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Introduction

Airway stenosis is among the complications of tracheal 
intubation. Among all patients requiring intubation, 
approximately 63% may present with various airway 
injuries, approximately 10–11% with airway stenosis and 
approximately 1–2% with clinical symptoms (1-5). Regarding 

the primary cause of stenosis, the balloon used in tracheal 
intubation compresses the bronchial mucosa, leading to 
ischaemia of the bronchial mucosa and hyperplasia of 
granulation tissues, which blocks the airway (6,7). Another 
case of airway stenosis caused by tracheal intubation has also 
been reported. It is considered that the tracheal intubation 
balloon repeatedly slides up and down, stimulating the 
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tracheal mucosa and causing fibrous hyperplasia and 
eventually forms a doughnut-like annular fibrous membrane 
at the proximal and distal ends of the tracheal intubation 
balloon, respectively, thereby leading to airway stenosis. 
Similar multi-segmental stenosis has also been reported in 
previous literature (8).

Conventionally, surgical resection of the trachea’s 
stenotic segment is used in the treatment of airway stenosis. 
Despite its high success rate and few complications reported 
in the literature, the procedure is still relatively traumatic 
(9,10). Alternatively, bronchoscopic interventional therapy, 
including cryotherapy, laser cryoablation, electrosurgery, 
stent implantation and so on, can be used as a key method 
for treating airway stenosis caused by tracheal intubation. 
This technique is not only minimally invasive but also 
effective. Based on the summary and analysis of the 
experience of conventional bronchoscopic interventional 
therapy, we began to use bronchoscopic holmium laser 
ablation continuous cryoablation in 2019 for the treatment 
of airway stenosis caused by tissue hyperplasia after 
tracheal intubation. This surgical plan has initially achieved 
satisfactory results. The present study aimed to design 
a standardised bronchoscopic holmium laser ablation 
continuous cryoablation for the treatment of airway stenosis 
caused by tissue hyperplasia after tracheal intubation and to 
retrospectively analyse its safety and feasibility. We present 
this article in accordance with the SUPER reporting 

checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-24-67/rc).

Preoperative preparations and requirements

This study was approved by the Medical Ethics Committee 
of Xiamen Humanity Hospital of Fujian Medical University 
(No. HAXM-MEC-20230913-034-01). All procedures 
performed in this study were in accordance with the ethical 
standards of the institutional and/or national research 
committee and with the Helsinki Declaration (as revised 
in 2013). Written informed consent was obtained from 
each patient or their legal guardians for publication of this 
article and accompanying images. A copy of the written 
consent is available for review by the editorial office of this 
journal. Patients who underwent bronchoscopic holmium 
laser ablation continuous cryoablation in our hospital due 
to airway stenosis after oral/nasal tracheal intubation or 
tracheostomy intubation from 1 October 2019 to 30 June 
2023 were enrolled. The patient inclusion criteria were as 
follows: airway stenosis occurring after oral/nasal tracheal 
intubation or tracheostomy intubation; hyperplastic tissues, 
such as granulation tissue hyperplasia and fibroplasia, had 
grown into the trachea lumen, resulting in airway stenosis; 
and bronchoscopic holmium laser ablation continuous 
cryoablation was performed. The exclusion criteria were as 
follows: airway stenosis mainly caused by tracheal softening, 
collapse, scar contraction and so on, with no hyperplasia 
in the tracheal lumen; tracheal intubation cannot be 
removed after ablation, but it still needed to be retained 
for a long time, which affected the observation of ablation 
efficacy; and after ablation, the patient refused to undergo 
bronchoscopy or computed tomography (CT) for various 
reasons, or was lost to follow-up.

