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Tracheoesophageal fistula (TEF) is either congenital or 
recurrent after a previous TEF repair or iatrogenic after 
different types of trauma. Recurrent tracheoesophageal 
fistula (RTEF) is a complication of TEF repair, which is 
most frequently a component of the surgical treatment (ST) 
of esophageal atresia (EA) with TEF. RTEF is reported to be 
between 4.4% and 8% of patients after EA with TEF repair 
in large series (1,2). Thoracoscopic repair of EA with TEF 
has gained popularity in the last decade and Iacona et al.  
reported a recurrence rate of 5.3% in their review of the 
literature of thoracoscopic repair of EA with distal TEF (3).

Recurrent TEF may cause feeding problems and 
respiratory problems due to aspiration. Thus, RTEF can 
be detected by radiological or endoscopic methods during 

assessment of these problems. On the other hand, in some 
asymptomatic patients TEF can be detected during routine 
evaluation. Bruch et al. reported a diagnostic period of  
2.1 months postoperatively in 24 patients, if two patients 
in their series, who have periods of five and 18 years, were 
excluded (2). Since the fistula does not close spontaneously, 
an intervention is required for management of RTEF. The 
conventional method for these patients is ST. The most 
common approach among these surgical techniques is open 
thoracotomy, which bears significant technical difficulties in 
the previously operated areas, has a high rate of morbidity, 
and may occasionally cause death. The hospital stay is long 
and patient discomfort is noteworthy, if ST is performed. 
The recurrence rate after surgical closure of a RTEF is 
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even higher (1,2,4), which makes the problem even more 
difficult.

Although not the standard method of treatment, after 
the first report by Gdanietz et al. (5) in 1974, endoscopic 
approach for management of RTEF has gained increased 
popularity and many case reports, case series and reviews 
are published in the literature thereafter. These reports 
propose different techniques for endoscopic closure of the 
fistula mostly from tracheal but rarely from esophageal side.

Main advantage of endoscopic treatment (ET) is that 
it is less invasive and therefore can be better tolerated by 
the patients. It can be performed as outpatient surgery, can 
be repeated easily, is less costly, and does not invalidate if 
further ST is required. On the other hand, the success rate 
of ET is lower than that of ST.

The intervention is carried out by a rigid ventilating 
bronchoscope using telescopic magnification. Techniques 
used for closure of RTEF can be categorized as de-
epithelialization of the fistula, adhesive application or a 
combination of both of these techniques (6,7). Besides 
these frequently used methods, there are other techniques 
described in the literature as well.

Adhesives that are used to glue the walls of the fistula 
together are fibrin glue and n-butyl cyanoacrylate. Fibrin 
glue is the preferred material of adhesive in many studies in 
the literature (8-14). It is a biologic product which creates 
fibrin clot, and this clot provides haemostasis and sealing 
(Figure 1A,1B). It enhances formation of granulation tissue 
and leads to early epithelialization (15). Some centers prefer 

adding aprotinin, which is an antifibrinolytic agent, to 
fibrin glue (7). The other material used to glue the fistula 
is n-buthyl-z-cyanoacrylate (5,16-18). Cyanoacrylates 
obliterate fistulae by rapid solidification and stimulates 
inflammatory response, which provoke granuloma 
formation and epithelialization (19). In the review of Lal 
and Oldham (20) the overall success rates of n-buthyl-z-
cyanoacrylate only use and fibrin glue only use are 62% and 
67%, respectively.

De-epithelialization, on the other hand, was provided 
by diathermy (7,10,12,14,16,21,22), different type of lasers 
(22,23), argon plasma coagulator (21), mechanical abrasion 
with brush (8) or forceps (24), and chemocauterization 
with trichloroacetic acid (TCA) (25,26) in different papers. 
In all these techniques, epithelial lining of the fistula was 
destroyed in order to provide an easy coaptation of both 
walls of the fistula.

If the literature regarding ET for TEF repair is reviewed, 
to make some conclusions for this relatively new method, 
certain obstacles were observed. The main limitation in 
reviewing the literature is its heterogeneity. Centers used 
different techniques or equipments for ET. Authors mostly 
tend to publish their case reports or small case series if the 
outcomes are positive. Case series generally contain small 
number of patients, there are no large series with sufficient 
number of patients and high level of evidences. The number 
of ET sessions before converting to ST varies as well. And 
finally follow-up periods also vary, especially in case reports.

In this paper, for the overview of the topic, reviews of the 

Figure 1 Bronchoscopic views of laser fulguration combined with fibrin glue application. (A) Appearance of the fistula after laser fulguration; 
(B) fibrin glue application to the fistula.
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literature are evaluated first. The most recent review of the 
literature is published in 2017 but it only includes reports 
on electrocauterization (EC) of the fistula (21). Authors 
reviewed 32 patients with RTEF (33 fistulae) treated by 
EC. Success rates in patients treated with endoscopic EC 
alone or treated by combination with an adhesive or laser 
were 67% and 86%, respectively. The overall success rate 
was 78.8% after a mean of 1.88 sessions. Gregory et al. 
further emphasized in this review, that EC causes minimal 
morbidity and complications reported are from early reports 
which may have used the cautery aggressively (22). At the 
end of their review, authors concluded that ET is a safe and 
successful method in management of RTEF.

