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Introduction

Post-intubation tracheoesophageal fistula (PITEF) is a rare 
complication of prolonged mechanical ventilation (1,2). 
Variable, but generally severe clinical issues are usually 

associated with this condition including malnutrition, 

recurrent pneumonia, infections, frequent neurological 

disorders and/or ventilator dependence. Furthermore, 

surgery is challenging due to a variety of technical issues; 
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especially tissue damage and local infection (3,4). Since pre-
operative preparation, appropriate general supportive therapy 
and surgery timing and technique can influence patient 
outcome, we reviewed for both the choice and timing of 
surgical technique and outcome in PITEF patients.

Methods

We reviewed all past cases of PITEF between 2000 and 
2014 that underwent the Grillo surgical method. For all 
included cases, tracheoesophageal fistulas secondary to 
other causes were excluded, and only those cases treated 
with primary repair of the esophagus and airway resection/
reconstruction were included.

We set  up a  database  to  col lect  the  fol lowing 
information: cause and duration of intubation, observed 
comorbidities, nutritional and infective statuses, weaning 
time from mechanical ventilation, diagnostic work up, 
fistula size, fistula location, fistula distance from the glottic 
plane, previous tracheostomy, any subglottic larynx injury, 
condition of whole trachea, preparation for surgery, selected 
operative technique, postoperative course, treatment of 

surgical complications and long term outcome. The time 
spans from the last days of mechanical ventilation were also 
recorded. All 9/10 surviving patients at five year follow-up 
underwent complete clinical examination and bronchoscopy. 
As this was a case-series review of few patients, no statistical 
analysis was appropriate. This review was carried out with 
the approval from both the Perugia and Terni University 
Hospitals Institutional Review Boards.

Results

Population overview

Overall, 104 patients had undergone tracheal resection 
and reconstruction for different indications. Among these, 
10 patients were submitted for primary esophageal suture 
and tracheal resection-reconstruction for PITEF. In this 
subgroup we included patients who had been mechanically 
ventilated for long-lasting coma (9 neurologic, 1 metabolic). 
There were 6 females and 4 males, median age 39 years 
(range, 26–77 years). The clinical characteristics at the time 
of referral are summarized in Table 1.

Table 1 Patient characteristics at the time of surgery

Patient 
number

Under mechanical 
ventilation

Sepsis
Nutritional 

status
Tracheostomy

Feeding 
gastrostomy

Previous 
treatment

Note

1 No − Appropriate + + − − 

2 No − Appropriate − − − − 

3 No − Appropriate − + Dumon stent Fistula enlargement

4 No + Appropriate + − − − 

5 Yes + Appropriate + + − Very distal fistula. 
Fluctuating mechanical 
ventilation

6 No − Underfed − − − Cirrhosis

7 No + Underfed + + − Very distal fistula

8 Yes + Underfed + − − Fluctuating mechanical 
ventilation. Progressive 
fistula enlargement. 
Minor neurological 
impairment

9 No − Underfed + + − − 

10 No − Appropriate + − − Multiple pneumonia in 
Rehab Centre. Thigh 
stenosis

+, present; −, absent.
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Preparation for surgery and preoperative assessment

Four patients were in good condition and did not need 
preoperative preparation (#1, #2, #3, #10). Whereas, for 
the remaining six patients, surgical treatment was followed 
by a period of antibacterial therapy, enteral feeding and/or 
permanent weaning from a ventilator. 

Patients were evaluated according to general conditions: 
debilitated when BMI <20, severe hypoproteinemia, 
electrolyte imbalance, renal imbalance, cardiorespiratory 
failure or coma, as suggested by a current clinical practice 
recommendation (5). Infection-related illness was deemed 
in the case of septic fever and/or pneumonia in the previous 
month, associated to significant elevation of erythrocyte 
sedimentation rate and C-reactive protein. All the available 
clinical data were evaluated as prognostic factors and 
decision-making process indicators. We utilized the 
P-Possum score to estimate the level of impairment (Table 2).

