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Abstract
Background  Severe tracheal stenosis is a life-threatening condition that often requires immediate intervention. 
Traditional surgical approaches may be challenging in critically ill patients, and bronchoscopic therapies have 
emerged as a less invasive alternative. However, maintaining adequate oxygenation and ventilation during these 
procedures can be challenging, especially in patients with near-complete airway obstruction. The manipulation of the 
already compromised airway during bronchoscopy can exacerbate respiratory insufficiency, leading to hypoxemia, 
hypercapnia, and even cardiac arrest. To address these challenges, extracorporeal membrane oxygenation (ECMO) 
has been increasingly utilized as a supportive measure during high-risk airway interventions. The use of ECMO in 
managing severe tracheal stenosis is a relatively recent development, with growing evidence supporting its role in 
facilitating complex airway interventions. By ensuring hemodynamic stability and adequate gas exchange, ECMO 
enables the safe and effective application of bronchoscopic techniques in critically ill patients who would otherwise 
be deemed unsuitable for such procedures. This approach can improve outcomes and expand treatment options for 
patients with severe tracheal stenosis.

Case presentation  A 49-year-old woman, who underwent metal stent placement in her upper trachea 24 years 
ago due to tuberculous tracheal stenosis, was hospitalized due to worsening dyspnea. A thorough evaluation 
showed that the entire tracheal section was narrowed, with the smallest diameter measuring approximately 4–5 mm. 
Traditional respiratory support was inadequate for maintaining the patient’s oxygen levels during bronchoscopy. We 
conducted bronchoscopic treatment with ECMO support, significantly alleviating the patient’s dyspnea symptoms 
post-treatment. This is the first documented case of ECMO being utilized alongside bronchoscopy for patients with 
tracheal narrowing caused by tuberculosis.
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Background
Airway stenosis refers to the narrowing of the trachea 
and main stem bronchi caused by benign and malignant 
lesions [1]. This definition may also include lobar bronchi, 
such as the right intermediate bronchus [2]. The onset of 
malignant airway stenosis is frequently associated with 
primary or metastatic tumors. It can also result from 
the invasion or compression by thyroid and esophageal 
cancers, with lung cancer being the main cause in most 
instances. Benign airway stenosis is often influenced by 
factors like tracheal intubation, post-tracheotomy steno-
sis, tracheobronchial tuberculosis, and autoimmune dis-
eases [3]. Severe airway stenosis poses a life-threatening 
risk that necessitates either surgical or bronchoscopic 
intervention. However, both surgical and bronchoscopic 
treatments can lead to hypoxemia or respiratory failure 
in patients with critical airway problems. Patients expe-
riencing mild airway stenosis who are in good overall 
health may receive treatment using standard respiratory 
support techniques, including nasal oxygen therapy, 
masks, intubation, and ventilation. Severe airway stenosis 
can result in profound hypoxemia or respiratory failure, 
further complicating conventional respiratory support 
and challenging surgical or bronchoscopic interventions.

ECMO technology has advanced significantly and is 
now commonly applied in conditions like acute respira-
tory distress syndrome, cardiopulmonary failure, and 
during cardiopulmonary surgeries [4]. In 1999, Onozawa 
et al. documented the initial successful application of 
ECMO for adult airway obstruction due to thyroid carci-
noma [5]. Since then, it has been used in various surgical 
procedures related to the respiratory system to facilitate 
gas exchange and provide hemodynamic support dur-
ing stenting, tracheotomy, and intubation. Its use during 
surgeries or bronchoscopic interventions can ease air-
way blockages and ensure adequate oxygenation, thereby 
providing a safer treatment alternative for patients with 
severe tracheal stenosis [6–8]. Kim et al. indicated that 
ECMO is recommended when the airway diameter falls 
below 5  mm [9]. To date, there are no recorded cases 
of ECMO being used as an adjunct therapy for patients 
with tuberculous airway stenosis who have previously 
received stents. We present a case study involving a 
patient with severe tracheal tuberculous scar stenosis, 
as standard anesthesia and mechanical ventilation pose 
safety risks during the procedure. Veno-venous (VV)-
ECMO was successfully implemented for bronchoscopic 

intervention. Post-treatment, symptoms like chest tight-
ness, shortness of breath, and dyspnea significantly 
improved without adverse events.

