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Case Report Rapport de cas

Multiple imaging modalities for the diagnosis of tracheal collapse in a calf: 
A case report

Hanna Vermedal, Luis G. Arroyo, Christina McKenzie, John D. Baird

Abstract — A 4-month-old Holstein Friesian calf was presented to the Ontario Veterinary College with progressive 
respiratory distress. The calf was diagnosed with tracheal collapse following perinatal rib fractures. Tracheal collapse 
has been infrequently reported in calves and is a possible sequela after delivery by forced extraction. Clinical signs 
can appear from days to months after birth, making the connection between clinical signs and dystocia more 
challenging. Multiple imaging modalities were used to diagnose and determine the severity of the tracheal collapse, 
and to establish the most likely cause and prognosis.

Résumé — Modalités multiples d’imagerie pour le diagnostic de collapse trachéal chez un veau : rapport de 
cas. Un veau de race Holstein Friesian âgé de 4 mois fut présenté au Ontario Veterinary College pour détresse 
respiratoire progressive. Un diagnostic de collapse trachéal à la suite de fractures de côtes périnatales fut posé. Le 
collapse de la trachée n’a été rapporté que très peu fréquemment chez les veaux et serait une séquelle possible d’une 
mise-bas par extraction forcée. Les signes cliniques peuvent apparaitre des jours jusqu’à des mois après la naissance, 
rendant l’association entre les signes cliniques et la dystocie encore plus difficile. Des modalités multiples d’imagerie 
furent utilisées pour diagnostiquer et déterminer la sévérité du collapse trachéal, et afin d’établir la cause la plus 
probable et le pronostic.

(Traduit par Dr Serge Messier)

Can Vet J 2019;60:1111–1114

T racheal collapse occurs in several species, but is a particu-
larly common disorder in small dog breeds (1). Tracheal 

collapse has been less frequently reported in calves. A congenital 
etiology has been proposed (2), but most reported cases are 
presented with a history of thoracic trauma from dystocia and 
forced extraction during delivery (3–7). Forced extraction causes 
dorsoventral compression of the trachea, and injury to the tra-
cheal rings. In cases of rib fractures, the injury to the tracheal 
rings could be exacerbated further by bony callus formation 
during healing of the fractures (6). Most of the calves reported 
with tracheal collapse were born in breech position and were 
assisted mechanically during parturition (3–5). Clinical signs 
of tracheal collapse in calves can appear from days to months 
after birth, and reported signs include dyspnea at rest, coughing, 

wheezing, cyanosis, inspiratory stridor, and reduced tolerance 
for exercise (3,5,6). Affected calves are often treated medically 
for suspected pneumonia, with poor to no response to treatment 
(2–5). The calf in the current case displayed characteristic clini-
cal signs of tracheal collapse with a typical history of dystocia 
and poor response to medical therapy. As in previous reports, 
the diagnosis was made late in the course of disease. The aim of 
this report is to present multiple diagnostic imaging modalities 
used to determine the cause, severity, and prognosis associated 
with a severe tracheal deformity in a 4-month-old Holstein 
Friesian calf. 

Case description
A 4-month-old female Holstein Friesian calf weighing 106 kg 
was presented to the Ontario Veterinary College with progres-
sive respiratory distress of several days’ duration. The calf had a 
history of dystocia and had been delivered by forced extraction. 
The calf delivery was scored as moderate according to the farm 
scale of calving difficulty score chart. No abnormal respiration 
or growth retardation was noticed during the first months of life. 

