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Abstract

Objective: The treatment of laryngotracheal stenosis is a major therapeutic challenge. Various
treatments include observation, medical management, and surgical management. The most
effective surgical management is resection and reconstruction. To the authors’ knowledge,
no reports have described the use of xenogenic acellular dermal matrix (ADM) for laryngotracheal
stenosis.

Methods: A 27-year-old man presented with hemoptysis of the neck due to a traffic accident.
Emergency orotracheal intubation was performed. Tracheostomy was then performed under local
anesthesia. Computed tomography revealed fractures of the right thyroid cartilage and posterior
arc of the cricoid cartilage and stenosis of the subglottis and first and second tracheal rings.
We used a composite hyoid—sternohyoid osseomuscular flap with xenogenic ADM and a straight
silicone tube as a lumen stent to reconstruct the laryngotracheal stenosis.
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Results: Surgical recovery was uneventful. The tracheotomy opening was changed to a metal tube
5 days postoperatively. Four months postoperatively, the silicone tube was endoscopically
removed under local anesthesia. The patient was decannulated 20 days later. The patient satisfied
with his voice, respiration, and deglutition at the 16-month postoperative follow-up.

Conclusion: The use of ADM for laryngotracheal stenosis may reduce the growth of granulation

tissues and promote the repair process.
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Introduction

Laryngotracheal stenosis mainly occurs after
intubation,’ tracheostomy,2 or trauma.>*
The treatment of laryngotracheal stenosis is
a major therapeutic challenge. Various treat-
ments include observation, medical manage-
ment, and surgical management.! The most
effective surgical management is resection
and reconstruction.” Laryngeal stents are
used to maintain the laryngotracheal lumen
following surgical resection or reconstruc-
tion." A T-tube is commonly used both as a
stent and for tracheostomy.”” A straight
silicone tube is also used for endoscopic
treatment of laryngotracheal stenosis because
it can be easily removed.

A composite hyoid—sternohyoid osseo-
muscular flap is commonly used to support
the injured laryngotracheal framework,
especially when the anterior cricotracheal
architecture has been destroyed by trauma
or chondritis.*'®  Xenogenic acellular
dermal matrix (ADM) was recently used to
repair a tracheal defect caused by resection
of a tracheal tumor.'" To the authors’
knowledge, however, no reports have
described the use of ADM to treat laryngo-
tracheal stenosis.

We herein report the successful applica-
tion of a composite hyoid-sternohyoid
ossecomuscular flap with xenogenic ADM
and a straight silicone tube as a lumen stent

to reconstruct laryngotracheal stenosis

caused by accidental trauma.

Case report

A 27-year-old man presented with sudden
breathing difficulty and short unconscious-
ness due to a traffic accident and was
transferred to the emergency room of the
People’s Hospital of Jiangshan City
(Zhejiang Province, China) on 2 February
2015. Emergency orotracheal intubation
was performed. His consciousness recovered
several minutes after intubation. Emergency
computed tomography (CT) showed frac-
tures of the right thyroid cartilage, edema
and narrowing of the laryngeal cavity,
and subcutaneous emphysema in the neck.
On 3 February 2015, he was referred to
the Department of Otorhinolaryngology.
On 4 February 2015, tracheostomy was
performed under local anesthesia. On 24
February 2015, he was referred to the
Department of Otorhinolaryngology (First
Affiliated Hospital, College of Medicine,
Zhejiang University, China). Physical exam-
ination showed that the right thyroid cartil-
age was collapsed; the left thyroid cartilage
was unaffected and the tracheostomy was
unobstructed. Laryngoscopy showed granu-
lation tissue in the laryngeal -cavity.
CT revealed fractures of the right thyroid
cartilage and posterior arc of the cricoid
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cartilage and stenosis of the subglottis and
first and second tracheal rings (Figure 1).
The patient underwent surgical repair
under general anesthesia on 4 March 2015.
The operation started with a primary trache-
ostomy incision. A U-shaped platysma
muscle flap was elevated and careful dissec-
tion of the strap muscles was performed,
thus exposing the thyroid, cricoid cartilages,
and first through third tracheal rings.
The anterior arch of the cricoid cartilage
was fractured and crumpled. A midline
incision into the laryngeal cavity, lumen of
the cricoid cartilage, and first and second
tracheal rings exposed the affected area. The
inferior aspect of the right thyroid cartilage
and posterior arch of the cricoid cartilage
were fractured. Granulation tissue was
removed from the laryngeal cavity, lumen
of the cricoid cartilage, and first through
third tracheal rings (above the tracheos-
toma). The fracture of the inferior aspect
of the right thyroid cartilage was reduced.
The fractured anterior cricoid cartilage was
excised, and the posterior cricoid cartilage
was split in the center. The remaining
bilateral anterior cricoid cartilages were
sutured toward the strap muscle laterally
(Figure 2(a)). A straight silicone tube

