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Case Report: Middle lobe
syndrome: a rare presentation
in eosinophilic granulomatosis
with polyangiitis
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Background: Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis

(AAV) is a group of disorders characterized by necrotizing inflammation of small-

and medium-sized blood vessels and the presence of circulating ANCA.

Eosinophilic granulomatosis with polyangiitis (EGPA) is a systemic ANCA-

associated vasculitis, characterized by peripheral eosinophilia, neuropathy,

palpable purpuras or petechiae, renal and cardiac involvement, sinusitis,

asthma, and transient pulmonary infiltrates. Middle lobe syndrome (MLS) is

defined as recurrent or chronic atelectasis of the right middle lobe of the lung,

and it is a potential complication of asthma.

Case presentation: Herein, we describe a case of MLS in a 51-year-old woman,

never-smoker, affected by EGPA, presenting exclusively with leukocytosis and

elevated concentrations of acute-phase proteins, without any respiratory

symptom, cough, or hemoptysis. Chest computed tomography (CT) imaging

documented complete atelectasis of the middle lobe, together with complete

obstruction of lobar bronchial branch origin. Fiberoptic bronchoscopy (FOB)

revealed complete stenosis of the middle lobar bronchus origin, thus confirming

the diagnosis of MLS, along with distal left main bronchus stenosis.

Bronchoalveolar lavage (BAL) did not detect any infection. Bronchial biopsies

included plasma cells, neutrophil infiltrates, only isolated eosinophils, and no

granulomas, providing the hypothesis of vasculitic acute involvement less likely.

First-line agents directed towards optimizing pulmonary function (mucolytics,

bronchodilators, and antibiotic course) were therefore employed. However, the

patient did not respond to conservative treatment; hence, endoscopic

management of airway obstruction was performed, with chest CT

documenting resolution of middle lobe atelectasis.

Conclusion: To the best of our knowledge, this is the first detailed description of

MLS in EGPA completely resolved through FOB. Identification of MLS in EGPA

appears essential as prognosis, longitudinal management, and treatment options

may differ from other pulmonary involvement in AAV patients.

KEYWORDS

eosinophilic granulomatosis with polyangiitis, EGPA, Churg–Strauss, asthma, middle
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Introduction

Antineutrophil cytoplasmic antibody (ANCA)-associated

vasculitides (AAV) are composite disorders characterized by

necrotizing inflammation, predominantly involving small blood

vessels, usually associated with circulating myeloperoxidase (MPO)-

or proteinase 3 (PR3)-ANCA (1). Medium-sized arteries may also be

affected (1).

AAV include granulomatosis with polyangiitis (GPA, formerly

Wegener granulomatosis), microscopic polyangiitis (MPA), and

eosinophilic granulomatosis with polyangiitis (EGPA, formerly

Churg–Strauss syndrome) (1). Taken together, the most commonly

affected systems in AAV are the upper airways, lungs, kidneys, eyes,

skin, and peripheral nerves. Presenting symptoms include chronic

sinusitis, nasal discharge or crusting, hearing loss, ear fullness, tinnitus,

cough, wheeze or hemoptysis, renal failure and proteinuria, purpuric

rash, and peripheral neuropathy (2). Pulmonary involvement includes

necrotizing granulomatous inflammation (nodules, masses, with or

without cavitation), tracheobronchial inflammation, alveolar

hemorrhage, interstitial lung disease (ILD), and asthma (3).

EGPA is histologically defined by eosinophil-rich, necrotizing

granulomatous inflammation, primarily involving the respiratory

tract, along with necrotizing vasculitis of small to medium size (4).

ANCAs are detected in ~40%–60% of patients with EGPA typically

directed against MPO (5).

Middle lobe syndrome (MLS) is a rare clinical entity, defined as

chronic or recurrent atelectasis of the right middle lobe of the lung,

although it can also involve the lingula of the left lung (6). First

described in 1948 (7), it can present in patients of any age. The right

middle lobe bronchus is susceptible to partial or total obstruction due

to a smaller intraluminal diameter compared to other lobar bronchi (6).

