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ABSTRACT

Background: Extraluminal surgical procedures for intrathoracic tracheal collapse in dogs are not routinely performed. The 
patients are normally treated with different drugs or by intraluminal stents. However, in more severe cases, drug treatment 
does not always have good outcomes, and intraluminal prostheses can be correlated to several postoperative problems. 
In order to obtain better results, we aimed to develop a surgical technique for implantation of a new extraluminal helical 
prosthesis in the thoracic segment of the trachea through cervical access, associated with pneumatic mediastinoscopy for 
certification of the technique and minimization of possible complications. 
Materials, Methods & Results: Seven canine corpses (CCs) from non-traumatic death, weighing between 2 and 7 kg, were 
used. A ventral cervical approach to the trachea was associated with blunt mediastinal dissection. Trans cervical pneumatic 
mediastinoscopy was used for evaluation of the dissection and location of the implant. These were compared with the 
necropsy findings by the exact Wilcoxon two-sample test, with P < 0.05. The results of necropsy and mediastinoscopy 
did not present significant differences at P < 0.05. During the examinations, the presence of some mediastinal visceral le-
sions caused by the prosthesis, the integrity of the mediastinum and possible lesions to RLN and blood vessels (BV) were 
analyzed. We also investigated the location of the distal part of the prosthesis in the thoracic segment of the trachea and 
its dissection. To evaluate the technique, statistical comparison was made between mediastinoscopy and necropsy find-
ings. The data were compared by the Wilcoxon test at 5% probability. The tracheas of all CCs were efficiently dissected, 
but in some cases problems that can happen during the procedure were noticed. This was checked by mediastinoscopy 
and confirmed by necropsy. The median of the scores was 1 (good dissection and visualization), with variance of zero for 
mediastinoscopy and 0.14 for necropsy. In the mediastinoscopy of one CC, the prosthesis crossed the tracheal bifurcation, 
involving the posterior vessels of this region, which was confirmed by necropsy. However, the dissection showed no vascular 
lesions. The integrity of the mediastinum was assessed only by mediastinoscopy. There was no impairment caused by any 
of the procedures performed. This resulted in a median score of 1 (integrity) with zero variance. When the positioning of 
the prosthesis was evaluated in relation to the tracheal bifurcation, identical values were obtained by both methods. The 
median score was 1, with variance of 0.62. No statistical differences were found between the two evaluation methods for 
the analyzed variables. This demonstrates the strong potential of the proposed evaluation techniques. 
Discussion: Our results show that the execution of the technique is possible, but some complications may occur. Medi-
astinoscopy as an evaluation procedure can pose some complications, these considerations are important, but by using 
technique proposed in this study, these factors are minimized due to the ease of technical implantation of the extraluminal 
tracheal stent, without the need for several instruments competing in the inflated mediastinal space. We concluded that 
the technique is viable and a safe method with minimal invasion for investigation and treatment of mediastinal diseases, 
presenting low impairment of the paratracheal structures, and that mediastinoscopy can be used as a transoperative evalu-
ation method to minimize complications. 
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INTRODUCTION

Tracheal collapse (TC) is a chronic progres-
sive respiratory disease characterized by dorsoventral 
flattening of the trachea due to the weakening of 
the cartilaginous rings and widening of the tracheal 
muscle, which can occur in the cervical, thoracic and 
cervicothoracic portion. It is a common disease in adult 
dogs, especially small breed dogs [12,13]. Clinical 
signs of TC include respiratory problems, such as dry 
and severe cough (“goose honk” cough), raspy breath-
ing, and occasionally dyspneic episodes and cyanosis 
[13] which can lead to death from airway obstruction 
in severe and progressive cases [12].

