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Abstract: Objective: The aim of the current study was to investigate therapeutic effects of the triple combination
of argon plasma coagulation (APC), high-frequency radio-wave electrosurgery, and cryotherapy for treatment of
patients with tracheal stenosis. Methods: Eighty patients with tracheal stenosis were recruited for this study and
randomly assigned to the observation group (n=40) and control group (n=40), in accordance with a random digital
table. Patients in the observation group underwent APC, high-frequency radio-wave electrosurgery, and cryotherapy,
while those in the control group received high-frequency radio-wave electrosurgery alone. Patients in both groups
were observed regarding therapeutic effects, blood gas measures (before and after treatment), dyspnea severity,
and tracheal stenosis grading (before and after treatment), as well as postoperative complications. Results: After
treatment, analysis of the therapeutic effects of patients with tracheal stenosis demonstrated that the total effec-
tive rate of the observation group was higher than that of the control group (P<0.05). Greater increases in values
for PO, and Sa0, (P<0.05, P<0.001), along with greater decreases in the values for PCO, (P<0.05), were observed
in the observation group, compared to the control group. Differences were statistically significant. After treatment,
there were statistically significant differences in dyspnea classification and tracheal stenosis grading between the
observation group and control group (all P<0.05). Analysis of postoperative complications indicated that the rate
of postoperative complications was lower in the observation group than in the control group, with no statistical
differences (P>0.05). Conclusion: This triple combination of APC, high-frequency radio-wave electrosurgery, and
cryotherapy effectively resolved tracheal stenosis and improved pulmonary function. Moreover, it did not increase
postoperative complications in patients with tracheal stenosis. Therefore, this triple therapy method is worthy of
wide clinical application.
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Introduction Patients with tracheal stenosis frequently suf-
fer from compression by hyperplastic tissue at
the stenotic site. Therefore, surgical procedures

are recommended to remove the lesions,

Management of tracheal stenosis has always
been a challenge in clinical practice. With the

development of interventional technology and
clinical application of new techniques and
equipment, treatment of tracheal stenosis has
become increasingly safer [1]. Interventional
techniques include mechanical dilation, bron-
choscopy, balloon dilation, stent placement,
argon plasma coagulation (APC), high-frequen-
cy radio-wave electrosurgery, cryotherapy, and
endobronchial laser photo-resections [2-7].

resolve compression, and reduce relapse in
patients with tracheal stenosis. High-frequency
radio-wave electrosurgery is the best choice to
remove lesions in clinical practice and it is rec-
ommended in the guidance of interventional
therapy. However, it carries the risk of inducing
severe hemorrhaging [8-10]. APC, also known
as argon scalpel, can cleanse superficial lesions
and has a good effect of hemostasis. However,
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its thermal effects may bring damage to the
mucosa surrounding the lesions, resulting in
granuloma formation. Cryotherapy, with its
ultra-low temperature effects, can facilitate
surgical resections of the lesions and reduce
granuloma formation, resulting from the ther-
mal effects [11]. Hence, a combination of APC
and cryotherapy may be clinically applied to
remove tumor lesions, making full use of its
advantages of minimal invasion, simplicity,
effectiveness, and safety [12]. The triple com-
bination of APC, high-frequency radio-wave
electrosurgery, and cryotherapy is advanta-
geous in treating patients with tracheal
stenosis. Lesions can be rapidly removed by
means of APC and high-frequency radio-wave
electrosurgery, then the necrotic tissues are
frozen by cryotherapy after thermal ablation.
This is followed by resection of the frozen tis-
sues by APC, preventing bleeding. Frozen tis-
sues are prone to bleeding [13, 14]. However,
studies investigating the clinical triple combina-
tion of APC, high-frequency radio-wave electro-
surgery, and cryotherapy for treatment of tra-
cheal stenosis have been quite rare. Therefore,
the present study was designed to explore the
clinical efficacy of the triple surgery of APC,
high-frequency radio-wave electrosurgery, and
cryotherapy using a bronchoscope, compared
with high-frequency radio-wave electrosurgery
alone, for treatment of patients with tracheal
stenosis.

