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Introduction

Trauma is the leading cause and accounts for up to 45% 
of tracheotomy, especially when accompanied by multiple 
co-injuries.1,2) The post-tracheostomy tracheal stenosis 
(PTTS) usually occurs 1 and 6 weeks after extubation, and 
the incidence of PTTS varies between 0.6% and 21%.3) 
PTTS can have devastating consequences for patients due 
to high risk of increased respiratory distress, suffocation, 
and even death.4) Although there are various therapeutic 
options, tracheal reconstruction surgery remains the opti-
mal treatment for PTTS.5) However, the severely narrowed 
trachea often makes the impossibility of conventional 
ventilation techniques and presents tremendous chal-
lenges for management of the life-threatening surgery.6)

Purposes: Patients who require surgeries for traumatic post-tracheotomy tracheal steno-
sis (PTTS) often cannot be supported using conventional airway management approaches. 
This study documents the use of extracorporeal membrane oxygenation (ECMO) in 
patients with PTTS.
Methods: Patient characteristics, procedure, and outcome of patients who required tra-
cheal reconstruction surgery for PTTS supported by ECMO were retrieved and analyzed.
Results: Four patients (mean age 28 years; range 17–48 years) with traumatic PTTS 
underwent tracheal reconstruction surgery supported by ECMO. The mean time from 
removal of tracheotomy tube to admission was 3.2 months (range: 1–9 months). The mean 
diameter of the stenotic segment was 5 mm (range: 4–6 mm). One patient underwent tra-
cheoplasty and semi-tracheostomy with venoarterial ECMO urgently. Three patients 
underwent tracheal resection and end-to-end anastomosis (TRE) with venovenous ECMO 
empirically. Intervention success was achieved in 100% (4/4) of patients. The mean dura-
tion of ECMO was 35.3 hours (range: 16–53 hours). The overall survival rate was 100% 
(4/4) within a mean follow-up of 26 months (range: 7–57 months).
Conclusions: ECMO is a safe and feasible method to support oxygenation for patients 
with critical traumatic PTTS during tracheal reconstruction surgery.
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Case reports demonstrate the ability of extracorporeal 
membrane oxygenation (ECMO) to successfully support 
the most severely compromised patients with critical 
upper airway obstruction and tracheoesophageal fis-
tula.7,8) However, due to the limitations of single-patient 
case reports, ECMO is not recognized by authoritative 
sources as a viable mode of support for patients with 
anticipated difficult airways due to PTTS.9)

The purpose of this study is to describe the use of 
ECMO to support oxygenation during high-risk tracheal 
reconstruction surgery for patients with traumatic |PTTS 
who could not be supported using conventional airway 
management approaches.

Materials and Methods

Ethical approval and consent to participate
This study was approved by the ethics committee of 

Sichuan provincial people’s hospital. The subject had 
given written informed consent to participate and publish. 
The study was registered at the Chinese Clinical Trial 
Registry (ChiCTR1800018945). Conduct and reporting 
adhered to the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) Guideline.

Study population
All adult patients with traumatic PTTS who under-

went tracheal reconstruction surgery with ECMO from 
2015 to 2019 were included in this study.

Tracheal reconstruction
The size and location of the stenotic tracheal and the 

degree of stenosis were diagnosed by bronchoscopy or 
computed tomography (CT). Bronchoscopy was per-
formed by an interventional pulmonologist using a rigid 
bronchoscope (BF-260, OLYMPUS, Tokyo, Japan).

General anesthesia was achieved using intravenous 
propofol or opioids based on attending anesthetists’ prefer-
ences and patients’ needs. Tracheal reconstruction surgery 
was performed by thoracic surgeons or otolaryngologists.

Within 24 hours of the initial ECMO-supported sur-
gery, a rigid bronchoscope or chest CT was used to 
evaluate intervention success which was defined as a 
post-intervention endoluminal diameter of at least 50% 
of the original normal airway. No additional procedures 
were undertaken after the surgery. Then, these patients 
were transferred to the oncology department for further 
chemotherapy or radiotherapy.

