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Peripheral Nerve KA #I#% 21(2), 2010
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Key Words : artificial nerve (ATL###%), nerve conduit (##&F = —7), regeneration (F4E),
collagen (27 —4%"*), in situ Tissue Engineering (4EfkPIFE4:)

Peripheral Nerve 2010;21(2): 192-196
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# 1 Nerve Guide Tube commercially available
Product Name Company Country Material FDA510k_| ¢ (mm) | L (mm)
1 | Neurotube Synovis LT USA, MN PGA woven corrugated tube 1999 23~8 20 ~ 40
2 | Neurolac Polyganics BV Netherlands | poly (DL-lactide-co-e- caprolactone) | 2003 15~10 30
3 | NeuroGen® Integra NS USA, NJ Collagen 2001 27 20 ~ 30
4 | Neuroflex Stryker/Collagen Matrix | USA, NJ Type I collagen 2001 2=~§ 25
5 | Salu Bridge Salumedica USA, GA Poly (vinyl alcohol) hydrogel 2000 2~10 64
6 | Axo Gen Cook Bioteck USA, IN porcine small intestine 2003 15~7 10

‘Integra provides now NeuraGen tube, similar to previous NeuroGen.
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ORIGINAL ARTICLE

An early mastoid cavity epithelialization technique using a postauricular
pedicle periosteal flap for canal wall-down tympanomastoidectomy

SHIN-ICHI KANEMARU', HARUKAZU HIRAUMI?, KOICHI OMORI?,
HARUO TAKAHASHI* & JUICHI ITO?

! Department of Orolaryngology-Head and Neck Surgery, Medical Research Institute, Kitano Hospital,

Osaka, *Department of Otolaryngology-Head and Neck Surgery, Graduate School of Medicine, Kyoto University,
Kyoto, > Department of Orolaryngology, Fukushima Medical University School of Medicine, Fukushima and * Department
of Otolaryngology, Graduate School of Medicine, Nagasaki University, Nagasaki, Fapan

Abstract

Conclusions: Most ears that were treated with a new surgical method were rendered dry and safe, with cavity problems minimized
by this simple technique. This technique is also valid in terms of medical economy because it shortens the hospitalization period
and subsequent outpatient care is not required frequently. Objectives: Canal wall-down tympanomastoidectomy was a well
established procedure for severe chronic otitis media, especially cholesteatoma. However, this procedure has some defects, so-
called cavity problems, caused by non-epithelialized bony wall. The aim of this study was to evaluate the early epithelialized
technique for the surface of widely formed external acoustic meatus after canal wall-down tympanomastoidectomy. Methods:
Twenty-five patients who had been diagnosed with cholesteatoma were divided into two groups. Group I consisted of 15 patients
who underwent a new method in which the open cavity was lined with a pedicle periosteal flap of the postauricular region together
with free temporal fascia grafts. As a control, 10 patients in group Il underwent the standard operation that uses only free temporal
fascia grafts. Results: A comparison of the two groups showed that it took only 1 month on average for the entire surface of the
external auditory meatus of the patients in group I to epithelialize and dry up perfectly, although the same area in all the patients in
group II was not dried up perfectly until over 80 days.

Keywords: Cavity problems, non-epithelialized bony wall, cholesteatoma, free temporal fascia grafts, postoperative complications

Introduction

The newly formed external acoustic meatus that
results from canal wall-down tympanoplasty is a single
cavity that joins the mastoid cavity. The volume of this
cavity is much larger than that of the original external
acoustic meatus, and it is difficult to completely cover
the surface of the newly formed bony wall by free
temporal fascia grafts alone. Even if the surface
epithelialization of the bony wall is accelerated by
postoperative treatments, a bone-exposed area is
often observed. Furthermore, the remaining non-
epithelialized bony wall is difficult to dry, gets crusty,
and is easily infected, which consequently causes the

recurrence of otitis media [1,2]. We attempted to
completely epithelialize and thereby expedite healing
of the surface of the newly formed bony wall using a
pedicle periosteal flap of the postauricular region
together with free temporal fascia grafts.

The aim of this study was to assess the ability of this
new operative technique to reduce postoperative com-
plications in canal wall-down tympanoplasty.

Material and methods

Twenty-five patients ranging in age from 16 to
78 years who had been diagnosed with cholesteatoma
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underwent a canal wall down tympanomastoidectomy
operation. Fifteen of these patients underwent a new
method in which the open cavity was lined with a
pedicle periosteal flap of the postauricular region
together with free temporal fascia grafts (group I),
and as a control, 10 patients underwent the standard
operation that uses only free temporal fascia grafts
(group II).

