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Cambios macroscoépicos, microscopicos y morfométricos del
autotransplante traqueal dividido y omentopexia en perros

Macroscopic, microscopic and morphometric changes of thoracic
tracheal divided graft after autotransplantation and omentopexy
in dogs

Raul Olmos-Zufiga*  Arturo Avila-Chavez**  Rogelio Jasso-Victoria*  Avelina Sotres-Vega*
Miguel Gaxiola-Gaxiola*™*  Luis Miguel Gutiérrez-Marcos*  Antonio Soda-Merhy**
Patricio Santillan-Doherty'

Abstract

We evaluated scarring, revascularization, macroscopic, microscopic and morphometric changes
of a thoracic tracheal graft after autotransplantation using the divided tracheal graft tech-
niqgue and omentopexy. Twelve dogs were operated and divided in 2 groups: Group I (n =
6) autotransplantation of thoracic trachea with the divided tracheal graft technique without
omentopexy. Group II (n = 6): autotransplantation of thoracic trachea with omentopexy. The
animals were evaluated clinical and radiologically every day during the first week and every
2 days during the next 3 weeks. Tracheal anastomosis was evaluated by tracheoscopy imme-
diately after surgery and once a week until the end of the study. In group II, we performed
angiographic studies and ink was injected in order to asses revascularization of the tracheal
anastomosis. Finally all the animals were euthanaized; and macroscopic, microscopic and mor-
phometric evaluations were done on the tracheal grafts. All the animals survived the surgical
procedure. All the animals in group II and three in group I completed the study time, with
good postoperative conditions clinical and radiological. Tracheoscopy and macroscopic stud-
ies showed good tracheal graft healing and revascularization in these nine dogs. In animals
from group II the angiography and ink injection showed tracheal revascularization, histologi-
cally we found inflammation and healing tissue, some of them showed neoformation vessels.
Group I animals: The three survivor dogs showed inflammation and fibrosis in the cartilage
and epithelium and scarcy neoformation vessels. Three dogs in group I (they do not survived
the length of the study) we found dehiscence, necrosis and fistulae in the medial portion of
the autotransplanted graft, as well as heavy inflammation. The morphometric studies showed
a thicker anastomosis in group I animals (ANOVA P < 0.05). We conclude that tracheal auto-
transplantation with omentopexy favors viability, revascularization and good healing of the
autotransplanted graft.

Key words: TRACHEAL GRAFT, THORACIC TRACHEAL AUTOTRANSPLANTATION,
DIVIDED TRACHEAL TRANSPLANTATION, OMENTOPEXY, HEALING, REVASCULAR-
IZATION.

Resumen
Se evalud la cicatrizacidn, revascularizacion, cambios macroscépicos, microscopicos y morfo-

métricos en un injerto traqueal toracico después de ser autotransplantado utilizando la téc-
nica de transplante traqueal dividido y omentopexia. Se operaron 12 perros: Grupo I (n = 6)
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autotransplante de traquea toracica con la técnica de transplante traqueal dividido
sin omentopexia y Grupo II (n = 6) autotransplante traqueal dividido toracico y
omentopexia. Los animales se evaluaron clinica y radioldgicamente todos los dias
durante la primera semana poscirugia, y cada tercer dia hasta que completaron
las cuatro semanas. Con traqueoscopia se evalud las anastomosis inmediatamente
después de la cirugia y semanalmente hasta que finalizd el estudio. En el Grupo II
a las cuatro semanas poscirugia se realizaron angiografias y estudios de inyeccion
de tinta para evaluar la revascularizacion del injerto. Finalmente, todos los anima-
les fueron sometidos a eutanasia y las traqueas autotransplantadas se evaluaron
macroscoépica, microscépica y morfométricamente. Todos los animales sobrevivieron
al procedimiento quirdrgico. Los seis perros del Grupo II y tres del Grupo I comple-
taron el estudio con evolucién clinica y radioldgica satisfactoria. Traqueoscoépica y
macroscopicamente estos animales mostraron cicatrizacion y revascularizaciéon del
injerto en las tres anastomosis mientras que las traqueas de los perros del Grupo
I que no concluyeron el estudio presentaron dehiscencia, necrosis y una fistula en
la anastomosis medial del injerto autotransplantado. Las angiografias y la inyeccién
de tinta mostré la revascularizacidén de las traqueas del Grupo II. Histolégicamente
en todas las anastomosis del Grupo II se observé inflamaciéon y desarrollo de tejido
cicatrizal, pero no en todas se observaron vasos de neoformaciéon. En los animales
del Grupo I que concluyeron su estudio se presenté inflamacién y formacidn de tejido
fibroso sobre el epitelio y cartilago con escasa formacion de nuevos vasos, los otros
tres animales mostraron inflamacion severa y necrosis en la anastomosis media. Los
hallazgos morfométricos mostraron mayor engrosamiento en los animales del Grupo
I que en los de omentopexia (ANDEVA P < 0.05). Se puede concluir que el realizar un
autotransplante traqueal dividido y omentopexia en la traquea toracica favorece la
viabilidad, revascularizacién y cicatrizacion del injerto autotransplantado.

Palabras clave: INJERTO TRAQUEAL, AUTOTRANSPLANTE DE TRAQUEA
TORACICA, TRASPLANTE TRAQUEAL DIVIDIDO, OMENTOPEXIA,

CICATRIZACION, REVASCULARIZACION.

Introduction

he trachea is a circular tubular organ that is

held by horseshoe shaped cartilaginous rings

that are connected from behind by an elastic
membrane; it has an endothoracic and an extra-tho-
racic portion. Its main function is to carry air that is
inhaled either by nose or mouth towards the gaseous
exchange zones.'

There are many pathologies that can affect this
organ and limit the respiratory flow causing abnor-
malities in the gaseous exchange and dyspnea. Note-
worthy among these ailments are tracheal collapse
and stenosis, either due to trauma, post-intubation or
neoplasia, that require the resection of large segments
of the trachea; nevertheless, occasionally this may be
a big problem since the resections are sometimes so
large that the rest of the tissue is not sufficient for
reconstruction and it is necessary to resort to the use
of a prosthesis or to perform a transplant.*®

Different prosthetic materials have been used
(titanium, polyethylene, silicon, marlex, glass and
Teflon), but none has demonstrated to be the best,
due to the fact that they allow the escape of air, they
collapse and do not provide appropriate mobilization
of secretions.”

190

Introduccion

a traquea es un 6rgano tubular de forma cir-
cular que se encuentra sostenida por anillos
cartilaginosos en forma de herradura que
se conectan por detrds mediante una membrana
elastica, tiene una porcién extratordcica y otra intra-
toracica; su funcién principal es llevar el aire inspi-
rado, sea por la nariz o por la boca hacia las zonas de
intercambio gaseoso.'
Existen muchas patologias que afectan este 6rgano
y limitan el flujo respiratorio provocando anorma-
lidades en el intercambio gaseoso y disnea. Dentro de
estos padecimientos destacan los colapsos y las este-
nosis traqueales, sean de origen traumético, posin-
tubacién o neoplasico, que requieren de la reseccién
de grandes segmentos de traquea; sin embargo, en
ocasiones esto ultimo representa un gran problema,
ya que las resecciones llegan a ser tan grandes que el
tejido restante no es suficiente para su reconstruccion
y se tiene que recurrir a la utilizacién de una prétesis
o a la realizacion de un transplante.*®
Se han utilizado diferentes materiales protésicos
(titanio, polietileno, silicén, marlex, vidrio y teflén),
pero ninguno ha demostrado ser el mejor, debido a
que permiten el escape de aire, se colapsan y no pro-



The tracheal transplant of lesions larger than 6
cm in length (ten tracheal rings) is still a challenge
to be resolved due to the conflicts that appear with
the vascularization of the graft, since the trachea
does not have systemic or local circulation,” and this
hinders the scarring process or produces scars that
occlude the tracheal lumen."