Dogs with TC are initially treated with a com-
bination of medicines, to control clinical signs and 
maintain quality of life. Currently, implantation of 
intraluminal or extraluminal stents of nitinol are the 
most common surgical techniques used for treatment. 
However, different complications have been reported, 
such as inflammatory process at the implantation site 
and tracheitis, granuloma formation, stent fracture or 
migration, and organ perforation [9,14,15] and iatro-
genic laryngeal paralysis in the immediate postopera-
tive period [1,3,14,15], respectively. 

The intrathoracic approach for extraluminal 
correction is not easily performed [4,5] and it is cor-
related with high mortality and morbidity. We aimed to 
develop a surgical technique for implantation of a new 
extraluminal helical prosthesis in the thoracic segment 
of the trachea through cervical access, associated with 
pneumatic mediastinoscopy for certification of the tech-
nique and minimization of possible complications by 
applying the prosthesis without a thoracotomy approach.

MATERIALS AND METHODS

Experimental animal selection

Seven canine corpses (CCs) from non-
traumatic death, weighing between 2 and 7 kg, were 
used. Of these, 4 were males and 3 were females. 
They presented variable ages, as estimated by dental 
characteristics, classified as 3 juveniles, 2 adults and 
2 elderly dogs.

Experimental design and surgical technique 

The CCs were prepared to undergo the opera-
tive technique and intubated with an endotracheal tube, 
and then placed in dorsal decubitus with anterior limbs 
drawn caudally and positioned parallel to the thorax 

wall. A foam pad was placed below the dorsal cervi-
cal region and a bandage kept the muzzle parallel to 
the operating table, which provided a slight cervical 
ventroflexion, facilitating tracheal exposure.

A medial incision was made in the ventral 
region of the neck. With curved Metzenbaum scissors, 
the subcutaneous tissue and the medial raphe of the 
sternohyoid muscles were divided and the segments 
were moved away with two self-static Gelpi retractors, 
positioned in the proximal and distal portions of the 
neck, to expose the trachea.

After tracheal identification, two 2-0 nylon stay 
sutures were placed around a cranial tracheal ring to 
facilitate tracheal cranial traction. Then peritracheal tis-
sue was dissected, forming a tunnel around trachea, and 
the trachea was raised with a Kelly clamp on its dorsal 
surface, facilitating dissection throughout the cervical 
portion. On its caudal portion, the surgeon used a Kelly 
clamp to perform blunt digital dissection of the thoracic 
trachea through the cranial mediastinum. 

After dissection of the trachea, mediastinos-
copy was performed with a 10 mm diameter rigid 
endoscope and a pneumomediastinum was created 
by carbon dioxide insufflation (4 mmHg), which con-
firmed the quality of the tracheal dissection and enabled 
visualization of the tracheal bifurcation, making it pos-
sible to locate some segments that needed additional 
dissection. 

A helicoidal nitinol prosthesis was positioned 
externally along the cervical trachea and rotational 
movement was performed in order to fit it all around 
the trachea. After implantation, the prosthesis was 
directed to the tracheal bifurcation with cranial sliding 
helicoidal movements to its caudal position. Prosthe-
sis guidance was performed by the surgeon with his 
finger, who by synesthesia tried to properly locate the 
prosthesis near the tracheal bifurcation. At the end 
of the positioning, 2 simple perforating stitches were 
performed with 3-0 polypropylene thread to affix the 
implant to the trachea.

After prosthesis fixation, another mediastinos-
copy was performed. This aimed to identify possible 
complications during implantation of the prosthesis, 
such as recurrent laryngeal nerve (RLN) lesions, me-
diastinal rupture, vascular lesions, incarceration of the 
esophagus or other peri-tracheal anatomical structures, 
as well as to confirm the positioning of the prosthesis 
in relation to the tracheal bifurcation.
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Scores determination

In order to evaluate the surgical technique, 
mediastinoscopy findings were compared to necropsy. 
For each analyzed variable, a numerical value of 1 or 
2 was assigned, according to Table 1. 

