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Reconstructions of the intrathoracic trachea in 24 dogs were done with the 
use of 50 mm long collagen-conjugated tracheal prostheses. Omental 
wrapping was also done in 14 of the dogs (omentopexy group) to evaluate 
the efficacy of this option in comparison with results in the other 10 dogs 
(control group). All 24 dogs had uneventful postoperative courses and were 
killed at 4 weeks or 3, 6, or 12 months after the operation. Better 
epithelialization and fewer complications, such as mesh exposure and 
luminal stenosis, were observed in the omentopexy group than in the 
control group. Angiography and analysis of regenerated blood vessels 
revealed that vessel ingrowth had started within 4 weeks and that vessel 
formation reached its maximal point within 6 to 12 months in the 
omentopexy group. In contrast, revascularization of the subepithelial 
region in the control group was poor even after 3 months, and vessel 
formation continued for as long as 12 months. The differences between the 
two groups were considered to be mainly a result of the speed of blood 
vessel ingrowth into the regenerated mucosa. We conclude that our 
prosthesis can be used safely for intrathoracic tracheal reconstruction and 
that omental wrapping is a useful supplementary method that reduces the 
occurrence of complications. (J Thorac Cardiovasc Surg 1997;113:701-11) 

R econstruction of the trachea is now widely per- 
formed when surgery is done because of tracheal 

stenoses or cancers. At  present, end-to-end anasto- 
mosis is considered to b e  the method of choice for 
defects up to about 6 cm long in adults. 1-3 For 
patients with larger defects, several types of pros- 
theses have been tried. However,  because of the 
poor  results obtained, they have not yet become 
standard surgical procedures. 4-7 

At present, a great deal of effort is being devoted 
to experimental tracheal reconstructions with the 
use of, for example, homograf t  transplantations, 
tracheal prostheses, and hybrid types of  tracheal 
conduits, which use staged procedures or tissue 
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engineering? We have been developing a new type 
of tracheal prosthesis that is a composite of a porous 
prosthesis and biocompatible collagen, and good 
results have already been achieved with it for recon- 
struction of the canine cervical trachea, 9 but not for 
intrathoracic tracheal reconstruction in which the 
conditions are more severe. The aim of this study 
was to confirm the safety of  our new prosthesis for 
intrathoracic tracheal reconstruction. Moreover,  we 
evaluated the efficacy of omental  wrapping of the 
anastomotic sites. 

Material and methods 

Tracheal prosthesis. The collagen-conjugated tracheal 
prosthesis used (50 mm long with an internal diameter of 
18 to 20 ram) was made with a method similar to that in 
our previous study. 9 In brief, the prosthesis comprised a 
cylinder of fine Marlex mesh (CR Bard, Inc., Billerica, 
Mass.) reinforced by 10 turns of a continuous spiral of 
polypropylene string (1 mm in diameter) wrapped around 
it. The spiral was attached to the external surface of the 
middle 40 mm of the cylinder by thermal melt-bonding at 
several points and further fixed with 6-0 Prolene suture 
(Ethicon, Inc., Somerville, N.J.) (Fig. 1). This mesh cylin- 
der was exposed to a plasma charge to introduce perox- 
ides onto its surface, and porcine dermal atelocollagen 
(supplied by Nippon Meat Packers Inc., !baraki, Japan) 
was immobilized on its surface by graft polymerization of 
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Fig. 1. Tracheal prosthesis. The mesh cylinder is reinforced with a continuous polypropylene spiral (top), 
then conjugated and coated with collagen (bottom). 

acrylic acid. Then, to prevent air leakage from the pores of 
the mesh, the cylinder was coated thickly with collagen, 
which was finally cross-linked by exposure to ultraviolet 
irradiation to give it stability in vivo. 

