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Background: In cases of malignant airway obstruction, achieving airway patency using conventional
bronchoscopic modalities can be challenging and may not be satisfactory. We aim to present our experience
of using intra-tumoral alcohol injection (ITAI) to help achieve airway patency in malignant airway
obstruction.

Methods: A retrospective study of adult patients presenting with malignant airway obstruction who
underwent bronchoscopy with I'TAI at a university center between 2015 and 2020 was conducted. We
present procedural and patients’ characteristics along with any additional bronchoscopic or systemic
interventions received. Patients were classified based on airway patency response (assessed qualitatively by
an interventional pulmonologist) into those with good response (>50% improvement in airway patency) vs.
those with low response (<50% improvement in airway patency).

Results: Forty-two patients underwent I'TAI, of which 34 (81%) had at least two bronchoscopies to
evaluate response. The patient median age was 65.5 [interquartile range IQR) 57.8-72]. Most patients had
stage IV malignancy at the time of the bronchoscopy (57.1%) and had Eastern Cooperative Oncology Group
(ECOG) performance status score of between 2-3. Eighty-two percent of the patients achieved good airway
patency response at the conclusion of the procedures. The procedures were generally well-tolerated and only
one patient had significant bleeding that was not directly related to I'TAI and required intensive care unit
monitoring for 24 hours after the procedure.

Conclusions: Dehydrated alcohol is readily available, inexpensive and a safe drug that can be potentally
injected directly in malignant airway obstructive lesions in a multimodality approach to achieve airway
patency when traditional modalities reach their limitation. Further studies are warranted to determine whether
ITAT is superior to other interventional methods, explore its utilization to treat peripheral malignant tumors,
as well as to standardize the treatment protocol and determine the effects of ITAI on patient symptoms and
quality of life.
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Introduction

Malignant airway obstruction complicates one third of
primary lung cancers and can develop in other malignancies
metastatic to the thorax either on the initial presentation
or subsequently arising later in the disease process (1).
It can cause a significant burden of symptoms including
cough, dyspnea, hemoptysis, and can be complicated by
sepsis secondary to post-obstructive pneumonia which can
eventually lead to death if untreated (2). When dealing
with malignant airway obstruction, one treatment goal is
to establish a patent airway, while allowing for additional
systemic cancer therapies to be administered, hence
improving symptoms, functional status, quality of life and
potentially survival rate.

Systemic therapies for lung cancer such as radiation and
chemotherapy can be effective in treating central airway
obstruction but can take several days to weeks to achieve
effective tumor shrinkage (3-6). Local bronchoscopic
interventions can rapidly palliate symptoms, but the effects
are usually short lived (6). Rapid results are usually achieved
using different bronchoscopic modalities of debulking
which can be challenging in some cases with prolonged
procedures durations (1,7).

Alcohol embolization has been used to treat non-
resectable hepatocellular carcinomas (HCC) since the
early 1980s (8,9). It has also been used to treat renal
tumors (10) and arteriovenous malformations (11). Ethyl
alcohol has been extensively used as a successful sclerosing
agent for interventional therapy of many disorders,
including malignancies such as intraabdominal tumors and
endocrine system tumors (10,12-15). It is easily accessible,
biocompatible, and relatively non-toxic if carefully used (14).

The authors at the University of Florida (UF) have
been using intra-tumoral alcohol injection (ITAI) to help
relieve malignant central airway obstruction and reduce
the duration of the debulking procedures. Our rationale to
use the medication bronchoscopically was based on prior
experience and studies in renal and HCC and although
direct comparisons cannot be made between sites, we
based our use on the fact that it is been safely injected
intratumorally in the past. Dose of 3-5 mls was chosen
based on experience from prior studies for ablation of HCC
and lower end of spectrum was chosen. In this study, we
sought to present our experience with this novel modality.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-20-3554).
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Methods

We conducted a retrospective cohort study of adult
patients presenting with malignant airway obstruction
who underwent bronchoscopy with I'TAI at the UF Health
System, Gainesville, Florida between April 2015 and
January 2020. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). We
received approval for the study from the UF Institutional
Review Board (protocol no. IRB202001086). All patients
signed informed consent before the procedure.

