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Background: Iatrogenic tracheoesophageal fistula (TEF) is a rare but life-threatening

condition. No consensus has been reached regarding TEF treatment, though,

stenting has been gaining popularity for less invasiveness than thoracic surgery. The

airway management during stent placement for TEF could be challenging.

Case presentations: We report a patient who suffered from TEF after cardiac surgery

with symptoms of persistent coughing and aspiration. He who was admitted for stent

placement but ended up in failure and referred to our institution for further treatment.

We successfully took advantage of the supraglottic jet oxygenation and ventilation

(SJOV) during stent placement.

Conclusion: This is the first case so far describing SJOV in complicated stenting

treatment. This demonstrates that SJOV can be applied for stent placement in TEF

patients with restricted airways.

KEYWORDS

tracheoesophageal fistula, supraglottic jet oxygenation and ventilation, stent,
nasopharyngeal airway, jet ventilation, rigid bronchoscope, flexible bronchoscope

Introduction

Tracheoesophageal fistula (TEF) is a rare iatrogenic late complication of tracheostomy in
adults, with a prevalence of less than 1% (1). The main presentations include persistent cough,
excessive secretions, recurrent aspiration, and gastric distention. Untreated TEF can deteriorate
into acute respiratory distress syndrome and death (2). The treatment for this complication
varies from stent deployment to thoracic surgical reconstruction. Ventilation management for
iatrogenic TEF mainly relies on endotracheal tube (ET) and its modifications intubation (3, 4).
However, the lack of high-level evidence has already prompted alternate measures (5). Herein,

Abbreviations: TEF, tracheoesophageal fistula; ET, endotracheal tube; SJOV, supraglottic jet oxygenation
and ventilation; HFJV, high-frequency jet ventilation; RB, rigid bronchoscope; FB, flexible bronchoscope;
NPA, nasopharyngeal airway; ETCO2, end-tidal carbon dioxide; LMA, laryngeal mask airway; NIV, non-
invasive ventilation.
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we present a rare case of successful supraglottic jet oxygenation
and ventilation (SJOV)-assisted stent placement. Written informed
consent and approval from the patient and research Ethics
Committee of our hospital were obtained for medical education
and publication.

Case description

The patient was a 45-year-old man with a history of tracheostomy
after surgery for hypertrophic cardiomyopathy, with a tracheostomy
tube for 3 months. He was re-admitted to the same hospital because
of coughing during the course of his diet and due to signs of
pulmonary infection. The patient was diagnosed with TEF in the
upper level after bronchoscopy examination and was scheduled to
undergo tracheal stent placement after fasting and nasogastric tube
insertion. However, the procedure failed because the stent was placed
beneath the fistula and refractory to be adjusted appropriately or
retracted, demanding transference. Additionally, his left upper limb
experienced post-stroke paralysis. One day later, the patient was
referred to our institution for further treatment.

The plan was to adjust the implanted stent or replace it with a
new one by the most experienced endoscopist in our institution. After
standard monitoring and pre-oxygenation, rapid sequence induction
was initiated, at his weight of 54 kg, with 2 mg midazolam, 20 µg
sufentanil, 80 mg propofol, and 50 mg rocuronium, followed by
a pumping infusion rate of 20 µg/h remifentanil and 220 mg/h
propofol, as well as intermittent injections of 10 mg/30 min
rocuronium. A rigid bronchoscope (RB) was inserted to examine the
tracheal status, including the fistula and the stent, confirming that
the fistula was in the upper membranous tracheal wall (Figure 1).
The metal stent beneath the fistula had undergone deformity, and
the trachea beneath the fistula was constricted (Figure 1). The
endoscopist attempted to adjust the stent but failed, considering that
the deformed stent might not be large enough to secure the fistula
and expand the constricted part. Replacement with a larger covered
self-expanding metal stent was justified.

High-flow oxygen (20 L/min) via the side port of the RB was
used to counteract the leak; however, in less than 5 min, SpO2
deteriorated to 85%. Thus, RB was removed, and mask oxygenation
was implemented to regain satisfactory oxygenation repeatedly until
the entire stent was retracted by gentle extraction and twisting
with biopsy forceps. As shown in the RB examination, the fistula
lesion located in the upper membranous tracheal wall (approximately
2 cm beneath the glottis) precluded ET ventilation-assisted stent
placement. Thus, we developed the idea of tubeless ventilation that
we called SJOV (Figure 2). A nasopharyngeal airway (NPA) was
inserted into the right nostril, with one of its catheters connected to a
manual jet ventilator for oxygenation and ventilation, and the other
was connected to an anesthesia machine for monitoring end-tidal
carbon dioxide (ETCO2). The inserted length was the alae of the nose
and the earlobe on the same side that was comparable to the length
of the nostril to the retropharyngeal space. To ensure that the NPA
was above the glottis, we used a video laryngoscope for adjustment.
Ventilation was performed manually by an assistant anesthesiologist.
Effective ventilation manifested as symmetrical chest rises and falls,
clear breath sounds and no gurgling from the stomach. Oxygenation
was well-maintained throughout the procedure with stable vital signs,
and sufficient space was created for stent deployment guided by

FIGURE 1

The pathological anatomy view of the trachea under bronchoscopy.
(a) Fistula in the upper membranous wall; (b) the constricted trachea.

flexible bronchoscope (FB). A covered metal stent (18 × 60 mm)
was successfully placed to mend the tracheal fistula and expand
the constricted trachea (Figure 3). At the end of the procedure,
arterial blood gas analysis showed acceptable ventilation efficacy
(pH, 7.35; PaCO2: 47.9 mmHg). The patient was transferred to the
post-anesthesia care unit after recovery of consciousness and regular
spontaneous breathing.