Materials and methods
General data

A total of 80 patients with tracheal stenosis,
admitted to the Department of Intervention in
The Second Affiliated Hospital of Guangxi
Medical University, from January 2016 to June
2019, were recruited for the current study. Of
the enrolled patients, 50 were male and 30
were female. They ranged in age from 18 to
72 years, with a mean age of 46.7+13.5 ye-
ars. The 80 patients were randomly assigned
to the observation group (n=40) or control
group (n=40), according to a random number
table. Patients in the observation group under-
went APC, in combination with high-frequency
radio-wave electrosurgery and cryotherapy
(triple surgery). Of these, 27 were male and
13 were female (mean, 46.2+13.0 years).
Patients in the control group (23 males and
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17 females, with a mean age of 47.2+14.2
years) received high-frequency radio-wave
electrosurgery alone. The present study was
approved by the Hospital Ethics Committee
and all patients provided written informed
consent.

Inclusion and exclusion criteria

Inclusion criteria: Patients were eligible for
enrollment in the study if they had tracheal ste-
nosis, as diagnosed by the criteria for tracheal
stenosis released by the American Thoracic
Society (ATS) and the European Respiratory
Society (ERS) in 2002; If they were unable to
undergo surgical resection, missed the oppor-
tunity for surgical treatment, or were unwilling
to receive surgical treatment due to benign or
malignant tracheal stenosis, for which the com-
mon etiological factors were tracheotomy, tra-
cheal intubation, bronchial tuberculosis and
tumors; Patients had dyspnea induced by
benign or malignant lesions in the trachea,
main bronchi, lobe or segmental bronchi, but
the distal trachea was unobstructed and the
distal lung tissue had normal function, indicat-
ing endoscopic interventional therapy; Patients
had expected good therapeutic effects using
endoscopic therapy or if they had complete
clinical data and cooperated in follow-up of the
study [15]. Exclusion criteria: Patients were
ineligible for enroliment if they were intolerant
to the relevant surgical operations due to
extremely poor general conditions; Patients
with severe disease in the heart and lungs;
Patients with abnormal coagulation with a sig-
nificant tendency to hemorrhaging; Patients
with concurrent distal obstructive pulmonary
dysfunction and were unable to participate in
follow-ups.

Methods

Patients in the control group received the
monotherapy of high-frequency radio-wave
electrosurgery. Protocol for surgery included
the following steps. Combined anesthesia was
induced in each patient by intravenous mid-
azolam injections at a dose of 0.05 to 0.10 mg
per kilogram of body weight (Jiangsu Nhwa
Pharmaceutical Co., Ltd., China) and sufentanil
citrate injection at a dose of 0.2 to 0.3 ug per
kilogram of body weight (Yichang Humanwell
Pharmaceutical Co., Ltd., China). This was fol-
lowed by local anesthesia with 20 mL of lido-
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caine hydrochloride (Tianjin KingYork Phar-
maceutical Co., Ltd., China), administered by
combining aerosolized inhalation and infusion
by bronchoscopic lung biopsies via a fiberoptic
bronchoscope (Olympus BF-1T260, Japan).
Under anesthesia, the patient was placed in
the supine position. Electrodes were pasted
on the right leg of the patient. The electrodes
were then confirmed if they were in good con-
tact with the skin of the body. They were con-
nected to a radiofrequency therapy device
(Jiangxi Liwei Medicine, TKR-300B) and a fiber-
optic bronchoscope was introduced and
advanced into the lesion site, aiming to remove
surrounding secretions. When removal of
the secretions was completed, the perfor-
mance was conducted gently to avoid lesion
bleeding. The electrodes for treatment were
selected according to the shape of the lesions
and the surrounding tissues. Subsequently,
the electrodes were inserted into the endo-
bronchial lumen through the biopsy port of the
fiberoptic bronchoscope and the columnar
electrode was protruded approximately 1-2 cm
away from the front end of the bronchoscope
and pushed to the surface of the lesion. The
mode of electrotomy (output mode: 30-35 w)
was adopted for common lesion tissues. The
mixed mode of electrotomy and electrocoagula-
tion (output mode: 35-45 w) was used for
cleansing the lesion tissues with richer blood
supply. The mode of electrocoagulation was uti-
lized for lesion tissues with significant bleeding.
After completion of electrocoagulation and
electrotomy, the presence or absence of active
bleeding was confirmed. If bleeding symptoms
occurred, 1U of hemocoagulase agkistrodon
(Beijing Konruns Pharmaceutical Co., Ltd.,
China) was locally and extensively applied to
stop bleeding. If stenosis was still present after
high-frequency radio-wave electrosurgery, bal-
loon dilation (Boston Scientific, USA) was per-
formed. The necrotic tissue was cleansed using
a fiberoptic bronchoscope three to five days
after surgery.

