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Abstract
Tracheoesophageal �stula (TEF), especially advanced malignant TEF (mTEF), is commonly occurs in critically ill patients who
require prolonged mechanical ventilation and are not suitable candidates for surgical intervention due to their compromised health
status. The Management of these mTEF patients remain a signi�cant challenge. This study aimed to evaluate the safety and
e�cacy of using a cardiac septal occluder for the closure of mTEF. 8 patients with mTEF underwent closure surgery using
atrial/ventricular septal defect (ASD/VSD) septal occluders at the Respiratory Department of HuBei Yichang Central People's
Hospital from 2021 to 2023. The procedure involved percutaneous placement of the occluder through the �stula to achieve closure.
The study demonstrated that the use of cardiac septal occluder therapy in patients with mTEF can alleviate symptoms, improve
quality of life, and enhance survival rates, with no signi�cant complications observed. Furthermore, the study provided
comprehensive details on surgical indications, preoperative evaluation and diagnosis, selection of occluder, methods of occlusion,
and postoperative care. Our �ndings indicate that the application of cardiac septal occluder in the treatment of mTEF is a safe and
effective palliative treatment. These �ndings provide valuable guidance for the clinical application of cardiac septal defect
occluders in the management of TEF.

Introduction
Malignant tracheoesophageal �stula (mTEF) is an aberrant pathological channel formed between the esophagus and trachea due
to direct in�ltration of malignant tumors or necrosis and perforation of the esophageal or tracheal walls during the course of
primary tumor treatment[1]. mTEF commonly occurs as an advanced complication of malignant tumors, with a reported incidence
rate of 5–15% in the past two decades[2]. Its main clinical manifestations include choking during swallowing, recurrent pulmonary
infections, chronic cough with sputum production, respiratory distress, and weight loss[3]. Without appropriate intervention, mTEF
can lead to mortality, with a median survival period ranging from 6 to 12 weeks [4]. The key to improving survival lies in the
successful closure of the �stula, which is crucial for managing the two major life-threatening complications: pulmonary infection
and malnutrition. Surgical treatment may not be suitable for patients with compromised health conditions, necessitating a
personalized approach based on individual patient characteristics[4, 5].

Traditional surgical approaches for TEF closure, such as thoracotomy, have been associated with high mortality, particularly in
elderly or frail patients due to their increased susceptibility to complications and prolonged hospital stays[6, 7]. However, minimally
invasive techniques have emerged as alternative options for mTEF management, including endoscopic closure, stent placement,
and laser-assisted repair etc. Nonetheless, the success rates of these minimally invasive techniques vary and depend on the size
and location of the mTEF, as well as the overall health status of the patient[8]. The effectiveness and safety of these techniques are
still being investigated, and the long-term outcomes are yet to be fully elucidated.

Currently, the application of cardiac septal occluder for the closure of TEF has been the subject of investigation in several studies,
which have demonstrated promising outcomes in terms of safety and e�cacy. This technique involves the percutaneous placement
of a cardiac septal occluder to achieve closure of the �stula, thereby avoiding the need for extensive surgical dissection [9–12].
However, it should be noted that most of these studies lack standardized guidelines for the procedure, relying mainly on individual
experiences. The feasibility of occlusion techniques for TEF has not been fully explored and requires further investigation[10].
Moreover, currently there are relatively few reported cases regarding the application of a cardiac septal occluder for the treatment of
mTEF. In this study, we conducted a retrospective analysis of 8 cases involving patients with mTEF who underwent closure surgery
using atrial/ventricular septal defect (ASD/VSD) septal occluder at the Respiratory Department of HuBei Yichang Central People's
Hospital from 2021 to 2023. Our �ndings demonstrated that the utilization of a cardiac septal occluder is a safe and effective
approach for mTEF closure, with no signi�cant complications observed. Additionally, we comprehensively summarized the closure
surgical indications, preoperative evaluation and diagnosis, surgical instruments and materials, selection of occluder, methods of
occlusion, and postoperative care. These �ndings provide valuable guidance for the clinical application of cardiac septal defect
occluder in the management of TEF.

Clinical presentation

After obtaining approval from the Ethics Committee of Yichang Central People's Hospital (Approval No. 2021-026-01), we conducted
a retrospective analysis of data from eight patients with advanced mTEF who received treatment at the Respiratory Department of
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our hospital from 2021 to 2023. The patients included in the study underwent placement of a cardiac septal occluder under general
anesthesia using a �beroptic bronchoscope, with direct visualization for �stula occlusion. Written consent was obtained from all
patients for both the research and publication purposes.

