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Surgical cervicothoracic-flap repair of neoesophagus–
airway fistula after esophagectomy for esophageal cancer:
A retrospective cohort study
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ABSTRACT

Objective: To evaluate outcomes of surgical repair of postesophagectomy
neoesophagus–airway fistulas (NEAFs).

Methods:We retrospectively included consecutive patients with NEAFmanaged by
various techniques at our center between August 2009 and July 2021.

Result: Of the 11 patients (median age, 60 years; interquartile range, 58, 62), 4 had
received induction chemoradiotherapy and 4 others induction chemotherapy.
NEAF was mainly a complication of anastomotic leakage (n ¼ 6) or attempted ste-
nosis treatment (n¼ 3). The airway mainly involved was the trachea (n¼ 8). Airway
defects were repaired by resection–anastomosis (n ¼ 5), perforator flaps (n ¼ 4),
pedicled pericardium (n¼ 1), and/or direct suturing (n¼ 2). Gastric conduit defects
were repaired by perforator flaps (n ¼ 6), direct suturing (n ¼ 2), or pedicled peri-
cardium (n ¼ 1). Of the 7 perforator flaps, 4 were internal mammary–artery, two
dorsal intercostal–artery, and one supraclavicular–artery flaps. After a median
follow-up of 100 months, 2 patients died on early postoperative course from
NEAF repair failure and 3 from late NEAF recurrence at 4, 11, and 33 months. Among
the remaining 6 patients, 1 died from local tumoral recurrence at 13 months, 1 was
last on follow-up at 27 months, alive and eating normally. The other 4 were free
from NEAF recurrence and dysphagia or swallowing disorder at 50 months’
follow-up. These 4 results were obtained thanks to perforator flap interposition
and airway resection anastomosis.

Conclusions: Surgical NEAF repair using perforator flap interposition may provide
satisfactory long-term function after strong prehabilitation. (JTCVS Techniques
2024;23:123-31)
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CENTRAL MESSAGE

Neoesophagus–airway fistula is a
life-threatening complication of
esophagectomy for cancer:
repair attempts have to follow
rigorous prehabilitation.
PERSPECTIVE
Neoesophagus–airway fistula is a life-threatening
complication of esophagectomy for cancer. We
achieved favorable results in repair attempts
following rigorous prehabilitation: 4 of 11 patients
showed no recurrence after a 50-month follow-
up period.The use of perforator flap interposition
appears to yield promising outcomes in such
challenging situation.
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The tracheobronchial tree is very close to the proximal
esophagus and is therefore at high risk for injury during
esophagectomy.1,2 Reconstruction after esophagectomy
usually involves creating a gastric conduit pulled up
through the posterior mediastinum and anastomosed to
the esophageal stump in the neck or thorax. The proximity
of this anastomosis to the membranous tracheobronchial
wall carries a risk of fistula formation. Various perioperative
and postoperative events may promote postesophagectomy
neoesophagus–airway fistula (NEAF) formation.3 For
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Abbreviations and Acronyms
DFS ¼ disease free-survival
IQR ¼ interquartile range
MV ¼ mechanical ventilation
NEAF ¼ neoesophagus–airway fistula
OS ¼ overall survival
SEMS ¼ self-expanding metal stent
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instance, radiotherapy and chemotherapy may decrease tis-
sue viability and impair wound healing.4 Tracheobronchial
inflammation due to anastomotic leakage or endoscopic
dilatation of a benign anastomotic stricture may also in-
crease the risk of NEAF.5 Other potential risk factors are
airway ischemia after extensive dissection of the upper
mediastinum, notably for extensive lymphadenectomy,6

injury to the tracheobronchial tree during surgical dissec-
tion,7 and cuff-induced tracheal necrosis during prolonged
endotracheal intubation.8

NEAF formation in the neck or thorax has been reported
in 0.3% to 1.9% of patients.9-11 NEAFs vary widely in their
clinical presentation, although the most common initial
symptom is coughing after oral intake. Patients with
NEAFs often experience life-threatening recurrent bron-
chopneumonia, mediastinitis, sepsis, and/or respiratory
failure.