A total of 16 cases were enrolled, including 11 males 
and five females, ranging in age from 17 to 69 years old. 
Among the enrolled cases, seven cases had endotracheal 
intubation because the patients with respiratory infection 
could not effectively expel sputum and the infection could 
not be controlled. The main purpose was to aspirate sputum 
through endotracheal intubation. There were seven cases 
of type 2 respiratory failure due to chronic obstructive 
pulmonary disease (three cases), pulmonary contusion 
(two cases), immune-related interstitial pneumonia (one 
case), and pulmonary embolism (one case), which required 
ventilator assisted breathing and endotracheal intubation. 
One case was intubated due to airway obstruction caused 
by a throat tumour. One case was intubated due to high 
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paraplegia and respiratory muscle weakness. All the patients 
did not use drugs that could clearly cause or aggravate 
tracheal granulomas, had no history of intratracheal 
granulomas, and had no history of bronchial disease before.

Step-by-step description

Bronchoscopic holmium laser ablation continuous 
cryoablation

A 7.5# laryngeal mask airway (LMA) was inserted under 
general anaesthesia (for those who had not yet had their 
tracheal intubation removed, the LMA must be inserted 
after removal). First, a bronchoscope (Olympus Corporation, 
Tokyo, Japan, BF-Q290) was inserted into the trachea 
through the LMA to explore the internal situation. It was 
clear that the airway stenosis was caused by the growth of 
hyperplastic tissues, such as granulation tissue hyperplasia 
and fibroplasia, into the tracheal lumen. Subsequently, a 
holmium laser probe (Lumenis laser Technology Co., LTD, 
Beijing, China, Moses Pluse 120H) was introduced through 
the bronchoscope’s working channel with a power of 1.0 J 
and a frequency of 10 Hz. The probe was attached to the 
free edge of the hyperplastic tissue, and the laser was emitted 
by clicking the switch to ablate the hyperplastic tissue. 
Eschar or hyperplastic tissue with shedding was removed 
later with biopsy forceps. When holmium laser ablation 
reached the root of the hyperplastic tissue, that is, when the 
hyperplastic tissue protruded from the tracheal surface by ≤2 
mm, cryoablation was performed instead. Finally, the laser 
probe was removed, and the probe of the carbon dioxide 
cryosurgery machine (Beijing Kooland Medical Equipment 
Co., LTD, Beijing, China, K320) was introduced. The new 
probe was attached to the free edge of the hyperplastic 
tissue, and the cryostat started to freeze for 60 seconds and 
stopped for 30 seconds for a cycle. At each cryoablation site, 
three cycles were performed. Depending on the size of the 
hyperplastic tissue, cryoablation was performed several times 
to ensure that all the roots of the hyperplastic tissue were 
frozen. After cryoablation, the frozen tissue was not clamped 
or torn to avoid local bleeding. If the wound obviously oozed 
blood, 0.01% ice adrenaline water was sprayed to stop the 
bleeding. The bronchoscope was withdrawn when no active 
bleeding was seen in the operative area (shown in Figure 1).

Postoperative considerations and tasks

After ablation, the LMA was removed immediately after 

the patient recovered from anaesthesia (as soon as the 
patient’s respiratory function permitted). In the case of 
post-operative ventilator-assisted breathing, the LMA 
was removed, and the indwelling tracheal intubation was 
replaced. The depth of the tracheal intubation was adjusted 
to avoid contact between the tracheal intubation and 
ablation area, especially so that the balloon of the tracheal 
intubation was not pressed against the ablation area. In 
post-operative dyspnoea and other airway stenosis-related 
symptoms, chest CT and bronchoscopy were performed to 
evaluate the condition in the trachea. If the patient’s post-
operative condition was stable and no symptoms related 
to airway stenosis recurred, chest CT and bronchoscopy 
were performed 1 week after ablation to assess the ablation 
area. Additional cryoablation was carried out if hyperplastic 
tissues were still present in the trachea as seen by CT or 
bronchoscopy, regardless of dyspnoea. One month after 
the operation, CT or bronchoscopy was performed to 
determine any presence of recurrent airway stenosis. If 
there was no recurrent airway stenosis, no regular follow-up 
examination was performed unless the patient had recurrent 
symptoms of airway stenosis.