In an earlier review, in 2014, Aworanti and Awadalla 
went over a total of 44 papers and 165 patients either 
treated by ET or ST. They reported a success rate of 84% 
for ET and of 93.5% for ST (6). All failed ET cases were 
successfully treated afterwards by ST. They evaluated the 
literature by dividing the patients into three groups. In 
group 1, patients were managed by de-epithelialization only. 
There were 15 patients and overall success rate was 87% 
after an average of 2.7 sessions. In the sealent only group, 
there were only 6 patients and the overall success rate was 
84% after an average of 1.5 sessions. Largest group was 
combination group which consisted of 36 patients and in 
this group in 83,4% of patients the treatment was successful 
after an average of 2 sessions. In this review they reported 
three papers describing significant complications following 
ET (22,27). Aworanti and Awadalla found only one paper 
reporting a case of death and the reason of this death which 
occurred 3 days after the procedure was not notified (16). 
Finally, Aworanti and Awadalla concluded that ET is an 
alternative method for selected cases in experienced centers, 
but ST is still the treatment of choice for RTEF.

In an earlier review of the literature by Richter et al. 
in 2008, overall success rates for sealent only group, de-
epithelialization only group, and combination group, were 
78.6%, 62.5% and 93.3%, respectively (7). Overall success 
rate was 81.1%, while this rate was 48.6% after the first 
session. In this paper, based on their experience with four 
patients managed by diathermy and fibrin glue, authors 
concluded that proximal and narrow fistulae with a diagonal 
tract are the better candidates. Authors also proposed 
intubation and ventilation of the patient with a cuffed tube 
beyond the fistula for 48 hours postoperatively.

In another review by Meier et al. in 2007 (8), 62 patients 
of ET in the literature were evaluated and an overall success 
rate of 60% after an average of 2.1 sessions was detected. 

They compared the success rates of fibrin glue and tissue 
adhesives and found them to be 55% and 48%, respectively. 
Among patients in tissue adhesive group, in five patients a 
sclerosing agent was additionally applied and the success 
rate in this small group was 100%. They managed three 
patients with de-epithelialization and fibrin glue with a 
success rate of 66%. They finally concluded that ET is a 
safe and effective alternative and they recommend using 
fibrin glue for obliteration after abrading the fistula using a 
bronchial brush.

In contrast to several advantages of ET, one of the 
essential disadvantages of ET, which is seldomly mentioned 
in these reports, is that repeated sessions of ET prolong 
the period of chronic aspiration which may lead to 
irreversible pulmonary sequelae. For that reason many 
centers recommend only one or two sessions of ET before 
converting to ST (8,16,23). After all these experiences 
of endoscopic approach to RTEF, ET is advocated as an 
alternative to ST. But among the different techniques no 
definitive technique is proven and accepted as the standard 
method.

Endoscopic closure methods were used for H type TEF 
as well (16,23). Although some successful outcomes were 
reported, surgical closure of the H type TEF is still the 
standard method of treatment (28-30). Finally, apart from 
RTEF and H type TEF, ET is also used in treatment of 
iatrogenic TEF. In a case report, a patient with an iatrogenic 
TEF secondary to a foreign body ingestion was successfully 
treated by EC combined with fibrin glue application (10) in 
a single session.

After having assessed the results of the literature reviews, 
attention will be given to the papers with relatively high 
number of patients. In 1999, Bhatnagar et al. reported a 
small series containing five patients (two with congenital 
TEF and three with RTEF). They only fulgurated the 
mucosal lining of the fistula by electrocautery or Nd:YAG 
laser without any adhesive. And they were successful in two 
recurrent and one congenital fistula (22).

Tzifa et al. later performed ET in ten patients with 11 
fistulae (16). Fistulae were recurrent in seven, H type in 
two and traumatic in one patient. During the same period, 
they treated 182 TEF patients with ST. They destroyed the 
mucosa using electrocautery or mechanical abrasion. They 
emphasized that electrocautery stimulates scar formation 
besides destroying the mucosa. Afterwards they applied 
histoacryl tissue adhesive in six patients. One patient was 
excluded from the study and the fistula was successfully 
closed in nine out of ten fistulae. Six patients have a follow-
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up period of 3 to 9 years. They concluded that ET is a 
successful option for closure of both recurrent and H type 
TEF and small fistulae are more likely benefit from ET. 
They also concluded that ST has to be preferred after two 
sessions of unsuccessful endoscopic session.

