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Abstract

BACKGROUND

Anesthesia for tracheal tumor resection is challenging, particularly in patients
with a difficult upper airway. We report a case of a difficult upper airway with a
metastatic tracheal tumor causing near-total left bronchial obstruction and
requiring emergency tracheostomy and venovenous extracorporeal membrane
oxygenation (VV-ECMO) support for rigid bronchoscopy-assisted tumor
resection.

CASE SUMMARY

A 41-year-old man with a history of right retromolar melanoma treated by tumor
excision and myocutaneous flap reconstruction developed progressive dyspnea
on exertion and syncope episodes. Chest computed tomography revealed a 3.0-cm
tracheal mass at the carinal level, causing 90% tracheal lumen obstruction. Flexible
bronchoscopy revealed a pigmented tracheal mass at the carinal level causing
critical carinal obstruction. Because of aggravated symptoms, emergency rigid
bronchoscopy for tumor resection and tracheal stenting were planned with
standby VV-ECMO. Due to limited mouth opening, tracheostomy was necessary
for rigid bronchoscopy access. While transferring the patient to the operating
table, sudden desaturation occurred and awake fiberoptic nasotracheal intubation
was performed for ventilation support. Femoral and internal jugular vein were
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catheterized to facilitate possible VV-ECMO deployment. During tracheostomy, progressive
desaturation developed and VV-ECMO was instituted immediately. After tumor resection and
tracheal stenting, VV-ECMO was weaned smoothly, and the patient was sent for intensive
postoperative care. Two days later, he was transferred to the ward for palliative immunotherapy
and subsequently discharged uneventfully.

CONCLUSION

In a difficult airway patient with severe airway obstruction, emergency tracheostomy for rigid
bronchoscopy access and standby VV-ECMO can be life-saving, and ECMO can be weaned
smoothly after tumor excision. During anesthesia for patients with tracheal tumors causing critical
airway obstruction, spontaneous ventilation should be maintained at least initially, and ECMO
deployment should be prepared for high-risk patients, such as those with obstructive symptoms,
obstructed tracheal lumen > 50%, or distal trachea location.

Key Words: Tracheostomy; Extracorporeal membrane oxygenation; Tracheal tumor; Melanoma; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Perioperative management of obstructive tracheal masses is challenging for anesthesiologists.
The patient’s history should be combined with thoroughly preoperative examinations to establish
meticulous anesthesia plans and prepare for alternatives in case of emergency. Here, we report a rare case
of tracheal melanoma concomitant with a difficult upper airway. We also review the case management of
tracheal melanomas in the literature. No global consensus exists on the indications and timing of extracor-
poreal membrane oxygenation (ECMO) use in patients with tracheal masses. Spontaneous ventilation
should be maintained until the airway is definitely secured, and preparing for the availability of ECMO is
also suggested.

Citation: Liu IL, Chou AH, Chiu CH, Cheng YT, Lin HT. Tracheostomy and venovenous extracorporeal membrane
oxygenation for difficult airway patient with carinal melanoma: A case report and literature review. World J Clin
Cases 2022; 10(35): 13088-13098

URL: https://www.wjgnet.com/2307-8960/full/v10/i35/13088.htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i35.13088

INTRODUCTION

Perioperative management of patients with an obstructive tracheal tumor is challenging for anesthesi-
ologists, but it would be even more troublesome if the patient also has a difficult upper airway. Futility
of tracheal intubation and the risks of total airway obstruction should be recognized in such cases, and
any degree of sedation or muscle relaxation may compromise the patient’s respiratory drive[l].
Preemptively elective venovenous extracorporeal membrane oxygenation (VV-ECMO) deployment
under local anesthesia before any sedation has been advocated in previous reports[1,2]. However,
ECMO deployment has some inherent potential complications such as bleeding and thrombosis.
Clinicians should have in-depth discussions with the patient and endeavor to minimize these risks once
ECMO institution is required.

Herein, we describe the perioperative management of an emergency rigid bronchoscopy-facilitated
tumor resection and tracheal stenting for metastatic tracheal melanoma in a 41-year-old man with a
difficult upper airway. We also review the literature on the managements of primary and metastatic
tracheal melanoma.

