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Abstract

Many techniques have been described to solve tracheal stenosis including replacement with cryopreserved aorta. The use of 
“splints” as external support of the airway in cases of tracheo and bronchomalacia has also been reported. Herein we report an 
experimental case of tracheal replacement in a rabbit using a cryopreserved aortic graft supported externally by a plastic 3D 
printed custom-made exoskeleton (“splint”).
Five rings of cervical trachea were replaced in a 2,5 kg New Zealand white rabbit. The animal was sacrificed 60 days after 
implantation. During this time, it showed adequate respiratory parameters to carry out their daily activities of walking and 
feeding. Histologic study observed normal lung structure; and loss of elastic fibers and polymorphonuclear cells infiltrate in 
the aorta wall.
We believe that the use of cryopreserved aortic segments supported externally by an exoskeleton (“splint”) offers a valid alter-
native in tracheal replacement surgery. 
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Introduction
Tracheal stenosis symptoms vary depending on the patient's 
age, the severity of the stenosis and the presence of associated 
malformations [1].

Its management represents a surgical challenge because the 
stenosis may have different lengths, appear at different levels 
of the trachea and can be associated with pathologies that also 
need surgical treatment in the same act.

Tracheal reconstruction is necessary in cases of acquired steno-
sis (secondary to prolonged intubation, tracheostomy, trauma 
or neoplasia) that does not respond to medical treatment with 
periodic dilations and also in cases of congenital stenosis char-
acterized by the presence of a variable number of complete 
cartilaginous rings generating a fixed narrowing of the trachea 
that makes its dilation impossible [2,3].

All described techniques have complications (stenosis, dehis-
cence, collapse) that in some cases can be fatal. Years ago, our 
group placed a cryopreserved aortic graft in a 4-year-old girl as 
a salvage procedure in a severe complication after laryngotra-
cheal reconstruction [4]. 
Lacking its own support structure, the cryopreserved aorta col-
lapses with inspiratory movements, so it is necessary to main-
tain its lumen using a tracheostomy cannula or a permanent 
dilator (“stent”).

Recently, Martinod and colleagues have used autogenous aor-
tic grafts [5,6] and allogeneic aortic grafts [7] to replace long 
segments of tracheal and carina [8] defects using sheep as an 
animal model with promising results. Seguin and colleagues 
have used a decellularized, cryopreserved aortic allograft sup-
ported by a temporary stent to prevent airway collapse [9].

The use of “splints” as external support of the airway in cases 
of tracheo and bronchomalacia [10,11] has also been reported.
An exoskeleton-expanded aortic graft could be used as airway 
segment replacement without the need for stents or tracheos-
tomy tubes [12,13].

The purpose of this experience is to evaluate the feasibility of 
replacing a segment of the trachea with a cryopreserved aortic 
graft supported externally by a plastic 3D printed custom-made 
exoskeleton (“splint”) based on the tomographic image of the 
trachea [14,15]. 

Case Report
Animal
A New Zealand white rabbit, outbred strain, weighing 2.5 kg, 
was used. A segment of 5 tracheal rings was replaced by an 
equal length segment of cryopreserved aorta supported exter-
nally by a plastic exoskeleton.
The animal received humane treatment in accordance with the 
principles stated in the Guide for the Care and Use of Labo-
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ratory Animals (National Research Council. Eighth Edition. 
National Academies Press, Washington DC, 2011 and/or Euro-
pean Union Directive 2010).

Cryopreservation
The descending thoracic aorta was obtained from New Zealand 
rabbits weighing 2.5 kg.
Once dissected, the aorta was submerged in an incubation solu-
tion made up of saline solution with piperacillin, gentamicin, 
colistin, cefuroxime, and amphotericin B; and placed in a re-
frigerator at 4ºC for 7 days. Dimethylsulfoxide (DMSO), albu-
min and glycerol (preservation solution) were then added, and 
the temperature was gradually lowered to -80º C.
Before being implanted, the grafts were warmed by placing the 
container in a water bath at 37ºC for 10 minutes.

Making of the splint (exoskeleton)
A cervicothoracic CT scan of the rabbit was carried out to ob-
tain images of the rabbit's airway. Processing DICOM´s CT 
scan, an exoskeleton was made in plastic material according to 
the size of the trachea using a 3D printer.