Study objectives

The primary objective of this study was to describe the
efficacy of I'TAI when used with other local bronchoscopic
interventions to achieve airway patency. A secondary
objective of the study was to report the safety of ITAI and
any secondary complications.

Procedure description

All procedures were performed by the interventional
pulmonologists (n=2) at our institute in the bronchoscopy
suite with an interventional pulmonary fellow in training.
Each case was done independently by one interventional
pulmonologist. All procedures were performed under
moderate sedation in spontaneously breathing patients
using a T'180 flexible bronchoscope (Olympus) with a 3 mm
working channel. Medications used for sedation included
fentanyl [125 mcg, interquartile range (IQR) 100-150] or
meperidine (75 mg, IQR 50-75) plus midazolam (5 mg,
IQR 4-7); propofol was used in one patient. We used 98%
dehydrated alcohol, at a dose of 3-5 mL per patient. ITAI
was considered by the interventional pulmonologist during
the initial therapeutic bronchoscopy for tumor debulking
if conventional bronchoscopy and ablation modalities
[i.e., argon plasma coagulation (APC), forceps debulking,
and/or CoreCath™ 2.7S electrosurgical device] did not
achieve airway patency either due to disease being too
bulky or due to extensive mucosal infiltration or if bleeding
from debulking was too extensive and precluded further
tumor debulking. All patients who got an initial dose of
ITAI underwent a follow up bronchoscopy for further
debulking and clearance of airway slough in 2-7 days after
initial bronchoscopy unless patient and family decided to
pursue comfort measures only and not to have any further
interventions. The degree of bronchial narrowing was
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visually estimated at the beginning of the first procedure
and at the conclusion of the last procedure. The achieved
airway patency was qualitatively calculated as percent in
reduction in airway obstruction [(original obstruction-
residual obstruction)/original obstruction x100%] at the
end of the final bronchoscopy as assessed visually. We
classified patients based on response into those with good
response (=50%) and those with low response (<50%). We
were unable to classify patients who did not have repeat
bronchoscopy. I'TAI was administered in addition to other
therapies as indicated. All patients signed informed consent
before the procedure.

The target tumor was visualized bronchoscopically
and I'TAI was injected using a flexible 19/21/22-gauge
Wang needle as per the bronchoscopists’ discretion. The
alcohol volume and number of passes were based on the
bronchoscopist’s discretion and the size of the tumor. All
patients had one or at most two injections intratumorally.
The volume ranged from 3-5 mL (total, regardless of
number of injections performed) injected with fanning
technique to disperse the alcohol throughout the lesion.
Some patients required subsequent injections in repeat
bronchoscopies.

"The bronchoscopist decided whether to use APC, balloon
dilation, mechanical debulking, and/or endobronchial stent
placement based on the anatomic variation and the nature
of the obstruction. We used APC to help with bleeding
control and as ablative therapy using 40 watts of pulse
energy and pulse duration set at 0.6 second. We also used
forceps and the bronchoscope for mechanical debulking as
well as an electrocautery snare for tumor resection in some
cases. I'TAI was used at the end of the debulking procedures.
We never used APC post ITAI during the same procedure

to avoid risk of airway fire.

Data abstraction and analysis

We manually reviewed patients’ charts and collected
data about demographics, tumor histopathology, cancer
stage, tumor location, technical interventional pulmonary
procedural details, concurrent systemic therapy, Eastern
Cooperative Oncology Group (ECOQG) performance status
and survival data. Estimation of the degree of obstruction
were made by a single interventional pulmonologist.
All patients had a >80% endobronchial occlusion at the
beginning of the first procedure.

We summarized the distribution of baseline
characteristics and outcomes as percentages for categorical
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variables and medians with IQR for continuous variables.
We compared between patients with good response and
those with low response. We used the Mann-Whitney U
test for continuous variables and Chi-square or Fisher’s
exact test as appropriate for categorical variables. All data
analyses were done using IBM SPSS Statistics for Windows,
Version 23.0 (released 2015, IBM Corp., Armonk, NY,
USA). We elaborated further about the details of selected
cases and provided selected bronchoscopic pictures.