The optimal method for treating acquired nonmalignant
NEAF is unclear. Studies have shown a distinctive profile
regarding the surgical techniques and outcomes in those pa-
tients with previous esophagectomy.12-15 The methods used
include various surgical techniques and nonoperative
stenting.16-18 Among surgical methods, repair using
interposition flaps19 may be both effective and safe. The
objective of this single-center retrospective observational
study was to describe surgical techniques used to treat
nonmalignant NEAF and to report the early and intermedi-
ate postrepair outcomes.
METHODS
This retrospective single-center observational cohort study was

approved by our institutional review board (DELIBERE_CERC-

SFCTCV-2022-01-17_18377_Olaf Mercier) and was conducted according

to the ethical standards of the Committee on Human Experimentation of

our institution. The need for informed patient consent was waived in

compliance with French law on retrospective studies of de-identified

healthcare data. The study is reported according to Strengthening the Re-

porting of Observational Studies in Epidemiology guidelines.20

Patients and Study Design
Consecutive patients who underwent surgical repair of nonmalignant

NEAF after esophagectomy for esophageal cancer between 2009 and

2021 at our tertiary thoracic surgery center (Marie Lannelongue Hospital,

Le Plessis Robinson, France) were identified retrospectively by searching

our department database. Surgical repair was attempted for all patients.
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For each patient, the data were extracted from the medical records. NEAF

was defined as an endoscopically or radiographically evident fistulous

communication between the central airway (trachea or proximal

bronchus) and the anastomosis or gastric conduit after esophagectomy.

Tracheal membranous defects were localized by bronchoscopy, and dis-

tances from the vocal cords and carina were measured to guide future sur-

gery. We did not include patients with fistulas to the lung parenchyma or

pleural cavity, malignant NEAF, or NEAF after surgical procedures other

than esophagectomy with esogastric anastomosis. All patients had under-

gone esophagectomy elsewhere and were referred to our hospital for

NEAF management.
Management of NEAF
Preoperative conditioning. According to the presentation in

each patient, components of the preoperative management included

weaning off mechanical ventilation (MV), improvement of the nutri-

tional status, treatment of bronchial inflammation and/or lower respira-

tory tract infection, and treatment of sepsis. When achieving these goals

was not feasible, the digestive tract was excluded and continuity

restored later. In patients who required MV, we performed a tracheot-

omy and placed the balloon distal to the fistula to protect the airway

and accelerate weaning off the ventilator. The tracheotomy was posi-

tioned as near as possible to the fistula. Nutritional preparations were

administered either enterally through a jejunostomy or gastrostomy or

parenterally. Nasogastric tube insertion was avoided to minimize stress

on the fistula. Bronchial secretion samples were collected routinely for

microbiological studies, and antibiotic therapy was given routinely

when the results indicated lower respiratory tract infection or coloniza-

tion. Life-threatening condition was defined as any organ failure found

in Sepsis-related Organ Failure Assessment (ie, SOFA) score in addition

to respiratory failure.21
Surgical Technique
The approach was decided according to fistula size and location. For

tracheal NEAF in patients who had not received radiotherapy, we used

the collar incision.22 This anterior approach allows direct visualization

for gastric-conduit repair, resection of the damaged tracheal segment,

and sparing of the airway blood supply and recurrent nerves. In our prac-

tice, previous radiotherapy precludes distal tracheal mobilization. In this

situation, we used cervicothoracic approaches, with clavicular swing or

clavicular head resection, allowing tracheal suturing at the manubrium

level or even more distally at the carina. In addition, laryngeal release

maneuvers were preferentially used with supra or subhyoid muscles sec-

tion (Montgomery23 or Dedo-Fishman maneuvers24) to maintain appro-

priate tension of the tracheal anastomosis. In patients with gastric-

conduit defects that were not amenable to suturing, we restored

digestive-tract integrity using perforator flaps (internal mammary artery

perforator flap; supraclavicular artery perforator flap; dorsal intercostal

artery perforator flap; or lateral intercostal artery perforator flap)

(Figures 1, 2, and 3), depending on flap availability and fistula location.

