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Abstract
Background The safety and efficacy of transbronchial microwave ablation (TMA) therapy in patients with malignant central 
airway obstruction (CAO) with respiratory failure remains unclear.
Methods A total of 38 patients with advanced non-small cell lung cancer (NSCLC) or lung metastases with malignant 
endoluminal obstruction received TMA therapy under moderate sedation and high fractions of inspired oxygen  (FiO2). The 
success rate of airway patency restoration, complication rate, and overall survival time (OS) from the initiation of TMA 
therapy were compared in the following two groups of patients with malignant CAO patients: the group with respiratory 
failure  (PaO2/FiO2 ≤ 300) (RF group, n = 10) and the group without respiratory failure  (PaO2/FiO2 > 300) (non-RF group, 
n = 28) at the time of the TMA therapy.
Results Both the RF group and non-RF group received a median of two sessions of TMA. There was no significant dif-
ference in the percentage of patients who showed restored airway patency after the first session of TMA (90% vs. 96%), in 
the complication rate of TMA therapy (10% vs. 11%), or in the OS (7.1 months vs. 9.1 months) between the RF group and 
the non-RF group. Multivariate analysis identified no significant association between TMA therapy and the risk of death in 
malignant CAO patients with respiratory failure (p = 0.196).
Conclusion TMA therapy under moderate sedation was well tolerated and effective in patients with malignant CAO, includ-
ing those with respiratory failure.

Keywords Microwave ablation · Endoluminal tumor obstruction · Respiratory failure · Moderate sedation · Post-anticancer 
therapy

Introduction

Malignant central airway obstruction (CAO) may occur not 
only in patients with advanced non-small cell lung cancer 
(NSCLC), but also in those with lung metastases from pri-
mary malignant tumors at other sites, and could become 
life-threatening, potentially causing death from suffo-
cation, if left untreated. A number of reports suggested 
that some transbronchial interventions (TBIs) can relieve 

respiratory distress and improve the quality of life in patients 
with malignant CAO (Ernst et al. 2004; Ost et al. 2015b; 
Mudambi et al. 2017). Ablative therapies, photodynamic 
therapy and cryotherapy have been employed for patients 
with endoluminal obstruction, and stent placement has been 
undertaken in patients with extraluminal obstruction. Multi-
ple modalities may be required in patients with mixed-type 
obstruction (Mudambi et al. 2017).

Laser ablation, electrocautery and argon plasma coagula-
tion are commonly used ablative procedures for the treat-
ment of endoluminal obstruction and are performed under 
general anesthesia using either a flexible or rigid broncho-
scope. During ablative therapies, continuous suction of 
smoke and fraction of inspired oxygen  (FiO2) of < 40% are 
recommended in order to minimize the risk of accidental 
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penetrating injury and airway fire (Bolliger and Mathur 
2002). Ablative therapies should be undertaken with great 
caution, in the operating room, for malignant CAO patients 
with respiratory failure who require high  FiO2 values.

Microwave ablation is a thermal therapy that heats up 
the tissue by dielectric hysteresis. When an electrical mag-
netic field at a frequency of 2450 MHz is created around 
the monopolar antenna (electrode), polar molecules (mainly 
 H2O) in the tissue are forced to continuously realign with 
the oscillating electric field, resulting in frictional heat. The 
tissue is coagulated by the frictional heat, but the tissue tem-
perature rarely exceeds 100 ℃ (the boiling point of water) 
(Lubner et al. 2010). In addition, microwave ablation has 
low tissue penetrability and does not produce smoke in the 
airway, because the tissues are not carbonized by this pro-
cedure. The lower airway temperature decreases the risk of 
airway fire and the absence of smoke and relative low tis-
sue penetrability decreases the risk of accidental penetrating 
injury, as compared to the case in other ablative therapies.

We speculate that in malignant CAO patients with respir-
atory failure, microwave ablation therapy might be safer and 
more effective than other ablative therapies. Although it has 
been reported that percutaneous microwave ablation therapy 
is useful for medically unresectable NSCLC patients with 
a solitary nodule (Wolf et al. 2008), there are no reports of 
the safety and efficacy of transbronchial microwave ablation 
(TMA) therapy for patients with malignant CAO. Therefore, 
we conducted this retrospective study to evaluate whether 
TMA therapy might be a safe and effective treatment for 
malignant CAO patients with respiratory failure.

