
© Current Challenges in Thoracic Surgery. All rights reserved. Curr Chall Thorac Surg 2022;4:29 | https://dx.doi.org/10.21037/ccts-21-8

Page 1 of 7

Introduction 

Tracheoesophageal fistula (TEF) refers to a pathological 
connection between the tracheo-bronchial tree and 
esophagus, which may be congenital or acquired in nature. 
Although the term refers mainly to a communication with 
the trachea, TEFs can also include fistulas to the major 
or minor bronchi, or peripheral pulmonary parenchyma. 
In adults, TEFs are more commonly acquired, secondary 
to trauma, prolonged endotracheal intubation, iatrogenic 
injury, or malignancy, predominantly esophageal or 
bronchogenic carcinoma (1). Between 5–15% of patients 
with esophageal cancer may develop TEFs, while it is 

only observed in less than 1% of patients with primary 
airway malignancies (2,3). With esophageal cancers, 
squamous cell carcinoma is more commonly associated 
with TEFs, compared to adenocarcinoma (4,5). Individuals 
with advanced malignant disease resulting in TEFs, have 
decreased survival, are often burdened with intolerance to 
feeding, and are subject to frequent pulmonary infections 
secondary to respiratory contamination. Both portend to 
a poor quality of life (4). Treatment options are mainly 
palliative. They have evolved from permanent esophageal 
intubation, esophageal bypass, esophageal exclusion with 
esophagostomy and gastrostomy, to currently include 
the placement of esophageal and/or airway stents in the 
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majority of cases (6,7). 

Pathogenesis 

Several mechanisms for the development of TEFs 
have been described (8). Most commonly, given the 
proximity of the esophagus to the trachea and left main 
stem bronchus, there may be direct invasion of the 
tumor from one structure to the other. The thin layer of 
intervening loose areolar tissue provides little resistance to 
infiltration by the tumor and may lead to ulceration of the 
membranous trachea or esophageal lumen, and subsequent 
TEF formation. This process is augmented in patients 
receiving chemotherapy and/or radiation which may 
result in tumor necrosis followed by fistulization. In fact, a 
recent study reported that TEFs related to prior treatment 
for esophageal carcinoma are more common than TEFs 
caused by direct invasion of the tumor (4). Another theory 
involves spread to mediastinal nodes, which are the 
primary sites of lymphatic drainage in both esophageal 
and lung cancer. Once there is tumor involvement of these 
nodes, predominantly those in the subcarinal space, they 
may adhere to and erode into the esophagus and trachea, 
resulting in a TEF. Rarely, mediastinal lymphomas may 
produce a TEF in this manner (9). 

Additionally, in advanced esophageal or tracheal cancers, 
treatment modalities used for relief of obstruction may 
cause TEF formation. Endoscopic dilation of a malignant 
stricture complicated by inadvertent perforation, may lead 
to mediastinal sepsis with possible fistulization. Ironically, 
although stents are widely used in the management of 
TEFs, stenting for palliation in obstructive airway or 
esophageal tumors, can result in pressure necrosis, eroding 
through the luminal wall and thus resulting in a TEF. 
The reported incidence for stent-associated TEFs is 
approximately 4% and is most commonly seen with mid 
esophageal lesions (10). Furthermore, TEFs may also 
develop as a complication after esophagectomy. Risk factors 
include injury to the trachea or bronchi during mediastinal 
dissection and post-operative esophageal anastomotic leak 
with a mediastinal abscess (8). 

Clinical features and diagnosis 

Symptoms may vary depending on the location of the 
primary tumor but commonly include cough (56%), 
recurrent aspiration (37%), fever (25%), and dysphagia 
(19%) (6). Physical examination may reveal cachexia, 

hoarseness, and stridor (8). In cases of recurrent aspiration 
leading to pneumonia, patients may develop florid sepsis, 
and present in extremis. 