Results
Clinical characteristics

Our initial query of the interventional bronchoscopy cases
in the study period included 245 tumor debulking cases.
Of those, 42 patients (17.1%) underwent I'TAI during
their procedure. Patients who underwent I'TAI for tumor
debulking were generally middle-aged (65.5, IQR 57.8-
72 years), predominantly men (64.3%) and of Caucasian
ancestry (95%). The most common histopathology of the
debulked tumors was squamous cell carcinoma (52.4%)
followed by adenocarcinoma (21.4%), metastatic cancer
(14.3%), small cell carcinoma (7.1%) and carcinoid
tumor (4.8%). More than half of the patients had stage
IV malignancy at the time of the bronchoscopy (57.1%).
Most of the patients had ECOG performance status score
of either ECOG 2 (40.5%) or ECOG 3 (38.1%). The
obstruction was most commonly located in the left main
stem (38.1%) followed by right main stem/bronchus
intermedius (35.7%) (Table 1).

Procedure characteristics

Sixty-nine percent of the patients underwent two
bronchoscopies and 12% had three bronchoscopies. The
median duration of the initial debulking bronchoscopy
was 37 minutes (IQR 28-48 minutes) and the subsequent
procedure durations were 31 minutes IQR 25-38.3 minutes).
The median duration between the first and last procedure
was 4 days (IQR 3-6 days). Around 90% of the patients
underwent APC with mechanical debulking; six patients
(14%) had a stent placed and one patient (2.4%) had
balloon dilatation. The procedures were generally well-
tolerated and only one patient had significant bleeding
that required fluid resuscitation and intensive care unit
monitoring for 24 hours after the procedure. This bleeding
episode was in the subsequent bronchoscopy and I'TAI
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Table 1 Baseline demographics and procedural characteristics of
patients with obstructing endobronchial tumors who underwent
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Table 1 (continued)

TTAI Variable Value
Variable Value Subsequent injections in repeat procedures (%) 7(16.7)
Total number of patients 42 Additional bronchoscopic therapeutic interventions
Age, years [IQ range] 65.5[57.8-72] (%)
Women (%) 15 (35.7) APC (including corecath) 38 (90.5)
White (%) 40 (95.0) Mechanical debulking (including snare) 37 (88.1)
Histopathology (%) Stent placement 6 (14.3)
Squamous cell carcinoma 22 (52.4) Balloon dilation 1@4)
Adenocarcinoma 9(21.4) Cisplatin injection 3(72)
Metastatic cancer 6(14.3) None 160
Small cell carcinoma 3(7.1) Complications in any procedure (%)
Carcinoid 24.8) :\r/\lt”;\,beliﬁglr:;g (spontaneous resolution without 2(4.8)
Cancer stage Severe bleeding (required fluid resuscitation) 1(2.4)
Stage 1 2(4.8) Airway obstruction response to
Stage 2 2 (4.8) interventions (%)
Stage 3 13 (28.6) Good response (=50% response) 29 (83.0)
Stage 4 24 (57.1) Low response (<50% response) 6(17.0)
Not available 2 (4.8) 6-month mortality (%) 21 (55.3)
ECOG performance status (%) T, 8 patients (19%) opted to follow hospice care only and did
not have repeat bronchoscopy to assess response. ITAl, intra-
ECOG 4.5 tumoral alcohol injection; ECOG, Eastern Cooperative Oncology
ECOG 2 17 (40.5) Group; APC, argon plasma coagulation; I1Q, interquartile.
ECOG 3 16 (38.1)
ECOG 4 3(7.1) was not used in that procedure. No other complications
Not available 2(4.8) were reported. Twenty-one patients (55.3%) were dead at
Location (%) 6-month follow up (Table I).
Left main stem 16 (38.1)
Right main stem/bronchus intermedius 15 (35.7) Treatment response
Left upper lobe 6(14.2) Alcohol injection made it easier to debulk the tumor on
Right middle lobe 2(4.8) subsequent procedures as subjectively measured by the
Trachea 124 interventional pulmonologists performing the procedure.
Of the patients that underwent repeat bronchoscopy to
Left lower lobe 124 evaluate airway patency response (34 patients), 28 patients
Right lower lobe 1(24) (82%) had a good airway patency response (>50% response)
Duration of initial procedure, minutes [IQ range] 37 [28-48] at the conclusion of the last procedure. Of the six patients
Duration of subsequent procedures, minutes [IQ 31 [25-38.3] classified to have a low response, three patients had
range] airway patency response between 25-50%. Eight patients
Days between first and last procedure [IQ range] 4 [3-6] underwent ITAI in the first bronchoscopy but did not have

Table 1 (continued)
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a repeat procedure to evaluate response as the patient and/
or family opted to pursue comfort measures and not to have
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any further interventions.

