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Abstract

Objective – To assess the utility of nasotracheal tubes in postoperative oxygen supplementation in dogs
following corrective surgery for brachycephalic syndrome.

Design – Retrospective study 2003–2007.

Setting – University teaching hospital.

Animals – Thirty-six client-owned dogs that underwent corrective surgery for brachycephalic syndrome.

Interventions – None.

Measurements and Main Results – Medical records were reviewed for animals that underwent surgical
interventions for brachycephalic syndrome including palatoplasty, ventriculectomy, and rhinoplasty. Data
collected included signalment, presenting complaints, analgesic and surgical interventions, type of
supplemental oxygen therapy, complications and mortality occurring during hospitalization. A nasotracheal
tube (NTT) was placed in 20 dogs at the end of surgery; 16 dogs received other forms of oxygen
supplementation (8) or no oxygen supplementation (8) during recovery. The total number of postoperative
complications was similar in both groups (8/20 dogs with NTTs and 7/16 in those without NTTs). However,
respiratory distress was observed in 5 dogs without NTTs but was not observed in any dog while an NTT was
in place. One dog in each group died postoperatively.

Conclusion – Placement of an NTT was found to be easy and may offer benefit in dogs with brachycephalic
syndrome as a noninvasive means of delivering oxygen. The use of NTT may minimize severe postoperative
morbidity, in particular by reducing postoperative respiratory distress.

(J Vet Emerg Crit Care 2011; 21(3): 261–267) doi: 10.1111/j.1476-4431.2011.00612.x
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Introduction

Upper airway surgical procedures in dogs are most

frequently performed to relieve obstruction due to bra-

chycephalic airway syndrome. This syndrome includes

stenotic nares, elongated soft palate, and eversion of the

laryngeal saccules, which may lead to laryngeal col-

lapse or be complicated by tracheal hypoplasia.1–4

Breeds most commonly affected include Bulldogs,

Pugs, Boston Terriers, Boxers, Pekingese, and Cavalier

King Charles Spaniels.1–3 In these dogs, a mechanical

component causes partial airway obstruction, which is
followed by turbulent airflow, local mucosal irritation,

and edema formation. Signs of upper airway obstruc-

tion may be the primary reason for dog owners to seek

veterinary treatment, but may also first manifest fol-

lowing general anesthesia. Additionally, a relationship

between upper respiratory and gastrointestinal tract

problems (eg, regurgitation, vomiting) in brachycephal-

ic dogs has been described.5,6

Dogs with ‘brachycephalic airway syndrome’ show

signs ranging from mild to severe respiratory dis-

tress.2,4 Moderately and severely affected animals are
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stressed by respiratory distress and initial examinations

must be performed with great caution to avert exacer-

bation of clinical signs.7,8 A proportion of animals pres-

ent in life-threatening situations, requiring immediate

tracheal intubation and surgery to alleviate the upper

airway obstruction.8,9 These patients require intensive

care in the peri- and postoperative period. Current rec-
ommendations for supplemental oxygen treatment in

moderately to severely dyspneic patients include oxy-

gen delivery by intranasal tube, oxygen cage, oxygen

hood, temporary tracheostomy, or orotracheal intuba-

tion.1,4,8,10–12 In addition, corticosteroid treatment to

reduce oropharyngeal swelling, sedation to relieve anx-

iety associated with respiratory distress, and cooling of

hyperthermic patients may be beneficial.1,8,10

In the immediate postoperative period, respiratory

distress is often aggravated by oropharyngeal swelling

from surgical manipulation. Current recommendations

for this situation include intubation for as long as pos-

sible after anesthesia, supplemental oxygen therapy,

reintubation, or temporary tracheostomy if required

and intensive postoperative monitoring.1,12,13 The post-

operative period can be very demanding for the tech-
nical staff in the intensive care unit as patients may

have a persistent airway obstruction are at risk of clin-

ical deterioration with the potential need of orotracheal

intubation or they are already intubated or have

a tracheostomy tube in place, both of which require

intensive care. For these patients, a high incidence

of complications and mortality has been docu-

mented.1,12,14,15

The purpose of this study is to describe the technique

of nasotracheal tube (NTT) placement for postoperative

oxygen supplementation in dogs with upper airway

obstruction and to describe its clinical utility in a ret-

rospective case series. To the authors’ knowledge, this

is the first detailed report of the technique and the first

to evaluate its clinical use in dogs.