Patients and methods

This retrospective, single-institution study was conducted 
with the approval of the Institutional Review Board of 
Kumamoto Regional Medical Center (approval date, Octo-
ber 2, 2020; approval number, 20–07). We retrieved the 
data of 60 patients of advanced NSCLC or lung metastases 
with symptomatic malignant CAO registered in our medi-
cal records database during the period between October 1, 
2013, and March 31, 2020. Four patients did not receive any 
TBI because of long-standing atelectasis of the whole lung 
on one side (n = 2), massive hemoptysis occurring before 
any TBI could be undertaken (n = 1), or patient refusal for 
TBIs (n = 1). Of the remaining patients, 18 patients with 
extraluminal obstruction received metallic stent placement 
and 38 patients with endoluminal obstruction received TMA 
therapy (Fig. 1).

During TMA therapy, minimal interruptions of the proce-
dure are needed for periodic section of smoke or adjustment 
of the  FiO2 to minimize the risk of accidental penetrating 
injury/airway fire (Lubner et al. 2010). TMA therapy was 

performed under moderate sedation and high  FiO2 values, 
because in patients with malignant CAO with life-threaten-
ing respiratory failure, this could save time for general anes-
thesia in the operating room. Before the TMA procedure was 
started, topical anesthesia of the oropharynx was established 
with 2% nebulized lidocaine. The patient lay supine on the 
fluoroscopic table and received supplemental oxygen via an 
oxygen mask (5–10 L/min), and the heart rate, electrocar-
diogram, and peripheral arterial oxygen saturation  (SpO2) 
were monitored. Midazolam was administered by intrave-
nous bolus injection at the starting dose of 3–4 mg, with 
additional doses of 1–2 mg administered as needed. If the 
patients could not lie supine because of severe dyspnea, 2% 
lidocaine solution for topical anesthesia of the oropharynx 
was administered via a bronchoscope after the patient had 
been moderately sedated with midazolam. A nasopharyngeal 
airway was temporarily placed.

TMA was performed using a microwave tissue coagula-
tor (Microtaze® OT-110 M or AFM-712, Alfresa Pharma 
Co., Osaka, Japan). A flexible fiberoptic bronchoscope was 
introduced through the nasopharyngeal airway into the tra-
chea. A long-roller type microwave electrode (TE-24BL) 
was inserted via the bronchoscope. The tip of the electrode 
was pressed against the surface of the endoluminal tumor. 
The tumor was coagulated at 50 watts until the surface of the 
tumor became white, and the coagulated tissue was removed 
with biopsy forceps. Care was taken during the procedure to 
ensure that the electrode did not touch the surface of the nor-
mal bronchial mucosa. The TMA was considered successful 
if at least 50% airway patency of was restored.

We stratified the 38 patients with malignant CAO in this 
study who received TMA therapy into two groups accord-
ing to whether the patients had respiratory failure or not at 
the time of TMA therapy (presence/absence of respiratory 
failure was defined by the ratio of the partial pressure of 
oxygen in the arterial blood  (PaO2) to  FiO2  (PaO2/FiO2)), 
as follows: the group with respiratory failure (RF group: 
 PaO2/FiO2 ≤ 300; n = 10) and the group without respiratory 
failure (non-RF group:  PaO2/FiO2 > 300; n = 28) (Fig. 1). 
The endpoints of the study were the differences in the rate 
of successful restoration of the airway patency after the first 
session of TMA, the complication rate of TMA therapy, and 
the overall survival time (OS) between the RF group and 
the non-RF group. OS was defined as the period from the 
initiation of TMA therapy until patient death. Comorbidities 
at the time of TMA therapy were evaluated according to the 
Charlson comorbidity index (Charlson et al. 1987).