Case presentation
Over twenty years ago, a 49-year-old woman was diag-
nosed with tracheobronchial tuberculosis and tracheal 
tuberculous scar stenosis at The First Affiliated Hospital 
of Second Military Medical University after experienc-
ing breathing difficulties. An uncovered metallic stent 
(1.8  cm inner diameter, 9  cm in length) was placed in 
her trachea under bronchoscopic guidance while she 
received anti-tuberculosis treatment (Fig.  1A). Her 
respiratory condition improved, and a follow-up bron-
choscopy two years later confirmed that the stent was 
well-tolerated and did not need to be removed. However, 
fifteen years ago, bronchoscopy indicated restenosis fol-
lowing the metal stent placement. Regular bronchoscopic 
balloon dilatation was conducted annually until five years 
ago, when re-examinations ceased due to COVID-19. 
Three weeks before admission, the patient experienced 
significant chest tightness, shortness of breath, and dif-
ficulty breathing during light activities, which gradually 
intensified. An outpatient bronchoscopy conducted the 
day before admission revealed a constriction of approxi-
mately 3–4  mm in the upper trachea that obstructed 
the bronchoscope. Consequently, she has been admitted 
to the hospital for further treatment. During the physi-
cal exam, the patient showed tachypnea at 25 breaths 
per minute, tachycardia at 106 beats per minute, a blood 
pressure of 122/76 mmHg, no fever, and a peripheral oxy-
gen saturation of 87%. Cardiac auscultation was normal, 
but dry rales were observed in the large airways of both 
lungs. An arterial blood gas analysis indicated a pH of 
7.463, a PO2 of 58.9 mmHg, and a PCO2 of 35.8 mmHg 
(FIO2 21%). In the complete blood count, white blood 
cells were at 7.30 × 109/L, neutrophils at 5.52 × 109/L, 
platelets at 212 × 109/L, and hemoglobin at 139 g/L. Liver 
and kidney functions, coagulation, and brain natriuretic 
peptide levels were normal. A chest computed tomog-
raphy (CT) scan showed total tracheal stenosis with a 
visible metal stent, stenosis of the right main bronchus, 
and a strip shadow. The narrowest area measured about 
3.88 mm in diameter (Fig. 1B-E). Based on Freitag’s clas-
sification, the tracheal stenosis is rated as grade 4, indi-
cating severe airway narrowing [10].

Conclusion  The case study described a patient experiencing severe tracheal scar stenosis due to tuberculosis, who 
underwent successful treatment that included bronchoscopy supported by ECMO. Our effective handling of this case 
has provided crucial insights and strategies for managing similar situations in the future.

