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Abstract 

Background Perioperative airway management and oxygenation maintenance during central airway obstruction 
(CAO) treatment pose great challenges. While veno‑venous extracorporeal membrane oxygenation (V‑V ECMO) 
shows promise as a bridge therapy, optimal implementation and management strategies remain lacking. We present 
our experience with V‑V ECMO in CAO management from a high‑volume center.

Methods We retrospectively analyzed 29 consecutive patients who received V‑V ECMO support for CAO 
between 2015 and 2023. Patient demographics, clinical characteristics, ECMO cannulation and operation parameters, 
interventional procedures, complications, and outcomes were reviewed.

Results Among patients with median airway diameter of 4.5 mm (IQR 2–5 mm), etiologies included primary tumors 
(n = 17), metastases (n = 7), and post‑intubation/tracheostomy stenosis (n = 5). Treatment comprised bronchoscopic 
interventions (n = 9) and surgical procedures (thoracic = 15, head/neck = 5). Using predominantly femoral‑jugular can‑
nulation (n = 27), we implemented a minimal anticoagulation protocol (catheter flush with 5U/mL heparin only). All 
patients survived through 6‑month follow‑up with minimal ECMO‑related complications.

Conclusion The application of V‑V ECMO with minimal anticoagulation demonstrates safety and efficacy as a bridg‑
ing support in the therapeutic approach to CAO.
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Introduction
Central airway obstruction (CAO) is characterized by a 
blockage of airflow in the trachea and main bronchus, 
presenting a life-threatening emergency [1]. CAO can 
result from both benign and malignant diseases, includ-
ing local invasion and distant metastasis of lung, thyroid, 
and esophageal cancers; tracheal foreign body; tracheo-
malacia; tracheotomy or lung transplantation; anasto-
motic stenosis; and local obstruction caused by airway 
bleeding. Changes in the cross-sectional area of the air-
way may affect its Reynolds coefficient [2], resulting in 

Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

Critical Care

†Xiao‑xiu Luo, Jia‑jia Li, and Fu‑xun Yang have contributed equally to this work 
and are co‑first authors.

*Correspondence:
Xiao‑bo Huang
drhuangxb@163.com
Rong‑an Liu
35279240@qq.com
Jing‑chao Luo
sucapter@gmail.com
1 Department of Critical Care Medicine, University of Electronic Science 
and Technology of China, Sichuan Academy of Medical Sciences 
and Sichuan Provincial People’s Hospital, Chengdu 610072, China

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13054-024-05219-0&domain=pdf


Page 2 of 6Luo et al. Critical Care          (2024) 28:426 

various clinical manifestations. Acute inspiratory wheez-
ing and respiratory distress are critical signs of CAO, 
necessitating timely intervention; otherwise, the risk 
of death is extremely high.  However, ensuring patient 
safety during therapeutic interventions, particularly 
maintaining adequate oxygenation, remains a formidable 
challenge.

In recent years, veno-venous extracorporeal membrane 
oxygenation (V-V ECMO) has emerged as an increas-
ingly adopted respiratory support strategy for CAO 
management. However, standardized protocols for its 
implementation in this specific clinical scenario remain 
to be established. Since the pioneering application of 
extracorporeal circulation for thyroid tumor-induced air-
way obstruction in 1999, refinements in this technology 
have facilitated successful perioperative management, 
with numerous subsequent reports documenting its 
efficacy in various airway obstructive conditions [3–7]. 
Despite these advances, concerns have arisen regarding 
complications such as hemorrhagic pleural effusion asso-
ciated with systemic heparinization [8]. Early V-V ECMO 
intervention can prevent catastrophic hypoxemia during 
both the natural course and therapeutic management of 
airway obstruction; however, concerns exist regarding 
cost implications and potential overtreatment. Further-
more, the optimal anticoagulation protocol for short-
term airway support remains controversial.

This report describes our nine-year institutional expe-
rience regarding V-V ECMO as a bridging support in the 
therapeutic management of CAO.

Methods
Patients
We reviewed patients who received V-V ECMO sup-
port for CAO treatment at our center between 2015 and 
2023. The Ethics Committee of Sichuan Provincial Peo-
ple’s Hospital approved this study (No. 2022-91), waiving 
the requirement for informed consent due to the retro-
spective, anonymized nature of data analysis.  Patients 
who  completed their therapeutic interventions for 
CAO were included in the final analysis.

Data collection
The following variables were collected: demographics, 
underlying conditions, American Society of Anesthesi-
ologists (ASA) physical status  classification, CAO char-
acteristics (position of obstruction, airway management 
status, narrowest airway diameter), V-V ECMO param-
eters (cannulation approach, anticoagulation protocol, 
support duration), surgical interventions, hospital length 
of stay, complications, and outcomes.