In contrast, patients in the observation group
were treated with APC in combination with high-
frequency radio-wave electrosurgery and cryo-
therapy. The protocol for the triple surgery cov-
ered the following steps. Anesthesia was
induced in the same manner as described
above for patients in the control group. Under
anesthesia, a patient was placed in the supine
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position and electrodes were pasted on the
right leg of the patient. Next, the electrodes
were confirmed if they were in good contact
with the skin of the body. APC and radiofre-
quency therapy devices (ERBE Elektromedizin
GmbH, Germany) were connected. An APC noz-
zle (ERBE Elektromedizin GmbH, Germany,
ERBE VIO200S) was inserted into the endo-
bronchial lumen through the biopsy port of the
fiberoptic bronchoscope. The nozzle was pro-
truded approximately 1 to 2 cm away from the
front end of the bronchoscope and pushed to
0.5 cm away from the lesion surface. APC (out-
put power of 30-50 w and argon flow at 0.8-1.6
I/min) was performed to manage the lesions for
approximately 1 to 2 seconds once, until the
color of the surface lesions turned white to yel-
lowish or burnt black. If there were bleeding
symptoms, extensive application of hemocoag-
ulase agkistrodon (1U) was locally used for
hemostasis. The lesion was removed using the
radiofrequency therapy device and electrotomy
and electrocoagulation were performed in the
same manner as for the patients in the control
group. Subsequently, cryotherapy was conduct-
ed.Acryoprobe (ERBE ERBOKRYO CA, Germany)
was introduced through the biopsy port of the
fiberoptic bronchoscope and inserted in the
center of the tumor where freezing points were
set. More than one freezing point could be set if
the tumor was quite large. The freezing temper-
ature was set at -50 to -70°C and the freezing
duration 30 to 120 seconds. The tumor mass
was removed by high-frequency radio-wave
electrosurgery and APC before the tissue was
completely cleansed after freezing. If there was
still stenosis, dilation balloon was performed.
At 3 to 5 days after the operation, clearance of
the necrotic tissue was conducted via the fiber-
optic bronchoscope.

Outcome measures

At 1 month after treatment, patients in both
groups were assessed for therapeutic effects
of stenosis with the use of bronchoscopy [16]. A
patient was cured if the lesion was generally
cleansed and the trachea showed normal func-
tion after treatment. Treatment was significant-
ly effective if more than 50% of tracheal steno-
sis was opened and the trachea showed largely
normal function after treatment. Treatment
was effective if less than 50% of tracheal ste-
nosis was opened and the trachea kept largely

Int J Clin Exp Med 2020;:13(5):3393-3401



Triple therapy for tracheal stenosis

Table 1. Comparison of general data between the two groups

Observation
Iltem

group (n=40) group (n=40)