Keywords  Extracorporeal membrane oxygenation, Severe airway stenosis, Benign cicatricial airway stenosis, 
Bronchoscopic interventional therapy
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Following admission, the patient was evaluated for 
bronchoscopic thermal ablation to enlarge the airway 
diameter from top to bottom gradually. Severe total tra-
cheal stenosis rendered respiratory support techniques, 
including conventional oxygen therapy (COT), high-
flow nasal cannula (HFNC), and noninvasive ventilation 
(NIV), inadequate for the patient’s oxygenation during 
assessment. Increasing the oxygen concentration during 
laser and high-frequency electrocoagulation procedures 
poses risks of combustion and explosion. If endotracheal 
intubation is necessary, a tube with an outer diameter of 
less than 5  mm must be chosen, which is incompatible 
with bronchoscopy. Furthermore, an uncovered metal 
stent (9  cm long) was placed in the trachea, preventing 
tracheotomy for ventilation. As a result, following a com-
prehensive multidisciplinary assessment, bronchoscopic 
interventional therapy was performed with the assistance 
of ECMO support. On the sixth day of admission, intra-
venous anesthesia was administered while preserving the 
patient’s breathing. A 21Fr cannulation was placed in the 
right femoral vein to a depth of 40 cm, and a 17Fr can-
nulation was placed in the right internal jugular vein to 
a depth of 15  cm. ECMO treatment commenced with 
a blood flow of 3.84  L/min and an airflow of 3  L/min, 
ensuring SpO2 remained above 95%. A bronchoscopy was 
performed using a laryngeal mask. During the procedure, 
a narrow scar with a twisted lumen was identified in the 
trachea, rendering it impassable (Fig. 2A, B). Laser treat-
ment (10–20  W) and high-frequency electrocoagula-
tion (40 W) were applied multiple times to cauterize the 
stenosis. Post-treatment, the lumen expanded to 9  mm, 
allowing successful passage of the bronchoscope to the 
distal end (Fig.  2C-F). The right main bronchus exhib-
ited a narrowed lumen; however, the right middle and 

lower lobe bronchial tubes had smooth lumens through 
the constricted segment, while the right upper lobe dis-
played needle-like stenosis at its opening (Fig.  2G, H). 
Following the procedure, a 7  mm nasotracheal tube 
was inserted and connected to a ventilator. The bron-
choscopy examination lasted 58  min, after which the 
patient was transferred to the respiratory intensive care 
unit (RICU) for ongoing symptomatic treatment with 
ECMO support. During the procedure, we consistently 
track the patient’s hemodynamic status and oxygen lev-
els, adjusting the ECMO’s oxygen concentration based 
on the patient’s needs. On the first day post-examination, 
the arterial blood gas results were: pH 7.381, PO2 81.7 
mmHg, PCO2 41.0 mmHg (FIO2 40%). Bedside bron-
choscopy was performed to remove necrotic tissue and 
aspirate sputum. As per the standard ECMO weaning 
protocol, we adjusted the gas flow to 0 and blood flow 
to 1.5  L/min. After 1  h, the patient’s blood gas analysis 
showed no significant changes, meeting the weaning cri-
teria. ECMO was halted after clearance, totaling 30 h of 
use. The arterial blood gas on the second day following 
the bronchoscopy showed: pH 7.490, PO2 159 mmHg, 
PCO2 31.3 mmHg (FIO2 40%). During the bronchoscopy, 
no necrotic tissue was detected. Sputum aspiration was 
conducted, and the tracheal tube was later removed. The 
patient was then started on HFNC therapy at a flow rate 
of 30 L/min with an FIO2 of 35%. Her vital signs remained 
stable, and by the third day, she was transferred to a regu-
lar ward on COT.

After the follow-up bronchoscopy and cleaning of 
necrotic tissue (Fig.  2I-L), a postoperative chest CT 
scan showed a significant increase in the diameter of 
the tracheal lumen to approximately 9  mm (Fig.  1F). 
This resulted in reduced chest tightness and shortness 

Fig. 1  Radiological examination before and after treatment. (A) chest X-ray showed an uncovered metallic stent (the green vertical line indicates a stent 
length of 9 cm) was implanted in the trachea (red arrow); (B-D) preoperative chest CT showed total tracheal stenosis (red arrow). The narrowest part of 
the upper trachea was approximately 3.88 mm (red arrow); (E) the stenosis of the right main bronchus (red arrow); (F) postoperative chest showed the 
stenosis of the upper tracheal segment was 9.58 mm (red arrow)
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of breath. The treatment timeline for this patient is pre-
sented in Table  1. The patient received bronchoscopic 
balloon dilation every 2–3 months, maintaining stable 
airway diameter. We instructed the patient to return to 
the clinic as scheduled and engage in concurrent pulmo-
nary rehabilitation. At present, the patient does not need 
oxygen and feels only slight chest tightness following 
physical exertion. She is capable of handling self-care on 
her own.

