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Background: Anesthesia airway management is challenging during tracheal resection and reconstruction 
as these surgical procedures involve the airway. This case series describes four approaches to airway 
management in patients undergoing tracheal resection and reconstruction and discusses their advantages and 
disadvantages.
Methods: Thirteen patients underwent 1 of the following 4 kinds of airway management techniques during 
tracheal resection and reconstruction between 2013 and 2019: intubation, intubation with high frequency jet 
ventilation (HFJV), non-intubation, and venovenous extracorporeal membrane oxygenation (VV-ECMO). 
Intraoperative variables and postoperative outcomes were compared for the techniques based on our 
institution’s medical electronic database.
Results: Intraoperative oxygenation management involved VV-ECMO in 8 patients, intubation in 2 
patients, intubation with HFJV in 2 patients, or non-intubation in 1 patient. The lowest peripheral oxygen 
saturation (SpO2) in 4 patients was below 90%. Three patients were extubated in the operation room after 
complete recovery of spontaneous respiration. Most patients were admitted to the intensive care unit for 
further postoperative treatment, except 1 patient who received laryngeal mask airway management without 
tracheal intubation during surgery. Two patients died, 1 due to severe anastomotic leakage and the other 
from acute respiratory distress syndrome. In addition, another patient showed complications with oozing 
from the wound.
Conclusions: Our clinical experience suggests that there is no single airway strategy universally suitable 
for all tracheal surgeries. The choice of airway management strategy is best determined by multifactorial 
assessment of advantages and disadvantages according to preoperative comorbidities, unique features of the 
obstructive mass, surgical experience, and patient preference. 
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Introduction

Tracheal stenosis, a narrowing of the trachea, may occur 
secondary to trauma, tumors, infections, and inflammatory 
or  ia trogenic  d i seases  (1-3) .  The most  common 
symptoms of inspiratory airway obstruction include 
coughing, expectoration, shortness of breath, stridor, and 
paroxysmal dyspnea, which can worsen after exertional 
activity (3). Tracheal resection and reconstruction are the 
predominant palliative or radical treatments for severe 
airway obstruction (1,4). Surgery may improve 5-year 
survival rates from 5% to 47% (5). However, anesthesia 
during upper airway surgery is challenging as both 
anesthesiologists and surgeons are focused on the airway, 
and maintaining ventilation during general anesthesia 
is difficult (6-8). If ventilation cannot be effectively 
established after induction of general anesthesia, the 
patient’s life may be endangered (9). 

Methods for airway management depend mainly on the 
nature, location, and growth pattern of the obstructive 
mass, as well as the degree of airway obstruction and 
the surgical approach (10-12). Different techniques for 
airway management have been applied during upper 
airway surgery (3,13-15), such as intubation (3), intubation 
with high frequency jet ventilation (HFJV) (13), non-
intubation (14), and venovenous extracorporeal membrane 
oxygenation (VV-ECMO) (15). One previous review 
adequately described their institution’s experiences 
with the intubation technique of airway management 
for various operations for tracheal  resection and 
reconstruction (16). Another previous article found that 
jet ventilation offered better exposure of the surgical 
field compared to an endotracheal tube, and spontaneous 
ventilation was preferable for patients with critical airway 
obstruction (3). Nevertheless, not much fully discussed 
four different airway management methods and compared 
the advantages and disadvantages at the same time when 
dealing with severe airway obstruction.

Due to lack of prospective controlled studies systematically 
comparing various methods of anesthetic management (16), 
we are still unaware how to choose the most suitable airway 
management during surgery for severe airway obstruction. 
In order to expand the research basis for comparing airway 
management methods, we describe here our experiences 
with 13 patients who underwent tracheal resection and 
reconstruction at our hospital using different approaches 
for airway management. We present the following article in 
accordance with the STROBE reporting checklist (available 

at http://dx.doi.org/10.21037/apm-21-431).