CASE PRESENTATION

Chief complaints
A 41-year-old man had progressive shortness of breath for three months.

History of present illness
The patient developed progressive dyspnea on exertion, which was aggravated by sitting or walking,
and relieved by lying down. He also complained of cough with blood-tinged sputum and body weight
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loss of more than 10 kg in the previous three months, and experienced two syncope episodes in a week
accompanied by cyanotic lips and a decreased respiratory rate.

History of past illness

The patient had a history of right retromolar melanoma diagnosed at age 37 years (in 2015) with
subsequent lung and brain metastases. At that time, he underwent retromolar tumor excision, marginal
mandibulectomy, tracheostomy, and myocutaneous flap reconstruction. The patient subsequently
underwent wedge resection for right lung metastasis at age 39 (in 2018); right temporal craniotomy for
brain metastasis at age 40 (in 2019), and oral commissure reposition surgery at age 41 (in February 2020).
He had previously received palliative chemotherapy and adjuvant immunotherapy with nivolumab
since 2019 for his stage IV M1d melanoma and was in relatively good health (independent daily activity,
Karnofsky Performance Scale score of 80).

Personal and family history
The patient denied smoking, alcohol consumption, betel nuts chewing, and a family history of
malignancy.

Physical examination

The patient weighed 63 kg, and his height was 168 cm. He exhibited clear consciousness (Glasgow
Coma Score, 15). His vital signs in the operating room were as follows: body temperature, 36.8 °C; blood
pressure, 115/86 mmHg; heart rate, 92 beats/min; and respiratory rate, 17 breaths/min. His general
appearance suggested chronic illness. The patient’s face and neck exhibited an old surgical scar, and he
demonstrated trismus with a limited mouth opening (2 cm wide) and limited neck mobility. On
auscultation, there was no obvious wheezing, crackling, or stridor, except for a decrease in breathing
sounds in his left lung.

Laboratory examinations

Laboratory assessments revealed an elevated white blood cell count (10800/uL, reference range
3250-9160/uL) and a high level of C-reactive protein (2.6 mg/L, reference range < 1.0 mg/L). No other
abnormal results were found in routine blood biochemical analyses.

Imaging examinations

Chest computed tomography (CT) with contrast revealed a large tracheal polypoid mass above the
carinal level, approximately 3 cm % 2.5 cm X 2 ¢m in size (3 mm in the minimum residual tracheal
diameter), filling 90% of the tracheal lumen and causing nearly total obstruction of the left main
bronchus and left lung hyperinflation (Figure 1). Flexible bronchoscopy revealed a large, black-
pigmented, protruding carinal mass, causing nearly total occlusion of the left main bronchus and partial
obstruction of the right main bronchus (Figure 2).

FINAL DIAGNOSIS

Combined with the patient’s medical history and imaging findings, the main diagnosis for this patient
was a protruding tracheal mass at the carinal level (most likely a metastatic melanoma) causing nearly
total occlusion of the left main bronchus and partial obstruction of the right main bronchus.

TREATMENT

After a multidisciplinary discussion between surgeons, oncologists, interventional pulmonologists, and
anesthesiologists, rigid bronchoscopy-facilitated carinal tumor resection and tracheal stent placement
were suggested for the palliative treatment of this soft, easy-bleeding metastatic melanoma.
Additionally, tracheostomy was scheduled for rigid bronchoscopic access because the patient had a
limited mouth opening (2 cm in width). Considering the critical airway obstruction, possible intra-
operatively VV-ECMO support and potential complications were also explained to the patient and his
family. Because of the aggravated symptoms, emergency surgery was planned.

The patient was transferred to the operating room under oxygen support via a simple facemask
providing oxygen at 10 L/min (his oxygen saturation (SpO,) was 100%). Standard non-invasive
monitoring was initially established, including electrocardiography, pulse oximetry, non-invasive blood
pressure, and bispectral index. The thoracic and cardiovascular surgeons and the ECMO team were on
standby. A sudden drop in oxygen saturation to 72% occurred while transferring the patient to the
operating table. Awake fiberoptic nasotracheal intubation was performed using a 6.5 Fr endotracheal
tube fixed at 27 cm (tip above the carina 3-4 cm confirmed by direct visualization using a flexible
fiberscope), and SpO,was stabilized at > 95% after intermittent positive pressure ventilation. Moderate
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Figure 1 Preoperative chest computed tomography images of patient. A: Axial view; B: Coronal view. These computed tomography images show a
large tracheal protruding mass (orange arrow) at the carinal level, approximately 3.0 cm in size, causing nearly total obstruction of the left main bronchus and left lung
hyperinflation.