Perforator flaps were used when the size of the NEAF does not allow

tracheal resection–anastomosis.

For bronchial NEAF, we performed posterolateral thoracotomy, resec-

tion of the fistula, bronchial anastomosis, and gastric-conduit defect repair

using a perforator flap. We excluded the gastric conduit (neoesophagus)

only when needed to control a life-threatening condition. In this situation,

the gastric conduit was completely excluded by proximal esophagostomy

and distal stapling, and feeding was via a jejunostomy. A tracheostomy

is performed during the same surgery below the NEAF if possible. After

improvement of the clinical condition, the esophagus was reconstructed us-

ing colon tissue or a jejunal-free flap and the membranous posterior wall of

the airway with perforator flaps.



FIGURE 1. Technical features of the internal mammary artery perforator flap (IMAP) for acquired nonmalignant postesophagectomy neoesophagus–

airway fistula (NEAF) as performed at our center. A, Preoperative skin markings for harvesting a right IMAP flap based on the second intercostal space

internal mammary artery perforator. B, The initial step involves making a midline skin incision along the sternum, precisely at the level of the second

and third intercostal spaces, extending through the skin down to the fascia. C, Subfascial dissection is carried out until the identification of the IMAPs.

D, Individualization of IMAPs. It is crucial to choose the IMAP with the greatest diameter if multiple IMAPs are identified. E, The chosen perforator is

dissected in a retrograde manner, passing through both the pectoralis major and intercostal muscle fibers until it reaches its point of origin on the internal

mammary artery (IMA). F, The perforator flap is rotated upward to cover the NEAF. G, The IMAP is sutured to the gastric conduit defect with the skin toward

the digestive lumen. H, Suture of the skin pad at the level of the digestive defect.

Bertrand et al Thoracic: Esophageal Cancer
Postoperative Management
Patients were extubated as early as possible. Initial empirical systemic

broad-spectrum antibiotic therapy was secondarily adjusted based on the

microbiological studies of preoperative and intraoperative samples.

Tracheobronchial endoscopy was performed routinely during the postoper-

ative period and repeated if needed. Nutritional support was given enterally

(jejunostomy or gastrostomy) or parenterally. Oral intake was permitted
FIGURE 2. Perforator-flap surgical strategy for acquired nonmalignant posteso

Left panel, 3 types of chest perforator flaps used at our institution to repair NEA

mary artery perforator flap; and DICAP, ie, dorsal intercostal artery perforator

demonstrates the choice of perforator flap according to the fistula level. Each per

their perfusion. Right panel illustrates surgical technique of gastric conduit repa

tomosis. One should consider the additional role of the flap as vascularized tiss
after fistula healing was documented by bronchoscopy or upper gastroin-

testinal follow-through.

Follow-up
The first follow-up visit occurred 1 month postoperatively at our insti-

tution, after discharge. Subsequently, follow-up was provided by the refer-

ring center.
phagectomy neoesophagus–airway fistula (NEAF) repair used at our center.

F: SCAP, ie, supraclavicular artery perforator flap; IMAP, ie, internal mam-

flap, or LICAP, ie, lateral intercostal artery perforator flap. Middle panel

forator flaps could manage 3 different level of fistula without compromising

ir using skin pad suture and tracheal repair with resection and direct anas-

ue interposition between gastric and tracheal sutures.
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FIGURE 3. Choice of perforator flaps according to fistula location. SCAP,

Supraclavicular artery perforator flap; IMAP, internal mammary artery

perforator flap; DICAP, dorsal intercostal artery perforator flap; LICAP,

lateral intercostal artery perforator flap.
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Each follow-up visit included a physical examination and radiologic

screening for local and distant recurrences. All adjuvant treatments and

new surgeries were recorded.