All procedures are shown in Figures 1-4. In all
cases, T-shaped external auditory canal plasty was
done during the first stage of the operation. After the
canal wall-down mastoidectomy had been performed,

Figure 1. Skin incision and flap. White arrows, temporal line;
dotted line, posterior wall of the external auditory meatus; X,
mastoid cortex; asterisk, subcutaneous tissue over the mastoid
cortex.

Figure 2. Preparation of the upper and lower layers. Subcutaneous
tissue over the mastoid cortex is separated into two layers with a
scalpel along the white line. Black and white dotted lines indicate
the border of the upper and the lower layers of the subcutaneous
tissue, respectively. White arrows, temporal line; black asterisk,
tympanic membrane; white asterisk, mastoid cavity.
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edens

Figure 3. Combination of the periosteal flap and the free temporal
fascia grafts. White dotted line, lower layer (periosteal flap); black
dotted line, upper layer; white arrows, temporal line; black asterisk,
tympanic membrane; white asterisk, mastoid cavity; black arrow-
heads, free temporal fascia grafts.

Figure 4. No bone exposed in the region of the opened mastoid
cavity. The posterior wall of the open cavity was lined with the
periosteal flap. There is no bone exposed in the region of the
tympanomastoid cavity. White dotted line, lower border of perios-
teal flap; black dotted line, upper layer; white line, border of the
upper and the lower layer; white arrows, temporal line; black
asterisk, tympanic membrane; white asterisk, mastoid cavity; black
arrowheads, free temporal fascia grafts.

the tympanic membrane was repaired with temporal
fascia grafts. In group I, the subcutaneous tissue over
the mastoid cortex was separated into two layers with
a scalpel (Figure 2). The upper layer was composed of
the subcutaneous tissue and the lower layer was the
periosteal flap. Ablation of the subcutaneous tissue
beyond the posterior boundary line of the mastoid-
ectomy had to be performed before this procedure to
obtain a sufficient periosteal flap and to improve its
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mobility. The posterior wall of the open cavity was
lined with this periosteal flap and the remaining bone-
exposed region was completely lined with the free
temporal fascia grafts, which were fixed by fibrin glue
(Figure 4). The upper layer was used to cover the
open cavity of the postauricular region.

The results of both groups were compared as
regards three items, as follows. Item 1: were any
bone-exposed regions present in the newly formed
external auditory meatus on the first day that the
tampon gauze was exchanged postoperatively? Item
2: how many days did the entire surface of the external
auditory meatus take to dry? Item 3: for how many
days did the patients remain in the hospital after the
operation?

Patients were discharged from hospital when they
no longer needed to change the tampon gauze in their
ears and only needed to apply eardrops.

Results

Table I shows the results of the comparison between
groups I and II. For item 1, the tampon gauze was first
exchanged an average of 8.5 days after the procedure
in all patients. In group I, a bone-exposed region was
observed in only one case, which occurred because
the transplanted temporal fascia was out of place. This
dislocated fascia was immediately returned to its
original position. In contrast, bone-exposed regions
were observed in all patients in group II. For item 2, it
took an average of 30.8 days for the entire surface of
the external auditory meatus to dry completely in
group I. In group II, it took an average of
81.4 days for it to dry in six patients. Since the
remaining four patients had bone-exposed regions,
the external auditory meatus could not dry during the

Table I. Results of the comparison between groups I and II.

Group I Group II p value
Item (n=15) (n=10) (Student’s ¢ test)
1 1/15 (6.7%) 10/10 (100%) < 0.001
2 30.8 days 81.4 days* < 0.001
3 18.5 days 29.4 days < 0.005

Group I, the open cavity was lined with a pedicle periosteal flap of
the postauricular region together with free temporal fascia grafts;
group II, the standard operation that uses only free temporal fascia
grafts. Item 1: bone-exposed rate in the newly formed external
auditory meatus on the first day that the tampon gauze was
exchanged postoperatively. Item 2: how many days did the entire
surface of the external auditory meatus take to dry perfectly? Item 3:
for how long did the patients remain in the hospital after the
operation?

*In group II, it took an average of 81.4 days for the entire surface to
dry in 6 of 10 patients. In the remaining four patients, the external
auditory meatus did not dry during the observation period.
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observation period. As regards item 3, group II
patients remained hospitalized for an average of
10 days longer than patients in group 1.