Implant
Anesthetic induction was performed with ketamine 40 mg/kg + 
midazolam 0.2 mg/kg + intramuscular atropine 1 mg/kg. Once 
sedation was achieved, the animal was placed on the table, a 
peripheral line was secured in the marginal vein of the ear, and 
propofol 2.2 mg/kg was administered to connect it to a me-
chanical ventilation system with a mask. Anesthetic mainte-
nance was carried out with 2% isoflurane, fentanyl 2 gamma/
kg/hour, and atropine every 30 minutes.

At the time prior to implantation, the cryopreserved aorta was 
placed within the exoskeleton and kept expanded by using 
non-absorbable sutures (Prolene®) from the exoskeleton to the 
aorta (Figure 1).

Figure 1: Cryopreserved aorta placed within the exoskel-
eton and kept expanded by using non-absorbable sutures 

(Prolene®) from the exoskeleton to the aorta.
A median cervicotomy was performed, with divulsion of the 
pretracheal muscles and dissection of the trachea. A 5-ring seg-
ment was sectioned and resected. It was then replaced by an 
equal length tube of cryopreserved aorta supported externally 
by a plastic splint (exoskeleton). The aorta was sutured to both 
tracheal ends using a continuous 5/0 nylon suture (Prolene®) 
(Figures 2 and 3). The muscle planes and skin were sutured 
with 4/0 and 5/0 absorbable polyglactin (Vicryl®) suture.

Variables analyzed
Once the graft was placed, rabbit's breathing, development of 
daily activities (walking, feeding), and survival were evaluated 
by clinical examination, observation, and auscultation.

The animal was sacrificed 60 days after implantation, and the 

Figure 2: Posterior wall running suture among trachea and 
aorta.

Figure 3:  Splint grafted into the trachea.
implanted specimen was analyzed macroscopically and mi-
croscopically (hematoxylin-eosin staining, PAS, Masson's tri-
chrome).

Results
The rabbit survived the surgical procedure, and after anesthetic 
recovery showed adequate respiratory parameters to carry out 
their daily activities of walking and feeding.
Auscultation registered good air entry into both lungs with 
some rhonchi coming from the cervical trachea.
At sacrifice, granulomatous tissue was observed around the 
plastic exoskeleton.

The histopathological study reported:
Larynx: Normal structure.
Trachea: Normal structure. Slight inflammatory infiltrate in ar-
eas adjacent to the suture.
Lung: Normal structure (no edema or signs of infection ob-
served) (Figure 4).
Aorta (graft): Loss of elastic fibers. Invasion of polymorpho-
nuclear cells (abscessed areas in the center of the wall). Among 
these areas, presence of lymphoplasmacytic infiltrate and for-
mation of neovessels (Figure 5). Absence of respiratory epi-
thelium (Figure 6).
presence of lymphoplasmacytic infiltrate and formation of 
neovessels. Absence of respiratory epithelium.

Discussion
In the case presented, the cryopreserved aortic graft supported 
externally by an exoskeleton (“splint”), allowed the animal to 
breathe correctly and be able to feed and walk.
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Figure 4: Lung: Normal structure.

Figure 5: Aorta: Invasion of polymorphonuclear cells (ab-
scessed areas in the middle of the wall). Among these areas, 
presence of lymphoplasmacytic infiltrate and formation of 

neovessels. Absence of respiratory epithelium.

Figure 6: Aorta: Loss (absence) of elastic fibers.
Martinod, in his study in twenty-two sheep to which he im-
planted a segment of fresh (recently obtained) aorta, used 
"stents" to prevent airway collapse [16]. In other study, Seguin 
also used stents to maintain the airway lumen when he replaced 
trachea segments with cryopreserved, decellularized, or glutar-
aldehyde-treated aorta grafts [18]. 
This author, in a study carried out on 15 sheep in which he 
replaced the tracheobronchial bifurcation with an aortic graft, 
pointed out the need to place stents to prevent their collapse 
[17]. Unlike these authors, in our case it was not necessary to 
use "stents", since the exoskeleton ("splint") was able to main-

tain an adequate diameter of the lumen of the implanted aortic 
graft. Histopathological study showed no in-growth of respira-
tory epithelium into aorta´s wall; probably, this may vary in 
studies with longer survival.

Although the splint we used was made of plastic (a non-re-
sorbable material), reabsorbable splints could be made, such as 
those reported by Cuestas [19] and Bellía-Munzón [20].
We believe that the use of cryopreserved aortic segments sup-
ported externally by an exoskeleton (“splint”) offers a valid 
alternative in tracheal replacement surgery. 

Authors Contribution: The authors would like to thank the 
team of technicians and veterinarians Natalia Lausada, Gus-
tavo Williams and Marcelo Asprea for their outstanding col-
laboration.
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