Day-90 mortality was the primary end point. Overall survival (OS) was

calculated from the date of NEAF first repair to the date of death, and

censored at the date of last follow-up for patients found to be alive at the

most recent follow-up. Disease-free survival (DFS) was calculated from

the date of NEAF first repair to the date of first NEAF recurrence evidence,

or death, or censored at the date of last follow-up Postoperative morbidity

and functional outcomes were secondary end points. Postoperative

morbidity was defined as any postoperative complication within 90 days

after the surgery and was classified as described by Dindo and colleagues.25

Satisfactory long-term function was defined as the absence of dysphagia, or

swallowing disorder.

Statistical Analysis
Continuous variables were described as median (interquartile range

[IQR]) and categorical variables as number (%). OS and DFS were calcu-

lated according to Kaplan–Meier. Median follow-up was estimated by

reversed Kaplan–Meier. Statistical analysis was performed using SPSS
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20.0 for Windows software (IBM Corp). Missing data were managed by

contacting the addressing center, general surgeon, and general practitioner

of the patient.
RESULTS
Patient Characteristics and Details on the Primary
Tumor and Fistula

Between August 2009 and July 2021, 11 patients were
treated for NEAF at our center. Table 1 provides details
on their features, neoadjuvant treatments, and surgical tech-
niques. Details on the fistulas are given in Table 2. Ten pa-
tients had had 2-field lymphadenectomy and one (#3)
3-field lymphadenectomy. Gastric reconstruction was
through the posterior mediastinum in all patients. Median
time between esophagectomy and NEAF diagnosis was
5 months (0.4-21 months). Primary esophagectomies were
complicated in 6 cases with an anastomotic leak, 3 cases
an anastomotic stenosis and in 2 cases where NEAF
occurred from the onset.
Preoperative Management
Median time from NEAF diagnosis to surgical repair was

42 days [IQR, 35, 110]. The main presenting symptoms
were pneumonia and coughing triggered by eating. Three
patients (#2, #8, and #10) with early NEAF had septic shock
from pneumonia or mediastinitis requiring intensive care
unit admission and reintubation; the condition was immedi-
ately life-threatening in 2 of these patients (#8 and #10) due
to superimposed acute renal failure and central nervous sys-
tem (Glasgow Coma Scale score 9) alteration. The airway
end of the NEAF was in the trachea in 8 patients, left
main bronchus in 2 patients, and right main bronchus in 1
patient. NEAF diameter ranged from 0.5 to 4 cm.

Five patients had a tracheostomy at presentation (#1, #2,
#3, #9, and #11). Nine patients were weaned off
ventilatory assistance before NEAF repair; the other 2 pa-
tients (#8 and #10) were those with life-threatening illness.
Eight patients had severe undernutrition, with a median
body mass index of 20.7 kg/m2 [IQR, 18, 23] and a
median albuminemia of 24.6 g/L [IQR, 23, 34]. Nutri-
tional support was provided via a jejunostomy in 9 pa-
tients and via a gastrostomy in 1 patient (#9); the
remaining patient (#10) required emergent NEAF repair.
The mean calorie intake was 2300 kcal [IQR, 1646,
2475] during prehabilitation. Six patients met criteria for
pneumonia,26,27 and 2 others had also positive bronchial-
aspirate cultures; these 8 patients were given antibiotic
therapy active on the recovered microorganisms. Before
surgical repair, 4 patients (#3, #4, #5, and #8) had implan-
tation of an esophageal self-expanding metal stent (SEMS)
positioning to cover the fistula. The preoperative manage-
ment let us resume MV weaning, infectious control, and
weight loss stop in all patients except #8 and #10.



