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Background: Tracheoesophageal fistula (TEFs) is a rare condition that requires complex 
surgical treatment. We analyzed the surgical outcomes of TEF reported in the literature and 
at Pusan National University Yangsan Hospital using standardized techniques.
Methods: This retrospective study included 8 patients diagnosed with acquired benign 
TEF between March 2010 and December 2019. The surgical method was determined 
based on the size of the fistula observed within the endoscope.
Results: TEF occurred in 7 patients (87.5%) after intubation or tracheostomy and in 1 pa-
tient (12.5%) after esophageal surgery due to conduit necrosis. For tracheal management, 
5 and 2 patients underwent tracheal resection and end-to-end anastomosis and primary 
repair, respectively. The median length of resection was 2.5 cm (range, 1.3–3.4 cm). For 
esophageal management, 6 patients underwent primary repair and 1 patient underwent 
esophageal diversion. One patient underwent TEF division with a stapler. Interposition of 
a muscle flap was performed in 2 patients. TEF recurrence, esophageal stenosis, and dehis-
cence or granulation occurred in 1, 1, and 2 patients, respectively. A long-term tracheosto-
my tube or T-tube was used in 2 patients for >2 months.
Conclusion: Although TEF surgery is complex and challenging, good results can be 
achieved if surgical standards are established and experience is accumulated.
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Introduction

Spontaneous closure of a tracheoesophageal fistula (TEF) 
is uncommon, and surgical treatment is required in most 
cases. Alternative interventions such as stent insertion or 
clipping can be used, but these interventions are applicable 
only for small fistulas. For large TEFs presenting with typ-
ical symptoms, alternative interventions are often difficult 
and surgery is required [1-3].

Limited studies have reported the surgical outcomes of 
TEF because the condition is relatively rare and a complex 
surgical technique is required. Moreover, with the recent 
introduction of the low-pressure high-volume endotracheal 
tube, the occurrence of TEF as a consequence of endotra-
cheal balloon compression has decreased, which in turn 
has reduced the need for surgical intervention [4]. With the 
development of medical support and advances in surgical 

techniques compared to the past, TEF surgery is becoming 
safer. Although many doctors agree that surgical treatment 
is appropriate for TEF, there remains a lack of consensus 
regarding the standard surgical procedure. Since there is 
no established standard for each aspect of surgery, such as 
the indications of surgery, the surgical approach, the pro-
cedure for the trachea and esophagus, and the application 
of the f lap, surgeons have different methods and criteria 
for applying treatment. At several institutions, surgical 
methods have also changed over time. However, a standard 
protocol for surgery needs to be established to standardize 
the surgical technique, especially at institutions that have 
limited experience in TEF surgery, and there has been no 
leading group in this regard. Therefore, the present study 
aimed to analyze the results of TEF operation reported in 
the literature and to compare the surgical results obtained 
at our small-volume center to those of other centers to help 

https://doi.org/10.5090/jcs.21.012

pISSN: 2765-1606   eISSN: 2765-1614

J Chest Surg.  2021;54(3):206-213

http://crossmark.crossref.org/dialog/?doi=10.5090/jcs.21.012&domain=pdf&date_stamp=2021-06-05


207

Sang Pil Kim, et al. Surgical Treatment of Tracheoesophageal Fistula

http://www.jchestsurg.org

JCS
obtain better clinical results in the future.

Methods

Patient selection

We retrospectively reviewed the clinical data of 8 adult 
patients diagnosed with acquired benign TEF at our clinic 
between March 2010 and December 2019. The medical re-
cords were reviewed for demographic information, the 
cause of TEF, preoperative medical condition, comorbidi-
ties, prior surgery, operative procedures, length of hospital-
ization, morbidity, and mortality. Operative mortality in-
cluded all deaths occurring within 30 days of the prescribed 
procedure. Follow-up was performed by chart review or a 
telephonic survey to investigate late complications.