Methods

Study population

This retrospective study was approved by the Ethics 
Committee of the Sichuan Academy of Medical Sciences 
and Sichuan Provincial People’s Hospital (Chengdu, 
China), and informed consent was waived . All procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised in 
2013) (17). The study included 13 patients who underwent 
tracheal resection and reconstruction between March 2013 
and July 2019 at Sichuan Provincial People’s Hospital. 
Each patient received 1 of the following 4 kinds of airway 
management techniques: intubation, intubation with HFJV, 
non-intubation, or VV-ECMO.

Surgical procedures

Eight patients received VV-ECMO in the operating room 
before induction of anesthesia. Patients received injections 
of low-dose dexmedetomidine and midazolam for sedation, 
and 2000 U heparin infusion as an anticoagulant. Next, the 
interventionalist introduced 21 Fr cannulation in the inferior 
vena cava for outflow from the femoral vein and 17 Fr 
cannulation in the right atrium for inflow from the internal 
jugular vein under local anesthesia. ECMO flows were set at 
3–4 L/min with 100% oxygen, and the rates were adjusted 
based on the status of oxygenation and ventilation. When 
the pulse oximetry, arterial blood gas analysis, and arterial 
blood pressure remained within normal ranges, the VV-
ECMO was considered effective. After the establishment 
of VV-ECMO, patients were gradually anesthetized 
using propofol (2–2.5 mg/kg) in combination with 
sufentanil (0.4 μg/kg), and cisatracurium (0.15–0.2 mg/kg).  
Intraoperatively, propofol, remifentanil, and cisatracurium 
were administered intravenously to maintain anesthesia. 
When spontaneous breathing totally disappeared with a 
bispectral index (BIS) of 40–60, oxygenation was performed 
using VV-ECMO. Ventilation was not performed 
until tracheal reconstruction was completed, at which 
point orotracheal intubation was performed to avoid 
postoperative blockage of the airway which might have been 
due to postoperative bleeding or anastomotic leakage. In 
addition, we visually confirmed, using a fiber bronchoscope, 
that the cuff of the endotracheal tube did not compress the 
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anastomosis site. The mode of pressure control ventilation 
was adopted during mechanical ventilation. The pressure 
was adjusted according to tidal volume during the operation. 
After finishing suturing the trachea, we maintained the 
airway pressure below 30 cmH2O. When the patients were 
fully conscious with respiratory recovery after surgery, they 
were weaned off ECMO and extubated. 

Two patients underwent intubation after anesthesia 
induction. The general anesthesia for these 2 patients was 
induced by propofol (2–2.5 mg/kg) in combination with 
sufentanil (0.4 μg/kg) and succinylcholine (1–1.5 mg/kg) 
after positive pressure ventilation was confirmed successfully 
via face mask. The cuff of the 2 patients was placed 
below the level of stenosis in order to isolate the blood or 
abscission tissue from the mass. Propofol, remifentanil, and 
cisatracurium were administered intravenously to maintain 
sufficient depth of anesthesia. Volume-controlled ventilation 
mode was adopted with a tidal volume of 6–8 mL  
and frequency of 12–18 times/min, according to the arterial 
partial pressure of carbon dioxide. After the surgeon incised 
the tracheal wall, the orotracheal tube was removed and a 
sterile endotracheal tube was inserted into the distal trachea 
of the lesion to facilitate mechanical ventilation (Figure 1). 
After the diseased trachea was removed and the posterior 
wall of the trachea was sutured, the tip of the orotracheal 

tube was inserted beyond the anastomotic site under direct 
vision. The surgeons then finished suturing and confirmed 
no air leakage. The orotracheal tube was not removed 
until patients showed stable vital signs and had completely 
recovered spontaneous breathing. 