On presentation, the calf was lethargic and dyspneic at rest 
with a respiratory rate of 92 breaths/min and an inspiratory stri-
dor that worsened when stimulated. The calf was mildly tachy-
cardic with a heart rate of 116 beats/min. Rumen motility was 
decreased and the rectal temperature was 38.7°C. On ausculta-
tion over the trachea a wheezing inspiratory sound was heard 
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with increasing intensity close to the thoracic inlet. Auscultation 
of the lung fields revealed increased broncho-vesicular sounds 
that decreased in intensity caudally. No crackles or wheezes 
were heard. Thoracic ultrasound revealed mild diffuse pleural 
roughening in the form of “comet-tail” artifacts of both the 
right and left lung fields. A complete blood (cell) count (CBC) 
revealed a slightly elevated red blood cell (RBC) concentration 
[8.5 3 1012/L; reference interval (RI): 4.9 to 7.5 3 1012/L], 
and a serum biochemistry profile revealed mild hypoprotein-
emia (55 g/L; RI: 66 to 86 g/L) with mild hypoglobulinemia 
(22 g/L; RI: 30 to 53 g/L). The calf was administered intranasal 
oxygen with a flow rate of 10 L/min and was started on ceftiofur 
sodium (Excenel; Zoetis, Kirkland, Quebec), 2.2 mg/kg body 
weight (BW), IV, q24h. 

Endoscopic examination of the trachea revealed a severe, 
dorsoventrally collapsed trachea commencing at the level of the 
thoracic inlet extending caudal to approximately 10 cm cranial 
to the tracheal bifurcation (Figure 1A). 

Lateral thoracic radiographs confirmed a dorsoventrally 
collapsed trachea commencing at the level of the fifth cervical 
vertebra extending beyond the thoracic inlet to the second pair 
of ribs, with the most severe tracheal narrowing at the level of 
the thoracic inlet (Figure 1B). 

After the diagnosis of tracheal collapse, surgical treatment 
options were discussed with the owners; however, they elected 
to euthanize the calf 10 d after presentation. 

A computed tomography (CT) study performed post-mortem 
revealed severe narrowing of the trachea from the level of the 
fifth cervical vertebral body extending caudally to the thoracic 
inlet (Figure 2). The collapse of the trachea continued caudally 
and resolved at the level of the second and third pairs of ribs. 
The first and second ribs showed bilateral callus formation 
indicative of bone healing following previous rib fractures 
(Figure 3).

Post-mortem examination revealed subcutaneous edema along 
the length of the ventral neck, as well as severe edema of the 
thymus. The collapsed trachea extended for about 15 cm from 
the level of the thoracic inlet. The luminal diameter of the most 
severely collapsed segment was 7 mm, compared with 18 mm in 
the mid-cervical trachea (Figure 4). The first and second pairs 
of ribs bilaterally, and the third right rib, had prominent bony 

callus formation from healing rib fractures. There was marked 
subcutaneous emphysema along the thoracic walls, and mild 
pulmonary edema.

Discussion
The present case reflects the most commonly reported etiology 
for tracheal collapse in calves, namely cranial thoracic trauma or 
fracture of the first pair of ribs during birth (3–7). Rib fractures 
are common in neonatal calves and foals, with a prevalence of 
20.1% for costochondral dislocation or rib fractures in foals less 
than 3 d old (8), and 23% for rib fractures in perinatally dying 
calves (9). When forced extraction is considered, the prevalence 
of rib fractures in calves has been reported to be up to 40% (10). 

Tracheal collapse is common in small dogs, and although the 
etiology is unknown, the consensus is that tracheal collapse in 
dogs is caused by congenital weakening of the cartilage rings, 
with exacerbation of clinical signs due to obesity, airway irritants, 
or cardiac disease (11). The case presented in this report had a 
history of dystocia, having been delivered by forced extraction. 
Forced extraction causes dorsoventral compression and injury 
to the tracheal rings, which could be exacerbated by bony callus 
formation during fracture healing, or by the negative inspiratory 

Figure 1. A — Endoscopic view of tracheal collapse and 
stenosis (black arrows) at the level of the thoracic inlet in a 
4-month-old Holstein-Friesian female calf. B — Lateral thoracic 
radiograph showing severe narrowing of the trachea starting at 
the level of the fifth cervical vertebra (white arrow).

Figure 2. Computed tomography images showing (A) a normal 
tracheal diameter at the level of the second cervical vertebra 
(white arrow) and (B) severe tracheal collapse at the level of the 
first thoracic vertebra (white arrow).
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pressure continuously weakening the affected tracheal segment 
(6). Most of the calves reported with tracheal collapse were 
born in the breech position and assisted mechanically during 
parturition (3–5). 