Right main
broncus

DOI: 10.12998/wjcc.v10.i35.13088 Copyright ©The Author(s) 2022.

Figure 2 Preoperative flexible bronchoscopy images of patient. A: Carinal level; B: Left main bronchus; C: Right main bronchus. These bronchoscopy
images show a large, black-pigmented, protruding mass is evident at the carinal level (A), causing near-total occlusion of the left main bronchus (B) and partial
occlusion of the right main bronchus (C).

sedation was achieved with target-controlled propofol infusion and adjusted to maintain a bispectral
index value of 60-80 while maintaining spontaneous ventilation. Subsequently, invasive hemodynamic
monitoring was established, including arterial pressure monitoring via the right radial arterial line and
central venous pressure monitoring. Two central venous catheterizations were established via the right
internal jugular vein and left femoral vein for possible VV-ECMO. During tracheostomy for rigid
bronchoscopy access, progressive desaturation occurred despite intermittent volume ventilation and
continuous insufflation (blood gas analysis showed hypoxemia and hypercapnia, Table 1).
Consequently, VV-ECMO was instituted immediately via femoro-jugular cannulation using a heparin-
coated ECMO circuit with minimal heparinization (activated clotting time < 180 s). With adequate
oxygenation ensured by VV-ECMO, muscle relaxation was initiated, and tracheostomy and rigid
bronchoscopy were performed, revealing a grade III subglottic stenosis (71%-99% obstruction) and
diffuse tumor oozing. Subsequently, the carinal mass resection and Dumon Y-stent insertion were
performed uneventfully. Because of difficulty in achieving hemostasis, estimated blood loss of 400 mL,

WJCC | https://www.wjgnet.com 13091 December 16,2022 | Volume10 | Issue35 |

Jaishideng®



Liu IL et al. Tracheostomy and ECMO for carinal melanoma

Table 1 Comparison between serial anesthesia management for this patient with different degree of tracheal obstruction

. . Previous . Induction Airway Muscle Oxygen PaO. PaCO Subsequent
Time point Surgery Airway . } 2 2 Outcome
symptoms anesthetics  management relaxation support (mmHg)® (mmHg)® management
October 8, 2019 (age 40 yr) Right temporal No respiratory 20% Fentanyl, Awake nasal Yes (after 1L/min, 461 28.8 Extubation at OR Uneventful
craniotomy distress obstruction at  propofol fiberoptic intubation  intubation) FiO,

carinal level 100%
February 19, 2020 (age 41  Oral commissure No respiratory 50% Fentanyl, Awake nasal Yes (after 1L/min, 368 32 Extubation at OR Uneventful
yr) reposition distress obstruction at  propofol fiberoptic intubation  intubation) FiO, 70%

carinal level
May At OR, before Smooth respiration ~ 90% Spontaneous No O, mask  63.7 423 Oxygen support, set Prepare for
23, induction in supine position obstruction at respiration under O, 10 L/min monitoring tracheal tumor
2020 carinal level mask excision
(age 41
yr)

After intubation ~ Tracheostomy, rigid Sudden 90% Fentanyl, Awake nasal No 2L/min, 582 46.6 Intermittent positive Progressive
bronchoscopy-assisted desaturation after obstruction at  propofol fiberoptic intubation, FiO, pressure ventilation; desaturation
tracheal tumor excision,  transferring to OR  carinal level spontaneous 100% prepare VV ECMO
and tracheal stent bed respiration via ETT access
insertion