Control

46.2413.0
27/13

Age (years)

Sex (male/female)

Disease location
Weasand 5 (12.50%)

13 (32.50%)

22 (55.00%)

Left principal bronchus

Right principal bronchus
Pathogenesis

Trachea cannula

Tracheotomy

Endobronchial tuberculosis

6 (15.00%)
10 (25.00%)
16 (40.00%)

Malignant tumor 8 (20.00%)
BMI (kg/m?) 24.71+3.76
Complicating disease

Hyperlipidemia (yes/no) 16/24

Hypertension (yes/no) 21/19

Coronary heart disease (yes/no) 8/32

Obesity (yes/no) 11/29

Type 2 diabetes mellitus (yes/no) 15/25

was described by Gra-
des | to V: Grade | (tra-

X/t P cheal stenosis < 25%);

472142 0329 o743  Gradell(tracheal steno-

23/17  0.853 0.365 (St's °L26|'50(f’); Grade "]'c

racheal stenosis o

6 (15.00%) 0.223 0.894 51-75%); GraQe IV (tra-

) cheal stenosis of 76-

14 (35.00%) 90%); and Grade V (tra-

20 (50.00%) cheal stenosis of 91-

0.221 0.921 100%), with higher gra-

7 (17.50%) des indicating more se-

9 (22.50%) vere dyspnea and tra-
15 (37.50%) cheal stenosis.

9 (22.50%) _ _

24.59+4.28 0110 0.913  atents in both groups

were observed for post-

operative complications

18/22 0.205 0.651 at 1 month after treat-

19/21 0.200 0.655 ment. Postoperative co-

7/33 0.082 0.775 mplications included ir-

12/28 0.061 0.805 ritant dry cough, hemop-

17/23 0.208 0.648 tysis, sputum retention,

Note: BMI, Body mass index.

normal function after treatment. Treatment
was ineffective if the lesion was not cleansed
and tracheal stenosis was not improved. The
total effective rate was calculated as follows:
Total effective rate = Number of cases of (Cured
+ Significantly effective + effective)/Number of
total cases * 100%.

Arterial blood gas measures, including arterial
partial pressure of oxygen (PO,), arterial partial
pressure of CO, (PCO,), and arterial oxygen sat-
uration (Sa0,), were analyzed in the patients
before treatment and 1 month after treatment.
Gas analysis was performed using an i-stat
300 portable blood gas-analyzer (Abbott
Laboratories, USA).

Dyspnea classification and airway obstruction
grading of patients were carried out before
treatment and 1 month after treatment [17].
Severity of dyspnea was classified by Levels O
to 4: Level O, a patient breathed normally; Level
1, the patient showed tachypnea when walking
fast; Level 2, the patient had tachypnea when
walking at a normal speed; Level 3, the patient
stopped walking due to presence of dyspnea at
a normal walking speed; and Level 4, the
patient showed tachypnea when doing light
physical activity. Severity of tracheal stenosis
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infections, restenosis,

and fistula formation.

Statistical analysis

Data analysis was performed using SPSS sta-
tistical software, version 17.0.

Continuous variables are represented by stan-
dard deviation (X + sd). Continuous variables
with normal distribution and homogeneity of
variance were measured with the use of t-tests.
Intragroup comparisons were made using pair-
ed samples t-tests before and after treatment.
Moreover, intergroup comparisons were con-
ducted using independent sample t-tests, ex-
pressed as t. Continuous variables that showed
no normal distribution nor homogeneity of vari-
ance were assessed using rank sum tests,
expressed by Z. Count data were detected with
the use of Pearson’s Chi-square tests. P-values
<0.05 indicate statistical significance.