The study cohort comprised 8 patients with mTEF, with a median age of 72.9 years (range, 65–80 years) and a median body weight
of 55.6 kg (range, 44–69 kg), including 6 males and 2 females. Among them, 5 patients (62.5%) were diagnosed with esophageal
cancer, and 3 patients (37.5%) had lung cancer. All patients had a history of smoking and/or alcohol consumption. No other
signi�cant medical histories or surgical contraindications were noted. Hospital admission for these patients was primarily due to
symptoms such as aspiration, coughing, inability to eat, and severe respiratory infections leading to sepsis.

All patients diagnosed with mTEF underwent a comprehensive preoperative diagnostic procedure, which included chest CT scan
(Fig. 1A), bronchoscopy examination (Fig. 1B), and digestive endoscopy (Fig. 1C). The mean size of the �stula opening was 8.6 mm
(range, 6–14 mm). Surgical intervention for occlusion was indicated for mTEF cases with a diameter larger than 3 mm, assuming
no signi�cant tracheal lumen stenosis was present. Patients with mTEF who had the following contraindications were excluded
from the study: severe cardiopulmonary insu�ciency that would hinder the tolerability of minimally invasive bronchoscopy
examination, uremia, recent myocardial infarction within one-month, cerebrovascular accidents, severe epilepsy, coronary heart
disease, acute and chronic renal failure, severe hypertension, etc. (Table 1)

Table 1
Patient characteristics at the time of surgery

Patient
number

gender Age(years) Weight(kg) Etiology Sepsis Stenosis
Fistula
size
(mm)

Nasal
Feeding

Tracheal
stenosis

smoking and/or
alcohol

1 Male 72 56 esophageal
cancer

Yes 6 Yes NO smoking/alcohol

2 Female 80 44 lung cancer Yes 7 Yes NO alcohol

3 Male 76 69 esophageal
cancer

Yes 12 Yes NO smoking/alcohol

4 Male 65 53 lung cancer Yes 8 Yes NO smoking

5 Male 77 55 esophageal
cancer

Yes 6 Yes NO smoking

6 Male 69 62 esophageal
cancer

Yes 7 Yes NO smoking

7 Female 74 49 lung cancer Yes 9 Yes NO alcohol

8 Male 70 58 esophageal
cancer

Yes 10 Yes NO smoking/alcohol

Materials and Selection of Closure Devices
The occlusion procedure involved the utilization of various materials and equipment, including a cardiac ASD/VSD septal occluder,
a delivery sheath, a loading device, and a delivery cable (Chinese Medicine Saint Jie, Beijing, China), a 0.35" x 260 cm J-tip Emerald
guidewire (Cordis 502455 Standard Tip), a rigid bronchoscope, a �beroptic bronchoscope, an electrocardiography monitor, and a
ventilator, among others [Fig. 2]. The selection of an appropriate occluder for TEF closure lacks standardized guidelines. The choice
of the occluder size for each individual case should be carefully evaluated based on the location, size, and characteristics of the
TEF. In our study, among the 8 patients who underwent successful closure of mTEF, 2 cases (25%) opted for ASD closure devices,
while 6 cases (75%) chose VSD closure devices. The selection of the occluder size can be based on sizes commonly used for
treating congenital heart disease, with the occluder size after expansion being greater than 3–4 mm. (Table 2)
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Table 2
Selection of the occlude and post-operative follow up at 3-months

Patient
number

occluder
size(mm)

Endothelialization of the
occluder

Sepsis

Or lung
infection

Complications Nasal
Feeding

Weight(kg) Survival

1 VSD(9) completely improve None NO 58 Yes

2 VSD(13) completely improve None NO 50 Yes

3 ASD(16) partial improve None NO 70 Yes

4 VSD(12) completely improve None NO 59 Yes

5 VSD(9) completely improve None NO 62 Yes

6 VSD(11) completely improve None NO 65 Yes

7 VSD(13) completely improve None NO 54 Yes

8 ASD(14) partial improve None NO 66 Yes

Case presentation: Procedure and Technique
All the closure surgical procedures were performed under general anesthesia with deep sedation and analgesia, with continuous
monitoring of the patient's vital signs and blood oxygen saturation using electrocardiography. Initially, a rigid bronchoscope or
laryngeal mask was inserted orally and connected to the ventilator for assisted respiration. Subsequently, the bronchoscope was
used to con�rm the location and size of the TEF opening on both the tracheal and esophageal sides. Under bronchoscopic
guidance, a guidewire was passed through the bronchoscope forceps channel into the trachea, and then passed through the �stula
into the esophagus [Figure 3A]. After removing the bronchoscope, the guide wire is used to guide the 45° ASD delivery sheath into
the trachea, with the distal end passing through the �stula and into the esophagus to establish the surgical pathway (The size of the
delivery sheath was chosen according to the actual size of the �stula) [Figure 3B]. Next, the appropriate size cardiac septal occluder
was preloaded onto a delivery cable and connected to it by rotating it clockwise using a screw connection system. The occluder was
then sent into the esophagus through a delivery sheath [Figure 3C]. The delivery sheath was then withdrawn, and the occluder was
deployed under direct visualization through the esophagus. The occluder was gently pulled to �t snugly against the esophageal wall
[Figure 3D]. Subsequently, the bronchoscope was reintroduced into the trachea to slowly withdraw the delivery sheath under direct
visualization and release the proximal occluder on the tracheal side [Figure 3E]. The occluder was then gently pushed and pulled
with the cable to ensure that it was �xed at the tracheoesophageal �stula, completely occluding the �stula and ensuring
unobstructed passage of the trachea and esophagus. Finally, the cable was then rotated counterclockwise to detach it from the
occluder, and both the cable and sheath were withdrawn to complete the surgery [Figure 3F]. The entire surgical procedure takes
approximately 30 to 60 minutes. (Video 1)