Tips and pearls

In the treatment of airway stenosis caused by tissue 
hyperplasia after tracheal intubation, for most of the 
hyperplasia tissue on the free side, holmium laser ablation 
can quickly remove the obstruction existing in the bronchial 
cavity. However, the ablation range should be controlled at 
a distance of 2 mm from the tracheal mucosa to avoid scar 
hyperplasia and stenosis caused by airway perforation or 
tracheal mucosa injury in the future. For cryoablation of the 
remaining hyperplastic tissue within 2 mm from the tracheal 
mucosa, multi-point freezing can be used to completely 
freeze the hyperplastic tissue as much as possible.

Discussion

Airway stenosis after tracheal intubation can result from 
various diseases, such as granulation tissue hyperplasia, 
fibre hyperplasia, scar contraction and tracheal softening 
(11-14). Conventionally, surgical resection of the stenotic 
segment of the trachea is used in airway stenosis treatment 
(15-17). With the development of bronchoscopic treatment 
technology, some relatively uncomplicated lesions, including 
granulation tissue hyperplasia and fibrous hyperplasia, are 
treated by bronchoscopic treatment first, and then surgery 
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Figure 1 A case of bronchoscopic holmium laser ablation continuous cryoablation showing the process of ablation and post-operative 
findings. The green arrows indicate the hyperplastic tissue in the trachea. Pathological staining method: hematoxylin-eosin staining. A 
17-year-old woman had coma, liver and kidney dysfunctions and cardiopulmonary insufficiency due to drug overdose. She had respiratory 
failure and was intubated by using an oral tube. After 21 days, tracheal intubation was removed, and she developed dyspnoea. Bronchoscopic 
examination showed that the trachea was located at the upper and lower edges of the original tracheal intubation balloon, and fibrous tissue 
was present, which led to tracheal stenosis. Bronchoscopic holmium laser ablation continuous cryoablation under general anaesthesia was 
performed. The post-operative pathology of the excised tissue suggested the presence of fibrous tissues. One month after the operation, the 
hyperplastic tissue in the trachea was completely eliminated.
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is considered if the outcome is not good (18,19).
Different treatment methods under bronchoscopy have 

their own advantages and disadvantages (19-25). Among 
them, laser ablation is among the commonly used means, 
including carbon dioxide laser (26-28), Nd:YAG laser  
(29-31), holmium laser (32-34) and so on. In our hospital, 
the holmium laser is equipped with a thin optical fibre 
probe. Basically, all types of bronchoscopes can be 
introduced through the working channel, and the lens is not 
blocked; thus, the field of vision under the microscope is good. 
Holmium laser cryoablation can quickly eliminate hyperplastic 
tissues, with a tissue penetration depth of <0.4 mm and a 
thermal damage depth of 0.5–1.0 mm, which can reduce 
the damage to the surrounding tissues, especially to the 
bronchial membrane. However, if the power and excitation 
time are not well controlled during ablation, it may likely 
burn through the hyperplastic tissue and damage the 
normal tissue underneath, resulting in tracheal perforation. 
There is a certain risk when ablating the hyperplastic tissue 
close to the tracheal membrane. Even if only burning the 
tracheal mucosa does not lead to tracheal perforation, the 
later burned tracheal mucosa is easy to form scars, which 
may lead to restenosis. Cryoablation can ablate hyperplastic 
tissues close to the tracheal membrane with little damage to 
the normal tissue. Even if the normal tissue is frostbitten, 
scar formation does not easily occur in the later stage (35). 
However, it takes some time for the frozen tissue to fall 
off or be absorbed after cryoablation. Thus, pulling the 
hyperplastic tissue directly through the cryoprobe can easily 
cause bleeding, and the effect of cryohemostasis becomes 
unsatisfactory (8).