Materials and Methods

Medical records were reviewed for dogs that had a

surgical intervention for brachycephalic syndrome

from May 2003 to December 2007. Data collected in-

cluded breed, gender, age, presenting complaint, anal-

gesic and surgical interventions, type of postoperative

supplemental oxygen therapy, mortality occurring dur-

ing hospitalization, and occurrence of postoperative
complications. Respiratory distress or complications

requiring a second surgery were considered as major

complications. Respiratory distress was interpreted as

the presence of at least 2 of the following criteria:

tachypnea with augmented respiratory effort, partial

oxygen saturation (SaO2) o90%, or partial oxygen

pressure (PaO2) o80 mm Hg. Coughing, sneezing,

vomiting, regurgitation, and skin irritations were con-

sidered as minor complications. Patients were divided

into 2 groups depending on whether or not an NTT was

placed at the end of surgery. Group A comprised

animals with an NTT, and Group B constituted animals

without an NTT.

Technique of NTT Placement

All NTTs were placed intraoperatively under general

anesthesia after completion of the surgical procedure. A

polyvinylchloride nasogastric feeding tubea (5–10 Fr)

was selected based on the size of the animal and pre-

measured from the tip of the nose, passing the man-

dibular angle, to the thoracic inlet. The tip of the tube
was lubricated with lubricating jelly and inserted into

the ventral nasal meatus. It was gently advanced until it

passed the soft palate and was visible by oral inspection

with a laryngoscope. The tip of the tube was then

grasped with a long forceps and exteriorized orally

(Figure 1). The animal was hyperoxygenated by giving

2–3 manual positive pressure breaths. The animal was

then extubated and the tip of the NTT advanced orally
into the trachea with the forceps until the previously

measured length mark reached the nose tip (Figure 1).

The animal was then reintubated without inflation of

the tracheal tube cuff (if the tracheal tube was relatively

tightly fitting in the trachea, a smaller tube was selected

for reintubation) (Figure 1). The NTT was secured to the

face with adhesive glue or sutures as routinely per-

formed with classical nasal oxygen catheters.16 Anes-
thesia was then discontinued, the animal was allowed

to recover and was extubated. Careful rotating move-

ments of the endotracheal tube during extubation were

used to prevent the NTT from being inadvertently

removed from the trachea. Humidified oxygen was

administered through the NTT with a standard flow of

1–2 L/min. Adequacy of oxygen supplementation was

monitored by clinical examination and, in some cases,
pulse-oximetry or arterial blood gas measurements. An

Elizabethan collar was necessary in some patients to

reduce the risk of premature tube removal. Oxygen

supplementation was continued for as long as deemed

clinically necessary. Then, oxygen flow was turned off

before NTT removal and the patient was observed gen-

erally 1–2 hours for clinical signs of respiratory distress

or cyanosis and the tube was removed without sedation
if signs did not occur. In cases of postoperative com-

plications that could be related to NTT, the tube was

removed and the animal evaluated, to determine

whether or not a replacement of the tube was necessary.

For the continuously measured variables, median

and range are reported, as many variables were not
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normally distributed. Frequency distributions of the

categorical or ordinal variables were derived.

Results

The medical records of 20 dogs with brachycephalic

surgery and NTT placements (Group A) and 16 dogs

without NTT placements (Group B) were retrieved
(Table 1). Dogs in Group A were 1–15 years old (median

4.5 years) and weighed 6–36 kg (median 10 kg). Dogs in

Group B were 2–10 years old (mean 5.0 years) and

weighed 3.5–40 kg (mean 11 kg). Breeds included

French Bulldog (8), English Bulldog (3), Norwich Ter-

rier (3), Pug (2), Boston Terrier (2), Continental Bulldog

(1), and Belgian Griffon (1) in Group A and French

Bulldog (3), English Bulldog (2), Boxer (2), Pekingese
(2), Norwich Terrier (2), Pug (1), Bullterrier (1), Carlin

Pincher (1), Boston Terrier (1), and Chihuahua (1) in

Group B.

