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Endotracheal intubation is a common procedure, rarely associated with life-threatening complications (e.g., tracheal rup-

ture, necrosis, foreign body). A 1.5-year-old English Bulldog was presented for respiratory distress, with increased respiratory

efforts and stridor, 2 days after endotracheal intubation. Cervical and thoracic radiographs disclosed a severe narrowing of the

tracheal lumen associated with an intraluminal soft-tissue structure at the thoracic inlet. Tracheoscopy confirmed the presence

of an obstructive fibrinous tracheal pseudomembrane (OFTP) creating a 1-way valve obstruction. Removal of the OFTP dra-

matically improved the dog’s respiratory function, but the lesion reformed twice despite corticosteroid and antibiotic therapy

PO, warranting repeated endoscopic removal of the OFTP. No additional recurrences were observed after treatment with

inhaled heparin and N-acetylcysteine q4h. No respiratory signs were reported 9 months after discharge. Postintubation OFTP

has been reported rarely in humans and never described in dogs. Unexplained signs of upper airway obstruction shortly after

endotracheal intubation should prompt consideration of OFTP in dogs, even if intubation was uneventful. Unlike its counter-

part in humans, OFTP in dogs can reoccur after endoscopic removal, warranting repeated endoscopic extraction. A combina-

tion of corticosteroid therapy PO and heparin and N-acetylcysteine inhalation q4h may be attempted if recurrence is observed.
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A 1.5-year-old, 25-kg, male intact English Bulldog
was referred to the Veterinary Hospital Fregis,

Paris, for evaluation of acute severe respiratory distress.
Four days before referral, the dog underwent general
anesthesia for entropion surgery. The dog was premedi-
cated with acepromazinea (0.03 mg/kg IV), induced
with propofolb (5 mg/kg IV), and intubated. General
anesthesia was maintained with isoflurane in oxygen.
No proton pump inhibitor or metoclopramide was used.
According to the referring veterinarian, a properly sized
endotracheal tube was used (8 mm) and advanced with-
out resistance into the tracheal lumen. Anesthesia lasted
1 h, and no anesthetic incidents were reported. Respira-
tory distress started the day after surgery, with
increased inspiratory efforts and regurgitation observed
by the owners. The dog was immediately presented
back to the referring veterinarian. A lateral thoracic
radiograph disclosed a severe narrowing of the tracheal
lumen at the thoracic inlet. The dog was treated with
prednisolonec 10 mg PO q24h (0.4 mg/kg PO). Despite
initial improvement for 2 days, respiratory distress
recurred and the dog was referred.

On presentation, the dog was quiet, alert, and
responsive. Rectal temperature was increased (103.8°F
[39.9°C]; reference range, 99.5–102.5°F [37.5–39.2°C]).
The dog showed respiratory distress with increased
inspiratory and expiratory efforts as well as stridor.
Respiratory rate was normal (28 breaths/min;
reference range, 15–30 breaths/min). No adventitious
lung sounds were heard during inspiration and expira-
tion, but thoracic auscultation was difficult because of
a substantial amount of referred upper airway noise.

Based on the breed and loud stridor, laryngeal dis-
ease was suspected in addition to the tracheal narrow-
ing observed on radiographs 2 days earlier. Because the
dog was not stable, immediate care was provided,
including sedation with butorphanolc (0.2 mg/kg IV)
and acepromazinea (0.03 mg/kg IV) as well as supple-
mental oxygen via a blindly placed nasotracheal tube. A
previously described technique was used to place the
nasotracheal tube.1,2 A 6-French polyurethane tube was
premeasured such that the tip would rest at the mid-
tracheal level. The tube was covered with lidocaine gel,
quickly introduced into the ventral nasal meatus, and
passed into the trachea through the larynx by hyperex-
tending the dog’s neck and advancing the tube. Proper
placement was confirmed by demonstrating a lack of
negative pressure after aspiration with a 50-mL syringe
and by obtaining a lateral cervical radiograph. The
dog’s breathing pattern improved overnight, but
another episode of respiratory distress developed the
next morning.

