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Abstract
Introduction. Recurrent tracheoesophageal fistula (RTEF) is a 

frequent complication (5-10%) in patients with esophageal atresia 
(EA). Open RTEF surgery has a high morbidity and mortality, so the 
endoscopic approach represents a promising alternative. We present 
the long-term results of fibrin glue (FG) bronchoscopic application 
in patients with RTEF secondary to EA, which was first used by 
our team in 1994.

Materials and methods. A retrospective review of all patients 
diagnosed with RTEF following EA repair and treated with FG bron-
choscopic application from 1993 to 2019 was carried out. In most 
cases, diathermy was applied prior to FG sealing. The maximum 
number of endoscopic sessions was 5. In case of persistent RTEF 
following the fifth session, open surgery was performed.

Results. 14 RTEF patients were treated with FG. In all but the 
first 3 cases (11 patients, 78.6%), diathermy was applied concomi-
tantly. Mean first treatment day was day 85 of life (range: 14-770). 
Patients received a mean of 2.1 (1-5) endoscopic sessions. Mean 
follow-up was 12.1 (10-20) years. Overall success rate was 71.4%, 
without significant differences according to whether diathermy was 
concomitantly applied or not (72.7% vs. 66.6%).

Conclusions. Fibrin glue bronchoscopic application associated 
or not associated with diathermy is an excellent option for RTEF 
treatment in EA patients. The endoscopic approach should be con-
sidered as the first-choice treatment for RTEF.

Key Words: Tracheoesophageal fistula; Fibrin glue; Esophageal 
atresia.

Tratamiento con adhesivo de fibrina asociado o no 
a diatermia para las fístulas traqueoesofágicas 
recurrentes: resultados tras más de 20 años de 

experiencia

Resumen
Introducción. La fístula traqueoesofágica recurrente (FTER) 

representa una complicación frecuente (5-10%) en los pacientes 
con atresia de esófago (AE). La cirugía abierta de FTER implica 
una alta morbimortalidad, por lo que los abordajes endoscópicos 
suponen una alternativa prometedora. Presentamos los resultados 
a largo plazo de la aplicación broncoscópica de adhesivo de fibrina 
(AF) en pacientes con FTER secundaria a AE, técnica utilizada por 
primera vez en 1994 por nuestro equipo.

Métodos. Revisión retrospectiva de 1993 a 2019, incluyendo a 
todos los pacientes diagnosticados de FTER tras la reparación de AE, 
y tratados con aplicación broncoscópica de AF. En la mayoría de los 
casos se aplicó diatermia previamente al sellado con AF. El número 
máximo de sesiones endoscópicas se estableció en cinco; en caso de 
persistir FTER tras la quinta sesión, se procedió a cirugía abierta.

Resultados. 14 pacientes con FTER fueron tratados con AF; 
en todos salvo los primeros 3 casos (11 pacientes, 78,6%) se aplicó 
diatermia concomitante. El día promedio del primer tratamiento fue 
el día 85 de vida (14 a 770). Los pacientes recibieron una media de 
2,1 (1-5) sesiones endoscópicas. El seguimiento medio fue de 12,1 
(10-20) años. El éxito global fue del 71,4%, sin apenas variar con 
la aplicación o no de diatermia concomitante (72,7% vs. 66,6%).

Conclusiones. La aplicación broncoscópica de adhesivo de fibri-
na asociado o no a diatermia representa una excelente opción para el 
tratamiento de FTER en pacientes con AE. El abordaje endoscópico 
debe considerarse como tratamiento de primera elección para FTER.

Palabras Clave: Fístula traqueoesofágica; Adhesivo de fibrina; 
Atresia de esófago.

INTRODUCTION

Esophageal atresia (EA) is one of the pathologies most 
frequently requiring surgical repair in newborns, with an 
estimated incidence of 1 in 3,000 newborns. There are 
five types of EA, type III (or type C according to Gross 
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classification) being the most frequent one (accounting for 
approximately 85% of cases), with a fistula communicating 
the distal pouch with the trachea(1,2).

Since the first successful EA repair was carried out 
(reported by Leven and Ladd separately in 1939), diagnos-
tic and treatment advances have led to an overall survival 
rate of more than 90% in many healthcare facilities. How-
ever, complication rate remains a significant problem(2,3).

One of these complications is recurrent tracheoesoph-
ageal fistula (RTEF), which occurs in 5-10% of cases. 
Open RTEF repair is a highly complex surgery which often 
involves interpositioning the muscle flaps, the pericardium, 
the costal cartilage, and even the pleura and the omentum 
in order to achieve definitive fistula closure(4,5).

