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Abstract

An effective preservation method and decreased rejection are essen-
tial for tracheal transplantation in the reconstruction of large airway
defects. Our objective in the present study was to evaluate the anti-
genic properties of glycerin-preserved tracheal segments. Sixty-one
tracheal segments (2.4 to 3.1 cm) were divided into three groups:
autograft (N = 21), fresh allograft (N = 18) and glycerin-preserved
allograft (N = 22). Two segments from different groups were im-
planted into the greater omentum of dogs (N = 31). After 28 days, the
segments were harvested and analyzed for mononuclear infiltration
score and for the presence of respiratory epithelium. The fresh al-
lograft group presented the highest score for mononuclear infiltration
(1.78 ± 0.43, P ≤ 0.001) when compared to the autograft and glycerin-
preserved allograft groups. In contrast to the regenerated epithelium
observed in autograft segments, all fresh allografts and glycerin-
preserved allografts had desquamation of the respiratory mucosa. The
low antigenicity observed in glycerin segments was probably the
result of denudation of the respiratory epithelium and perhaps due to
the decrease of major histocompatibility complex class II antigens.
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Introduction

Tracheoplasty is the first therapeutic op-
tion for obstructive tracheal diseases up to 6
cm in length (1). In major inflammatory
strictures, an effective long-term option is to
maintain the tracheal lumen open by means
of the Montgomery T-tube or stents. How-
ever, in some patients with extensive carci-
noma, especially of the adenoid-cystic type,

there are doubts about the best approach,
since curative treatment imposes the recon-
struction of large airway defects resulting
from the wide resection of the tumor.

Transplantation appears to be an alterna-
tive for reconstructing these extensive tra-
cheal defects. However, problems with re-
jection and graft preservation must be solved
experimentally, before the clinical use of
this procedure. The first important step in the
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study of a preservation method is to build a
tissue bank in order to increase the supply of
organs. Since major histocompatibility com-
plex (MHC) class II antigens have been
identified in the tracheal epithelium (2), the
desquamation of the respiratory mucosa by
the preservation method, as observed with
cryopreservation (3) and with chemical de-
tergents (4), or by radiotherapy (5), should
be explored as a way to reduce tracheal
antigenicity.

Despite the promising results with tra-
cheal cryopreservation (3,6), there are limi-
tations concerning conservation time and
difficulties in maintaining viable chondro-
cytes, which are important for the tracheal
structure (1).

The search for alternatives in tracheal
conservation has led us to test a trialcohol
with antiseptic and preservative properties,
99% glycerin, in order to reduce the antige-
nicity of the allograft by denuding the respi-
ratory epithelium.

Material and Methods

Adult mongrel dogs of both genders sub-
mitted to proper sanitary control, provided
by the Kennel of the Zoonosis Center, Mu-

nicipal Secretary of Health, Porto Alegre,
were used. All animals, weighing 6.5 to 12
kg, were housed and handled according to
Normative Resolution number 196/96 of the
National Health Council of the Health Min-
istry (7), and the study was approved by the
Research and Health Ethics Committee of
Hospital de Clínicas de Porto Alegre.

We randomized 51 dogs into three ex-
periments (Figure 1): 1) 20 dogs were used
as allograft donors and were sacrificed; 2) in
21 dogs, two grafts, an autograft and an
allograft, were implanted into the greater
omentum (glycerin-preserved allograft or
fresh allograft); 3) in 10 dogs, two allografts
(a glycerin-preserved allograft and a fresh
allograft) were implanted into the greater
omentum.

From the above experiments we obtained
a research sample consisting of 61 tracheal
segments (each trachea harvested from ex-
periment 1 originated two allografts, see
below), divided into the following groups:
A) autograft (N = 21), B) fresh allograft (N =
18), and C) glycerin-preserved allograft (N
= 22).

Anesthesia

Animals were medicated with atropine
sulfate (0.044 mg/kg, sc) and acepromazine
(0.2 mg/kg, im) and then anesthetized with
thiopental sodium (15 mg/kg, iv). Following
orotracheal intubation with a 7-mm tube
(Rüschelit®, Rüsch, Montevideo, Uruguay)
we maintained the anesthesia with halothane
inhalation (0.5 to 1%) with the dog breathing
spontaneously a mixture of air and oxygen
(3 l/min).