The appropriate surgical intervention was determined by 
the cause and size of TEF (examined by gastric endoscopy) 
and a reported history of persistent pulmonary aspiration. 
Regardless of its size, if the extent of the fistula was such 
that the tracheal tube was visible through the gastric endo-
scope, it was defined as surgically appropriate to select tra-
cheal resection and end-to-end anastomosis (TREE) with 
primary esophageal closure. Fistula division and primary 
repair of the trachea and esophagus were performed when 
the endotracheal tube was not visible if the fistula was 
small. Additionally, if the fistula was too large for TREE, 
division and primary repair were performed. This study 
was reviewed and approved by the Institutional Review 
Board of Pusan National University Yangsan Hospital (IRB 
approval no., L-2021-30). The recommendations of the 
Declaration of Helsinki for biomedical research involving 
human subjects were followed. The requirement for in-
formed consent was waived.

Operative techniques

TREE with primary esophageal closure
After a U-shaped cervical incision, midline dissection 

was performed between the 2 sternohyoid muscles, and 
then the thyroid isthmus was divided to expose the anteri-
or surface of the trachea. The trachea was dissected cir-
cumferentially above and below the site of the fistula and 
as close as possible to the outer tracheal surface to prevent 
recurrent laryngeal nerve injury. The trachea was then di-
vided below and above the site of the fistula. Once the dis-
tal airway was separated, a new endotracheal tube was in-
serted into the distal tracheal airway through the surgical 
wound. The original endotracheal tube was then with-

drawn to the proximal trachea by the anesthetist. After se-
curing the airway, the trachea containing the fistula lesion 
was removed, except for the posterior membranous por-
tion. Resection of the trachea allowed complete exposure 
of the esophageal defect (Fig. 1A). The edges of the esopha-
geal defect were debrided and a double-layer closure was 
made (Fig. 1B). After the esophageal defect was repaired, 
the posterior membranous portion of the trachea was re-
constructed with continuous 4-0 polydioxanone (PDS) su-
tures (Ethicon Inc., Somerville, NJ, USA). After posterior 
anastomosis of the airway was completed, the endotracheal 
tube inserted in the trachea (distal) was removed, the tube 
located above was placed under the tracheal anastomosis, 
and mechanical ventilation was maintained. Several inter-
rupted 4-0 PDS sutures were then added anteriorly (Fig. 
1C). Laryngeal release was performed and the neck was 
f lexed to avoid excessive anastomotic tension. During 
TREE and primary esophageal repair, additional muscle 
flap interposition was not performed because the location 
of esophageal closure and airway anastomosis were differ-
ent regardless of the length of tracheal resection.

Fistula division and direct closure of the tracheal and 
esophageal defects

TEF exposure was performed via a lateral oblique inci-
sion at the left sternocleidomastoid muscle. The sternoclei-
domastoid muscle was dissected to expose the jugular vein, 
carotid artery, and thyroid gland. The thyroid gland and 

A B C

Fig. 1. Schematic diagram of tracheal resection and end-to-end 
anastomosis. (A) The trachea is resected below and above the site 
of the fistula. The fistulous site in the esophagus is exposed be-
tween the proximal trachea and distal trachea. (B) The edges of 
the esophageal defect are debrided and a double-layer closure is 
made. (C) Because the repair site of the esophageal defect and the 
anastomosis site of trachea reconstruction are located at different 
levels, an additional muscle flap interposition is not performed.
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trachea were pulled forward and contralaterally. To ensure 
that the recurrent laryngeal nerve was not accidentally dis-
sected, the nerve was identified and it was ensured that the 
nerve was located far from the fistula. The fistulous tract 
was then dissected and divided (Fig. 2A). Closure of the 
membranous tracheal defect was performed directly with 
interrupted 4-0 PDS sutures. The esophageal defect was 
then closed by a double layer after debridement of the fis-
tulous edges (Fig. 2B). To avoid close contact with both re-
pair sites, a f lap of strap muscle was interposed between 
the esophagus and trachea (Fig. 2C). However, in 1 case, 
tracheal resection was impossible because the fistula size 
was >5 cm; hence, division using a stapler was performed 
(Fig. 2D).

Statistical analysis

Continuous data are expressed as median values and in-
terquartile ranges. All statistical analyses were performed 
using IBM SPSS ver. 21.0 software (IBM Corp., Armonk, 
NY, USA).