Discussion and conclusion
We presented a case of a patient with tuberculosis who 
subsequently developed total tracheal stenosis after 
receiving a metal tracheal stent. Using VV-ECMO, we 
successfully performed bronchoscopic thermal ablation, 
alleviating the patient’s clinical symptoms without any 
complications.

Case reports and retrospective studies have high-
lighted the role of ECMO in treating tracheal stenosis. 
Zhang et al. described a case involving airway stenosis 
due to recurrent polychondritis, where ECMO aided in 
the implantation of an endotracheal stent [11]. In 2018, 
Malpas et al. analyzed 45 patients with central airway 
obstruction who underwent rigid bronchoscopy with 
ECMO support, finding that ECMO effectively maintains 
adequate oxygenation during central airway obstruc-
tion procedures [6]. Meyer et al. caution that challeng-
ing broncho tracheal stent placements may result in 
significant complications, even potentially fatal ones 
[12]. For cases involving the removal or replacement of 
metal stents, ECMO consideration is vital. This patient 
had a longstanding metal stent due to airway tuberculo-
sis, which had completely epithelialized and was impos-
sible to remove. Bronchoscopic thermal ablation could 

Fig. 2  Bronchoscopic images during the examination. (A, B) intraoperative bronchoscopy showed severe distortion and cicatricial stenosis of the upper 
tracheal segment on the sixth day of admission; (C) the laser was to cauterize lesions; (D) high-frequency electrocoagulation was used to cauterize lesions; 
(E, F) the trachea lumen was enlarged after thermal ablation (laser and high-frequency electrocoagulation); (G) the opening of the right main bronchus 
softens and shows lip-like stenosis (black arrow); (H) the opening of the right upper lobe was needle-like stenosis (black arrow); (I-K) bronchoscopy 
showed that necrotic tissue and granulation tissue were attached to the trachea wall, and the tracheal lumen was obviously enlarged after cleaning on 
the eleventh day of admission; (L) metal stent could be seen on the left wall of the lower end of the trachea (black arrow)
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be the most effective approach for severe airway stenosis 
across all segments. Nonetheless, reducing inhaled oxy-
gen concentration during thermal ablation is crucial, as 
airway resistance will rise during tracheoscopy, posing a 
major challenge to the patient’s oxygenation during sur-
gery [13]. Therefore, in this scenario, ECMO represents 
this patient’s safest option for sustaining intraoperative 
oxygenation.

ECMO will require some time to initiate smoothly. 
Maxwell et al. categorized ECMO support in airway 
procedures into three types: standby, elective, and res-
cue. Standby or elective ECMO support is advisable for 
patients with severe lower airway obstruction requiring 
general anesthesia, given their elevated risk of intraoper-
ative cardiorespiratory failure, which can result in a high 
mortality rate if rescue ECMO is needed. In five instances 
of attempted rescue ECMO, four patients did not survive 
[14]. VV-ECMO is preferable to Veno-Arterial (VA)-
ECMO, as it guarantees sufficient oxygen delivery to 
the upper body during procedures, prevents differential 
hypoxia, and results in fewer bleeding issues. Extended 
use of VA ECMO can also lead to ischemic necrosis in 
the distal limb [7, 8]. Evidence suggests that low-dose 
heparin anticoagulant protocols may help mitigate bleed-
ing risks [15]. Considering the patient’s condition, we 
chose elective ECMO and utilized a low-dose anticoagu-
lation strategy to keep whole blood coagulation time at 
160–220 s, avoiding bleeding or other complications.