Statistical analysis
Data analysis was performed using SPSS 20.0 (IBM Cor-
poration, NY). Continuous variables were expressed as 
median (IQR) and compared using Wilcoxon’s rank-sum 
test, while categorical variables were presented as fre-
quencies (percentages) and compared using Fisher’s exact 
test. Statistical significance was set at p < 0.05.

Results
Participants
Of the 31 patients initially screened, two patients aban-
doned further endobronchial treatment and were 
excluded: one due to uncontrollable tumor hemorrhage 
during bronchoscopy, and another due to fatal ECMO 
complications (acute cardiac tamponade during can-
nulation necessitating emergency sternotomy, followed 
by withdrawal of life support and death one week after 
ECMO initiation). Twenty-nine patients were ultimately 
included in the final analysis. (Table 1 and Table S2). The 
etiologies of CAO included primary tumors (n = 17), 
metastatic tumors (n = 7), and post-intubation/trache-
ostomy stenosis (n = 5). While baseline characteristics 
were comparable across groups, patients with iatrogenic 
stenosis were significantly younger (median age 27[IQR 
19–52], P = 0.04). All patients presented severe airway 
obstruction (median narrowest diameter 4.5  mm [IQR 
2–5]), with no significant differences between etiologies 
(P = 0.268). (Table 1).

ECMO cannulation strategy
Given that all patients had CAO, cannulation was per-
formed under local anesthesia while maintaining spon-
taneous breathing, with minimal dexmedetomidine 
sedation administered only for one agitated patient; all 
procedures were completed without requiring general 
anesthesia. The majority of patients (n = 27) underwent 
femoral-jugular cannulation using 21F drainage and 17F 
return cannulas, with the femoral catheter positioned at 
the hepatic vein-IVC junction and jugular return cath-
eter advanced 13–15  cm (Fig.  1A). Femoral-femoral 
configuration (21F drainage, 24F return) was utilized in 
two patients where neck access was contraindicated or 
patient positioning (reverse Trendelenberg) precluded 
jugular cannulation, with the return catheter positioned 
at the SVC-RA junction (Fig.  1B). All procedures were 
ultrasound-guided. Avalon Elite® cannulas were not 
used due to cost considerations and potential surgical 
interference.

Minimal anticoagulation protocol
None of the 29 patients received a heparin loading dose 
during cannulation. After successful catheterization, 
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catheters were flushed with dilute heparin solution (5U/
mL, total dose 500U per patient). ECMO flow was con-
sistently maintained above 2L/min. Due to the risk of 
airway bleeding, systemic anticoagulation was initially 
avoided, and daily ultrasound monitoring was performed 
for potential thrombotic events. Only two patients with 
a history of atrial fibrillation were subsequently initi-
ated on systemic heparinization once their postoperative 

bleeding risk had diminished. No ECMO-related bleed-
ing or thrombotic complications occurred, and post-
operative hemoglobin and platelet counts remained 
stable (Table S1).

Treatment modalities and outcome
Sixteen patients required artificial airways (12 intuba-
tions, 4 tracheostomies) during airway procedures, 

Table 1 Basic Characteristics of patients

Position of obstruction: I = Upper third of the trachea; II = Middle third of the trachea; III = Lower third of the trachea; IV = Right main bronchus; V = Left main bronchus

ASA Classification, American Society of Anesthesiologists Physical Status Classification System

The Cause of obstruction Total Primary tumor Tumor metastasis Artificial airway P value

Number 29 17 7 5

Age 52 (46–69) 57 (43–68) 57 (51–71) 27 (19–52) 0.040

Gender (male, %) 18 (62.1) 11 (64.7) 4 (57.1) 3 (60) 0.939

ASA Classification 0.280

 II 1 (3.4) 0 1 (14.2) 0

III 15 (51.7) 11 (64.7) 1 (14.2) 3 (60)

 IV 11 (37.9) 6 (35.3) 3 (42.8) 2 (40)

 V 2 (6.8) 0 2 (28.6) 0

Position of obstruction 0.830

I 12 (41.4) 6 (35.3) 3 (42.8) 3 (60)

II 8 (27.6) 5 (29.4) 2 (28.6) 1 (20)

 III 2 (6.8) 1 (5.9) 1 (14.2) 0

 IV 5 (17.2) 3 (17.6) 1 (14.2) 1 (20)