Female patients present smaller intraluminal diameters

compared to male counterparts, thus providing anatomical

explanation for a female epidemiological predisposition (8).

Here, we report the case of a 51-year-old woman affected by

EGPA, presenting exclusively with leukocytosis and elevated

concentrations of acute-phase proteins, which turned out to

present MLS diagnosis.
Case presentation

A 51-year-old woman, with an established diagnosis of EGPA,

presented to our Rheumatology Clinic for a routine follow-up

scheduled visit.

Diagnosis was determined in 2014, when she presented with

asthma-like tracheobronchitis, for which she underwent high-

resolution chest computed tomography (HRCT) revealing bronchial

wall thickening and lung consolidations. MPO-ANCA positivity was

evidenced. After pneumological examination, she was referred to

bronchoscopy. Bronchoalveolar lavage (BAL) cell count showed 22%

eosinophils, while peripheral eosinophilia was >10% on differential

white blood cell count. Since IgG4-related disease (IgG4-RD) may

cause lung manifestations in terms of interstitial pneumonitis,

organizing pneumonia, and lymphomatoid granulomatosis, IgG4 was

collected in both serum and tissues, and found within normal ranges.
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Bronchial mucosa histological samples described granulation tissue,

neutrophilic and eosinophilic inflammatory infiltration, plurinucleate

giant cells, and fibrinoid necrosis. No peripheral neuropathy or renal

involvement was observed at the time. No ear–nose–throat

manifestations were referred by the patient; however, and ENT

specialist still evaluated her, excluding the presence of rhinological,

otological, or other manifestations of EGPA. Finally, diagnosis was

established following the 1990 ACR diagnostic criteria for EGPA. The

patient’s past medical history highlighted arterial hypertension, thyroid

nodules with normal thyroid function, diverticulosis of the sigma,

polycystic ovary syndrome (PCOS), and incomplete right bundle

branch block. She had never smoked. At disease onset, she was

treated with high doses of steroid (prednisone 1 mg/kg/day),

gradually tapered until suspension after 6 months. During steroid-

tapering, at week 12 from disease onset, therapy with azathioprine was

introduced at the dosage of 150 mg and 100 mg every other day

(because of moderate toxic myelosuppression at higher doses). The

patient remained in remission for 8 years, with a Birmingham

Vasculitis Activity Score (BVAS) of 0.

During follow-up visits, neither systemic nor localized symptoms

emerged, particularly of the respiratory tract. Her asthma control was

optimal with beclometasone-formoterol as maintenance and reliever

treatment. However, blood tests showed mild leukocytosis and elevated

levels of acute-phase proteins. Allergy, stress, injury, surgery, or thyroid

problems were all excluded. Complete blood tests repeated in our clinic

confirmed neutrophilic leukocytosis (leukocyte count 15.59 × 103 cell/

mmc, normal value <11 × 103 cell/mmc; neutrophil 10.84 × 103 cell/

mmc, normal value <7.2 × 103 cell/mmc) and elevated levels of C-

reactive protein (CRP) (3.46 mg/dl, cutoff value < 0.50) and erythrocyte

sedimentation rate (ESR) (81 mm/h, cutoff value < 28). No other

relevant findings emerged (normal liver and kidney function,

electrophoresis, and urine analysis). Eosinophils were normal. ANCA

testing proved negative. Free light chains were present at normal ranges

in the blood. After hematological consult, lympho-proliferative disease

was excluded and laboratory alterations were ascribed to a reactive

leukocytosis derived from rheumatological condition.