During Desaturation due to  90% Propofol Spontaneous No 2L/min, 48.9 454 Intermittent positive Decompensation

tracheostomy, cough, tumor obstruction at respiration via ETT FiO, pressure ventilation,

before VV ECMO bleeding, or airway  carinal level 100% prepare ECMO

compression deployment
After VV ECMO Desaturation during  90% Propofol, Tracheostomy, Yes (after 2L/min, 842 27.1 Rigid bronchoscopy- Improved
deployment tracheostomy obstruction at cisatracurium  mechanical ECMO FiO,100% assisted tracheal tumor oxygenation
carinal level ventilation deployment) excision, and tracheal
stent insertion

After tracheal Improved Tracheal stent Propofol, Tracheostomy, Yes 1L/min, 220.3 41.3 ECMO weaned ICU care
tumor excision oxygenation under cisatracurium  mechanical FiO,100%

ECMO support ventilation
After ECMO Improved Tracheal stent Propofol, Tracheostomy, Yes 1L/min, 260.3 394 ICU care Uneventful
removal oxygenation after cisatracurium  mechanical FiO, 80%

tumor removal ventilation

ECMO: Extracorporeal membrane oxygenation; OR: Operating room; ICU: Intensive care unit; ETT: Endotracheal tube;

*Pa0, and PaCO, values were obtained from perioperative arterial blood gas analysis.

JBaishideng®
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and a decrease in hemoglobin level from 15.7 gm/dL to 10.7 gm/dL, blood transfusion was prescribed
with two units of leukocyte-poor red blood cells and six units of fresh frozen plasma. With adequate
oxygenation (evidenced by blood gas analysis, Table 1) and stable hemodynamic status postoperatively,
50 mg of protamine was administered intravenously, and VV-ECMO was weaned smoothly. The total
VV-ECMO duration was 158 min. Subsequently, the patient was transferred to the intensive care unit
for postoperative care.
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OUTCOME AND FOLLOW-UP

After two days in the intensive care unit, the patient was transferred to the oncology ward for immuno-
therapy under spontaneous breathing. Histopathological analysis of the resected carinal mass revealed
metastatic melanoma. After palliative immunotherapy, the patient was discharged two weeks post-
operatively in relatively stable condition. The tracheostomy tube was removed five months later under
stable respiratory conditions, while the tracheal stent was adequately left in place to ensure tracheal
patency. The patient died one year after the surgery due to multiple melanoma metastases, which had
no direct correlation with his tracheal stenosis.

DISCUSSION

Most tracheal tumors are malignant and secondary to direct mural invasion from carcinomas of the
lung, esophagus, and thyroid, or hematogenous spread from distal sites[3]. Our patient had malignant
melanoma, which often metastasizes to the lungs, brain, liver, and bones, whereas tracheal metastasis
has rarely been reported[4]. Table 2 Lists the publications retrieved from the PubMed and Embase
databases from inception through March 8, 2022 (spanning from the oldest available case report in 1965
[5] to the latest one in 2020[25]), describing management of primary and metastatic tracheal melanoma.
Judging from the listed reports, the mean age of patients who developed tracheal melanoma was 56
years, and the more commonly observed tumor location was at the mid-trachea level. Compared to the
very rare primary tracheal melanoma, metastatic tracheal melanoma appeared to be more common, but
had a worse prognosis.

Many patients with tracheal tumors might have a diagnosis delayed for more than 17 months because
of nonspecific initial symptoms, until the progressively enlarged tumors cause life-threatening airway
obstruction[26]. The symptoms of patients with tracheal tumors vary according to the tumor location
and severity of the obstruction. Dyspnea, cough, wheezing, hoarseness, hemoptysis, and stridor were
the predominant symptoms in our search[3,26]. A previous review found that dyspnea on exertion
might occur if the residual tracheal diameter was < 8 mm, and would progress to dyspnea at rest if the
residual tracheal diameter was <5 mm[26].

