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ARTICLE INFO ABSTRACT
Keywords: Relapsing Polychondritis (RP) is a rare systemic inflammatory disease. One major cause of death
Tracheobronchomalacia for patients with RP is severe tracheobronchial tree collapse. Treatment guidelines for RP are
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mainly based on case reports. We report a rare and challenging case of RP in a patient who
experienced asphyxia due to severe central airway collapse. The patient had previously been
misdiagnosed with refractory asthma due to recurrent wheezing. Following interventions
including bronchoscopic laser tracheobronchoplasty, stent placement, corticosteroid therapy, and
both invasive and non-invasive mechanical ventilation, the patient was successfully stabilized and
subsequently discharged from the hospital. Notably, after discharge, the patient did not require
rehospitalisation for worsening respiratory symptoms and was managed with only a gradually
tapering glucocorticoid regimen. In our case report, stent placement rapidly relieved asphyxia
due to severe tracheobronchial stenosis, and laser tracheobronchoplasty may be a potential cure
for diffuse airway collapse due to RP.

1. Introduction

Relapsing Polychondritis (RP) is a rare, immune-mediated systemic inflammatory disease primarily affecting the cartilaginous
structures of the ears, nose, respiratory tract, and joints [1]. For better management, several groups have categorized RP into
phenotypic groups based on the affected organs. The respiratory subtype has been recognized most wildly, with airway involvement
being a hallmark of this subtype [2,3]. The incidence rate of RP is approximately 0.71-4.5 per 1000000 per year, with 20-50 % of
patients experiencing airway involvement [2]. More than one-fifth of these patients present with airway focal and diffuse malacia [3].
This condition results from inflammation and even destruction of the tracheobronchial cartilage, leading to a decrease in the hardness
of the tracheobronchial tree or cartilage oedema, manifesting as airway collapse or stenosis [2]. Based on the reduction proportion of
cross-sectional area, airway stenosis can be classified as mild (70%-80 %), moderate (81%-90 %), or severe (>90 %) [4]. Clinical
symptoms of RP patients with tracheobronchial involvement typically include progressively worsening respiratory distress, cough,
wheezing, and even respiratory failure. However, these manifestations are not specific and often lead to misdiagnosis and missed
diagnosis, posing challenges to clinical diagnosis and treatment. Historically, airway collapse or stenosis caused by RP was a significant
cause of death [5]. Although a clustering analysis showed no deaths caused by airway collapse or stenosis [6], in China, respiratory
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failure caused by airway collapse or stenosis remains a primary cause of mortality in RP patients [7]. Due to advancements in treatment
and the evolution of bronchoscopic intervention techniques, there has been a significant reduction in the acute mortality rate of RP
patients with airway involvement [8]. The fundamental treatment for RP is glucocorticoids (GCs). Patients with RP experiencing
respiratory failure due to airway collapse or stenosis require tracheotomy, ventilatory support, and bronchoscopic stent placement to
alleviate respiratory distress. Here, we report a rare and challenging case of severe central airway stenosis due to RP. The patient
survived after bronchoscopic intervention, including laser tracheobronchoplasty, straight tube stent placement, L-shaped stent
placement, combined with corticosteroid therapy, and airway positive pressure support ventilation.

2. Case presentation
2.1. Chief Complaints and history of present Illness

On May 9, 2023, a 58-year-old male patient with severe central airway collapse was transferred to our hospital. The patient had
been misdiagnosed as having refractory asthma due to recurrent coughing and wheezing for over a year. During this period, the patient
exhibited no additional systemic manifestations, including thoracic pain, arthralgia, or otolaryngological symptoms, and had inter-
mittent hospital admissions for symptomatic treatment to relieve respiratory symptoms. The patient’s medical history includes hy-
pertension and a traumatic cranial injury resulting from a foreign object (a stick) penetrating the right orbital cavity and entering the
cranial vault. Upon the latest hospital admission, the patient’s chest computed tomography (CT) images showed pronounced tracheal
and bronchial wall thickening, with luminal stenosis exceeding 95 % in the narrowest segment of the central airway. This was
accompanied by complete atelectasis of the left lung and severecentral airway stenosis, necessitating emergency inter-hospital transfer
via ambulance for advanced management.