Because of persistent leukocytosis and elevated inflammatory

markers, in the absence of alternative causes, and as the patient's last

chest CT scan dated 2 years before, in agreement with the pulmonary

specialist, an HRCT examination (Figures 1A–D) was scheduled

again, highlighting complete bronchiectasis and atelectasis of the

middle lobe (ML), on an obstructive basis because of stenosis at the

origin of the ML bronchial branch (Figures 1A, B). Moreover, diffuse

thickening of the proximal bronchial walls of the inferior ipsilateral

lobar branch, the common bronchus of the left lobe, and the origin of

the bronchial branches of the lingula were detected. A polypoid-like

neoformation of the anterior wall of the left common bronchus was

reported as well, measuring approximately 8 × 10 mm (Figures 1C,

D). According to a radiologist and pneumologist consultant, these

findings appeared worthy of endoscopic investigations to rule out

differential diagnosis between granulomas and heterotoplastic tissue.

After fiberoptic bronchoscopy (FOB), stenosis at the origin of

the middle lobar bronchus, associated with architectural stenosis of

the distal section of the left main bronchus, was confirmed

(Figure 2A). At BAL, no hypereosinophilia was detected and

microbiological tests were all negative for infections.
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Bronchial biopsies showed the prevalence of an infiltrate of plasma

cells and neutrophils, with isolated eosinophils, in the absence of

granuloma, fibrinoid necrosis, eosinophilic vasculitis, and neoplastic

cells (Figure 3). Nonabundant interstitial IgG4 plasma cells by IgG4

immunoperoxidase stain were observed, the Tfh–plasmablast axis was

not elevated, and no positive stains to CD138, CD38, MUM1, and

CD79a were observed. Based on these features, the pneumologist

concluded an MLS diagnosis. Anti-inflammatory therapy was

attempted, with prednisone 25 mg daily for 35 days. Because of lack

of response to conservative treatment, endoscopic attempt of middle

lobar bronchus dilatation (by Fogarty 4 F balloon and tissue removal

using flexible biopsy forceps) was scheduled (Figure 2B). At follow-up

chest CT scan, reventilation of middle lobe was documented

(Figure 1E). Repeated FOB confirmed improving middle lobar

bronchus stenosis (Figure 2C). The patient completely recovered

from the procedure, without any respiratory symptom. Complete

blood count was repeated 20 days after the procedure, documenting

a slowly lowering neutrophilic leukocytosis (leukocyte count 14.3 × 103

cell/mmc, normal value <11 × 103 cell/mmc; neutrophil 9.9 × 103 cell/
Frontiers in Immunology 03
mmc, normal value <7.2 × 103 cell/mmc), as well as CRP (1.71 mg/dl,

cutoff value < 0.50) and ESR (72 mm/h, cutoff value < 28).

Discussion

Lung involvement is one of the most common clinical features

in AAV (9). Airway involvement presents as tracheobronchial (TB)

obstruction, sustained by inflammation, which occurs at any region

of the tracheobronchial tree, including subglottic stenosis (SGS) and

lower tracheal and bronchial stenosis (BS). Notably, BS is less

frequently described, since it is more frequently asymptomatic

and discovered accidentally, unlike SGS, which becomes rapidly

symptomatic (voice changes, noisy breathing, dyspnea, etc.). Thus,

BS is probably underdiagnosed among AAV patients (10). TB

involvement is more frequent in GPA (15%–55% of patients,

according to different cohorts in literature) (10–12), but it is

rarely described even in MPA and EGPA (13).

MLS is a rare clinical entity, defined as chronic or recurrent

atelectasis of the right middle lobe of the lung, and it is a potential
FIGURE 1

High-resolution chest CT showing a wedge-shaped density extending from the hilum anteriorly and inferiorly towards the chest wall, confirming the
presence of middle lobe syndrome [red arrow in (A), axial view, and (B), sagittal view]. Coronal view (C) shows polypoid-like neoformation of the
anterior wall of the left common bronchus (red arrowhead), confirmed in axial view (D, red arrowhead). High-resolution chest CT performed 15 days
after the bronchodilation procedure documented regression of the middle lobe atelectasis (E, axial view).
FIGURE 2

On bronchoscopy, the right main bronchus was partially obstructed by fibrotic stenosis (A). (B) shows bronchoscopic images after dilatation and 1
month later showing complete healing of bronchial tear (C).
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complication of asthma. In some cases, the lingula of the left lung

may also be involved (6).