Seven variables were analyzed in relation to 
possible changes during the technique’s performance, 
scoring 1 for presence and scoring 2 for absence: (1) 
trachea isolation along the path to the bifurcation with-
out traumatic injuries during dissection; (2) injury and/
or imprisonment of the RLN by the prosthesis or dis-
section; (3) traumatic esophageal injury of perforation 
or imprisonment by the prosthesis; (4) vascular injury 
in the mediastinal space with involvement (rupture or 
imprisonment by the prosthesis) of any peri-tracheal 
vein or artery; (5) proper identification of tracheal 
bifurcation after digital mediastinal dissection; (6) me-
diastinal integrity during dissection and implantation 
of the prosthesis; and the location of the prosthesis in 
the tracheal bifurcation.

Statistical analysis

All variables were statistically compared by 
the exact Wilcoxon two-sample test. For this, PROC 
NPAR1WAY was used with medians and interquartile 
intervals. The results were considered significant with 
P < 0.05.

Table 1. Variables investigated in mediastinoscopy and necropsy, which 
were classified as present or absent with scores 1 or 2 respectively.

Variable Classification Score

Tracheal visualization
Present 1

Absent 2

RLN injury
Present 1

Absent 2

Traumatic esophageal 

injury

Present 1

Absent 2

Vascular injury
Present 1

Absent 2

Tracheal bifurcation 

visualization

Present 1

Absent 2

Mediastinal integrity
Present 1

Absent 2

Location of prosthesis
At bifurcation 1

Cranial or caudal to bifurcation 2

RESULTS

The results of necropsy and mediastinoscopy 
did not present significant differences at P < 0.05. Dur-
ing the examinations, the presence of some mediastinal 
visceral lesions caused by the prosthesis, the integrity 
of the mediastinum and possible lesions to RLN and 
blood vessels (BV) were analyzed. We also investigated 
the location of the distal part of the prosthesis in the 
thoracic segment of the trachea and its dissection.

During the dissection, no difficulty was found 
in performing the technique. In some CCs there was 
some difficulty in the progression of the prosthesis 
through cranial mediastinum. This fact did not make 
prosthesis implantation impossible, which was verified 
by the two evaluation methods.

The nonparametric data of this experiment are 
organized in Table 2. The median, first quartile (Q1), 
third quartile (Q3), interquartile range (IQR), variance 
and number of specimens in which there were lesions 
were calculated. The last was expressed in number (n) 
and percentage (%). To evaluate the technique, statisti-
cal comparison was made between mediastinoscopy 
and necropsy findings. The data were compared by 
the Wilcoxon test at 5% probability. The median and 
interquartile ranges for the nonparametric evaluations 
are shown in Table 3.

The tracheas of all CCs were efficiently dis-
sected, but in some cases problems that can happen 
during the procedure were noticed. This was checked 
by mediastinoscopy and confirmed by necropsy. The 
median of the scores was 1 (good dissection and visu-
alization), with variance of zero for mediastinoscopy 
and 0.14 for necropsy. Two CCs had RLN involvement, 
with a median score of 2 (no nerve damage), with vari-
ance of 0.24 for the two methods used. In the evaluation 
of the blood vessels, the two methods had the same 
median value of 2 (absence of vascular involvement) 
and variance of 0.14 in mediastinoscopy, whereas by 
necropsy the variance was zero.

In the mediastinoscopy of one CC, the pros-
thesis crossed the tracheal bifurcation, involving the 
posterior vessels of this region, which was confirmed 
by necropsy. However, the dissection showed no vas-
cular lesions. The integrity of the mediastinum was 
assessed only by mediastinoscopy. There was no im-
pairment caused by any of the procedures performed. 
This resulted in a median score of 1 (integrity) with 
zero variance. 
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Incarceration of the esophagus by the prosthe-
sis was visualized in one CC, resulting in a median 
value of 2 (no impairment) and variance of 0.14. 

