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1  |   INTRODUCTION

Congenital tracheoesophageal fistulae (TEF) are bronchopulmo-
nary foregut malformations with an incidence of 1 in 3000-5000 
live births, where 4% of cases are H-type (H-TEF) as described 
by Gross’ classification.1 TEF recurrence is reported in 6%-
10%2 and multiple TEF in 0.7%-7%,3 but the true incidence of 
dual or multiple TEF with extrathoracic fistula is unknown.

Tracheal visualization of the fistula using rigid bronchoscopy 
has been favored historically to confirm the level of fistula and 
guide a cervical or thoracic surgical approach.1,4,5 Compared to 
flexible bronchoscopy, rigid bronchoscopy is technically more 
demanding, often distorts the airway anatomy, and may overlook 
a proximal extrathoracic H-TEF. This report details how flexible 
bronchoscopy can be used to identify, localize, and aid surgical 
repair of dual TEF and extrathoracic H-TEF.

2  |   CASES

Five patients at the Queensland Children's Hospital between 
2007 and 2019 had TEF diagnosed and localized using an 

interventional flexible bronchoscopy technique described 
below. A summary of the cases is provided in Table  1. 
Patients A and C had dual TEF with delayed diagnosis of a 
second extrathoracic TEF. Patient B had an isolated extratho-
racic H-TEF. Patient D had dual H-TEF with the second 
extrathoracic H-TEF found 7.2 months after initial surgery. 
Patient E was diagnosed with a second intrathoracic TEF 
above the original fistula 1 year later.

3  |   INTERVENTIONAL FLEXIBLE 
BRONCHOSCOPY TECHNIQUE

3.1  |  Guide wire cannulation

All procedures were performed with an anesthetist and gen-
eral anesthetic (oxygen, sevoflurane, propofol, and alfenta-
nil) in an operating room. Lignocaine 1% was applied above 
and below the vocal cords using a Cass needle under di-
rect laryngoscopy. Using a nasal approach, face mask, and 
double swivel elbow adaptor with entry port (PH71522/S, 
Parker Healthcare Pty Ltd), the trachea was examined with a 
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3.1 mm flexible video bronchoscope (BF-XP190, Olympus® 
America). With the fistula in view (Figure 1), a straight or 
angled 0.46 mm diameter (0.018 inch) 150 cm long polytetra-
fluoroethylene (PTFE) coated guide wire (RF*GA18153M, 
RADIFOCUS® Terumo Corporation) was inserted through 
the bronchoscope suction port to carefully probe and cannu-
late the fistula (Figure 1) without feeling resistance (Video 
S1 0:00). The wire was advanced 20 cm into the esophagus 
or stomach to allow enough length for ultimate retrieval. The 
bronchoscope was withdrawn while simultaneously advanc-
ing the guide wire to maintain a neutral wire position (Video 
S1 0:35). As the bronchoscope exits the upper airway (Video 
S1 1:00-1:25), the wire was grasped with artery forceps at the 
nares and secured with tape to the patient's face, permitting 
removal of the bronchoscope (Video S1 1:26).

3.2  |  Guide wire retrieval

With the airway secured by orotracheal intubation alongside 
the wire, a bronchoscope was inserted into the esophagus or 
stomach to visualize (Video S1 1:54), grasp and retrieve the 
distal wire end (Video S1 2:15) using reusable biopsy for-
ceps (FB-56D-1, Olympus® America). The bronchoscope 
was then carefully withdrawn into the pyriform fossa (Video 
S1 2:26) where both wire ends were retrieved via direct la-
ryngoscopy and Magill curved forceps, such that they now 
are positioned to exit through the mouth.

3.3  |  Ureteric catheter placement

A 3.0 or 4.0 French open-end ureteric catheter (Cook® 
Medical,) was primed with sterile 0.9% sodium chloride 
to reduce friction before passing it over the guide wire and 
through the TEF. The catheter length must measure shorter 
than the 150 cm guide wire but long enough to allow expo-
sure of both ends at the mouth. With catheter ends held in 
the mouth, the wire was carefully removed leaving the soft 
catheter in situ, grasped with artery forceps, and taped to the 
cheek of the patient. One assistant was required to hold the 
guide wire, a second to advance the catheter and a third to 
secure the catheter after wire removal. The intraoperative 
use of a colored catheter bridging the TEF facilitated surgi-
cal identification within the tracheoesophageal groove intra-
operatively. The catheter was manipulated by an anesthetic 
colleague to facilitate TEF identification by movement. 
It was also used to elevate the fistula higher into the neck 
from where it often sits behind the manubrium or clavicle. 
Finally, the ureteric catheter was cut and removed during 
fistula ligation.