TABLE 1. Esophageal cancer history of 11 patients with nonmalignant acquired postesophagectomy neoesophagus–airway fistula (NEAF) treated

in our center

Patient Sex

Age,

y Comorbidity

Tumor

histology

Tumor

staging

Tumor

location

by

esophageal

third

Primary tumor

neoadjuvant/

adjuvant

treatment

Esophagectomy

surgical

approaches

Esophagectomy

anastomotic

complication

Endoscopic

previous

treatment

1 M 69 Tobacco SCC T3N0R1 Superior Ivor Lewis

followed by

pharyngolaryngectomy

for positive margins,

cervical mechanical

anastomosis, full open

Anastomotic

fistula

followed by

anastomotic

stenosis

Endoscopic

dilatation,

esophageal

stent

2 F 48 Tobacco,

alcohol

SCC T3N0R0 Middle 5FU plus

cisplatin,

45 Gy/70 Gy

McKeown, cervical

manual anastomosis,

full open

Anastomotic

fistula

3 M 62 Coronaropathy,

diabetes

mellitus

ADC T1N0R0 Inferior Epirubicin,

oxaliplatin

plus

capecitabin

Transhiatal, cervical

mechanical

anastomosis,

full open

Anastomotic

stenosis

Endoscopic

dilatation,

esophageal

stent

4 M 58 Coronaropathy,

LEAD,

COPD,

tobacco

SCC T2N0R0 Inferior Transhiatal,

cervical manual

anastomosis,

full open

Anastomotic

stenosis

Endoscopic

dilatation,

esophageal

stent

5 M 61 Hypertension,

COPD,

diabetes

mellitus,

tobacco

SCC T2N0R0 Inferior Paclitaxel,

cisplatin,

epirubicin

Ivor Lewis,

thoracic

mechanical

anastomosis,

full open

Anastomotic

fistula

6 M 58 LEAD,

tobacco

SCC T3N0R0 Superior 5FU plus

cisplatin,

45 Gy

McKeown,

cervical mechanical

anastomosis,

full open

Anastomotic

fistula

Esophageal

stent

7 M 58 LEAD,

tobacco

ADC T2N0R0 Inferior 5FU plus

cisplatin,

45 Gy

McKeown,

cervical manual

anastomosis,

full open

Anastomotic

fistula on

gastroplasty

necrosis

Endoscopic

dilatation,

esophageal

stent

8 M 60 COPD,

tobacco

ADC NA Inferior 5FU plus

oxaliplatin/

5FU

plus

cisplatin

Ivor Lewis,

thoracic

mechanical

anastomosis,

full open

Anastomotic

fistula

followed by

anastomotic

stenosis

9 M 75 LEAD,

hypertension,

tobacco

ADC T1N0R0 Inferior Transhiatal,

cervical manual

anastomosis,

full open

NEAF

10 M 53 COPD,

tobacco

SCC T0N1R0 Middle Carboplatin

plus

paclitaxel,

41.4 Gy

McKeown,

cervical manual

anastomosis,

coeliothoracoscopy

Anastomotic

fistula on

gastroplasty

necrosis

11 M 61 Tobacco,

cirrhosis,

alcohol

ADC T2N0R0 Superior LV5FU2 plus

cisplatin

McKeown,

cervical manual

anastomosis,

full open

NEAF

M, Male; SCC, squamous cell carcinoma; F, female; 5FU, fluorouracil; ADC, adenocarcinoma; LEAD, lower extremity artery disease; COPD, chronic obstructive pulmonary

disease; NA, not available; NEAF, neoesophagus–airway fistula.
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TABLE 2. Fistula characteristics and surgical repair in the 11 patients with nonmalignant acquired postesophagectomy neoesophagus–airway

fistula (NEAF)

Patient

no.