Results

Perioperative characteristics of patients

Between January 2010 and December 2019, 8 patients 
were diagnosed with TEF and underwent surgical treat-
ment. The median age of the 8 patients was 58.5 years 
(range, 38.3–77.5 years). Of the patients, 3 were men and 5 
were women. The median body mass index of the 8 pa-
tients was 22.2 kg/m2 (range, 20.0–28.4 kg/m2). TEF oc-
curred in 7 patients (87.5%) after intubation or tracheosto-
my and in 1 patient (12.5%) after esophageal surgery due to 
conduit necrosis. Six patients (75%) had a preoperative tra-
cheostomy and 2 patients (25%) were not intubated. Preop-
eratively, 2 patients (25%) were placed on a mechanical 
ventilator. The median period from diagnosis to surgery 
was 5 days (range, 1.3–19.3 days) (Table 1).

Postoperative results

The surgical procedure was performed through the cer-
vical approach in 7 patients (87.5%) and the thoracic ap-
proach in 1 patient (12.5%). For tracheal management, 5 
(65.5%), 2 (25%), and 1 (12.5%) patient underwent TREE, 
primary repair, and division with a stapler, respectively. The 
median length of resection was 2.5 cm (range, 1.3–3.4 cm). 

Fig. 2. Schematic diagram of fistula division and direct closure of 
the tracheal and esophageal defect. (A) The fistulous tract is divid-
ed and the fistula between the esophagus and trachea is exposed. 
(B) The membranous tracheal defect is closed directly with inter-
rupted sutures. The esophageal defect is closed by a double layer. 
(C) To avoid close contact with both repair sites, a flap of strap 
muscle is interposed between the esophagus and trachea. (D) In 1 
case, division of the fistula was performed using a stapler due to a 
large fistula (>5 cm). We decided that the fistula would be divided 
by a stapler as a modification of primary repair. Tracheal resection 
was impossible because the fistula size was >5 cm; hence, divi-
sion using a stapler was performed.

A B

C D

Table 1. Perioperative characteristics of patients (n=8)

Characteristic Value

Age (yr) 58.5 (38.3–77.5)
Sex
   Male 3 (37.5)
   Female 5 (62.5)
Body mass index (kg/m2) 22.2 (20.0–28.4)
Cause
   Post-intubation or tracheostomy TEF 7 (87.5)
   Post-esophageal surgery, conduit necrosis 1 (12.5)
Preoperative intubation state
   Tracheostomy 6 (75.0)
   Intubation 0
   None 2 (25.0)
Preoperative mechanical ventilation 2 (25.0)
Comorbidity
   Cerebrovascular 4 (50.0)
   Cardiovascular 0
   Respiratory disease 1 (12.5)
   Others 4 (50.0)
Other preoperative treatment for TEF 0
Time from diagnosis to surgery (day) 5 (1.3–19.3)

Values are presented as median (range) or number (%).
TEF, tracheoesophageal fistula.
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Six patients (75%) underwent primary repair, 1 patient 
(12.5%) underwent division with a stapler, and 1 patient 
(12.5%) underwent esophageal diversion treatment. Inter-
position of a muscle flap was performed in 2 patients (25%). 
The median operation time was 177.5 minutes (range, 
108.8–335.0 minutes). The median estimated blood loss 
was 100 mL (range, 50–237.5 mL). The median duration of 
postoperative mechanical ventilation was 1.5 days (range, 
0.3–2.8 days). The median length of intensive care unit and 
hospital stays were 6 days (range, 2.3–23.8 days) and 33.5 
days (range, 18.5–173.5 days), respectively. Morbidity oc-
curred in 4 patients (50%). TEF recurred in 1 patient 
(12.5%). Stenosis of the esophagus occurred in 1 patient 
(12.5%). Dehiscence or granulation occurred in 2 patients 
(25%). A long-term tracheostomy tube or T-tube was used 
in 2 patients (25%) for >2 months. There were no instances 
of mortality within 30 days postoperatively, and all patients 
were discharged successfully (Table 2).

Discussion

Surgical treatment of TEF has been proposed by Grillo et 
al. [5] and Mathisen et al. [1] of Massachusetts General 
Hospital and has been accepted as the standard surgical 
procedure. Generally, a low collar incision is performed, 
and in some cases partial sternotomy is added when a fis-
tula is present in the lower airway. Very rarely, a thoracoto-
my is performed if the fistula is above the carina. The tim-
ing of surgery is dependent on the patient’s general health 
factors including recovery from pneumonia, good nutri-
tional status, and ventilator weaning, if necessary. If the 
patient requires mechanical ventilation, it is preferable to 
delay the surgery until the patient’s medical condition im-
proves substantially. To alleviate aspiration pneumonia 
caused by gastric juices, it is recommended to empty the 
stomach and perform gastrostomy and jejunostomy feed-
ing for nutrition.

