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Abstract: Aero-digestive fistulas (ADFs) are pathologic connections between the airways and 
gastrointestinal system. These most commonly occur between the central airways and esophagus. Fistulas 
may develop congenitally or be acquired from a benign or malignant process. Most fistulas presenting in 
adulthood are acquired, with similar rates of benign and malignant etiologies. Symptoms may severely impact 
a patient’s quality of life and result in dyspnea, cough, and oral intolerance. ADFs have been associated with 
increased mortality, often related to pneumonias and malnutrition. Management is multifaceted and includes 
a multidisciplinary approach between the pulmonologist, gastroenterologist, and thoracic surgeon. While 
definitive management can be achieved with surgery, this is typically reserved for benign causes as surgical 
repair is often impractical in patients with advanced malignancies. With malignant causes, less invasive 
endoscopic and/or bronchoscopic interventions may be indicated. Stenting is the most common non-surgical 
invasive intervention performed. Stents can be placed in the esophagus, airway, or both. There is limited 
data that suggests outcomes may be better when esophageal stenting is performed with or without airway 
stenting. Airway stents are indicated when there is airway compromise, inadequate sealing of the fistula 
with an esophageal stent alone, or when an esophageal stent cannot be placed. This review will provide an 
overview of approaching ADFs from the bronchoscopist’s perspective.
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Introduction

Aero-digestive f istulas (ADFs) refer to pathologic 
connections between the respiratory and gastrointestinal 
systems. Fistulas between the esophagus and trachea or 
a bronchus are the most common and can be congenital 
or acquired. Acquired fistulas may be due to a benign 
etiology or caused by a malignancy, most frequently 
esophageal cancer. Presentation can be varied and non-
specific, such as the development of a persistent cough, 

pneumonia, or malnutrition. ADFs have been associated 
with increased morbidity and mortality, so it is important 
to diagnose and intervene upon them early. The optimal 
management strategy is not known but may involve surgery, 
esophagoscopy, bronchoscopy, and/or supportive care. This 
review will provide an overview of ADFs with a focus on 
malignant causes and bronchoscopic management. In-depth 
reviews of airway stent types and esophageal interventions 
are covered in accompanying articles in this special series.
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Etiologies

Nearly all ADFs presenting in adulthood are acquired. Most 
congenital ADFs are associated with esophageal atresia and 
therefore diagnosed soon after birth (1). However, those 
without esophageal atresia may have minimal symptoms and 
present as late as the seventh decade of life (2).

Approximately half of acquired ADFs are caused by 
benign etiologies while the remaining are associated with 
malignancies (3). The precise incidence of acquired ADFs 
is unknown as patients may be asymptomatic or have mild, 
nonspecific symptoms that did not prompt an evaluation 
for a fistula. Burt et al. reported that 10% of their patients 
with malignant ADFs were asymptomatic and diagnosed 
incidentally or at the time of autopsy (4). Meanwhile, other 
studies have reported a postmortem diagnosis of a malignant 
ADF in 1–13% of patients with esophageal cancer (5).

Esophageal cancer accounts for 77–92% of malignant 
ADFs while lung cancers represent 7–16% of cases (4,6). 
Moreover, approximately 4–8% of esophageal cancers and 
0.3% of lung cancers have been reported to be associated with 
an ADF (4,6). ADFs due to thyroid cancers and lymphomas 
are seen to a lesser extent as well as any tumor involving the 
mediastinum. Malignant disease is typically at an advanced 
stage at the time of ADF diagnosis with up to 90% of cases 
already being metastatic when presenting with a fistula (6).

Approximately 75% of acquired ADFs are iatrogenic 
and develop following esophagectomy or other mediastinal 
surgery, pressure necrosis from a cuffed endotracheal tube, 
trauma from endoscopy, airway or esophageal stent erosion, 
and antineoplastic treatments including chemoradiation 
and bevacizumab (3,7-10). While antineoplastic treatments 
have been associated with the development of an ADF, its 
direct correlation may be overestimated since oncologic 
treatments can prolong survival and therefore allow more 
time for a fistula to develop and become symptomatic. 
Balazs et al. found that 90% of patients who developed an 
ADF after radiotherapy did so greater than 1 month after 
treatment (6). Tuberculosis was previously a leading cause 
of benign fistulas, but incidence has waned over time. Other 
infections associated with ADFs include histoplasmosis, 
actinomycosis, and abscesses. Additional benign etiologies 
include inflammatory diseases like rheumatoid arthritis and 
inflammatory bowel disease, trauma, caustic ingestion, and 
broncholiths.