Time from

esophagectomy

to fistula

diagnosis,

mo

Fistula location,

length (cm),

and carina-vocal

cords distance,

cm

Time from

fistula diagnosis

to repair,

d

Surgical

techniques for

fistula repair

Time to

fistula closure

in days

since surgery

Follow-up

in months

since

surgery

Outcome at

last follow-up

1 32 Gastrotracheal

0.6 (3.5/7.5)

109 Dartevelle transclavicular

approach for DICAP flap

patched on the trachea

and gastric conduit

4 Died with late* fistula

recurrence

2 0.5 Gastrotracheal

3 (6/4)

96 Cervicomanubriotomy for

IMAP flap patched on

the gastroplasty, and

tracheal resection-

anastomosis with the

Montgomery maneuver

15 70 Died without fistula

recurrence

3 8 Gastrotracheal

1.5 (3/6)

5 Cervicomanubriotomy for

IMAP flap patched on

the gastric conduit, and

tracheal resection-

anastomosis

8 21 Lost to follow-up

4 19 Gastrotracheal3

(7/3)

74 Cervicomanubriotomy for

pedicled pericardial flap

patched on the gastric

conduit, and tracheal

resection–anastomosis

with Dedo-Fishman

maneuver

9 118 Died without fistula

recurrence

5 0.5 Gastro–left

main bronchus 1

206 Right thoracotomy for

direct suture of the

gastric conduit and

pedicled pericardial flap

patched on the bronchus

0.7 Died with early* fistula

recurrence

6 2 Gastrotracheal

1 (5/5)

42 Dartevelle transclavicular

approach for IMAP flap

patched on the gastric

conduit and tracheal

resection-anastomosis

with Dedo-Fishman

maneuver

168 13 Died with local tumor

recurrence

7 23 Gastro–right

main bronchus 2

36 Right thoracotomy for

esophagostomy, gastric

conduit resection, IMAP

flap patched on the

bronchus

11 100 Alive without upper airway

or digestive tract

dysfunction

8 0.5 Gastrotracheal

1.5 (2/10)

35 Right thoracotomy for

esophagostomy, direct

tracheal suture covered

by serratus anterior flap

0.5 Died with early* fistula

recurrence

9 195 Gastrotracheal

0.5 (8/3)

38 Cervicotomy for direct

suture of the gastric

conduit with sealant,

tracheotomy and direct

suture of the fistula

10 27 Alive without upper airway

or digestive tract

dysfunction

(Continued)
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TABLE 2. Continued

Patient

no.

Time from

esophagectomy

to fistula

diagnosis,

mo

Fistula location,

length (cm),

and carina-vocal

cords distance,

cm

Time from

fistula diagnosis

to repair,

d

Surgical

techniques for

fistula repair

Time to

fistula closure

in days

since surgery

Follow-up

in months

since

surgery

Outcome at

last follow-up

10 0.3 Gastro–left

main bronchus 1

8 Right thoracotomy for

DICAP flap patched on

the bronchus, covering

the gastroplasty

34 Died with late* fistula

recurrence

11 5 Gastrotracheal

4 (4/5.3)

176 Cervicomanubriotomy for

SCAP flap patched on

the gastric conduit, and

tracheal resection-

anastomosis covered by

the tracheotomy

11 Died with late* fistula

recurrence

DICAP, Dorsal intercostal artery perforator flap; IMAP, internal mammary artery perforator flap; SCAP, supraclavicular artery perforator flap. *The cutoff for distinguishing early

from late NEAF recurrence was postoperative day 90.
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Surgical Techniques
Table 2 provides details on the surgical procedures. A

flap was used in 10 of the 11 patients; 7 were perforator
flaps, 2 pericardial flaps, and 1 a serratus anterior flap. Of
the 8 patients with tracheal fistulas, 5 underwent tracheal
resection–anastomosis.

Direct suturing was performed to close the tracheal
defect in 2 patients and the gastric defect in 2 other patients.
Of the 2 patients diverted, one had an esophagostomy and
the other an esophagostomy and gastric-conduit resection.
Postoperative Management and Complications
Median length of stay was 32 days. Nutritional support

was restarted as soon as possible with a median daily intake
of 2147 kcal [IQR, 1646, 2475]. Weaning off MV was
achieved after a median of 1 day [IQR, 1, 2]. In 1 patient
(#8), severe refractory pneumonia required extracorporeal
membrane oxygenation.

