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Abstract

Background The development of central airway obstruc-
tion during malignant diseases is an important cause of mor-
bidity and mortality. Endobronchial therapies can decrease
the patient’s symptoms and improve quality of life. Here,
we compare airway recanalization methods: argon plasma
coagulation with mechanical tumor resection (APC +MTR)
and cryorecanalization (CR efficiency, complications, reste-
nosis rate, and time to restenosis) in patients with malignant
exophytic endobronchial airway obstruction.

Methods A total of 89 patients were included who were
admitted to our hospital between 2005 and 2012. The data
were analyzed retrospectively. Initially, a CR procedure was
performed in 52 patients using rigid bronchoscopy under
general anesthesia; the APC+ MTR procedure was per-
formed in 37 patients with malignant airway obstruction.
Results The airway patency rate with APC+MTR was
97.3% (n=36) and CR was 80.8% (n=42). The APC+MTR
procedure was more effective than CR for recanalization
of malignant endobronchial exophytic airway obstruction.
Additionally, the achievement rate of airway patency with
APC+MTR was significantly higher in tumors with distal
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bronchial involvement. There was no statistically significant
difference between groups in terms of complications, reste-
nosis rate, and time to restenosis.

Conclusions The APC+MTR procedure is preferred over
CR to introduce and maintain airway patency in patients
with malignancy-related endobronchial exophytic airway
obstruction.
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Malignant airway obstruction presents with dyspnea, cough,
hemoptysis, and atelectasis. It may lead to symptoms such as
post-obstructive pneumonia and, thus, results in an increase
in morbidity and mortality [1, 2]. Lung cancer is the most
frequent cause of malignant airway obstruction, and 20-30%
of patients exhibit significant symptoms associated with air-
way obstruction, usually due to local progression of disease.
Unfortunately, 40% of these patients may not survive [3, 4].
Treatment of these symptoms with endobronchial methods
is now recommended in the current guidelines [5].

Recently, various endobronchial therapy techniques have
emerged for malignant airway obstruction, and these can be
performed via a flexible or rigid bronchoscopy [6]. Cryo-
therapy was developed as an alternative utilization of the
cryoprobe. It is now an established and rapid recanalization
method that destroys tissues with high liquid contents (like
tumor cells) by applying extreme cold to create adhesion
(cryoadhesion) to the freezing source [7].

Argon plasma coagulation (APC) is an alternative non-
contact electrocoagulation technique in which high-fre-
quency current is delivered into the tissue through ionized
argon gas to create plasma that thermally destroys tissue
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[8, 9]. In recent years, mechanical tumor resection with the
cutting edge of a rigid bronchoscope after coagulation of the
lesion by APC optimizes safety and offers a more efficient
method to maintain airway patency [10, 11].

Here, we compare the airway recanalization methods
including argon plasma coagulation with mechanical tumor
resection (APC + MTR) and cryorecanalization (CR). We
report the efficiency, complications, restenosis rate, and time
to restenosis in patients with malignant exophytic endobron-
chial airway obstruction.

Materials and methods

We enrolled patients with symptomatic airway obstruc-
tion due to lung cancer who were admitted to our hospital
between 2005 and 2012. The CR was initially performed in
52 patients between 2005 and 2011 using a rigid bronchos-
copy followed by the APC +MTR procedure in 37 subjects
in 2012. Until the establishment of interventional pulmonol-
ogy clinic in 2012, these procedures were being performed
only via the chest disease clinic between 2005 and 2011 so
there are marked differences between case numbers per year.

A total number of 89 patients were analyzed retrospec-
tively. Both groups had similar preoperative characteristics
(Table 1).

The exclusion criteria included interventional operations
performed via fiber optic bronchoscopy techniques during
the same time period, other interventional operations due
to malignancies (cryotherapy, APC, stent, intervention to
hemoptysis), and interventions for benign lesions. We also
excluded participants with major vascular invasion or exter-
nal tumor compression in preoperative computed tomogra-
phy, coagulation problems, or low platelet count, as well as
pregnant subjects, those under the age of 18, and those who
did not sign the informed consent.