The preparation for curative surgery included 
percutaneous gastrostomy tube placement and tracheostomy 
in 3/10 patients (#5, #7, #9). Another patient had been 
treated two years earlier, at another hospital, with 
gastrostomy and tracheal stenting (Dumon stent 14–40 mm) 
(#3); the original endoscopic report, before stent placement, 
described a 4mm fistula (Figures 1,2). Two patients (#5, #8) 
underwent surgery, despite the unsatisfactory results from 
long term preparation, for different reasons: (I) enlarging 
fistula and multiple recurrent pneumonia with repeated 
restart of a previously discontinued mechanical ventilation 
(#8); (II) distal PITEF with difficult placement of the tube 

cuff below the fistula; this young patient was difficult to 
wean from the ventilator for neurological reasons (#5). Both 
patients had suitable anatomies for performing an ulterior 
tracheostomy below the anastomosis.

A preliminary rigid bronchoscopy was performed in 
all cases to assess the condition of the trachea, the length 
of PITEF and its exact position. The mean longitudinal 
length of the fistula was 20.5 mm (median 17.5 mm; range, 
8–45 mm); the median distance between the glottic plane and 
the distal limit of PITEF was 43 mm (range, 20–68 mm). A 
concomitant tracheal stenosis was diagnosed in 7/10 patients: 

Table 2 Surgical risk evaluation (P-POSSUM)

Patient number Physiology score
Operative severity 

score
Morbidity (%) Mortality (%)

1 12 13 17.9 0.7

2 17 13 32.7 1.5

3 12 13 17.9 0.7

4 12 6 5.5 0.2

5 31 16 89 20.8

6 28 12 70.1 7.8

7 17 9 18.5 0.8

8 31 12 79.1 12.3

9 22 9 33.6 1.9

10 12 6 6.4 0.3

Figure 1 Flexible esophagoscopy showing a tracheal Dumon stent 
with a good seal of the digestive fistula (Patient #3).
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the fistula was located immediately below the stenosis in 
3 patients (Figure 3), and much more distally in 4. A median 
28 mm length (range, ≅0–40 mm) was recorded regarding 
the segment of airway removed.

Surgical technique

All the surgical procedures were performed in a single stage 
with a nasogastric tube positioned. Despite the presence of 
tracheostomy, all patients were intubated, facilitated by a 
flexible bronchoscope, carefully placing the orotracheal tube 
below the fistula. Surgery was performed through a collar 
incision and a sternal split was added in two cases: one of 
these was for the patient who underwent second surgery.

Even though all patients underwent a transtracheal 
suture of the fistula, data analysis highlighted significant 
technical variations; likely influenced by anatomical 
features. Most patients (#1, #2, #3, #4, #6, #10) underwent 

resection of the airway tract including the fistula site. 
Here, the trachea was circumferentially dissected just 
below the PITEF and transected at this level. Cross-field 
ventilation was then started by intubation of the distal 
tracheal stump. The fistula was excised starting from the 
bottom, then proceeding upward to the proximal tracheal 
stump. Therein, the esophagus was dissected just enough to 
expose the fistula. When the fistula was completely divided, 
the esophageal mucosa was repaired with longitudinal 
interrupted inverting sutures (4/0 Vicryl, Ethicon Inc., 
Cornelia, GA, USA) and the esophageal muscular layers 
were closed using interrupted everting sutures. A caudally 
pedicled sternohyoid muscle flap was interposed between 
the esophagus and airway, and thereafter, secured with 
multiple stitches to the muscle layer of the esophagus, in 
order to completely cover the sutured fistula. The proximal 
tracheal stump was further dissected until reaching 
undamaged mucosa and then transected at this level. Finally, 
tracheal anastomosis was completed with interrupted 
sutures (2/0 and 4/0 Vicryl) according to a description by 
Mathisen et al. (6).

