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INTRODUCTION:  Tracheocutaneous  fistula  is a complication  of  tracheostomy.  Tracheocutaneous  fistulec-
tomy  followed  by  primary  closure  carries  a high  possibility  of complications.
PRESENTATION  OF  CASE:  An  11-year-old  boy  underwent  surgery  to  repair  a  tracheocutaneous  fistula,  using
skin and  muscle  flaps.  A vertical  incision  was  made  around  the  fistula  and  3 skin  flaps  were  prepared:  2
hinge  flaps,  and  1 to  cover  the  skin  defect  (advanced  flap).  The  2  hinged  turnover  flaps  were  invaginated
by  multiple  layered  sutures,  and a strap  muscle  flap  was  placed  over  the  resulting  tracheal  closure.
An  advanced  skin  flap  was  used  to cover  the  area  of the  previous  defect.  The  patient  was  extubated
immediately  after  surgery.  He  was  discharged  on the sixth  postoperative  day  without  tracheal  leakage
racheocutaneous fistula or subcutaneous  emphysema.  The  patient  is  currently  doing  well,  with  no  respiratory  symptoms  and  no
recurrence  at  the  postoperative  5 months.
DISCUSSION:  Our  technique  is  minimally  invasive  and  has  a low  risk  of lumen  stenosis,  other  complica-
tions,  or  recurrence.
CONCLUSION:  This  technique  demonstrates  the  multiple-layered  closure  of  a tracheocutaneous  fistula,
using skin  flaps  and  a muscle  flap.

© 2012 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.
. Introduction

Tracheocutaneous fistula is a complication of tracheostomy, and
an be cosmetically unappealing and socially problematic. Tracheo-
utaneous fistulectomy followed by primary closure carries a high
ossibility of pneumomediastinum, pneumothorax, and wound
reakdown.1,2 We  describe a surgical procedure for closing a tra-
heocutaneous fistula, using skin and muscle flaps, to prevent both
omplications and recurrence.

. Presentation of case

A now 11-year-old boy was admitted to an outside hospital at
he age of 2 months for respiratory distress, where he underwent
ntubation. Further examination revealed that he was  suffering

rom tricuspid atresia, a ventral septal defect, and pulmonary
tenosis; he underwent a bidirectional Glenn procedure and
reation of an atrial septal defect. Following this operation, he was
iagnosed with subglottic stenosis due to technical difficulties with
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extubation. He received a tracheostomy at the age of 6 months.
When he was  4 years old, he underwent laryngotracheoplasty
using costal cartilage, which led to successful extubation at the
age of 5 years. He subsequently underwent a total cavopulmonary
connection with Gore-Tex, but a tracheocutaneous fistula had
developed and was  persistent.

He was referred to our hospital for primary closure of the fistula.
Physical examination revealed a tracheocutaneous fistula, measur-
ing 10 mm × 2 mm (Fig. 1a). Preoperative computed tomography
(CT) showed that the fistula ran obliquely and was 2 cm in length,
3 mm in width, and 5 mm in height (Fig. 1b). Preoperative flexi-
ble fiberoptic endoscopy showed that the tracheal lumen was  not
stenotic and the tracheal wall was not inverted. A 10 Fr Nelaton
catheter was  easily passed through the fistula into the tracheal
lumen (Fig. 1c). After closure of the long tracheocutaneous fistula,
intraoperative flexible fiberoptic endoscopy showed that the tra-
cheal lumen remained non-stenotic and the tracheal wall had not
become inverted during surgery (Fig. 1d).

The patient was  extubated immediately after surgery. He was
discharged on the sixth postoperative day without tracheal leakage
or subcutaneous emphysema. One month after surgery, exam-
ination showed a well-healed repair and CT revealed that the

tracheocutaneous fistula was  completely closed, without any evi-
dence of tracheal stenosis (Fig. 2a and b). The patient is currently
doing well, with no respiratory symptoms and no recurrence at the
postoperative 5 months.

. All rights reserved.
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Fig. 1. Physical examination, preoperative computed tomography (CT), and pre- and intraoperative bronchoscopy. (a) Physical examination showing a tracheocutaneous
fistula  of 10 mm × 2 mm (black arrow). (b) Preoperative CT showing an oblique tracheocutaneous fistula 2 cm in length (white arrow). (c) Preoperative flexible fiberoptic
endoscopy showing a nonstenotic tracheal lumen and a non-inverted tracheal wall. A 10 Fr Nelaton catheter is visible passing into the tracheal lumen through the fistula
(black  arrow). (d) Intraoperative flexible fiberoptic endoscopy showing the tracheal lumen is not stenotic and the tracheal wall is not inverted after repair.