In 2 patients, HFJV rather than a sterile endotracheal 
tube was used for intubation after the surgeon had made an 
incision in the trachea. Anesthesia induction and maintenance 
were similar to those for the abovementioned 2 patients. The 
driving pressure of HFJV was approximately 1.5 bar and the 
frequency was 200 times per minute in order to maintain 
oxygenation and provide good surgical conditions. At the 
end of the reconstruction, the HFJV catheter was removed 
and positive pressure ventilation was applied through the 
orotracheal tube (Figure 2). The pressure control mode was 
adopted during mechanical ventilation, and pressure was 
adjusted according to tidal volume intraoperatively. After the 
orotracheal tube was placed below the anastomotic site, the 
airway pressure was controlled below 30 cmH2O.

One patient was selected for non-intubation anesthesia. 
After induction of general anesthesia, a size 3 laryngeal 
mask was inserted without infusing muscle relaxants. In 
order to reduce the dosage of general anesthetics, which can 
inhibit spontaneous breathing, the awake patient received 
T6–T7 epidural anesthesia with epidural catheter insertion. 

Figure 1 Scheme of the intubation procedure for airway management during tracheal resection and reconstruction. (A) Oral endotracheal 
intubation with the tip and cuff of the tube across the stenotic segment; (B) after tracheal incision, a sterile circuit is placed in the distal 
airway for mechanical ventilation during resection of the stenotic segment; (C) the return to oral intubation during anastomosis with the tip 
and cuff located distal to the anastomosis.

A B C
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Figure 2 Scheme of the intubation and high frequency jet ventilation procedure for anesthesia airway management during tracheal resection 
and reconstruction. (A) Oral endotracheal intubation with the tip of the tube above the stenotic segment; (B) after tracheal incision, a sterile 
high frequency jet ventilation tube is placed in the distal airway during resection and anastomosis; (C) the return to oral intubation after 
anastomosis.

A B C

After injection of 3 mL of 2% lidocaine for testing, the 
patient was injected with 7 mL of 0.75% ropivacaine 
via the epidural catheter. After the anesthesia plane was 
determined to be T2–T10, propofol and remifentanil were 
titrated to induce anesthesia while preserving spontaneous 
ventilation. Propofol and remifentanil were administered 
in target-controlled infusion (TCI), with the propofol 
plasma concentration increasing at 1.0 μg/mL and the 
remifentanil plasma concentration increasing at 1.0 ng/mL. 
When the BIS was below 60, a size 3 laryngeal mask was 
inserted. In order to avoid an apneic response, the BIS was 
maintained between 50–60 by TCI, with a propofol plasma 
concentration of 3–4 μg/mL and remifentanil plasma 
concentration of 2–3 ng/mL during the surgery. In addition, 
surgeons sprayed 2% lidocaine (5 mL) on the surface of the 
lungs and blocked the right vagus in the thorax with 0.375% 
ropivacaine (5 mL) during thoracoscopic surgery to prevent 
the cough reflex from interfering with surgical procedures. 
Spontaneous respiration was maintained throughout 
the operation. After the surgeons incised the trachea, 
the distal trachea was elevated to ensure that blood and 
secretions from the chest could not cause aspiration during 
spontaneous breathing. A sterile oxygen tube was placed 
near the proximal trachea to increase the concentration of 
oxygen in the inhaled gas. After the trachea was sutured, the 
sterile oxygen tube was removed and the patient breathed 

through a laryngeal mask airway.

Patient data collection

Demographic and clinical data were obtained from the 
institution’s electronic database, including sex, age, height, 
weight, body mass index (BMI), American Society of 
Anesthesiologists (ASA) physical status, and degree of 
airway obstruction, as well as the nature, size, and location 
of the obstructive mass. 

Statistical analysis

We used SPSS 24.0 (IBM, Chicago, IL, USA) for statistical 
analysis. Results were reported as median and range 
(minimum-maximum), or as absolute numbers (n). 

Results

Patient demographics

Patients who received tracheal resection in our cohort were 
mostly middle-aged females with normal BMI (Table 1). 
In 1 patient, with mask oxygen inhalation in the ward, the 
lowest oxygen saturation in blood was 88%. About half of 
these patients had an ASA status of III. The most common 
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symptoms before surgery were exertion dyspnea (n=10) and 
stridor at rest (n=8).