Reported clinical signs of tracheal collapse in calves include 
depression, dyspnea at rest, open mouth breathing, coughing, 
cyanosis, inspiratory stridor, and severely reduced tolerance for 
exercise (3,5,6), as observed in this case. Palpable callus forma-
tion or deformation of the ribs has also been reported (3,4). 
Commonly, affected calves are treated medically for suspected 
pneumonia or laryngitis, with no response to treatment (2–5). 
Clinical signs of tracheal collapse can appear within a few days 
(4) to several weeks after birth (3). The onset of clinical signs 
in this case reportedly appeared several weeks after birth, which 
hindered the association between clinical signs and dystocia 
during the initial assessment. 

A diagnosis of tracheal collapse can be confirmed with diag-
nostic imaging modalities such as radiography, endoscopy, and 
CT (3,5,6). Tracheoscopy provides an intra-luminal view of the 
extent and severity of the collapsed segment (1) and correlates 
well with radiographic findings, as seen in this case. Rib frac-
tures or healed rib fractures can be diagnosed with lateral radio-
graphs (3,5), but overexposure, underexposure, or motion arti-
facts can preclude adequate interpretation of lateral radiographs 
(8). Lateral thoracic radiographs will reveal a dorsoventrally col-
lapsed trachea as observed in this case. A latero-lateral collapsed 
trachea may not be seen on lateral thoracic radiographs (12); 
however, this type of collapse has not been reported in calves. 
Computed tomography (CT) allows differentiation between 
a dorsoventral and latero-lateral tracheal collapse, assessment 
of rib fractures and effect on the thoracic inlet diameter (12). 
Additionally, CT offers more benefits in cases suitable for surgi-
cal treatment, as three-dimensional reconstructions enable better 
evaluation of the severity of the rib fractures, collapsed trachea, 
and pre-surgical planning (5). Radiographs have been shown to 
underestimate the diameter of the affected collapsed segment 
compared to CT (1). Ultrasonographic examination of the lung 
fields is useful to differentiate tracheal collapse from pneumonia 
(13), and even the use of a linear probe would give an indica-
tion of a possible presence of pneumonia. A recent study using 
thoracic ultrasonography to determine lung consolidation 
associated with pneumonia in calves reported a sensitivity of 

85% and 94% for chronic clinical and acute subclinical cases, 
respectively, with specificities of 98% and 100%, respectively 
(14). The same study also documented the presence of rib frac-
tures in 6% of the calves (14), which is lower than previously 
reported, indicating that rib fractures can easily be missed on 
thoracic ultrasonographic evaluation. 

A classification system has been published for tracheal col-
lapse in dogs, which grades the severity of tracheal collapse 
from I to IV, whereby a grade I is normal, a grade II is 50% 
reduction of the tracheal lumen, grade III is 75% reduction, 
and grade IV is obliteration of the tracheal lumen by flattened 
tracheal rings (15). No classification system has been published 
for large animals. 

In dogs, medical treatment is often successful in mildly 
affected individuals, by breaking the cycle of inflammation that 
triggers coughing and further inflammation (1,11). As the etiol-
ogy of tracheal collapse in calves is different than that in dogs, 
medical treatment is unlikely to improve the long-term outcome 
in calves. Tracheostomy to relieve the respiratory distress is also 
not effective to treat these calves, due to the location of the 
stenosis. Intranasal oxygen administration has been shown to 
increase arterial partial pressure of oxygen and arterial oxygen 
saturation in neonatal calves with respiratory distress syndrome 
(16), and could temporarily increase arterial oxygen in calves 
with hypoxia from tracheal collapse. 