Discussion

There are two major approaches for tympanomastoi-
dectomy: canal wall-up and canal wall-down. The
former is divided into canal wall-up alone and
temporary canal wall-down accompanied by recon-
struction of the posterior wall. Each approach has
advantages and disadvantages [3-5]. Canal wall-
down tympanomastoidectomy is a well-established
surgical procedure for the treatment of chronic otitis
media and severe cholesteatoma in particular [3,6].
However, the newly formed cavity is far larger than
that of the original external acoustic meatus, and
consequently, this approach has negative sequelae
called cavity problems [1,2]. Subsequent outpatient
care is required frequently. Some postoperative com-
plications occur because the bony wall of the open
cavity remains partially non-epithelialized, and phys-
iologically abnormal states such as bone-exposed
regions make the ear susceptible to infection and
relapse. Therefore, early epithelialization of the entire
surface of the bony wall is essential for quick healing
and for prevention of cavity problems.

It is necessary to provide a sufficient blood supply
for the free flap on the bone surface to keep it alive and
to prevent infection. If the entire surface of the open
cavity is covered with only free temporal fascia, its
fascia is too large to prevent necrosis. The maximum
boundary that can supply blood from the original
external auditory skin may be a fascia graft from
the tympanic membrane and its very near surround-
ings. In this case, we have no choice but to leave the
bone exposed in the newly formed posterior wall.

In this study, we epithelialized the entire surface of
the bony wall very early in the procedure by using the
pedicle periosteal flap of the postauricular region. As
this flap has a wide pedicle, it can be supplied with
blood by a postauricular artery. It is located in an
anatomic region that can supply blood to its sur-
rounding free fascia grafts. Since the periosteum is
the contact surface with the bone wall of this flap, a
flap covering the bone is more suitable than other
flaps. Moreover, this technique is very simple and easy
and it does not take so much time for operation.

Most ears were rendered dry and safe, with cavity
problems minimized by this simple technique.
This technique is also valid in terms of medical
economy because it shortens the hospitalization
period and subsequent outpatient care is not required
frequently [7].
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Conclusions

We attempted to completely epithelialize and thereby
expedite healing of the surface of the newly formed
bony wall using a pedicle periosteal flap of the post-
auricular region together with free temporal fascia
grafts in canal wall-down tympanoplasty. This new
operative technique is efficacious to reduce postop-
erative complications in canal wall-down tympano-
plasty and is also valid in terms of medical economy.
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A tissue-engineering approach for stenosis of the trachea and/or cricoid
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Abstract

Conclusion: This new regenerative therapy shows great potential for the treatment of stenosis of the trachea and/or cricoids
(STC). Objectives: To estimate the potential of tissue-engineered artificial trachea (AT) for treatment of STC in clinical
applications. We previously reported that AT was a useful material for implantation into a tracheal defect after resection of
cancer. There are many causes of stenosis of the respiratory tract and STC is particularly difficult to treat. Mezhods: The AT was
a spiral stent composed of Marlex mesh made of polypropylene and covered with collagen sponge made from porcine skin.
Three patients with STC were treated by this tissue-engineering method. All of them suffered from STC caused by long
endotracheal intubations. They underwent a two-stage operation. In the first operation, after resection of the stenotic regions,
the edge of the tracheal cartilage was sutured to the edge of the skin. The tracheal lumen was exposed and a T-shaped cannula
was inserted into the large tracheostoma. At 3 weeks to 2 months after the first operation, the trachea and skin were separated.
The trimmed AT with venous blood and basic fibroblast growth factor (b-FGF) was then implanted into the cartilage defect.
Results: Postoperatively, all patients were able to breathe easily and had no discomfort in their daily activities. Six months after
the second operation, we observed enough air space in the trachea and cricoid by computed tomography (CT) imaging and
fiber endoscopy.

Keywords: Respiratory tract, artificial trachea, basic fibroblast growth factor, regeneration of the trachea, staged operation

Introduction

Stenosis of the trachea and/or cricoids (STC) is a
fibrotic narrowing of the airway at the level of
the cricoid and/or tracheal cartilage, which can result
in severe dyspnea. There are many causes of STC.
Post-intubation and tracheostomy are the most com-
mon causes of acquired STC. In spite of technological
improvements and more skilful patient care in inten-
sive care units, STC still constitutes a serious iatro-
genic sequela after intubation and tracheostomy [1-4].

Although management varies according to different
concepts and techniques, there is no well established
treatment. Following STGC, it is very difficult to rec-
reate an airway structure that allows enough space to
breathe.