ECMO
A multidisciplinary consultation involving pulmonol-

ogists, surgeons, intensive care specialists, and anesthe-
tists was held to address the potential use of ECMO and 
to individualize each patient’s treatment strategy.

ECMO was applied using the CardioHelp auxiliary 
system (Maquet AG, Germany), which was set and 
managed by intensive care specialists. The drainage and 
reinfusion cannula were both heparin-coated. Immedi-
ately before cannulation, a single dose of 3000–5000 IU 
sodium–heparin was administered intravenously. Then, 
under the guidance of vascular ultrasound, cannulas 
were percutaneously inserted under local lidocaine 
analgesia. Heparin was not continuously infused since 
the duration of ECMO was expected to be relatively 
short. ECMO flow was set at 50%–80% of the patient’s 
estimated cardiac output, with mean arterial pressure 
maintained above 60 mmHg. The PaO2 target range was 
set between 100 and 150 mmHg, with a PaCO2 target 
range of 35–45 mmHg. Normothermia management 
was applied, and the blood temperature was maintained 
at 36–37°C.

Statistical analysis
The primary outcome of the study was intervention 

success, while survival, ECMO characteristics, compli-
cations, intensive care unit (ICU), and hospital stay were 
secondary outcome parameters.

Continuous variables are described using means and 
ranges. Count data are described using percentages. Sta-
tistical analyses was performed using SPSS (version 23; 
SPSS, Chicago, IL, USA).

Results

Study population
Between 2015 and 2019, four patients underwent 

tracheal reconstruction surgery with the support of 
ECMO to treat critical traumatic PTTS arising from 
removal of tracheotomy tube. They all had traumatic 
brain injury following car accidents and had under-
gone tracheotomy. The mean age was 28 years old 
(range: 17–48 years), and 75% (3/4) of patients were 
men. The mean time from removal of tracheotomy 
tube to admission was 3.2 months (range: 1–9 months). 
The mean diameter of the stenotic segment was 5 mm 
(range: 4–6 mm). Additional characteristics are pre-
sented in Table 1.
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Tracheal reconstruction surgery
One patient had obvious dyspnea, in semi-supine 

position, with cyanosis of lips, and obvious trident sign 
which required emergency tracheotomy. However, he 
developed critical airway obstruction leading to cardiac 
arrest and pneumothorax during the surgery. Although 
jet ventilation was applied and thoracic drainage tube 
was placed, his oxygenation could not be maintained. 
Emergency bronchoscopy suggested there was a kind of 
valve close to carina, which disappeared when inhaling, 
expanded and blocked the main trachea when exhaling. 
And a length of 6.5 mm longitudinal fistula was located 
at the posterior wall of the trachea, without connection 
with the esophagus, and the depth was about 4 cm. Venoar-
terial (femoral venous–femoral arterial) ECMO therefore 
was urgently used due to the intolerance of supine posi-
tion caused by his extreme dyspnea. Tracheoplasty and 
semi-tracheostomy were performed immediately after 
ECMO establishment while intraoperative saturation was 
maintained at 80–100%. A no. 8 lengthened tracheotomy 
tube was inserted into the semi-tracheostomy incision to 
connect the ventilator.

Severe tracheal stenoses were indicated by CT (Fig. 1) 
in the remaining three patients who underwent tra-
cheal resection and end-to-end anastomosis (TRE) 
with the support of venovenous (jugular venous–femoral 
venous) ECMO empirically (Figs. 2 and 3). Prior to 
ECMO, none of the three patients required invasive 

Fig. 1  Three-dimensional reconstruction image of the stenotic 
trachea.
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mechanical ventilation. Oral endotracheal tubes were 
inserted in all three patients after successful comple-
tion of the surgery. The mandible was sutured to the 
anterior chest wall to avoid cervical flexion at the end 
of surgery.

The mean surgical time was 3 hours (range: 2–4 hours) 
in the four patients. After the surgery, all the patients were 
sent to ICU.