Results

Comparison of general data between the ob-
servation and control group

There were no significant differences in age,
sex, disease site, etiology, body mass index
(BMI), and complications between the observa-
tion group and control group (all P>0.05, Table
1).
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Table 2. Comparison of therapeutic effects of patients with tracheal stenosis between the two groups

Group Cured  Significantly effective  Effective  Ineffective  Total effective rate (%)
Observation group (n=40) 8 (20.00) 16 (40.00) 13(32.50) 3 (7.50) 92.50
Control group (n=40) 3(7.50) 6 (15.00) 21 (52.50) 10 (25.00) 75.00
X2 12.470 4.501
P 0.006 0.034

Figure 1. A 64-year-old male patient admitted to the ICU for endotracheal intubation due to respiratory failure. The
patient developed tracheal stenosis after extubation. He underwent APC in combination with high-frequency radio-
wave electrosurgery and cryotherapy using a bronchoscope. A. The condition of the patient with endoscopy before
treatment; B. The condition of the patient with endoscopy after the triple surgery; C. Reexamination with endoscopy
1 month after treatment. APC, argon plasma coagulation; ICU, intensive care units.

L3

Figure 2. A 49-year-old male patient that developed tracheal stenosis due to bronchial tuberculosis. The patient re-
ceived the triple treatment of APC, high-frequency radio-wave electrosurgery and cryotherapy using a bronchoscope.
A. The condition of the patient with endoscopy before treatment; B. The condition of the patient with bronchoscopy
during the triple surgery; C. The condition of the patient with endoscopy after treatment. APC, argon plasma coagu-
lation.

Comparison of therapeutic effects of patients
with tracheal stenosis between the observa-
tion and control group

A comparison between the two groups showed
that the observation group was superior to the
control group in the efficacy of tracheal steno-
sis (P<0.01), with a significant higher total
effective rate in the observation group (P<0.05,
Table 2). Graphs describing the therapeutic
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effects of tracheal stenosis in the observation
group are shown in Figures 1 and 2.

Comparison of blood gas values for patients
between the two groups (before and after
treatment)

Before treatment, values for P02, PCOQ, and

Sa0, in patients were insignificantly different
between the two groups (all P>0.05). More sig-
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Table 3. Comparison of blood gas values for patients be-

tween the two groups before and after treatment

ltem PO, (mmHg) PCO, (mmHg)

Before treatment
Observation group  54.26+10.04 43.23+7.77

Control group 53.161£10.24 44.78+8.20

t 0.485 0.868

P 0.629 0.388
After treatment

Observation group  80.30+7.61* 37.88+4.33?

Control group 75.90+8.69% 40.45+6.14°

t 2.409 2.167

P 0.018 0.033

nosis are attributed to intratracheal
masses, tracheal external pres-
sure, airway wall lesions, and inva-

0,
530, (%) sive procedures of clinical endotra-
cheal intubation or tracheotomies.
85.03£7.51 After development of tracheal ste-
84.32+7.55 nosis, patients may clinically mani-
0.416 fest impaired respiratory function,
0.679 such as dyspnea and tachypnea.
Further aggravation of the disease
95.58+2.342 may induce respiratory failure or
92.08+2.20° even death [18, 19]. With the devel-
6.89 opment of interventional technolo-
<0.001 gy, high-frequency radio-wave elec-

Note: PO,, arterial partial pressure of oxygen; PCO,, arterial partial pressure
of CO2; SaOQ, arterial oxygen saturation, compared with before treatment,

2P<0.05.

nificant improvements in PO,, PCO,, and Sa0,
were observed after treatment than before
treatment (all P<0.05), with greater increas-
es in PO, and Sa0, (P<0.05, P<0.001). There
were greater decreases in PCO, in the obse-
rvation group than in the control group (P<
0.05). Differences were statistically significant
(P<0.05, Table 3).

Dyspnea classification and airway obstruction
grading, before and after treatment, in the two
groups

There were no differences between the obser-
vation group and control group in dyspnea clas-
sification and airway obstruction grading before
treatment (both P>0.05). After treatment, how-
ever, dyspnea classification and airway obstruc-
tion grading scores were significantly different
between the two groups (both P<0.05, Table 4).

