
Volume 24, No. 2, Fall/Winter 2006  35

Foundations

Seth Ganz graduated from Tufts Cummings School of 
Veterinary Medicine in 2005. He is currently with the 
Veterinary Specialty Hospital in San Diego, CA.

Susan Bartlett received her DVM from Cornell University in 
2003 and completed an internship with the Tufts Wildlife Clinic 
in 2005. She is currently a resident in zoological medicine at 
Cornell University.

Mauricio Solano received his veterinary degree (MV) at the 
Universidad de LaSalle in Bogotá, Colombia in 1986. Dr. Solano 
completed a residency in radiology at Tufts University, where 
he currently works as an assistant professor of radiology. 

Florina Tseng graduated from Cornell’s College of Veterinary 
Medicine in 1981 and did an internship at Wildlife Center of 
Virginia. She is currently an Assistant Professor at the Wildlife 
Clinic at Tufts Cummings School of Veterinary Medicine and 
Assistant Director of Tufts Wildlife Clinic. She is a former mem-
ber of the NWRA Board of Directors. 

Mark Pokras graduated from Tufts School of Veterinary 
Medicine in 1984 and also did a residency in wildlife and zoo-
logic medicine there. He is Director of the Tufts Wildlife Clinic 
and serves as Director of the Center for Conservation Medicine.  

Traumatic Bilateral Mainstem Bronchial Avulsion in a 
Red Fox (Vulpes vulpes)

SETH M. GANZ, DVM1, SUSAN L. BARTLETT, DVM2, MAURICIO SOLANO, MV, ACVR3, 
FLORINA S. TSENG, DVM4, MARK A. POKRAS, DVM4

1VETERINARY SPECIALTY HOSPITAL, SAN DIEGO, CALIFORNIA 
2CORNELL UNIVERSITY, ITHACA, NEW YORK

3TUFTS CUMMINGS SCHOOL OF VETERINARY MEDICINE, NORTH GRAFTON, MASSACHUSETTS
4TUFTS WILDLIFE CLINIC, NORTH GRAFTON, MASSACHUSETTS

Abstract: An adult male red fox (Vulpes vulpes) was hit by an automobile 
and presented in respiratory distress. Radiographs and a physical examina-
tion indicated that both bronchi had been avulsed from the lungs and 
euthanasia was elected. 

This is the first report of a bilateral bronchial avulsion, as well as the first 
report of large airway avulsion in a canid, as a result of blunt thoracic 
trauma. Tracheal avulsion is a sporadically reported sequel to blunt trauma 
in domestic cats. Preliminary diagnosis can be made from history, clini-
cal signs, and radiographs. Bronchoscopy yields a definitive diagnosis. 
Treatment is most often surgical resection of traumatized ends of airway 
and anastamosis. Depending on the location and extent of injury, other 
surgical techniques may be considered. 

An index of suspicion for this injury must be maintained in any patient 
suffering blunt trauma, as patients with this severe injury may present 
with mild signs and initially respond to conservative therapy. Thoracic 
radiographs should be obtained promptly in all cases of suspected blunt 
thoracic trauma. 
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Introduction
An adult male red fox (Vulpes vulpes) weighing 4.8 kg 
presented to the Tufts University School of Veterinary 
Medicine (TCSVM) wildlife clinic approximately one 
hour after being struck by a motor vehicle. 

Diagnostics
On presentation, the fox was minimally responsive 
and in respiratory distress. Abnormal physical exami-
nation findings included bilateral epistaxis, swelling 
over the left temporal region, and an abrasion under 
the rostral mandible. Mucous membranes were slightly 
pale with a capillary refill time of approximately two 
seconds, and respirations were weak with an abdomi-
nal component and pronounced end–expiratory ster-
tor. Rectal temperature was 96.8°F (36°C). Right lat-
eral and dorsoventral whole body and head and neck 
radiographs were obtained while the fox received 100 
percent oxygen by mask. Initial treatment included 
administration of lactated Ringer’s solution (114 ml 
SC), carprofen (2.8 mg/kg SC), enrofloxacin (2.5 mg/
kg IM), and placement in an oxygen chamber. 