Patients with good response were more likely to be
of Caucasian ancestry when compared to those with low
response (100% vs. 67%, P=0.027). There were no other
differences in demographics between the two groups.
Additionally, patients with good response were less likely to
have lung adenocarcinoma on histopathologic examination
(18% ws. 67%, P=0.031) with no other differences noted in
histopathology, cancer staging, ECOG performance score,
additional bronchoscopic interventions, or concurrent
systemic therapies administered (Table 2).

Selected cases

Patient 1

A 50-year-old woman was diagnosed with advanced right
upper lobe adenocarcinoma. She underwent concurrent
chemoradiation. Unfortunately, she progressed and
presented with cough, hemoptysis, and worsening dyspnea.
Initial bronchoscopy (Figure 1A4) showed complete right
main bronchus obstruction. Alcohol was injected at the
end of the first intervention. Repeat bronchoscopy two
days later showed significant tissue necrosis with pseudo-
membrane formation (Figure 1B). Tumor debulking was
performed and airway patency was successfully achieved
at the end of the second procedure (Figure 1C) with no
complications.

Patient 2

A 66-year-old man presented with cough, sputum,
hemoptysis and post-obstructive pneumonia. Initial
bronchoscopy (Figure 24) showed complete right main
stem bronchus obstruction secondary to squamous cell
carcinoma. I'TAI was performed at the conclusion of the
first procedure. Repeat bronchoscopy two days later again
showed pseudo-membrane formation with tissue necrosis
(Figure 2B). He successfully underwent tumor debulking
with airway stent placement (Figure 2C).

Discussion

In this report, we demonstrated that endobronchial I'TAI
can be used as an adjunct debulking modality to help relieve
malignant central airway obstruction. We managed to
successfully achieve airway patency in the majority of our
patients. Endobronchial I'TAI was used when conventional
debulking methods were deemed insufficient to attain
good results and significant airway obstruction remained

© Journal of Thoracic Disease. All rights reserved.

following the usual bronchoscopic techniques to achieve
airway patency. I'TAI had a good safety profile with no
major complications reported.

Different bronchoscopic debulking modalities can be
used to achieve airway patency. These include mechanical
debulking and heat modalities such as neodymium-doped
yttrium aluminum garnet (YAG) laser, APC, electrocautery
and cryosurgery. Photodynamic therapy (PDT) can also
be used. The choice of therapy is typically dictated by
the patient’s stability, tumor characteristics, technology
availability, clinical expertise, and physician preference (16).
Sometimes, a large tumor burden and bleeding tendency
makes it difficult to debulk the tumor and relieve the
obstruction despite exhaustive multimodality approaches.
Also, some of these patients with central airway obstruction
may not be able to tolerate a prolonged procedure due to
underlying co-morbidities.

The use of alcohol injection was first introduced
in 1983 in the context of HCC by Ebara et 4l. and has
been used since then with a good safety profile over the
years (17). Pure alcohol, when injected directly in the
tumor, can induce tumor cell necrosis (9). Furthermore,
alcohol can cause microcirculatory embolization inducing
direct protein denaturing, platelet aggregation, and
vascular endothelial cells dehydration which can inhibit
the tumor growth and decrease the blood supply to the
injected area (18,19). Trans-arterial alcohol injection has
also been described for the treatment of HCC causing
complete infarction of the tumor tissue with good results (9).
Additionally, pure alcohol is a well-known sclerosing agent
causing complete blood vessel thrombosis when injected
to treat vascular malformations, esophageal varices and
vascular renal tumors (10,11). Our idea of visually injecting
dehydrated alcohol in endobronchial tumors was inspired
by these reports and we were able to directly visualize the
tissue necrosis induced by alcohol injection.