2.2. Emergency Interventions and initial Recovery phase

Upon the patient’s arrival, the patient’s respiratory distress notably worsened, presenting with cyanosis of the face and lips, and an
oxygen saturation ranging between 85 and 90 % under high-flow nasal oxygen therapy set at 35 L/min with an oxygen concentration
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Fig. 1. Findings of the bronchoscopy and laser intervention. [(a,b) Bronchoscopy showed severe congestion, oedema of the tracheobronchial
mucosa, disappearance of cartilage ring, collapse of the tracheobronchial lumen, while the membranous portion was unaffected; (c) The narrowest
section (left main bronchus) was approximately 95 % narrowed in cross-sectional area; (d) Laser ablation was performed from distal to proximal on
the mucosa between the narrow sections of the left and right main bronchi and the membranous part; (e,f) After treatment, the lumen of the left and
right main trachea was more patent than before.].
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of 40 %. Given the critical condition of the patient, emergency surgery was deemed necessary. A rigid bronchoscopy was performed at
13:54, revealed significant findings: There was severe congestion, oedema of the tracheobronchial mucosa and collapse of the
tracheobronchial lumen, while the membranous portion was unaffected (Fig. 1a and b). The cartilage rings were no longer visible, and
pronounced mucosal ridges led to a severe narrowing of the lumen. The narrowest section (left main bronchus) was approximately 95
% narrowed in cross-sectional area (Fig. 1c). Laser ablation was performed from distal to proximal on the mucosa between the narrow
sections of the left and right main bronchi and the membranous part (Fig. 1d), followed by multiple submucosal injections of 5mg
dexamethasone. Tissue samples were also taken above the carina of trachea for pathological examination. After treatment, enhanced
patency of the tracheal lumen was observed compared to pre-intervention status (Fig. 1e and f). Considering the possibility of post-
operative airway oedema and necrotic obstruction, the patient was transferred to the ICU for further treatment. ICU bedside chest X-
rays showed complete atelectasis of the left lung (Fig. 2a). The patient was given invasive mechanical ventilation via nasal tracheal
intubation (PC mode: FiO2 100 %, PEEP 7cmH20, fpm 15 breaths/min), and intravenous infusion of methylprednisolone sodium
succinate 80mg for anti-inflammatory treatment, with a slight improvement in SpO2. At 18:00, the patient’s breathing difficulties
intensified, becoming agitated with progressively decreasing SpO2, fluctuating between 70 and 85 %. Given the significant collapse of
the tracheobronchial tract, with predominant involvement of the left main bronchus, an urgent transfer to the bronchoscopy suite was
undertaken to facilitate the placement of a straight membrane-covered metallic stent (12-40mm, Micro-tech Co., Ltd, Nanjing, China)
into the left main bronchus. The stent was well deployed, with the upper edge at the opening of the left main bronchus and the lower
edge at the distal end of the left main bronchus (Fig. 2b and c), significantly improving the patient’s breathing difficulties post-
operation.

2.3. Further surgical Adjustments

On May 11th, the patient’s bedside chest X-rays revealed partial re-expansion of the left lung, indicating improvement compared to
previous assessments (Fig. 2d). In an effort to further address airway constriction, the previously placed stent was surgically removed
and the tracheal tube was exchanged. Following this, an L-shaped membrane-covered metallic stent (16-60mm,/12-35mm, Micro-tech
Co., Ltd, Nanjing, China.) was inserted into the left main bronchus and the lower third of the trachea. This stent was successfully
deployed, positioning its upper edge within the mid-segment of the trachea and its lower edge at the distal terminus of the left main
bronchus, ensuring full exposure of the left main bronchus (Fig. 2e). The patient continued to receive invasive mechanical ventilator
support and medication treatment. On May 13th, the patient’s bedside bronchoscopy revealed that the L-shaped stent had shifted and
overlapped inside the tracheal tube (Fig. 2f), likely due to compression from the collapsed and narrowed left main bronchus. Using
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Fig. 2. Bronchoscopic stent placement. [(a) Chest X-rays shows a complete opacity of the left side of the hemithorax; (b,c) A straight of membrane-
covered metallic stent was placed in the left main bronchus; (d) Chest X-rays shows partial translucency in the upper lobe of the left lung after stent
placement; (e) L-shaped membrane-covered metallic stent was placed in trachea and left main bronchus; (f) L-shaped stent displaced and embedded
in the tracheal tube; (g,h) After comprehensive treatment, bronchoscopy showed that the lumen of the right and left main bronchi was more patent
than before; review of chest X-rays shows the translucency of the left lung was increased, and the ventilation function of the left lung was improved
than before.].
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biopsy forceps, the extraction loop at the lower end of the metal-covered stent was grasped and gradually separated from the tracheal
tube by continuous winding and pulling. The stent was removed with the biopsy forceps at the same time as the tracheal tube was
pulled out. Further inspection revealed significant improvement in the narrowing of tracheobronchial lumen compared to before
(Fig. 2g). A re-examination of bedside chest X-rays showed an improved state of partial lung collapse compared to before (Fig. 2h).
After treatment with GCs, laser, stent support, and mechanical ventilator support, the patient had a noticeable improvement in central
airway narrowing and experienced no significant breathing difficulties, and was possible to wean off the machine. After three days of
weaning training, the tracheal tube was successfully removed, and the patient was discharged, with significantly improved coughing
and difficulty breathing compared to admission.