Historically, a diagnosis of TEF was made if a barium 
or Gastrografin swallow unexpectedly outlined the airways. 
In recent years, the planned diagnostic approach has been 
flexible bronchoscopy, followed by esophagoscopy. If 
malignancy has not been previously confirmed, a biopsy is 
performed for pathological diagnosis. TEFs located in the 
posterior wall of the trachea can usually be identified by 
esophagoscopy. However, the location, size, and appearance 
of TEFs can vary widely in different patients, and standard 
diagnostic guidelines may not be applicable to every case. 
Furthermore, very small fistulas can be overlooked if the 
mucosa is erythematous and inflamed, without evidence of 
an opening. In these circumstances, fluoroscopic swallow 
evaluation may be beneficial in confirming or eliminating 
the diagnosis of TEF. Another adjunct which may assist 
in identification of smaller fistulas, is oral intake of 
methylene blue, followed by bronchoscopic evaluation (7).  
Computed tomography (CT) scanning combined with 
three-dimensional reconstruction may also be useful in 
delineating the extent of the of the tumor and involvement 
of surrounding structures.

The middle-third of the esophagus is predominantly 
invo lved  in  TEFs  wh i l e  the  s i t e  o f  r e sp i ra tory 
communication is tracheal in the majority of cases 
(52–57%), followed by a bronchial location (37–40%), 
and less commonly to lung parenchyma (3–11%) (2,11). 
Categorization of TEFs based on their location in the 
airway, has been suggested but application to clinical 
practice has been limited. Wang et al. developed a 
comprehensive TEF classification system based on an 
existing classification for central airway stenosis (12,13). 
The proposed system includes eight zones based on fistula 
location. Locations I–III are the same as the categories used 
for central airway stenosis, where the TEF involves the 
upper, middle and lower thirds of the trachea, respectively. 
Zone IV–VIII comprise of the carina (IV), right mainstem 
bronchus (V), right middle bronchus (VI), proximal left 
main bronchus (VII), and distal left main bronchus (VIII). 

Management 

General considerations 

Management of malignant TEFs is particularly challenging 
since these pathologies usually develop at the preterminal 
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stage. Patients deteriorate very rapidly due to soiling of 
the respiratory tree by oral and gastric secretions. The 
cause of death is generally pneumonia and sepsis, rather 
than the underlying cancer. The primary aims of treatment 
are to separate the esophagus from the respiratory tree 
preventing soilage, and to ensure enteral nutrition through 
resumption of oral intake or providing alternative means, 
such as a gastrotomy or jejunostomy. Leaving a patient in 
discontinuity, with an esophagostomy and gastrostomy or 
using intestinal or colonic conduits, has been attempted but 
is fraught with high morbidity and mortality rates (14,15).

Initial therapy will depend on the clinical presentation. 
Oral intake should be restricted, with intravenous (IV) 
fluids to correct dehydration and electrolyte abnormalities. 
Additionally, the head of the bed should be kept elevated, in 
an effort to reduce aspiration risk. Patients with recurrent 
episodes of aspiration, who present with pneumonia and 
sepsis will necessitate IV antibiotics. 

To assist in describing the approach for TEFs, it is 
helpful to create subgroups. These groups are constructed 
based on clinical presentation and whether or not the 
patient has received prior treatment for the underlying 
malignancy, and are as follows. 

(I) Patients who present with TEF findings without a 
diagnosis of a malignancy.

(II) Patients who present with a TEF during oncological 
treatment with chemotherapy and/or radiation.

(III) Patients treated with definitive chemotherapy 
and/or radiation and have developed a TEF as a 
complication of treatment. These patients are in 
complete remission, and are subcategorized into, 
i. Those with pneumonia and septic findings.
ii. Those without infectious findings. 