Stauffer et al. highlight that in Europe and America, 
tracheal intubation and tracheostomy are the main con-
tributors to benign cicatricial airway stenosis (BCAS), 
accounting for 19% and 65% of cases, respectively [16]. 
In contrast, tracheobronchial tuberculosis is the primary 
cause of BCAS in China, with local studies indicating it 

constitutes 64.25% of cases of benign airway stenosis in 
the region [17]. One treatment approach for BCAS is 
surgery, which can involve tracheal resection with end-
to-end anastomosis, tracheal transplantation, tracheo-
plasty, and other surgical methods [18]. Although airway 
reconstruction surgery is regarded as the gold standard 
for symptomatic BCAS, a contraindication arises when 
tracheal stenosis is 50% or more of the normal tracheal 
length. In this particular circumstance, a chest CT 
revealed that the extent of tracheal stenosis exceeded 
50% of the total tracheal length, indicating elevated surgi-
cal risks and the possibility of trauma. As a result, surgi-
cal reconstruction of the airway was deemed unfeasible. 
An alternative treatment is bronchoscopic interventional 
therapy, which encompasses techniques like thermal 
ablation, cryotherapy, and mechanical dilation therapy. 
Thermal ablation includes technologies such as laser 
therapy, high-frequency electrocoagulation, and argon 
plasma coagulation (APC). Of these, laser therapy is 
considered the most effective due to its deep tissue pen-
etration, establishing it as the gold standard for treating 
tracheal stenosis [19].

Hypoxemia is one of the most common complications 
of bronchoscopy, particularly with sedation [20, 21]. The 
incidence of hypoxemia in recent randomized controlled 
trials ranged from 29.2 to 69.2% during bronchoscopy 
examination [22–25]. Common causes of hypoxemia 
include inadequate ventilation and upper airway obstruc-
tion due to the insertion of the bronchoscope, bron-
choalveolar lavage, excessive or insufficient sedation, 
laryngospasm, and bleeding and pneumothorax sec-
ondary to bronchopulmonary biopsy or bronchoscopic 
interventional surgery [26–28]. During bronchoscopy, 
the PaO2 level in healthy individuals may decrease by 

Table 1  The treatment timeline of this patient
Date and time Event
The day before admission The upper trachea was found to have a narrowing of approximately 3–4 mm during bron-

choscopy, which prevented the bronchoscope from passing through.
The first day of admission Admitted to the respiratory medical ward. The Preoperative chest CT examination revealed 

that the narrowest point of the tracheal lumen measured approximately 3.88 mm in diameter.
The sixth day of admission at 09:40 AM Femoral-internal jugular vein catheterization, VV-ECMO initiated, performed bronchoscopic 

laser and high-frequency electrocoagulation under ECMO support.
The sixth day of admission at 10:42 AM After the procedure, 7 mm nasotracheal intubation was replaced and connected to a ventila-

tor. With the assistance of ECMO, transferred to RICU.
The seventh day of admission at 3:10 PM Performed endotracheal necrotic tissue removal and sputum aspiration by bronchoscopy.
The seventh day of admission at 3:50 PM Weaning off VV-ECMO.
The eighth day of admission at 11:45 AM Performed endotracheal and sputum aspiration by bronchoscopy.
The eighth day of admission at 12:20 PM Removal of the endotracheal tube, high-flow oxygen provided.
The ninth day of admission Nasal cannula for oxygen and transferred to a regular ward.
The eleventh day of admission Performed endotracheal necrotic tissue removal and sputum aspiration by bronchoscopy. 

The postoperative chest CT examination revealed that the diameter of the tracheal lumen 
had increased to approximately 9 mm.

The twelfth day of admission Discharged from the hospital.
Abbreviations: CT: computed tomography; ECMO: extracorporeal membrane oxygenation; VV-ECMO: veno-venous extracorporeal membrane oxygenation; RICU: 
respiratory intensive care unit
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20–30 mmHg, whereas the PaO2 level in critical patients 
may decrease by 30–60 mmHg [29]. Moreover, bron-
choscopy in patients with hypoxemia respiratory fail-
ure carries increased risks compared to non-hypoxemia 
patients [30]. Hypoxemia can result in serious adverse 
effects, such as cardiovascular events, neurological com-
plications, acute respiratory failure, and even death. For 
patients with severe tracheal stenosis, any intratracheal 
operation may cause serious complications, and blind 
induction of anesthesia and forced tracheal intubation 
may further aggravate the degree of tracheal stenosis and 
even lead to asphyxia. Therefore, establishing safe and 
efficient respiratory support is crucial for treating severe 
tracheal stenosis.