Statistical analysis was performed using the Stat View J 
5.0 statistical program (SAS, Institute Inc., Berkeley, CA, 
USA). Analyses of the clinical numerical data and categori-
cal variables were performed using the Mann–Whitney 
U-test and Fisher’s exact probability test, respectively. The 
log-rank test was performed to identify the clinical variables 
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potentially associated with the OS. Variables identified as 
being significant with p values of < 0.10 were entered into 
the Cox proportional-hazards model for multivariate analy-
sis. The hazard ratios (HRs) and corresponding 95% confi-
dence intervals (CIs) were determined. OS was estimated 
by the Kaplan–Meier method. Two-tailed p values of less 
than 0.05 were considered as being indicative of statistically 
significant differences.

Results

Patient and disease characteristics

The median age of the patients was 67 years in the RF group 
and 73 years in the non-RF group. The percentage of patients 
with an Eastern Cooperative Oncology Group performance 
status (PS) score of 3–4 was higher in the RF group than in 
the non-RF group (60% vs. 21%, p = 0.045). Five patients 
(50%) in the RF group had respiratory failure with  PaO2/
FiO2 < 200. One-third of the patients in the non-RF group 

had lung metastases. There was no significant difference in 
the median value of the Charlson comorbidity index at the 
time of the TMA therapy, percentage of patients with brain 
metastasis, or proportion of patients with a previous history 
of anticancer therapy between the two groups (Table 1).

Efficacy

The symptoms of dyspnea on exertion, bloody sputum/
hemoptysis, and stridor were the main indications for TMA 
therapy. The most common site of malignant CAO was the 
trachea/tracheal bifurcation (50%), followed in frequency 
by the left main bronchus (29%) and right main bronchus/
truncus intermedius (21%). Airway patency was success-
fully restored within an hour of initiation of the first ses-
sion of TMA in 36 (95%) of the 38 patients, and 30 patients 
(79%) showed symptomatic improvement and/or improve-
ment of PS after the TMA therapy. Of the 38 patients, 21 
patients (55%) received a second- or further- session of 
TMA therapy to remove the remaining coagulated tumor 
tissue. There was no difference in the success rate of airway 

60 symptomatic non-small cell lung cancer or metastatic lung tumor patients with 
malignant central airway obstruction

• 2 patients with long-standing atelectasis of the lung
• 1 patient who died of massive hemoptysis before the 

transbronchial intervention
• 1 patient who refused transbronchial intervention

56 patients with malignant central airway obstruction received transbronchial 
intervention

38 patients with endoluminal 
obstruction received transbronchial 
microwave ablation therapy

18 patients with extraluminal 
obstruction received metallic stent 
placement therapy

10 patients with respiratory 
failure (PaO2/FiO2 ≤ 300), 
RF group

28 patients without respiratory 
failure (PaO2/FiO2 > 300), 
non-RF group

Fig. 1  Study flowchart. RF respiratory failure
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patency restoration (90% vs. 96%), the median number of 
TMA session (2 sessions vs. 2 sessions) or the percentage of 
patients who showed improvement of the symptoms and/or 
the PS (80% vs. 79%) between the RF group and the non-RF 
group (Table 2).

Complications

Complications of TMA therapy occurred in 10% of patients 
in the RF group and 11% of patients in the non-RF group. 
One patient of the RF group developed endobronchial bleed-
ing during TMA, which necessitated tracheal intubation and 
respiratory management. Two patients of the non-RF group 
showed airway patency restoration but developed airway 
re-occlusion within 24 h of the procedure because of bron-
chial epithelial detachment, as a result of the normal bron-
chial mucosa having been accidentally coagulated during 

the TMA session. The respiratory conditions in both these 
patients improved immediately after bronchoscopic removal 
of the detached epithelial tissue with biopsy forceps. The 
remaining one patient developed moderate endobronchial 
bleeding and airway patency restoration was achieved after 
the second session of TMA (Table 2).

Survival

During the median follow-up period of 6.0 months (range 
0.6–88.0 months) after the initiation of TMA therapy, 8 
patients (80%) of the RF group and 21 patients (75%) of 
the non-RF group died. There was not a significant differ-
ence in the OS between the RF group and the non-RF group 
(7.1 months vs. 9.1 months, p = 0.059) (Fig. 2a). After the 
TMA therapy, 21 patients (55%) received best supportive 
care (BSC) alone and 17 patients (45%) received post-TMA 
anticancer therapy. Additional TBIs were performed, as 
appropriate, in nine patients who had received BSC alone. 