In our experience, we have opted to use I'TAI in difficult
cases with large tumor burden to ease the debulking
process, during debulking cases which lead to bleeding
significant enough to obscure the bronchoscopic image
requiring repeated cleaning, and insufficient airway patency
following the usual airway interventions. We typically inject
the alcohol at the end of the first debulking procedure.
In subsequent procedures, we notice significant tumor
necrosis and pseudo-membrane formation, which makes
it easier to excise the tumor and achieve airway patency.
Much of the necrotic tissue can be removed via regular
suctioning and use of forceps. Additionally, we have noticed
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Table 2 Response to endobronchial intra-tumor alcohol injection based on demographics, tumor type, concurrent systemic therapy, procedural

features and additional airway maneuvers*!

Variable Good response (n=28) Low response (n=6) P value

Demographics

Age, years [IQ] 64 [566-73] 67 [61-72] 0.382
Women, n (%) 12 (42.9) 1(16.7) 0.231
Race
White, n (%) 28 (100) 4 (66.7)
African Americans, n (%) 0 2(33.3) 0.027
Histopathology, n (%)
Squamous cell carcinoma 13 (46.4) 2(33.3) 0.452
Adenocarcinoma 5(17.9) 4 (66.7) 0.031
Metastatic cancer 5(17.9) 0 0.353
Carcinoid 2(7.1) 0 0.674
Small cell carcinoma 3(11.1) 0 0.536
Stage®
Stage 1 2(7.7) 0 0.655
Stage 2 2(7.7) 0 0.655
Stage 3 5(19.2) 3 (50.0) 0.148
Stage 4 17 (65.4) 3 (50.0) 0.399
ECOG performance status
1 4(14.8) 0
2 13 (48.1) 3(60.0) 0.777
3 9 (33.3) 2 (40.0)
4 1(3.7) 0
Repeat procedures alcohol injections (%) 7 (25.0) 0 0.220

Additional bronchoscopic interventions (%)

APC 27 (96.4) 4 (66.7) 0.074
Mechanical debulking 25 (89.3) 5(83.3) 0.559
Stent placement 5(17.9) 0 0.353
Cisplatin injection 3(10.7) 0 0.547
Balloon dilation 1(3.6) 0 0.824

Concurrent systemic therapy'

Chemotherapy 18 (69.2) 4 (80.0) 0.542
Immune therapy 6 (23.1) 2 (40.0) 0.385
Radiation therapy 13 (50.0) 2 (40.0) 0.532
None 5(19.2) 1(20.0) 0.687
6-month mortality (%) 9(32.1) 5(83.3) 0.021

*, good response defined if >50% airway patency restoration was achieved, low response if <50% airway patency was achieved; ,
medians and IQ ranges are presented for continuous variables; $, data regarding staging was missing for two patients from the good
response group; ', data regarding concurrent systemic therapy was missing for two patients from the good response group and one
patient from the low response group. APC, argon plasma coagulation; ECOG, Eastern Cooperative Oncology Group; IQ, interquartile.

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2021;13(8):4956-4964 | https://dx.doi.org/10.21037/jtd-20-3554



4962 Jantz et al. Bronchoscopic alcohol injection for malignant airway obstruction

Figure 1 Bronchoscopy images of a 50-year-old woman with malignant complete right bronchus obstruction before and after tumor
debulking while using alcohol injection. (A) Initial bronchoscopic image of a 50-year-old woman with lung adenocarcinoma showing
complete right bronchus obstruction; (B) tissue necrosis and pseudo-membrane formation noted on repeat bronchoscopy two days after

intra-tumor-alcohol-injection; (C) airway patency was successfully achieved at the conclusion of the second debulking bronchoscopy.