Cervical and thoracic radiographs identified a severe,
4-cm-long narrowing in tracheal lumen caused by a sus-
pected intraluminal soft-tissue structure centered on the
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thoracic inlet (Fig 1A). No pneumomediastinum was
identified, and no clinically relevant abnormalities were
noted in the pulmonary parenchyma. Lung overinflation
was present.

Tracheal endoscopy was planned, and the patient was
induced with propofolb (5 mg/kg IV) before endotra-
cheal intubation. Cardiorespiratory arrest occurred
immediately after anesthesia induction. Cardiopul-
monary resuscitation instantly was initiated with chest
compressions (patient positioned in dorsal recumbency),
endotracheal intubation, and IV administration of epi-
nephrine (0.01 mg/kg IV) and atropine (0.04 mg/kg IV).
A 1-cm-wide and 4.8-cm-long tracheal cast (Fig 2) was
expelled through the endotracheal tube shortly after
intubation and recovery of the patient, presumably sec-
ondary to repeated chest compressions. Tracheoscopy
performed through the endotracheal tube identified an
irregular and hyperemic mucosa from the end of the
first third to the beginning of the last third of the tra-
cheal length. No persistent intraluminal material was
observed. Only a small amount of clear fluid was
observed in the bronchi, which appeared morphologi-
cally normal. Cytological findings of a bronchoalveolar
lavage were increased cellularity (8000 cells/lL; refer-
ence range, 50–450 cells/lL) and neutrophilic inflamma-
tion (90% hypersegmented neutrophils and 10%
activated macrophages). No bacteria were cultured from
the bronchoalveolar lavage fluid. Cytological analysis of
the expectorated tracheal cast showed a large number
of degenerated neutrophils engulfed in mucus without
infectious organisms identified (Fig 3A), along with
acellular proteinaceous material (Fig 3B). On
histopathological analysis, abundant pale eosinophilic
material consistent with a fibrinonecrotic cast was pre-
sent, with a moderate amount of entrapped neutrophils
(Fig 4A,B).

The dog’s respiratory distress immediately improved
after expectoration of the tracheal cast. Oxygen supple-
mentation was continued via the nasotracheal tube. The
dog was treated with butorphanold (0.2 mg/kg IV q2h),
amoxicillin/clavulanic acide (20 mg/kg IV q12h),
enrofloxacinf (5 mg/kg IV q24h), dexamethasoneg

(0.27 mg/kg once, then 0.14 mg/kg IV q24h), and

omeprazoleh (1 mg/kg PO q12h). The next day, respira-
tory distress with inspiratory effort and stridor recurred
and cervicothoracic radiographs identified relapse of the
intraluminal tracheal obstruction. Because recurrence
was thought to be caused by endotracheal intubation,
tracheoscopy was repeated without intubation. A pseu-
domembrane, with the same appearance as the tracheal
cast expectorated the day before, was visualized at the
thoracic inlet and was creating a dynamic 1-way valve
obstruction during inspiration (Fig 5A,B). The pseu-
domembrane was in continuity with a semicircumferen-
tial, 3-cm-long tracheal cast covering the ventral aspect
of the tracheal mucosa. Foreign body forceps were
passed through the biopsy channel to gently remove the
cast in 1 block. Because the dog’s breathing pattern
became normal immediately after relieving the obstruc-
tion, the nasotracheal tube was removed to avoid fur-
ther tracheal injury. Nebulization was added to the
treatment regimen, with 5000 units of heparini and
3 mL of a 20% N-acetylcysteinej (NAC) solution aero-
solized every 12 h, adapted from a method previously
described in human pediatric medicine.3 Another epi-
sode of respiratory distress with inspiratory efforts
required endoscopic removal of a pseudomembrane
2 days after starting nebulization therapy. Aerosolized
heparin and NAC therefore were given q4h to prevent
recurrence of cast formation. No additional endoscopic
interventions were necessary after intensification of neb-
ulized therapy. The dog was discharged with a 15-day
course of prednisolonec (0.5 mg/kg PO q12h initially)
8 days after admission. An intraluminal tracheal
soft-tissue opacity could no longer be observed on
cervicothoracic radiographs (Fig 1B) at the time of
discharge. Nine months later, the dog was still clinically
normal and had not experienced any respiratory prob-
lems since discharge.