Our patient had metastatic tracheal melanoma first visualized on chest CT examination in February
2019 (age 40 years) leading to progressive tracheal obstruction; however, he remained asymptomatic
and underwent two uneventful surgeries under general anesthesia. One month before presenting to the
hospital in May 2020 (age 41 years), he had symptoms of exertional dyspnea, hemoptysis, and syncope
episodes, with 90% tracheal lumen obstruction (3 mm minimum residual diameter) revealed on chest
CT. These symptoms implied a severe tracheal obstruction requiring immediate surgical intervention,
including curative treatment with tracheal resection and anastomosis, or palliative therapies with laser,
argon plasma coagulation, or tumor resection and tracheal stent[26]. Since our patient had stage IV
metastatic melanoma with a five-year survival rate of < 30%, palliative therapy to relieve obstructive
symptoms was chosen as a better option after shared decision-making[27,28]. In addition, rigid
bronchoscopy-assisted tumor resection and tracheal stent placement were thought to be more beneficial
as they would facilitate hemostasis and ensure subsequent airway patency.

Airway patency is well maintained through negative pressure ventilation in the awake state;
however, the respiratory drive and muscle tone are compromised during anesthesia with sedation and
muscle relaxation. The loss of spontaneous diaphragm movement after muscle relaxation further
decreases the transpleural pressure gradient, leading to a decrease in airway diameter and an increased
risk of tracheal tumor bleeding[29]. If central airway obstruction occurs at the distal trachea, airway
maintenance and ventilation are more difficult because the obstruction cannot be bypassed with
endobronchial intubation or tracheostomy[26]. Therefore, maintaining spontaneous ventilation is
recommended for patients with critical tracheal tumor obstruction, especially those with distal tracheal
obstruction. In addition, muscle relaxation should be commenced to reduce cough during airway
management only after the airway is definitely secured or ECMO is initiated[30].

After examining our patient’s previous anesthesia records and related examinations, we found that
his carinal mass was first visualized on chest CT in February 2019 (age 40) with a size of only 0.2 cm.
Subsequently, the patient underwent two uneventful procedures with general anesthesia and muscle
relaxation for a right temporal craniotomy in October 2019 (age 40 years) and oral commissure
reposition surgery in February 2020 (age 41 years), with the presence of progressively enlarged carinal
masses measuring 1.2 cm and 2.1 cm in size, respectively. During these two procedures, the patient
remained asymptomatic, and no perioperative hypoxemia or hemoptysis was observed, even though
the carinal mass had already obstructed 50% of the tracheal lumen (or grade II subglottic stenosis by the
Cotton-Myer grading system) (Figure 3). The patient developed progressive dyspnea on exertion when
90% of lumen obstruction occurred at the carinal level, and the ECMO team was on standby before the
induction of anesthesia in case of “cannot intubate, cannot ventilate” occurred. A comparison of the
clinical situation and anesthesia management for different degrees of tracheal obstruction in this patient
is shown in Table 1. Serial blood gas analysis revealed that this patient with 90% tracheal obstruction
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Table 2 Case management of primary and metastatic tracheal melanoma in the literature