Presentation

The time from symptom onset to diagnosis varies widely 

between studies and depends on the etiology. The time 
until diagnosis for benign cases ranges from days to decades. 
Traumatic cases are often diagnosed 1–2 weeks after the 
inciting event and endotracheal tube or tracheostomy cuff-
related fistulas can be seen after 3–4 weeks of mechanical 
ventilation (2,11,12). The median time from symptom 
development to diagnosis of malignant ADFs has been 
reported between 3 days to 7 months with a range of  
0–58 months (4,6,11). The most common symptoms include 
coughing after swallowing (“Ono’s sign”) in 20–100% of 
patients, dysphagia in 8–100%, purulent tracheobronchitis in 
15–100%, pneumonia in 5–95%, chronic cough in 20–81%, 
dyspnea in 18–69%, cachexia and malnutrition in 18–60%, 
aspiration in 23–46%, fever in 21–27%, chest pain in 5–23%, 
respiratory failure requiring mechanical ventilation in 6–15%, 
and hemoptysis or hematemesis in 2–3% (4,6,12-17).

Diagnosis

Once an ADF is suspected, the first diagnostic study 
is typically an esophagram as it is easy to obtain with a 
sensitivity estimated between 70–97% (17,18). Oral barium 
sulfate is the contrast of choice over Gastrografin because 
aspiration of Gastrografin has been associated with fatal 
pneumonitis and pulmonary edema due to the iodine 
content as well as the hyperosmolarity of the contrast 
solution, respectively (19). Computed tomography has a 
lower reported sensitivity of 50% but may aid in diagnosis 
when an esophagram is nondiagnostic or cannot be 
performed due to an inability to swallow contrast (17).

Direct visualization can be performed by esophagoscopy 
and/or bronchoscopy, which have reported sensitivities of 
80% and 46%, respectively (17). These procedures will also 
help guide treatment strategies, as discussed below. Some 
fistulas may be difficult to visualize due to their small size or 
surrounding structural abnormalities. In such cases, methylene 
blue, autofluorescence imaging, and oxygen insufflation have 
been used to aid in identifying an ADF (11,20,21).

Fistula location

The location of the ADF will depend on the underlying 
pathology. Fistulas due to cuff trauma with mechanical 
ventilation most often involve the trachea. Meanwhile, ADFs 
due to inflammatory disorders or trauma may occur in any 
affected area. ADFs following Ivor Lewis esophagectomies 
have been reported as involving the left mainstem bronchus 
in 46% of cases and the trachea in 39% (9). With malignant 
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ADFs, the trachea is most frequently involved and comprises 
53–80% of cases. Meanwhile, the left mainstem bronchus is 
involved in 18–25% of cases, the right mainstem bronchus in 
2–16%, and the main carina in 7–13% (4,15,22,23). Fistulas 
occurring at multiple sites have been reported in up to 2% 
of malignant ADFs (4). This distribution is not unexpected 
as 64–71% of esophageal tumors are located in the mid-
esophagus (6,15).

Classification

A standardized classification of acquired ADFs does not exist 
although several have been proposed. Wang et al. developed a 
classification that divides the central airways into 8 zones (14).  
Zones I–III represent the upper, middle, and lower trachea, 
respectively; zone IV is the level of the main carina, V 
the right mainstem bronchus, VI the right bronchus 
intermedius, VII the proximal left mainstem bronchus, and 
VIII the distal left mainstem bronchus. In their paper, fistulas 
were classified as “small” when they measured <10 mm while 
others have used 5 mm as the threshold to be considered 
small. Qureshi et al. similarly developed a classification 
system based on the anatomic location of the ADF (3). In 
their system, class I fistulas represent those located within 
2 cm of the cricoid cartilage, IIa in the proximal and mid-
trachea, IIb in the distal trachea, III at the main carina, IV in 
either mainstem bronchus, and V in more distal airways.