Progressive tissue-engineering techniques have
made it possible to regenerate various tissues and/
or organs [5]. According to the concept of tissue
engineering, three elements — cells, scaffold, and
regulatory factors — are essential to regenerate tissues
and/or organs. Depending on the in vivo condition,
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these three elements are chosen and can be applied in
combination [6]. On the basis of this in situ tissue
engineering, our group has developed a new artificial
trachea (AT) scaffold made from a Marlex mesh tube
covered with collagen sponge and has used it suc-

cessfully to repair tracheal defects after resection of .

thyroid cancer. In this clinical study, we investigated
the application of the new AT scaffold for the treat-
ment of STC post-intubation.

Material and methods
Scaffold

The AT scaffold was composed of a spiral stent and
a single sheet mesh (Marlex mesh; CR Bard Inc.,
Billerica, MA, USA) made of polypropylene and cov-
ered with collagen sponge made from porcine dermal
atelocollagen (Nippon Meatpackers Inc., Ibaraki,
Japan) consisting of type I (70%) and type III
(30%) collagen dissolved in a hydrochloric acid solu-
tion, pH 3.0, at a concentration of 1.0% (Figure 1).
A single sheet mesh has a pore size of 260 um. After
collagen coating, the scaffold was freeze-dried with a
freeze dryer (FDU-810; Tokyo Rikakikai Co. Ltd,
Tokyo, Japan), and cross-linked with a vacuum dry
oven (VOS-300SD; Tokyo Rikakikai Co. Ltd).

Patients and surgical procedures

Three patients with STC were treated by this tissue-
engineering method. All of them had suffered from
STC caused by endotracheal intubations. Table I
shows the patient profiles. This new tissue-engineered
treatment for STC was applied to a human in accor-
dance with the IRB guidelines of Kyoto University
and Medical Research Institute, Kitano Hospital.

Figure 1. Tissue-engineered artificial trachea (AT) scaffold.
(a) Framework of the AT scaffold. Black arrow indicates a spiral
stent. Black dotted arrow indicates a single sheet mesh. These
materials are made of polypropylene. (b) Framework of the AT
scaffold is covered with collagen sponge made from porcine dermal
atelocollagen.

34

All subjects underwent the same two-stage opera-
tions. In the first operation, after resection of the
stenotic regions, the edge of the tracheal cartilage
was sutured to the edge of the skin. The tracheal
lumen was exposed and a T-shaped cannula was
inserted into the large tracheostoma. At 3 weeks to
2 months after the first operation, the trachea and skin
were separated and the AT was trimmed. Venous
blood and basic fibroblast growth factor (b-FGF)
(Fibrast; Kaken Pharmaceutical Co. Ltd, Tokyo,
Japan) was then implanted into the cartilage defect.
The artificial material was sutured to the edge of the
trachea. Figure 2 shows the operative procedures.

Assessment

Endoscopic examination was performed periodically
to observe regeneration of the AT implanted site with
a video-endoscope system (BF typelT 240, CV240,
CLV-U40D, Olympus Co., Tokyo, Japan). Whole
images of the reconstructed site were estimated by
computed tomography (CT) 6 months after the
second operation.

Results

Postoperatively, all patients were finally able to breathe
easily and had no discomfort in their daily activities.
Six months after the second operation, we observed
enough air space in the trachea and the cricoid by CT
imaging and a fiber endoscope (Figure 3).

Discussion

There are many causes of STC. The most frequent
cause of STC is post-intubation. The long-term
mechanical stress of intubation causes a deficiency
of blood and necrosis of tracheal cartilage. This leads
to cicatrization of the necrotic region and results in
cicatricial stenosis. Once this chain reaction begins in
the tubular trachea, it is very difficult to stop its
progression. The rates of STC following tracheos-
tomy and laryngotracheal intubation have been
reported to range from 0.6% to 21% and 6% to
21%, respectively [7].

Tracheal resection followed by end-to-end anasto-
mosis is a well-established technique performed under
well-established indications. High success rates of over
70% have been reported [1,2,4,7]. However, in cases
where long tracheal segments are to be resected, end-
to-end anastomosis cannot be adapted. Also, lesions
that involve the infraglottic larynx and the upper
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Table I. Patient profiles.
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Case no. Age (years) Sex Cause of STC Adverse conditions

1 71 F EI after traffic accident Infection (MRSA)
Asthma

2 39 F EI after status asthmaticus Infection (MRSA)
Atopic dermatitis
Asthma

3% 45 M EI after inhalation burn Infection (MRSA)

Autoimmune renal failure

EI, endotracheal intubation; MRSA, methicillin-resistant Staphylococcus aureus; STC, stenosis of the trachea and/or cricoids.
*Patient no. 3 also had stenosis of vocal fold as a complication of inhalation burn.