ECMO support
ECMO support was gradually decreased until patients 

were breathing spontaneously and the ECMO cannulas 
could be removed. The mean duration of mechanical 
ventilation was 14.8 hours (range: 12–18 hours). The 
mean flow rate used was 3.0 L/min with a range from 1.9 
to 4.0 L/min. Weaning off ECMO support was success-
ful in 100% (4/4) of patients. The mean duration of 
ECMO was 35.3 hours (range: 16–53 hours).

Outcomes and complications
Procedure success was defined as a post-intervention 

endoluminal diameter of at least 50% of the original nor-
mal airway. Procedure success was achieved in 100% 
(4/4) of patients which was indicated by the CT or bron-
choscopy. No blood product was administered and no 
other complications occurred.

The mean duration of ICU stay was 2.7 days (range: 
2–3 days), with a median hospital stay of 13.5 days (range: 
7–21 days). All patients were discharged alive from the 
hospital. After a mean follow-up of 26 months (range: 
7–57 months), the overall survival rate was 100% (4/4).

Discussion

We present the results of four patients with critical 
trauma PTTS who received tracheal reconstruction sur-
gery supported by ECMO. We document successful hos-
pital discharge for all of these patients, with a mean 
duration of survival of approximately 2 years. In our pro-
fessional judgment, we do not believe we would have 
been able to achieve adequate oxygenation in these 
patients using conventional airway management tech-
niques and thus may not have been able to provide these 
life-saving tracheal reconstruction surgery.

Maintaining adequate oxygenation during the tracheal 
reconstruction surgery in patients with PTTS is very chal-
lenging for anesthesia management.6) If tracheal intuba-
tion or tracheotomy can be achieved, invasive mechanical 
ventilation, or occasionally jet ventilation, may also sup-
port reconstruction.10) However, severe PTTS often make 
the conventional ventilation approaches difficult, impossi-
ble, or even life threatening.

In patients with anticipated difficult airways, ECMO 
has been demonstrated to be a useful method for main-
taining oxygenation prior to achieving a definitive airway 
under general anaesthesia.11) In patients with benign tra-
cheal stenosis, ECMO was more likely to be used in pedi-
atric patients with congenital tracheal stenosis in the 
previous studies.12) Venovenous ECMO was successfully 
used in four adult patients with post-intubation or 
post-tracheotomy tracheal stenosis during the airway 
surgery reported by Ahn et al.13) However, the cause of 
stenosis and the number of patients with PTTS were 
not specified. In 2017, Kim et al.14) reported nine patients 
underwent airway operation with the support of venove-
nous ECMO, of which only one traumatic patient with 
PTTS. The status quo is few reports further described the 
use of ECMO in such patient population.

Fig. 2  Surgical field following resection of the stenotic tra-
chea with the support of extracorporeal membrane 
oxygenation.

Fig. 3 Excised specimen of the stenotic trachea.
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Complications
In our current study, heparin-coated cannula without 

continuous anticoagulants was the main contributor of less 
bleeding and minimized complications associated with 
arterial cannulation. The development of cannula with bet-
ter histocompatibility, impregnated with novel anticoagu-
lants, may significantly improve the safety of ECMO.

Strengths and Limitations
As with any case series, we cannot provide comparisons 

to appropriate control patients. Since the technique under 
study is usually applied to patients in whom conventional 
techniques have been deemed “dangerous or impossi-
ble,”15) we cannot find published outcomes for patients 
with critical PTTS who have been judged too risky and 
therefore have not been offered reconstructive surgery.

Furthermore, our study reports outcomes from a sin-
gle center. Establishing a rigorous multicenter registry 
that also includes patients who present with critical 
PTTS but are not offered reconstructive surgery is imper-
ative to begin understanding the safety and effectiveness 
of interventions that are offered.

Conclusions

In our study, we described ECMO was successfully 
applied in patients with critical PTTS during life-threatening 
tracheal reconstructive surgery without any complications. 
Although venovenous ECMO can be considered gold stan-
dard if extracorporeal life support is needed during airway 
surgery,15) venoarterial ECMO is still an option in cases of 
extremely dangerous breath leading to the difficulty in 
establishing the internal jugular vein access. Further large-
scale studies are required to promote guidelines integrating 
ECMO into difficult airway management.
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