V 2 (6.8) 2 (11.8) 0 0

Narrowest Airway Diameter (mm) 4.5 (2–5) 3 (2–4) 3 (2–5) 5 (2.5–5.5) 0.268

Artificial Airway (Yes, %) 16 (55.1%) 9 (52.9%) 3 (42.9%) 4 (80%) 0.438

Fig. 1 ECMO Cannulation Modes. Panel A: femoral to internal jugular configuration (primary strategy) applied in the majority of cases: 21F catheter 
inserted via femoral vein to the hepatic vein opening of IVC, and 17F catheter inserted via internal jugular vein to a depth of 13–15 cm; Panel B: 
femoral to veno‑femoral configuration (alternative strategy for neck surgery): 21F catheter inserted via femoral vein to the hepatic vein opening 
of IVC, and 24F catheter inserted via contralateral femoral vein to the SVC‑RA junction. All cannulations were performed under ultrasound guidance. 
IVC, inferior vena cava; SVC, superior vena cava; RA, right atrium; VV‑ECMO, veno‑venous extracorporeal membrane oxygenation
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whereas the remaining patients were managed with seda-
tion and analgesia alone. Nine patients underwent bron-
choscopic interventions (ablation, cryotherapy, balloon 
dilation, stenting). Twenty underwent surgery: 15 tho-
racic procedures (tracheal tumor resection and recon-
struction) and 5 head/neck operations (thyroid-related 
compression) (Fig. 2). ICU and hospital stays were com-
parable across intervention groups, with all patients sur-
viving through 6-month follow-up (Table 2).

Complications
During emergency ECMO placement in a preoperative 
patient with severe airway obstruction, conventional air-
way management proved impossible, necessitating awake 
cannulation. During the procedure, the patient developed 
pneumothorax, likely due to forced positioning and vig-
orous spontaneous respiratory efforts. Immediate chest 
tube placement was performed concurrent with ECMO 
cannulation, and the patient was successfully stabilized.

Fig. 2 Representative pre‑ and post‑intervention images. Panel A: Complex Tracheal Tumor with Acute Respiratory Compromise; Panel B: 
Successful Reconstruction after Tumor Resection; Panel C: Life‑threatening Thyroid Mass with Severe Hypercapnia; Panel D: Complete Resolution 
after Thyroidectomy
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Discussion
This study represents the largest systematic investigation 
evaluating the efficacy and safety of V-V ECMO support 
in CAO patients, addressing a critical knowledge gap in 
this unique patient population.

Traditional management of CAO-induced hypoxemia 
predominantly relies on high-frequency ventilation, char-
acterized by sub-dead space tidal volumes and extremely 
high respiratory rates. However, this approach carries 
substantial risks: shortened breathing cycles, combined 
with intrinsic PEEP and dynamic hyperinflation, can 
precipitate barotrauma and hemodynamic instability 
[9]. While VV-ECMO has emerged as a protective res-
piratory support strategy for CAO management with 
demonstrated safety and efficacy [10–12], criteria for 
prophylactic ECMO implementation remain unclear. 
Clinical evidence suggests that exertional dyspnea typi-
cally manifests when tracheal lumen decreases to < 8 mm, 
with wheezing becoming prominent at < 5  mm [13]. 
Beyond anatomical considerations, clinical presentation 
is influenced by spontaneous breathing intensity, airflow 
patterns, and pressure–volume loop dynamics [14]. Kim 
et al. [10] specifically advocated for ECMO support when 
bronchoscopic or CT findings demonstrate tracheal 
stenosis < 5 mm.

While intraoperative ECMO implementation remains 
an option, this reactive approach carries significant risks. 
In our cohort, most patients presented with airway diam-
eters < 5 mm and enhanced respiratory drive, with severe 
dyspnea often precluding supine positioning—complicat-
ing catheterization procedures. Emergency ECMO place-
ment not only increases procedural risks but also proves 
ineffective during respiratory arrest due to insufficient 
rapid oxygenation. Therefore, we propose ECMO as a 
preemptive rather than rescue measure, particularly for 
patients with airway diameters < 5  mm exhibiting three 
depressions sign. For thyroid tumors specifically, while 
some patients tolerate intubation under high-frequency 

oscillatory ventilation, those with tumors involving 
the trachea or anterior mediastinum, airway diam-
eters < 5 mm, and firm, poorly mobile masses should be 
considered for prophylactic VV-ECMO due to risks of 
ventilation difficulties and airway complications from 
severe stenosis and upper airway deformities [15].