In primary repair, Macchiarini et al. [6] postulated that 
both sides of the fistula have a high recurrence rate because 
the repair sites of the esophagus and the trachea are ex-
posed on opposite sides. However, when TREE is per-
formed, the primary repair site of the esophagus and the 
tracheal anastomosis site are located at different levels re-
gardless of the length of trachea resection. Therefore, the 
possibility of fistula recurrence is low. Based on an analysis 
of 31 cases of TEF surgery over approximately 20 years, 
TREE was considered the standard procedure. It resulted 
in a lower incidence of complications (7% versus 38%) and 
a higher long-term survival rate (93% versus 65%) than di-
vision and primary repair. In that study, the 2 surgical 
techniques accounted for the same proportion of cases, but 
direct closure of the tracheal and esophageal defects was 
performed in the first half of the study period, while TREE 
was performed in all cases in the latter half. Considering 
that the overall ability of the institution to treat TEFs has 
improved over time, TREE is likely to result in positive 
surgical results today.

In addition, the surgical records over a 35-year period of 
the Massachusetts General Hospital group were analyzed 
by dividing them into 2 groups: the first half of the study 
period and the second half of the study period [7]. The fre-
quency of tracheal resection decreased in the second half 
of the period from 82% to 61%, and the mortality rate de-
creased from 10.5% to 2.8%, although the difference was 
not statistically significant. However, the trachea appliance 
rate was significantly higher in the second half of the peri-
od (28.6%) than in the first half of the period (5.8%). More-
over, the fistula recurrence rate increased from 5.3% in the 

Table 2. Postoperative results

Variable Value

Approach
   Cervical 7 (87.5)
   Thoracotomy 1 (12.5)
Trachea management
   Tracheal resection and end-to-end anastomosis 5 (65.5)
   Primary repair 2 (25.0)
   Division with stapler 1 (12.5)
Resection length (cm) 2.5 (1.3–3.4)
Esophageal treatment
   Primary repair 6 (75.0)
   Stapling 1 (12.5)
   Diversion 1 (12.5)
Other concomitant operation 2 (25.0)
Muscle flap interposition 2 (25.0)
Operation time (min) 177.5 (108.8–335.0)
Estimated blood loss (mL) 100.0 (50.0–237.5)
Postoperative bleeding (mL for 24 hours) 50.0 (5.0–81.3)
Mechanical ventilation (day) 1.5 (0.3–2.8)
Intensive care unit stay (day) 6.0 (2.3–23.8)
Hospital stay (day) 33.5 (18.5–173.5)
30-Day mortality 0
Morbidity 4 (50.0)
Complications
   Tracheoesophageal fistula recurrence 1 (12.5)
   Stenosis 1 (12.5)
   Dehiscence or granulation 2 (25.0)
   Vocal cord palsy 0
   Pneumonia or respiratory failure 1 (12.5)
   Long-duration tracheostomy or T-tube 2 (25.0)

Values are presented as number (%) or median (range).
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first half of the period to 11.1% in the second half of the 
period. Overall, the risks of surgery decreased, but the 
overall increase in the trachea appliance rate and the re-
currence rate resulted in more frequent failure of surgery. 
Previous studies that preferred TEF division reported a 
lower incidence of mortality than those that performed 
TREE, but the surgical failure rate was high. Moreover, the 
choice between the 2 surgical methods depended on insti-
tutional preferences, rather than specific inclusion criteria. 
The literature review indicated that primary repair and 
tracheal resection were performed in 42.9% and 43.2% of 
cases, respectively, and tracheal resection was preferred in 
9 of 14 reports (Table 3) [1,6-18].

