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How I Do It
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INTRODUCTION
In properly selected patients, the use of a voice

prosthesis placed in a surgically created tracheoesopha-
geal fistula (TEF) is a successful and desirable method
of postlaryngectomy vocal rehabilitation. The long-term
success rate for tracheoesophageal speech is high, rang-
ing from 70% to 95%.1,2 Unfortunately, some patients
develop complications that include: migration and pro-
gressive enlargement of the puncture, persistent or
recurring infection of the fistula site, aspiration pneumo-
nia, aspiration of the prosthesis, vertebral osteomyelitis,
and tracheal stomal and esophageal stenosis. The overall
complication rate of TEF is 20% to 72%.3

One common complication of TEF is chronic leakage
around or through a tracheal esophageal prosthesis
(TEP), which leads to chronic aspiration. This occurs in
7% to �42% of patients.4 The TEF may enlarge, causing
salivary leakage around the prosthesis, or the prosthesis
may malfunction with leakage of contents through the
prosthesis. If the TEF has become too large, the prosthe-
sis can be removed, allowing spontaneous contracture,
and then replaced. Alternatively, a larger diameter TEP
can be placed. For a malfunctioning prosthesis, there
are a variety of styles and brands that can be trialed to
determine which type best suits a patient’s needs. When
these measures fail and leakage persists, the medical
team often chooses to close the TEF and pursue an alter-
native method of communication.

Only 5% of TEFs require surgical closure.5 More
than 90% respond to conservative measures.5 Surgical
closure of a TEF can be complicated by patient factors
such as advanged age, medical comorbidities like diabe-
tes and hypothyroidism, immunosuppression, infection,
and mechanical trauma. Additionally, this population
has often undergone chemoradiation, which further com-
promises wound healing.

Multiple surgical techniques have been described for
the closure of TEFs, which attests to the potential diffi-
culty of this problem. We describe a simple and highly
effective technique of TEF closure with a two-layer tra-
cheal-esophagoplasty and tracheal advancement.

The patient is an 86-year-old male who underwent
a total laryngectomy and partial esophagectomy for
esophageal cancer 8 years ago. He suffered persistent
leaking around his TEP for over 3 years. He trialed sev-
eral different brands of voice prosthesis without success,
and removed his TEP for extended periods to allow spon-
taneous closure, also without success. He learned to use
an electrolarynx and was satisfied with this mode of
communication. His past medical history is significant
for multiple comorbidities, including peripheral vascular
disease, chronic obstructive pulmonary disease, conges-
tive heart failure, atrial fibrillation, cardiac pacemaker,
and hypertension. Because he failed more conservative
measures, he was offered surgical closure of the TEF. A
two-layer tracheal-esophagoplasty and tracheal advance-
ment technique was used. The patient had an
uncomplicated hospital stay, and a modified barium
swallow at 1 week showed no leak or stricture, and the
patient advanced to a regular diet. The senior authors
have performed this operation on six patients and
successfully closed their TEFs.

SURGICAL TECHNIQUE
General anesthesia is induced via an endotracheal

tube through the stoma site (Fig. 1A). A 230� circumfer-
ential incision is made at the tracheo-cutaneous junction
at the superior aspect of the stoma to dissect free the
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posterior tracheal wall (Fig. 1B). This dissection is best
started at the cartilaginous–membranous junction of the
lateral trachea, which allows straightforward identifica-
tion of the tracheal rings. When the appropriate plane is

determined, the dissection can be extended to separate
the posterior tracheal wall from the esophagus or neo-
pharynx, taking care to preserve the lateral blood supply
to the trachea. The TEF tract is isolated (Fig. 1C) and

Fig. 1. Two-layer tracheal-esophagoplasty and tracheal advancement. (A) Preoperative drawing of the tracheoesophageal fistula. The superior
aspect of the stoma (the posterior wall of the trachea) is to the top of the photo, and the inferior aspect of the stoma (the anterior tracheal wall)
is to the bottom of the photo. The sagittal cutaway view demonstrates the relationship of the trachea to the esophagus/neopharynx. (B) A cir-
cumferential incision of approximately 230� is made at the superior aspect of the stoma at the tracheocutaneous junction. The dissection sepa-
rates the posterior tracheal wall from the esophagus or neopharynx. (C) The tracheoesophageal fistula tract is isolated with a vessel loop. (D)
The fistula is transected. (E) The esophageal and tracheal mucosa are imbricated. (F) To separate the closure of the tracheal and esophageal
mucosa, the trachea is advanced externally and a strip of trachea is removed. (G) The stoma is matured with half-mattress sutures, and a pen-
rose drain is placed in the lateral cervical space. (H) Healed stoma. T ¼ trachea, E ¼ esophagus.
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transected (Fig. 1D). The esophageal mucosa is imbri-
cated upon itself and the tracheal mucosa is also
imbricated upon itself (Fig. 1E). To separate the closure
of the tracheal and esophageal mucosa, the trachea is
advanced externally and an ellipse of trachea is removed
(Fig. 1F). The superior aspect of the tracheal stoma is
matured with half mattress sutures. A small Penrose
drain is placed in the right lateral cervical space (Fig.
1G). Figure 2 shows operative photos.