General management

Early intervention is essential as a patient’s quality of life 
and survival can be significantly impacted by a patent fistula. 
Mortality is greatest for malignant ADFs with an estimated 
median survival of 4–8 weeks with medical management alone 
(4,24,25). However, this may be an underestimation in modern 
times as these data included patients treated over 30 years 
ago who were too ill to undergo available interventions 
of their respective times. The cause of death varies 
significantly between studies but most commonly include 
pneumonia with sepsis and respiratory failure (22–82%),  
malnutrition (1–44%), and hemorrhage (12–33%) (4,26,27). 
The management of ADFs depends on several factors 
including the patient’s symptoms and comorbidities, 
etiology, size and location of the fistula, and local expertise. 
The primary objective of invasive intervention is to prevent 
gastrointestinal content spillage into the airways which can 
cause aspiration pneumonia and sepsis. While the majority 
of patients will require invasive intervention, some with 

reversible etiologies like infection or inflammatory bowel 
disease have demonstrated spontaneous closure by treating 
the underlying condition (17).

High-quality data regarding different management 
strategies are limited due to the heterogeneous presentations 
and the relative rarity of the diagnosis. Nevertheless, the initial 
aim should be to stabilize and optimize the patient before 
undergoing any invasive intervention. Respiratory injury 
from esophageal spillover can be mitigated in several ways. 
Patients should take in nothing by mouth with oral suctioning 
as needed and elevate the head of the bed to minimize reflux. 
Placement of a gastrostomy tube for gastric decompression 
has also been described (7). Gastric acid suppression using 
a proton pump inhibitor or H2 blocker should be started. 
Nasogastric and orogastric tubes should be removed as the 
added pressure may induce further injury. Mechanically 
ventilated patients should have the endotracheal tube’s cuff 
advanced distally to bypass the fistula when possible, which 
may improve ventilation and reduce soilage of the lower 
airways. Nutrition can be maintained through a jejunostomy 
tube or parenterally. Interestingly, one study showed no 
survival benefit with nutritional supplementation (6).  
Broad-spectrum antibiotics, including anaerobic coverage, 
should be initiated if there is suspicion for an infection. Lastly, 
medical therapies to address the underlying condition should 
be instituted if they have not already been started.

Surgical intervention

Only a small fraction of ADFs will spontaneously close and 
invasive intervention is usually needed. Curative surgical 
management has been recommended when the cause of the 
fistula is transient or is unlikely to recur (e.g., trauma) as 
this may provide definitive treatment and reduce the need 
for future re-intervention (1,28). These patients are often 
healthier with fewer comorbidities; good outcomes have been 
reported in 75–93% of cases treated with surgery (28). The 
mortality associated with surgical repair of benign ADFs is 
0–2.8% while morbidity has been reported between 12–54% 
(11,17,29). In general, surgery should be delayed for patients 
requiring mechanical ventilation given an increased risk of 
anastomotic dehiscence and restenosis (7).

A few studies have evaluated surgical intervention for 
malignant ADFs. Davydov et al. retrospectively assessed 
35 patients with ADFs due to esophageal cancer who 
underwent surgical intervention (30). Post-operative 
morbidity was 40% and mortality was 14%. The median 
survival was 13 months with a 2-year survival rate of 21%. 
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Another retrospective study by Lenz et al. included 58 
benign and 65 malignant ADFs that were either surgically 
or endoscopically managed (28). Surgery was the initial 
intervention in 48% and 11% of patients with benign and 
malignant ADFs, respectively. With malignant disease, the 
median survival with surgery was 105 months compared to 
2.3 months with non-surgical management. No significant 
difference was seen between treatment groups with benign 
ADFs. Of note, survival after surgical intervention of 
malignant ADFs was higher in this study than reported 
in other literature, which may be due to baseline patient 
characteristics as evidenced by a significantly lower 
Charlson comorbidity index in the surgical group.