All animals were presented for an upper airway

problem, including stenotic nares, everted laryngeal

saccules, elongated soft palate, enlarged tonsils, and

generalized pharyngeal swelling. In Group A, 4/20

dogs were also presented for an additional nonrespira-
tory reason (vaginal prolapse, cystic endometrial hy-

perplasia, eye injury, and elective castration). In Group

B, 1 dog was additionally presented for resection of a

hermaphroditic genital tract. Preoperative vomiting or

regurgitation associated with respiratory signs was

noted in 4 dogs in Group A and 1 dog in Group B. The

surgical procedures undertaken included palatoplasty

(32/36 dogs), ventriculectomy (19/36 dogs), and rhi-
noplasty (9/36 dogs) (Table 1). For ventriculectomy, a

temporary extubation was performed. Two dogs in

Group A underwent additional ovariohysterectomy

and 1 dog castration and, in Group B, the hermaphro-

ditic dog underwent ovariohysterectomy and castra-

tion. Duration of surgery was between 20 and 240

minutes (median 80 minutes) in Group A including the

placement of the NTT, and between 30 and 240 minutes
(median 120 minutes) in Group B. Time for NTT place-

ment was not recorded separately and further statistical

analyses were not performed due to variable surgical

procedures.

The decision whether or not to place a NTT or ad-

minister supplemental oxygen using another technique

(temporary tracheostomy, nasal oxygen tube, oxygen

cage, or oxygen collar) was at the discretion of the sur-
geon, anesthetist, and clinician. In our hospital this de-

cision is generally guided by preoperative respiratory

problems, the perceived extent of pre- and intraoper-

ative swelling and intraoperative respiratory monitor-

ing parameters including pulse oxymetry and in some

cases, results of blood gas analyses. NTT placement

Figure 1: Placement of an NTT: The tube is premeasured from

the tip of the nose, passing the mandibular angle, to the thoracic

inlet. The tip of the tube is inserted in the ventral meatus of the

nose and gently advanced until it passes the soft palate. It is

then grasped with a long forceps and exteriorized orally (a). The

animal is then extubated and the tip of the NTT is advanced

orally into the trachea using a long forceps (b). The animal is

reintubated without inflation of the cuff (c) and is allowed to

slowly wake up.
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was noted to have been difficult due to excessive swell-

ing of the nasopharyngeal region in only 1/20 dogs

in Group A. Postoperative supplemental oxygen ther-

apy was administered in 8/16 dogs (50%) in Group B,

including nasal insufflation (3), by a tracheostomy (3),

oxygen cage (1), and oxygen collar (1) (Table 1).

All of the dogs included in the study received an
opioid as bolus injections or a constant rate infusion

before and following surgery to relieve anxiety associ-

ated with upper airway obstruction and to reduce

coughing from tube irritation. One or a combination of

the following opioids were used: Methadone hydro-

chlorideb (6 dogs in Group A, 7 dogs in Group B),

fentanyl citratec (6 dogs in Group A, 5 in Group B) and

butorphanol tartrated (13 dogs in Group A, 8 in Group
B). Beclomethasone dipropionatee was applied as a lo-

cal aerosol spray (0.05 mg/dose) after palatoplasty and

ventriculectomy. Eighteen dogs in Group A and 11

dogs in Group B additionally received a single intra-

venous dose of dexamethasone sodium phosphatef

(0.5–1 mg/kg).

All dogs were monitored in the intensive care unit

postoperatively. Heart rate, respiration rate, respiratory
effort, and temperature were evaluated every 1–3 hours

in all patients. Nine dogs in Group A had continuous or

intermittent postoperative SpO2 measurements with

values between 95% and 99% during oxygen supple-

mentation. Four dogs in Group B had SpO2 values of

92% to 98% during oxygen supplementation (2 dogs

with tracheostomy, 1 dog in the oxygen cage, and 1 dog

with nasal oxygen insufflation). The dog in the oxygen
cage had a SpO2 o90% during deterioration before

death. One dog without additional oxygen administra-

tion had a postoperative SpO2 of 93%. In Group A, no

postoperative arterial blood gas values were recorded.