In the dog of this report, tracheal pseudomembranes
developed after tracheal intubation and caused life-
threatening upper airway obstruction.

Pseudomembranous tracheobronchitis is a rare medi-
cal condition in humans that can be infectious or trau-
matic in origin.4,5 Infections that have been associated
with tracheobronchial pseudomembranes include croup,

A B

Fig 1. Right lateral radiographic views of the thorax at admission (A) and at discharge (B). A severe tracheal narrowing is observed from

the thoracic inlet to the third intercostal space (arrow). An intraluminal obstructive structure is suspected based on the rounded margin

(arrowhead). Overinflation of the lungs is present. At discharge, the trachea and the lungs appeared normal.
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staphylococcal tracheobronchitis in infants, and invasive
pulmonary aspergillosis in immunosuppressed
patients.4,6,7 Sterile tracheal pseudomembranes have
been reported as a rare complication arising 3 hours to
9 days (mean delay, 59 � 27 hours) after endotracheal
intubation.5 The mechanism involved in the formation
of these lesions is not clear. They may represent an

early stage of tracheal ischemic damage related to endo-
tracheal cuff overinflation, leading to superficial necrosis
of the tracheal wall and intense inflammation with pro-
fuse fibrinous exudate infiltrated by polymorphonuclear
cells.5 Endoscopic evidence of tracheal wall ischemia
can be seen with cuff pressure >30 cm H2O in human
beings.8 However, postintubation tracheal pseudomem-
branes were diagnosed in people with cuff pressure
<15 cm H2O, suggesting that other causative factors
may be involved.9 Systemic hypotension and caustic
injury by aspirated gastric content have been suspected
as other potential causes.9,10 Regardless of their origin,
tracheal pseudomembranes always appear as tube-like
lesions consisting of fibrin, inflammatory cells, and
desquamated necrotic tracheal epithelium, firmly
adhered to the tracheal wall, a description that matches
perfectly the appearance of the lesion in our dog.5

Although tracheal pseudomembranes have never been
reported in dogs to the authors’ knowledge, the tracheal
vasculature in dogs is very sensitive to pressure exerted
by the endotracheal tube and cuff, because measurable
tracheal injury invariably can be identified after intuba-
tion, even with meticulous selection of cuff size and
careful inflation.11 Although clinical signs rarely are
observed, nearly complete ciliary denudation always fol-
lows endotracheal intubation in dogs and takes at least
7 days to heal.11 Excessive pressure caused by overinfla-
tion of the endotracheal cuff has resulted in tracheal

A B

Fig 3. Impression smear of the expectorated tracheal pseudomembrane, showing a large number of degenerated neutrophils engulfed

in mucus (A), as well as areas of acellular proteinaceous material (B). No infectious organisms were identified. Diff-Quick stain, 910

objective.

A B

Fig 4. At 9200 magnification, histological analysis of the tracheal pseudomembrane revealed an abundant pale eosinophilic material con-

sistent with a fibrinonecrotic cast (A). At higher magnification (9400), moderate amount of entrapped neutrophils (arrow) can be observed

(B). Hematoxylin and eosin stain.

Fig 2. Thick, tubular, rubber-like, whitish tracheal pseudomem-

brane, measuring 4.8 9 1 cm, and expectorated during cardiopul-

monary resuscitation.
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necrosis in some dogs, presumably by occlusion of the
capillaries in the tracheal wall.12,13

Several features support a cuff-related origin for the
tracheal pseudomembranes described in our case. First,
the acute onset of respiratory distress the day after
anesthesia in a dog that had never experienced any res-
piratory issues in the past parallels the delayed clinical
expression of tracheal pseudomembranes reported in
human medicine.5 Second, the pseudomembranes were
repeatedly observed at the same localization, which
likely corresponds to the site where the endotracheal
cuff was inflated. Finally, bacterial culture of bron-
choalveolar lavage fluid was negative, and no infectious
organisms were seen either cytologically or histologi-
cally within the extracted pseudomembranes. Further-
more, brachycephalic breeds are predisposed to
gastroesophageal reflux, which could have contributed
to mucosal injury of the trachea during anesthesia in
our dog, as has been reported to occur in dogs, mice,
and humans.9,14–16