4  |   DISCUSSION

In this case series, all patients had persistent complex symp-
toms and flexible bronchoscopy was pivotal in the diagno-
sis, localization, and repair of the fistulae (Table 1). While 

F I G U R E  1   The variable appearance of dual tracheoesophageal fistulae (A, C, D, E) and a single H-type fistula (B) displayed on flexible 
bronchoscopy as a subtle mucosal dimple, mucosal discoloration, an area of mucosal prominence, or within a mucosal groove (solid arrows). Four 
patients had previous intrathoracic fistulae repaired (A, C, D, E) and the residual pouch explored for fistula recurrence (dashed arrows). Three 
patients had dual fistulae with a second extrathoracic fistula found on flexible bronchoscopy (A*, C*, D*). One had dual intrathoracic fistulae (E) 
with the second fistula diagnosed and localized with flexible bronchoscopy (E*). Guide wire fistula cannulation was performed from the tracheal 
side under direct visualization with flexible bronchoscopy (A*, C*, D*, E*). One patient had a fistula large enough to pass a flexible bronchoscope 
through the fistula to visualize the guide wire running alongside a nasogastric tube in the esophagus (B*)

(A) (B) (C) (D) (E)

(A*) (B*) (C*) (D*) (E*)
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these techniques have been alluded to in rigid bronchoscopy 
work,2,4,5 this is the first detailed description of the procedure 
with an ultrathin flexible bronchoscope.

Flexible bronchoscopy has many advantages over rigid 
bronchoscopy including accurate visualization of subtle mu-
cosal abnormalities of H-TEF (Figure 1), precise localization 
of the level of fistula to aid surgical planning,1,5 and minimi-
zation of airway trauma. Guide wire probing, passage, and 
retrieval under direct vision aid the intraoperative process 
while permitting excellent airway control. The passage of a 
ureteric catheter over the wire should be done with care as it 
passes alongside a noncuffed endotracheal tube. While the 
catheter step could be omitted, it assists intraoperative TEF 
identification through the addition of color into the surgical 
field and, compared to a guide wire, can be safely cut during 
fistula ligation while reducing risk of laryngeal trauma when 
removed.

Diagnosis of pediatric dual TEF and H-TEF has no stan-
dardized endoscopic approach.1,2,4,5 The cases presented 
were challenging with diagnostic delays and falsely nega-
tive radiological investigations (Table 1) before being iden-
tified with flexible bronchoscopy (Video S1). In this case 
series, contrast swallow studies and tube esophagograms 
did not provide detailed localization and often missed the 
TEF.2,5 Accurate localization of extrathoracic TEF allows 
for surgical planning of a cervical approach, which car-
ries less risk than a thoracotomy. Fistulae as low as the 
manubrium may be gently pulled to an extrathoracic po-
sition using the catheter and approached from the neck.5 
Intraoperative chest fluoroscopy can confirm the thoracic 
level of wire loop and fistula but is not essential.4 In patient 
E (Table  1), fluoroscopy confirmed the presence of dual 
intrathoracic TEF and a thoracic approach was necessary 
for the second surgical repair.

Limitations of this technique include missing subtle muco-
sal changes at the fistula site by an unsuspecting bronchoscopist 
(Figure 1). Guide wire cannulation requires considerable pro-
cedural dexterity, experience, and careful planning with respect 
to the anesthesia, equipment, and procedure. Once intubated, 
retrieval of the wire from the esophagus or stomach can be done 
with the pediatric bronchoscope in a timely fashion. However, 
the small forceps size requires patience and dexterity. Without 
insufflation of the esophagus and stomach, the guide wire can 
be difficult to find using a bronchoscope (Video S1). A gastro-
scope and larger forceps may be helpful in this scenario.

This interventional flexible bronchoscopy and guide wire 
cannulation technique can aid TEF diagnosis and specifically 
the intraoperative management of TEF.
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