Tracheal reconstruction with or without omental wrap- 
ping. Twenty-four adult mongrel dogs, weighing 8.5 to 12 
kg, were used. Each animal underwent a right thoracot- 
omy under general anesthesia and the intrathoracic tra- 
chea was exposed. A 45 mm long segment of the trachea 
was resected circumferentially 30 mm from the carina, and 
an endotracheal tube was placed in the distal trachea for 
ventilation. The proximal cut end of the trachea, including 
one tracheal ring, was inserted into the prosthesis and 
anastomosed with interrupted 3-0 Vicryl suture (Ethicon, 
Inc.). Then, a silicone tube (0.7 mm thick, external 
diameter 4 mm less than the internal diameter of the 
prosthesis) was inserted into the prosthetic lumen and 
fixed with 4-0 PDS suture (Ethicon, Inc.). The purpose of 
this silicone tube was to drain any secretory products to 
protect the prosthesis from local infection until it was 
covered with host tissue. At the distal anastomosis, all the 
sutures were placed, then the endotracheal tube was 
removed from the distal trachea and all the sutures were 
tied quickly (Fig. 2). 

Fourteen dogs also underwent laparotomy, and an 
omental pedicle with blood supply from the right gastro- 
epiploic artery was prepared. The omental pedicle was 
placed in the righ t thoracic cavity through a surgically 
made incision in the diaphragm. The Prosthesis, including 

both anastomotic sites, was wrapped with the omentat 
pedicle, which was then fixed with fibrin glue and sutures 
(omentopexy group). In the remaining 10 dogs, air leak- 
age from the needle holes was stopped with fibrin glue and 
omental wrapping was not done ( control group). Thoracic 
drainage through a chest tube was continued after com- 
pletion of the tracheal reconstruction until the animal 
recovered fully from anesthesia 

Bronehoseopic examination. Bronchoscopic examina- 
tion was done periodically after induction of general anes- 
thesia by an intramuscular injection of ketamine hydrochlo- 
ride (10 mg/kg) and xylazine hydrochloride (4 mg/kg). The 
luminal surface was observed with a bronchofiberscope 
i model BFIT20, Olympus Optical Co.. Ltd., Tokyo, Japan) 
to evaluate the coverage by host ussue and complications 
such as mesh exposure and luminal stenosis. 

Histologic examination. The animals were killed with 
an injected overdose of sodium pentobarbital 3, 6, or 12 
months after reconstruction, and en bloc resection of the 
prosthesis with the native trachea was done. The prosthe- 
sis was divided longitudinally, and mesh exposure on the 
luminal surface and luminal stenosis were evaluated mac- 
roscopically, after which longitudinal sections of the pros- 
thesis were prepared for examination by light and scan- 
ning electron microscopy. The extent of epithelial lining 
on the luminal surface and the extent of inflammatory cell 
infiltration were evaluated in hematoxylin and eosin- 
stained preparations by light microscopy. At least three 
longitudinal sections were prepared and the epithelializa- 
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Tracheal Prosthesis 

Silicone Tube Dog~s Trachea 

3-0 Vicry[ ® Sutures 

Fig. 2. A photograph taken after completion of tracheai reconstruction is shown at the top; at the bottom 
is a schema of the tracheal reconstruction. A silicone drainage tube is inserted into the prosthetic lumen. 

tion rate was determined with the pathologic findings. 
Moreover, cilia on the epithelial cells were observed by 
scanning electron microscope (S-450, Hitachi Ltd., Tokyo, 
Japan). 

Comparison of the numbers of vessels in the regener- 
ated mucosa. Each light microscopic specimen was di- 
vided into three equal parts, proximal, middle, and distal, 
and the numbers of vessels and capillaries in 10 rectangu- 
lar areas (0.66 × 0.44 mm 2) of each part magnified ×200 
were counted. The results were expressed as means _+ 
standard deviations. Statistical analysis was done by Stu- 
dent's t test, and differences a t p  < 0.01 were regarded as 
significant. 

Angiography at death. Angiography was done at the 
time the dogs were killed 4 weeks or 3, 6, or 12 months 

after tracheal prosthetic implantation in dogs in both 
groups and the ingrowth of new vessels into the regen- 
erated mucosa was evaluated. Two dogs in the omen- 
topexy group were subjected to angiography at each 
interval after the operation: in one dog contrast me- 
dium was injected into the celiac trunk and in the other 
contrast medium was injected into the right carotid 
artery. In the lat ter  animal, the thoracic aorta was 
ligated in advance just proximal to the bifurcation of 
the celiac trunk to evaluate whether the blood flow 
through the new vessels in the regenerated mucosa 
originated from the omental  pedicle or the bronchial 
arteries. One control dog was subjected to angiography 
at each of the same intervals and contrast medium was 
injected into the right carotid artery. 
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Fig. 3. Luminal surface of the prosthesis is completely 
covered with host tissue in a dog of the omentopexy group 
after 6 months. 