Comparison of postoperative complications
between the two groups

Analysis of postoperative complications be-
tween the two groups indicated that the rate of
postoperative complications was lower in the
observation group than in the control group,
without statistical differences (P>0.05, Table
5).

Discussion
The etiology of tracheal stenosis is complicat-

ed. Tracheal stenosis is divided into benign and
malignant stenosis. Most cases of tracheal ste-
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trosurgery using a bronchoscope
can cleanse airway obstruction rap-
idly and effectively. The cost of the
surgery is relatively low. As a result,
the surgical technique has become
the first-line treatment for tracheal stenosis
[20]. With further investigation, high-frequency
radio-wave electrosurgery has been found to
cause great damage and is prone to severe
hemorrhaging [10]. In recent years, the combi-
nation of APC and cryotherapy has been char-
acteristic of minimal invasion and effective-
ness for tumor resections [12]. However, the
combined surgery can only cleanse small
lesions. Therefore, attempts have been made
to add high-frequency radio-wave electrosur-
gery to APC and cryotherapy for treatment of
tracheal stenosis. In the current study, improve-
ments were found in patients with tracheal ste-
nosis undergoing high-frequency radio-wave
electrosurgery alone in the control group and in
those with the triple combination of APC, high-
frequency radio-wave electrosurgery, and cryo-
therapy in the observation group. However,
overall therapeutic effects were better in the
observation group.

The working principles for APC are as follows.
An Argon ion beam is generated under the
action of the current from the high frequency
electrotome. The resultant thermal effect is
used to coagulate the affected tissues.
Moreover, high-frequency current can resect
the lesions from the lateral, axial, and radial
directions. With these thermal effects, APC can
promote lesion drying, cell deactivation, and
coagulation. It also provides hemostatic effects
in addition to tumor resections [21]. With APC,
compared with the conventional electrotome,
the affected tissues are not directly contacted
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Table 4. Dyspnea classification and airway obstruction grading before and after treatment in the two
groups