Bronchoscopic intervention

In lieu of surgery, several palliative endoscopic and 
bronchoscopic interventions are available. The most widely 
used intervention is the placement of esophageal and/or 
airway stents (Figures 1,2). We will review bronchoscopic 

management and defer the discussion of endoscopic 
esophageal management from the gastroenterologist’s 
perspective to the accompanying article in this series. 
However, for reasons discussed below, esophageal stenting 
should be considered first with airway stenting performed 
if an esophageal stent cannot be placed, there is airway 
compromise, or there is an inadequate seal with esophageal 
stenting alone.

Airway stenting

The type of stent and the decision to place an esophageal 
stent, airway stent, or both have been evaluated in numerous 
non-randomized studies. Although esophageal stents were 
exclusively used when stenting was first introduced as a 
treatment modality for ADFs, airway stents have become 
more common over the past two decades. Studies have 
shown improved fistula occlusion rates with parallel stenting 
of the esophagus and airway (i.e., “double stenting”) 
compared to single lumen stenting. Furthermore, there is a 

A B
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Figure 1 A patient with diffuse large B-cell lymphoma involving the esophagus and left mainstem bronchus who presented with a 
bronchoesophageal fistula after R-CHOP therapy. (A) CT chest showing the bronchoesophageal fistula involving the left mainstem 
bronchus (white arrow). (B) He underwent esophageal stent placement which was complicated by left mainstem bronchus obstruction that 
developed approximately 2 months after esophageal stent placement shown on a CT chest (black arrow). (C) He underwent surgery with 
esophageal diversion and esophageal stent removal. Following the procedure, bronchoscopy showed left mainstem bronchus obstruction 
with a persistent bronchoesophageal fistula (yellow arrow) and subsequent balloon dilation of the left mainstem bronchus (D, yellow arrow) 
and placement of a fully covered self-expandable metallic stent (E). R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, and 
prednisone; CT, computed tomography. 
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Figure 2 A patient with anaplastic thyroid cancer with a left paratracheal metastasis who presented with a tracheoesophageal fistula. A CT 
chest shows necrosis of the left paratracheal metastasis after chemotherapy treatment with a fistulous connection involving the trachea (A, 
arrow) and the esophagus more distally (B, arrow). He underwent bronchoscopy which showed a small fistula located in the left lateral 
posterior wall of the trachea (C, arrow). The 4 mm fistula is seen up close in (D). A fully covered self-expandable metallic stent was placed in 
the trachea (E). CT, computed tomography. 

C D E

BA

possible survival benefit with double stenting or esophageal-
only stenting when compared to airway stenting alone 
(15,23,26,31-33). If double stenting is performed, the 
proximal end of the esophageal stent should be placed 
proximal to the airway stent. This will minimize migration 
and prevent incomplete expansion of the wider end of the 
esophageal stent, which could result in the stent folding into 
the esophageal lumen (34). Metal stents are more flexible 
than silicone stents, which allow them to conform to distorted 
airways better than silicone stents. Despite this, some have 
reported less gastric spillover with silicone stents (35). 
Silicone stents require a rigid bronchoscope for placement 
which not all patients will tolerate, and advancement of the 
rigid bronchoscope has the potential to enlarge a fistula.

The American College of Chest Physicians provides 
a grade 1B recommendation in favor of double stenting 
malignant tracheoesophageal fistulas (TEFs) with self-
expanding metal stents (SEMs) when there is concern for 
airway compromise (36). Ke et al. reported placing airway 
stents (70% SEMs and 30% silicone stents) in 61 patients with 
ADFs, 57% of whom had double stenting performed (35).  
Two weeks after the procedure, complete occlusion of the 
fistula was seen in 67% of all patients and in 97% of patients 

who underwent double stenting. While there was a trend 
towards improved results with silicone stents compared to 
SEMs, the difference was not statistically significant. Other 
studies have reported similar rates of technical success (14,15).