Pneumonia developed postoperatively in 5 patients and
consistently responded to antibiotic therapy. One patient
(#3) experienced manubrium necrosis and another (#11) me-
diastinitis; surgical treatment was successful in both. Tracheal
stenosis developed in 1 patient (#6) and was treated initially
by endoscopic dilatation followed on postoperative day 140
by resection anastomosis; the stenosis had not recurred
when this patient died at 13 months from tumor recurrence
at the carina. Patient #7 underwent digestive-tract continuity
restoration using a jejunal-free flap at 5 months.
Other Outcomes
Median follow-up was 100months (Table 2) . Median OS

was 34 months and median DFS 11 months. One patient
was lost to follow-up. Of the remaining 9 patients, 2 were
alive with good upper airway and digestive-tract function,
27 and 100 months after surgery, respectively.
NEAF healing was documented by endoscopy (not sys-
tematic) in 6 patients at a median of 11 days [IQR, 9, 53]
after surgery. At last follow-up, all 6 reported being able
to eat normally. Two of these patients had dysphonia related
to unilateral recurrent nerve palsy. Four of the 5 patients
managed by tracheal resection–anastomosis experienced
fistula healing, after a median follow-up of 50 months. Fis-
tula healing was also documented in 1 of the 4 patients
managed using an airway patch and in 1 of the 2 patients
managed with direct fistula suturing (#8 and #9).
NEAF Recurrence
All 5 patients with NEAF recurrence died during follow-

up. Two of these patients had early fistula recurrence and
died within 90 days after the first repair procedure despite
emergency salvage surgery. Three patients (#1, #10, and
#11) had late recurrence, after day 90. One of these patients
(#1) died from aspiration pneumonia on day 128 after sur-
gery in circumstances that precluded a second repair
attempt. Another (#10) had repeat surgery 10 months after
the initial procedure for flap repositioning with interrupted
sutures through a sternotomy; a further recurrence 1 year
later led to the implantation of a tracheal SEMS to prevent
pneumonia followed by direct gastric-conduit suturing and
latissimus dorsi interposition through a right lateroposterior
thoracotomy. This patient died from a further NEAF recur-
rence 30 months after the initial procedure. Finally, patient
#11 was treated 3 months after the initial repair by direct
NEAF suture and a new supraclavicular artery perforator
flap but experienced another recurrence and died 10 months
after the initial repair.
In this group of patients, primary esophagectomy always

included mediastinal lymph node dissection and no one un-
derwent transhiatal approach. Time from primary esopha-
gectomy to diagnosis was shorter with a median of
JTCVS Techniques c Volume 23, Number C 129
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0.5 months [IQR, 0.5, 5] versus 13.5 months [IQR, 3.5, 22].
Finally, time from diagnosis to NEAF repair was longer
with a median of 109 days [IQR, 35, 176] versus 40 days
[IQR, 36.5, 66].

DISCUSSION
Of the 11 patients who underwent NEAF surgical repair

at our center over a 10-year period, 6 experienced NEAF
healing and resumed oral intake. The NEAF recurred in 5
patients, all of whom died. A flap was used in all the patients
but one, and tracheal resection–anastomosis was performed
in 5 of the 8 patients with tracheal fistulas.

Airway resection–anastomosis for NEAF repair has been
described as inadvisable.28,29 However, of the 6 patients
whose fistula healed in our study, 4 had had airway resec-
tion–anastomosis. Once the fistula is established, tracheal
resection–anastomosis may be preferable over direct sutur-
ing or patching of an ischemic and inflammatory site. Ac-
cording to one view, the airway abnormality responsible
for fistula formation is confined to the membranous wall
and should be managed with primary repair or patch recon-
struction.28,29 However, for tracheal fistulas, an anterior
approach allows perforator-flap repair of the gastric
conduit. A short tracheal resection–anastomosis is then
reasonable, as the perforator flap supplies blood vessels
and the remaining vessels are spared by using the anterior
approach. Moreover, a perforator flap allows tension-free
closure of the digestive fistula orifice with no further risk
of stenosis.30 As demonstrated for pharyngoesophageal
reconstruction, the musculocutaneous part of the perforator
flap provides good swallowing function.31 For tracheal
mobilization, the Dartevelle approach and Dedo–Fishman
or Montgomery maneuver can be used to remain consistent
with recommendations by Grillo regarding the transtracheal
approach for gastric repair.22-24,32 Similarly, for bronchial
NEAF, using a perforator flap provides tension-free poste-
rior-wall closure and material-free airway repair, thereby
minimizing the risk of subsequent bronchomalacia and ste-
nosis.33 In our 3 patients with bronchial fistulas, perforator
flap reconstruction produced airtight wall closure with a
skin-based rigid structure capable of resisting damage
from digestive-tract secretions. In addition, perforator flaps
offer the versatility and plasticity needed to reach any fistula
site, and they also fill the mediastinal space with no risk of
airway or gastric conduit compression.