In 3/10 cases, the fistula was located very distally to 
the damaged trachea, and for this, resection of the entire 
tract inclusive of the fistula and tracheal stenosis was 
not deemed feasible (patients #5, #7, #8). These patients 
underwent tracheal or laryngotracheal (#7, #8) resection, 
as well as reconstruction, without excision of the fistula 
site. The airway was cut above the fistula and the trachea 
was separated from the esophageal wall. The fistula was 
then divided, preserving the mucosa for reconstruction 
of the trachea rather than the esophagus (7). After the 
trachea was completely freed, the defect in the esophagus 
was repaired and the pedicled muscle flap was secured over 
the esophageal suture. The posterior defect of the distal 
tracheal stump at the level of the excised fistula was also 
repaired, by suturing the posterior membranous wall with 
4/0 Vicryl interrupted everting stitches. Finally, resection 
and reconstruction of the proximal, damaged trachea was 
performed; resulting in a shortened tracheal segment.

In one patient (#9), the airway injury was considered 
too long to permit a safe tracheal reanastomosis. So, the 
procedure consisted of an esophageal suturing through 
a transtracheal approach, followed by a short tracheal 
resection including only the malacic segment at the level 
of the original tracheostomy, then a tracheal anastomosis 
was performed, and finally a second tracheostomy was 
performed at the level of the anastomosis, followed by 
a permanent T-Tube placement (Hood Laboratories, 

Figure 2 Surgical specimen. Huge fistula involving the entire 
width of the membranous tracheal wall, after 2 years of tracheal 
stenting with a Dumon stent (Patient #3).

Figure 3 Surgical specimen. Typical case of fistula placed under a 
tight tracheal stenosis (Patient #1).
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Pembroke, MA USA). In this case, the T-Tube was 
successfully removed at 35 months. A small tracheostomy 
was performed in two other patients (#5, #8) consisting 
of placing the device a couple of rings below the tracheal 
anastomosis. This was done to allow for mechanical 
ventilation, if needed. 

An anterior flexion of the head was maintained for seven 
days using the chin-sternal stitch. All recorded surgical 
treatment data are reported in Table 3.

Data analysis

One postoperative fatal esophageal bleeding, due to liver 
cirrhosis, was registered on day 9 (#6). This patient had 
also shown an anastomotic complication on day 5 and 
never restarted oral feeding postoperatively. Two other 
cases of tracheal suture leakage occurred. One of these 
was a partial dehiscence, with granulomas formation at the 
anastomotic site without fistula reopening, which developed 
in a temporarily ventilator-dependent patient (#8). In this 
case, the tracheostomy below the anastomosis had already 
been performed and a size 12 Montgomery T-Tube was 
placed, because of spontaneous breathing: oral intake was 
restarted on day 20 and the T-Tube was left in place for  
11 months, resulting in mild, asymptomatic tracheal 
stenosis following the tracheostomy closure. The second 

patient had a reopening of the fistula (#7). Being so, a 
tracheostomy was performed at the site of the previous 
anastomosis. Forty days later, the same patient underwent 
a redo cervicotomy including a sternal split and following 
this the fistula was closed using a transtracheal suture and 
a T-Tube was positioned. This procedure allowed for the 
permanent closure of the fistula, but the tracheostomy 
was permanent and only after 50 days was the T-Tube 
substituted with a tracheostomy tube, due to impaired 
neurological conditions. The remaining seven patients had 
a “uneventful recoveries” and the median post-operative 
hospital stay was 11 days. 

Overall, 7/10 patients had a follow up at 5 years from 
surgery consisting of a thorough clinical examination 
to assess for normal breathing parameters feeding. Two 
patients had died before follow up and family members 
reported that the patient deaths were associated to 
cardiovascular disease and not to PITEF. All nine interviews 
with family members led to claims that all the patients had 
maintained oral feeding following hospital discharge. At 
the 5-year follow up, normal range breathing was observed 
in the 7 patients (1 with the T-Tube) while in 1 of these 
patients, breathing was feasible only with a permanently 
positioned tracheostomy tube. Both post-operative 
course and information collected at 5-year follow up are 
summarized in Table 4.