Figure 2. Operative procedure of the second-stage operation. (a) Trimmed artificial trachea (AT) scaffold: AT was trimmed for the size and the
shape of the tracheal defect. (b) Trimmed AT scaffold with venous blood and basic fibroblast growth factor (b-FGF). Venous blood and
b-FGF were added to the AT immediately before suturing to the trachea. (c) After separation of the trachea and skin. White arrow indicates
intubation tube. White dotted arrow indicates the defective region of tracheal cartilage. (d) Trimmed AT scaffold with venous blood and
b-FGF was sutured to the defective region of tracheal cartilage with 3-0 absorbable thread.

zbz g"’:&

Figure 3. CT scan air-emphasized images of trachea before and
after operation. (a) Case no. 2 before operation. A cannula was
inserted in the region of STC (black arrows); black triangle indi-
cates the stomal orifice. (b) Case no. 2 after operation. Although the
region of STC remains, the inner space of the trachea (black dotted
arrows) is maintained without the cannula.
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trachea are much more difficult to repair surgically
[1-3,7]. In this study, all cases involved long resections
of the trachea with cricoid. In case no. 2, it proved
particularly difficult to maintain the inner space of the
trachea because of necrosis of a long tracheal segment.

Even now, there is no definite and successful treat-
ment for severe cases like those presented here. Major
variations in the treatment of STC consist of recon-
structive material, the way the operation is performed,
and postoperative sequelae. Although autologous tis-
sues such as cartilage are the best reconstructive
materials available, it is impossible to obtain them
in enough volume and of adequate shape. On the
other hand, artificial materials are inferior to autolo-
gous tissues as regards affinity and anti-infection.
Considering these points, the AT used here is near
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to an ideal biomaterial. We have previously reported
that our AT had high affinity, sufficient volume, good
shape, and mechanical strength equal to normal
trachea. Moreover, we confirmed by histological
examination that the luminal surface of recon-
structed trachea had a normal mucosa with cilia
[8-11].

After successful outcomes of animal experiments,
we applied AT as a regenerative biomaterial for
repairing tracheal defects after resection of cancer
in humans [12,13]. These clinical applications suc-
ceeded in all cases because most of the trachea itself
was normal, except for small cancer invasive regions.
However, most patients with STC have adverse con-
ditions, including infections such as methicillin-
resistant Staphylococcus aureus (MRSA), asthma,
and systemic diseases. The cases presented here
have these unfavorable conditions, which prevent
the trachea from regenerating.

According to the concept of in situ tissue engineer-
ing, for regeneration of tissues/organs it is necessary to
arrange three elements — cells, scaffolds, and regula-
tory factors — in favorable conditions [5,6]. In this
clinical study, we arranged two of the elements,
scaffold and regulatory factors, because cells were
supplied from the host tissue. In addition, to create
the best regenerative conditions, we selected a two-
staged operation. The purpose of the first operation
was to enlarge the region of STC, allow early epithe-
lialization of its luminal side, and prevent infection.
After creating these suitable conditions, we implanted
AT with b-FGF in the second operation. This two-
staged operation may be a good strategy for severe
cases of STC.

Basic FGF is a regulatory factor that plays an
important role in regeneration of the trachea. In
normal tissues, b-FGF is present in basement mem-
branes and in the subendothelial extracellular matrix
of blood vessels [14]. It stays membrane-bound as
long as there is no signal peptide [15]. It has been
hypothesized that during wound healing of normal
tissues or during tumor development, the action of
heparan sulfate-degrading enzymes activates b-FGF
and mediates the formation of new blood vessels, a
process known as angiogenesis [14—16]. Administra-
tion of b-FGF may therefore be effective in early
stages of the regenerative process [17-19]. Collagen
sponge, which is a component of AT, could pro-
vide not only inducer for cell migration from host
tissue but also sustained release of b-FGF [20].
Basic FGF may be not suitable to repair tracheal
defects after resection of cancer as it may contribute
to tumor recurrence, but there is no such risk in
the treatment of STC caused by prolonged intuba-
tions [16].
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Conclusions

We applied tissue-engineered AT and b-FGF for the
treatment of STC [2]. A two-stage operation for the
treatment of severe STC may provide better regen-
erative conditions [3]. This new regenerative therapy
shows great potential for the treatment of STC.
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