Radiographs. Radiographic findings (Figures 1 
and 2) include a discontinuity of the tracheal lumen 
approximately 8 mm distal to the carina. In addi-
tion, there is dorsal displacement of the thoracic 
portion of the trachea and an approximately 28 mm 
separation of the proximal airway segment from the 
distal segment. A soft tissue opacity measuring 13 
x 25 mm is present in the region of the pulmonary 
parenchyma between the displaced airway segments. 
Free gas accumulation can be seen dorsal and ventral 
to the trachea, allowing increased visualization of 
the tracheal walls and other mediastinal structures. 
Mediastinal widening is noted in the dorsoventral 
view and increased soft tissue opacity ventral to the 
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trachea is detected on the lateral view. There is 
decreased sternal contact of the cardiac silhouette 
and flattening of the diaphragm on the lateral 
view. Comminuted, non–articular left scapular 
and right first rib fractures are also present.

Radiographic findings were compatible with 
a large airway avulsion distal to the carina, pneu-
momediastinum, fluid in the mediastinum, and 
pneumothorax. The pulmonary opacity noted is 
suggestive of pulmonary contusion, traumatized 
peri–bronchial tissue, or a combination thereof. 
Lateral and dorsoventral radiographic views of the 
abdomen, head, and neck showed no abnormali-
ties. 

Post Mortem Findings. Based upon the 
presumptive diagnosis of complete large airway 
avulsion and concurrent injuries, the fox was 
euthanized. Necropsy revealed complete avulsion 
of both mainstem bronchi approximately 8 mm 
distal to the tracheal bifurcation (Figure 3). There 
was no adventitial membrane bridging the avulsed 
ends. Blood was present in the mediastinum. 
An approximately 2 cm laceration was present 
in the descending aorta at the level of the airway 
avulsion. The scapular and rib fractures were con-
firmed. 

 

Literature Review 
and Discussion

Intrathoracic tracheal avulsion in 
domestic cats has been reported 
sporadically in the veterinary 
literature (Barber and Rawlings 
1981; Brouwer et al 1984; Feeney 
et al 1979; Griffiths et al 1998; 
Kennedy 1976; Ryan and Smith 
1972; White and Burton 2000; 
White and Milner 1995; Zerenner 
et al 2003), with a total of 22 
cases documented. This is the first 
report of a bilateral bronchial avul-
sion, as well as the first report of 
large airway avulsion in a canid, as 
a result of blunt thoracic trauma. 
There has been one report of uni-
lateral principal bronchus avulsion 
in a cat as a result of suspected 
blunt trauma (White and Oakley 
2001). With the exception of one 
documented case secondary to 

Figures 1 & 2. Right lateral (Figure 1) and dorsoventral (Figure 2) thoracic radiographs. 
Note abnormal visualization of the tracheal wall (thin arrows), soft tissue/fluid density in 
the cranial mediastinum (medium arrows), and discontinuity of the distal large airway (wide 
arrows). Also note decreased sternal contact of the cardiac silhouette and flattening of the 
diaphragm (lateral view) and left scapular and right 1st rib fractures (dorsoventral view). 

Figure 2. 
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direct blunt injury to the cervical trachea (Kellagher 
and White 1987), reported cases of large airway avul-
sion in the dog have been as the result of penetrating 
injury or disease. Previous reports of intrathoracic 
tracheal avulsion in cats describe two basic clinical sce-
narios. The more common clinical course is that of a 
cat suffering known trauma (most often a motor vehi-
cle accident) and being treated conservatively with ini-
tial success. These patients inevitably re–present days 
to weeks later for respiratory compromise. The other, 
less common clinical course is that of acute respira-
tory distress following a traumatic episode. The cats in 
the former group maintain clinically normal respira-
tion/ventilation due to bridging of the avulsed ends 
by tracheal adventitia, the resulting structure being 
alternatively referred to as a pseudotrachea (White 
and Burton 2000), pseudodiverticulum (Griffiths et al 
1998), or more generally a pseudoairway (White and 
Burton 2000; White and Milner 1995; Griffiths et al 
1998). 