In 3 CCs the bifurcation region was not well 
characterized during the endoscopic evaluation. 
During necropsy, it was possible to note that the 
dissection reached the site in question, but it was 
not possible to distinguish it from the surrounding 
tissue. The bifurcation of the trachea had a median 
value of 1 for both methods. However, the variance 
for mediastinoscopy was 0.24, whereas for necropsy 
it was zero.

Table 2. Descriptive analysis of nonparametric data obtained by radiographic analysis, mediastinoscopy and necropsy.

Variable N Med Q1 Q3 IQR Variance Injury N (%)

Mediastinoscopy

Tracheal visualization 7 1 1 1 0 0.00 0 (0)

NLR injury 7 2 1 2 1 0.24 2 (28.57)

BV injury 7 2 2 2 0 0.14 1(14.29)

Tracheal bifurcation visualization 7 1 1 2 1 0.24 2(28.57)

Mediastinal integrity 7 1 1 1 0 0.00 0 (0)

Traumatic esophageal injury 7 2 2 2 0 0.14 1(14.29)

Location of prosthesis 7 1 1 2 1 0.62 -

Necropsy

Tracheal visualization 7 1 1 1 0 0.14 1(14.29)

NLR injury 7 2 1 2 1 0.24 2 (28.57)

BV injury 7 2 2 2 0 0.00 0 (0)

Tracheal bifurcation visualization 7 1 1 1 0 0.00 0 (0)

Traumatic esophageal injury 7 2 2 2 0 0.14 1(14.29)

Location of prosthesis 7 1 1 2 1 0.62 -

N: number of specimens; n: CC numbers with some impairment; (%): percentage of CCs with injury; Med: Median; IQR: inter-
quartile range; Q1: first quartile; Q3: third quartile; NLR injury: impairment of at least one recurrent laryngeal nerve; BV injury: 
involvement of an important blood vessel in the mediastinum; Traumatic esophageal injury: esophageal impairment.

When the positioning of the prosthesis was 
evaluated in relation to the tracheal bifurcation, identi-
cal values were obtained by both methods. The median 
score was 1, with variance of 0.62. These values were 
obtained in specimens of 2 CCs, in which the prosthesis 
was cranial to bifurcation, while in 1 CC the prosthesis 
extended beyond the tracheal bifurcation.

When comparing the medians and the inter-
quartile ranges of the mediastinoscopy and necropsy 
by the Wilcoxon exact test, with 5% significance, there 
was no significant difference between the evaluations 
by these 2 methods. 

Table 3. Evaluation of the implantation technique of the intrathoracic helicoidal prosthesis by mediastinoscopy and necropsy.

Variable
Mediastinoscopy Necropsy

P-value*
Med ± IQR Med ± IQR

Tracheal visualization 1 ± 0 1 ± 0 0.05

NLR injury 2 ± 1 2 ± 1 0.05

BV injury 2 ± 0 2 ± 0 0.05

Tracheal bifurcation visualization 1 ± 1 1 ± 0 0.05

Mediastinal integrity 1 ± 0 - 0.05

Traumatic esophageal injury 2 ± 0 2 ± 0 0.05

Location of prosthesis 1 ± 1 1 ± 1 0.05

Med: Median; IQR: interquartile range; NLR injury: involvement of at least one recurrent laryngeal nerve; BV injury: involvement of an important 
blood vessel in the mediastinum; Traumatic esophageal lesion: esophageal involvement. *Significant at 0.05 probability by the exact Wilcoxon 
two-sample test. 
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DISCUSSION

In our study, the placement of the extraluminal 
prosthesis in the thoracic tracheal segment through 
cervical access, followed by mediastinoscopy and 
necropsy, allowed evaluation and classification of 
the different degrees of impairment of peri-tracheal 
structures, as well as validation of the efficacy of me-
diastinoscopy during the procedure. 