Two dogs with tracheostomies in Group B had postop-

erative PaO2 of 46–60 mm Hg and PaCO2 values of 30–

39 mm Hg. No venous blood gas values were recorded

in any dog.
Postoperative complications were observed in 8 dogs

(40%) in Group A, including 7 dogs with minor com-

plications (coughing [3], regurgitation [2], and vomiting

[2]) and 1 dog with a major complication (respiratory

distress and death). However, this dog developed re-

spiratory distress 2 hours postoperatively after removal

of the NTT as the dog was deemed to have had a

smooth recovery and had a stable respiratory situation
(Table 1). Half of the dogs in Group A that developed

postoperative vomiting or regurgitation already suf-

fered these problems before presentation. One dog that

regurgitated, suffered from megaesophagus with regu-

lar regurgitation occurring months before surgery. In

Group B, 7 dogs (44%) had 1 or more postoperative

complications. Minor complications included regurgi-N
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tation (2), vomiting (2), coughing/sneezing (1), anxiety

(1), and local skin irritation at the tracheostomy site (1),

major complications comprised of respiratory distress

in 4 dogs. Of these, 3 dogs received oxygen supple-

mentation (2 tracheostomies, 1 oxygen cage) and 1 did

not. In 3 dogs with major complications, minor com-

plications were also noted (Table 1).
The duration of NTT oxygen supplementation ran-

ged from 30 minutes to 5 days. All but 1 NTTs were

removed within 24 hours after surgery, generally in the

first 6 hours. Tube removal was performed once respi-

ration was stable without oxygen supplementation in

16 patients (80%). In 4 cases, complications were judged

severe enough to remove the NTT. Coughing (2), re-

gurgitation (1), and vomiting (1) were recorded as rea-
sons for tube removal.

Three tracheostomies were performed in Group B at

the end of surgery as a preventative measure and kept

in place 2, 4, and 11 days, respectively. Two of these

dogs developed complications (respiratory distress,

vomiting) within the first 24 hours after placement that

made tracheostomy replacement necessary.

One dog in each group died. The dog from Group A
appeared to recover unremarkably from surgery but

became acutely dyspneic following NTT removal and

rapidly suffered respiratory and cardiac arrest. Despite

being in the oxygen cage, 1 dog of Group B suffered

stridor, respiratory distress including decreased oxygen

saturation following soft palate resection and died of

respiratory failure. Median hospitalization time was 3

days for both groups with a range of 2–8 days in Group
A and 2–12 days in Group B.

Discussion

Nasal oxygen administration is a frequently used tech-

nique of oxygen supplementation.8,10 However, it is not

very effective in cases of upper airway obstruction be-

cause the tube does not bypass the obstruction site.17 It

has been shown that intratracheal application of oxygen
is highly effective in producing an increased fraction of

inspired oxygen and an increase in arterial oxygen par-

tial pressure.12,17 Complications described with percu-

taneous transtracheal catheters include the possible

need of surgical dissection for placement of the tube,

kinking of the catheter at the skin entry point, dis-

lodgement of the catheter resulting in emphysema

or pneumo-mediastinum, and tracheal mucosal jet
lesions.10,17 In addition, placement of percutaneous

transtracheal catheters in patients with a collapsing

trachea may be very difficult or even contraindicated.

However, percutaneous transtracheal tubes can be

placed under local anesthesia, which may be advanta-

geous in severely dyspneic patients before surgery. The

nasotracheal oxygen tube combines the advantages of a

high fraction of inspired oxygen and low flow rates,

similar to that achieved with transtracheal tubes, with

atraumatic tube placement using a natural orifice, sim-

ilar to nasal oxygen insufflations, but requires general

anesthesia.