However, we think it is unreasonable to choose 1 of the 2 
surgical methods depending on institutional preferences; 
hence, objective selection criteria need to be established. 
The Massachusetts General Hospital group claimed that 
tracheal resection should be performed if the fistula has a 
width of ≥3 cm or for circular tracheal injuries. However, 
the primary repair technique for fistulas measuring 2–3 cm 
is controversial. Muniappan et al. [7] and Bibas et al. [8] have 
suggested that it is reasonable to perform TREE in cases 
with a fistula measuring >10 mm.

However, it is difficult to accurately measure the fistula 
size using either computed tomography or endoscopy pre-
operatively; hence, obtaining accurate measurements is of-
ten problematic. Considering that the approach site and 
range of the 2 methods are different, it is advised to deter-
mine the size of the fistula and accordingly decide the ap-
propriate surgical method before the actual surgery, espe-
cially when there is inf lammation around the fistula. 
However, it is possible to determine the surgical method 
based on endoscopic observations. According to De-
bourdeau et al. [3], the size of the fistula’s orifice examined 
through gastrointestinal endoscopy can be classified into 3 
stages, which can be used to determine the fistula treat-
ment. Stage I is described as “punctiform,” if the diameter 
is less than the diameter of a closed biopsy forceps; stage II 
is described as “medium,” if the size is larger but the bron-
chus cannot be seen through the fistula’s orifice; and stage 
III is described as “large,” if the tracheobronchial tree is 
seen through the fistula’s orifice with the endoscope. Based 
on these observations, fistula division and tracheal resec-
tion may be utilized for fistulas of stages II and III, respec-
tively. It is, thus, recommended that these criteria be ap-
plied for patients with TEF in general; however, in 
exceptional cases, the surgical method should be deter-
mined according to the specific case. Dhiwakar et al. [19] 
proposed a flow chart for surgical decision-making based 

on a review of descriptions from throughout the world, 
and suggested that primary repair should be selected if the 
fistula size is >5 cm because it is impossible to perform tra-
cheal resection. We reported 1 such example in the current 
study. The fistula size confirmed before surgery was about 
5 cm; therefore, tracheal resection could not be performed 
and the risk of anastomotic complications was expected to 
be high. Therefore, we decided to divide the fistula using a 
stapler as a modification of primary repair.

Regardless of the method of surgery, most institutions 
prefer double-layer primary repair as an esophageal repair 
method. In some cases, if the fistula is large, primary re-
pair of both the esophagus and the trachea is impossible, 
and 1 site of the 2 organs should be repaired first. In most 
cases, the esophagus is abandoned and the trachea is re-
paired first. The abandoned esophagus is reconstructed at 
1 stage on the operation date or delayed reconstruction is 
performed using the stomach or colon several months later 
[6,8,9,16-18]. In the past, in surgery for large fistulas, mus-
cle f lap interposition was used for the treatment of ac-
quired TEF. However, muscle flap interposition is no lon-
ger widely used as the trachea resection technique has 
become more common in recent years [6,14,16].

A few notable results were observed in the current study. 
In cases of TREE, tracheal anastomosis-related complica-
tions were observed, such as stenosis and granulation. The 
complications of primary repair included TEF recurrence. 
As shown by the Massachusetts General Hospital group, 
the TEF recurrence rate was low during the first half of the 
study period, when tracheal resection was the procedure of 
choice. However, a TEF recurrence rate of 11% was report-
ed during the second half of the period, with relatively 
high rates of primary repair [7]. The TEF recurrence rate 
was relatively high (8.6%) in a Mayo Clinic report, where 
only 9% of patients underwent tracheal resection. However, 
a recurrence rate of <5% was observed in the group that 
underwent tracheal resection. Low rates of complications 
of the repair site of the esophagus have been reported in 
the literature. Moreover, dehiscence of primary repair has 
not generally been reported. Most complications were 
caused by gastric conduit reconstruction after esophageal 
diversion [16]. As indicated in Table 3, 70%–100% of pa-
tients who underwent surgery had a muscle flap interposi-
tion, which aided in preventing esophageal suture leaks. 
However, the success of utilizing muscle flap interposition 
for tracheal resection requires further investigation. Cam-
argo et al. [10] reported that fistula recurrence did not oc-
cur although they did not perform muscle flap interposi-
tion in the trachea resection group. Postoperative pneumonia 
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has been reported in up to 35% of patients, and respiratory 
failure occurs in >15% of cases. Considering that the surgi-
cal mortality rate is about 4%–5%, lung-related diseases are 
considered to be an important factor related to mortality 
(Table 4). Therefore, perioperative respiratory care is an 

important factor for improving the survival rate.
Finally, we compared the morbidity and mortality dis-

cussed in the literature [1,6-18] (Table 4). The comparison 
of clinical results of small centers to those of large centers 
was not significant because tracheal surgery was performed 