In human studies, tracheal adventitia has been 
found to consist of a loose outer layer and dense 
inner layer of connective tissue that joins the annu-
lar ligament to allow the trachea some tolerance to 
deformation (Ohkimoto et al 1997). The subsequent 
respiratory decompensation that occurs in cats 
appears to result from progressive stenosis of the 
avulsed ends of the trachea, severely limiting airflow 
to the lungs. Cats in the latter group do not possess 
a pseudotrachea when examined in surgery or at nec-
ropsy. Pneumomediastinum is evident on thoracic 

radiographs in these cases. The medi-
astinum may itself temporarily act as a 
pseudoairway, but these cats are often 
compromised more severely than those 
with a pseudotrachea. It is thought 
possible that those cats that initially 
responded to medical therapy could in 
fact have had a pneumomediastinum 
at presentation since radiographs were 
not initially obtained in these cases 
(Griffiths et al 1998). It has also been 
theorized that the pseudotrachea itself 
forms as a result of the turbulent air-
flow that develops secondary to steno-
sis of the avulsed tracheal ends (White 
and Oakley 2001). If this is true, it 
would imply that in patients that pres-
ent in acute distress, lack of pseudo-
trachea is not the cause of the severity 
of signs, but simply an earlier stage 
of the condition that is recognized 
when imaging, surgery, or necropsy 

are performed early on in the course. Therefore, the 
pseudotrachea should not necessarily be considered a 
life–saving structure, as the mediastinum may serve as 
an effective conduit of air for days to weeks until the 
avulsed ends stenose and produce a pseudotrachea. 

A presumptive diagnosis of large airway avulsion 
can often be made based on radiographic evidence of 
tracheal discontinuity either with a bullous structure 
bridging the discontinuous ends or with the appear-
ance of pneumomediastinum (Barber and Rawlings 
1981; Brouwer et al 1984; Feeney et al 1979; Griffiths 
et al 1998; Ryan and Smith 1972; White and Burton 
2000; White and Milner 1995). If the pseudoairway 
only forms as a result of airflow changes secondary to 
stenosis, one may not expect to find this feature on 
initial radiographic study. Definitive diagnosis can be 
obtained via bronchoscopy. Depending on the time 
from injury, one would recognize bronchoscopically 
a discontinuity/separation of tracheal rings, pseudo-
trachea, or intraluminal presence of a sagging dorsal 
tracheal membrane (White and Burton 2000; White 
and Milner 1995). 

Regardless of the clinical course, surgical manage-
ment is ultimately warranted and most often consists 
of resection of the compromised and/or necrotic 
avulsed ends of the trachea (usually 6 to 8 rings) and 
anastamosis (Fingland et al 1995; Hedlund 1984; Berg 
et al 1991). The surgery is most commonly performed 
via a right lateral thoracotomy through the 3rd or 4th 
intercostal space (White and Burton 2000; Berg et al 
1991). Studies in dogs indicate that resection using 

Figure 3. Necropsy photograph. Note bilateral mainstem bronchial avulsion approxi-
mately 8 mm distal to the tracheal bifurcation (medium arrows) and aortal laceration 
(thin arrow). 
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a tracheal ring splitting technique (Hedlund 1984) 
and anastamosis using a simple continuous suture 
pattern (Fingland et al 1995) is preferred to maintain 
strength and minimize luminal stenosis. In cases in 
which resection and anastamosis are not feasible due 
to location (i.e., carinal avulsion) or extent of resec-
tion required, balloon dilation may be an appropri-
ate therapy. This procedure is also done via a right 
lateral thoracotomy and has been combined with 
postoperative corticosteroid therapy achieving suc-
cessful long–term results (Berg et al 1991). A reliable, 
relatively simple and inexpensive surgical treatment for 
unilateral avulsions distal to the carina is lung lobec-
tomy. Careful anesthetic management is vital for any 
of these procedures. Although different protocols have 
been attempted to maintain ventilation during the 
resection and anastamosis, a recently reviewed method 
(White and Burton 2000) involves intubation with 
an uncuffed endotracheal tube, placement of a cuffed 
tube in the distal segment through the thoracotomy 
immediately following transection of the stenosed end 
of the distal segment, and finally replacing the original 
uncuffed tube through both segments following tran-
section of the stenosed end of the proximal segment. 
This appears to be a simple and reliable method for 
maintaining ventilation with little interruption. 