Each animal received heparin sodium (2 mg/kg) intra- 
venously before being killed with an overdose injection of 
pentobarbital. The arteries required for angiography were 
exposed and cannulated with an extension tube. The 
blood was washed out by perfusion of 1500 to 2000 ml of 
physiologic saline solution containing heparin Sodium (1 
mg/100 ml) at a pressure of 200 mm Hg through the 
inserted tube. Finally, a warmed mixture of 10% wt/vol 
gelatin and 20% wt/vol barium salt (500 ml) was injected 
with a syringe. This contrast medium was prepared by the 
method described by Inoue and colleagues. 1° Immediately 
after this injection, ice slush was placed around the 
prosthesis to solidify the gelatin. The prosthesis with the 
native trachea was resected en bloc 20 minutes later and 
the surrounding tissue, including the omentum, was re- 
moved from the prosthesis and examined roentgeno- 
graphically. 

Animal care. Each animal received an intravenous in- 
jection of 1 gm ampicillin on the day of the operation and 
a 250 mg/day dose of ampicillin per os for 8 weeks 
thereafter. The silicone drainage tube placed in the pros- 
thetic lumen was removed with the use of bronchofiber- 
scopic forceps 4 to 8 weeks after the operation. All of the 
surgical procedures and killing of the animals were done 
in accordance with the "Guide for the Care and Use of 
Laboratory Animals" published by the National Institutes 
of Health (NIH Publication No. 85-23, revised 1985). 

Results 

All the animals in both groups had uneventful 
postoperative courses and no symptoms that neces- 
sitated killing an animal occurred. One control dog 

was killed al 4 weeks, two at 3 months, three at 6 
months, and four at 12 months after reconstruction. 
In the omentopexy group, 2 dogs each were killed at 
4 weeks and 3 months, four at 6 months, and five at 
12 months after reconstruction, and one is still alive 
18 months after reconstruction. One dog in the 
omemopexy group that was killed at 12 months was 
excluded from evaluation, because the viability of 
the omental pedMe appeared poor  at the time of 
death. Overall. 13 dogs in the omentopexy group 
and 10 control dogs were included in the analysis to 
determine the efficacy of omental  wrapping. 

Bronchoscopic examination. Mucosal regenera- 
tion was observed in all the dogs in both groups 
when the silicone tube was removed. Mesh exposure 
was still evident at 6 months in five of the control 
dogs, and the regenerated mucosa was reddish even 
at this time. In contrast, in the omentopexy group 
mesh exposure was observed in only four dogs after 
3 months, and within 6 months all but two had no 
mesh exposure and lustrous mucosa similar to that 
of the normal trachea (Fig. 3). 

Luminal stenosis was observed in the tracheal 
prosthesis of four control dogs, and in three of them 
the stenosis was so severe that a bronchofiberscope 
with an external diameter  of 6 m m  could hardly be 
passed through (Fig. 4). In contrast, only two dogs in 
the omentopexy group had mild stenosis without a 
reddish mucosa. Although the severity of luminal 
stenosis in the omentopexy group increased up to 4 
months, luminal stenosis continued to worsen for up 
to 6 to 9 months after reconstruction in the control 
group. 

Macroscopic examination. The prostheses were 
incorporated into the native tracheas and there were 
no major complications such as erosion of the 
surrounding organs, abscess formation or pneumo- 
thorax, anastomotic dehiscence, or prosthetic dislo- 
cation in any of the 23 dogs that were killed. In four 
dogs, the prosthesis had shortened by about 5 mm 
and had bent  slightly, but the animals had no 
symptoms. 