In critically ill patients, tracheal or bronchial resection af-
ter esophagectomy would carry an unacceptably high risk
of anastomotic complications. NEAF often results in life-
threatening conditions such as severe sepsis and undernutri-
tion. Measures must therefore be taken to improve health
before surgery. They include weaning off MV, providing
nutritional support, treating airway and pulmonary inflam-
mation or infection, and controlling sepsis. These measures
were applied in our patients; however, 2 patients (#8 and
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#10) could not be weaned off MV due to life-threatening
illness and, among them, one (#10) required emergent sur-
gery before the initiation of nutritional support. Preopera-
tive implantation of an esophageal SEMS, as performed
in 2 of our 6 patients with NEAF healing (#3 and #4),
may be helpful. In a retrospective study of 58 patients
with gastric-airway fistulas, single stent implantation
achieved sealing in three-quarters and healing in a third of
cases; 7 patients were alive and eating normally at the end
of follow-up, which ranged from four to 61months.34 Place-
ment of 2 stents, each covering one of the fistula orifices,
obviated the need for emergency surgery in 11 of 13 patients
with NEAF after esophagectomy for cancer, allowing im-
provements in health status.35 Nonetheless, caution may
be in order, as stenting worsen local ischemia between the
gastric conduit and trachea; of our 11 patients, 5 had been
treated with esophageal stenting before the diagnosis of
NEAF. Moreover, stenting has been reported to increase
NEAF size, notably with double tracheal and digestive
stenting.16 Prompt surgical repair of stented but unhealed
NEAF may therefore be required to prevent stent-induced
tracheal and gastric-conduit injury. We suggest leaving pre-
viously deployed stents in place until surgical repair can be
performed and removing the stents during surgery.

Neoadjuvant therapy was given to 8 of our 11 patients
before esophagectomy. This proportion is substantially
greater than in other cohorts,16,35,36 suggesting that our pa-
tients had more advanced esophageal cancer and may there-
fore have been at high risk for NEAF repair failure. Use of a
perforator flap can bridge large defects with well-
vascularized tissue that constitutes a strong barrier between
the repaired airway and the digestive tract.

The limitations of our study include the retrospective
design, which may have resulted in information bias.
Although this case series is relatively small, it provides
valuable insights, given the condition’s high mortality
rate. With 11 repairs performed and 6 long-term survivors,
this dataset offers robust guidance for managing this chal-
lenging condition. Changes in management may have
occurred during the 10-year recruitment period. All patients
were managed at the same high-volume university center,
limiting the general applicability of our data. We advocate
the presence of specialized plastic surgeon for this complex
surgery. The high proportion of patients given neoadjuvant
therapy before esophagectomy suggests selection bias.
Other studies of NEAF repair also used a single-center
retrospective design. A meta-analysis of these studies and
ours might produce a greater level of evidence.

In conclusion, NEAF healing can be achieved by surgery
after preoperative treatment to improve the health status.
Perforator-flap repair of the gastric conduit, and tracheal
resection–anastomosis in patients with tracheal involve-
ment, could provide satisfactory outcomes for swallowing
disorder and dysphagia.
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