(single-use chest drainage tube, outside
diameter = 1 cm; Suzhou Jingle Polymer
Medical Apparatus Co., Ltd., Suzhou City,
China) was inserted into the reconstructed
lumen between the subglottis and tracheot-
omy opening for use as a lumen stent
(Figure 2(b)). The two ends of the silicone
tube were fixed to the neck skin by a
through-and-through braided absorbable
suture  (Polysorb, CL-915; Covidien,
Mansfield, MA). A 2.0- x 2.5-cm piece of
ADM (Yantai Zhenghai Biotechnology,
Ltd., Yantai City, China) was used to cover
the silicone tube (Figure 2(c), (d)). The lateral
margins of the ADM were sutured to the
tracheal and cricoid mucosa. The hyoid
bone was then exposed and cut along the
midline. A left composite hyoid bone—
sternohyoid muscle flap was prepared. The
vascular supply from the superior thyroid
artery mediolateral to the composite hyoid—
sternohyoid osseomuscular flap and the
fascia of the sternohyoid muscle were care-
fully preserved (Figure 3(a)). The composite
hyoid-sternohyoid osseomuscular flap was
interposed into the cut edges of the anterior
cricoid cartilage and tracheal rings and fixed
by polydioxanone suture (Figure 3(b)). The
wound was closed in layers.

(b)

Figure |. Computed tomography examination. Fractures were present in (a) the right thyroid cartilage (red
arrow) and posterior arc of the cricoid cartilage (black arrow). (b, c) Stenosis was present in the subglottis and

first and second tracheal rings.
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Figure 2. Surgical procedures. (a) The remaining bilateral anterior cricoid cartilages were sutured toward
the strap muscle laterally. (b) A straight silicone tube was inserted into the reconstructed lumen between the
subglottis and tracheotomy opening for use as a lumen stent. (c, d) A 2.0- x 2.5-cm piece of acellular dermal
matrix was used to cover the silicone tube.

Figure 3. Construction of the composite hyoid—sternohyoid osseomuscular flap. (a) The hyoid bone was
cut along the midline. The left composite hyoid bone—sternohyoid muscular flap was prepared. (b) The
composite hyoid—sternohyoid osseomuscular flap was interposed.
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Results

The patient’s postoperative course was
uneventful. The disposable tracheal tube
was changed to a metallic tube after 5 days
because the disposable tracheal tube
was easily occluded by dried mucus and
sputum. The inner portion of the metallic
tube was cleaned and disinfected regularly.
Laryngoscopic examination showed that the
laryngeal lumen was unrestricted. CT exam-
ination 1 month after surgery showed that
the lumens of the larynx and trachea
were patent and that the silicone tube
was correctly aligned (Figure 4(a), (b)).
Four months after surgery, the silicone
tube migrated into the right bronchus
because the nylon sutures were absorbed

(Figure 4(c)) (this occurred because space
was present between the metallic tube and
silicone tube as shown in Figure 2(b)). The
silicone tube was endoscopically removed
under local anesthesia (Figure 4(d)). Twenty
days later, the patient was decannulated.
CT showed that the airway was patent
(Figure 4(e), (f)). Three months after decan-
nulation, laryngoscopy showed that the
laryngeal cavity was no longer stenosed
and that the motivation of the left vocal
cord was fixed. The patient was satisfied
with his voice, respiration, and deglutition at
the 16-month follow-up.

