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Background The process of reconstruction of tracheal defects is complex and still
not optimum. Options range from using staged reconstructions, combining flaps with
autologous or alloplastic implants, as well as use of tissue-engineered constructs com-
bined with vascularized tissues which are lined with cell cultures. Staged reconstruc-
tions using prelaminated epithelium, and prefabricated flaps, help in reconstruction of
this complex structure. Prefabricating the flap at a different site allows for integration
of the tissues prior to its transfer.

Method This article reports two patients planned for tracheal reconstruction for the
purpose of advanced papillary carcinoma of the thyroid invading the trachea. Staged
reconstruction using a prefabricated radial artery forearm flap (RAFF) and split rib
cartilage was performed. In the second patient, a young girl, a similar construct of
the RAFF, prelaminated with buccal mucosa, was performed. However, in the latter
case, an intraoperative decision by the head and neck team to limit excision of the
trachea sparing the mucosa was taken; the reconstruct in the forearm was redundant
and needed to be discarded, replacing the defect with a free superficial circumflex iliac
artery perforator (SCIP) flap.

Result At 3 years follow-up, both the patients are free of disease, with the construct
serving its purpose in the older female.

epithelium, and using implanted cell-cultured ciliated epi-
thelium have also been reported.!

Tracheal reconstruction aims at constructing a semirigid
structure, enough to withstand change in airway pressure
without collapsing, with a well-mucosalized lining to prevent
wound contraction.

Reconstruction of this complex structure has been
described using skin flaps and placing implants, using either
autologous or alloplastic material, to provide rigidity. Staged
techniques lining a semirigid construct, mimicking tracheal
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Material and Method

Patient 1

A 52-year-old lady initially presented with papillary car-
cinoma, as reported by histopathology, following a partial
thyroidectomy. She underwent completion thyroidectomy
because of involved margins, followed by radioiodine therapy.
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The follow-up MRI at 3 months (=Fig. 1a) identified a nod-
ular infiltrative hypoechoic mass (2.4 x 2.1 x 1.2 cm, approx.
3.1 mL), which had infiltrated through the tracheal cartilage
to present itself into the airway. Fiberoptic laryngoscopy
showed a bulge in the tracheal mucosa.

A multidisciplinary team discussion plan involved a wide
excision of the involved tracheal segment with staged recon-
struction of the trachea.

Planning

The anticipated tracheal defect, according to the scans,
extended from the cricoid cartilage to the third tracheal ring,
involving the anterior two third of the trachea, sparing the
posterior third, and measuring 4 x 3 cm. A staged prefabri-
cated radial artery forearm flap (RAFF) with rib cartilages as
a construct was planned.

Surgical Execution

In the first stage, prefabrication of the RAFF territory was done
with split rib graft. A 6 x 4 cm skin island was marked on the
distal forearm skin overlying the radial vessels. The 7th rib
including a portion of the cartilage was harvested from the left
side of the chest and the graft was split into two strips.The
split rib grafts were then inserted longitudinally in subcuta-
neous pockets on either side and parallel to the radial vascular
pedicle through small incisions bluntly tunneled between the
skin and fascia (=Fig. 1b) After 4 weeks, the second stage was
planned.

A low tracheostomy was done. Excision of the trachea was
done, with the defect measuring 4 x 3 cm and extending from
the cricoid cartilage to the third tracheal ring along with
anterior two thirds circumference of the trachea.

The fabricated forearm flap was transferred, matching the
convexity of the tracheal ring, removing any excess portion of

the construct, and stabilizing it to the present tracheal rings
using 3-0 polydioxone suture (=Fig. 1 c-d).

Flap monitoring was done using a laryngoscope daily for
2 days. Her tracheostomy was removed on the 24th postop-
erative day. Bronchoscopy done at the end of 1 and 3 months
showed a well-healed flap (~Fig. 1e) The entire airway
appeared clean, with no mucus accumulation. A CT scan neck
done 36 months postsurgery showed no resorption with a
maintained tracheal lumen (~Fig. 1f).

She lives a normal life, continues to tolerate a regular
diet, and maintains a preoperative voice quality at the end of
45 months postreconstruction. There is no collapse or steno-
sis of the construct.

Patient 2

A 13-year-old girl earlier treated for papillary carcinoma of
the thyroid 6 years prior. During follow-up imaging, a thy-
roid bed lesion involving the posterior wall of the trachea
and also circumferentially involving the esophagus was
observed (=Fig. 2a). There were multiple bilateral lung nod-
ules. Bronchoscopy did not show any mucosal involvement.
Resection as planned by the head and neck team would entail
segmental resection of trachea as well as a segment of cervi-
cal esophagus.