To solve this problem different experimental
models such as the use of omentum folds have been
performed in order to cover the transplanted tra-
cheal grafts (omentopexy); nevertheless, this is only
successful for trachea segments smaller than 4 cm,
and not for those larger than 6 cm in length where
there is vascularization along the suture lines but not
in the central part of the graft."” Direct vasculariza-
tion has also been evaluated, but it has not been dem-
onstrated to be the ideal method, since occasionally
the anastomosed vessels are obstructed and the graft
becomes necrotic.'""*

Yokomise et al.”” have recorded vascularization of
the medial part of transplanted tracheal grafts using
a tracheal transplant technique where the segment to
be transplanted is divided through the middle and
three anastomosis are performed (proximal, medial
and distal).

Taking into account the above, it is possible to
perform a thoracic trachea transplant, longer than 6
cm, with the divided tracheal transplant technique,
combined with omentopexy in the site of the anasto-
mosis, since it improves vascularization and scarring
of the transplanted tracheal graft.

The objective of this work was the assessment of
scarring, revascularization, macrosopic, microscopic
and morphometric changes that the thoracic tracheal
graft undergoes after being autotransplanted, using
the divided trachea technique performing three
anastomosis and omentopexy.

Material and methods
Experimental Animals

Twelve, healthy, mongrel dogs, between 15 and 18
kg in weight were handled according to the technical
specifications for the care and use of laboratory ani-
mals established in the Mexican Official Standard16
and the Guide for the Care and Use of Laboratory
Animals."”

The animals were assigned to two study groups. In
both groups, the animals were autotransplanted with
a graft of ten thoracic tracheal rings with the divided
tracheal transplant technique, using three anastomo-
sis: group I (n = 6), autotransplant of thoracic tra-
chea with the divided tracheal transplant technique
without omentopexy; group II (n = 6), autotrans-

porcionan la adecuada movilizacién de las secrecio-
nes.’

El transplante traqueal de lesiones mayores a 6 cm
de largo (diez anillos traqueales) todavia es un reto
sin resolver por los conflictos que se presentan con
la revascularizacién del injerto, porque la traquea
no posee una circulacién sistémica ni local,” lo que
retarda su proceso de cicatrizacién o se producen
cicatrices que ocluyen la luz de la traquea.®"*

Para resolver este problema se han realizado dife-
rentes modelos experimentales como la utilizacién de
colgajos de omento para cubrir los injertos traquea-
les transplantados (omentopexia); no obstante, éste
s6lo es exitoso para segmentos de traquea menores
de 4 c¢m, pero no para mayores de 6 cm de largo en
los que si se presenta revascularizacién en las lineas
de sutura, pero no en la porcién media del injerto."”
También se ha evaluado la revascularizacién directa,
pero no ha demostrado ser el método ideal, ya que en
ocasiones los vasos anastomosados se obstruyen y el
injerto se necrosa.'”"

Yokomise et al."” han registrado revascularizacion
de la parte media de los injertos traqueales transplan-
tados, utilizando una técnica de transplante traqueal
en la que se divide el segmento a transplantar por su
porcién media y se realizan tres anastomosis (proxi-
mal, medial y distal).

Con base en lo anterior, es posible que al realizar
un trasplante de traquea toracica mayor a 6 cm de
largo con la técnica de transplante traqueal dividido
combinado con una omentopexia en el sitio de las
anastomosis, mejora la revascularizacién y cicatriza-
cién del injerto traqueal transplantado.

El objetivo de este trabajo fue evaluar la cicatri-
zacién, revascularizacién, cambios macroscé-picos,
microscoépicos y morfométricos, que sufre un injerto
traqueal tordcico después de ser autotrasplantado
utilizando la técnica de trasplante traqueal dividido
realizando tres anastomosis y omentopexia.

Material y métodos

Animales de experimentacion

Se utilizaron doce perros mestizos sanos, de entre 15
y 18 kg de peso, que fueron manejados de acuerdo
con las especificaciones técnicas para el cuidado y
uso de animales de laboratorio de la Norma Oficial
Mexicana'® y con la Guide for the Care and Use of
Laboratory Animals."”

Los animales se distribuyeron en dos grupos de
estudio. En ambos se realizé autotransplante de un
injerto de diez anillos de traquea tordcica con la téc-
nica de transplante traqueal dividido, utilizando tres
anastomosis: grupo I (n = 6), autotransplante de
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plant of thoracic trachea with the divided tracheal
transplant technique, covering the anastomosis with
an omentum fold (omentopexy).

To anaesthetize the dogs, they were prepared
with a 24 hour solids fast and 12 hours for liquids. All
experimental animals were premedicated with atro-
pine sulphate* (0.05 mg/kg) SC and they were anes-
thetized with hydrochloric xylazine** at a doses of 0.1
mg/kg and 6 mg/kg of propofol*** and immediately
after dipironet was applied at a doses of 28 mg/kg IV
as an analgesic."® The animals under general anaes-
thesia were placed on the surgery table in dorsal
decubitus, intubated and connected to a volume ven-
tilator,$ after that, anaesthesia was maintained with
isofluorane at 3.5%.° At the time of the anastomosis
a cannula was introduced into the caudal portion of
the trachea in order to maintain the animals ventila-
ted and anesthetized.

Surgical techniques

Obtaining the omentum fold

In the animals of group II a laparotomy through the
mid line was performed and a fold of omentum with
blood supply from the gastroepiploic right artery was
taken towards the thoracic cavity through an orifice
created in the diaphragm; the omentum was passed
through the diaphragmatic orifice and it was secured
to the diaphragm by absorbable polyglactine sutures
910 of 3-0°° and the laparotomy was closed by layers
in the habitual manner.

Autotransplant

In both study groups a right lateral thoracotomy was
performed at the level of the third intercostal space;
the thoracic trachea was exposed and 11 tracheal
rings were dissected. Before performing the autotras-
plant a tracheal ring was taken to use as a witness
for the morphometric and histological evaluation.
In both groups, after obtaining the segment to be
transplanted, it was divided through the middle and
anastomosed using non absorbable suture material of
polypropylene 4-0 and separate stitches (Figure 1),
after that the cranial anastomosis of the trachea was
performed and finished with the caudal anastomosis
of the trachea using separate stitches with polypro-
pylene of 4-0.* In the experimental animals of group
I the anastomosis was covered with an omentum
fold (Figure 2), that was secured around the trans-
planted segment with separate stitches made with a
4-0 absorbable suture material, immediately after
that, the thoracic cavity was closed. All the animals
received a postoperative treatment with penicillin G
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traquea tordcica con la técnica de transplante tra-
queal dividido sin omentopexia; grupo II (n = 6),
autotransplante de traquea toracica con la técnica de
transplante traqueal dividido, cubriendo las anasto-
mosis con un colgajo de omento (omentopexia).