Ref. Year Age Sex Primary/metastatic Original site  Symptoms Obstruction® location Size Management IHC Stain Outcome
Rosenberget 1965 46 F Metastatic cheek Hemoptysis Grade III stenosis  Carina 3.5cm Partial excision - Died 9.5 yrs later
al[5]
Morietall6] 1977 47 F Primary tracheal Dyspnea Grade I stenosis ~ Mid-trachea 1.5 cm Resection and anastomosis - Alive 1 yr later
Andrewset 1981 28 M  Metastatic shoulder Dyspnea, hemoptysis 50% obstruction  distal trachea  --- laser - Died 10 days later
al[7]
Castro et al 1990 68 M  Metastatic nasal Dyspnea 90% obstruction  Carina Large YAG laser - No recurrence in 9
[8] months
Duarteetal 1998 32 F Primary tracheal Exertional dyspnea 85% obstruction ~ 6cm below 23cmx13  Resection and anastomosis HMB-45(+), S100(+)  Died 13 months later
[9] vocal cord cm
Koyietal[10] 2000 54 M  Metastatic shoulder Dyspnea 50% obstruction  Carina = YAG laser = Died 4 months later
Capaccioetal 2002 61 F Metastatic shoulder Dyspnea Grade IIT stenosis  Mid-trachea 1.5ecmx1 Tracheostomy, Argon plasma - Died 3 months later
[11] cm coagulation
Bardia et al 2006 42 F Metastatic foot Dyspnea 50% obstruction  Subglottic — Tracheostomy and — Alive 1 yr later
[12] radiotherapy
Terraetal[13] 2008 29 F Primary tracheal Dyspnea 90% obstruction 3 cm below 25cmx1.7  Tracheostomy, resectionand ~ HMB-45(+), S100(+)  Survived 4 yrs after
vocal cord cm x 05cm  anastomosis diagnosis
Cekin et al 2010 22 M Primary tracheal Dyspnea and 80% obstruction ~ Mid-trachea 1.5cm x 2 Tracheotomy, resectionand =~ HMB-45(+), Melan-  Alive 3 yrs later
[14] hoarseness cm anastomosis A(+), S100(+)
Nurekietal 2012 73 M  Primary Tracheal No symptoms Grade I stenosis ~ Mid-trachea 9 mm Resection and anastomosis Died 2 yrs later
[15]
Sheltonetal 2013 58 M  Metastatic arm Hemoptysis Grade I stenosis ~ Mid-trachea - laser - Not mentioned
[16]
Heymanetal 2013 64 M  Metastatic anorectal Cough 75% obstruction  Distal trachea - Argon plasma coagulation = Died 9 days later
[17]
Mark et al 2013 64 M  Primary laryngotracheal Exertional dyspnea Grade III stenosis  Subglottic 1.3cm x4.9  Awake tracheostomy, tumor ~ Pan melanin (+), Hospice care 10
[18] cm resection S100(-) months later
Imaietal[19] 2015 68 M  Primary Tracheal Stridor, hemoptysis 90% obstruction  Carina 25cm x 2 Chemotherapy, radiotherapy HMB-45(+), Melan- ~ Not mentioned
cm x 1.5 cm A(+), S100(+)
Purcelletal 2015 50 F Metastatic Shoulder Stridor, dyspnea 90% obstruction ~ Mid-trachea - Bronchoscopic resection - Alive 6 months later
[20]
Costa et al 2017 8 F Thyroid metastasis Nasal Dyspnea > 50% Mid-trachea - Thyroidectomy HMB-45(+),5100(+)  Died 5 months later
[21] obstruction
Fungetal[22] 2018 73 F Tracheal metastasis ~ Nasal Dyspnea at rest Nearly-total Distal trachea - Preemptive VV-ECMO, - Died 4 months later
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obstruction tumor resection
Nasal Dyspnea 90% obstruction ~ Mid-trachea - resection -
Unknown Dyspnea, stridor Grade Il stenosis  1cm below - Metal stent HMB-45(-), S100(+)
vocal cord
Tracheal Cough, hemoptysis <20% Cricoid level ~ Small Argon plasma coagulation -
obstruction
Retromolar Exertional dyspnea, 90% obstruction  carina 3cmx25cm Rescue VV-ECMO, tumor HMB-45(+), Melan-
hemoptysis, syncope x2cm resection, tracheal stent A(+), S100(+)

Not mentioned
Died 2 wks later
Immunotherapy, alive

2 yrs later

Died 1 yr later

ECMO: Extracorporeal membrane oxygenation; VV: Veno-venous; IHC stain: Immunohistochemistry stain.

?Obstruction is defined as the percentage of obstructed tracheal lumen or grade of subglottic stenosis according to the Meyer-Cotton grading scale. Grade 1 stenosis is defined as a lumen obstruction of < 50%. Grade 2 stenosis is 51%-

70% of lumen obstruction. Grade 3 stenosis accounts for 71%-99% of lumen obstruction.
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had progressive CO,retention and hypoxemia in supine position even under an O,mask 10 L/min
support. Due to sudden desaturation, a definite upper airway was initially secured at the OR through
immediate awake fiberoptic nasotracheal intubation while maintaining spontaneous ventilation. In
addition, we had a rigid bronchoscopy standby that could establish airway patency in cases of central
airway stenosis, and ventilation could be maintained by options including spontaneous ventilation, jet
ventilation, continuous insufflation, or intermittent volume ventilation[31]. In case the above-mentioned
ventilation measures fail to provide adequate oxygenation, VV-ECMO is the final ventilation strategy to
provide adequate gas exchange[32].