This study was approved by the local
ethics committee (institutional review board
no. 2016491) of the First Affiliated Hospital,
College of Medicine, Zhejiang University

Figure 4. Follow-up. (a, b) Computed tomography examination | month after surgery showed that the
lumens of the larynx and trachea were patent and that the silicone tube was correctly aligned. (c) Four months
after surgery, the silicone tube had migrated into the right bronchus because the nylon sutures were
absorbed. (d) The silicone tube was endoscopically removed under local anesthesia. (e, f) Computed
tomography showed that the airway was patent 20 days after decannulation (arrow: composite hyoid).
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(Hangzhou City, China), and informed
consent for publication was obtained from
the patient.

Discussion

ADM is a biological material that has been
mainly used to repair small defects in otorhi-
nolaryngology-head and neck surgery, such
as nasal septal mucosal defects,'? anterior
skull base defects,'® tympanoplasty,'* and
reconstruction of defects from head and neck
tumors.'">17 Li et al.'' recently reported
that xenogenic ADM was successfully used
to repair defects after resection of half of the
tracheal circumference in two patients with
tracheal adenoid cystic carcinoma. They
suggested that the use of ADM can avoid
damage to the donor site without severe
anastomotic stricture or fistula formation.
In the present case, we used ADM combined
with a composite hyoid—sternohyoid osseo-
muscular flap and straight silicone tube. The
patient was successfully decannulated and
achieved satisfactory phonation, respiration,
and deglutition. In our case, the ADM was
used to cover the straight silicone tube and
sutured to the tracheal and cricoid mucosa.
ADM, as a smooth membrane, may separate
the tube from the composite hyoid bone—
sternohyoid muscular flap and laryngotra-
cheal mucosa. This management may reduce
the growth of granulation tissue. The
advantages of ADM include its resistance
to infection and good biocompatibility and
mechanical properties. Thus, ADM may lead
to tissue regeneration and a reduction in
granulation formation."!

Although we applied ADM combined with
a classic composite hyoid bone—sternohyoid
muscular flap and straight silicone tube in
only one patient with traumatic laryngotra-
cheal stenosis, the therapeutic outcome was
satisfactory and this technique was simple,
safe, and feasible.

As early as 1981, Freeland'® successfully
applied a composite hyoid-sternohyoid

graft to the repair of subglottic stenosis
combined with a silastic mold for internal
support. However, the composite hyoid—
sternohyoid graft technique has not been
widely accepted by surgeons for treatment of
laryngotracheal stenosis.® Surgical treat-
ment of laryngotracheal stenosis includes a
number of techniques depending on the
site and extent of the airway pathology.'**°
The most commonly used surgical technique
is laryngotracheal airway reconstruction.
Others include tracheal resection, cricotra-
cheal resection, slide tracheoplasty, and
endoscopic management (laser ablation
and balloon dilatation).'?!