The patient’s histopathological analysis indicated both acute and chronic inflammation of the mucosal tissues, with significant
compression observed. Congo red and Periodic Acid-Schiff staining yielded negative results. The whole treatment process is shown in
Fig. 3.

2.4. Follow-up

During the six-month follow-up, the patient demonstrated considerable improvement, requiring only intermittent supplemental
oxygen via a nasal cannula. Notably, there were no subsequent hospital admissions related to exacerbated respiratory difficulties.

3. Discussion

RP predominantly impacts middle-aged individuals, aged 40-60 years, as a systemic inflammatory condition [9]. Dion and col-
leagues have classified RP into several subtypes: the hematologic type, recently considered as VEXAS syndrome; the respiratory
subtype; and a milder variant, typically associated with a more favorable prognosis [1,6]. The approach to management and the
expected outcomes differ across these categories. The respiratory subtype distinguished by the tracheobronchial cartilage’s involve-
ment, which can cause the cartilage to inflame or disintegrate, leading to varying levels of airway collapse or stenosis. Such conditions
progressively exacerbate inspiratory breathing difficulties, potentially culminating in asphyxiation, thus highlighting tracheobron-
chial involvement as a significant mortality risk in RP. In China, the reported mortality rate for RP with airway involvement has
reached up to 67 % [7]. Prompt and appropriate intervention can significantly mitigate the extent of airway constriction and halt its
progression. Thus, identifying RP at an early stage is critical, particularly when the airway is affected.

3.1. Diagnosis and Differential diagnosis

Since RP lacks specific laboratory markers and the utility of histological biopsy is limited, the diagnosis largely depends on the
clinical presentation. The most widely accepted diagnostic criteria include McAdam criteria; Damiani and Levine criteria; and Michet
criteria, with the latter having the highest sensitivity [10]. However, the lack of specificity in the respiratory symptoms presented by
the patient and the absence of involvement of other organs always led to a misdiagnosis of intractable bronchial asthma prior to
admission [11-14]. Therefore, in addition to clinical manifestations, diagnosis for airway-involved RP should encompass broncho-
scopic examination, imaging findings, pulmonary function test results, and histological characteristics. In terms of imaging, partic-
ularly chest CT scans, typically reveals laryngeal soft tissue enlargement, thickening of the tracheobronchial walls, narrowing or
obstruction of the lumen, retention of air during expiration, and calcification of tracheal cartilage. Pulmonary function tests pre-
dominantly show obstructive ventilation dysfunction. Depending on the disease stage, flow-volume loops may show fixed airway
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Fig. 3. Patient treatment progression and outcome during Hospitalisation.
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obstruction, variable intrathoracic obstruction and variable extrathoracic obstruction. Bronchoscopic examination commonly iden-
tifies mucosal erythema, hypertrophy, lumen narrowing or collapse, with the membranous part remaining normal [15]. During acute
inflammation, the histological manifestation of the trachea and bronchi mucosa is acute inflammatory oedema. With recurrent epi-
sodes of inflammation over time, the cartilaginous structures can collapse, resulting in tracheomalacia and bronchomalacia, along with
thickening, fibrosis, and calcification of the tracheobronchial walls [16].