During the induction of anesthesia, all
animals received ampicillin (20 mg/kg, iv).
We did not use any immunosuppressive drug.

Allograft harvest

Twenty dogs (experiment 1) were sacri-
ficed with an overdose of thiopental sodium

Figure 1. Experimental design. The figure shows the distribution of 51 dogs in three
experiments showing the history of the grafts.

Distribution of dogs
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18 allografts without
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allografts
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autografts
and allografts
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10 dogs
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(100 mg/kg, iv). We then made a cervical
midline incision using an aseptic technique
and excised the entire cervical trachea. Each
trachea originated two segments having six
cartilaginous rings (2.4 to 3.1 cm in length),
with 20 dogs providing 40 tracheal segments
(allografts).

Eighteen of these tracheal segments
(group B) were immediately allografted. The
other 22 allografts were placed in glass flasks
containing twice-distilled 99% glycerin and
hermetically sealed and kept there at room
temperature for at least two months and less
than six months (group C). After this period,
the glycerin-preserved tracheas were re-hy-
drated for 30 min with physiological saline
before being transplanted (Figure 2).

Autograft harvest

In experiment 2, we harvested a smaller
tracheal segment consisting of six cartilagi-
nous rings from 21 dogs using the same
approach as described above. Thereafter,
these segments were autografted in the
greater omentum and constituted the group
A. We then reconstructed the airway imme-
diately by trachea-to-trachea end-to-end
anastomosis with continuous suture using 3-
0 polyglactin (Ethicon, Johnson & Johnson,
São José dos Campos, SP, Brazil). The cer-
vical muscular layer was sutured with 3-0
polyglactin suture (Ethicon, Johnson &
Johnson) and the skin with 4-0 nylon suture
(Ethicon, Johnson & Johnson). These dogs
received their two grafts immediately after
cervical closure.

Transplant into the greater omentum

Thirty-one dogs were transplanted (ex-
periments 2 and 3). Two grafts were per-
formed in each animal, but in experiment 3 a
dog received only the graft from group C.

We mobilized the greater omentum out
of the peritoneal cavity through a 10-cm
median laparotomy. Each of the two tracheal

grafts was wrapped with the greater omen-
tum and fixed with some 3-0 polyglactin
stitches 2 cm from the greater curvature of
the stomach. We put the graft 10 cm away
from the other. We closed the muscular ab-
dominal layer with 0 polyglactin suture and
the skin with 4-0 nylon suture.

Graft harvest from the greater omentum

The transplanted dogs were sacrificed 28
days after surgery. After opening the lapa-
rotomy, the grafted tracheal segments were
removed along with a small portion of ad-
hered greater omentum and fixed in 10%
formalin for subsequent histological study.

Histological analysis

After cross-sectioning the tracheal piece
in its mid-portion, the resulting fragments
were embedded in paraffin, cut into 5-µm
thick sections. One section from each tra-
cheal piece was stained with hematoxylin-
eosin. We examined all the histologic sec-
tions.

Graft rejection. The presence of mono-
nuclear cells in the tracheal interstice was
graded according to the following mono-
nuclear infiltration score: 0 for absent or
mild infiltration with mononuclear cells pres-
ent in less than 25% of the examined inter-
stice, 1 for moderate infiltration with mono-
nuclear cells present in 26 to 50% of the
examined interstice, and 2 for intense infil-
tration present in more than 50% of the

Figure 2. Photograph of a glyc-
erin-preserved trachea segment
after hydration. Its stiffness and
macroscopic structure were
closely similar to those of fresh
trachea. (tracheal segment with
9 cm in length).
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tion score were compared between the three
research groups. The Dunn test for multiple
comparisons between averages was applied
when the Kruskal-Wallis test presented P <
0.05. The levels of significance were set at
5% (α ≤ 0.05).