Although rigid bronchoscopy through the mouth is the standard procedure for facilitating tracheal
tumor excision, it was not feasible in our patient because of limited mouth opening[33]. Therefore, we
chose to perform tracheostomy for rigid bronchoscopy access, as previously described[34]. However,
our patient developed progressive desaturation during the tracheostomy. Possible reasons for this
development could have included cough, tumor bleeding, airway compression, or even laryngospasm
during tracheostomy. Consequently, we instituted VV-ECMO immediately (within 5 min) via femoro-
jugular cannulation to ensure adequate oxygenation and reduce hypercapnia (Table 1).

During anesthetic management of anterior mediastinal masses causing central airway obstruction,
Blank et al[35] suggested that spontaneous ventilation should be maintained, and preparations for
preemptive extracorporeal circulation should be made in patients stratified as high risk (severe postural
symptoms such as stridor and cyanosis, tracheal compression > 50%, pericardial effusion, or superior
vena cava syndrome). Regarding the management of patients with intrinsic tracheal tumors, Zhu et al
[36] and Gao et al[37] shared their case series in which ECMO support was considered in high-risk
patients with tracheal lumen obstruction > 50%. Kim et al[29] suggested that preemptive ECMO support
should be available prior to any airway procedure when the minimum residual tracheal lumen is < 5
mm on CT scan. For patients with tracheal tumor obstruction, according to the management strategies
listed in Table 2, the higher grade of tracheal obstruction and distal trachea location should be stratified
as higher risk requiring possible ECMO support. Several case series reported successful establishment of
elective ECMO under local anesthesia for bronchoscopy-assisted endotracheal tumor resection, and
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Figure 3 Chest radiography and computed tomography images obtained during previous episodes of general anesthesia. A-C: Right
temporal craniotomy performed at age 40 (October 2019); D-F: oral commissure reposition surgery performed at age 41 (February 2020). These images reveal
gradual left lung hyperinflation (A and D), and progressively enlarged carinal masses, approximately 1.2 cm and 2.1 cm in size, respectively. (axial view in B and E;
coronal view in C; and sagittal view in F).
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those patients were successfully weaned from ECMO after tumor resection[1,2,38]. Meyer et al[39]
reported 14 cases of elective ECMO support during rigid bronchoscopy-assisted bronchotracheal
stenting for central airway stenosis, and all those patients were weaned from ECMO successfully. VV-
ECMO is conducted in most cases because it can secure oxygenation, requires less heparinization
(compared to venoarterial-ECMO), and has a lower risk of cannulation-related complications[38]. The
simplest cannulation method for VV-ECMO is the femoro-jugular approach[40]. Because emergency
initiation of ECMO might increase the risk of iatrogenic trauma and an unpredictable period of
hypoxemia, prophylactic central venous catheterization can be established to facilitate rescue VV-ECMO
[2]. In our case, preemptive ECMO was not considered because the patient and surgeon were concerned
about possible complications of ECMO, such as tumor bleeding and thrombosis. Therefore, in our
patient with 90% lumen obstruction at the carinal level, we made the necessary preparations by
establishing two central venous catheterizations to ensure that VV-ECMO was immediately available in
cases of decompensation. Additionally, we used a heparin-coated VV-ECMO circuit with minimal
heparinization to reduce the risk of bleeding.

CONCLUSION

Perioperative management of a patient with an obstructive tracheal mass concomitant with a difficult
upper airway is very rare and challenging, warranting multidisciplinary teamwork. To the best of our
knowledge, this is the first report of a patient with a progressively enlarged carinal melanoma who
underwent serial anesthesia. In this difficult airway patient with metastatic carinal melanoma, we
performed an emergency tracheostomy, rigid bronchoscopy-assisted tumor resection, and tracheal
stenting under immediate VV-ECMO support. For patients with tracheal tumor obstruction, the
obstructive lesion should initially be identified via in-depth preoperative examinations followed by
establishment of feasible anesthesia plans, including preparation for alternative plans in case of deteri-
oration. In high-risk patients, such as those with obstructive symptoms, > 50% obstructed tracheal
lumen, or obstruction of the distal trachea, spontaneous ventilation should be maintained until the
airway is definitely secured and prepared for ECMO deployment.
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