Based on this case and the review of existing literature, 
we advise that all tuberculosis patients undergo regular 
screening for tracheobronchial tuberculosis. If airway 
stenosis is detected, immediate treatment is essential to 
prevent it from worsening into severe airway stenosis. 
For patients with an intra-airway stent, it is important 
to remove it promptly when conditions permit, thereby 
avoiding complications from prolonged use. Addition-
ally, patients with airway stenosis should be provided 
with appropriate education and should regularly have 
bronchoscopy performed to track any changes in their 
condition.

Our study presents several strengths. Firstly, it marks 
the first instance of ECMO-assisted bronchoscopy for 
total airway tuberculosis stenosis, which holds significant 
implications for treating patients with severe airway ste-
nosis. Additionally, given the patient’s critically ill state, 
the absence of ECMO would leave no alternative rescue 
measures available once hypoxia arises during the pro-
cedure. This underscores the vital role of preoperative 
planning for high-risk bronchoscopy. However, there 
are some limitations to consider. As this is merely a case 
report, the findings are not generalizable. Moreover, 
ECMO treatment carries various complications, mak-
ing it difficult to specify the appropriate indications for 
ECMO in patients with airway stenosis in this instance.

In conclusion, ECMO offers reliable and efficient car-
diopulmonary support during bronchoscopic interven-
tion for severe airway stenosis. Nonetheless, questions 
about the timing, mode, and management of ECMO 
require clarification through randomized controlled tri-
als (RCTs), and the supplemental indicators for ECMO 
use in bronchoscopy ought to be fine-tuned to enhance 
regulatory practices in clinical application.

Abbreviations
CT	� Computed tomography
ECMO	� Extracorporeal membrane oxygenation
VV-ECMO	� Veno-venous extracorporeal membrane oxygenation
VA-ECMO	� Veno-Arterial extracorporeal membrane oxygenation
RICU	� Respiratory intensive care unit
COT	� Conventional oxygen therapy

HFNC	� High-flow nasal cannula
NIV	� Noninvasive ventilation
BCAS	� Benign cicatricial airway stenosis
APC	� Argon plasma coagulation
RCTs	� Randomized controlled trials

Acknowledgements
We express our gratitude to all members of the Department of Respiratory 
and Critical Care Medicine at The First Affiliated Hospital of Second Military 
Medical University for their care of this patient.

Author contributions
HZ, YW and HQ performed the literature review and drafted the manuscript. 
HZ designed the research study. JZ, XN and QW collected the clinical data. WZ 
and CB revised the manuscript. All authors read and approved the final version 
of the manuscript.HZ, YW and HQ have contributed equally to this work and 
share first authorship.WZ and CB are the corresponding author.

Funding
This work was funded by the Shanghai “Rising Stars of Medical Talents” 
Outstanding Youth Development Program.

Data availability
Availability of data and materialsAll the data generated or analyzed during this 
study are included in the manuscript.

Declarations

Ethics approval and consent to participate
Ethical approval to report this case was not required due to its retrospective 
nature.

Consent for publication
Written informed consent was obtained from the patient for publication of 
this case presentation and any accompanying images.

Competing interests
The authors declare no competing interests.