Con el propésito de que fueran anestesiados, se
preparé a los perros con 24 h de ayuno para sélidos y
12 h para liquidos. Todos los animales de experimen-
tacién fueron premedicados con sulfato de atropina*
(0.05 mg/kg) SC y se anestesiaron con hidrocloruro
de xilacina** a dosis de 0.1 mg/kg y 6 mg/kg de pro-
pofol*** e inmediatamente después se les aplico dipi-
ronat a dosis de 28 mg/kg IV como analgésico." Los
animales bajo anestesia general se colocaron sobre la
mesa de cirugia en posicién decuabito dorsal, fueron
intubados y conectados a un ventilador de volumen,
posteriormente la anestesia se mantuvo con isofluo-
rano a 3.5%.° Al momento de realizar las anastomosis
se introdujo una canula en la porcién caudal de la
traquea con el fin de mantener ventilados y anestesia-
dos a los animales.

Técnicas quiruargicas
Obtencion del colgajo de omento

En los animales del grupo II se realizé laparotomia
media y se tom6 un pediculo de omento con aporte
sanguineo de la arteria gastroepiploica derecha, el
cual se llevé hacia la cavidad torécica a través de un
orificio que se creé en el diafragma; el omento fue
pasado por el orificio diafragmatico y se fij6 al dia-
fragma con puntos separados de sutura absorbible de
poliglactina 910 de 3-0°°y la laparotomia se cerré por
planos de la manera habitual.

Autotrasplante

En los dos grupos de estudio se realizé toracotomia
lateral derecha a nivel del tercer espacio intercostal;
se expuso la traquea tordcica, se disecaron y resecaron
11 anillos traqueales. Antes de realizar el autotrans-
plante se tomé un anillo traqueal para su utilizacién
como muestra testigo en la evaluacién morfométrica
e histolégica. En ambos grupos, después de haber
obtenido el segmento a transplantar, éste se divi-
di6 en su porcién media y se anastomosé utilizando
material de sutura no absorbible de polipropileno
4-0* y puntos separados (Figura 1), posteriormente

* Atropisa, Pisa, Guadalajara, México.

** Rompun, Bayer, D. F., México.

*#% Recofol, PISA, Guadalajara, México.

+ Metamizol s6dico-Nondol-Sector Salud.

1 Harvard Apparatus, Boston MA, USA.

°VCM Anesthesia Machine, Yorkshire, England.
°® Vycril 3-0, Ethicon, New Jersey, USA.



Figura 1. Muestras la anastomosis media (flecha)
del injerto traqueal a autotransplantar.

Shows the medial anastomosis (arrow) of the tra-
cheal graft to be autotransplanted.

Figura 2. Se observa el pulmén (P), vena cava cra-
neal (C) y la anastomosis medial (AM), y caudal
(AC) del autotransplante terminado antes de ser
cubierto con el colgajo de omento (O).

Lung (L), cranial (C) and caudal (CA) vena cava
and medial anastomosis (MA) of the finished auto-
transplant before it is covered with the omentum
fold (O).

(800 000 UI, IM) and sulphate streptomycin during
aweek, as well as an analgesic** (28 mg/kg of sodium
metamisol).

Evaluation

The animals were evaluated during four weeks after
surgery. All dogs were clinically evaluated each day
during the first week and every other day during the
rest of the study. The presence of stridor and dysp-
nea, that might suggest any complication, was evalua-
ted according to a modified scale used by the Medical
Research Council,” that is based upon the severity
of this condition: 0 = without breathing difficulties
after running; 1 = difficulty breathing after running;
2 = difficulty breathing while at rest.

The degree of dyspnea was evaluated subjecting
the animals to a physical stress test, that was carried

se realiz6 la anastomosis craneal de la traquea y se
finaliz6 con la anastomosis caudal, utilizando puntos
separados de polipropileno de 4-0. En los animales
de experimentacién del grupo II se cubrieron las
anastomosis con el colgajo de omento (Figura 2),
que se fij6 alrededor del segmento trasplantado con
puntos separados de material de sutura absorbible
de 4-0, inmediatamente después se cerré la cavidad
tordcica. Todos los animales recibieron tratamiento
posoperatorio con penicilina G (800 000 UI, im) y
sulfato de estreptomicina por una semana, asi como

analgésico™ (28 mg/kg de metamizol s6dico).
Evaluacion

* Prolene Ethicon, New Jersey, USA.
*##* Metamizol sodico-Nondol-Sector Salud.
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out by observing first the animals while at rest in t
heir cages; after that, each animal walked a distance
of 20 meters and finally a meatball was thrown to
make them run for it (running the same distance)
and immediately after, the animals were observed to
see if they had difficulty breathing; respiratory and
heart rates were observed listening for respiratory
noise, and abdominal or thoracic breathing, as well
as the color of the oral mucosa.

Lateral and ventro-dorsal x-rays of the thorax
were taken after surgery and every other day until
the study ended, in order to radiographically eva-
luate the status of the autotransplanted tracheal graft
and the thoracic cavity ( for the possible presence of
pneumothorax).

Also, the autotransplanted tracheal segments
were evaluated endoscopically (tracheoscopy), imme-
diately after surgery and every week for the duration
of the study. Thus, scarring was evaluated as well as
the formation of stenosis, dehiscence presence, infla-
mmation, infection or rejection and fistula forma-
tion in the anastomosis sites. All tracheoscopies were
videotaped and the degree of stenosis produced in
the tracheal anastomosis was evaluated according
to the scale described by Cotton:* grade I = 0-50%
obstruction of the tracheal lumen; grade IT = 51-70%
obstruction of the tracheal lumen; grade III = 71-
99% obstruction of the tracheal lumen; and grade
IV = non apparent tracheal lumen. This evaluation
was done immediately after surgery and each week
during the study period.

Four weeks after the surgical intervention, angio-
graphies were performed to observe vasculari-zation
of the tracheal segment in the omentopexy group
(group II), that were performed by placing a can-
nula in the right gastroepiploic artery and injecting
contrast material* through it and then taking x-rays
during the injection, thus making vessels apparent
in the omentum as well as the tracheal segment
placed inside of it. After that a coloring substance
(methylene blue) was injected to corroborate the
newly formed vessels; finally, the animals were sacri-
ficed with an overdose of sodium pentobarbital. The
autotransplanted tracheal graft was removed and
evaluated macroscopically, microscopically and mor-
phometrically.

The state of the tracheal graft anastomosis, extra-
luminal scarring, presence of dehiscence or rejection,
infection, formation of fistulas and the presence of
coloring in the blood vessels was evaluated macrosco-
pically. To evaluate the tracheal lumen, the anastomo-
sed segment was cut through the membranous part of
the trachea and scarring of mucosa and presence of
methylene blue stain were observed.
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Los animales fueron evaluados durante cuatro sema-
nas después de la cirugia. A todos los perros se les
evalu6 clinicamente cada dia durante la primera
semana, y cada tercer dia el tiempo restante del estu-
dio. Se evalué la presencia de estridor y de disnea
sugerente de alguna complicacién, de acuerdo con
una escala modificada a la utilizada por el Medi-
cal Research Council," que se basa en la severidad
de ésta: 0 = sin dificultad para respirar después de
correr; 1 = dificultad para respirar después de correr;
2 = dificultad para respirar en reposo.

El grado de disnea fue evaluado sometiendo a los
animales a una prueba de esfuerzo, la cual se llevé a
cabo primero observando a los animales en reposo
dentro de su jaula, posteriormente cada animal
caminé una distancia de 20 metros y finalmente se
les lanz6 una bola de carne para que los animales
corrieran tras ella (recorriendo la misma distancia)
e inmediatamente después se observo si los animales
presentaban dificultad para respirar, vigilando la fre-
cuencia cardiaca y respiratoria, escuchando los ruidos
respiratorios, se observo si presentaban respira-cién
toracica o abdominal, asi como la coloraciéon de la
mucosa oral.