A staged reconstruction was planned, prefabricating a
RAFF with rib cartilage, and this time, prelamination with
buccal mucosa graft was planned and combined with a jeju-
num flap for the esophagus.

During the first stage, a RAFF was fabricated, partially
elevated, and split ribs around 6 cm in length (~Fig. 2b)
were placed transversely between the fascia and skin
(=Fig. 2c). Prelamination of the marked area of the skin
was done with two harvested strips of the buccal mucosa
(=~Fig. 2d).

Fig. 1 (a) MRI of neck showing the lesion involving the trachea. (b) Fabrication of radial forearm flap with split rib grafts placed parallel to
vascular pedicle. (c) Prefabricated flap prior to transfer. (d) Diagram illustrating the inset of the prefabricate flap. (e) Late postoperative endo-
scopic view of reconstructed prefabricated trachea. (f) CT scan of neck at 36 weeks postoperative, showing the well-maintained tracheal lumen

with the overlying rib construct.
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Fig. 2 (a) CT scan of neck showing a lesion involving the trachea as well as in proximity to the esophagus. (b) Harvested split rib grafts.
(c) Design of the forearm construct with the split rib grafts placed transversely. (d) Prelamination of the construct using buccal mucosal grafts.

(e) Prelaminated and prefabricated radial forearm flap prior to transfer.

Four weeks post the initial surgery, she was planned for
the second stage after noting 80% take of the buccal muco-
sal graft (=Fig. 2e). On exploration, a portion of 2nd and 3rd
tracheal ring cartilage on left side seemed involved along
with the constrictor of esophagus, which were dissected out
keeping the tracheal mucosa intact. The cartilage defect was
closed and covered with strap muscles, which were steps
decided by the head and neck team.

The forearm construct was now redundant and needed
excision. Replacing the defect with a skin graft would have
left a scarred forearm; hence, a free superficial circumflex
iliac artery perforator (SCIP) flap was used to resurface the
forearm.

Discussion

Papillary carcinoma of the thyroid most commonly invades
the strap muscles, with invasion of trachea accounting
for 37%. Survival is improved by complete surgical excision of
the tumor.? Nishida et al®> examined 54 patients with stage II
or higher tracheal invasion who underwent airway resection
or subtotal resection without airway resection and noted
a much higher recurrence rate (79% vs. 8%) and a shorter
mean overall survival (1.5 years vs. 8.7 years) in the subtotal
resection group.

For metastatic disease, surgery is combined with radioio-
dine therapy*

For locally aggressive papillary carcinoma, best outcomes
are achieved with a complete surgical excision. Since the
extent of the tumor was from the cricoid cartilage to the
third tracheal ring, a complete excision would warrant exci-
sion of the cricoid cartilage. The surgical options with cri-
coid involvement were a total laryngectomy, which would
result in permanent loss of her voice. Tracheal resection
and reanastomosis were avoided because of involvement
of only the anterior two third circumference of the trachea
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anteriorly, with functional vocal cords on laryngoscopy and
without involvement of recurrent laryngeal nerve.

Tracheal reconstruction requires a vascularized noncol-
lapsible semirigid construct, with a lining which has the abil-
ity to clear secretions.

Full-thickness tracheal defects up to 2 cm have been
reported to be closed primarily.> Reconstruction with a
soft-tissue flap alone would inevitably collapse, with its
consequences. Use of synthetic prosthesis and scaffolds lead
to formation of obstructive granulation tissue and vascular
erosion.’ Use of porous scaffolds leads to overgrowth of scar
tissue, resulting in obstruction and stenosis.” Commonly
acceptable conduits require a vascularized tissue with either
an autologous or alloplastic support.

Various reconstructive options for the trachea have been
reported, with most being single case reports. Use of vas-
cularized flaps combined with external intraluminal stents
has been reported. Intraluminal stenting with a prosthe-
sis causes constant irritation and inflammatory responses,
resulting in problematic secretions which, in turn, cause
episodes of pneumonia and strictures.® Beldholm et al® in
their case report used a combination of radial forearm flap
with “ultraflex” self-expanding internal stent. The stent was
composed of nickel and titanium alloy. However, the patient
developed proximal stricture, sputum retention, and recur-
rent pneumonia.

A combination of alloplastic material and temporary
internal stent was described by Adam et al’ Four separate
rings of biodegradative resorbable mesh made of glucose
polymer were used to support the tube of radial skin island
from the outside, which was followed by internal stenting for
6 months.