Table 1  Patient and disease characteristics

Data are expressed in numbers (%) or median values (range)
RF respiratory failure

RF
n = 10

Non-RF
n = 28

P

Age, years 67 (47–78) 73 (45–92) –
Gender
 Men 9 (90) 21 (75) 0.653
 Women 1 (10) 7 (25) 0.653

Smoking habits
 Yes 9 (90) 20 (71) 0.395

Charlson comorbidity index 1 (0–2) 1 (0–3) –
Performance status
 1–2 4 (40) 22 (78) 0.045
 3–4 6 (60) 6 (21) 0.045

PaO2/FiO2 ratio
  > 300 0 28 (100)  < 0.001
 200–300 5 (50) 0 0.001
  < 200 5 (50) 0 0.001

Lung cancers 8 (80) 18 (64) 0.462
 Squamous cell carcinoma 6 (60) 11 (39) 0.293
 Adenocarcinoma 1 (10) 4 (14) 0.999
 Adenoid cystic carcinoma 0 2 (7) 0.999
 Others 1 (10) 1 (4) 0.999

Metastatic lung tumors 2 (20) 10 (36) 0.462
 Thyroid cancer 0 4 (14) 0.556
 Colon cancer 1 (10) 1 (4) 0.999
 Esophageal cancer 0 2 (7) 0.999
 Others 1 (10) 3 (11) 0.999

Brain metastasis
 Yes 2 (20) 1 (4) 0.163

Previous anticancer therapy
 Yes 3 (30) 13 (46) 0.469

Table 2  Transbronchial microwave ablation and post-anticancer ther-
apy

Data are expressed in numbers (%) or median values (range)
TMA transbronchial microwave ablation; RF, respiratory failure

RF
n = 10

Non-RF
n = 28

p

Symptoms before TMA therapy
 Dyspnea on exertion 7 (70) 18 (64) 0.999
 Bloody sputum/hemoptysis 2 (20) 5 (18) 0.999
 Stridor 1 (10) 5 (18) 0.999

Location of malignant central airway obstruction
 Trachea/tracheal bifurcation 6 (60) 13 (46) 0.714
 Right main bronchus/truncus interme-

dius
2 (20) 9 (32) 0.690

 Left main bronchus 2 (20) 6 (21) 0.999
Efficacy of TMA therapy
 Number of sessions 2 (1–4) 2 (1–4) –
 Airway patency restoration 9 (90) 27 (96) 0.462
 Improvement of symptoms or PS 8 (80) 22 (79) 0.999

Complication of TMA therapy 1 (10) 3 (11) 0.999
 Reocclusion by epithelial detachment 0 2 (11) 0.999
 Endobronchial bleeding 1 (10) 1 (4) 0.462

Post TMA anticancer therapy 5 (50) 12 (43) 0.726
 Concurrent chemoradiation therapy 2 (20) 3 (11) 0.592
 Thoracic radiotherapy alone 1 (10) 3 (11) 0.999
 Cytotoxic chemotherapy 2 (20) 6 (21) 0.999

Additional procedures 3 (30) 6 (21) 0.673
 TMA therapy 3 (30) 5 (18) 0.411
 Metallic stent placement 0 2 (11) 0.999

Outcome
 Death 8 (80) 21 (75) 0.999
 Alive 2 (20) 7 (25) 0.999
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The OS was longer in the patients who received post-TMA 
anticancer therapy than in the patients who received BSC 
alone (31.0 months vs. 3.5 months, p < 0.0001). Among 
patients who received BSC alone, there was no difference 
in the OS between the RF group and the non-RF group 
(3.1 months vs. 3.8 months, p = 0.721) (Fig. 2b). On the 
other hand, among the patients who received post-TMA anti-
cancer therapy, the OS was shorter in the RF group than in 
the non-RF group (7.1 months vs. 32.8 months, p = 0.011) 
(Fig. 2c). All the patients of the RF group had NSCLC (squa-
mous cell carcinoma in four cases, and adenocarcinoma in 
one case), whereas in the non-RF group, five patients had 
lung metastases (the primary tumor was a thyroid cancer in 
three cases, renal cancer in one case and esophageal cancer 
in one case) and seven patients had NSCLC (squamous cell 
carcinoma in four cases, adenoid cystic carcinoma in two 
cases, and adenocarcinoma in one case).