Mediastinoscopy as an evaluation procedure 
can pose some complications [2]. However, it is a 
safe method with minimal invasion for investigation 
and treatment of mediastinal diseases [11,16,18]. 
Regarding the trachea, dissection was efficient in 
all CCs. The median of the scores was 1 (good dis-
section and visualization), with variance of zero for 
mediastinoscopy and 0.14 for necropsy. This vari-
ance for necropsy occurred due to the persistence 
of adhesions in the manubrium region in one of the 
CCs. In the region where the defective dissection 
occurred, the trachea was dorsal at the point of inser-
tion of the optic, so this site became a “blind spot” in 
the endoscopic evaluation. For the evaluation of the 
blood vessels, the 2 methods had the same median 
value of 2 (absence of vascular involvement) and 
variance of 0.14 in mediastinoscopy, whereas by 
necropsy the variance was zero. This demonstrates 
the suitability of the technique and its low inva-
siveness and low possibility of traumatic injury to 
the adjacent structures of the trachea [8]. A recent 
study describes controlling hemostasis as the key to 
better visualization by the surgeon and reduction of 
the risk of iatrogenic nerve damage, especially the 
nerves in the area of the thorax entrance. The use of 
mediastinoscopy allows maintaining the endoscopic 
view of the mediastinal structures adjacent to the 
thoracic trachea, thereby minimizing injuries to the 
adjacent structures [12].

In this experiment, the entire tracheal circum-
ference was dissected to allow implantation of the 
prosthesis and was performed non traumatically due to 
the low invasiveness, preserving important structures 
and mitigating possible complications [10,17]. 

Two CCs had RLN involvement (28.57%). 
This complication, although undesired, occurs due 
to the proximity of the RLN to the trachea [3,12], 
and the risk of nerve injury can occur without the 
involvement of the prosthesis [2]. Thus, it is a com-
plication that must be considered, which imposes 

the need for careful dissection. We reached a me-
dian score of 2 (no nerve damage), with variance of 
0.24, for the 2 methods used. Laryngeal paralysis 
is an important complication related to injury to the 
RLN during tracheal dissection for the implantation 
of the extraluminal prosthesis and placement of the 
ring, occurring in 11% to 21% of cases [3,14]. Some 
studies have described the association of a prophy-
lactic technique for laryngeal paralysis, combining 
lateralization of the arytenoid with implantation of 
extraluminal prostheses, since concerns about this 
complication are associated with the potential risk to 
life. On the other hand, we believe that a complete 
postoperative evaluation can direct patients with 
this change in the immediate postoperative period, 
with arytenoid lateralization being performed only 
in patients with indication [3]. In a study in which 
54 dogs received an extraluminal tracheal prosthe-
sis, only 2% had unilateral laryngeal paralysis in 
the postoperative period, and this was corrected 
in a second surgical procedure using the arytenoid 
technique, with lateralization and consequent clini-
cal improvement of the patient [12].

In the mediastinoscopy of 1 CC, the prosthesis 
crossed the tracheal bifurcation, involving the poste-
rior vessels of this region, which was confirmed by 
necropsy. However, the dissection showed no vascular 
lesions. The mediastinal region is anatomically hard 
to access due to the large number of important small 
structures present [6,7]. Therefore, it is necessary 
for the surgeon to have experience in accessing and 
manipulating this region [11,16]. This result shows 
that the technique is not highly traumatic and can be 
successfully performed even though it is applied in the 
region of the mediastinum.