Characteristics of the obstructive mass

The most prevalent causes of tracheal stenosis were 
primary tracheal tumors (Table 2). Tracheal tumors were 
mostly adenoid cystic carcinomas (n=5), followed by 
mucoepidermoid carcinoma (n=3), and squamous cell 
carcinoma (n=1). The reasons for tracheal stenoses in the 
other 4 patients were traumatic factors (n=2), prolonged 
mechanical ventilation (n=1), and tracheostomy (n=1). The 
stenoses were situated at a median distance of 4.5 cm (1.4–
9.0 cm) from the vocal cords or 5.2 cm (1.5–9.3 cm) from 
the carina. The median level of tracheal stenosis was 75% 
(30–96%). The median length of tracheal resection was  
2.0 cm (1.5–3.0 cm). 

Intraoperative data

Twelve patients were monitored for invasive blood pressure, 

of whom 6 received central venous catheterization. The 
median time for anesthesia was 260 min, and the median 
operation time was 235 min (Table 3). The median estimated 
blood loss was 160 mL, and the median volume of fluid 
infusion was 1,700 mL. Among all the patients, the lowest 
SpO2 in 4 patients (patients 3, 5, 9, and 10) was below 90%. 
Patient 3, who was managed using intubation with HFJV, 
was under anesthesia for the longest time (470 min) and also 
underwent the longest surgery (445 min). This patient also 
suffered the highest blood loss (1,200 mL), and received 
the highest volume of fluid transfusion (5,000 mL). In the 
comparison of the lowest SpO2 and peak end-tidal dioxide 
pressure during the operation among all patients, patient 
3 had the lowest SpO2 (74%) and the highest end-tidal 
dioxide pressure (111 mmHg). Conversely, patient 13 had 
the highest SpO2 (99%) and the lowest end-tidal dioxide 

Table 1 Baseline demographic and clinical characteristics of 
patients (n=13)

Characteristic Median [range] or n

Age (years) 45 [21–65]

Weight (kg) 60 [41–84]

Height (m) 1.67 [1.51–1.74]

BMI (kg/m2) 21.5 [17.4–31.6]

Preoperative SpO2 (with oxygen) 96 [88–99]

Sex

Male 8

Female 5

ASA physical status

II 4

III 7

IV 2

Preoperative exertion dyspnea 10

Preoperative stridor at rest 8

Preoperative respiratory failure 3

Values are absolute numbers (n) or median and range 
(minimum–maximum). BMI, body mass index; SpO2 peripheral 
oxygen saturation; ASA, American Society of Anesthesiologists. 

Table 2 Characteristics of the obstructive mass and approaches for 
airway management (n=13)

Characteristic Median (range) or n

Maximum CSA (cm2); length × width (cm) 1.80 (0.88–4.14);  
1.2×1.5 (1.1×0.8–2.3×1.8)

Distance from vocal cords (cm) 4.5 (1.4–9.0)

Distance from carina (cm) 5.2 (1.5–9.3)

Tracheal stenosis level (%) 75 [30–96]

Tracheal resection length (cm) 2.0 (1.5–3.0)

Cause of tracheal obstruction

Primary tracheal tumor 9

Squamous cell carcinoma 1

Adenoid cystic carcinoma 5

Mucoepidermoid carcinoma 3

Traumatic 2

Post-intubation 1

Tracheostomy 1

Approach for airway management

Intubation 2

Intubation with HFJV 2

Non-intubation 1

VV-ECMO 8

Values are absolute numbers (n) or median and range 
(minimum-maximum). CSA, cross-sectional area; HFJV, 
high frequency jet venti lat ion; VV-ECMO, venovenous 
extracorporeal membrane oxygenation.
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Table 3 Intraoperative data (n=13)