Multivariate analysis identified restoration of the airway 
patency after the first session of TMA (HR 0.139, 95% CI 
0.021–0.915, p = 0.040) and post-TMA anticancer therapy 
(HR 0.222, 95% CI 0.075–0.653, p = 0.006) as significant 
factors associated with a reduced risk of death, while TMA 
therapy under moderate sedation was not found to be associ-
ated with an increased risk of death in patients with respira-
tory failure (p = 0.196) (Table 3).

Discussion

Our results showed that TMA therapy under moderate seda-
tion and higher  FiO2 values was well-tolerated and effec-
tive in patients with malignant CAO, including those with 
respiratory failure. Airway patency restoration after the first 
session of TMA and post-TMA anticancer therapy were 
identified as important prognostic factors in the malignant 
CAO patients.

Airway patency restoration by TBIs can relieve the respir-
atory distress immediately in patients with malignant CAO. 
As it has been reported that TBIs have a greater impact 
and more useful in patients with more severe dyspnea at 
the baseline and that patients with more severe functional 
impairment are more likely to benefit from TBIs (Ost et al. 
2015b), it is important to undertake TBIs as early as is safely 
possible, with a minimum waiting time, for patients with 
malignant CAO. In our study, airway patency was success-
fully restored within an hour of initiation of the first session 
of TMA in 95% of the patients, similar to the results reported 
previously for other TBIs (Stephens and Wood 2000).

The complication rate of TBIs is reported to be in the 
rage of 4–20% (Ost et al. 2015a; Chhajed et al. 2006; Han 
et  al. 2007; Murgu et  al. 2012; Mahmood et  al. 2015; 
Stratakos 2016; Shin et al. 2018; Verma et al. 2019), and 
urgent or repeat procedures, presence of severe systemic 
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Group N Median, mo P
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Fig. 2  Overall survival from the initiation of TMA therapy in malig-
nant CAO patients with respiratory failure (RF group) and without 
respiratory failure (non-RF group); a all patients, b patients who 
received best supportive care alone, c patients who received post-
TMA anticancer therapy. CAO central airway obstruction, RF respira-
tory failure, TMA transbronchial microwave ablation
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comorbidities, and moderate sedation are reported associ-
ated with higher rates of complications (Ost et al. 2015a). 
In our study, 4 of the 38 patients (11%) developed complica-
tions after the TMA therapy; 2 patients developed endobron-
chial bleeding during TMA and 2 other patients developed 
airway re-occlusion within 24 h of the procedure by detach-
ment of normal bronchial epithelium. Patients in whom the 
normal bronchial mucosa has been accidentally coagulated 
during TMA should be monitored carefully for at least 24 h 
for early detection of airway re-occlusion by detachment of 
normal bronchial epithelium.

In the studies listed in Table 4, all the patients with 
malignant CAO underwent TBIs under general anesthesia. 
According to the report by Murgu et al. (2012), the inci-
dence of complications in NSCLC patients with malignant 
CAO and respiratory failure undergoing TBIs, includ-
ing debulking, laser therapy and stent placements under 

general anesthesia, was 8%. As the complication rate in the 
RF group in our study, in which TMA was performed under 
moderate sedation, was 11%, we suggest that TMA therapy 
under moderate sedation and high  FiO2 values is feasible in 
malignant CAO patients with respiratory failure.