Before treatment After treatment
Item Observation Control group 5 Observation Control group ) p
group (n=40) (n=40) X group (n=40) (n=40)
Dyspnea classification 0.217 0.995 10.362 0.035
Level O 1(2.50) 1(2.50) 6 (40.00) 5(12.50)
Level 1 7 (17.50) 6 (15.00) 2 (30.00) 12 (30.00)
Level 2 9 (22.50) 10 (25.00) 10 (25.00) 15 (37.50)
Level 3 10 (25.00) 11 (27.50) 1(2.50) 4 (10.00)
Level 4 13 (32.50) 12 (30.00) 1(2.50) 4 (10.00)
Airway obstruction grading 0.498 0.974 11.926 0.018
Grade | 2 (5.00) 1(2.50) 17 (42.50) 4 (10.00)
Grade Il 6 (15.00) 7 (17.50) 1(27.50) 14 (35.00)
Grade Il 12 (30.00) 13 (32.50) 0 (25.00) 16 (40.00)
Grade IV 11 (27.50) 10 (25.00) 1(2.50) 4 (10.00)
Grade V 9 (22.50) 9 (22.50) 1(2.50) 2 (5.00)
Table 5. Comparison of postoperative complications between the ple therapy of APC, high-fre-
two groups quency radio-wave electro-
Postoperative complications Observation Control 2 P z?freg;reya ?ens?ong rygiger?ifgé
group (n=40) group (n=40)
Irritating dry cough 1(250%  2(5.00%) 0346 0556  Coagulated and cut by the
) mixed mode of coagulation
Hemoptysis 1 (2.50%) 2 (5.00%) 0.346 0.556 and cutting. Next, the necrot-
Phlegm retention 3 (7.50%) 3(7.50%) 0.000 1.000 ic tissues in the local lesion
Infection 1 (2.50%) 1 (2.50%) 0.000 1.000 are cleansed by repeated
Restenosis 1(2.50%)  1(2.50%) 0.000 1.000 freeze-thaw. Low tempera-
Hemorrhage 0 (0.00%) 1(2.50%) 0.001 0.972 tures reduce the necrotic tis-
Total case 7 (17.50%) 10 (25.0%) 0.672 0.412 sue and granuloma forma-
tion after thermal treatment.
Therefore, this triple surgery
and it acts on the superficial lesions. This method is beneficial in improving hypoxia
avoids tissue adhesion and perforation after and pulmonary function, providing an unob-
surgery. However, due to its superficial effects, structed respiratory tract for a longer time.
APC has been deemed to be ineffective at Restenosis also occurs rarely in the patients
cleansing deeper lesions [22]. Cryotherapy is [26]. In the present study, the triple combina-
performed using ultra-low temperature technol- tion of APC, high-frequency radio-wave electro-
ogy to manage lesions. The use of cryotherapy surgery, and cryotherapy, compared with mono-
has shown to reduce leukocyte infiltration and therapy high-frequency radio-wave electrosur-
inflammation of lesions [23]. The combination gery, was performed to treat patients with
of APC and cryotherapy is synergistic in enhanc- tracheal stenosis. Present results suggest
ing therapeutic effects. This is mainly because that triple therapy had better therapeutic
it is prone to bleeding when the probe is effects. Greater increases in the values for
removed during cryotherapy. APC is effective in PO, and Sa0,, along with greater decreases in
hemostasis. Moreover, the combination of APC the values for PCO,, were seen in the observa-
and cryotherapy has shown better therapeutic tion group, compared to the control group.
effects [24]. Additionally, APC can act on only Differences were statistically significant. Pa-
the superficial lesions and is ineffective in tients in the observation group and control
cleansing deeper lesions, while high-frequency group differed significantly in dyspnea severity
radio-wave electrosurgery can overcome the and airway obstruction grades. This may be
defects of APC. Thus, it is more effective related to the fact that the triple combination of
in cleansing deeper lesions [25]. Using the tri- APC, high-frequency radio-wave electrosurgery,

3399 Int J Clin Exp Med 2020;13(5):3393-3401



Triple therapy for tracheal stenosis

and cryotherapy complemented the advantag-
es of each.

The triple combination of APC, high-frequency
radio-wave electrosurgery, and cryotherapy has
the following advantages [24]. First, APC and
high-frequency radio-wave electrosurgery re-
sult in quick resections of the affected tissues.
Cryotherapy is more effective in freezing and
cleansing the necrotic tissues after thermal
ablation. Second, it is prone to bleeding when
the affected tissues are cut using cryotherapy.
However, the use of APC plus high-frequency
radio-wave electrosurgery can stop bleeding
rapidly, as APC has a better effect of hemosta-
sis. Third, for some polypoid lesions, after
resection of the lesions with the use of high-
frequency electric snares, the lesion base is
managed by cryotherapy, resulting in inhibited
proliferation of the lesions and extended time
to restenosis. Therefore, in the current study,
incidence of complications was lower in the
observation group than in the control group.
This may be related to effective hemostasis
with APC and reduced lesion infections and
granuloma formation with cryotherapy.

However, there were some limitations to the
current study. The sample size was small. More
samples are necessary in future studies.
Moreover, the follow-ups were quite short.
Extended follow-up periods are necessary, aim-
ing to explore differences between the two
groups.

In conclusion, the triple combination of APC,
high-frequency radio-wave electrosurgery, and
cryotherapy, along with the use of broncho-
scopes associated with effective clearance of
tracheal stenosis, improved pulmonary func-
tion. Moreover, this method reduced postoper-
ative complications. Therefore, the present tri-
ple therapy method is worthy of generalization
in clinical practice.
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