One major difference between the postintubation
OFTP described here and those observed in human
medicine is the recurring aspect of the lesion in our
dog. Indeed, 3 episodes of respiratory distress that
required endoscopic intervention to relieve airway
obstruction occurred. In birds, in which postintubation
tracheal pseudomembranes are also recognized, and in
humans, mechanical ablation of the lesion typically
leads to full recovery without relapse.5,9,17–19 Experi-
mental models in rabbits suggest that the same tissue
reaction and subsequent tracheal obstruction can be
seen not only with endotracheal cuff-related injuries but
also with trauma or irritation of the tracheal mucosa
without pressure necrosis.20–22 Several obstructive bron-
chial diseases associated with smoke inhalation injury
or cardiovascular surgery (i.e, Fontan-related plastic
bronchitis) have been described in humans and are
characterized by formation of casts inside the airways
that are very similar to tracheal pseudomembranes in
composition.23,24 Unlike postintubation OFTP disease,

obstructive smoke inhalation injury and Fontan-related
plastic bronchitis require medical therapy to stop cast
formation.25,26 The use of inhaled or systemic corticos-
teroids, aerosolized NAC, tissue plasminogen activator,
or IV and aerosolized heparin has been reported.25,26

The rationale for using inhaled anticoagulation therapy
is to decrease airway fibrin deposition and obstruction,
and improve oxygenation and ventilation.25 The addi-
tion of NAC to nebulized heparin acts as a co-agent to
prevent or minimize formation of obstructive casts by
promoting mucolysis.27 Although some studies failed to
show a survival benefit for a nebulized heparin and
NAC protocol in patients with smoke inhalation injury
and even suggested an increase in pneumonia rates, 2
recent systematic reviews suggest an overall favorable
effect of such treatment on survival.25,27,28 Moreover,
no increase in prevalence of pneumonia was reported in
an experimental study conducted in sheep.29 Although
systemic absorption of heparin could lead to bleeding
as a complication, no hemorrhage was reported with
nebulized heparin with doses ranging from 50,000 to
400,000 IU of unfractionated heparin in people.27,28 An
irritating effect of NAC on airway mucosa, presumably
associated with acidity (pKa of 2.2) and the foul sulfur
odor of the compound, has been suspected in humans
and cats, but no data are available in dogs to the
authors’ knowledge.30,31

Because the relapsing OFTP in our dog was life-
threatening, and based on the similarities between the
recurring airway casts in this patient and the relapsing
casts described in human smoke inhalation injury and
plastic bronchitis, inhaled heparin and NAC therapy
was attempted. However, to minimize adverse effects,
and although the aerosolized heparin and NAC proto-
col described in humans recommends nebulization q4h,
nebulized therapy initially was administered q12h in our
dog as a precautionary measure. Despite an apparent
longer delay before recurrence, tracheal obstruction
eventually relapsed, which required intensification of
the nebulized heparin and NAC therapy to q4h. It is

A B

Fig 5. Endoscopic views of a tracheal pseudomembrane at the level of the thoracic inlet during expiration (A) and inspiration (B). The

pseudomembrane was creating a dynamic 1-way valve obstruction during inspiration.
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unclear whether the lack of further relapses resulted
from spontaneous healing of the tracheal mucosa,
delayed beneficial effects of corticosteroid treatment,
intensified aerosol therapy, or some combination of
these factors.

In conclusion, unexplained occurrence of respiratory
failure with signs of upper airway obstruction shortly
after endotracheal intubation should prompt considera-
tion of OFTP in dogs, even if intubation was unevent-
ful. The findings described here are particularly
relevant because endotracheal intubation is a common
procedure and this complication, although rare, may
be life-threatening. Based on our experience, we rec-
ommend immediate endoscopic removal of the OFTP
after stabilization with oxygen. In case of relapse, cor-
ticosteroid therapy PO and inhaled unfractionated hep-
arin and NAC treatments q4h may be attempted. The
patient should be kept in the hospital for 2 days after
removal of the tracheal pseudomembrane to detect
potential relapses and avoid life-threatening tracheal
obstruction at home.
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