Patient No.
Anesthesia 

(min)
Surgery 

(min)
Urine  
(mL)

EBL  
(mL)

Total fluids 
(mL)

Lowest SpO2 

(%)
Peak ETCO2 

(mmHg)
HPP  

(cmH2O)

Intubation

1 235 180 400 100 1,500 92 42  28

2 220 160 300 100 1,200 90 48  30

Intubation with HFJV

3 470 445 900 1200 5,000 74 111  42

4 260 240 800 300 1,500 90 65  35

Non-intubation

5 270 250 600 150 2,200 84 72  32

VV-ECMO

6 400 360 950 400 2,600 94 40  26

7 300 260 300 300 1,500 95 49  25

8 270 235 200 200 2,500 98 44  27

9 180 125 1000 100 700 87 42  26

10 250 220 320 200 2,200 87 58  28

11 210 160 800 160 2,600 92 55 30

12 310 280 700 150 1,700 98 52 27

13 170 140 800 100 900 99 40 24

Median 260 235 700 160 1,700 92 49 29

Range 170–470 125–445 200–1,000 100–1,200 700–5,000 74–99 40–111 24–42

Values are absolute numbers (n) or median and range (minimum-maximum). EBL, estimated blood loss; SpO2, peripheral oxygen 
saturation; ETCO2, end-tidal carbon dioxide; HPP, highest peak pressure; HFJV, high frequency jet ventilation; VV-ECMO, venovenous 
extracorporeal membrane oxygenation.

pressure (40 mmHg). 

Postoperative course

Three patients (patients 2, 3, and 5) were extubated in the 
operation room after complete recovery of spontaneous 
respiration (Table 4). Most patients were admitted to the 
intensive care unit (ICU) for postoperative monitoring 
and treatment, except patient 5, who was managed with a 
laryngeal mask during surgery and released directly back 
onto the ward. Patient 3 died on the third postoperative 
day and showed severe anastomotic leakage, while patient 
10 died on the seventh postoperative day from acute 
respiratory distress syndrome. Patient 7 received 2 units 
of plasma and 2 units of erythrocyte suspension due to 
oozing from the wound. After excluding the 2 dead patients 

from the analysis, we found that the median postoperative 
hospitalization was 8 days (5–12 days). Furthermore, we 
observed that the postoperative hospital stay for patients 
who received VV-ECMO (8.57 days) tended to be longer 
than for other patients (7 days), though this difference did 
not achieve statistical significance. 

Discussion 

Anesthesia airway management plays a significant role in 
ensuring the safety of patients undergoing tracheal resection 
and reconstruction. There is no consensus on the optimal 
airway strategy for tracheal surgeries, and our experience 
with the 13 patients described in this study suggests that no 
single strategy is appropriate. Instead, the strategy should 
be chosen based on the state and preference of the patient, 
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the experience of the surgeons, the surgical methods, and 
the equipment of anesthesia. 

The important factor for airway management is clinical 
evaluation. In our study, most patients presented exertional 
dyspnea and stridor at rest. Exertion dyspnea appears when 
the tracheal diameter is narrowed by more than 50% or to 
a final value of 8 mm (18,19). When the internal diameter 
falls below 5–6 mm, patients present with stridor at rest (20).  
To formulate the most appropriate anesthesia plan, we 
carefully assessed preoperative symptoms and used high-
resolution, three-dimensional computed tomography (CT) 
and fiber-optic bronchoscopy to assess the nature, growth 
pattern, and location of the obstructive mass, the degree of 
airway obstruction, and the distance from the vocal cords 
and carina (21). We also determined in which position the 
patient was most comfortable and the patient’s airway is least 
likely to be obstructed after induction of anesthesia (22). We 
communicated with surgeons about the patients’ pulmonary 

function, length of tracheal resection, and any areas of 
tracheomalacia or tracheal inflammation (3). 