Author details
1Department of Respiratory and Critical Care Medicine, The First Affiliated 
Hospital of Second Military Medical University, Shanghai, China
2Department of Clinical Laboratory, The First Affiliated Hospital of Second 
Military Medical University, Shanghai, China
3Center of Critical Care Medicine, The First Affiliated Hospital of Second 
Military Medical University, Shanghai, China
4Department of Respiratory Medicine, No. 901 Hospital of the Chinese 
People’s Liberation Army Joint Logistic Support Force, Hefei, China

Received: 7 October 2024 / Accepted: 19 March 2025

References
1.	 Oberg CL, Holden VK, Channick CL. Benign central airway obstruction. Semin 

Respir Crit Care Med. 2018;39(6):731–46.
2.	 Ost DE, Ernst A, Grosu HB, Lei X, Diaz-Mendoza J, Slade M, et al. Therapeutic 

bronchoscopy for malignant central airway obstruction: success rates and 
impact on dyspnea and quality of life. Chest. 2015;147(5):1282–98.

3.	 Sabath BF, Casal RF. Airway stenting for central airway obstruction: a review. 
Mediastinum. 2023;7:18.

4.	 Wiener C, Albert RK. ECMO and prone position in patients with severe ARDS. 
JAMA. 2024;331(14):1232.

5.	 Onozawa H, Tanaka T, Takinami M, Kagaya S, Tanifuji Y. Anesthetic manage-
ment using extracorporeal circulation of a patient with severe tracheal 
stenosis by thyroid cancer. Masui. 1999;48(6):658–61.

6.	 Malpas G, Hung O, Gilchrist A, Wong C, Kent B, Hirsch GM, et al. The use of 
extracorporeal membrane oxygenation in the anticipated difficult airway: a 
case report and systematic review. Can J Anaesth. 2018;65(6):685–97.



Page 7 of 7Zhou et al. BMC Pulmonary Medicine          (2025) 25:144 

7.	 Wu H, Zhuo K, Cheng D. Extracorporeal membrane oxygenation in critical 
airway interventional therapy: A review. Front Oncol. 2023;13:1098594.

8.	 Yamada Y, Ohata T, Kitahara M, Kohata H, Kumasawa J, Kohno M. Venovenous 
extracorporeal membrane oxygenation for the management of critical 
airway stenosis. J Artif Organs. 2018;21(4):479–81.

9.	 Kim CW, Kim DH, Son BS, Cho JS, Kim YD. The feasibility of extracorporeal 
membrane oxygenation in the variant airway problems. Ann Thorac Cardio-
vasc Surg. 2015;21(6):517–22.

10.	 Freitag L, Ernst A, Unger M, Kovitz K, Marquette CH. A proposed classification 
system of central airway stenosis. Eur Respir J. 2007;30(1):7–12.

11.	 Zhang J, He X, Hu J, Li T. Application of extracorporeal membrane 
oxygenation to treatment of serious tracheal stenosis caused by relaps-
ing polychondritis: a case report and literature review. J Int Med Res. 
2021;49(4):3000605211009489.

12.	 Meyer S, Dincq AS, Pirard L, Ocak S, D’Odémont JP, Eucher P et al. Bronchotra-
cheal Stenting Management by Rigid Bronchoscopy under Extracorporeal 
Membrane Oxygenation (ECMO) Support: 10 Years of Experience in a Tertiary 
Center. Can Respir J. 2021;2021:8822591.

13.	 Pelaia C, Bruni A, Garofalo E, Rovida S, Arrighi E, Cammarota G, et al. Oxy-
genation strategies during flexible bronchoscopy: a review of the literature. 
Respir Res. 2021;22(1):253.

14.	 Maxwell C, Forrest P. The role of ECMO support in airway procedures. BJA 
Educ. 2023;23(7):248–55.

15.	 Zhao J, Cui P, Zhou Z, Niu B, Pan C. Treatment of malignant airway stenosis 
with extracorporeal membrane oxygenation under low-dose anticoagula-
tion: A case report. Heliyon. 2023;9(12):e23210.

16.	 Stauffer JL, Olson DE, Petty TL. Complications and consequences of endo-
tracheal intubation and tracheotomy. A prospective study of 150 critically ill 
adult patients. Am J Med. 1981;70(1):65–76.