Cannulation strategy is a critical consideration in CAO 
patients, where we propose two approaches: femoral-
internal jugular and femoral-femoral cannulation. Our 
experience supports bilateral femoral vein cannulation 
as the preferred method, which is particularly advanta-
geous for neck procedures and patients with positioning 
restrictions (i.e., reverse Trendelenberg). While the main 
challenge with femoral-femoral approach is inadequate 
oxygenation due to ECMO recirculation, we address this 
by positioning the drainage catheter at the inferior vena 
cava-right atrial junction and advancing the return cath-
eter deeper near the tricuspid valve to minimize recir-
culation. This approach proves especially valuable for 
patients requiring neck surgery or those with large cer-
vical masses where jugular access is challenging or con-
traindicated. We strongly advocate ultrasound guidance 
for both vessel puncture and catheter tip positioning dur-
ing the cannulation procedure.

Historically, ECMO circuits required intensive antico-
agulation. However, technological advances, particularly 
in membrane materials and circuit coatings, have ena-
bled minimal anticoagulation protocols. Studies have 
demonstrated successful ECMO support without heparin 
anticoagulation in high bleeding risk scenarios, including 
craniocerebral trauma [16] and pulmonary hemorrhage 
[17], showing no increased thrombotic complications 
and favorable survival outcomes. Lang et  al. reported 
successful ECMO implementation during open-chest 
surgery using only a single pre-intubation dose of hepa-
rin sodium (3000–5000  IU) to minimize intraoperative 
bleeding [18]. Similarly, a retrospective analysis showed 
that administering only a 3000 IU heparin loading dose in 

Table 2 Outcomes of patients

ICU, Intensive Care Unit

The Cause of obstruction Primary tumor Tumor metastasis Artificial airway P value

Number 17 7 5

Surgical type 0.030

Otorhinolaryngological surgery 4 (23.5%) 0 (0%) 1 (20%)

Thoracic Surgery 9 (52.9%) 2 (28.6%) 4 (80%)

Interventional bronchoscopy 4 (23.5%) 5 (71.4%) 0 (0%)

ICU stay duration 3 (2–8) 7 (3–14) 6 (3–9) 0.321

Hospital stay duration 18 (13–20) 13 (11–28) 13 (9.5–17.5) 0.511

28‑Day mortality rate 0 (0%) 0 (0%) 0 (0%) 1.000

6‑Month mortality rate 0 (0%) 0 (0%) 0 (0%) 1.000
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high-bleeding-risk patients, without subsequent antico-
agulation, neither increased adverse events nor affected 
mortality [19]. In our protocol, we further reduced the 
initial heparin dose to < 1000 U and maintained ECMO 
support without additional anticoagulation, observing no 
thrombotic complications. While this minimal anticoag-
ulation approach enhances the safety of CAO procedures 
and facilitates postoperative recovery, we recommend 
continuous monitoring and assessment of thrombotic 
risk, with anticoagulation initiated when clinically 
indicated.

Conclusion
V-V ECMO serves as a safe and effective bridge ther-
apy for CAO management, particularly in patients 
with severe airway stenosis (< 5  mm). Our experience 
demonstrates that early implementation with minimal 
anticoagulation protocols facilitates successful airway 
interventions while maintaining favorable outcomes.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13054‑ 024‑ 05219‑0.

Additional file1 (PDF 146 KB)

Acknowledgements
We would like to extend our sincere gratitude to the ECMO team for their 
invaluable support, to the multidisciplinary difficult airway team for their col‑
laborative expertise and dedication in managing high‑risk cases, as well as to 
Dr. Yi Zhang for his exceptional work in creating the illustration.

Author’s contribution
FXY: Writing—original draft. XXL: Writing—original draft. JJL, YL and FZ: Data 
collection. YPL: Visualization. CP—Data analysis. JCL, XBH and RAL: Writing—
review & editing. Each author has read and approved the final manuscript.

Funding
No funding was received for this retrospective study.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Competing interests
The authors declare no competing interests.

Received: 2 November 2024   Accepted: 15 December 2024

References
 1. Guedes F, Branquinho MV, Sousa AC, Alvites RD, Bugalho A, Maurício AC. 

Central airway obstruction: is it time to move forward? BMC Pulm Med. 
2022;22(1):68.

 2. Brouns M, Jayaraju ST, Lacor C, De Mey J, Noppen M, Vincken W, Ver‑
banck S. Tracheal stenosis: a flow dynamics study. J Appl Physiol (1985). 
2007;102(3):1178–84.

 3. Keeyapaj W, Alfirevic A. Carinal resection using an airway exchange 
catheter‑assisted venovenous ECMO technique. Can J Anaesth. 
2012;59(11):1075–6.