In our study, the levels of airway obstruction and 
the tracheal diameters of the 2 patients with intubation 
(patients 1 and 2) were 70% (6 mm) and 55% (8 mm). 
As demonstrated in a previous case report (7), the 
anesthesia plan for endotracheal intubation is suitable for 
patients with soft or mild tracheal stenosis. In our cases, 
the level of tracheal stenosis was below 75% with the 
unobstructed tracheal diameter beyond 5 mm, which could 
ensure sufficient space to intubate with the endotracheal 
tube. Moreover, the mass was not prone to bleeding or 
detachment. Otherwise, endotracheal intubation may 
result in tumor fragmentation or bleeding, which may 
aggravate tracheal stenosis. However, even a small-caliber 
endotracheal tube placed in the distal tracheal lesion can 
reduce visibility of the surgical field during anastomosis. 

The stenoses of 2 patients (patients 3 and 4) were situated 

Table 4 Postoperative data (n=13)

Patient No. Extubation in OM ICU Death Hospital charges (USD)
Postoperative 

hospitalization (days)
Postoperative 
complications

Intubation

1 N Y N 6,958.9 6 None

2 Y Y N 5,794.4 8 None

Intubation with HFJV

3 Y Y Y 6,981.5 2 Anastomotic leakage

4 N Y N 7,462.0 8 None

Non-intubation

5 Y N N 6,272.3 6 None

VV-ECMO 

6 N Y N 15,315.6 6 None

7 N Y N 17,256.6 12 Wound oozing

8 N Y N 22,294.3 9 None

9 N Y N 15,780.7 5 None

10 N Y Y 14,924.6 7 ARDS

11 N Y N 14,543.5 7 None

12 N Y N 20,690.0 12 None

13 N Y N 14,103.6 9 None

ARDS, acute respiratory distress syndrome; ICU, intensive care unit; OM, operation room; USD, USA dollar (the exchange rate between 
US dollar and RMB is 1:6.5); N, no; Y, yes. HFJV, high frequency jet ventilation; VV-ECMO, venovenous extracorporeal membrane 
oxygenation.
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at distances of 0.5 and 1.5 cm from the carina, with maximum 
cross-section areas of 2.1×2.8 and 2.3×1.8 cm2. Due to 
the proximity of the stenosis to the carina, endotracheal 
intubation at the carina affects the surgical anastomosis of 
the trachea. Since ECMO technology was unavailable at 
our hospital in 2013, we used an HFJV catheter instead of 
an endotracheal tube because the tumor was large and close 
to the carina. The HFJV catheter interfered less with the 
anastomosis than an endotracheal tube intubation would 
have. However, we found that the 2 patients with the HFJV 
catheter required longer anesthesia and surgery than the  
2 patients who received endotracheal intubation. The reason 
may be that the tumor location was close to the carina, which 
makes surgical anastomosis difficult. 

The 2 patients with the HFJV catheter showed an 
obvious buildup of carbon dioxide during anastomosis. 
Patient 3 presented the lowest SpO2 level of 74% and a 
peak end-tidal carbon dioxide level of 111 mmHg during 
surgery. This patient showed postoperative complications 
with anastomotic leakage, which might have been due to 
the length of tracheal resection (3.0 cm), wind-induced 
contusion by the HFJV, and high stretching tension at 
the anastomotic site. The patient ultimately died after the 
family refused further surgery-related treatment and left the 
hospital against medical advice. We conclude that HFJV 
may worsen intra- and postoperative outcomes, although 
the poor outcomes of our patient might have been due to 
the more difficult surgery because of the tumor location. 
Nevertheless, HFJV may allow for greater visibility of the 

surgical field than distal tracheal intubation (3), and can 
support ventilation in rescue situations (22). Further work 
should examine the advantages of HFJV in different types 
of patients.