The mechanism of injury in cases of traumatic 
tracheal avulsion has not been definitively established. 
The avulsion is thought to occur by several mecha-
nisms in different combinations (Brouwer et al 1984; 
Feeney et al 1979; Griffiths et al 1998; White and 
Burton, 2000; White and Milner 1995; Berkwitt and 
Berzon 1985). The distal trachea and lower airways 
have a different mobility and specific gravity than 
does the proximal thoracic trachea. When the body 
experiences blunt force, these structures are acceler-
ated differentially, producing shearing forces. These 
shearing forces can be exacerbated by hyperextension 
of the neck, which fixes the proximal thoracic trachea 
while exerting a distractive force on the distal airway. 
These forces appear to exceed the tolerance of the 
annular ligament and trachealis muscle most com-
monly at a level 1 to 4 cm cranial to the tracheal bifur-
cation, where the majority of reported injuries have 
occurred (Barber and Rawlings 1981; Brouwer et al 
1984; Feeney et al 1979; Griffiths et al 1998; Kennedy 
1976; Ryan and Smith 1972; White and Burton 
2000; White and Milner 1995; Zerenner et al 2003). 
If hyperextension is severe enough, it is thought that 
the resulting distractive force on the trachea alone can 
produce an avulsion that could be located more dis-
tally (Griffiths et al 1998). Finally, dramatic increases 
in airway intraluminal pressure caused by impact 

forces on the abdominal and/or thoracic cavities with 
a closed glottis have been proposed as a contributing 
factor. 

Although the road traffic accident was witnessed 
in this case, the orientation of the fox relative to the 
vehicle at impact was not determined. The scapular 
and rib fractures and pneumothorax coupled with the 
mandibular, temporal and bronchial injuries suggest a 
combination of blunt trauma perhaps to the fox’s left 
side (left scapular fracture, left temporal swelling) and 
severe neck hyperextension (rostral mandibular abra-
sion and described intrathoracic injuries). This type of 
impact is likely to have produced a combination of all 
of the forces discussed above. It is theorized that the 
dominant force on the airway causing the avulsion at 
such a distal location in this case was distractive and a 
result of neck hyperextension. 

The fox in this report had pneumomediastinum 
diagnosed on thoracic radiographs, and there was no 
true pseudoairway found on necropsy. Cats in previ-
ous reports of tracheal avulsion that had a history of 
acute, severe respiratory compromise had a pneumo-
mediastinum and no pseudotrachea (Griffiths et al 
1998). The principle bronchi do possess an adventitia 
and a pseudoairway has been observed following uni-
lateral bronchial avulsion in a previous report (White 
and Oakley 2001). The lack of such a structure on 
necropsy in this case, therefore, is consistent with 
its history of acute, severe respiratory compromise. 
It is presumed that the fox in this report was able to 
maintain temporarily sufficient ventilation after the 
avulsion via the mediastinum. The appearance of fluid 
in the mediastinum on radiographs and blood in the 
mediastinum on necropsy are consistent with vessel 
trauma. The defect observed in the aorta on necropsy 
appeared to have been too large to account for the 
moderate accumulation of blood in the mediastinum 
and should not have been compatible with life. It is 
unknown whether a smaller aortic laceration/avulsion 
was present at the time of euthanasia and was iatro-
genically enlarged subsequently or whether the entire 
defect was created at necropsy. The defect was, how-
ever, present at the level of the avulsion.

Conclusion
This case represents the first report of bilateral trau-
matic bronchial avulsion, as well as the first report of 
large airway avulsion as a result of blunt thoracic trau-
ma in a canid. In previous reported cases of traumatic 
intrathoracic tracheal avulsion in cats, external injuries 
were often surprisingly minimal, and the patients’ 
overall level of distress most often mild to moder-
ate. In this report, although the patient was mentally 
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depressed, and although the respiratory pattern was 
abnormal, he was relatively stable when placed in 
oxygen. This emphasizes the need for a certain index 
of suspicion for this injury, especially if the patient is 
not responding to medical therapy as expected, and 
highlights the importance of obtaining thoracic radio-
graphs in any patient known to have experienced sig-
nificant blunt trauma. Radiographic evidence of this 
injury could be subtle at first, and one should con-
sider repeat radiographs or bronchoscopy in patients 
without obvious radiographic evidence of airway avul-
sion in which response to initial therapy is disappoint-
ing. Although this particular injury is thought to be 
rare, airway avulsion should be considered a possible 
diagnosis in any patient known to have suffered blunt 
trauma and having respiratory distress at any point in 
time after presentation. 
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