Table 3 Surgical records

Patient 
number

Tracheal stenosis Fistula size (mm)
Tracheal resection 

including fistula
Tracheal resection 
excluding fistula

Additional treatment

1 − 8 + − –

2 − 25 + − –

3 + 35 + − –

4 + 15 + − –

5 + 20 − + Tracheostomy below anastomosis

6 + 15 + − –

7 + 8 − + –

8 − 45 − + Tracheostomy below anastomosis

9 + 30 − − Tracheostomy and primary T-Tube 
placement

10 + 30 − − Tracheostomy and primary T-Tube 
placement

+, yes; −, no.
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Discussion

PITEF are triggered by chronic pressure, which in turn 
leads to ischemia: an endotracheal tube cuff hypertension 
that presses on the nasogastric tube (8,9). These patients are 
often debilitated or mechanically ventilated and frequently 
require to palliative procedures. Currently, surgery is the 
only curative treatment, given that spontaneous healing 
is extremely unlikely and it is only possible in the acute 
setting. Repair should be anticipated with several essential 
preliminary steps including both weaning from mechanical 
ventilation and resolution of any other medical impairment. 
If discontinuation of mechanical ventilation is impossible, 
most authors suggest promptly adopting palliative initiatives 
to prevent complications such as nasogastric tube removal, 
cuff placement distal to the fistula, drainage gastrostomy 
and feeding enterostomy. Thus, an enlargement of the 
fistula and inhalation of any gastroesophageal reflux can be 
avoided, while mechanical ventilation and proper nutrition 
are allowed (10-12). However, some authors have described 
these disadvantages from delayed treatment (13).

Therefore, the choice of surgical technique is still a 
matter of debate (14-20). That is, PITEF repair can be 
carried out by direct suturing through a transtracheal 

approach, or through a lateral exposure of the fistula, 
without tracheal division. In both approaches, there is 
unanimous agreement, that the suturing of the fistula 
should be protected by an interposed muscle flap. In fact, a 
left sternohyoid muscle flap, caudally pedicled, was tailored 
to provide the most effective protection (18). 

Regarding esophageal diversion, it can be associated 
with a high complication rate and therefore strict patient 
selection is recommended (12).

We have no experience with the lateral approach to the 
fistula, which is generally considered as a technique with 
narrow indications, basically featured by very small defects, 
without tracheal wall damage. This technique basically leads 
to an inadequate surgical access to the fistulous tract and 
can be also followed by several complications as laryngeal 
nerve injury, fistula recurrence, late tracheal stenosis in 
the suture site (10,12,17,18). In 1976, Grillo et al. (10) 
suggested the direct suturing of the esophageal site and the 
resectioning of the affected trachea through an anterior 
cervicotomy with or without sternal splitting. Several years 
later, Mathisen et al. (6) validated this approach, which 
today is considered the treatment gold standard for PITEF. 
The advantages of the Grillo technique include an excellent 
visual access to the fistula and the lowest risk of tracheal 

Table 4 Post-operative course and data collected at 5-year follow up

Patient 
number

Complications Treatment of complications Oral feeding Final outcome at the last follow-up

1 − − OK Alive asymptomatic

2 − − OK Alive asymptomatic

3 − − OK Alive asymptomatic

4 − − OK Alive asymptomatic

5 − − OK Deceased for other causes, asymptomatic

6 Death (massive bleeding from 
esophageal varices)

– − −

7 Partial fistula reopening Redo cervicotomy with 
sternal split. T-Tube

OK T-Tube removal. Definitive tracheostomy 
cannula. Recurrent coma related death