Herth et al. performed a prospective study evaluating 
stents in the management of malignant ADFs (23). They 
enrolled 112 patients, 74% of whom had a primary lung 
cancer while 26% had esophageal cancer. The first stent 
was placed either in the airway or the esophagus depending 
on the location of the primary disease. Double stenting 
was completed if the fistula was inadequately occluded with 
the first stent, which was assessed with the application of 
methylene blue during the procedure. Ultimately, 58% 
of patients received an airway stent alone, 33% received 
an esophageal stent alone, and 9% received both. Of all 
patients, 6% required mechanical ventilation for <24 hours 
following stent placement and there were no incidents of 
stent migration. ADF recurrence was seen with 26% of 
airway stents, 16% of esophageal stents, and 10% of double 
stents, which all occurred >6 weeks after stent placement. 
The mean survival in those with airway stents alone was 
significantly lower at 219 days than with esophageal 
stenting at 262 days and double stenting at 253 days. All 
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patients died as a result of disease progression. Independent 
risk factors for reduced survival included fistula location 
in the right mainstem bronchus or those who did not 
receive additional antineoplastic treatment. Quality of life 
scores significantly improved immediately following stent 
placement and persisted for at least 6 weeks. However, it 
should be noted that this study had a higher proportion of 
ADFs due to lung cancer than other studies, which likely 
contributed to a higher percentage of patients who received 
an airway stent alone.

Several retrospective studies regarding stenting malignant 
ADFs have also been performed. Freitag et al. compared 
airway stents to double stenting in 30 patients with malignant 
TEFs (32). All patients were evaluated for double stenting but 
40% only had an airway stent placed either because they were 
technically unable to place an esophageal stent (e.g., due to 
a completely obstructed esophagus or prior esophagectomy) 
or the patient was felt to have such advanced disease that an 
esophageal stent would not have symptomatically benefited 
the patient. Following stenting, 97% of patients reported 
resolution of their dyspnea while 73% had improvement in 
their dysphagia. Mean survival in the double stenting group 
was 110 days compared to 24 days in the airway stent group. 
However, patients who were unable to have an esophageal 
stent placed may have had poorer baseline prognoses.

In another study by Huang et al., 50 patients with 
esophageal cancer who had an ADF received either 
an esophageal stent (42%), an airway stent (26%), or 
both (32%) depending on the presence of luminal  
obstruction (15). In those with successful occlusion of the 
fistula, mean survival was 242 days compared to 80 days 
in those with stent failure. All patients had significant 
improvement in their performance status and ultimately 
died due to progression of their malignancy. Two smaller 
studies compared airway stenting to supportive care alone 
and demonstrated increased survival with stenting: 69 vs.  
29 days and 120 vs. 55 days (25,33).

When double stenting is planned, airway stenting 
should be performed prior to esophageal stenting. This 
will reduce the risk of airway obstruction by the esophageal 
stent, esophageal spillover, increased airway pressures with 
esophageal insufflation during esophagoscopy, and air leak 
with positive pressure ventilation (11). Conversely, an airway 
stent has the potential to limit full expansion of an esophageal 
stent (34). When the potential for airway compromise is 
indeterminate, some have recommended performing an 
esophagoscopy and inflating a balloon to simulate the effect 
of a stent while simultaneously performing a bronchoscopy 

to evaluate for airway compression (37,38).
Overall, studies have consistently demonstrated 

significant palliation of symptoms following stent placement. 
While stenting may facilitate receiving additional 
chemotherapy and/or radiotherapy, there have been mixed 
reports about the benefit of antineoplastic treatment on 
survival following stent placement (15,16,23,25,33,39).

Complications of airway stenting

Procedure related mortality is estimated at 0–2.4% (34). 
Lower respiratory infections have been reported in 38–42%  
of patients (16,40). In a study by Ost et al., 73 out of  
172 patients with airway stents had 106 lower respiratory 
infections with over half of cases resulting in hospitalization 
and 23% dying within 2 weeks of their infection (40). 
Stent migration is seen in 0–20% of cases and is more 
likely to occur with straight silicone stents than with 
metal stents. Migration is rarely seen with Y-shaped stents 
(14,23,32,39,40). Secretion retention requiring intervention 
is seen in 10–66% of patients, in part due to impaired 
mucociliary clearance through the stented airways. This is 
more likely to occur with silicone stents and left mainstem 
stents (16,39,40). Prophylactic airway clearance therapies 
should be instituted after stent placement, such as nebulized 
hypertonic saline, albuterol, and use of a percussive device. 
Furthermore, 19–31% of patients will develop significant 
granulation tissue (14,16,40). Other complications include 
mild chest discomfort in 10–61% of cases, significant 
intraprocedural hemorrhage in 2–7%, and fistula recurrence 
in 13–66% (14-16,34,38,39). Overall, new ADF formation 
due to double stenting is rare although one study reported 
the development of a new fistula in 3 out of 8 patients 
(41,42). There have also been cases of double metal stents 
causing fatal hemorrhage due to erosion into the esophageal 
venous plexus (14,39,43).