Patients were taken to the operating room after the seda-
tive pre-medication. General anesthesia was given via total
intravenous anesthesia technique. Electrocardiogram, inva-
sive arterial blood pressure, oxygen saturation, and arterial
blood gases were monitored throughout the process. Patients
were breathed with a high-frequency jet ventilation con-
nected to a rigid bronchoscope via an adapter (Acutronic
Medical Systems, Mistral Universal Jet Ventilator, Hirzel,
Switzerland).

The patients were intubated with rigid scopes (“Hemer”
scope, 43 cm length and 9.5 mm diameter or 35 cm length
and 12 mm diameter, Richard Wolf Medical Instruments
Corporation, Illinois, USA). CR used a rigid cryoprobe
(53 cm length, 3 mm diameter, ERBE, Medizintechnik,
GmbH, Tiibingen, Germany) that was passed through the
rigid bronchoscope.
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Table 1 Demographics of patients before interventional procedures

APC+MTR CR p value
(n=37) (n=52)

Age (year) 60.4+9.2 58.6+10.2 0.388
Gender 0.754

Male 33 (89.2%) 44 (84.6%)

Female 4(10.8%) 8 (15.4%)
Pathology

SCLC 36 (97.3%) 50 (96.2%)

Atypical carcinoid 1(2.7%) -

Cervix Ca - 1(1.9%)

Small cell Ca - 1(1.9%)
Stage 0.941

3B 18 (48.6%) 26 (50.0%)

4 18 (48.6%) 24 (46.2%)

Own stage 1(2.7%) 2 (3.8%)
Before intervention CT 14 (37.8%) 24 (46.2%) 0.434
Before intervention RT 7 (18.9%) 12 (23.1%) 0.637
Before intervention CT or RT 14 (37.8%) 24 (46.2%) 0.434
Presence of total atelectasis 16 (43.2%) 24 (46.2%) 0.786
Intervention week 25.5(1-192) 7 (0-144)  0.068

SCLC small cell lung cancer, CT chemotherapy, RT radiotherapy,
APC+MTR argon plasma coagulation +mechanical tumor resection,
CR cryorecanalization

The tip of the cryoprobe touched or was embedded in
the tumor. A foot pedal activated the freezing, and tumor
tissue adhered to probe via freezing was removed by the
cryoprobe (Fig. 1). During the APC-MTR procedure, a
rigid APC probe (50 cm length, 2.3 mm diameter, ERBE,
Medizintechnik, GmbH, Tiibingen, Germany) was pushed
through the rigid bronchoscopy lumen. All visible tumor
was coagulated with 60 W at 2 L/min flow rate and 3 s of
firing. The tumor was then extracted by cutting the edge of
the rigid bronchoscope or by snatching with rigid forceps.
The FiO, was decreased to below 40% during pyrexia in the
APC procedure (Fig. 2).

We terminated the operation due to bleeding or cardio-
vascular complications. Bleeding during the operation was
classified as mild, moderate, or severe bleedings as reported
in the literature [12]. There were no long-term complications
related to the procedure. All patients received the appropri-
ate chemotherapy and/or radiotherapy according to the stage
of their disease.

There was more than 50% ordinary diameter expansion
of the bronchus diameter with malignant airway obstruc-
tion and the presence of distal healthy bronchus; these were
accepted as procedure successes. Expansion below 50% and/
or failure to reach a healthy bronchial at the distal narrow-
ness were defined as failures [6, 10].

All patients were invited to the clinic to perform fiber-
optic bronchoscopy to assess restenosis after 6 weeks from
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Fig. 1 Images of cryorecanali-
zation procedure. A Complete
obstruction of ride main
bronchus. B Cryoextraction.

C Tumor on the cryoprobe
edge and rigid bronchoscope at
the back. D Complete airway
patency

the first operation. All patients were followed for possible
complications that may occur in the long term.

Statistical analysis

All data were analyzed with SPSS (Statistical Package for
the Social Sciences) software for Windows Version 11.5.
Individual and aggregate data were summarized using
descriptive statistics including mean, standard deviations,
medians (min—max), frequency distributions, and percent-
ages. The normality of data distribution was verified by
the Kolmogorov—Smirnov test. Variables were compared
with a normal distribution using Student’s ¢ test. For the
continuous variables that were not normally distributed,
the Mann—Whitney test was conducted to compare groups.
Evaluation of categorical variables used a Pearson’s Chi-
square test, Fisher’s exact test, and likelihood ratio test. A p
value of <0.05 was considered statistically significant.