8 Partial anastomosis 
dehiscence, granuloma

T-Tube OK T-Tube removal 11 months later. Deceased 
for other causes

9 Minimal inflammatory 
granulomas proximal to the 
stent

T-Tube changes. Laser 
treatment

OK Several T-Tube changes. Definitive 
stent removal 35 months later. Alive, 
asymptomatic tracheal stenosis

10 Minimal inflammatory 
granulomas proximal to the 
stent

T-Tube changes. Laser 
treatment

OK Several T-Tube changes. Definitive 
stent removal 35 months later. Alive, 
asymptomatic tracheal stenosis
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devascularization. Another benefit of the transtracheal 
approach over the lateral one is that it carries a lower risk of 
laryngeal nerve injury; which occurred only in the patient 
submitted to redo surgery for a giant PITEF proximal to 
the cricoid. Concomitant tracheal stenosis is common in 
PITEF. However, any decision regarding tracheal resection 
needs to take into consideration any pre-existing tracheal 
injuries. The surgical technique for PITEF allows for a 
direct access to the fistula, which is ensured by a division of 
the trachea. Whereas, in the case of an undamaged airway, 
the shortest tracheal resection has not been reported to add 
morbidity.

The closure of the fistula is the aim of the treatment. 
However, surgery for PITEF is challenging and its 
related morbidity rate is not negligible; certainly greater 
than tracheal surgery for malignancy (21,22). In fact, 
the complication rate has been reported to be between 
32% and 56%, mainly anastomotic issues or fistula 
recurrences (3,4,23). The results from our case series 
review regarding complications are in line with published 
literature. Specifically, patients with PITEF often have 
major comorbidities and are also debilitated, despite 
a preoperative preparation. Furthermore, the trachea 
and esophagus are always stuck together and therein a 
circumferential dissection of the trachea below the fistula is 
technically demanding. Likewise, a resectioning of a long 
tracheal segment is sometimes required for tracheal injury 
distant from the fistula, and for a possible concomitant 
tracheostomy. Conversely, when a large fistula is located 
immediately below the cricoid, is challenging to detach 
residual esophageal mucosa from the cricoid cartilage.

In our experience, PITEF presents significant features 
of inter-individual variability and the lesion can differ in 
terms of size, position, deterioration and symptoms. Local 
assessment of operability is mainly based on the endoscopic 
evaluation. Rigid bronchoscopy is still an optimal method 
to get a clear picture of the local condition in order to plan 
and prepare the most appropriate surgical procedure (24).

When the segment of trachea to resect is too long, other 
technical solutions must include the primary aim of fistula 
closure as well as the repairing of the tracheal stenosis as a 
secondary aim. A pre-existing tracheostomy stoma and the 
possibility of placing a new tracheotomy below the tracheal 
anastomosis are considered non-negligible parameters. 
Resections of segments including the fistula, tracheostomy 
and stenosis can be risky. Here, there are two surgical 
options: (I) PITEF closure, ensuring the tracheal patency 
utilizing permanent stenting with a T-Tube; (II) esophageal 

suturing, repair of the tracheal membranous wall adjacent 
to the fistula and a resectioning limited to the cranially-
located stenotic segment. Using this approach, a significant 
reduction in the length of the trachea to resect can be 
achieved. After the esophageal repair has been completed, 
the membranous tracheal wall could be directly sutured 
whenever it is not severely damaged. In such circumstances, 
the fistula needs be incised sparing the tissues in favour 
of the trachea, in order to avoid a postoperative tracheal 
stenosis. Actually, any moderate loss of esophageal mucosa 
is usually well tolerated.

Surgery must be considered very cautiously in patients 
dependent on mechanical ventilation (25), even though, 
in our opinion, ventilator dependence should not be 
considered an absolute contraindication to the surgical 
closure of the fistula. Every single case must be assessed 
individually. Specifically, although complete weaning from 
mechanical ventilation is preferred, some patients are 
ventilator dependent because an infection secondary to 
repeated airway soiling and this does not allow for weaning. 