In this context, a tendency towards developing mini-
mally invasive surgical techniques has been observed in 
the last decade, since they allow for fistula closure with 
less morbidity and mortality than the open approach(6,7).

Our team started to use fibrin glue (Tissucol®) in RTEF 
patients in 1993 (8). Fibrin glue is a fibrinogen-based glue 
which has been approved as a hemostatic or sealing agent. 
Owing to its re-epithelialization and fibroblast proliferation 
activation properties, it seems to provide with the optimal 
conditions to allow for fistula closure (9).

Therefore, the objective of this study was to present 
our long-term results with fibrin glue in RTEF patients, 
after more than 20 years’ experience with this technique.

MATERIALS AND METHODS

Inclusion criteria
A retrospective review of patients developing RTEF 

following EA surgical repair and treated with fibrin glue 
sealing in our healthcare facility from 1993 to 2019 was 
carried out.

Suspected RTEF diagnosis was established based on 
the presence of respiratory symptoms in patients undergo-
ing EA surgery, while confirmed diagnosis was established 
following fistula endoscopic visualization.

EA initial repair, FG RTEF closure, and subsequent 
follow-up were carried out by the same surgical team.

Fibrin glue application technique
Patients were placed under general anesthesia. The 

procedure was carried out using a rigid pediatric bron-
choscope (3.5 x 20 cm, Storz). Following the initial exam-
ination of the airway to identify the exact fistula location, a 
small caliber catheter (Cavafix 255, 0.8 x 1.4 millimeters, 
B. Braun, Germany) was introduced through the rigid 
bronchoscope, and FG was instilled through the catheter 
towards the inside of the fistula. Following instillation, the 
catheter was removed, the absence of FG extravasation was 
checked for, and the rigid bronchoscope was removed once 
adequate patient ventilation had been confirmed.

In most cases (all but the first three), diathermy was 
applied just before FG instillation. Power was applied 
using a metallic guide (from the Optisoft 3F, Ref. 3001-
0030 (OptiMed) pediatric urethral stent set) to cauterize 
the mucosa of the fistula and promote re-epithelialization.

Patients were discharged once clinical normality had 
been confirmed. They were scheduled for an external con-
sultation visit to analyze the results of a control superior 
gastrointestinal transit test (SGTT) carried out 2 weeks 
following endoscopy. In order to avoid unnecessary explo-
rations, new endoscopies (and a potential new treatment) 
were reserved for patients with recurrent RTEF compatible 
symptoms and for patients with SGTT pathological result. 
RTEF closure success was established based on either of 
these two criteria: absence of fistula (or obliterated fistula) 
at control endoscopic exploration, or completely asymp-
tomatic patient at follow-up with a normal result at the 
control SGTT.

Endoscopic treatment repetition was initially scheduled 
for a maximum of 3 sessions, but given the technique’s effi-
cacy and the absence of complications associated with the 
procedure, it was extended to 5 sessions. After a first failed 
procedure, the next endoscopic sessions were scheduled in 
case of pathological SGTT or reoccurrence of compatible 
clinical symptoms. In case of persistent fistula following 
the fifth session, open surgery repair (cervicotomy or tho-
racotomy according to fistula level) was carried out.

Statistics
Quantitative variables were represented with mean and 

range, while qualitative variables were represented with 
absolute frequency and percentage.

RESULTS

14 patients were included in the study. Mean first treat-
ment day was day 85 of life (range: 14-770). There was 
one case of RTEF occurrence during follow-up 2 years 
after EA initial surgery.

Except for the first 3 patients, who received FG treat-
ment only, the remaining 11 patients received a combina-
tion of diathermy and FG.

Figure 1 features the flow diagram of our patients. 
The first endoscopic attempt was successful for RTEF 
closure purposes in 6 patients (42.9%), whereas subse-
quent attempts were successful in 4 other patients, with 
an overall success rate of 71.7%. The remaining 4 patients 
required open surgery repair, carried out after 5 unsuccess-
ful endoscopic attempts (except for one of the first cases, 
where open surgery was indicated after the third attempt). 
Overall technique results are featured in table 1.

No intraoperative or postoperative complications were 
noted. All patients were subject to clinical and radiological 
follow-up (postoperative superior gastrointestinal transit 
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test) to confirm treatment success. Mean follow-up was 
12.1 years (range: 10-20). Owing to symptom reoccur-
rence or persistence, 8 out of 14 patients (57.1%) required 
endoscopic assessment during follow-up.