Se tomaron placas de rayos X laterales y ventro-
dorsales de térax después de la cirugia y cada tercer
dia hasta finalizar el estudio, para evaluar radiogra-
ficamente el estado del injerto traqueal autotrans-
plantado y de la cavidad tordcica (posible presencia
de neumotoérax).

También se llevé a cabo una evaluacién endos-
copica (traqueoscopia) de los segmentos traqueales
autotransplantados, inmediatamente después de la
cirugia y cada semana durante todo el tiempo que
duré el estudio. En esta evaluacién se valoré la cica-
trizacién, formacioén de estenosis, presencia de dehis-
cencia, inflamacién, infeccién o rechazo y formacién
de fistulas en los sitios de las anastomosis. Todas las
traqueoscopias se videograbaron y el grado de este-
nosis producido en las anastomosis traqueales se
evalu6 de acuerdo con la escala descrita por Cotton:*
grado I = 0%-50% de obstruccién de la luz traqueal;
grado II = 51%-70% de obstruccién de la luz tra-
queal; grado III = 71%-99% de obstruccién de la luz
traqueal; y grado IV = lumen traqueal no aparente.
Esta evaluacién se realiz6 inmediatamente después
de la cirugia y cada semana durante todo el tiempo
que durd el estudio.

Cuatro semanas después de la intervencién qui-
rargica, se efectuaron angiografias para observar la
revascularizacién del segmento traqueal en el grupo
de omentopexia (grupo II), que se realizaron canali-
zando la arteria gastroepiploica derecha e inyectando
material de contraste* a través de ella y se tomaron
placas radiogréficas durante el momento de la inyec-



Staining of the mucosa of the autotransplanted
tracheal rings was evaluated to corroborate the for-
mation of new blood vessels, by a subjective scale des-
cribed by Santillan et al.,” Torres et al.” and Gutierrez
et al.,”* on the basis of the degree of coloring that is
obtained: grade 0 (without coloring in the mucosa),
grade 1 (coloring of up to 50% of the mucosa), grade
2 (coloring up to 80% of the mucosa) and grade 3
(coloring in 100% of the mucosa).

For the microscopic evaluation, samples were
taken from three sites of the anastomosis, and were
fixated in 10% formaldehyde, were imbibed in para-
ffin and cut at 4 y and stained with hematoxylin-eosin
and Masson’s trichrome to evaluate the presence of
inflammation or fibrosis, rejection, dehiscence, pha-
gocytosis, newly formed vessels, as well as collagen
fibres to observe if there was scarring and this was
compared with the control samples taken before the
autotransplant.

Morphometric evaluation was carried out on slides
used for the microscopic evaluation, placed under a
microscope connected to a computerized digital pro-
cessor, for image analysis with a software system,*
that allowed the observation of each anastomosis of
the autotransplanted graft and facilitated the measu-
rement of the tracheal lumen, and with this, the pre-
sence or absence of tracheal stenosis was evaluated,
as well as the thickening or thinning of the cartilage
of the autotransplanted graft which was compared to
the control rings taken before the autotransplant. In
order to evaluate stenosis, the circumference of the
mucosa of each ring was measured and the software
provided automatically the internal area. For the pur-
pose of evaluating this last statement, the total area of
the ring was estimated by measuring all the circumfe-
rence of the cartilage (Figure 3).

The thickness of the cartilage was called cartila-
ginous area and it was obtained by subtracting the
internal area from the total area (Figure 3). The
results obtained from the measurements were recor-

cién, con lo que se hicieron aparentes los vasos tanto
del omento como del segmento traqueal colocado
en él. Posteriormente se infiltré colorante (azul de
metileno) para corroborar los vasos de neoforma-
ci6n; finalmente los animales se sacrificaron con una
sobredosis de pentobarbital sédico, se retir6 el injerto
traqueal autotransplantado y se llev6 a cabo evalua-
cién macroscépica, microscopica y morfométrica.

En el aspecto macroscépico se evalué el estado
de las anastomosis del injerto traqueal, cicatrizaciéon
extraluminal, presencia de dehiscencia o rechazo,
infeccién, formacién de fistulas y presencia de colo-
rante en los vasos sanguineos. Para evaluar la luz
traqueal, el segmento anastomosado se incidi6 por la
parte membranosa de la triquea y se observé la cica-
trizacién de la mucosa y la presencia de tincién con
azul de metileno.

La tincién de la mucosa de los anillos traqueales
autotransplantados para corroborar la formacién de
nuevos vasos sanguineos, se evalu6 mediante una
escala subjetiva descrita por Santilldn et al.,*® Torres et
al.”y Gutiérrez et al.,* con base en el grado de colora-
cién obtenido: grado 0 (sin coloracién de la mucosa),
grado 1 (coloracién hasta 50% de la mucosa), grado 2
(coloracién hasta 80% de la mucosa) y grado 3 (colo-
racion de 100% de la mucosa).

Para la evaluacién microscépica se tomaron mues-
tras de los tres sitios de anastomosis, que se fijaron en
formaldehido al 10%, se incluyeron en parafina, se
cortaron a4 uy se tineron con hematoxilina-eosinay
tricrémica de Masson para evaluar presencia de infla-
macién o fibrosis, rechazo, dehiscencia, fagocitosis,
vasos de neoformacién, asi como formacion de fibras
de colagena para observar si se presenté cicatrizaciéon
y se compararon con las muestras testigo tomadas
antes del autotransplante.

La evaluaciéon morfométrica se llevé a cabo en las
laminillas utilizadas para la evaluacién microscépica,

* Conray 400.

REFERENCE DIAGRAM DURING THE MOR PHOMETRIC EVALUATION
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Cartilaginous
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Membranous

Total Figura 3. Diagrama de la forma en la que se
calcularon las areas interna, total y cartilagi-

area .

nosa de los anillos durante la evaluaciiéon mor-

fométrica.

Diagram of the manner in which internal, total
and cartilaginous areas of the tracheal rings
were estimated during the morphometric evalua-
tion.
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ded in cm®.

The statistical analysis of the dyspnea evalua-
tion was performed through a Chi-square test, while
the values (in ¢cm®) obtained by morphometry were
carried out by 2 X 3 factorial ANOVA. The values for
both tests were significant (P < 0.05).

Results

All animals survived the surgical procedure. In group
I, three animals (50%) presented complications cha-
racterized by the presence of stridor and dyspnea
while at rest. (Chi-square, P < 0.05), therefore, they
had to be euthanized at days 9, 13 and 14 after sur-
gery. The rest of the animals in this group complete
the study period with satisfactory clinical evolution
(Table 1).

In group II, all the experimental animals comple-
ted their study time with satisfactory clinical evolu-
tion.

In the second week after transplant, the three
dogs of group I (50%) that did not complete their
study period showed severe pneumothorax. In ano-
ther animal (16.6%) by radiography the presence of
stenosis (less than 30%) was observed in the auto-
transplanted tracheal segment; nevertheless it did
not compromise the life of the animal. The other
two dogs (33.33%) had an evolution without changes
detected by radiography during all the study period.

In group II, or omentopexy group, in all cases,
the evolution by radiography did not show any com-
plication during any of the four weeks that the study
lasted.