Mesh exposure to the tracheal lumen was ob- 
served in all the control dogs and in two dogs of the 
omentopexy group 3 months after reconstruction. 
However, after 6 and 12 months, partial mesh 
exposure was observed in two of the eight dogs in 
the omentopexy group, compared with five of the 
seven control dogs (Table I). The areas of mesh 
exposure were larger in the control group than in 
the omentopexy group (Fig. 5). 
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Fig. 4. Severe tracheal luminal stenosis in a control dog after 6 months. Bronchoscopic views from the 
proximal anastomosis (left) and just proximal to the stenosis (right). 

Stenosis of the prosthetic lumen was observed in 
4 of the 10 control dogs and in 2 of the 12 dogs in the 
omentopexy group. This stenosis was seen only in Area of Time after 
the middle of the prosthesis and not at the sites of mesh Epithelialization implantation 
anastomosis. The definition of stenosis we use in this Dog No. exposure Stenos& (%) (too) 
paper was reduction of the tracheal luminal diame- Omentopexy 
ter by more than one third. Whereas both dogs in 1 Small 17/20 50 6 
the omentopexy group had only mild stenosis, se- 2 None 10/19" 50 6 
vere stenosis that reduced the diameter of the 3 None 13/17 76 6 

4 None  15/17 100 6 
tracheal lumen by more than one half occurred in 3 5 Small 13/17 33 12 
of the 4 control dogs. The narrowest luminal diam- 6 None 9/17" 88 12 
eter in the omentopexy group was 9 mm and the 7 None 15/19 100 12 

8 None 17/20 100 12 narrowest in the control group was 6 mm. 
Histologie examination. The dogs killed at 4 Control 

1 Large 18/22 < ] 0 6 
weeks were excluded from the histologic study be- 2 Small 17/21 25 6 
cause tissue regeneration on the prosthesis was too 3 Large 16/19 32 6 
poor  for preparation of sections for light micros- 4 Small 11/18" 60 12 
copy. Therefore  tissue from 10 and 9 dogs in the 5 None 7/18" 70 12 

6 None  6/17" 71 12 omentopexy and control groups, respectively, was 
7 Large 15/19 100 12 

evaluated histologically. 
All the dogs in both groups had regenerated mucosa 

with capillary ingrowth (Fig. 6). Although the extent of 
epithelial lining of the regenerated mucosa on the 
prosthesis varied, 9 of 10 dogs in the omentopexy 
group had an epithelial lining covering more than 50% 
of the length of the prosthesis. In contrast, after 3 and 
6 months the control dogs had poor epithelial lining 
and after 12 months the extent of the epithelial lining 
was similar to that in the omentopexy group after 6 
months. In each animal, ciliated columnar epithelium 

Table I. Results of long-term (>6 months) 
observations 

*Stenosis is defined as a reduction of the tracheal lumen by more than one 
third. The data are shown as the narrowest luminal diameter of the 
prosthesis/the average diameter of anastomosis sites (in millimeters). 

was observed near the anastomoses, the proportion of 
nonciliated cuboidal epithelium increased with dis- 
tance from the anastomoses, and squamous epithelium 
was observed in the center of the prosthesis (Fig. 7). 

Scanning electron microscopy revealed that the 
regenerated epithelial cells near the anastomoses 
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Fig. 5. Luminal surfaces of two prostheses. At the top is shown a large area of mesh exposure in a 
prosthesis from a control dog after 12 months. The bottom photo shows a small area of mesh exposure 
(arrowheads) in a prosthesis from a dog in the omentopexy group after 12 months. 

Fig. 6. Regenerated mucosa with epithelial lining on the mesh of the prosthesis from a dog in the omentopexy 
group after 12 months. The mucosa is thicker than the normal tracheal mucosa. L, Tracheal lumen; M,, mesh 
of the prosthesis; C, tracheal cartilage (hematoxylin and eosin staining; original magnification ×5). 

possessed cilia similar to those  of  no rma l  t racheal  
epi thel ium.  Moreover ,  a few ciliated epithel ial  
cells were  observed  in areas where  only a squa- 
mous  cell l ining was d e m o n s t r a t e d  by light micros-  

copy (Fig. 8). A l t h o u g h  these findings were  ob- 
served in bo th  groups,  there  were  m o r e  cil iated 
cells in the o m e n t o p e x y  g roup  than  in the  cont ro l  
group.  
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Fig. 7. Ciliated epithelium is present on the regenerated mucosa near the anastomosis (top), but only 
squamous epithelium is present in the middle of the prosthesis (bottom) in a dog in the omentopexy group 
after 12 months (hematoxylin and eosin staining; original magnification ×50). 