For the management of airway stenosis caused by tissue 
hyperplasia under bronchoscopic guidance, clinicians 
usually choose laser, cryotherapy, electrotome, stent 
implantation, drug injection and other means according 
to their own experience. Hence, there are no standardised 
processing steps. The therapeutic effects of different 
reports are also very different. Certainly, if a patient’s airway 
stenosis has already caused respiratory difficulties, the 
initial step would be tracheal intubation or tracheostomy 
to ensure an unobstructed airway. Following this, based on 
our experience, most of the hyperplastic tissues on the free 
side can be ablated with a holmium laser first, which quickly 
removes the obstruction present in the bronchial cavity, 
but it cannot be ablated too deeply. Given that the thermal 
damage depth of the holmium laser is 0.5–1.0 mm, the 
ablation range of the holmium laser should be controlled 
at a distance of 2 mm from the tracheal mucosa, so as to 

avoid the development of scar hyperplasia and stricture 
later, which are caused by perforation of the airway or 
injury to the tracheal mucosa. The remaining hyperplastic 
tissues within 2 mm that are close to the tracheal mucosa 
will undergo cryoablation, and the cryoablation tissue will 
eventually and gradually fall off. Given that cryoablation 
causes less damage to the bronchial mucosa, scar hyperplasia 
can occur; hence, it can be frozen at multiple points, and 
the hyperplastic tissue can be completely frozen as far as 
possible. Holmium laser ablation continuous cryoablation 
can remove hyperplastic tissues more thoroughly while 
reducing trauma and risk for complications. In the this 
study, altogether, 16 patients, including 11 men and five 
women with a median age of 35.0 [interquartile ranges 
(IQRs), 27.5–62.8] years, who met the inclusion and 
exclusion criteria were included. Patients endotracheal 
intubated due to pulmonary infection and respiratory failure 
accounted for the highest percentage, each making up 
43.75% (7/16). Furthermore, 6.25% (1/16) were intubated 
due to high paraplegia and respiratory muscle weakness, and 
6.25% (1/16) of the patients were intubated due to airway 
obstruction caused by the presence of a throat tumour. This 
case of throat cancer was supraglottic laryngeal squamous 
cell carcinoma. Due to airway obstruction, the patient was 
treated with tracheotomy and intubation to keep the airway 
open, and then underwent carbon dioxide laser surgery, 
and remove the intubation after the postoperative recovery 
was good. The patient did not receive radiotherapy or 
chemotherapy during intubation. Altogether, 12.5% (2/16) 
of the patients were intubated only by an oral tube, 12.5% 
(2/16) only by a nasotracheal tube, and 50.0% (8/16) were 
intubated by oral tube before tracheotomy; moreover, 
25.0% (4/16) were directly intubated by tracheotomy. 
Tracheotomy refers to the incision of the trachea at the 
neck level and the insertion of a metal or silicone tracheal 
tube. During bronchoscopic continuous cryoablation, the 
tracheal intubation was still not removed in 10 patients, 
whereas, in the remaining 6 patients, the tracheal tube was 
removed. The intermediate time from tracheal intubation 
to airway stenosis was 96.00 (IQRs, 69.75–152.50) days. 
Trachea cross-sectional area at the stenosis was 246.55 
(IQRs, 190.41–281.04) mm2. Altogether, 12.5% (2/16), 
62.5% (10/16) and 25.0% (4/16) of the patients had airway 
stenosis of ≤25%, 26–50% and 51–75%, respectively. The 
degree of airway stenosis was referred to as the cross section 
of the trachea at airway stenosis and the percentage of the 
blocked airway area to the total airway area.

Bronchoscopic holmium laser ablation continuous 
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Table 1 The statistical results of the observation indicators

Variables Statistical results

Sex, n (%)

Male 11 (68.75)

Female 5 (31.25)

Age (years), median (IQRs) 35.0 (27.5–62.8)

Reasons for indwelling tracheal intubation, n (%)

Pulmonary infection 7 (43.75)

Respiratory failure 7 (43.75)

Throat tumor 1 (6.25)

High paraplegia 1 (6.25)

Intubation method, n (%)

Nasal tracheal intubation 2 (12.50)

Oral tube intubation 2 (6.25)

Tracheotomy cannula 12 (75.00)

Indwelling tracheal intubation time (days), 
median (IQRs)

96.00  
(69.75–152.50) 

Distance between the airway stenosis 
and the glottis (cm), mean (SD)

3.03 (0.62)

Causes of airway stenosis, n (%)

Granulation tissue hyperplasia 10 (62.50)

Fibrohyperplasia 6 (37.50)

Trachea cross-sectional area at the 
stenosis (mm2), median (IQRs)