The three dogs of group I (50%) that did not
complete their study period showed by tracheosco-
pic evaluation during the second week after surgery,
dehiscence, necrosis and formation of a fistula in the
medial anastomosis of the autotransplanted tracheal
graft. Good scarring was observed in the rest of the
dogs of this group at day 14 after surgery and the
mucosa was observed with hyperaemia and severe
edema, that disappeared during the third week after
the surgical procedure. On the third week after the
autotransplant, one of these animals (16.6%), develo-
ped tracheal stenosis grade I (according to the Cotton
scale) in the proximal anastomosis; nevertheless, it
did not compromise the life of the animal since it was
lax and allowed the pass of the endoscope without
difficulty.

The endoscopic evaluation of all the experimental
animals of group II showed totally permeable anasto-
mosis without alterations (Figure 3). In all cases scar
tissue was observed on the three borders of the anasto-
mosis with slight hyperaemia and edema during the
seven days after the autotransplant; in the second week
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que se colocaron en un microscopio conectado a un
procesador digital computado para analisis de ima-
genes con sistema software,* que permiti6 observar
en una pantalla cada anastomosis del injerto auto-
transplantado y facilité la medicién de la luz traqueal
con lo que se valoré la presencia o no de estenosis tra-
queal, asi como el engrosamiento o adelgazamiento
del cartilago de los anillos traqueales autotrans-
plantados, los cuales se compararon con los anillos
testigos tomados antes del autotransplante. Para la
evaluacion de estenosis, se midié la circunferencia de
la mucosa de cada anillo traqueal y el software pro-
porcioné automiticamente el area interna. Con el
propésito de valorar esto ultimo, se calculé el 4rea
total del anillo traqueal, que se obtuvo midiendo toda
la circunferencia del cartilago (Figura 3).

El grosor del cartilago se denominé area cartila-
ginosa y se obtuvo restando el area interna del 4rea
total (Figura 3). Los resultados obtenidos de las medi-
ciones se anotaron en cm”.

El analisis estadistico de la evaluacién de la disnea
se realiz6 mediante la prueba de Ji cuadrada, mien-
tras que el de los valores (en cm?) obtenidos con la
morfometria se llevé a cabo por ANDEVA factorial
2 x 3. Los valores de P < 0.05 para ambas pruebas
fueron significativos.

Resultados

Todos los animales sobrevivieron al procedimiento
quirdrgico. En el grupo I, tres animales (50%)
presen-taron complicaciones caracterizadas por pre-
sencia de estridor y disnea en reposo (Ji cuadrada,
P < 0.05), por lo que tuvieron que ser sometidos a
eutanasia durante los dfas nueve, 13 y 14 después de
la cirugfa. Los tres animales restantes de este grupo
si completaron su tiempo de estudio con evolucién
clinica satisfactoria (Cuadro 1).

En el grupo II, todos los animales de experimen-
tacién completaron su tiempo de estudio con evolu-
cién clinica satisfactoria.

En el aspecto radioldgico, en la segunda semana
después del autotransplante, los tres perros (50%)
del grupo I que no completaron su tiempo de estu-
dio mostraron neumotérax severo. En otro animal
(16.6%) se observé radiograficamente en el segmento
traqueal autotransplantado, presencia de estenosis
menor a 30%; sin embargo, ésta no comprometié la
vida del animal. Los dos perros restantes (33.33%)
tuvieron evolucién radioldgica sin cambios durante
todo el tiempo de estudio.

En el grupo II, o de omentopexia, en todos los
casos la evoluciéon radiografica no mostré ninguna
complicacién durante las cuatro semanas que duré

* Imagenia 2000 Biocom, version 2.0.



Cuadro 1
MUESTRA EL GRADO DE DISNEA QUE PRESENTARON LOS ANIMALES DE LOS DOS GRUPOS DE
ESTUDIO DESPUES DE SER SOMETIDOS A UNA PRUEBA DE ESFUERZO, DOS SEMANAS
POSTERIORES AL AUTOTRASPLANTE DE TRAQUEA CON Y SIN OMENTOPEXIA

DEGREE OF DYSPNEA SHOWN BY THE ANIMALS OF BOTH STUDY GROUPS AFTER A PHYSICAL
STRESS TEST, TWO WEEKS AFTER TRACHEAL AUTOTRANSPLANT WITH AND WITHOUT
OMENTOPEXY

Dyspnea Evaluation

Group 1 Group 11
Grade (without omentopexy) (with omentopexy)

0

Without breathing difficulties after running 3 6
1

Breathing difficulties after running 0 0
2

Breathing difficulties at rest 3* 0

*P < 0.005 (Chi-square).

they were completely covered with cicatricial tissue,
without hyperaemia and without edema.

The angiography of all the animals in group II
revealed vascularization of the autotransplanted tra-
cheal segments, which was confirmed by tracheal
mucosa coloring in 80 to 90% caused by the injection
of the coloring substance.

Dehiscence and fistula were observed by macros-
copic evaluation of the medial anastomosis of the
autotransplanted tracheal segment in the animals
of group I (without omentopexy) (50%) (n = 3), that
were subjected to euthanasia. One dog of this group
(16.66%) also presented infection and necrosis in this
same anastomosis. The other three operated animals
had good scarring with apparent development of
fibrous tissues over the anastomosis with bad develo-
pment of new formation vessels; one of these animals
developed a cheloid type of scar that obstructed 30%
of the tracheal lumen.

All the dogs of group II (n = 6) showed good
scarring in the three anastomosis, characterized by
the development of apparent fibrous tissue over the
anastomosed tissue, with apparent development of
newly formed vessels in all the anastomosis.

By histological evaluation no tracheal ring of the
samples taken of both groups before surgery showed
microscopic changes.

In the three animals of group I that did not com-
plete the study, there was at the level of the cranial
anastomosis, moderate to severe inflammation with
destruction of cartilage and loss of epithelium around

el estudio.

En la evaluacién traqueoscopica durante la
segunda semana posterior a la cirugia, los tres perros
(50%) del grupo I que no completaron su tiempo
de estudio presentaron dehiscencia, necrosis y for-
macién de una fistula en la anastomosis medial del
injerto traqueal autotransplantado. En los perros res-
tantes de este grupo se aprecié buena cicatrizacion
al dia 14 poscirugia y la mucosa se observé con hipe-
remia y edema severo, que desaparecieron a la ter-
cera semana posterior al procedimiento quirdrgico.
Uno de estos animales (16.6%), en la tercera semana
posterior al autotransplante, desarroll6 estenosis tra-
queal grado I (de acuerdo con la escala de Cotton) en
la anastomosis proximal; sin embargo, ésta no com-
prometio su vida, ya que era laxa y permitia el paso
del endoscopio sin dificultad.

La valoracién endoscopica de todos los animales
de experimentacién del grupo II mostré las anasto-
mosis permeables en su totalidad y sin alteraciones
(Figura 3). En todos los casos se observé desarrollo
de tejido cicatrizal sobre los tres bordes de las anasto-
mosis con leve hiperemia y edema durante los pri-
meros siete dias posteriores al autotransplante; en la
segunda semana se observaron completamente cica-
trizados, sin hiperemia y sin edema.

El estudio angiografico en todos los animales del
grupo II revel6 revascularizacién de los segmentos
traqueales autotransplantados, lo que se confirmé
con la inyeccién de colorante, que mostré coloraciéon
del 80%-90% de la mucosa traqueal.
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the suture zone, with severe haemorrhage in all the
layers of the trachea; also, one animal showed cal-
cium deposits in the muscular layer and cartilage.
The medial anastomosis of these dogs also developed
severe inflammation with necrosis in all the layers
at the suture points; one animal showed formation
of calcifications in the tracheal cartilage, while the
caudal anastomosis developed inflammation and
severe haemorrhage with necrosis of the cartilage
and epithelium, as well as formation of calcium in all
their layers (Figure 4).