Comparison of the numbers of vessels in the 
regenerated mucosa. The numbers of vessels in the 
regenerated mucosa are shown in Table II. After 3 
and 6 months there were significantly more vessels 
in the omentopexy group than in the control group. 
In the latter group the number of vessels increased 
with time after implantation, whereas in the former 
group the number of vessels increased from 3 to 6 
months and then decreased from 6 to 12 months. 
There was no significant difference between the 
numbers of vessels in the two groups after 12 
months. 

Angiography at death. Angiography at the time 
the dogs were killed indicated that the dogs in the 
omentopexy group had more vessel ingrowth than 
the control dogs at each observation point (Fig. 
9). In the control group little vessel ingrowth was 

observed until 6 months, and regenerated vessel 
ingrowth around the prosthesis was evident after 
12 months. In the omentopexy group, regenerated 
vessel ingrowth was detected after 4 weeks only in 
the dog in which the contrast medium was injected 
into the celiac trunk. After 3 months, regenerated 
vessel ingrowth was observed in both dogs in 
which contrast medium was injected into the 
celiac trunk and the right carotid artery. After 6 
months, it was found that some new vessels ran 
vertically from the outside of the prosthesis to the 
subepithelial region of the regenerated mucosa 
(Fig. 10). 

Discussion 

We have been developing porous types of tracheal 
prostheses and have already reported that our 3 cm 
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Fig. 8. Scanning electron microscopic views of the luminal surface. Dense cilia like those of normal 
tracheal epithelium are present on the prosthesis near the anastomosis (left) and a few ciliated epithelial 
cells are present in areas where only squamous cell lining was demonstrated by light microscopy (right). 

Table II. Numbers of vessels in the regenerated 
mucosa 

Vessels/mm 2 

3 Mo 6 34o 12 Mo 

O m e n t o p e x y  

Prox imal  45.8 _+ 15.2 al 56.6 _+ 21.6 a2 34.6 ± 12.8 

Midd le  34.3 _+ 8.4 az 38.7 ± 15.1 a3 25.5 ± 9.5 

Dis ta l  69.7 ± 34.2 a4 80.1 ± 27.2 a2 47.3 ± 13.3 

Cont ro l  

Proximal  31.7 +_ 16.4 21.3 ± 7.0 40.6 ± 18.4 

Midd le  19.1 ± 4.1 26.6 _+ 9.8 25.6 +_ 9.0 

Dis ta l  37.0 _+ 12.9 34.9 ± 11.1 46.2 ± 20.5 

All data are expressed as means plus or minus the standard deviation, ax, 
Significantly different from the control group value (p < 0.01). 
alp _ 0.008. 

asp < 0.0001. 

a3p = 0.0007. 
a4p ~ 0.003. 

long prosthesis has a high biocompatibility and can 
be used safely for cervical tracheal reconstruction. 9 
However, with regard to the cervical trachea, even if 
an end-to-end anastomosis is impossible alternative 
procedures such as a tracheostomy followed by 
secondary reconstruction with a skin flap are possi- 
ble. In contrast, in patients with intrathoracic tra- 
cheal defects, such procedures are difficult or impos- 

sible, and consequently there are more indications 
for use of a tracheal prosthesis in the mediastinum 
than in the neck. With regard to prosthesis length. 
Jacobs H referred to the fact that a relatively short (2 
to 4 rings) circumferential tracheal replacement 
could be accomplished successfully even in the long 
term and maintained that a tracheal prosthesis 
should be successfully applicable for much larger 
defects without the need for periodic endoscopy to 
maintain the airway. We also considered that a 3 cm 
long prosthesis might be too short in certain cases. 
and therefore we designed a 5 cm long prosthesis 
and used it to reconstruct the canine cervical tra- 
chea. However, several complications such as mesh 
exposure and luminal stenosis occurred, xz 

