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The objective of the present study was to 
test a new model of self-expanding tracheal 
stent(1) made in Brazil so that it might be made 
available for clinical use.(2) 

We placed tracheal stents in 25 New Zealand 
rabbits (Oryctolagus cuniculus; mean weight, 
3,520 g). After an observation period of 15-35 
days (mean, 26 days), we evaluated the stents. 

The self-expanding stents(3) were made from 
a single nitinol (nickel-titanium) filament(4) and 
were coated with polyurethane. The stents were 
20 mm in length by 8 mm in external diameter 
after release. This new model was designed, 

manufactured, and provided by Braile Biomédica, 
located in the city of São José do Rio Preto, Brazil. 

Using laryngoscopy and an applicator, we 
placed the stents with the aid of a guide wire 
inserted into the lumen of the applicator. The 
stents were placed into the middle third of the 
trachea in the rabbits, stent placement having been 
confirmed by neck and chest X-ray examination. 

By means of macroscopic examination, we 
analyzed stent migration, degree of expansion, 
attachment/adherence, and formation of 
granulation tissue. By means of microscopic 
examination, we analyzed presence of inflammatory 
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We aimed to test a new model of self-expanding tracheal stent so that it might be made available for clinical 
use. Using direct laryngoscopy, we placed polyurethane-coated, nitinol stents into the middle third of the trachea 
in 25 New Zealand rabbits. After a mean observation period of 26 days, we evaluated stent migration, degree of 
expansion, attachment, adherence, formation of granulation tissue, presence of inflammatory infiltrate, parietal 
involvement, and epithelial lining. The results showed complete radial expansion, little adherence to the tracheal 
mucosa, and low tissue attachment, as well as high rates of granuloma formation and stent migration. This 
new model proved to be biocompatible and showed a behavior similar to that of other stents on the market.

Keywords: Prosthesis implantation; Tracheal stenosis; Rabbits; Stents.

Resumo
Objetivamos testar um novo modelo de endoprótese traqueal autoexpansível para que esse possa ser futuramente 
disponibilizado para o uso clínico. As endopróteses de nitinol revestidas de poliuretano foram alocadas no 
terço médio da traqueia de 25 coelhos da raça Nova Zelândia sob laringoscopia direta. Após um período de 
observação médio de 26 dias, avaliou-se a migração da prótese, grau de dilatação, incorporação, aderência, 
formação de tecido de granulação, presença de infiltrado inflamatório, envolvimento parietal e revestimento 
epitelial. Os resultados demonstraram completa expansibilidade radial, pouca aderência à mucosa traqueal e 
baixa incorporação tecidual, assim como alta taxas de formação de granulomas e de migração. Esse novo modelo 
demonstrou ser biocompatível e teve comportamento semelhante ao de outras próteses disponíveis no mercado.
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This occurs with covered stents, coating polymers 
preventing tissue from entering the metallic 
platform and proliferating among the meshes. 

Treatment with tracheal stents has been 
associated with granuloma formation.(5,6,8) In the 
present study, the rate of granuloma formation 
was 77%, granulomas having been found in the 
proximal and distal ends of the stents. 

Histological examination revealed the presence 
of inflammatory infiltrate in all of the cases, 
polymorphonuclear cells having predominated. 
This indicated an acute phase response to the 
(repetitive and persistent) injury caused by the 
stents. 

Regarding the extent of the inflammatory 
process in the tracheal wall, we found that the 
inflammatory process was limited to the mucosa 
and submucosa (inner third of the tracheal wall) in 
75% of the animals and was extensive (involving 
all of the tracheal wall layers) in only 17%. 

The most common changes in the respiratory 
epithelial lining that was in contact with the 
stent were epithelial erosion and ulceration, 
which resulted from mechanical injury to the 
respiratory epithelium. We found a high rate of 
squamous metaplasia (67%). Squamous metaplasia 
was found in the tracheal segment that was not 
in contact with the stent, resulting from (and 
being indicative of) chronic inflammation. 

infiltrate, cellularity, parietal involvement, and 
mucosal epithelial lining. 

After the observation period, we sacrificed the 
animals by administering intravenous thiopental. 
Subsequently, we examined postmortem neck and 
chest X-rays in order to analyze stent migration. 

After the postmortem neck and chest X-ray 
examination, we removed the laryngotracheal 
complex in order to analyze the degree of 
expansion of the stents, the attachment/adherence 
of the stents to the tracheal wall, and the presence 
of granulation tissue. We performed histological 
examination in order to evaluate the inflammatory 
infiltrate and its cellularity, as well as the extent 
of the inflammatory process in the tracheal wall 
(parietal involvement), together with the changes 
in the epithelial lining.(5) 

Of the 25 rabbits employed, 12 (48%) failed 
to meet the study criteria, having been excluded 
from the analysis of the results because of incorrect 
stent placement (in 10) and death from pneumonia 
before 15 days of observation (in 2). Incorrect 
stent placement occurred at the beginning of 
the experiment. By modifying the applicator and 
mastering the placement technique, we were 
able to solve the problem. 

For the evaluation of the results, we included 
13 animals that survived the observation period. 
Our macroscopic and microscopic findings are 
shown in Table 1. 

Stent migration was observed in 5 of 6 
animals (84%). Of the 13 animals that survived 
the observation period, 7 had rigor mortis, which 
precluded hyperextension of the neck for X-ray 
examination and, consequently, the determination 
of the exact position of the stents. Therefore, 
stent migration was analyzed in the 6 remaining 
animals only. Covered and self-expanding stents 
have been reported to show high migration rates, 
our results being therefore consistent with those 
reported in the literature (Figure 1).(6,7) 

We determined the degree of expansion by 
measuring the external diameter of the stents. 
We found that the stents expanded in 100% of 
the cases, expansion having been complete in 
54% and nearly complete in 46%. This small 
difference can be attributed to the size of the 
stent, which is purposely larger than the trachea 
so that fixation can occur by radial force. 

The stents tested showed low tissue attachment 
(16%). Adherence to the tracheal mucosa remained 
but was easily removed from the tracheal lumen. 

Table 1 - Macroscopic and microscopic findings.
Macroscopic findings %

Stent migration 84
Complete expansion 54
Partial expansion 46
Tissue attachment 16
Adherence 84
Granuloma formation 77

Microscopic findingsa

Cellularity
Polymorphonuclear cells 67
Mononuclear cells 33

Parietal involvement
Mucosa 42
Mucosa + submucosa 33
All layers 25

Epithelial lining
Erosion 8
Ulceration 42
Regenerative hyperplasia 33
Squamous metaplasia 17

aEvaluation of the tracheal segment containing the stent.
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The polyurethane-coated, nitinol stents 
investigated in the present study showed a behavior 
similar to that of other stents on the market.(9) 
Further studies investigating the biocompatibility 
of this new model of tracheal stent and employing 
different stent sizes, diameters, and radial forces, 
as well as different animal models, can provide 
additional information before the stents are 
made available for clinical use. 

The self-expanding, polyurethane-coated, 
nitinol stents investigated in the present study 
proved easy to apply, release, and place in the 
tracheal lumen of rabbits. The stents showed good 
radial expansion, having adapted to the diameter 
of the trachea. The results showed high rates of 
granuloma formation and stent migration, as 
well as low permeability. In addition, the results 
showed good adherence to the tracheal mucosa 
and low tissue attachment. The stent proved to 
be biocompatible. 
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Figure 1 - Rabbit neck and chest X-rays showing the stent immediately after its release (in A) and 30 days 
after its placement (in B). Note that the stent moved caudally.
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