The other three dogs of group I that did complete
the study period, at the level of the cranial anasto-
mosis showed minimum inflammation with epithe-
lium loss that was substituted by fibrous tissue as well
as, degeneration and ossification of cartilage. The
medial anastomosis developed moderate inflamma-
tion with lymphocytes in all the layers of the trachea
with substitution of the epithelium by fibrous tissue
and focal calcium deposits in the cartilage. The
caudal anastomosis also developed lymphocyte-based
moderate inflammation in all the trachea layers, with
granulomatous reaction to the suture material and
moderate haemorrhage in all layers, with formation
of fibrous tissues and focal calcifications on epithe-
lium and cartilage. In the three cases there was scarce
formation of new vessels.

In group II, all the cranial anastomosis developed
scarce to moderate lymphocyte based inflammation
with intense fibrosis in all layers and only two animals
(33.33%) showed newly formed vessels in 80% of the
tracheal diameter (Figure 5). Two animals (33.33%)
of this group presented sub-epithelial haemorrhage
and calcium formation at the muscular and cartilage
layers. One anastomosis (16.66%) of this group deve-

En el aspecto macroscépico de los animales del
grupo I (sin omentopexia) (50%) (n = 3), que tuvie-
ron que ser sometidos a eutanasia, se observé dehis-
cencia y fistula en la anastomosis media del segmento
traqueal autotransplantado. Un perro de este grupo
(16.66%) también presentd infeccién y necrosis en
esta misma anastomosis. Los otros tres animales ope-
rados presentaron buena cicatrizacién con aparente
desarrollo de tejido fibroso sobre las anastomosis con
mal desarrollo de vasos de nueva formacion; en uno
de estos animales se formé una cicatriz de tipo que-
loide laxa que obstruia 30% de la luz traqueal.

Todos los perros del grupo II (n = 6) mostraron
buena cicatrizacién en las tres anastomosis, caracteri-
zada por el desarrollo de aparente tejido fibroso sobre
el tejido anastomosado, con aparente desarrollo de
vasos de neoformacién en todas las anastomosis.

En la evaluacién histolégica ningin anillo tra-
queal de los que se tomaron antes de la cirugia pre-
sent6 cambios microscépicos en ambos grupos.

En los tres animales del grupo I que no comple-
taron el estudio, a nivel de la anastomosis craneal,
se observé inflamacién de moderada a severa con
destruccion del cartilago y pérdida del epitelio alre-
dedor de la zona de suturas, con hemorragia severa
en todas las capas de la traquea; ademds, un animal
present6 depésitos de calcio en la capa muscular y
el cartilago. Las anastomosis medias de estos perros
también desarrollaron inflamacién severa con necro-
sis en todas sus capas en los puntos de sutura; un
animal mostré formacién de calcificaciones en el
cartilago traqueal, mientras que las anastomosis cau-
dales desarrollaron inflamacién y hemorragia severa
con necrosis del cartilago y epitelio, asi como forma-
cién de calcio en todas sus capas (Figura 4).

Figura 4. Fotomicrografia de un animal del
Grupo I que muestra la hemorragia de las
capas traqueales (A), formacion de calcio en el
cartilago traqueal y la inflamacién y necrosis
en todas las capas de la traquea (C).

Photomicrography of an animal of group 1
that shows the haemorrhages of the tracheal
layers (A), and the formation of calcium in the
tracheal cartilage (B) and inflammation and
necrosis in all the layers of the trachea. (C).




loped a granulomatous reaction to foreign body in
the suture zone.

The medial anastomosis in all cases showed mode-
rate lymphocyte-based inflammation and intense
fibrosis in the entire trachea. Only two cases (33.33%)
showed newly formed vessels in 80% of the trachea
and in another two dogs (33.33%) the formation of cal-
cium on the cartilage was observed. Also, one animal
(16.66%) showed sub-epithelial haemorrhage.

In relation to the caudal anastomosis, in all the
dogs a moderate inflammation by lymphocytes was
observed, as well as the development of fibrous tissue
in all trachea layers, and also abundant (80%-90%
of the tracheal diameter) newly formed vessels in five
animals (83.33%); also there were some focal calcium
formations in the cartilage of two animals (33.33%).
In the control rings, by morphometry there were
no differences in the internal, total and cartilagi-
nous areas, within each group and between groups.
(ANOVA, P = NS).

At the end of the study, the total area of the cra-
nial anastomosis was greater (ANOVA, P = 0.030) in
the tracheal autotransplant without omentum and
lesser in the cranial and caudal anastomosis of the
group with omentum (Figure 6).

The cartilaginous area of the medial anastomo-
sis of group I was significantly greater (ANOVA, P
= (0.0415) than the medial anastomosis of the group
with omentopexy (Figure 6).

Discussion

Tracheal transplants seem to be an option for the
treatment of tracheal diseases that involve this organ
in an extension larger than 6 cm, but performing them
has been complicated by several problems, among

Los otros tres perros del grupo I que si comple-
taron su tiempo de estudio a nivel de la anastomosis
craneal, presentaron inflamacién minima con pér-
dida del epitelio, que fue sustituido por tejido fibroso,
asi como degeneracién y osificacién del cartilago. Las
anastomosis medias desarrollaron inflamacién mode-
rada de linfocitos en todas las capas de la traquea con
sustitucién del epitelio por tejido fibroso y depésitos
focales de calcio en el cartilago. Las anastomosis cau-
dales también desarrollaron inflama-cién moderada
a base de linfocitos en todas las capas de la traquea,
con reacciéon granulomatosa al material de sutura y
hemorragia moderada en todas sus capas, con forma-
cién de tejido fibroso y calcificaciones focales sobre
el epitelio y cartilago. En los tres casos hubo escasa
formacién de nuevos vasos.

En el grupo II, todas las anastomosis craneales
desarrollaron inflamacién de escasa a moderada a
base de linfocitos con fibrosis intensa en todas sus
capasy solo dos animales (33.33%) mostraron vasos de
neoformacién en 80% del didmetro traqueal (Figura
5). Dos animales (33.33%) de este grupo presentaron
hemorragia subepitelial y formacién de calcio a nivel
de la capa muscular y cartilaginosa. Una anastomosis
(16.66%) de este grupo desarrollé reaccién granulo-
matosa a cuerpo extrano en la zona de suturas.

Las anastomosis medias en todos los casos mostra-
ron inflamacién moderada también a base de linfoci-
tos y fibrosis intensa en toda la traquea. Sélo en dos
casos (33.33%) se encontraron vasos de neoformacién
en 80% de la traquea y en otros dos perros (33.33%)
se observé formacién focal de calcio sobre el carti-
lago. Ademas, un animal (16.66%) presenté hemorra-
gia subepitelial.

Respecto de las anastomosis caudales, en todos los
perros se observé inflamacién moderada por linfoci-
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Figura 5. Microfotografia de un animal del
Grupo II, en la que se observa el material de
sutura (MS) (A), en el recuerdo B se muestra
la buena cicatrizacién del injerto, caracter-
izada por la conservacion de todas las estruc-
turas traqueales, cartilago (C), musculo liso
(ML) y formacion de tejido fibrosos (TF). En el
recuadro C se aprecia la formacién de fibras
de colagena (FC) y vasos neoformacion (VN).