Patients who present with TEF findings without a 
diagnosis of a malignancy
In such patients, immediate bronchoscopy and esophagoscopy 
will reveal the diagnosis. If endotracheal (ET) intubation 
is required for respiratory deterioration, the cuff of the ET 
tube should be inflated distal to the TEF site, if possible. 
Since the underlying problem is advanced malignancy, 
patients are likely to have poor nutritional status and 
need to be optimized prior to intervention. Treatment is 
usually palliative and directed at improving quality of life 
during the remaining few months of survival. If the general 
condition of the patient can be improved to a level that 
chemotherapy and/or radiation would be an option, then 
the primary aim is to restore oral intake or institute feeding 

via gastrostomy or jejunostomy. If the fistula is in a cervical 
location, close to the cricoid and laryngeal apparatus, a 
primary tracheal tumor is likely and a tracheostomy with a 
percutaneous endoscopic gastrostomy (PEG) tube would 
be preferred over stenting. If, however, a primary cervical 
esophageal tumor is infiltrating the trachea, esophageal 
obstruction may preclude PEG tube insertion. Under 
these circumstances, surgically or radiologically guided 
jejunostomy tube insertion may be required, in conjunction 
with a tracheostomy below the level of fistula. 

Patients who present with a TEF during oncological 
treatment with chemotherapy and/or radiation
In this population, the general condition of the patient 
is often poor and vulnerable to infection and sepsis. 
Management should include fluid resuscitation, and 
institution of antibiotics, as indicated. If the location of the 
tumor is suitable, the best option is to place an esophageal 
stent (details given below). Tracheal stenting or combined 
tracheal and esophageal stenting may also be an option 
(Figure 1). The preferred approach at our institution 
(WVU) is esophageal stenting. Follow up endoscopy with 
modification of stents and endoluminal treatment options 
such as a cryotherapy are often performed.

Patients treated with definitive chemotherapy and/
or radiation and have developed TEF as result of 
treatment
Patients in complete remission who develop TEF as a 
complication of treatment, may present with either findings 
of sepsis, or with signs of early aspiration without sepsis. 
If the patient is non-toxic on admission, and without overt 
evidence of aspiration, they may be considered for surgical 
resection. This decision is carefully deliberated, since 
prior treatment with high dose radiation, increases the 
rate of complications when operating on the trachea. In 
experienced centers, the primary surgical approach involves 
division of the fistulous tract with interposition of a muscle 
flap between the esophagus and airway. If the patient is 
septic on presentation, we primarily treat the infection and 
prevent soilage of the lungs, with esophageal stenting, if 
feasible (Figure 2). Surgical correction is then reconsidered 
after resolution of TEF complications. 

Endoscopic stenting 

Types of esophageal stents have shown significant 
advancement over the last few decades. The technique 
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Figure 1 Primary esophageal cancer infiltrating the left main bronchus (A). This patient was diagnosed with a TEF during oncological 
treatment. He was stented first with an esophageal stent and re-stented with covered airway stents of the trachea and left main stem 
bronchus (B,C). He was treated with immunotherapy and was still alive after one year. TEF, tracheoesophageal fistula.

A B C

Figure 2 Patient with small cell lung cancer treated 10 years prior. She developed an esophageal stricture after radiation, requiring multiple 
dilations, which was subsequently complicated by TEF formation just above the carina. CT scan showed aspiration pneumonia and the 
patient was treated with an esophageal stent (shown above). Once her parenchymal findings improved, she was scheduled for definitive 
surgical repair of the TEF. TEF, tracheoesophageal fistula.

initially involved permanent esophageal intubation with 
a Mousseau-Barbin or Celestin tube combined with 
gastrostomy (16). These procedures were done operatively 
and associated with high mortality rates. Coated self-

expanding metallic stents (SEMS) were then introduced 
with high success rates (2,17). Stents may be deployed in 
the esophagus, airway, or sometimes concomitantly in both 
locations (18). Esophageal stents are available as partially 
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or fully covered SEMS, while airway stents maybe covered 
SEMS or silicone stents. In most cases, esophageal stents 
are placed first, since the tumor is more likely esophageal, 
causing obstruction, and fistulization. The technique 
involves endoscopy and passage of a guidewires across the 
segment with the TEF, which in most cases may also be 
stenotic due to the malignancy. The required length and 
diameter of the stent is then measured to accurately cover 
the TEF (at least 2 cm of healthy mucosa proximal and 
distal to the TEF), and the stent deployed, usually under 
fluoroscopic guidance (3). A contrast study is performed 
after stent deployment to verify that the fistula has been 
closed. In the event of a proximal TEF, close to the 
upper esophageal sphincter, or complete obstruction of 
the esophageal lumen precluding passage of a guidewire, 
esophageal stenting may not be possible, and an airway 
stent may be primarily used in this situation. 