Discussion

This case describes a complicated ventilation strategy for stent
treatment in a patient with iatrogenic TEF. Although stenting has
been gaining popularity because it is less invasive, no consensus has
been reached regarding TEF treatment. Considering the failed stent
deployment and the medical history of the patient, the team placed it
in high priority.

Aside from the constricted trachea, the previously stranded
stent could have been incorporated into the mucosa and the
granulation tissue originated from the tracheostomy (1), making
it refractory to adjustment. During RB examination and stent
retraction, desaturation occurred due to insufficient ventilation
through the side port. High-flow oxygen ventilation could have been
less compromised if no fistula in the trachea or oropharynx had been
packed with gauze (6); or if the oxygen flow rate could be even higher
(70 L/min) via a special ventilator like Optiflow R© (7), we might not
have to do mask ventilation repeatedly. However, the dilemma lies
in further injury due to the fistula with a less open airway system.
Alternatively, if a much shorter time was needed by the endoscopist,
we would have been able to tolerate the temporary hypoxia, but
this was challenging, considering the cardiac surgery and stroke
history of the patient. We thought that spontaneous breathing could
have been maintained during RB examination, but with or without
muscle relaxants in therapeutic RB showed no difference in safety
parameters (including hypoxemia, respiratory failure, mortality et al.)
(8); besides, a motionless state and still operating fields were more
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FIGURE 2

Pattern diagram of supraglottic jet oxygenation and ventilation (SJOV) via nasopharyngeal airway (NPA).

FIGURE 3

The deformed stent (a) and the covered metal stent mended the fistula and expanded the constricted trachea (b).

favorable to the endoscopist, which could be achieved with muscle
relaxant; further, ventilation asynchrony could be saved with muscle
relaxants. Total intravenous anesthesia was preferable in this case, as
it had no leak compared to inhalation anesthesia.

Other ventilation strategies could have been applied during
stent placement, including a de-cuffed modified ET, i-gel laryngeal
mask airway (i-gel LMA), or classic laryngeal mask airway (LMA)
ventilation with FB guidance (9, 10). ET was not suitable for this
complicated stent deployment as was stated before. I-gel LMA could
be an option with enough space left for stent placement, though,
we were not equipped with. We could have achieved a successful
ventilation with classic LMA along with FB with a working channel
that allows the guidewire insertion. However, the working channel
of FB will not allow passage of self-expanded metal stent. Sufficient
space would likely to be created if a smaller tube passed through
the glottis, which had been introduced in FB-assisted stenting by
high-frequency jet ventilation (HFJV) with a 14F nylon insufflation
catheter placed in the trachea (11). However, HFJV would be a
hindrance to the endoscopist because the airway would be shared,
and the procedure could misplace the ventilation tube. It could also be
a risk factor for barotrauma in narrowing airway systems (12). With
limited resources, therapeutic demands, and our concerns regarding

the operational convenience, the hypoxia intolerance and airway
protection, we believe that SJOV should be the most suitable.

Oxygenation was well-maintained throughout the manual SJOV
without interfering with the procedure. However, this was not the
case for ETCO2, although the CO2 monitoring catheter is valuable
in fast procedures with fewer secretions (13), which was quite the
opposite in our case. We were supposed to have transcutaneous
capnography ready for this demanding non-invasive ventilation
(NIV), which has been proven to be the best way to monitor NIV
efficacy (14). Instead, we collaborated with the endoscopist by manual
ventilation during SJOV, in which we could adjust from a larger tidal
volume and higher frequency to asphyxia ventilation and cleared the
secretions if necessary.

When SJOV was used in emergent situations with full stomach,
the potential risks of aspiration increase significantly due to gastric
distension resulted from possible air influx into the stomach and
insufficient fasting time; on the other hand, however, the open airway
system during SJOV also allows continuous forceful air outflows
from the lungs which can be served as an aspiration preventive
valve (15). Measures should be taken to prevent aspiration from
happening: preoperative gastric tube insertion is still recommended;
rapid sequence induction and proper Sellick’s maneuver with the
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patient in a 40◦ head-up position would be favorable (16); limited
data (15, 17) showed that lowering the head position and setting
mechanical ventilation frequency of over 80 per min or manual
ventilation frequency of 20 per min with I:E ratio of 1:2 may
prevent aspiration.

This is the first case report of SJOV in stent placement so
far. It was less traumatic compared to conventional ET ventilation.
Although, there are some limitations. First, ETCO2 monitoring
was not applicable during the procedure, because CO2 sampling
tube was easily clogged. Respiratory monitoring relied more on the
observation of the chest movement and SpO2. Second, SJOV would
have put the patient at the risk of aspiration if no gastric tube
had been inserted.

Our strategy in this case was successful, proving that SJOV as
an alternate ventilation strategy in stent placement is feasible and
that communication with endoscopists is essential, especially when
routine measures are inappropriate.
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