Microphotography of an animal of group II,
suture material (SM) is observed (A), in the
box B good scarring of the graft is shown,
characterized by the preservation of the
tracheal structures, cartilage (C), smooth
muscle (SM) and formation of fibrous tissue
(FT). In box C the formation of collagen fibres
(CF) and newly formed vessels (NV) are seen.
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Cranial area  Cranial area Media area ~ Media area Caudal area  Caudal area
with without with without without without
omentum omentum omentum

* ANDEVA (P =0.030)
## ANDEVA (P=0.0415)

which vascularization of the transplanted segments
is noteworthy, which is reflected in the delay of sca-
rring, and the production of scars that occlude the
tracheal lumen and in the most severe cases necro-
sis of the same due to ischaemia and chronic infec-
tion‘9,10,12,14,23,24

In this work an experimental study in dogs is des-
cribed, where thoracic tracheal autotransplants were
carried out using a surgical technique with three
anastomosis (proximal, medial and distal), combined
with the wrapping of the segment in an omentum
fold, in order to increase the number of newly formed
vessels and favor the formation of a proper scar of the
autotransplanted tracheal segment.

In relation to the clinical evolution, in 50% of the
animals of group I that showed stridor and dyspnea
that were subjected to euthanasia, during the second
week after surgery, when it was related with the radio-
logical and endoscopical findings, it could be said that
the first complication was caused by the inflamma-
tion of the tracheal graft that impeded the free flow
of air towards the lungs, while the dyspnea that was
observed was caused by the pneumothorax that was
produced when dehiscence, necrosis and the forma-
tion of fistulas happened in the medial anastomosis
of the autotransplanted tracheal segment. These fin-
dings coincide with those observed by Salazar et al.,
who mentioned that whenever a tracheal transplant is
carried out, the microcirculation of the anastomosis,
that is given by the lateral longitudinal arteries and
the intercartilaginous anterior transverse arteries is
not enough and the tracheal walls become vulnera-
ble to ischemic damage, such as dehiscence, fistulas
or necrosis after the tracheal transplant."* In the
other three animals (50%) of this group and in all
the animals of the omentopexy group (group II), the
endoscopic studies showed the development of a good
scar in the three anastomosis, and this was reflected
in a good radiographic and clinical evolution without
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Figura 6. Valores promedio de las areas internas
(AI), cartilaginosa (Ac) y total (At) de los anillos
traqueales de las anastomosis craneal, media y
caudal del autotransplante traqueal con omento
(C/0) y sin omento (S/0)

Average values of the internal,(Ia) cartilagi-
nous(Ca) and total areas(Ta) of the tracheal rings
of the cranial, medial and caudal anastomosis
after tracheal transplant with omentum or with-
out omentum.

tos y el desarrollo de tejido fibroso en todas las capas
de la traquea, ademas de abundantes (80%-90% del
diametro traqueal) vasos de neoformacién en cinco
animales (83.33%); también se encontraron algunas
formaciones focales de calcio en el cartilago de dos
animales (33.33%).

En la morfometria de los anillos testigo no se
encontr6 diferencia en las dreas interna, total y
cartilaginosa dentro de cada grupo y entre grupos
(ANDEVA, P = NS).

Al finalizar el estudio, el area total de las anasto-
mosis craneales fue mayor (ANDEVA, P = 0.030) en
el grupo de autotrasplante de traquea sin omento y
menor en las anastomosis craneales y caudales del
grupo con omento (Figura 6).

El area cartilaginosa de las anastomosis medias
del grupo I fue significativamente mayor (ANDEVA,
P = 0.0415) que la de las anastomosis medias del
grupo con omentopexia (Figura 6).

Discusion

El transplante traqueal parece ser una opcién para
el tratamiento de las enfermedades traqueales que
involucran a este 6érgano en una extensién mayor a
6 cm, pero su realizacién se ha complicado debido
a varios problemas, entre los que sobresale la revas-
cularizacién de los segmentos transplantados, que se
refleja en el retraso de la cicatrizacién, produccién de
cicatrices que ocluyen la luz traqueal y en los casos
mas graves necrosis de éstos por isquemia e infeccién
Crénica.9’10’12’14’23’24

En el presente trabajo se describe un estudio
experimental en perros, en donde se llevaron a cabo
autotransplantes de traquea toracica utilizando una
técnica quirdrgica con tres anastomosis (proximal,
media y distal), combinada con la envoltura de este
segmento en un colgajo de omento, con el fin de
incrementar el nimero de vasos de neoformacién y



respiratory ailments, since air flow towards the lungs
was not impeded.

A very important event that should be mentioned
is that the radiological findings found in this work
served to observe the status of the thoracic cavity and
not to evaluate the reduction of the tracheal diameter;
they only became significant when they were compa-
red with the findings found by endoscopy, due to the
fact that radiologically it is not possible to establish
a diagnosis of stenosis, unless a lineal tomography is
performed.

The best evolution during the scarring process of
the tracheal anastomosis observed by endoscopy in
the animals of group II, indicates that in reality the
omentum serves as a vascular conveyor that incre-
ments the new formation of blood vessels and promo-
tes the development of good scar tissue on the three
borders of the tracheal anastomosis and this main-
tains them totally permeable and without alterations.
The situation was different in the animals of group I,
since only two animals showed scarring without alte-
rations. These findings coincide with the ones des-
cribed by other authors, who have studied tracheal
scarring in experimental transplants," as well as the
bronchial cicatrization and the role of omentopexy in
pulmonary transplants.***°

At the time of euthanasia, when relating endosco-
pic with macroscopic findings, it was confirmed that
in the dogs that showed dehiscence, necrosis, forma-
tion of fistulas and stenosis (group I) it was due to
lack of vascular supply, which was different from the
animals of group II where there was good scarring
and even an apparent formation of new blood vessels,
as has been observed by other researchers.”'*'°

In relation to the angiographical study, the injec-
tion of the dye and its relationship with the newly
formed vessels that were observed during the macros-
copical examination, confirms the fact that in reality
new blood vessels were developed. These findings
coincide with those reported by Deleare,'”"*who per-
formed tracheal orthotopic autotransplants in rabbits,
wrapped in a thoracic fascia fold, and then a silicon
dye was injected through the lateral thoracic artery
whereby the presence of coloring in 90% of the tra-
cheal circumference was observed, as well as the blood
vessels of the fascia. These findings also have simila-
rity to the ones described by Torres* and Gutiérrez,”'
who placed cryopreserved tracheal segments in the
epiploon and after that injected India ink through
the right gastroepiploic artery and observed coloring
in the tracheal mucosa and the epiploon vessels.

Microscopic evaluation in all the survivor animals
during this study (group I, n = 3 and group II, n
= 6) gives evidence to the fact that in both groups
there was scarring characterized by the development

favorecer la formacién de una cicatriz adecuada del
segmento traqueal autotransplantado.