Postoperative care and follow-up

Following mTEF occlusion, all patients should undergo close monitoring in the respiratory intensive care unit (RICU). Assisted
ventilation may be required for 1 to 2days, and vigilant surveillance for signs of infection or bleeding is crucial. Antibiotics and other
medications may be administered to prevent and treat infections, while analgesics can be given for effective pain management.
Postoperative chest CT should be performed to ensure optimal placement of the occluder [Figure 4]. Following the procedure, enteral
feeding was initiated through a nasal feeding tube and continued for a duration of 15 to 30 days. The removal of the nasal feeding
tube was considered after follow-up evaluation con�rmed the secure �xation of the occlusion device with epithelialization and
absence of leakage on esophagography. Once the nasal feeding tube was removed, the patient was able to resume oral intake.
Patients may require extended hospital observation prior to discharge, and regular follow-up is essential to detect any potential
complications, especially respiratory distress or airway obstruction. In the event of severe coughing, respiratory distress, or
decreased blood oxygen saturation postoperatively, emergency bronchoscopy should be promptly performed to assess if the
occlusion device has dislodged, potentially causing airway obstruction. If the detachment of the occluder is con�rmed, immediate
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removal of the device should be performed under general anesthesia using methods such as forceps and mesh baskets via rigid
bronchoscopy.

Long-term follow-up includes pulmonary CT, bronchoscopy, or digestive endoscopy to further assess the effectiveness of the
occlusion, the status of the occluder endothelization, and the presence of pulmonary infections [Figure 5]. the three-month
postoperative follow-up, bronchoscopy examinations were conducted on all patients, revealing epithelialization of the occluder
surface. Among the 8 patients included in the study, 6 patients (75%) exhibited complete endothelialization of the occluder after the
closure procedure, while 2 patients (25%) showed partial endothelialization. No visible �stula openings were observed in either the
esophageal or airway sides. Notably, there were no instances of coughing or aspiration, and a signi�cant improvement was
observed in pulmonary infections. Patients were able to eat without di�culties, and their overall quality of life showed remarkable
improvement compared to the preoperative period. Importantly, all patients survived for a period exceeding 3 months. (Table 2)

Discussion
TEF is a rare but life-threatening condition characterized by an abnormal communication between the trachea and esophagus, with
an incidence of approximately 1 in 3,500 live births[13, 14]. In adults, TEF can occur as a result of trauma, malignancy, or iatrogenic
injury. It is commonly observed in critically ill patients who require prolonged mechanical ventilation and are deemed unsuitable
candidates for surgical intervention due to their compromised health status[4, 15]. The majority of TEF cases are located at the mid-
tracheal level, predominantly on the posterior tracheal wall, and often present with respiratory infections caused by recurrent
aspirations, sepsis, excessive secretions, coughing, and air leakage around the cuffed tube[16]. Spontaneous healing of TEF is rare,
and surgical closure is typically required. Surgical repair has been the conventional treatment approach for TEF, involving the
closure of the �stula through thoracotomy or laparotomy procedures[1, 17]. The optimal timing for surgery is after the patient has
been successfully weaned off mechanical ventilation, the infection has been controlled, and optimal dietary conditions have been
achieved[18, 19]. Despite its e�cacy, surgical interventions are invasive and associated with a substantial risk of complications,
including wound infection, pneumonia, and respiratory distress, especially for the mTEF [4, 20].