This study was performed with Institutional Review
Board protocol approval date 27/06/2012 and number 98
from Kecioren Education and Research Hospital.

Results

The APC+MTR method achieved malignant airway patency
in 36 (97.3%) of 37 patients. The CR method achieved
patency in 42 (80.8%) of the 52 patients in our study. The
APC +MTR procedure was significantly superior to the CR

method (p=0.023). In addition, the achievement of airway
patency in the APC +MTR method was statistically higher
in tumors with distal bronchial involvement (p=0.017)
(Table 2).

Restenosis was not observed within the first 6 weeks after
successful interventions of maintaining airway patency in 31
(86.1%) of the 36 patients with the APC+ MTR method and
in 39 (92.9%) of the 42 patients with the CR method. Fur-
thermore, 6 (22.2%) restenosis cases occurred in still alive
27 patients with successful interventions of APC +MTR
method at a mean of 14 (3-71) weeks; 14 (35.0%) resteno-
sis cases occurred in still alive 40 patients with successful
CR interventions at a mean of 17 (2—112) weeks. There was
no statistically significant difference between APC + MTR
and CR methods regarding the restenosis rate and time to
restenosis (Table 3).

There was no statistically significant difference between
APC+MTR and CR methods in terms of incidence and
variety of the complications that result in termination of
the operation preoperatively (18.9% in APC+MTR method,
25.0% in CR method) (Table 4). Besides complications that
require terminating the operations, there was no failure of
patency in any APC +MTR cases. Frequency of moder-
ate bleeding due to APC-MTR was 10.8%, but it does not
affect the success of procedure. The CR method resulted in 5
patency failures including 1 case with severe bleeding (1%)
and 4 with moderate bleeding (9%). Due to bleeding, airway
patency procedure was resulted with failure and operation
was turned into stop bleeding. All patients survived in both
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Fig. 2 Images of argon plasma coagulation—mechanical tumor resection procedure. A Tumor lesion on main carina. B Argon plasma coagula-

tion. C Mechanical tumor resection. D Complete airway patency

groups. There were no long-term complications with both
techniques.

Discussion

Laser (L), electrocautery (EC), APC, cryotherapy (CT),
brachytherapy, photodynamic therapy, and stents are clas-
sic methods for intervention of malignant airway obstruction
[7]. In recent years, bronchoscopists have achieved more
accurate results with a combination of mechanical tumor
resection and hot techniques such as L, EC, and APC com-
pared to individual techniques [7, 10]. The success rate of
MTR alone ranges between 76 and 82% and that of APC
between 54 and 91%. Finally, the combination of MTR and
APC achieved a success rate of 96% in malignant airway
patency [10, 13, 14]. In several studies, we reported airway
patency success rates of 72-91% in the CR method, which is
new and relatively different from classic CT. In our study, we
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demonstrated that the APC + MTR procedure is significantly
superior to the CR method, which provides and maintains
airway patency in patients with malignant endobronchial
exophytic airway obstruction.

Another feature evaluated during these operations was the
impact of tumor extension from the narrow area to the distal
airways on procedure success. Distal bronchial involvement
significantly reduced the achievement of airway patency
in the CR method versus the APC +MTR method. There
was distal bronchial involvement in all operations termi-
nated with failure to achieve airway patency. In addition,
distal bronchial involvement did not affect the success of
the APC + MTR procedure. Moreover, the failure of air-
way patency observed in the CR method was comparable to
published studies [15]. We conclude that the APC + MTR
method is preferred to the CR method in tumors with pre-
operative distal bronchial involvement.

In a prospective randomized multicenter study, the rates
of maintaining airway patency for 6 weeks via the MTR,
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Table 2 Parameters which were evaluated during process and their
impact on success intervention

APC+MTR CR p value
(n=37) (n=52)

Method 0.023
Unsuccessful 1(2.7%) 10 (19.2%)
Successful 36 (97.3%) 42 (80.8%)

Presence of distal involvement 0.017
Unsuccessful 1(5.0%) 10 (34.5%)
Successful 19 (95.0%) 19 (65.5%)

Absence of distal involvement -
Unsuccessful - -

Successful 17 (100.0%) 23 (100.0%)

Complete obstruction 0.122
Unsuccessful 1(4.8%) 7 (22.6%)
Successful 20 (95.2%) 24 (77.4%)