The non-operative options available for PITEF 
treatment include bronchocatheters, long straight or 
bifurcated tracheostomy tubes; both should be considered 
for inoperable patients (26). In the ten reviewed cases of 
this case series, the surgical indication was also extended 
to two patients who were not completely weaned from the 
ventilator: the prerequisite was the feasibility of a small 
tracheostomy a couple of rings below the anastomosis. 
Placing a tracheostomy below the suture line is sometimes 
possible after tracheal resection for PITEF. Indeed, if a 
suitable anatomy is deemed in a patient with repeated 
pulmonary infections and/or progressive enlargement of 
the fistula, an aggressive surgical treatment can be justified. 
Good post-operative outcomes were achieved, despite 
the need for a short postoperative period of mechanical 
ventilation, in the two patients who could not be completely 
weaned from ventilators before surgery. In fact, a complete 
weaning from mechanical ventilation in these two patients 
was achieved only when the fistula had been permanently 
closed; even though one of these patients developed an 
anastomotic complication, which was successfully treated 
with a temporary T-Tube.

The T-Tube is an essential device in tracheal surgery but 
its role in the treatment of PITEF is less clear. It can be 
used to treat anastomotic complications in PITEF patients, 
or when tracheal damage is excessive and therefore prevents 
an entire resectioning of the diseased airway. Nonetheless, 
surgeons need to carry out the primary objective of this 
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procedure, which is to close the fistula. In fact, permanent 
PITEF closure and T-Tube placement are associated 
with good outcome, given the fact that T-Tube removal 
can occur even months after stenting for airway lumen 
stabilization (27). Furthermore, a modified T-Tube with the 
cranial branch occluded by an internal inflatable balloon, 
was successfully used for temporary mechanical ventilatory 
support in selected patients, treated with direct repair of 
the PITEF and tracheal or laryngotracheal resection (28). 
Likewise, a well-positioned T-Tube does not exert any 
radial tension on the tracheal wall and keeps its position 
because the horizontal branch is bound to the tracheostomy. 
For this, it is not believed to cause ischemia of the adjacent 
mucosa and does not seem to interfere with the healing of 
a recently performed tracheal anastomosis. To this regard, 
one of the cases in this review was deemed unresectable due 
to extended airway damage and the digestive fistula closure 
was performed along with a limited tracheal resection 
which included the placement of a trans-anastomotic 
T-Tube, which was intended to be permanent. Despite 
the pessimistic outlook immediately following surgery, 
an adequate airway lumen was obtained and permanent 
decannulation with the tracheostomy closure was achieved 
months after stenting with a T-Tube. Indeed, authors have 
reported good benefit from tracheobronchial stenting for 
the conservative treatment of PITEF in patients with a 
clinically assessed poor prognosis including the need for 
mechanical ventilation (29). Given that fistulas can be 
caused or worsened by self-expandable stents, their use 
in treating PITEF might appear to be a contradictory 
solution (30). However, one of the patients in our case series 
had had a tracheal Dumon stent and gastrostomy for some 
years. Despite this, the stent allowed for normal ventilation 
which in turn may have avoided recurrent episodes of 
pneumonia, but resulted in a three-fold enlargement of the 
fistula, which included the entire width of the membranous 
tracheal wall, at the time of surgery (Figure 2). 

In conclusion, this review was of a single Institution 
with limitations inherent of a retrospective study. This 
review is without a comparison analysis, since only one 
surgical technique was performed. Our review results 
suggest that primary esophageal closure with tracheal 
resection/reconstruction is an effective treatment for 
most PITEF patients; although associated morbidities are 
not uncommon. This conclusion is in agreement with a 
large number of past retrospective studies (3,4,6,7,14,23). 
Moreover, this case series review suggests that even 
ventilator-dependent patients may benefit from surgery 

when they are selected according to a criterion based upon 
general condition, worsening trend and fistula size. Finally, 
the T-tube assisted in stabilizing complicated cases and 
often resulted being a permanent solution.
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