Similar to other studies [17,18], we made a clinical diagnosis after excluding other differential diagnoses. The differential diagnosis
includes tracheal intubation, tracheostomy, tuberculosis, amyloidosis, granulomatosis with polyangiitis (GPA), tracheobronchopathia
osteochondroplastica (TPO). Tracheal intubation and tracheostomy are the main causes of traumatic conditions, with tracheobron-
chial stenosis usually appearing 3-6 weeks after extubation. Bronchoscopy typically reveals fibrotic or scarred stenosis [19]. In cases of
tracheobronchial tuberculosis, chest CT often shows the "tree-in-bud" appearance, segmental bronchial narrowing with concentric wall
thickening, and possible evidence of extrinsic obstruction by affected lymph nodes. Bronchoscopy typically shows fibrotic stenosis or
inflammatory ulcerative stenosis [20]. Tracheobronchial amyloidosis on CT imaging typically presents with circumferential (including
membranous trachea) or unilateral thickening of the tracheobronchial walls with calcified plaques within the thickened areas or
diffuse nodular thickening of the trachea and main bronchi [21,22]. Pathological biopsy shows submucosal amyloid deposits, positive
Congo red staining, and yellow-green birefringence under polarized light [23]. GPA-associated stenosis typically features circum-
ferential stenosis, primarily involving the subglottic area without calcification [24]. TPO presents similarly to RP with long-segment
tracheobronchial stenosis, sparing the membranous part. However, TPO is characterized by multiple submucosal osteocartilaginous
nodules protruding into the lumen on bronchoscopy and chest CT [25]. Our patient initially presented with symptoms of tracheo-
bronchial involvement with no involvement of other organs. Due to the urgency of the patient’s condition, pulmonary function tests
were not conducted. Bronchoscopic findings supported the CT results before admission, showing inflammatory oedema of the
tracheobronchial mucosa and severe collapse of the airway lumen, with no affection of the membranous parts. Histopathology showed
non-specific inflammation with no amyloid deposition, and Congo red and periodic acid-Schiff staining were negative. Consequently,
the patient was diagnosed with RP involving the tracheobronchus.

3.2. Treatment

Given the rarity of RP, a standardised treatment protocol remains undefined. Contemporary clinical guidelines advocate the use of
nonsteroidal anti-inflammatory drugs (NSAIDs), GCs, disease-modifying antirheumatic drugs (DMARDs), and biological agents [1].
GCs are considered the first-line treatment, with combination intensive therapy involving DMARDs and biologics typically reserved for
cases that are dependent on or resistant to GC treatment [1]. The use of DMARDs often aims to reduce the required dosage of GCs.
Recent studies have shown that biologics may improve survival in some RP patients and that early use may delay disease progression
[26,27]. However, adverse reactions such as respiratory infections led to a treatment discontinuation rate of around 20 % [26]. The
risk of infections, particularly respiratory infections, which are a leading cause of mortality in patients with tracheobronchial RP [28,
29]. Biologics also only reduced the average GC dose by approximately 5 mg of prednisone equivalent [26]. Additionally, a UK study
indicated that patients with tracheobronchial involvement in RP often do not respond well to biologics [14]. Therefore, a careful
risk-benefit assessment of intensive therapy for late-stage RP involving airway is necessary.

Upon admission, the patient immediately received intravenous and submucosal tracheal corticosteroid treatment. Nevertheless,
medical therapies including GCs or DMARDs did not provide immediate relief for symptoms in patients with severe airway collapse
due to RP [3,30]. In patients with RP presenting with life-threatening severe central airway collapse, interventions extending beyond
pharmacological management are essential. These include tracheostomy, support via mechanical ventilation employing bilevel pos-
itive airway pressure (BiPAP), and the insertion of bronchoscopic stents [15]. The application of bronchoscopic stent placement during
acute RP flare-ups has been shown to promptly relieve the symptoms attributable to tracheobronchial constriction [31], significantly
enhancing patients’ quality of life. Among the stent options, silicone stents or membrane-covered metallic stents, especially those of
bifurcated designs (L or Y-shaped), are preferred for significant airway narrowing. A Y-shaped silicone stent would typically be more
suitable for this patient due to its stability. Nevertheless, in the hospital, we could not find an appropriately sized silicone stent based
on the measurements from the CT scan and bronchoscopy in the short period of time. To quickly relieve asphyxiation due to diffuse
airway collapse, a straight stent was initially placed and later replaced with an L-shaped stent for better airway management. Although
these were not our first choice, they effectively stabilized the patient’s condition by rapidly improving blood oxygen levels. Never-
theless, the post-placement period of stents is associated with potential complications such as retention of secretions, obstruction due
to granulomatous growth, or complications arising from stent migration and fracture under the forces of airway collapse, leading to
pneumothorax or further stenosis. Hence, the long-term deployment of stents is not advocated. In addition, throughout the process, we
used positive-pressure ventilation on the ventilator improve blood oxygenation and the utilisation of mechanical ventilatory support is
considered beneficial during acute phases [32]. Tracheostomy should be reserved as a last recourse, following the ineffectiveness of
other modalities, due to its potential to harm to tracheal cartilage and walls, thereby aggravating the condition of airway collapse.