Partial obstruction 0.243
Unsuccessful - 3 (14.3%)
Successful 16 (100.0%) 18 (85.7%)

APC+MTR argon plasma coagulation + mechanical tumor resection,
CR cryorecanalization

Table 3 Restenosis

APC+MTR CR p value
(n=27) (n=40)
Restenosis rate 6 (22.2%) 14 (35.0%) 0.262
Time to restenosis (weeks) 14 (3-71) 17 (2-112)  0.494

APC+MTR argon plasma coagulation +mechanical tumor resection,
CR Cryorecanalization

Table 4 Encountered complications that required the termination of
procedure

APC+MTR CR p value
(n=37) (n=52)

Complications 7 (18.9%) 13 (25.0%) 0.381
Massive bleeding - 1 (2.7%) 0.416
Moderate bleeding 4 (10.8%) 9 (17.3%) 0.392
Arrythmia 1 2.7%) 3(5.8%) 0.638
Hypertension 1(2.7%) - 0.416
Hypotension 1 2.7%) - 0.416

APC+MTR argon plasma coagulation +mechanical tumor resection,
CR cryorecanalization

APC, and APC + MTR methods were 0, 72, and 70%,
respectively. Restenosis occurred within the first 6 weeks in
most MTR patients [11]. Similarly, there was no statistically
significant difference between APC + MTR and CR accord-
ing to the rates of maintaining airway patency for 6 weeks
after successful procedures.

There were no statistically significant differences between
APC+MTR and CR according to the restenosis rate and
time to restenosis. Other studies suggested the restenosis
rates of 17.2-28% with the CR method [15, 16]. The reste-
nosis rate seen here is comparable to the literature.

The mean time to restenosis was 20 weeks (range 4—-104
weeks) from CR intervention to the detection of restenosis.
There were no statistically significant differences between
the APC+MTR and CR methods according to the time to
restenosis observed here [15]. The average benefit time was
2-3 months (8—12 weeks) from interventional bronchoscopy
in published data [17]. The average benefit time obtained
here was comparable to the published data when considering
the time to restenosis.

There was no statistically significant difference between
the APC +MTR and CR methods in terms of incidence and
variety of the complications that might cause termination
of the interventional procedure. Moderate bleeding compli-
cations in the APC or APC + MTR method have not been
reported in the literature before [10, 13]. Moderate bleed-
ing was not reported as a complication of APC+ MTR
operations because the same device was used for both the
APC+MTR procedure and to terminate moderate bleeding.
Moderate bleeding occurred in both methods and was easily
stopped via APC.

Moderate bleeding in the CR method was reported at
8-25% in the literature, which is comparable to our CR data.
Severe bleeding during CR has not been reported previously
[12, 15, 16]. In our study, severe bleeding was terminated
with double-lumen endotracheal intubation at 72 h. Blood
clots were cleaned with rigid bronchoscopy after two units
of erythrocyte suspension replacement and successful extu-
bation. Although it was not statistically significant, we sug-
gest that necessary measures should be taken for severe and
moderate bleeding during CR.

Despite being established for over 100 years, MTR
remains dangerous because of bleeding complications. APC
has a 100% success rate in terms of stopping bleeding origi-
nating from the visible side. Therefore, the combination of
these two procedures is a reliable and successful method to
rapidly open airways. Cryorecanalization is a mechanical
resection method. The probe diameter limits tumor removal.
Thus, it is a less reliable method to open airways.

The strongest point of our study is the comparison of two
new methods for malignant airway obstruction intervention.
Although there are numerous studies related to the utiliza-
tion of these methods, there are a limited number of compar-
ative studies in the literature. To the best of our knowledge,
this is the first study to compare the APC + MTR method to
the CR method.

Limitations of our study include the retrospective design
and the case numbers being not equal in the two groups at the
end of the study. In conclusion, the APC +MTR procedure
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is superior to the CR method to provide and maintain airway
patency for the intervention of malignant airway obstruction
and tumors with distal bronchial involvement. There was no
statistically significant difference between methods accord-
ing to the complications, restenosis rate, and time to reste-
nosis. Therefore, these findings suggest that the APC + MTR
procedure might be preferred to the CR method for airway
patency in patients with malignancy-related endobronchial
exophytic airway obstruction.
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