Although our practice is to first place an esophageal 
stent whenever possible, some authors do not recommend 
primary esophageal stenting, due to potential compression 
of the trachea resulting in suffocation (19). For this reason, 
they recommend use of double stents, with the tracheal 
stent implantation preceding esophageal stenting. Other 
indications for double stenting include stenosis of both the 
esophageal and tracheal lumen in addition to the TEF, or in 
cases of very large TEFs with persistent leakage of contrast 
after esophageal stent insertion (3). If the carina is involved, 
a Y-stent may be required. Yamamoto and colleagues 
reported on 11 patients who underwent successful double 
stenting with significant improvement of both dyspnea 
and dysphagia (20). TEFs were successfully closed in all 
except one patient, who was on mechanical ventilation. 
Another study prospectively assessed stent location and 
survival in 112 patients with malignant TEFs (21). The 
mean survival for airway stents (n=65), esophageal stents 
(n=37), and double stents (n=10) was 219 days, 263 days, 
and 253 days, respectively. Although the authors of this 
study preferentially used tracheal stents, the data implies 
that airway stenting may be associated with decreased 
survival. As such, we do not recommend airway stenting 
as the preferred approach. Complications associated with 
stenting include bleeding, stent migration (more likely with 
uncovered stents), food impaction, and enlargement of the 
TEF (especially with use of double stents). 

Degradable stents have recently been introduced 
in the market and may be employed when permanent 
covering of a fistula is not required. They usually have a 
lower radial force and are generally uncovered. Another 

endoscopic technique utilized for TEF management is 
the OTSC system (Ovesco Endoscopy GmbH, Tubingen, 
Germany), which was originally introduced for the closure 
of gastrointestinal defects (19). It consists of a nitinol clip, 
attached to an applicator integrated onto the tip of an 
endoscope. Good outcomes have been reported with its use 
in the management of TEFs (22,23). 

Surgical interventions 

Prior to the advent of modern SEMS, surgery was usually 
performed to exclude the fistula, and to restore orogastric 
continuity for feeding (5). Techniques for achieving these 
goals involve concomitant gastrostomy and tracheostomy, 
or exclusion of the TEF site, combined with bypass using 
a gastric pull-up or colonic interposition (16). These 
procedures are fraught with complications especially in the 
cachectic cancer patient and are now rarely performed. In 
patients with malignant TEFs, esophagectomy is associated 
with high morbidity and mortality rates of 40% and 14%, 
respectively, and should therefore be considered only 
in select patients (24). Surgical intervention remains an 
option in patients who are tumor free. In our experience, 
we preferentially close the fistula without major tracheal 
resection, primarily close the esophageal wall, and transpose 
muscle in between the esophagus and trachea. If the 
esophageal wall cannot be closed primarily, a gastric conduit 
may be created to form a neoesophagus. A post-operative 
esophagogram is obtained, and the patient is started on a 
liquid diet thereafter (Figure 3). It is of utmost importance 
that patients being considered for reconstruction be 
carefully selected, and any major surgical intervention be 
reserved for those who have completely recovered from the 
primary malignancy. 

Conclusions

Several therapeutic options are available for the management 
of malignant TEFs, such that it should no longer be 
considered a terminal diagnosis. Current endoscopic 
techniques, surgical approaches, and oncological treatments 
are associated with better outcomes, compared to published 
series in the last decade. The patient with a malignant TEF 
should be approached systematically, based on the location of 
TEF, and the stage at which the TEF is diagnosed. Multiple 
treatment options exist, and outcomes of these approaches 
are awaited. Although therapy may be palliative in most 
circumstances, a systematic approach to this disease may 
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provide patients with a better quality of life. 
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