The most common surgical treatments of tracheal collapse 
in dogs are extra-luminal rings and intra-luminal stents (11). A 
surgical treatment for tracheal collapse in calves with an extra-
luminal ring prosthesis has been reported (3), with varying 
degrees of success. The ring prosthesis temporarily restored the 
intra-luminal diameter of the trachea at the time of placement; 
however, continued tracheal growth caused varying degrees of 
tracheal narrowing and stenosis by mucosal infolding of the tra-
chea after surgery (3). Therefore, it has been recommended that 
the ring-shaped prosthesis be removed 2 to 3 mo after surgery, 
based on radiographic findings or re-collapse. An alternative 
recommendation is to place a spiral prosthesis to accommo-
date tracheal growth without stenosis formation (3). Surgical 
rib resection to increase the thoracic inlet diameter has also 
been reported in calves (3). Costectomy of the first and second 
ribs with associated callus formation in affected calves did not 
improve the diameter of the collapsed trachea (3). More recently, 
partial rib resection of the first and second ribs for the treatment 
of tracheal collapse in 3 calves with rib fractures sustained dur-
ing difficult deliveries was reported (5). Two out of the three 
calves recovered well after surgery, whereas 1 had recurrence of 

Figure 3. Computed tomography images showing (A) callus 
formation (white arrows) of the first pair of ribs and (B) severe 
narrowing of the trachea starting at the level of the fifth cervical 
vertebrae extending caudal to the second thoracic vertebrae 
(between white arrows).

Figure 4. A — Segmental tracheal collapse at the level of the 
thoracic inlet. B — Intraluminal diameter of collapsed segment and 
a normal tracheal ring at the level of mid-cervical tracheal segment.
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wheezing and subsequently was slaughtered. Partial rib resection 
led to improvement of stridor in 2 cases, indicating that not all 
cases of tracheal collapse and stenosis may require placement of 
tracheal prosthesis (5). The optimal surgical intervention to treat 
tracheal collapse in calves may vary according to age, degree of 
severity of the collapse, and degree of severity of callus formation 
after rib fractures, which can be assessed by CT examinations. 

Tracheal collapse should be considered as a differential 
diagnosis in calves presenting with worsening dyspnea and 
failure to respond to medical treatment, particularly those 
calves with a history of dystocia and forced delivery. In cases 
with palpable thoracic wall abnormalities, the suspicion of 
traumatic tracheal collapse should be considered. The historical 
and clinical presentation of the calf presented in this report are 
characteristic of tracheal collapse cases. Dorso-ventral compres-
sion of the cranial thorax can occur during assisted delivery 
and may become a risk factor in the development of tracheal 
collapse (3). The overall incidence of tracheal collapse in calves 
is unknown but likely to be low. However, this condition may 
be underestimated as the final diagnosis may require special-
ized diagnostic equipment.  CVJ
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Canine Infectious Diseases: 
Self-Assessment Color Review

Hartmann K, Sykes J, ed. CRC Press, Boca Raton, Florida, 
USA. 2018. 272 pp. ISBN: 9781-4822-2515-0.

T he CRC Press “Self-Assessment Color Review” series is 
notorious for offering case-based reviews of veterinary 

medicine. This particular book focuses on canine infectious 
diseases which are commonly found in veterinary practice. 
Case classifications include bacterial, viral, fungal, and parasitic 
infections as well as issues surrounding vaccinations. Although 
laid out in a random fashion, there is a list of cases sorted by 
classification if the reader were to search for a particular disease 
to review.

The case-based approach allows the details of each case to be 
provided step-by-step, similar to how they may appear in real 

practice. This allows an opportunity for both veterinarians and 
veterinary students to test existing knowledge and ponder the 
case. The color illustrations are an excellent addition, helping 
to identify classic and unique features of a condition, and also 
to create a more pleasurable learning experience. Each case is 
concise allowing the text to be picked up for short periods of 
study. Answers are found at the back of the text, and although 
in-depth, a link to an online resource for further study might 
be helpful. However, as these study guides are intended to be 
somewhat brief, additional online material might be outside 
their scope and likely would increase costs. Even though there 
are more and more online opportunities to review cases, this text 
and the CRC Press review series, still offer a solid and useful 
approach to study.

Reviewed by Janeen Junaid, DVM, MVSc, VCA Bay Cities 
Animal Hospital, Burlington, Ontario.
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