Figure 2 Bronchoscopy images of a 66-year-old man with malignant complete right main stem occlusion before and after tumor debulking

using alcohol injection and airway stent placement. (A) Initial bronchoscopic image of a 66-year-old man with lung squamous cell carcinoma
showing complete right main stem occlusion; (B) bronchoscopic view of the tumor two days after intra-tumor-alcohol-injection showing

significant necrosis and pseudo-membrane formation; (C) bronchoscopic picture showing successful achievement of airway patency and

airway stent placement.

decreased bleeding tendency after I'TAI. Furthermore,
ITAI is inexpensive and does not significantly increase
the length of the procedure and can potentially decrease
the overall duration of the staged subsequent procedure.
However, in our cohort, the airway patency achieved cannot
be solely attributed to I'TAI alone as it was used as part of a
multimodality approach and, as such, is a limitation to our
study. Achieving airway patency has been shown in previous
studies to be associated with better survival and quality
of life (6,20,21). This survival and quality of life benefit
reported in previous studies from achieving airway patency

© Journal of Thoracic Disease. All rights reserved.

might be attributed to the potential clinical improvement
that would act as a bridge to allow receiving more systemic
therapies sessions such as chemotherapy or radiation
therapy (22). Additionally, relieving the obstruction might
help the treatment of any post-obstructive pneumoniae and
resulting sepsis.

"To our knowledge, this is the first report to describe the
use of dehydrated alcohol injection in debulking of central
airway tumors. This report provides a descriptive data of
a novel procedure that can be potentially used in difficult
airway obstruction cases. In our experience as mentioned
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above, one of the major advantages of using endobronchial
ITAI is the ability to achieve significant airway patency,
which probably could not have been achieved using
conventional tumor ablation and debulking modalities due
to tumor bulk, extent of mucosal infiltration, or bleeding
of the tumor. We performed endobronchial ITAI only in
those patients where all conventional options including but
not limited to ablative therapies, debulking, and stenting
modalities were exhausted or thought to be not feasible. In
some patients (n=5), endobronchial stent placement was
achieved at the conclusion of debulking procedures with
the aid of ITAI. Another advantage of endobronchial I'TAI
includes decreased procedural duration on subsequent
procedures as it helps with debulking and bleeding. ITAI,
however, does require follow-up bronchoscopy to achieve
maximal airway patency. Potential side effects from I'TAI
might include airway fire, airway perforation or fistula
formation if appropriate measures are not taken especially if
larger doses were used or if used in combination with heat
(alcohol therapy followed by APC or electrocautery). In our
study, I'TAI was well-tolerated with minimal adverse events.

We acknowledge several limitations. First, our report
was a retrospective chart review study, which can be
limited by the adequacy of documentation in medical
records. Unfortunately, data regarding the post procedural
performance status and quality of life was lacking. Second,
this is a single center study with a relatively small sample
size; hence, the generalizability of our results may be
limited. Third, it is difficult to quantify the exact impact of
ITAI alone on relieving airway obstruction as it was used
in a multimodality approach. It also adds an additional
procedure to fragile patients with advanced cancers.
However, at the discretion of the bronchoscopist in our
cohort, many of these patients would have been left with
significant airway obstruction if we only used conventional
modalities. It would be ideal to perform a randomized trial
of bronchoscopic intervention with and without I'TAI,
however, randomized trials in these patient populations
are hard to perform. We acknowledge that our division of
quantifying airway obstruction method, by visual inspection
is inconsistent with the potential for error both in over and
underestimating and lacks any type of uniform standard.
Tissue necrosis following I'TAI cannot be fully attributed
to alcohol as other ablative modalities can cause similar
changes.

Further studies are warranted to determine whether
I'TAI is superior to other interventional methods, especially
regarding duration of response, as well as to standardize the

© Journal of Thoracic Disease. All rights reserved.

4963

treatment protocol and determine the effects of I'TAI on
patient symptoms and quality of life. Intra-tumoral alcohol
may possibly be able to be used to treat peripheral tumors,
potentially in combination with stereotactic radiation. This
application should also be studied in future trials.

Conclusions

Dehydrated alcohol is readily available, inexpensive and a
safe drug that can be potentially added to the interventional
pulmonologists’ armamentarium. I'TAI can induce tumor
necrosis and pseudo-membrane formation that can ease the
tumor debulking process. It has a good safety profile and
can be used in a multimodality approach to achieve airway
patency when traditional modalities fail or reach their
limitation.
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