To the best of our knowledge, this is the first detailed

description of MLS in EGPA. Although there is no established

definition of MLS, it is fundamentally distinct into two

pathophysiological pathways: a non-obstructive type (patent right

middle lobe bronchus) and an obstructive type (documented airway

occlusion), both caused by various etiologies. A history of atopy,

asthma, or COPD has been reported in up to 50% of patients (14).

Recurrent infections and chronic airway inflammatory

processes, as observed in asthma, may lead to parenchymal

damage and bronchiectasis, and contribute to transient bronchial

obstruction (15).

TB obstruction/stenosis differential diagnosis is thus mandatory.

Infections, traumatic injuries, radiation, and extrinsic compression

(e.g., lung malignancies) are the principal etiologies. Other rarer

causes are rheumatoid arthritis (RA), sarcoidosis, amyloidosis,

Behçet's disease, relapsing polychondritis (RP), and fibrosing

mediastinitis due to autoimmune disorders such as IgG4-RD (16–25).

Nonetheless, histological sampling of tracheobronchial lesions

is not always specific (10). It often shows necrotizing granulomas

that alter the normal alveolar architecture, progressively impairing

respiratory function and causing subsequent bronchial stenosis and

fibrosis. However, also non-specific mucosal inflammation and

ulcerations may be observed, and it has to be considered that

vasculitis is much more rarely encountered compared to

granuloma, such as in our case (26).

It is important that the bronchoscopist carefully inspects the

airways, since the TB mucosal lesions may be easily missed as they

are very tiny and possibly sparse (27).
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Since BS should be considered a severe manifestation of AAV,

eventually leading to marked functional and life-threatening risks,

physicians should be aware of this complication.

It may present totally asymptomatic, showing solely raised

leukocyte count and inflammatory markers, in the absence of

other possible explanation, similarly to our reported case (9).

Commonly, asthma exacerbation should be ruled out, and BS

diagnosis may therefore derive only from chest HRCT, scheduled to

exclude the presence of asthma abnormalities, namely, air trapping,

bronchiectasis, bronchial dilatation, and bronchial wall thickening

(28–31). In BS, imaging reports chronic or recurrent lobe

atelectasis, particularly involving ML, since ML’s fissures insufflate

the segment from collateral ventilation, reducing the likelihood of

auto-correction of atelectasis (32), configuring MLS disease.

Findings from literature data suggest that BS involvement might

be significantly more frequent than generally believed in patients

being evaluated for possible eosinophilic lung diseases. In fact,

chronic inflammation, as observed in recurrent asthma episodes

and eosinophilic infiltrates, may lead to altered bronchus mucosal

microarchitecture and fibrosis, thus causing BS (6). Therefore,

careful asthma management in these patients is decisive to

prevent airway stenoses and lobar collapse (33).

Figure 4 summarizes the main aspects discussed and to be

considered in AAV patients at risk of MLS development.

Regarding management, TB disease may require treatment with

high-dose systemic glucocorticoids and cyclophosphamide or

rituximab. In a small cohort in literature, cyclophosphamide

seemed to effectively treat BS, but not SGS, while rituximab

appeared to be a promising therapy for tracheobronchial lesions

(11, 34).
FIGURE 3

Microscopic examination revealed: (A) low magnification and (B) high magnification of hematoxylin and eosin staining, showing plasma cell infiltrate
in the absence of eosinophils and vasculitis. Since main differential diagnosis includes lymphoma, kappa and lambda light chain immunostains were
needed. Immunoglobulin free light chain (IgLC) levels in lung tissue were determined by immunohistochemistry, and no abnormalities were
observed both at (C) low and (D) high magnification.
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When TB involvement does not respond to standard

immunosuppressive treatment, particularly when the stenosis is

severe or it is likely to be problematic in the future (e.g., potentially

complicating intubation or decannulation), and especially in

symptomatic patients, complementary endoscopic management

may be considered (35).