In 1 study, postoperative complications were de-
scribed in 16/61 (26%) brachycephalic dogs.5 However,

theses dogs were also treated with gastrointestinal pro-

tectants and the authors suggest that this treatment re-

duced postoperative complications. In our study, the

total complication rate was higher than previously re-

ported but comparable between the 2 groups (40% for

Group A, 44% for Group B) studied. In contrast, the

distribution of minor and major complications was
different within the 2 groups. In Group B, 3/8 dogs

(25%) developed respiratory distress while receiving

supplemental oxygen. This is similar to another study,

where 20% of dogs that underwent surgical correction

for upper airway obstruction showed postoperative re-

spiratory distress.13 This was not the case for any of the

dogs with NTTs. This suggests that NTT may be more

efficient in delivering oxygen than other techniques.
Dogs with NTTs were more frequently observed to

have coughing, which may represent a main concern of

NTT placement. However, only 1 dog in our population

developed severe coughing, which despite medical

treatment, subsided only after tube removal. In this

case, it is possible that the NTT caused irritation to the

tracheal mucosa, which may have been inflamed by the

underlying upper respiratory disorder. However, other
reasons such as postoperative infection or tracheal in-

jury due to intubation cannot be completely excluded,

however, unlikely. In another dog, coughing was alle-

viated by medical treatment, but still considered severe

enough to remove the tube.

Complications seen in both groups included vomit-

ing and regurgitation. As gastrointestinal problems are

highly related to upper respiratory syndrome in bra-
chycephalic dogs,5,6 and some animals showed pre-

and postoperative gastrointestinal symptoms, these

postoperative clinical findings may be related to

the primary problem. Additionally, vomiting or regur-

gitation is not an uncommon finding after opiate

administration.g The extent to which vomiting or

regurgitation was a true postoperative complication is

therefore difficult to assess.
Postoperative temporary tracheostomy has been de-

scribed as a life-saving emergency procedure in dogs

with upper airway obstruction. In 2 previously pub-

lished studies, temporary tracheostomy was required in

4.9% and 6.8% of operated dogs, respectively.5,13 Three

dogs (19%) in Group B received a temporary tracheos-

tomy. Although none of the dogs in Group A required a
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tracheostomy, it is unclear as to whether the dog that

died following NTT removal might have benefited from

prolonged intubation or temporary tracheostomy.

A major limitation of the study is its retrospective

nature. Thus, cases were assigned to a group over an-

other at the discretion of the surgeon rather than being

assigned in a randomized fashion. Furthermore, com-
plication rates and severity of complications can de-

pend greatly on clinical status of the animal before

surgery and type of surgery performed. For statistical

analyses, subdividing dogs in this manner this pro-

duces many small, different groups reducing sample

size and statistical power. In addition, objective mea-

surements of oxygenation (eg, blood gas analyses) were

lacking in many cases. Given these factors and the low
numbers of cases in both groups, extensive statistical

comparison of the groups could not be performed. Pro-

spective randomized studies comparing animals with

NTT, other means of oxygen supplementation and

without oxygen supplementation using objective mea-

surements are warranted.

In conclusion, NTT placement was found to be an

easy and safe postoperative procedure to supply oxy-
gen to dogs with brachycephalic airway syndrome. No

dog developed respiratory distress with an NTT in

place. However, minor complications were observed

(coughing, regurgitation, vomiting) and could be re-

lated to tube placement. Although NTT placement

likely has no effect on long-term outcome, the results of

this case series suggest a favorable impact on short-

term outcome in dogs with upper airway disease, in
particular with regards to reduction in postoperative

respiratory distress. NTT oxygen supplementation

should be considered a valid alternative to other meth-

ods of oxygen delivery in brachycephalic dogs.

Footnotes
a Nährsonde, Medicoplast, Jllingen, Germany.
b Methadon Streuli, Streuli Pharma AG, Uznach, Switzerland.
c Fentanyl-Curamed, Opopharma AG, Zurich, Switzerland.
d Morphasol-10, Graeub, Bern, Switzerland.
e Beconasol, GlaxoSmithKline AG, Muenchenbuchsee, Switzerland.
f Dexatat, Graeub.
g Hersom AS, Mackenzie JE. Opioid receptors involved in emesis in the

dog (abstr). Br J Pharm 1987; 92:648.
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