In general, central stenosis has been one of the 
most frequent complications associated with porous 
types of tracheal prostheses. This is considered to be 
caused by a thick granuloma that grows in the center 
of the prosthesis, possibly as a result of a lack of, or 
delay in. formation of an epithelial lining. Therefore 
we believe that this can be prevented if reepitheli- 
alization of the luminal surface is completed much 
more quickly. Rapid tissue invasion into the pores of 
the mesh and rapid maturation of the subepithelial 
mucosa are necessary to promote epithelial lining, 
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Fig. 9. Angiographic roentgenograms taken at the time the dogs were killed (3 months). Hardly any 
regenerated vessels are present in the prosthesis of a control dog (top), whereas there are a few vessels 
(arrows) in the prosthesis of a dog in the omentopexy group (bottom). 

and there are two possible methods for fulfilling 
these conditions: (1) enhancement of the tissue 
affinity of the prosthesis itself and (2) facilitation of 
host cell invasion into the prosthesis. We therefore 
constructed a new tracheal prosthesis made of Mar- 
lex mesh and collagen sponge. The latter component 
was used in an attempt to improve the tissue affinity 
of the prosthesis. In experiments with the canine 
cervical trachea, this prosthesis overcame the prob- 
lem of central stenosis, but mesh exposure still 
occurred. 13 

We speculate that the mesh may become exposed 
in places where the implanted collagen is absorbed 
before the host tissue has fully invaded the pores of 
the mesh. If this is the case, then it should be 
possible to avoid mesh exposure by improving the 
stability of the collagen. To do this, we used ultra- 
violet irradiation in our previous studies. However, 
ultraviolet irradiation alone cannot produce stron- 
ger cross-linking to collagen molecules than was 
achieved for this prosthesis. Chemical agents such as 
glutaraldehyde, which can produce stronger cross- 
linking than ultraviolet irradiation, do not seem 
suitable for tracheal prostheses because of their 
toxicityJ 4 Therefore in this study we had to abandon 
efforts to induce stronger cross-linking to collagen 

molecules and instead opted to facilitate tissue 
invasion into the mesh pores by omental wrapping. 
This approach has often been used for treatment of 
avascular areas, such as bronchial fistulas in respi- 
ratory operations, and it has been reported to be 
effective for facilitating neovascularization in tra- 
cheal autografts. 15 

We would like to emphasize that our prosthesis 
could be used safely for intrathoracic tracheal re- 
construction. For intrathoracic tracheal replace- 
ment, unlike that in the neck, it is necessary to 
overcome more difficult conditions such as poor 
vascularity and negative pressure. The majority of 
tracheal prostheses used previously in a clinical 
setting were the nonporous type, probably becatise 
they overcame the problem of air leakage. How- 
ever, this type of prosthesis could not solve the 
problem of anastomotic dehiscence and prosthesis 
displacement.< 5.7 Our tracheal prosthesis is po- 
rous, but the collagen-layer coating is thick 
enough to prevent air leakage. Deslauriers and 
associates 6 reported that their tracheal prosthesis 
made of hard Marlex mesh caused massive fatal 
bleeding because of erosion of the innominate 
artery. In the light of this previous experience, 
therefore, our prosthesis was made of soft Marlex 
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Fig. 10. Roentgenogram of longitudinal sections of the prosthesis of a dog in the omentopexy group 6 
months after reconstruction. Some new vessels (arrows) run vertically from the outside of the prosthesis to 
the subepithelial region. 

mesh reinforced with a spiral of polypropylene 
string, which was able to keep the tracheal lumen 
open against the surrounding pressure. This pros- 
thesis has a certain degree of flexibility, which 
enables it to move with the neighboring trachea 
during respiration and as the animals move 
around. Therefore  complications at the sites of 
anastomosis and erosion of the surrounding or- 
gans did not occur even during long-term fol- 
low-up for 18 months. 

