrated no
difference in the incidence of middle ear effusion
between breed groups or presenting sign categories. How-
ever, given the predominantly neurological presentation
in EBBs and the increase in the diagnosis of OI and brain
stem changes, further investigation into the precise path-
ogenesis leading to oto-neurological signs in these breeds

FIGURE 4 Bar chart demonstrating the perioperative complications in extreme brachycephalic (n = 81) and other breeds (n = 225).
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is warranted. The increased incidence of neurological
signs may explain the differences in imaging modalities
performed in EBBs. Extreme brachycephalic breeds were
more likely to have an MRI alone, or in conjunction with
CT than OBs. Whilst CT is considered the modality of
choice for evaluation of bony structures, MRI provides
superior soft tissue contrast of the membranous laby-
rinth, cerebrospinal fluid, and neural structures, allowing
effective differentiation between intra- and extracranial
causes of the cranial nerve deficits.34 The increased inci-
dence of neurological deficits and identification of OI and
brainstem changes in EBBs suggests that whilst ulti-
mately the surgery is the same, TECA-LBO was per-
formed for different reasons in these breeds.27,31 This
could have influenced our results.

Perioperative neurological signs were recorded when
new abnormal neurological examination findings were evi-
dent postoperatively. Cases that presented with neurological
signs were not considered to have neurological periopera-
tive complications as it was not possible to determine statis-
tically whether postoperative neurological deficits were due
to pre-existing neurological damage or exacerbated by
intraoperative trauma. A greater proportion of EBBs than
OBs presented with neurological signs, and intraoperative
trauma resulting in perioperative neurological complica-
tions may be underestimated. Iatrogenic trauma to the neu-
ral structures may have been more prevalent in these dogs
due to the anatomical reasons discussed previously.

A greater proportion of EBBs underwent unilateral
surgery and bilateral surgery was more commonly staged
in these dogs, whereas OBs more commonly underwent
bilateral single-session TECA-LBO. The surgeon's deci-
sion to perform a staged procedure may have been justi-
fied based on the anecdotal surgical complexity and
increased surgical time in EBBs. However, in support of
previous literature, there was no difference in periopera-
tive complication rates between unilateral, single-session
bilateral, and staged bilateral TECA-LBO.7

Although positive bacterial cultures were reported in
75.6% of cases where culture was taken from the surgical
site, there was no significant increase in intra- or periop-
erative complications in cases that did not receive postop-
erative antibiotics. TECA-LBO should be considered a
clean-contaminated surgery in cases where the infection
is confined to the external ear canal. A large proportion
of patients in this study may have received postoperative
antibiotics unnecessarily if appropriate irrigation was
performed before closure. The current study does not
make conclusions regarding the impact of postoperative
antibiotics on delayed surgical site infection and para-
aural abscess formation. Further research into the use of
postoperative antimicrobials in patients undergoing
TECA-LBOs is warranted.

The median duration of hospitalization in EBBs was
1 day longer than for OBs. Due to retrospective data col-
lection, it was difficult to accurately determine the reason
for prolonged hospitalization from the clinical records.
An explanation may be concern regarding upper respira-
tory obstruction, pharyngeal inflammation, regurgitation,
or aspiration pneumonia which occur more frequently in
brachycephalic breeds after general anesthesia.35

Two dogs did not survive to discharge. Both patients
progressed to cardiopulmonary arrest following intensive
management for severe systemic disease that developed
postoperatively. A post-mortem examination was not per-
formed in either case. However, based on antemortem
clinical records the cause of death was not considered to
be directly related to the TECA-LBO surgery.

One limitation of this study is the retrospective nature
of the data collection. Whilst a large amount of relevant
data has been obtained, data collection was reliant on
details in patient records and surgical reports. This may
have resulted in underreporting clinical examination
findings or intraoperative challenges. In addition, all sur-
geries were performed at a single institution by diplo-
mates or residents in small animal surgery, and so
complication rates, whilst similar to those previously
reported, may vary between institutions or based on sur-
geon experience. Finally, follow-up past the perioperative
period was not carried out in this study, and conclusions
regarding delayed postoperative complications such as
para-aural abscessation cannot be drawn. Therefore,
direct comparisons between the perioperative complica-
tions rate reported in this study and long-term postopera-
tive complications reported elsewhere should be made
with caution.

In conclusion, this is the first study comparing TECA-
LBO in extreme brachycephalic and other canine breeds.
Despite being considered more technically challenging,
there was no increase in intra- or perioperative complica-
tions in EBBs compared to OBs. Extreme brachycephalic
breeds are more likely to present acutely, with neurologi-
cal signs, with a higher incidence of OI and brainstem
changes. The complication rates reported in this study
are useful for accurately informing clients of the specific
risks of TECA-LBO surgery in extreme brachycephalic
and OBs.
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