TBIs have been reported to prolong the survival in 
patients with malignant CAO, with a median OS time of 
6.6–12.4 months (Table 4), and additional radiotherapy or 
chemotherapy after TBI has been reported to have a sig-
nificant beneficial effect on the prognosis (Chhajed et al. 
2006; Verma et al. 2018; Daneshvar et al. 2019). In the 
present study, the median OS from the initiation of TMA 
therapy was 7.1 months in the RF group and 9.1 months in 
the non-RF group, and the efficacy of TMA therapy was not 
inferior to that reported for other TBIs. In addition, among 
the patients who received post-TMA anticancer therapy, 
there was a significant difference in the OS between the RF 

Table 3  Multivariate analysis to 
identify factors influencing the 
overall survival time

CI confidence interval, HR hazard ratio, PaO2/FiO2 the ratio of the partial pressure of oxygen in the arterial 
blood to the inspired oxygen fraction, TMA transbronchial microwave ablation

Univariate analysis 
(Log rank test)

Multivariate analysis (Cox’s propor-
tional hazard model)

p value HR 95% CI p value

Age, year ( ≥  70 / < 70) 0.913
Gender (women/men) 0.186
Performance status (1–2/3–4) 0.298
Previous anticancer therapy 0.003 1.449 0.540–3.888 0.462
Lung tumor (primary/metastatic) 0.968
Tracheal tumor obstruction 0.092 0.936 0.378–2.320 0.887
Respiratory failure  (PaO2/FiO2 ≤ 300) 0.058 1.888 0.720–4.951 0.196
Airway patency restoration 0.001 0.139 0.021–0.915 0.040
Additional therapeutic bronchoscopy 0.994
Post TMA anticancer therapy  < 0.001 0.222 0.075–0.653 0.006

Table 4  Review of studies conducted to investigate the prognosis and complications of transbronchial interventions in patients with malignant 
central airway obstruction

Data are expressed in numbers or median values (range)
ACT  anticancer therapy, DB debulking, GA general anesthesia, LC lung cancer, m median or mean, LS laser resection, MS moderate sedation, OS 
overall survival, RF respiratory failure, ST stent placement, TBI transbronchial intervention, TMA transbronchial microwave ablation

Reports mAge
(years)

n LC
(%)

Anesthesia TBI Complication
(%)

Post ACT 
(%)

mOS
(month)

Chhajed et al. (2006) 61 52 100 GA LS, ST - 69 8.4
Han et al. (2007) 67 110 73 GA LS 7 67 6.6
Murgu et al. (2012) 66 12 100 GA DB, LS, ST 8 50 7.6
Mahmood et al. (2015) 63 24 67 GA DB, LS, ST - - 7.0
Stratakos (2016) 65 34 100 GA DB, LS, ST - - 10.0
Shin et al. (2018) 63 98 0 GA DB, LS, ST 20 54 7.0
Verma et al. (2019) 63 36 58 GA LS 19 - 12.4
Author (RF) 67 10 80 MS TMA 10 50 7.1
Author (non-RF) 73 28 64 MS TMA 11 43 9.1
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group and the non-RF group (7.1 months vs. 32.8 months, 
p = 0.011). The percentage of patients with lung metasta-
ses or adenoid cystic carcinoma was higher in the non-RF 
group than in the RF group (43% vs. 0%, p = 0.035). This 
could be the reason why patients in the non-RF group had 
a better prognosis, as patients with lung metastases with 
no other malignant lesions in the lung, except CAO, show 
a better prognosis and adenoid cystic carcinoma is a well-
differentiated and slow growing tumor.

Our study had certain limitations. Firstly, the sample size 
was small because this was a retrospective study conducted 
at a single institution. This is, however, the first report to 
suggest that TMA therapy could be safely undertaken for 
malignant CAO patients with respiratory failure. Secondly, 
there was a potential selection bias because patients in the 
non-RF group possibly had a better prognosis. As the pur-
pose of this retrospective study was to evaluate whether 
TMA therapy was safe and effective treatment in malignant 
CAO patients with respiratory failure, this bias would not 
have affected our results. Thirdly, we could not evaluate the 
change in the respiratory symptom, spirometric indices, 
severity of the complications of TMA therapy or the qual-
ity of life of the patients before and after TMA therapy in 
detail because TMA is performed as a palliative treatment in 
patients with life-threatening respiratory failure.

In conclusion, TMA therapy under moderate sedation 
and high  FiO2 values was well-tolerated and effective in 
patients with malignant CAO, including those with respira-
tory failure.
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