To our knowledge, we are the first to report the use of laser ablation for severe airway stenosis caused by RP. During the initial
surgical procedure, laser tracheobronchoplasty was performed on the posterior wall of the patient’s tracheobronchial tree. It is a novel
and effective technique for improving tracheobronchial collapse [33-35]. This technique involves the application of laser to the
membranous sections of the tracheobronchial wall, promoting fibrosis and subsequent stiffening of the tissue, which aids in reducing
collapse [36]. Laser tracheobronchoplasty works primarily through two mechanisms: photobiomodulation and photothermal reactions
[37]. (1) Photobiomodulation involves the absorption of light by cytochrome c oxidase in cells, which increases levels of reactive
oxygen species and activates transcription factors for cell repair. This process also promotes the release of nitric oxide (NO), improving
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blood flow by dilating blood vessels; (2) Photothermal reactions occur when light energy is converted to heat, causing a localized
increase in temperature within the tissues. This heating effect can cause controlled damage that triggers a healing response [37,38]. In
vitro studies have shown that laser therapy on tracheobronchial tissues can create a "thermal injury effect" that promotes tissue repair
and increases fibroblast activity and collagen deposition without causing full tissue erosion [39,40]. These processes suggest that laser
treatment encourage tissue proliferation and fibrosis, which are key steps in wound healing involving fibroblast proliferation, collagen
synthesis, and extracellular matrix formation. Signaling molecules like transforming growth factor (TGF-f), platelet-derived growth
factor (PDGF), and interleukin-1 (IL-1) are critical in promoting fibrosis [41,42]. However, the specific molecular mechanisms in laser
tracheobronchoplasty require further study, as most of the current evidence comes from animal models or studies of skin injuries.

Notably, after discharge, our patient did not require rehospitalisation for worsening respiratory symptoms and was managed with
only a gradually tapering GC (prednisone, 10 mg) regimen. This suggests that laser tracheobronchoplasty may provide long-term
benefits in cases of severe airway collapse due to RP, as it may reduce respiratory symptoms by stabilising the airway. This
approach also minimizes the need for additional immunosuppressants or biologics, reducing the risk of infection and avoiding the need
for long-term stent placement. However, serious adverse reactions, such as tracheal fistula or airway fire, can occur during laser
ablation due to factors like the angle of the laser probe or excessive laser power. To avoid adverse reactions, we set the energy at
12-15W, with each laser application lasting less than 3 seconds. We also maintained the inhaled oxygen concentration below 40 %.
After laser ablation, airway oedema at the ablation site may cause difficulty in breathing and sputum clearance. Therefore, we retained
tracheal intubation for more than one week. Daily bedside bronchoscopy was performed to care for the airway, including clearing
tracheal secretions and necrotic tissue. Intravenous steroids were administered to reduce inflammatory oedema. Additionally, in other
subsequent procedures for severe airway collapse, we performed laser tracheobronchoplasty alongside stent placement to achieve
more effective airway stabilisation meanwhile reduce the impact of inadvertently aggravated airway inflammation.

4. Conclusion

In conclusion, for RP cases confined to the airways, comprehensive early detection incorporating clinical manifestations, bron-
choscopic examination, radiological assessments, pulmonary function test results, and histological characteristics is paramount for
initiating prompt and regulated therapy to avert further tracheal constriction. Apart from anti-inflammatory treatment with GCs, the
implementation of bronchoscopic laser tracheobronchoplasty and stent insertion were pivotal for the treatment. The immediate relief
of tracheobronchial narrowing symptoms through stent placement, alongside the potential of laser tracheobronchoplasty for effective
airway collapse intervention, underscores their significance.
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