 4. Smith IJ, Sidebotham DA, McGeorge AD, Dorman EB, Wilsher ML, Kolbe 
J. Use of extracorporeal membrane oxygenation during resection of 
tracheal papillomatosis. Anesthesiology. 2009;110(2):427–9.

 5. Hang D, Tawil JN, Fierro MA. Venovenous extracorporeal membrane 
oxygenation for rigid bronchoscopy and carinal Tumor resection in 
decompensating patients. Anesthesiology. 2020;132(1):156.

 6. Yu W, Zhou P, Chen K, Tang W, Xia Q, Ma J. Bronchoscopy‑guided inter‑
vention therapy with extracorporeal membrane oxygenation support for 
advanced cancer metastasis to the central airway: a case report. Medicine 
(Baltimore). 2020;99(11): e19488.

 7. Jeon HK, So YK, Yang JH, Jeong HS. Extracorporeal oxygenation support 
for curative surgery in a patient with papillary thyroid carcinoma invading 
the trachea. J Laryngol Otol. 2009;123(7):807–10.

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

 9. Miller AG, Tan HL, Smith BJ, Rotta AT, Lee JH. The physiological basis of 
high‑frequency oscillatory ventilation and current evidence in adults and 
children: a narrative review. Front Physiol. 2022;13: 813478.

 10. Kim CW, Kim DH, Son BS, Cho JS, Kim YD, Ahn HY. The feasibility of extra‑
corporeal membrane oxygenation in the variant airway problems. Ann 
Thorac Cardiovasc Surg. 2015;21(6):517–22.

 11. Natt B, Knepler J Jr, Kazui T, Mosier JM. The use of extracorporeal mem‑
brane oxygenation in the bronchoscopic management of critical upper 
airway obstruction. J Bronchology Interv Pulmonol. 2017;24(1):e12–4.

 12. Raza HA, Nokes BT, Jaroszewski D, Garrett A, Sista R, Ross J, Farmer JC, 
Lyng PJ. VV‑ECMO for surgical cure of a critical central airway obstruction. 
Respir Med Case Rep. 2019;28: 100890.

 13. Ernst A, Feller‑Kopman D, Becker HD, Mehta AC. Central airway obstruc‑
tion. Am J Respir Crit Care Med. 2004;169(12):1278–97.

 14. Pellegrino R, Viegi G, Brusasco V, Crapo RO, Burgos F, Casaburi R, Coates A, 
van der Grinten CP, Gustafsson P, Hankinson J, et al. Interpretative strate‑
gies for lung function tests. Eur Respir J. 2005;26(5):948–68.

 15. Yamaguchi K, Fujimoto K, Koide Y, Kurahashi K. Safe induction of anesthe‑
sia in 3 patients with severe tracheal stenosis caused by thyroid cancer. 
Masui. 2013;62(1):78–82.

 16. Muellenbach RM, Kredel M, Kunze E, Kranke P, Kuestermann J, Brack A, 
Gorski A, Wunder C, Roewer N, Wurmb T. Prolonged heparin‑free extra‑
corporeal membrane oxygenation in multiple injured acute respiratory 
distress syndrome patients with traumatic brain injury. J Trauma Acute 
Care Surg. 2012;72(5):1444–7.

 17. Herbert DG, Buscher H, Nair P. Prolonged venovenous extracorporeal 
membrane oxygenation without anticoagulation: a case of Good‑
pasture syndrome‑related pulmonary haemorrhage. Crit Care Resusc. 
2014;16(1):69–72.

 18. Lang G, Ghanim B, Hötzenecker K, Klikovits T, Matilla JR, Aigner C, 
Taghavi S, Klepetko W. Extracorporeal membrane oxygenation support 
for complex tracheo‑bronchial procedures†. Eur J Cardiothorac Surg. 
2015;47(2):250–325.

 19. Zhao YC, Zhao X, Fu GW, Huang MJ, Li XX, Sun QQ, Kan YB, Li J, Wang SL, 
Ma WT, et al. Heparin‑free after 3000 IU heparin loaded in veno‑venous 
ECMO supported acute respiratory failure patients with hemorrhage risk: 
a novel anti‑coagulation strategy. Thromb J. 2022;20(1):36.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1186/s13054-024-05219-0
https://doi.org/10.1186/s13054-024-05219-0

	Veno-venous extracorporeal membrane oxygenation as a bridge in central airway obstruction: experience from a high-volume center
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Patients
	Data collection
	Statistical analysis

	Results
	Participants
	ECMO cannulation strategy
	Minimal anticoagulation protocol
	Treatment modalities and outcome
	Complications

	Discussion
	Conclusion
	Acknowledgements
	References