Results

Histological analysis

Graft rejection. The fresh allograft group
presented the highest mean score for mono-
nuclear infiltration (1.78 ± 0.43) when com-
pared to the autograft (0.60 ± 0.75, P =
0.000) and to the glycerin-preserved allograft
(0.71 ± 0.72, P = 0.001; Figure 3). There was
no significant difference between the scores
for the autograft group and the glycerin-
preserved allograft group. A mononuclear
cell infiltrate was detected in 77.8% of fresh
allografts, distributed throughout more than
25% of the examined interstice (Figure 4).

Respiratory epithelium. The respiratory
epithelium regenerated in 80% of autografted
tracheas. All tracheal segments from the fresh
allograft and glycerin-preserved allograft
groups had desquamation of the respiratory
epithelium (Figure 5).

Discussion

In any tracheal replacement technique,
easy applicability and a minimal risk of com-
plications should be imperative, especially
in cases of benign tracheal obstruction (1).
Additionally, the absence of immunosup-
pression is desirable, since such techniques
are largely required in cases of extensive
neoplasia.

MHC antigens are related to acute rejec-
tion. In the trachea, MHC class II antigens
were found in the epithelium, in glands and
in submucous capillaries (2). According to
several studies, the presence of such epithe-
lial antigens was probably the main trigger
for the immunological reaction, which re-
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Figure 3. Mean mononuclear in-
filtration scores for the autograft,
glycerin-preserved allograft and
fresh allograft groups. *P < 0.05
compared to the autograft and
to the glycerin-preserved al-
lograft (Dunn test).

Figure 4. Photomicrograph of
the tracheal allograft trans-
planted into the greater omen-
tum after 28 days. Intense mono-
nuclear infiltration is seen in the
tracheal adventitia and perivas-
cular space (hematoxylin-eosin;
100X).

Figure 5. Photomicrograph of a
glycerin-preserved tracheal seg-
ment transplanted into the
greater omentum after 28 days.
Note respiratory epithelium des-
quamation (hematoxylin-eosin;
400X).

lumen

assessed interstice. We reported the mean
score for each group.

Respiratory epithelium. We considered
the epithelium to be denuded when more
than 50% of the lumen circumference was
deprived of mucosa. We reported these re-
sults in proportions without statistical analy-
sis.

Statistical analysis

Data regarding the mononuclear infiltra-

*
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sulted in ischemic necrosis and obliterative
airway disease identified in the experimen-
tal tracheal allograft (8,9).

Nakanishi et al. (8) and Delaere et al.
(10) described microscopically acute rejec-
tion in the trachea as an infiltrate of mono-
nuclear cells, particularly in the capillary
walls, similar to the arteritis occurring in
renal transplantation.

In a previous study by our group (11), we
presented evidence that vasculitis, repre-
sented by vascular and perivascular lym-
phocytic infiltration, was the predominant
morphologic component in the rejection of
tracheal allografts. Additionally, the quanti-
tation of arteritis intensity indicated a de-
crease in the antigenicity of glycerin-pre-
served tracheal allografts.

Based on the pathophysiology of the im-
munological reaction and its similarity to the
renal one, in the present study we adapted
the quantitation of the cellular component
(mononuclear infiltration) in acute rejection
from the Banff 97 classification (12) and
detected signs of rejection in non-preserved
fresh allografts. On the other hand, the smaller
presence of such inflammatory cells in glyc-

erin-preserved tracheas as well as in auto-
grafted tracheas suggested only ischemia
during the first post-transplantation days and
especially the absence of rejection.

The desquamation of the respiratory epi-
thelium in glycerin-preserved tracheas ob-
served in the present study most probably
was related to the preservation process itself
and to the lack of tissue vitality. However, in
fresh allografts, the mucosal denudation was
apparently a reflection of the ischemia sec-
ondary to arteriolar obstruction due to rejec-
tion arteritis.

On the basis of the present results, we
suggest that the lower antigenic stimulation
by glycerin-preserved tracheal allografts, as
also reported in cryopreservation studies
(3,6,13), may result from the denudation of
native epithelium, with reduction and maybe
absence of MHC class II antigens.
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