DISCUSSION
There are several ways to achieve closure of an

unwanted TEF (Table I). The most conservative measure
is removing the TEP and allowing the fistula to contract
and heal by secondary intention. This approach is success-
ful in 53% of cases.4 Wound healing can be stimulated by
local injection of granulocyte-macrophage colony stimulat-
ing factor6 or topical application of recombinant platelet-
derived growth factor-BB (becaplermin).7 Cauterization of

Fig. 1. Continued.
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the fistula with silver nitrate or electrocaudery8,9 can stim-
ulate wound contracture in an epithelialized fistula. Local
injection of an augmentation filler into the fistula wall to
increase the thickness and occlude the lumen has also
been described; substances injected include autologous
fat,10 collagen,11 and other synthetic materials.12,13 A per-
sistent TEF can also be stented with a custom prosthesis
to occlude the enlarged fistula site. However, success with
this option is limited.14

If the fistula does not respond to conservative meas-
ures, surgical closure may be necessary. Jacobs et al.
described a submucosal purse-string suture that had an
80% success rate in their 20 patients.4 Primary closure
can be used for a small TEF (5–10 mm) in nonirradiated
tissue. A transtracheal-stomal approach was described

by Moerman.15 He recommended a simple three-layer
technique that was successful in approximately 50% of
patients. Hosal and Myers described a transcervical
approach that involved separation of the TEF and sutur-
ing of the fistula.16 It must be emphasized that many
persistent TEFs are found in chemoradiated patients,
which present a challenging problem in wound healing.
These patients may be less amenable to these straight-
forward options.

Koch et al. described a technique that is most simi-
lar to our technique.17 These authors described an
inverting suture of the esophagus with a cranial trans-
position of the trachea. All five of their patients received
chemoradiation, and they reported success in four of the
five patients. Our technique describes the addition of

Fig. 2. Operative photos. (A) Preoperative view. (B) The tracheoesophageal fistula tract isolated with a vessel loop. (C) Postoperative photo
of the repair with drain. These correspond to images in Figure 1A, C, and G.

TABLE I.

Reconstructive Options for Closure of Tracheoesophageal Fistula.

Removing prosthesis and allow healing by secondary intention Jacobs et al.4

Local injection of granulocyte-macrophage colony stimulating factor Margolin et al.6

Topical application of recombinant platelet-derived growth factor-BB

(becaplermin)

Jakubowics and Smith7

Cauterization of the fistula with silver nitrate or electrocautery Brasnu et al.,8 Wetmore et al.9

Local injection of an augmentation filler. Laccourreye et al.,10 Remacle and

Declaye,11 Rokade et al.,12

Lorincq et al.13

Submucosal purse-string suture Jacobs et al.4

Custom prosthesis to occlude the enlarged fistula site Dai et al.14

Primary closure–transtracheal stomal approach Moerman et al.15

Primary closure–transcervical approach Hosal and Myers16

An inverting suture of the esophagus with a cranial transposition

of the trachea

Koch et al.17

Two layer tracheal-esophagoplasty and tracheal advancement Hu et al.*

Interposition of local muscle rotation flaps Singer et al.,18 Remmert et al.19

Pedicled mediastinal pleural flap Altorjay et al.20

Free flap (fasciocutaneous radial forearm free flap) Delaere and Delsupehe21

*Presented technique.
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both a tracheoplasty and esophagoplasty. Our technique
also helps to avoid excessive cephalic trim of the tra-
cheal wall, yet sufficiently advances the trachea
externally, allowing spatial separation of the repaired
perforations of the posterior tracheal and anterior esoph-
ageal walls. Another variation of this technique in
patients with adequate tracheal length is to perform mo-
bilization and resection of the trachea from the level of
the preexisting tracheocutaneous junction to a point just
below the plane of the previous fistula. In this proce-
dure, the stoma requires rematuration circumferentially.

For repair of large TEFs in chemoradiated tissue,
interposition of additional tissue between the esophageal
and tracheal defects has been advocated. Dermal graft
interpositions have been described.4 The use of local
muscle flaps, such as the sternocleidomastoid or infra-
hyoid myofascial flap, have the advantage of rotating
vascularized tissue into the repair.18,19 This tissue is
within the chemoradiation field, and may be of dubious
quality if neck dissections have been performed. A pedi-
cled mediastinal pleural flap has been described in the
thoracic literature20 and allows use of nonirradiated vas-
cularized tissue. Moving up to the last step of the
reconstructive ladder, Delaere et al. described a fasciocu-
taneous radial forearm free flap.21

CONCLUSION
A summary of the reconstructive options for closure

of TEF is shown in Table I. The two-layer tracheal-
esophagoplasty and tracheal advancement is useful for
TEFs that fail more conservative approaches. The
advantages include good exposure, technical simplicity,
low morbidity, short hospital stay, and immediate relief
of leakage. This technique can be added to the menu of
options for the closure of a persistent TEF.
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