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Review of Experimental Tracheal Reconstruction

Sook Whan Sung, MD, Yong Hee Kim, MD

Department of Thoracic and Cardiovascular Surgery, Seoul National University, College of Medicine, Seoul, Korea

The purpose of this study was to review the literatures of experimental tracheal
reconstruction. Although there have been significant advancements in the surgical
treatment of the long circumferential tracheal injuries, there still has been a difficult
problem with high morbidity and mortality. The method for tracheal reconstruction after
circumferential resection is preferred end-to-end anastomosis for defects up to 6 cm in
length, but larger tracheal defects require the use of tracheal allograft, various artificial
prosthesis or autogenous organs. The tracheal allotransplantation has been widely used as
there was significantly improved the method of surgical technique, preservation and
immunosuppression. But it has been limited by a number of factors such as few donor,
limited use of immunosuppressant, delayed revascularization and re-epitheliazation.
Experimental studies on the tracheal prosthesis have a long history and they tried to use
silicone, polytetrafluoroethylene, polypropylene mesh, Dacron, Marlex mesh, external or
internal stents. Other experimental studies were reported the use of autogenous tissues that
were cartilage, jejunum, aorta, skin, muscle, periostium or esophagus. But a great variety
of these protheses have been resulted unsatisfactory in a significant proportion of cases.
Alternatively, the tissue-engineering technique has showed a new approach to reconstruct
trachea and much progress in tissue-engineering bas been made recently. In conclusion,
although the tracheal allotransplantation and the use of prosthesis and allograft have been
reported a lot of limitation to overcome, we could sooner expect good result of ideal
tracheal prosthesis..
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Fig 1. Microangiography after cryopreserved tracheal allotransplantation. Cryopreserved allografts at 7 days(A) and 12 weeks(B)

after transplantation indicated newly developed microvasculature surrounding graft and the presence of transverse intercartilaginous
arteries, which disappeared after 12 weeks{white and black wide arrows: transverse intercartilaginous arteries) (From Moriyarma,

Ann Thorac Surg 2000:69:1707-1706)
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Fig 2. Origin of regenerated epithelium in cryopreserved
tracheal allotransplantation: The grafts taken from the animals
that survived more than 70 days after tracheal alfotransplantation.
(A)Gross examination of dog shows normal tracheal architecture.

graft’s donor
epithelia  blood

recipient
epithelia

recipient
C blood

No stencsis of the graft is seen. (BJHistologic examination shows that the mucosa is composed of pseudostratified columnar
clliary epitheium and the tracheal secretory glands are regenerated(H & E stain, x 100).
(C)The result of PCR-RFLP. The graft epithelium phenotype is the same as the recipient blood and epithelium. (From Mukaida,

Arn Thorac Surg 1996:66:205-8)
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Fig 3. Y-shaped prosthesis made of Marlex mesh and polypropylene spirals and Y-shaped prosthesis after collagen conjugation.
(From Sekine, J Thorac Cardiovasc Surg 2000:119:1162-1168

C-EMS

A B

Fig 4. Expandable metalic stent. (A) Z-stent: Covered expandable metalic stent (C-EMS). (B) Operative method the right
circumferential half of two tracheal rings of the cervical trachea is resected and C-EMS in interposed in the defect. (From
Kitagami, Ann Thorac Surg 1998:66:1777-1781)

2. 9F 71# BZXE (Montgomery T tube. Dumon stent. Dynamic
stent)®?”, polytetrafluoroehylene(PTFE)®, polypropylene

7189 9F BEEL 19533 Belsey’} %2 Wl mesh, Dacron, Vitallium, stainless steel, glass,
18 AAAzY G o|&F ofd, A7 Tantalum mesh, acrylic tube, Teflon skirted with

B9 QE HEEZE gilicone tube  Marlex mesh, collagen-conjugated mesh™ (Fig. 3).
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Fig 5. Pericardial tracheoplasty. Pathology complete tracheal
rings is shown in the left panel. The norma tracheal
cartilage with a posterior membraneous portion and a normal
lumen is shown superiorly. A complete tracheal ring with
compromised tracheal lumen is shown inferiorly. A completed
pericardial patch tracheoplasty is shown in the right panel. In
cross section, the tracheal fumen is now norma. (From
Backer, Eur J Cardiothorac Surg 2001:19:777-784)
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Fig 6. Tracheal autograft. 6-1: (A) An anterior longitudinal incision is performed through the complete extent of the trachea rings.
(B) The midportion of the trachea is excised to be used as the autograft. (C) The two remaining ends of the trachea are
re-approximated posteriorly. 6-2: (A) The posterior anastomosis is performed with interrupted PDS sutures, with the knots kept
out of the tracheal fumen. (B) The autograft is prepared by trimming the corners of the graft. The pericardial patch is cut to
size. (C) The autograft is sutured in place inferiorly at the carina. The pericardial patch is inserted superiorly to complete the

repair. (From Backer, Eur J Cardiothorac Surg 2001:19:777-784)
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Fig 7. Experimental tracheal reconstruction with a rotated
right stem bronchus. (A)Lobes of the right lung other than th
eapical lobe were resected. However, the bronchi of the
diaphragmatic and intermedius lobes were left in place and
then manipulated to create an extension of the right stem
bronchus to form a single conduit by cutting the lobar
bronchi longitudinally and then suturing. A pair of vascular
clamps was applied to the right stem bronchus to prevent air
leakage during the procedure. The apical lobe bronchus was
then severed, and the proximal end was closed with sutures.
(B) A segment of the mediastinal trachea 10 cartilage rings in
length was resected, and the distal end was closed with an
autostapler.  Another  endotracheal tube was inserted
retrogradely through the right stem bronchus to ventilate the
left lung. Subsequently, the entire right stem bronchus was
rotated(arrow) in the frontal plane with th emain carina as the
center of rotations. (C)The original distal end of the extended
right stem bronchus was anastomosed end-to-end to the
proximal end of th etrachea. A hole was then made in the
lateral wall of the rotated stem bronchus, to which th right
apical fobe bronchus was anastomosed. (From Osada Anr
Thorac Surg 2000:70:1886-1190)
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