A previous case report summarized the indications 
for non-intubated spontaneous respiration anesthesia as 
follows: (I) no contraindications for anesthesia or surgery; 
(II) no severe cardiopulmonary diseases; and (III) low 
airway secretions (4). In the present case series, the patient 
with non-intubation (patient 5) was 28 years old, had a 
BMI of 18 kg/m2, and did not have severe cardiopulmonary 
diseases. Tracheal stenosis was due to endotracheal 
intubation injury 3 months before. The tracheal scarring 
stenosis was followed by a chronic inflammatory reaction, 
granulation tissue formation, and subsequent fibrous scar 
formation owing to prolonged mechanical ventilation in 
the ICU. The level of airway obstruction was more than 
90%, and the narrowest tracheal diameter of the patient was  
3 mm (Figure 3). Although the patient presented transient 
hypoxia and hypercapnia during the operation, she was 
extubated 5 minutes after the operation in the operating 
room. She did not require transfer to the ICU after surgery, 
and no complications were recorded. Her rapid recovery 
from the anesthesia was attributed to the accuracy of 
anesthetic depth monitoring and the absence of muscle 
relaxants (14). In this case, the greatest advantage of non-
intubation was good visibility of the surgical field during 
reconstruction. Consistent with our experience, a single-
center retrospective analysis showed that supraglottic airway 
devices for cervical tracheal resection and reconstruction 
were appropriate for patients diagnosed with scar tissue in the 
stenotic area and with anticipated difficult transstenotic tube 
placement (22). Based on that study and our own experience, 
we suggest that non-intubation may be a feasible, relatively 
safe airway management method for patients with (I) BMI 
<25 kg/m2, (II) less risk of airway secretion and bleeding, and 
(III) tracheal scarring stenosis who (IV) do not have severe 
cardiopulmonary dysfunction and (V) for whom transstenotic 
tube intubation is expected to be difficult.

Previous studies have suggested that ECMO can 
provide sufficient ventilation and oxygenation during 
surgery, and is especially suitable for critical patients with 
severe airway obstruction or when extensive resection of 
the infiltrating tumor is needed (14,21,23). In our study, 
SpO2 was maintained above 90% in 6 out of 8 patients 
who received ECMO. In the other 2 patients, it dropped 
to 87% for approximately 10 min. Similar to patients with 
a laryngeal mask, those on ECMO do not require airway 

Figure 3 Bronchoscopy view of 1 patient (patient 5) with post-
intubation tracheal stenosis who underwent non-intubation 
anesthesia. The arrow indicates the narrowest part of the trachea 
with a diameter of 3 mm.
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tubing in the surgical field, which improves surgical field 
visibility during reconstruction of the posterior trachea (21). 
However, our patients who received ECMO had to stay in 
hospital marginally longer and take on higher hospital costs 
than the other patients. A previous study linked ECMO 
to various complications, including high hospital costs, 
bleeding caused by heparin, infection related to cannulation, 
thromboembolism, and lower limb ischemia (24). In our 
study, 1 patient with ECMO (patient 7) presented oozing 
from the wound as a result of a coagulation disorder. The 
patient received 2 units of plasma and 2 units of erythrocyte 
suspension transfusion and recovered on postoperative day 3. 
Another patient who underwent ECMO (patient 10) died of 
acute lung injury. The respiratory failure of the patient was 
most likely the result of a preexisting advanced pulmonary 
infection.

Our study presents several limitations. The first is the 
small number of patients analyzed, which could limit our 
conclusions regarding the benefits and limitations of the 4 
airway management strategies. Secondly, as a retrospective 
study, post-discharge data, such as fiberoptic bronchoscopy 
images, clinical symptom and quality of life improvements, 
and long-term survival, were not collected.

Despite these limitations, our case series offers additional 
experiences to guide airway management planning for 
tracheal resection and reconstruction surgery. Tracheal 
resection and reconstruction require multidisciplinary 
collaboration involving surgical, anesthesia, interventional, 
and ICU teams. Airway strategies should be tailored 
to preoperative comorbidities, unique features of the 
obstructive mass, surgical experience, and patient consent.
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