Table 3. Surgical procedures in various studies on the treatment of tracheoesophageal fistula

Reference Total
Trachea Esophagus Muscle 

interpositionRepair TREE Other technique Repair Other technique

Mathisen et al. 
[1] (1991)

38 9 (23.7) 29 (76.3) 5 (13.2): end to end esophageal 
anastomosis

34 (89.5)

Baisi et al. [18] 
(1999)

29 26 (89.7) 1 (3.4) 2 (6.9): conservative 
treatment

7 (24.1) 2 (6.9): one stage reconstruction 
(stomach,2)

27 (93.1)

Macchiarini et 
al. [6] (2000)

32 12 (37.5) 14 (43.8) 6 (18.8): indirect closure 
with muscle flap

3 (9.4) 3 (9.4): esophageal diversion 
with second reconstruction

Fiala et al. [11] 
(2004)

5 0 5 (100.0) 5 (100.0) 5 (100.0)

Camargo et al. 
[10] (2010)

14 0 14 (100.0) 0 0

Shen et al. [16] 
(2010)

35 28 (80.0) 3 (8.6) 4 (11.4): indirect closure 
with muscle flap (2); 
indirect closure with 
esophagus (2)

18 (51.4) 17 (48.6): esophageal diversion 
without reconstruction (4); 
esophageal diversion with 
second reconstruction (9); 
one-stage reconstruction (4)

28 (80.0)

Muniappan et 
al. [7] (2013)

36 14 (38.9) 22 (61.1) 20 (55.6) 3: esophageal diversion without 
reconstruction (1); end-to-end 
esophageal anastomosis (1); 
skin graft (1)

36 (100.0)

Marulli et al. 
[14] (2013)

25 15 (60.0) 8 (35.0) 2 (8.0): indirect closure 
with muscle flap; in 
direct closure with bio-
absorbable patch

24 (96.0) 1 (4.0): end-to-end esophageal 
anastomosis

18 (72.0)

Foroulis et al. 
[12] (2015)

13 13 (100.0) 0 13 (100.0) 13 (100.0)

Bibas et al. [8] 
(2016)

20 11 (55.0) 9 (45.0) 19 (95.0) 1 (5.0): esophageal diversion 
with second reconstruction (1)

20 (100.0)

Yang et al. [17] 
(2016)

22 0 0 22 (100.0): double patch 22 (100.0): one-stage 
reconstruction with stomach

0

Bolca et al. [9] 
(2017)

11 0 9 (81.8) 2: indirect closure with 
esophagus (1); patch 
repair with bovine 
pericardium (1)

9 (81.8) 1 (9.1): one-stage reconstruction 
(1); patch repair with bovine 
pericardium (1)

10 (90.9)

Liu et al. [13] 
(2017)

5 0 5 (100.0) 5 (100.0) 0

Puma et al. [15] 
(2017)

10 0 7 (70.0) 3 (30.0): trachea 
resection of other site 
trachea stenosis and 
primary repair fistula

10 (100.0) 10 (100.0)

Present (2020) 8 2 (25.0) 5 (62.5) 1 (12.5): division with 
stapler

6 (75.0) 2 (25.0): esophageal diversion 
with second reconstruction 
(1); division of large fistula 
with endo- stapler

2 (25.0)

Values are presented as number (%). Inclusion criteria: studies from 1991 to 2020 of ≥5 patients undergoing surgical treatment for acquired benign 
tracheoesophageal fistula that reported outcomes with surgery-specific data. TREE, tracheal resection and end-to-end anastomosis.
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in <2 cases per year (range, 0.2–2.5 cases) at most institu-
tions. However, for centers with <1 case annually com-
pared to centers with >1 case annually, the morbidity was 
16% versus 25% and the mortality was 5% versus 4.7%. In 
our study, 4 cases of morbidity occurred. There was 1 case 
each of TEF recurrence, tracheal granulation, tracheal de-
hiscence, and stenosis of the esophagus. For treatment of 
stenosis of the esophagus, dilatation is performed using a 
balloon or bougination. In cases of dehiscence or granula-
tion, stent insertion or re-tracheostomy was performed for 
treatment. In the case of recurrence of TEF after primary 
repair, TREE was performed. However, due to the limited 
number of cases and the lack of published results, it is dif-
ficult to draw conclusions regarding the surgical outcomes. 
Therefore, the differences in surgical results may have been 