In a recent paper about the use of thulium laser for 
TEF repair, authors tried to close the fistulae by thulium 
laser only in all but one patient (23). In this single case 
surgical glue was added to laser fulguration. Study group 
consisted of 11 patients, 6 recurrent and five H type TEF. 
The success rate was 50% in RTEF patients after a mean 
of 1.33 sessions and 20% in H type TEF patients after a 
mean of one session. Subsequently, they concluded that 
ET with Thulium laser is appropriate for recurrent TEF, 
but not for H type TEF. They also suggest that after one 
failure, surgical closure of the fistula is indicated, since ET 
may cause severe complications. Another study on ET of 
TEF was published by Nazir et al. (11). Three patients had 
recurrent and six patients had acquired TEF secondary to 
foreign body and acid ingestion. TEF closed spontaneously 
in four out of six patients with acquired TEF. Remaining 
five patients were successfully managed by fulguration with 
diathermy and fibrin glue application.

In their paper emphasizing long-term follow-up, Willetts  
et al. performed a postal survey for the long-term follow 
up of patients who were reported to be managed by ET 
successfully (31). They found out that only 55% of these 
cases remained obliterated in their long-term follow-up. 
They noticed that all fistula recurrences occurred in the 

first 12 postoperative months.
Gutiérrez San Román et al. also underlined that long-

term follow-up is essential for assessment of ET in  
RTEF (12). In seven cases with RTEF, they used fibrin glue 
for the closure of the fistula. In the last four cases, they 
added diathermy to the management. In a follow-up period 
of 2 to 11 years in six out of seven patients the fistula was 
successfully closed after an average of 1.7 sessions. They 
concluded that the earliest possible diagnosis and treatment 
after primary anastomosis is an essential factor for success. 
They also concluded that no complication was observed 
after a one year follow-up.

In another recent paper with long-term follow-up, Miró 
et al. reported a series of 14 cases managed by the use of 
fibrin glue, and the follow-up period was 10 to 20 years (14). 
In the last 11 cases they additionally used diathermy. After 
a mean of 2.1 sessions, fistula closure was successful in ten 
out of 14 patients, and the overall success rate was 71.4%. 
If divided into two groups, success rates were 72.7% and 
66.6% in groups treated with diathermy and fibrin glue, and 
fibrin glue only, respectively. Mean follow-up period for this 
series was 12.1 years.

TCA,  which  i s  a  long-s tanding agent  used  in 
otorhinolaryngology practice, is recently used for 
management of RTEF (25,26,32). 50% TCA is applied to 
the fistula opening three times for 20 seconds in each session 
via bronchoscopy (26). It provides de-epithelialization and 
fibrosis and leads to closure of the fistula (Figure 2A,2B). 
Singhal et al. reported successful chemocauterization with 

Figure 2 Bronchoscopic views of trichloroacetic acid application. (A) Application of trichloroacetic acid to the fistula; (B) appearance after 
trichloroacetic acid application.
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TCA in management of TEF for the first time in 2006 (32). 
Afterwards Sung et al. (26), Lelonge et al. (25), and Lara  
et al. (33) reported 100% success rate in three patients, 
100% success rate in 14 patients (12 recurrent TEF and 2 H 
type TEF) and 83.3% success rate in 12 patients using TCA 
alone, respectively. Another point is that minimal morbidity 
is reported in these small series.

Use of esophagoscopy for a TEF repair is very rarely 
reported in the literature. Cadena-León et al. were able 
to close a RTEF using N-butyl-2-cyanocrylate in a single 
session via esophagoscopy (17). Similarly Yoon et al. 
reported an effective management of RTEF with Histoacryl 
glue after mechanical abrasion using a bronchial brush via 
esophagoscopy (18). They reported esophagoscopy as the 
proposed approach since there is a pressure variation in 
the trachea during respiration, which can move the tissue 
adhesive. Other advantage of esophagoscopic approach is 
that tracheomalacia, which is associated in many patients, 
may increase the failure rate of bronchoscopic approach.

There are also some other papers reporting use of 
different materials and methods to obliterate the TEF. One 
of these methods is submucosal injection of dextranomer/
hyaluronic acid copolymer after mechanical abrasion of 
fistula wall mucosa (24). Briganti et al. were able to close 
the fistula in two out of six patients using this technique. 
Another case is reported by Gregory et al. They applied 
Surgisis, which is a biological graft, on the tracheal opening 
of the TEF after electrocoagulation (21). Cohen-Atsmoni 
et al., on the other hand, used amplatzer septal occluder to 
occlude TEF in two patients who have developed TEF due 
to prolonged entubation (34). The outcome was satisfying 
in both patients. They concluded that this method is an easy 
and well tolerated method and is an option for a temporary 
occlusion of TEF in unstable patients. Lastly, Benatta et al. 
used metallic stent in a patient with anastomotic stricture 
and RTEF. The stent was able to dilate the stricture 
permanently, but the TEF persisted. Afterwards authors 
placed endoclips at the fistula side and with this methos 
TEF was successfully closed (35).

In conclusion, ET of RTEF is a technically easy, less 
invasive, less expensive method of treatment with fewer 
complications if compared to ST. There is an increased 
popularity of ET in the literature of TEF repair. Although 
there are some promising results of use of ET in H type 
TEF repair, ST is still the standard method of treatment 
of this type. Different methods for ET are tried for 
the management of RTEF, but a standard method with 
a high success rate is still not specified. Despite these 

disadvantages, ET is a strong alternative to ST in the 
management of RTEF in the future.
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