The integrity of the mediastinum was assessed 
only by mediastinoscopy. There was no impairment 
in any of the procedures performed. This resulted in 
a median score of 1 (integrity) with zero variance. 
Reports demonstrate that mediastinal rupture results 
in iatrogenic pneumothorax, which in most cases is 
treatable with thoracic drainage [2]. In this experi-
ment, no rupture of the mediastinum was detected, 
demonstrating the adequacy of the proposed tech-
nique and its low invasiveness. The mediastinal pleura 
of the dog is not complete, and CO2

 can pass from 
the mediastinal space to the right and/or left pleural 
space [18]. This is an important consideration, since 
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it can lead to intraoperative pneumothorax and then 
to airway hypertension during ventilation. In our 
study, the procedure was performed on cadavers, but 
a future study might suggest in vivo by pneumatic 
mediastinoscopy suggests postoperative thoracen-
tesis. The bifurcation of the trachea had a median 
value of 1 for both methods. However, the variance 
for mediastinoscopy was 0.24, whereas for necropsy 
it was zero. In 3 CCs, the bifurcation region was not 
well characterized during the endoscopic evaluation. 
During necropsy, it was possible to note that the dis-
section reached the site in question, but it was not 
possible to distinguish it from the surrounding tis-
sue. The azygos arch, bronchial artery, heart plexus 
and lung plexus of vagus nerve are preserved, so the 
incidence of postoperative cardiopulmonary compli-
cations through transmediastinal access is minimized, 
thus expanding the indications for surgery, especially 
for elderly patients and patients with cardiopulmonary 
comorbidities [18]. These observations were proven 
by the procedures performed in this experiment. 

The insufflation of CO
2
 into the mediastinum 

enlarged the surgical space, which was helpful to fully 
expose the thoracic trachea and the adjacent structures 
such as the esophagus and RLN. But with the pressure 
caused by the pneumediastinum, we observed inversion 
of the tracheal muscle and temporary reduction in the 
tracheal diameter.

The esophagus is an important organ located 
near the trachea along its entire extension, and the 
injection of CO2 into the mediastinum makes the 
surgical field clearer, thus making the separation of 
esophagus easier and [8,18]. Hence, caution is neces-
sary to avoid compromising this organ. In this study, 
1 CC had esophagus encased by the prostheses. This 
was confirmed by mediastinoscopy and necropsy. This 
resulted in a median value of 2 (no impairment) and 
variance of 0.14. 

When the positioning of the prosthesis was 
evaluated in relation to the tracheal bifurcation, identi-
cal values were obtained by both methods. The median 
score was 1, with variance of 0.62. These values were 
obtained in 2 CCs, in which the prosthesis was cranial 
to bifurcation, while in 1 CC it was caudal. Despite 
this abnormal and undesired position in these cases, 
we believe that because the prosthesis is positioned 
covering a large portion of the trachea, this fact will 
not represent an additional risk factor, and that it can 

be solved with adequate measurement of the prosthesis 
and thoracic trachea, as well as with the appropriate 
metric graduation of the prosthesis in question. 

The surgery by pneumatic mediastinoscopy is 
more difficult than thoracoscopy, since the medial tho-
racic entry to the sternum is very narrow, which causes 
the endoscopic instruments to clump and interfere with 
each other in the mediastinum [18]. Another factor is 
the limited mediastinal space, which is smaller than 
the thoracic cavity, so a small hemorrhage during the 
operation can make the anatomical space unclear, re-
sulting in operational difficulties. These considerations 
are important, but by using technique proposed in this 
study, these factors are minimized due to the ease of 
technical implantation of the extraluminal tracheal 
stent, without the need for several instruments compet-
ing in the inflated mediastinal space.

No statistical differences were found between 
the 2 evaluation methods for the analyzed variables. 
This demonstrates the strong potential of the proposed 
evaluation techniques. 

CONCLUSION

The implantation of the prosthesis in the tho-
racic trachea is possible by the cervical route, using 
atraumatic instruments for dissection and digital guid-
ance through the median opening in the cranial thoracic 
region. Pneumatic mediastinoscopy was efficient dur-
ing the implantation procedure. It is possible to evalu-
ate the dissection of the trachea, to enable prevention 
or identify possible complications such as hemorrhage 
or injury of the RLN and pneumothorax, as well as to 
confirm the proper positioning of the implant at the 
end of the procedure.
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