due to slight differences among centers, but overall, it is 
suspected that surgical volume may not be an important 
factor. It has been proposed that although an institution 
may experience a small volume of TEF surgery, if the insti-
tution has a well-trained surgical team and supporting sys-
tem and the surgical procedures are performed in strict 
adherence to a standard surgical policy, the surgical results 
will be consistent and excellent.

In conclusion, TEF often requires surgical treatment, 
and treatment relying on spontaneous closure or an inter-
vention is limited. Irrespective of the number of cases and 
the complexity of surgery, satisfactory surgical results will 
be obtained if an institution has a well-trained surgical 
team and a good support system that takes care of patients 
appropriately.

Table 4. Postoperative results of various studies on the treatment of tracheoesophageal fistula

Reference
TEF surgery 

per year 
(cases/year)

No. (%)

Morbidity Mortality
TEF 

recurrence
Stenosis

Other 
trachea 
problem

Pneumonia, 
respiratory 

failure, or sepsis

T-tube or 
trache-
ostomy

Mathisen et al. [1] 
(1991)

2.4 (38/12) 10 (26.3) 4 (10.5) 2 (5.3) 1 (2.6) 2 (5.3) 3 (7.9) 2 (5.3)

Baisi et al. [18] 
(1999)

1.6 (29/18) 7 (24.1) 1 (3.4) 2 (6.9) 1 (3.4) 0 0 4 (13.8)

Macchiarini et al.  
[6] (2000)

1.6 (32/20) 7 (21.9) 1 (3.1) 1 (3.1) 2 (6.3) 2 (6.3) 10 (31.3) 2 (6.3)

Fiala et al. [11] 
(2004)

0.2 (5/27) 0 0 0 0 0 0

Camargo et al. [10] 
(2010)

0.9 (14/15) 4 (28.6) 0 0 0 2 (14.3) 1 (7.1) 5 (35.7)

Shen et al. [16] 
(2010)

1.2 (35/30) 19 (54.3) 2 (5.7) 3 (8.6) 2 (5.7) 2 (5.7) 12 (34.3) 2 (5.7)

Muniappan et al.  
[7] (2013)

1.9 (36/19) 20 (55.6) 1 (2.8) 4 (11.1) 1 (2.8) 2 (5.6) 4 (11.1) 10 (27.8)

Marulli et al. [14] 
(2013)

2.5 (25/10) 8 (35.0) 0 0 1 (4.0) 2 (8.0) 3 (12.0) 2 (8.0)

Foroulis et al. [12] 
(2015)

1.9 (13/7) 4 (30.8) 3 (23.1) 1 (7.7) 0 0 3 (23.1) 1 (7.7)

Bidas et al. [8] 
(2016)

1.3 (20/15) 11 (55.0) 1 (5.0) 1 (5.0) 3 (15.0) 1 (5.0) 4 (20.0) 2 (10.0)

Yang et al. [17] 
(2016)

2.2 (22/10) 4 (18.2) 0 0 0 1 (4.5) 1 (4.5)

Bolca et al. [9] 
(2017)

1.1 (11/10) 2 (18.2) 2 (18.2) 0 0 0 0 2 (18.2)

Liu et al. [13] (2017) 1.0 (5/5) 0 0 0 0 0 0 0
Puma et al. [15] 

(2017)
0.7 (10/15) 5 (50.0) 1 (10.0) 1 (10.0) 0 0 0 4 (40.0)

Present (2020) 0.9 (8/9) 4 (50.0) 0 1 (12.5) 1 (12.5) 2 (25.0) 1 (12.5) 2 (25.0)

Inclusion criteria: studies from 1991 to 2020 of ≥5 patients undergoing surgical treatment for acquired benign tracheoesophageal fistula that 
reported outcomes with surgery-specific data.
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