Yu et al® successfully used a conduit composed of radial
forearm flap for lining, with a combined 0.5 mm thick poly-
max resorbable mesh and 26 mm diameter premeshed vas-
cular graft for rigid support. Titanium mesh has also been
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reported in experimental and clinical studies; however, it
carries the risk of infection and extrusion.’

Walles and colleagues! presented a very promising study
of experimental generation of an engineered functional tis-
sue and vascularized trachea. He however concluded that
this study was far from clinical application and needed fur-
ther experimental work. The use of autologous tissues has
the advantage of resisting infection, extrusion, and rejection.
Teng et al'® were the first to use prefabricated radial forearm
flap with costal cartilage for anterior two thirds tracheal
defects, as they placed the costal cartilage grafts in a trans-
verse orientation. We used split rib grafts which have an
inherent elasticity, allowing bending. The grafts were placed
parallel to the vascular axis, presumably avoiding any risk
to the perforators, and interposed between the fascia and
skin. The whole construct was then placed horizontally. In
the second patient, the split rib cartilage grafts were placed
transversely (=Fig. 2c), as suggested by Teng et al,'® without
any compromise to the vascularity of the flap. They rec-
ommended that placing the support grafts in any direction
interposed between the fascia and skin, with intervening
areas of healthy tissue is possible.

Other innovative techniques have been reported. Olias
et al'" described a successful three-stage reconstructive pro-
cedure for tracheal reconstruction. In the first stage, costal
cartilage strips were sutured around a silicone tube and
inserted into the radial forearm territory. In the second stage,
after 10 weeks, the silicone tube was removed, and mucosal
graft was wrapped around it. In the third stage, the microvas-
cular transfer was performed.

To restore the tracheal continuity to its most physio-
logic condition, the soft-tissue lining needs to be supported
by rigid materials that are placed around it, not inside the
lumen.® Ideally, the supporting material should already have
been well-integrated with the soft-tissue lining at the time of
reconstruction to avoid separation of the lining and airway
collapse. This necessitates a two-stage reconstruction, and
prefabrication of the forearm flap with the rib graft is ideal
for this. Prefabrication allows combining different tissue
types not present anatomically in the same region to make
customized composite flaps with an independent vascularity.

In malignant lesions, there is an obvious disadvantage
using staged procedures, with the risk of disease progression
during the interval period. It may be possible to transfer a
fabricated construct from the forearm in a single stage; how-
ever, if prelamination is planned, it would need to be staged.

Costal cartilage is rigid enough to prevent inward collapse,
and it does not absorb over time.!° Patient on follow-up CT
scan did not show resorption or collapse after 36 months
(=Fig. 1). Radial forearm is preferred due to a stable blood
supply and thin skin, making it pliable for prefabrication and
also being amenable to prelamination.

There is a concern with regard to using skin for tracheal
lining, with the possibility of shedding keratin debris in
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the bronchial system and the risk of airway irritation and
infection. Yu et al in their article suggested that long-term
follow-up of their patients tolerated skin lining well, with
no such respiratory symptoms.'? Prelaminating the flap adds
another dimension by adding a moist surface to the “inner”
epithelium, avoiding the risk of desquamation and also the
presence of hairs which may result in mucous trapping.

Free mucosal grafts harvested from the buccal mucosa
was used in our second patient, where the construct was a
composite of split rip grafts lined by prelaminated buccal
mucosa, designed on the RAFF territory.

The extent and dimensions of the anticipated defect
is dependent on the imaging. As observed in our second
patient, close proximity with the trachea was misinterpreted.
So, although the prefabricated and prelaminated construct
was in the forearm, the actual excision resulted in a tracheal
defect much smaller, which could be closed primarily, leav-
ing the forearm construct redundant.

It is necessary to anticipate progression of disease between
the two stages of reconstruction; hence, flaps of a larger dimen-
sion than the anticipated defect needs to be planned. It may be
advisable to repeat an imaging prior to the second stage.

The ideal tracheal reconstruct needs to be reliable to be
safely placed intrathoracically, as complications at this level
would be life-threatening. Although a spectrum of surgical
procedures has been explored, the prefabricated flaps are at
present probably the most reliable option.

Conclusion

Staged radial forearm flap, prefabricated with costal carti-
lage, allowing the costal cartilage graft to get well-integrated
with the soft-tissue of the flap prior to transfer is a feasible
alternative for reconstruction of partial circumference tra-
cheal defects. This may be further improved by prelaminat-
ing this composite with a mucosal graft, so as to mimic the
tracheal defect to be replaced.
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