Various minimally invasive surgical approaches have been explored for the treatment of TEF. Endoscopic closure techniques involve
the use of clips, sutures, or tissue adhesives to directly visualize and close the �stula under endoscopic guidance[21, 22]. Stent
placement techniques entail the insertion of a self-expanding metal or silicone tube into the trachea or esophagus to maintain
airway or esophageal patency[23–26]. Laser-assisted repair involves the controlled application of laser energy to create a burn and
seal the �stula[27, 28]. Despite these minimally invasive techniques offer advantages such as reduced invasiveness and potentially
faster recovery, their applicability and e�cacy may vary depending on the individual case of TEF. The e�cacy of bronchoscopic
treatments using substances like �brin glue, tissue adhesive, and sclerosing agents is limited when the size of the �stula exceeds 3
mm. Airway stents, including silicone stents and self-expandable metallic stents, have demonstrated some effectiveness[29].
However, due to the signi�cant variation in tracheal diameter, stents may not adhere well to the tracheal mucosa, leading to
incomplete �stula closure, stent dislocation, and the potential development of fatal tracheal stenosis[30–32]. The success rates of
these approaches depend on factors such as the location, size, and nature of the �stula, as well as the overall health status and
comorbidities of the patient. Consequently, careful consideration of the individual case is crucial when selecting the most
appropriate treatment option especially in mTEF.

Recent studies have reported successful utilization of the cardiac septal occluder for TEF closure, particularly in patients who are
not suitable candidates for traditional surgical approaches[12, 33, 34]. The cardiac septal occluder is a self-expanding, double-disc
structure composed of tightly woven superelastic nickel-titanium alloy wire. It is primarily designed for closing cardiac septal
defects such as atrial or ventricular septal defects. The occluder consists of two discs connected by a waist, with the diameters of
the far and near discs being larger than the waist's diameter. The edges of the discs are slightly concave, allowing them to interlock
upon deployment, thereby enhancing the sealing effect. Additionally, a �ow-blocking membrane is incorporated within the mesh
structure of the occluder to reinforce the sealing capability[Fig. 2.C][35].Its potential as a minimally invasive option for TEF
treatment has garnered increasing attention. However, there is currently limited evidence regarding the application of cardiac septal
occluders for the treatment of mTEF. Therefore, we conducted a retrospective analysis of 8 cases involving patients with mTEF who
underwent closure surgery using atrial/ventricular septal defect (ASD/VSD) septal occluder at the Respiratory Department of HuBei
Yichang Central People's Hospital from 2021 to 2023.
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In our study, stringent criteria were applied to select mTEF patients for occlusion surgery, taking into account their severe conditions
such as advanced malignant tumors and overall poor health, which made conventional surgical intervention inappropriate.
Additionally, comprehensive preoperative examinations played a pivotal role in patient selection. These adjunctive diagnostic
procedures commonly employed in mTEF diagnosis not only facilitated prompt and accurate localization, sizing, and etiological
identi�cation of the �stula but also facilitated postoperative follow-up after occlusion therapy. Chest CT, bronchoscopy, and
digestive endoscopy were the most frequently utilized adjunctive diagnostic procedures for TEF diagnosis. Successful execution of
the occlusion surgery also necessitated collaborative efforts among respiratory physicians, cardiologists, gastroenterologists,
anesthesiologists, and operating nurses.

Based on our experience in treating 8 cases of mTEF, we propose the use of an occluder waist diameter that is 3–4 mm larger than
the length or diameter of the �stula to ensure complete coverage by the double discs. In terms of selecting ASD or VSD occluders for
TEF closure, our study provides the following recommendations: for TEFs with a larger �stula diameter and larger esophageal and
tracheal openings (> 1 cm), an ASD occluder is recommended. Conversely, for TEF with a smaller �stula diameter and smaller
esophageal and tracheal openings (< 1 cm), a VSD occluder is preferred. VSD occluders are smaller and have a narrower waist
compared to ASD occluders. The appropriate selection of occluders is crucial as an oversized occluder may compromise tissue
circulation, leading to tissue damage and potential complications, while an undersized occluder may result in displacement or
detachment.

Postoperative follow-up assessments revealed that the utilization of a cardiac septal occluder is a safe and effective approach for
mTEF closure. Despite the three-month follow-up, two patients still exhibited partial endothelialization of the occluder. This is
primarily attributed to the use of larger cardiac septal occluders due to the presence of a large mTEF. However, it is noteworthy that
there was a signi�cant improvement in pulmonary infections, allowing patients to eat without di�culty. Moreover, there was a
remarkable enhancement in their overall quality of life compared to the preoperative period. Furthermore, no major complications
were observed, and patients did not experience choking or aspiration following mTEF closure surgery. The utilization of the cardiac
septal occluder offers several advantages, including shorter hospital stays and faster recovery times compared to traditional
surgical techniques, with fewer postoperative complications such as wound infections and scarring. Importantly, the survival period
exceeded the median survival period of 6 to 12 weeks.

In conclusion, that the use of a cardiac septal occluder could potentially emerge as a minimally invasive palliative alternative for
treating mTEF. This approach shows promise as a treatment option for TEF closure, with high success rates and minimal
complications. However, large-scale studies are needed to evaluate the long-term outcomes and safety of this technique[36]. Further
clinical studies are warranted to establish standardized protocols, assess long-term outcomes, and compare the effectiveness and
safety of the cardiac septal occluder with other minimally invasive techniques and traditional surgical approaches.
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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