Respecto de la evolucién clinica, en 50% de los
animales del grupo I que mostraron estridor y disnea
que fueron sometidos a eutanasia durante la segunda
semana después de la cirugfa, al relacionarlos con
los hallazgos radiolégicos y endoscépicos, se puede
pensar que la primera complicacién fue ocasionada
por la inflamacién del injerto traqueal que impedia
el paso libre de aire hacia los pulmones, mientras que
la disnea que se observé fue provocada por el neu-
motérax que se produjo al presentarse dehiscencia,
necrosis y formacién de la fistula en la anastomosis
medial del segmento traqueal autotransplantado.
Estos hallazgos coinciden con los observados por
Salazar et al., quienes mencionan que cuando se lleva
a cabo un transplante traqueal, la microcirculacién
de las anastomosis, que se da por las arterias longi-
tudinales laterales y las arterias transversas anterio-
res intercartilaginosas, no es suficiente y las paredes
traqueales se vuelven vulnerables al dafio isquémico,
como dehiscencia, fistulas o necrosis después del
transplante traqueal.”” En los otros tres animales
(50%) de este grupoy en todos los animales del grupo
de omentopexia (grupo II), los estudios endoscépicos
mostraron el desarrollo de una buena cicatriz en las
tres anastomosis, lo que se reflej6 en una buena evo-
lucién radiogréfica y clinica sin trastornos respirato-
rios, ya que no se impedia el paso adecuado de aire
hacia los pulmones.

Un suceso importante de mencionar es que los
hallazgos radiolégicos encontrados en este trabajo
sirvieron para observar el estado de la cavidad tora-
cica y no para evaluar la disminucién del diametro
traqueal; sélo fueron significativos cuando se com-
pararon con los hallazgos observados mediante la
endoscopia, debido a que radiolégicamente no se
puede establecer un diagnéstico de estenosis, a menos
que se realice una tomografia lineal.

La mejor evolucién durante el proceso de cicatri-
zaci6én de las anastomosis traqueales observada endos-
cépicamente en los animales del grupo 11, indica que
en realidad el omento acttia como acarreador vascu-
lar, incrementa la neoformacién de vasos sanguineos
y favorece el desarrollo de un buen tejido cicatrizal
sobre los tres bordes de la anastomosis traqueal, lo
que las mantiene permeables en su totalidad y sin
alteraciones. A diferencia de los animales del grupo
I, en el que sélo dos animales mostraron cicatriza-
cién sin alteraciones. Estos hallazgos coinciden con
los descritos por otros autores, quienes han estudiado
la cicatrizacién traqueal en transplantes experimen-
tales," asi como la cicatrizacién bronquial y el papel
de la omentopexia en el transplante pulmonar.**°

En el momento de la eutanasia, al correlacionar
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of new fibers of collagen. Nevertheless, scarce to
moderate lymphocyte inflammation was present in
all the layers of the trachea in all the cases, that was
due to a chronic inflammatory process whereby the
lymphocytes are present because of the effect of the
pro-inflammatory cytokines such as platelet derived
growth factor, growth transformation factor 3,*” but
this type of chronic inflammation always end in a
cicatricial process (even if this may be with defor-
mity).%’go

The presence of foreign body giant cells in the
sutures zones of the three animals of group I that
survived the whole study period and one animal of
group II represents a granulomatous chronic infla-
mmation response type where the suture material
acted as an irritant that was difficult to digest by the
macrophages, provoking the fusion of them and the
formation of foreign body giant cells.**!

In relation to the formation of new vessels, in all
the animals of group II there was abundant deve-
lopment, which was different from the animals in
group I that survived during the study period, since
in them, the formation of new vessels was scarce,
and this suggests that the omentum favours the for-
mation of new vessels. These findings coincide with
those observed by Albes et al., who performed tra-
cheal transplants using omentum folds and stated
that the omentum does help to maintain the inter-
nal vascular growth and avoids the effects provoked
by ischaemia.”

The substitution of the tracheal epithelium by
fibrous tissue and cartilage degeneration in the ani-
mals of group I indicate that even though the tra-
cheal graft was maintained viable, the formation of
new vessels was not enough to maintain integrity of
the tracheal layers, and this coincides with what has
been described by Deleare et al.'"'* and Albes et al.’*

Severe necrosis in all the layers of the trachea at
the suture points was found in the three animals of
group I that did not complete the study period. This
was caused mainly because of ischaemia.

There were no changes in relation to the pre-
sence of stenosis in both groups by morphometric
examination, but when the percentage of thickness
of the cartilaginous area of the tracheal rings was
compared, it was greater in the tracheal transplant
without omentopexy and less in the segments of the
group with omentopexy. Nevertheless, this result
could have been due to inflammation or fibrosis that
was produced in the anastomosis sites.

In this study, it is concluded that thoracic tracheal
autotransplant is viable with the divided tracheal
transplant technique, by performing three anasto-
mosis and omentopexy, to promote vascularization
and scarring in the transplanted graft suture areas
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los hallazgos endoscépicos con los macroscépicos,
se confirmé que en los perros en los que se presentd
dehiscencia, necrosis, formacién de fistula y esteno-
sis (grupo I), fue por la falta de un aporte vascu-
lar, a diferencia de los animales del grupo II en los
que si se presenté buena cicatrizacién e incluso era
aparente la formacién de nuevos vasos sanguineos,
como lo han observado otros investigadores.”''°

Respecto del estudio angiografico, la inyeccién
de tinta y su relacién con los vasos de neoforma-
ci6n observados en el examen macroscépico, se
confirma que en realidad se desarrollaron nuevos
vasos sanguineos. Estos hallazgos coinciden con los
observados por Deleare,'"' quien realiz6 en cone-
jos autotransplantes ortotépicos traqueales, envuel-
tos en un colgajo de fascia toricica, posteriormente
se inyect6 colorante de silicén a través de la arteria
toracica lateral y se observé que hubo presencia de
coloracién en 90% de la circunferencia traqueal,
asi como en los vasos sanguineos de la fascia. Estos
hallazgos también tienen similitud con los descritos
por Torres* y Gutiérrez,” quienes colocaron seg-
mentos traqueales criopreservados en el epiplén y
después de inyectar tinta china por la arteria gas-
troepiploica derecha observaron coloracién de la
mucosa traqueal y en los vasos del epiplén.

La evaluacién microscépica en todos los animales
que sobrevivieron al tiempo de estudio (grupo I, n
= 3y grupo II, n = 6) en este trabajo, proporciona
evidencia de que en ambos grupos se presento cica-
trizacién, caracterizada por el desarrollo de nuevas
fibras de coldgena. Sin embargo, en todos los casos
se present6 inflamacién de escasa a moderada de
linfocitos en todas las capas de la traquea, la cual se
debié a un proceso inflamatorio crénico en el que los
linfocitos se presentan por efecto de citocinas pro-
inflamatorias, como el factor de crecimiento deri-
vado de plaquetas, factor 3 de transformacién del
crecimiento,” pero este tipo de inflamacién crénica
siempre termina en un proceso cicatricial (aunque
ésta puede ser con deformidades).”™

La presencia de células gigantes a cuerpo extrafio
en la zona de las suturas en los tres animales del
grupo I, que sobrevivieron al tiempo de estudio, y
en un animal del grupo II, es una respuesta de infla-
macién crénica granulomatosa, en la que el material
de sutura actué como irritante dificil de digerir por
los macréfagos, provocando la fusién de éstos y for-
macién de células gigantes a cuerpo extrano.*>”

En cuanto a la neoformacién de vasos, en todos
los animales del grupo II hubo desarrollo abun-
dante, a diferencia de los animales del grupo I, que
sobrevivieron al tiempo de estudio, en los que la neo-
formacién de vasos fue escasa, lo cual sugiere que
el omento si favorece la nueva formacién de vasos



especially in the central portion. Nevertheless, more
studies have to be performed on autotransplants that
use the same technique to see if the immunosuppres-
sant effect does not affect the formation of new blood
vessels.
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