17.	 Li YQ, Li Q, Bai C, Huang Y, Zhao LJ, Yao XP, et al. [Causes of benign central air-
way stenoses and the efficacy of interventional treatments through flexible 
bronchoscopy]. Zhonghua Jie He He Hu Xi Za Zhi. 2008;31(5):364–8.

18.	 Brigger MT, Boseley ME. Management of tracheal stenosis. Curr Opin Otolar-
yngol Head Neck Surg. 2012;20(6):491–6.

19.	 Fernando HC, Dekeratry D, Downie G, Finley D, Sullivan V, Sarkar S, et al. Fea-
sibility of spray cryotherapy and balloon dilation for non-malignant strictures 
of the airway. Eur J Cardiothorac Surg. 2011;40(5):1177–80.

20.	 Hong KS, Choi EY, Park DA, Park J. Safety and efficacy of the moderate seda-
tion during flexible bronchoscopic procedure: A systematic review and Meta-
Analysis of randomized controlled trials. Med (Baltim). 2015;94(40):e1459.

21.	 Riachy M, Khayat G, Ibrahim I, Aoun Z, Dabar G, Bazarbachi T, et al. A random-
ized double-blind controlled trial comparing three sedation regimens during 
flexible bronchoscopy: Dexmedetomidine, alfentanil and Lidocaine. Clin 
Respir J. 2018;12(4):1407–15.

22.	 Zhang W, Wang JL, Fu S, Zhou JM, Zhu YJ, Cai SN, et al. Incidence of oxygen 
desaturation using a high-flow nasal cannula versus a facemask during flex-
ible bronchoscopy in patients at risk of hypoxemia: a randomised controlled 
trial. BMC Pulm Med. 2022;22(1):389.

23.	 Yilmazel Ucar E, Araz Ö, Kerget B, Akgun M, Saglam L. Comparison of 
high-flow and conventional nasal cannula oxygen in patients undergoing 
endobronchial ultrasonography. Intern Med J. 2021;51(11):1935–9.

24.	 Longhini F, Pelaia C, Garofalo E, Bruni A, Placida R, Iaquinta C, et al. High-flow 
nasal cannula oxygen therapy for outpatients undergoing flexible bronchos-
copy: a randomised controlled trial. Thorax. 2022;77(1):58–64.

25.	 Ben-Menachem E, McKenzie J, O’Sullivan C, Havryk AP. High-flow nasal 
oxygen versus standard oxygen during flexible bronchoscopy in lung trans-
plant patients: A randomized controlled trial. J Bronchol Interv Pulmonol. 
2020;27(4):259–65.

26.	 Li C, Zhu T, Ma D, Chen Y, Bo L. Complications and safety analysis of diagnos-
tic bronchoscopy in COPD: a systematic review and meta-analysis. Expert Rev 
Respir Med. 2022;16(5):555–65.

27.	 de Boer GM, Türk Y, Meuleman-van Waning VH, Braunstahl GJ. Bronchoscopy: 
oral or nasal insertion?? J Bronchol Interv Pulmonol. 2017;24(2):125–30.

28.	 Chhajed PN, Glanville AR. Management of hypoxemia during flexible bron-
choscopy. Clin Chest Med. 2003;24(3):511–6.

29.	 Matsumoto T, Sato Y, Fukuda S, Katayama S, Miyazaki Y, Ozaki M, et al. Safety 
and efficacy of Bronchoalveolar lavage using a laryngeal mask airway in cases 
of acute hypoxaemic respiratory failure with diffuse lung infiltrates. Intern 
Med. 2015;54(7):731–5.

30.	 Patolia S, Farhat R, Subramaniyam R. Bronchoscopy in intubated and non-
intubated intensive care unit patients with respiratory failure. J Thorac Dis. 
2021;13(8):5125–34.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿ECMO-assisted bronchoscopic therapy for severe tracheal stenosis: a case report and literature review
	﻿Abstract
	﻿Background
	﻿Case presentation
	﻿Discussion and conclusion
	﻿References