These techniques have both advantages
and disadvantages. Open surgical resec-
tion always involves the placement of a
stent, either temporarily or permanently.>?
Tracheostomy is the simplest stent place-
ment technique; however, it is not the most
effective and always leads to chronic cough-
ing and production of secretions.”? The
T-tube is widely used as a temporary stent.
Its main advantage is its ability to protect
the patency of the lumen and its stability.™°
It can also be used both as a stent and for
tracheostomy. Some experts have intro-
duced grafts during reconstruction of lar-
yngotracheal stenosis to reduce the required
stenting duration.?® Cartilage is the most
commonly used graft material and includes
the costal cartilage, thyroid ala, auricular
cartilage, and septal cartilage.’>?' Among
these cartilages, the costal cartilage is the
most widely used because it may minimize
the risk of graft prolapse into the airway and
increase the intraluminal diameter of the
airway.?”> However, costal grafts require two
skin incisions, the decannulation rate is
variable, and this technique may be unfamil-
iar to head and neck surgeons. Other disad-
vantages include the risk of infection and
extrusion.”® Zhi et al.>® reported that the
decannulation rate was 74.1% using laryn-
gotracheal airway reconstruction with a rib
cartilage graft interposition technique.
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The average decannulation time was 6
months. Decannulation failed in 15 patients
because of wound infection followed by
rib necrosis or granulation tissue forma-
tion and restenosis. Terra et al.>* reported
that the decannulation rate was 80%
using this technique. The mean decannula-
tion time was 23.4 months (range,
4-55 months). Decannulation failed in four

patients because of tracheomalacia or
restenosis.
The wuse of a composite hyoid—

sternohyoid graft in the repair of subglottic
stenosis has also produced satisfactory
results.* ' Freeland et al.'® reported that
the decannulation rate was 90% using a
composite hyoid—sternohyoid graft, and the
decannulation time was 4 months. Keghian
et al.’ reported that the decannulation
rate was 100% using a composite hyoid—
sternohyoid graft, and the decannulation
was also 4 months. The advantages of this
technique include the absence of a risk of
graft rejection because the hyoid bone is
an autologous material, the requirement
for only one incision because the bone
graft is near the stenosis and within the
same operative field, and the minimal risk to
damage to the recurrent laryngeal nerves.®’
Additionally, it is an easy, feasible, and
effective technique for reconstruction of
laryngotracheal stenosis. The decannulation
time seems to be shorter than that associated
with the costal graft technique.®’ However,
the use of a composite hyoid—sternohyoid
graft also has some limitations and disad-
vantages. This technique is not suitable
for patients who have undergone total
thyroidectomy or radiotherapy in the anter-
jor cervical area.®® The graft also requires a
T-tube for internal support, increasing the
risk of granulation formation and occlusion
by dried mucus and sputum.®’ Keghian
et al.” reported that the use of a composite
hyoid-sternohyoid graft was only applied to
stenosis involving either the cricoid cartilage
alone or the cartilage and first tracheal rings.

This technique requires preservation of the
vascular pedicle to supply the hyoid bone
graft. In 2014, Mizokami et al.® modified the
classic composite hyoid—sternohyoid graft
using the unilateral sternohyoid muscle as
pedicle into bilateral thyrohyoid muscles as
the pedicles to supply the blood. This novel
composite hyoid—sternohyoid graft may be
interposed with the longish hyoid bone graft
in a transverse direction to widen the
lumen.®' In the present case, we success-
fully applied a composite hyoid—sternohyoid
osseomuscular flap with xenogenic ADM
and a straight silicone tube to manage
traumatic laryngotracheal stenosis. The sili-
cone tube was removed 4 months post-
operatively, and decannulation was
performed about 5 months postoperatively.

In conclusion, we treated a patient with
traumatic laryngotracheal stenosis using a
composite hyoid-sternohyoid osseomuscu-
lar flap with xenogenic ADM and a straight
silicone tube. The patient was successfully
decannulated and achieved satisfactory
phonation, respiration, and deglutition.
ADM used in laryngotracheal stenosis may
reduce the growth of granulation tissue and
effectively promote the repair process. This
technique has some limitations: the outside
diameter of the silicone tube might be small,
leading to its migration into the trachea;
additionally, the time until absorption
of ADM is short, which might lead to
granulation tissue formation. The fixation
suture for the silicone tube should be
nonabsorbable. The two ends of the sili-
cone tube should be unobstructed to facili-
tate the patient’s respiratory and phonation
after surgery. The role of ADM in the
management of laryngotracheal stenosis
should be further evaluated in larger-scale
studies.
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