246.55  
(190.41–281.04)

Degree of airway stenosis, n (%)

≤25% 2 (12.50)

26–50% 10 (62.50)

51–75% 4 (25.00)

>75% 0

Operative time (min), mean (SD) 90.38 (16.78)

Ablation frequency, n (%)

1 time 12 (75.00)

2 times 3 (18.75)

3 times 1 (6.25)

Ablation effect, n (%)

Completely cleared hyperplastic tissue 12 (75.00)

Mostly cleared hyperplastic tissue 
(>50%)

4 (25.00)

Table 1 (continued)

Table 1 (continued)

Variables Statistical results

Partially cleared hyperplastic tissue 
(<50%)

0

Ineffective 0

Operative complications, n (%)

Wound oozed blood 1 (6.25)

Other complications 0

Recurrent airway stenosis, n (%)

1 month after surgery 0

6 months after surgery 0

IQRs, interquartile ranges; SD, standard deviation.

cryoablation took an average of 90.38 [standard deviation 
(SD): 16.78] minutes. After the first continuous cryoablation, 
75.0% (12/16) of the patients had complete ablation of 
hyperplastic tissue, and 25.0% (4/16) had most of the 
hyperplastic tissue (>50%) removed. Moreover, 18.75% 
(3/16) and 6.25% (1/16) of patients had complete ablation of 
hyperplastic tissue after the second and third cryoablation, 
respectively. Only one patient (6.25%) had minimal wound 
bleeding postoperatively, and the bleeding was stopped after 
spraying 0.01% ice adrenaline water under bronchoscopy 
again. The remaining patients had a smooth operative course 
without other complications. No airway stenosis was found 
in all patients during the follow-up visit 1 and 6 months after 
the operation (shown in Table 1).

Given that the range of holmium laser cryoablation is 
controlled at a distance of 2 mm away from the bronchial 
mucosa, it does not cause damage to the bronchial mucosa, 
whereas cryoablation may slightly damage the bronchial 
mucosa, but it generally does not cause scar hyperplasia 
and can also promote the regeneration of bronchial mucosa 
epithelium (36,37). This may be the main reason why no 
recurrent tracheal stenosis was found in all studied cases 
after the hyperplastic tissue was completely eliminated.

To sum it up, bronchoscopic holmium laser ablation 
continuous cryoablation is a reasonable and optimal ablation 
technique designed according to the characteristics of 
holmium laser ablation and cryoablation. With a distance of 
2 mm from bronchial mucosa as the boundary, laser ablation 
at the edge and freezing ablation at the root can completely 
eliminate tracheal hyperplasia and reduce tracheal damage 
and incidence of complications and airway restenosis.
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The present study has several limitations. It must be 
pointed out that our study is only a small retrospective 
investigation, and the conclusions may be one-sided. As 
most patients refused to undergo CT or bronchoscopy due 
to fear of discomfort, we only followed up with the patients 
at 1 and 6 months after the operation. Although no patient 
reported any symptoms of recurrent airway stenosis in the 
long term, we still cannot conclude that all patients did not 
have recurrent airway stenosis postoperatively. Additionally, 
it is unknown whether other combinations of holmium 
laser ablation power and freezing time can achieve better 
results because the number of cases analysed was small, and 
we do not have the conditions to do relevant research to 
investigate this. Similarly, because of the small number of 
patients analysed, we are unable to do a comparative study 
of holmium laser ablation continuous cryoablation under 
bronchoscopy with laser ablation alone, cryoablation alone 
or surgery. In other words, it remains unclear whether 
holmium laser ablation continuous cryoablation under 
bronchoscopy can be recommended for the treatment of 
airway stenosis caused by tissue hyperplasia; hence, a more 
large-scale prospective comparative study is required in the 
future to investigate this.

Conclusions

In the present study, with a small sample size, bronchoscopic 
holmium laser ablation continuous cryoablation seems to be 
safe and effective in the treatment of airway stenosis caused 
by tissue hyperplasia after tracheal intubation. However, a 
large sample prospective comparative study is still needed to 
demonstrate its application prospect.
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