Fig. 2. Postoperative findings. (a) One month after repair, the wound was  well-healed. (b) CT showing the completely closed tracheocutaneous fistula without tracheal
stenosis (white arrow: closure of a tracheocutaneous fistula).
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Fig. 3. Schematic of operative procedures. (a) A vertical, longitudinal, spindle-shaped skin incision is created around the tracheocutaneous fistula. Hinge flaps are created to
the  right and left of the fistula, and an advanced skin flap (black arrow) is prepared to cover the skin defect. (b) The hinged turnover flaps are sutured with 5-0 polydioxanone to
make  an inner lining for the trachea. (c–e) The subcutaneous tissues around the fistula are sutured with 4-0 nylon in 4 layers; the multiple layered hinge flaps are invaginated
into  the fistula. (f) A right-sided sternohyoid muscle flap (black arrow) is rotated over the closed fistula and fixed in place. The platysma is closed and the rotated skin flap
(advanced flap) sutured (black arrowhead).
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. Operative procedures

A vertical, longitudinal, spindle-shaped incision was made in
he skin around the tracheocutaneous fistula. Three skin flaps were
repared, including hinge flaps on the right and left sides of the fis-
ula, with the third flap (advanced flap) to the right of the hinge
aps to eventually cover the skin defect (Figs. 3a and 4a). Dis-
ection was carried down to the peritracheal area, preserving an
rea of fibrotic subcutaneous tissue around the fistula (Fig. 4b).
he hinged turnover flaps were sutured with 5-0 polydioxanone
o make an inner lining for the trachea (Figs. 3b and 4c).  The sub-
utaneous tissues around the fistula were then sutured with 4-0
ylon, using 4 layered sutures to invaginate the hinged flaps into
he fistula (Figs. 3c–e and 4d). A right-sided sternohyoid muscle
ap was then rotated into the closed fistula and fixed in place
Fig. 4e). A 6 mm  Penrose drain was inserted to prevent subcuta-
eous emphysema or hematoma formation. Finally, the platysma
as closed and the advanced skin flap was rotated to cover the

urgical area (Figs. 3f and 4f).  The Penrose drain was removed
fter 24 h.

. Discussion

Several techniques are used to close tracheocutaneous
stulae.1–9 These include multiple layered primary closure
ith partial fistulectomy,3 bipedicle delayed flap closure with
rimary inversion of the edges of the fistula (fistulectomy with

ealing by secondary intention),1 closure by transplantation of
n ear cartilage graft with muscle and fasciocutaneous flaps,4 and
levation and inward rotation of the epithelial lining of the tracheo-
utaneous fistula as a marginal flap, using a hinged turnover flap,
with an additional V-Y advancement flap.2,5–9 It has been reported
that primary closure with excision of the fistula tract down to the
level of the trachea may  result in tracheocele, pneumopericardium,
pneumothorax, and pneumomediastinum.1,2,10–12

Closure with a turnover flap of skin and fibroadipose tissue
means that the defect in the tracheal lumen is covered by the outer
surface of the cutaneous flap. This minimizes the suturing required,
and results in fewer problems with insufficiency of the repair.5–9

The epithelial layer of the hinged flap will eventually be replaced
with a mucosal layer.6

Even though with invagination of two hinged turnover flaps
into the fistula, using multiple layered sutures, it is possible to
avoid narrowing the tracheal lumen. In addition, the strength of
this closure could be disrupted by a sudden elevation of airway
pressure such as that which accompanies paroxysmal coughing.9

Furthermore, a strap muscle flap was utilized to reinforce the fistula
closure.3,5

By using an advanced skin flap or a skin flap by subcutaneous
Z-plasty with which to cover the repair site, the suturing lines of
the tracheal defect and the suturing lines of the skin defect are
not in parallel, helping to prevent recurrence of the fistula. When
the orfice of the tracheocutaneous fistula is large or the sacrring
around the tracheocutaneous fistula is strong, Z-plasty may  be
more advantage. However, our technique is better and minimally
invasive when the orfice of the tracheocutaneous fistula is small or
the elasticity around the tracheocutaneous fistula is good. In our
technique, it is important to make the repair flap thick, using mul-

tiple layers of suturing, to prevent leakage and to get successful
results using this technique.9 But our technique will carry the pos-
sible difficulties of making skin flaps by the direction of the previous
incisional scars.
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Fig. 4. Intraoperative findings. (a) The longitudinal spindle-shaped skin incision is created vertically around the tracheocutaneous fistula. Two hinge flaps are created: 1 on
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he  right side of the fistula and 1 on the left side of the fistula. An advanced skin fla
eritracheal area, preserving an area of fibrotic subcutaneous tissue around the fistu
rachea. (d) The subcutaneous tissues around the fistula are sutured with 4-0 nylo
hen  rotated to cover the area of the closed fistula. (f) The platysma is closed and th

. Conclusion

We  present a case demonstrating the technique of multiple-
ayered closure of a tracheocutaneous fistula, using skin flaps and

 muscle flap. This technique avoids the complications generally
ssociated with the closure of such defects.
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