The results of reconstruction in the omentopexy 
group were apparently better than those in the 
control group. Mesh exposure and luminal stenosis 
occurred in only two dogs of the omentopexy group 
and, moreover, these complications were milder in 
degree than those in the control group. In contrast, 
in the control group either mesh exposure or lumi- 
nal stenosis occurred in all the dogs, and the results 
were worse than those for cervical tracheal recon- 
struction, t2 Therefore in conjunction with omental 
wrapping our prosthesis facilitated good and stable 
healing of the reconstructed tracheal region. Be- 
cause these small areas of mesh exposure and mild 
stenosis did not cause any Significant problems, we 
believe that our prosthesis could be used safely in a 
clinical setting with omentopexy. 

In this study, we evaluated vessel ingrowth into 
the regenerated mucosa by counting the vessels in 
prepared sections and also by selective angiography 
at the time the dogs were killed. Omental wrapping 

has been used in an attempt to improve graft 
viability after tracheal allotransplantation for repair 
of circumferential defects and vessel ingrowth into 
the graft was reported to start within 1 week of 
omental wrappingJ 5' 16 Nelson and colleagues 17 re- 
ported that stable healing of tracheal prostheses was 
accomplished when a subepithelial network of ves- 
sels was well advanced by 6 to 8 weeks after recon- 
struction with omental wrapping. In our study, how- 
ever. such rapid vessel ingrowth was not observed. 
In the omentopexy group, a vessel network was first 
observed after 3 months, and some vertical vessels 
extending from the outside of the prosthesis to the 
subepithelial regions were present after 6 months. In 
the control group, the subepithelial network of 
vessels was poor even after 12 months. 

Although the numbers of vessels increased be- 
tween 3 and 6 months after the operation and 
decreased thereafter in the omentopexy group, the 
numbers of vessels increased from 3 to 12 months in 
the control group. This suggests that active mucosal 
proliferation was complete within 6 to 12 months in 
the omentopexy group, but continued for at least 12 
months in the control group. 

The extent of the epithelial lining on the prosthe- 
sis was greater in the omentopexy group than in the 
control group. Good (>50%) epithelial lining was 
observed even after 3 months in the omenropexy 
group, whereas in the control group this was not 
evident until after 12 months. These results corre- 
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sponded to the changes in vessel numbers and 
progression of luminal stenosis observed broncho- 
scopically, as we have described. Accordingly, these 
results led us to speculate that rapid vessel ingrowth 
as a result of omental wrapping facilitated rapid 
epithelial migration from the anastomoses, the epi- 
thelial lining inhibited excessive proliferation of the 
regenerated mucosa, and finally the numbers of 
vessels, which were initially necessary to provide a 
good supply of blood for tissue proliferation, de- 
clined. 

Neville, Bolanowski, and Soitanzadeti 18 stated 
that the ideal tracheal prosthesis should possess six 
characteristics: it should (1) be airtight, (2) be of 
adequate consistency, (3) have good acceptance by 
the host, (4) cause a minimal inflammatory reaction 
but still be incorporated by the surrounding tissue, 
(5) be impervious to fibroblastic and bacterial inva- 
sion of the lumen, and (6) permit ingrowth of 
respiratory epithelium along the lumen. Most tra- 
cheal prostheses investigated so far have not been 
able to fulfill the sixth requirement. Recently, a new 
trial that used a tissue engineering method to induce 
an epithelial lining on the prosthesis before implan- 
tation was reported, 19 but the tissue culture proce- 
dures involved appeared too complicated for clinical 
use. Almost complete epithelialization of our pros- 
thesis, even with the 5 cm long version, was achieved 
without either staged or complex procedures, and 
theprosthesis possessed all the ideal characteristics 
outlined by Neville, Bolanowski, and Soltanzadeh. 18 

We conclude that our 5 cm long prosthesis can be 
used safely for intrathoracic tracheal reconstruction 
and that omental wrapping of the prosthesis reduces 
the incidence of associated complications. We found 
that successful reconstruction was a result of rapid 
vessel ingrowth into the regenerated mucosa. This 
prosthesis appears promising for the repair of tra- 
cheal defects in human beings. 
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