DISCUSSION

Recurrent tracheoesophageal fistula (RTEF) is one of 
the main complications that may occur following esoph-
ageal atresia (EA) initial repair, with an estimated inci-
dence of 5-10% of cases. Open surgery repair is technically 
demanding and associated with significant morbidity and 
mortality(1-5,10).

Therefore, RTEF is being increasingly treated using 
endoscopic techniques, which represent an encouraging 
treatment alternative as they are cheaper, less aggressive, 
and suitable for treatment repetition(6,7,10,11).

Since Gdanietz and Krause published their experience 
with cyanoacrylate for tracheoesophageal fistula seal-
ing(12), various fistula closure methodologies using endo-
scopic techniques (mainly bronchoscopy, as it allows for 
improved fistula visualization), with several methods such 
as laser(13,14) and most recently trichloroacetic acid(15,16), 
have been developed.

Our team started to use fibrin glue (Tissucol®) in 1994, 
as it had already been approved as a hemostatic and sealing 
agent to protect high-risk anastomoses(8-9). Fibroblast pro-
liferation activation capacity made fibrin glue an excellent 

sealing alternative for various types of fistulas(17), and it 
had recently been used to close a tracheoesophageal fistula 
secondary to intubation in an adult patient(18). In 2006, we 
published the first results from our series (made up of 7 
patients back then)(19), and in the last years, other teams 
have published positive experiences with fibrin glue for 
RTEF treatment(20,21).

Given that other publications in the literature discuss 
diathermy’s efficacy in RTEF closure(6), we decided to 
combine both treatments from the fourth patient on, in an 
attempt to improve success rate, and considering that a 
“damaged” mucosa could re-epithelialize better.

A 42.9% success rate following the first endoscopic 
attempt is an excellent result, superior to that reported 
in Aworanti et al.’s systematic review(10), which assessed 
57 different endoscopic treatments with a mean success 
rate of 37% following the first attempt. Similarly, a 71.7% 
overall success rate is a very good result, superior to that of 
diathermy and fibrin glue when applied separately. Indeed, 
according to Meier et al.’s review(22), the overall success 
rates of diathermy and fibrin glue were 50 and 55%, respec-
tively, which made the authors recommend fibrin glue over 
other agents. Laser is another endoscopic treatment with 
an excellent success rate of 67-100% for this pathology. 
However, these results are based on studies with very few 
patients(7,23). Finally, Lelonge et al. published their expe-
rience with trichloroacetic acid in 14 tracheoesophageal 
fistula patients in 2015, with a 100% success rate after a 
mean of 1.8 endoscopic sessions per patient. Even though 
mean follow-up was shorter than that of other studies (41 
months), these are extraordinary results(16).

This study was a retrospective review of an infrequent 
pathology. However, in spite of the long period of time 
covered by the study, the sample was still small. Therefore, 
prospective studies with an adequate number of patients 
comparing various materials (fibrin glue, laser, trichloro-
acetic acid, etc.) are required to identify the most effective 
agent for RTEF closure purposes. Nevertheless, this will 
be highly complicated given how rare this pathology is and 
how difficult this type of studies are to carry out. What does 
seem clear is that endoscopy should be considered as the 
first-choice treatment for this pathology, since it is easy 
to apply, it allows for treatment repetition, and it involves 
virtually no complications.

n = 14

6 patients (42.9%) – success after first attempt

4 patients (28.6%) – success in subsequent attempts

4 patients (28.6%) – open surgery repair

n = 8

n = 4

Figure 1. Flow diagram of study patients.

Table 1. Overall technique results and results according to the use or non-use of diathermy concomitantly.

Total of patients (n = 14) FG (n = 3) FG + diathermy (n = 11)

Number of endoscopic sessions 2.1 (1-5) 2 (1-3) 2,1 (1-5)
Success rate after first attempt  6 (42.9%) 1 (33.3%) 5 (45.5%)
Overall success rate 10 (71.7%) 2 (66.6%) 8 (72.7%)

FG: fibrin glue.
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CONCLUSIONS

The endoscopic approach should be considered as the 
first-choice treatment for patients with recurrent tracheo-
esophageal fistula following esophageal atresia initial 
repair. Bronchoscopic application of fibrin glue combined 
with diathermy represents an excellent treatment option.
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