Other bronchoscopic interventions

In addition to stents, the use of various other bronchoscopic 
interventions has been described in smaller studies and 
case reports. The AmplatzerTM cardiac septal occluder, a 
double-disc shaped device made of nitinol and polyester, 
has been used to successfully occlude benign ADFs  
(44-46). These devices can be removed once the esophageal 
side has re-epithelialized but will partially occlude the 
airway lumen while in place and may not be suitable 
for patients with existing airway obstruction (47). Cases 
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Suspected aero-digestive fistula

Diagnosis

Management

Surgery consultation

Benign Malignant

Not amenable 
to surgery

Stent placement
•	Esophageal stenting when possible
•	Double stenting if airway obstruction is 

present, incomplete seal with esophageal stent 
alone, or unable to place an esophageal stent

•	Airway stenting alone if esophageal stent 
cannot be placed

Supportive care
•	Nothing by mouth
•	Elevate the head of bed
•	Oral suctioning 
•	Remove NG/OG tubes
•	Consider a gastrostomy tube for decompression
•	Consider nutritional supplementation
•	Gastric acid suppression 
•	If intubated, advance the airway cuff distal to the ADF if possible
•	Antibiotics when pneumonia is suspected
•	Treat the underlying disease process

Direct visualization: esophagoscopy +/− bronchoscopy 
•	Sensitivity of esophagoscopy > bronchoscopy
•	Methylene blue, oxygen insufflation, or autofluorescence imaging 

may help identify a fistula  
•	Pros: able to assess the degree of esophageal and/or airway 

involvement and associated obstruction, may help with planning 
therapeutic intervention

•	Cons: invasive procedure, proceduralist may not be available

CT chest +/− IV contrast 
•	Perform if the esophagram is non-diagnostic or cannot be 

completed (e.g., patient is intubated and unable to swallow)
•	Pros: patient does not have to swallow contrast 
•	Cons: less sensitive than esophagram

Esophagram with oral barium contrast
•	Initial diagnostic study of choice
•	Pros: sensitive, non-invasive
•	Cons: patient must be able to swallow

Figure 3 Management algorithm for ADFs. CT, computed tomography; IV, intravenous; NG, nasogastric; OG, orogastric; ADF, aero-
digestive fistula. 

of device migration into the airway as well as fistula 
enlargement have been reported (47,48). Chemical cautery, 
argon plasma coagulation, and lasers have been used to seal 
small fistulas (35). Fibrin glue has been used for fistulas  
<5 mm in size but its effect is transient as the glue degrades 
within 2 weeks (11,49,50). There are case reports of using 
sutures, a silicone nasal septal button, a cufflink-shaped “DJ” 
silicone prosthesis, ACell decellularized porcine urinary 
bladder matrix, dermal filler (calcium hydroxylapatite), 
glutaraldehyde crosslinked collagen, and cyanoacrylate glue 
to varying degrees of success (51-56).

Conclusions

ADFs are relatively uncommon but important to recognize 
given the high associated morbidity and mortality. 

Interventions to remove or occlude the fistula have been 
shown to significantly improve a patient’s quality of life and 
survival. Bronchoscopic interventions are palliative and most 
often involve placement of an airway stent to occlude the 
fistula. There is limited data that suggests poorer outcomes 
with airway stenting alone when compared to esophageal 
stenting alone or double stenting, but this approach may be 
necessary in certain circumstances. In the absence of airway 
involvement, an esophageal stent alone is a reasonable initial 
management strategy as this is typically better tolerated 
than an airway stent, and most malignant ADFs will involve 
some degree of esophageal stenosis. Double stenting should 
be considered if there is concern for airway compromise 
after esophageal stent placement, failure of prior esophageal 
stenting, or fistula formation due to an esophageal stent. See 
Figure 3 for a proposed management algorithm.
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