Furthermore, TB disease evolves independently from other

systemic AAV manifestations, and little is known in terms of

therapeutic response or evolution, even if viral infection and

autoimmune flares may play a role (36). ANCA autoantibodies and

inflammatory markers could be useful in monitoring disease course

(37); however, they may be non-specific, affected by other causes (e.g.,

infections, as above mentioned), and they fluctuate over time without

effectively predicting disease flares (38). Moreover, TB stenosis relapses

are common and mostly occur under immunosuppressant therapy,

suggesting the absence of response to classical AAV treatment (10).

Differentiating active inflammatory endobronchial involvement from

damage (scarring resulting from post-inflammatory fibrosis, or

restenosis) may be clinically challenging, especially in patients

without any other active organ involvement or in patients with

negative ANCA test results, like in our presented case. In such

patients, enforcing an intensification of immunosuppressive therapy

may prove ineffective, merely increasing the risk of infectious

complications (3). The CRP trend in our patient was decreasing after

operative bronchus dilatation, and we believe this may reflect chronic

BS. Otherwise, ongoing inflammation and fibroblast activation may

subtend active disease. Additionally, characterization of serial changes

in inflammation in EGPA patients with lung involvement may provide

information about disease progression, foster further imaging

investigation, potentially allowing risk stratification, and finally

helping clinicians through treatment plans. Managing other sources

of inflammation that could accelerate or induce recurrence may be

pivotal as well, even if, today, there are no guidelines supporting
Frontiers in Immunology 05
physicians in such cases, and the risk of recurrence remains

undisclosed. In conclusion, the rationale for TB stenosis screening in

AAV patients is based on clinical experience, since usually patients are

completely asymptomatic. Laboratory markers are not helpful as

disease biomarkers, but they could be considered “red flags”,

identifying patients needed to be closely monitored. Prompt

evaluation with chest CT and FOB is required, even if

histopathology may be inconclusive in defining acute rather than

chronic disease features. Immunosuppressive therapy is the gold

standard, but if worsening stenosis is confirmed, endoscopic

restoration of airway patency is indicated (39).

To the best of our knowledge, this is the first detailed

description of MLS in EGPA completely removed through FOB.

Identification of MLS in EGPA appears imperative as prognosis,

longitudinal management, and treatment options may differ from

other pulmonary involvement in AAV patients.
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FIGURE 4

Main points to consider in AAV patients at risk of MLS development. BS, bronchial stenosis; CT, computed tomography; FOB, fiberoptic
bronchoscopy; SGS, subglottic stenosis; TB, tracheobronchial. The image was created with BioRender.
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5. Sablé-Fourtassou R, Cohen P, Mahr A, Pagnoux C, Mouthon L, Jayne D, et al.
Antineutrophil cytoplasmic antibodies and the churg-strauss syndrome. Ann Intern
Med (2005) 143(9):632–8. doi: 10.7326/0003-4819-143-9-200511010-00006

6. Gudbjartsson T, Gudmundsson G. Middle lobe syndrome: a review of
clinicopathological features, diagnosis and treatment. Respiration (2012) 84(1):80–6.
doi: 10.1159/000336238

7. Graham EA, Burford TH, Mayer JH. Middle lobe syndrome. Postgrad Med (1948)
4(1):29–34. doi: 10.1080/00325481.1948.11693655

8. Mi W, Zhang C, Wang H, Cao J, Li C, Yang L, et al. Measurement and analysis of
the tracheobronchial tree in chinese population using computed tomography. PloS One
(2015) 10(4):e0123177. doi: 10.1371/journal.pone.0123177

9. Cottin V, Bel E, Bottero P, Dalhoff K, Humbert M, Lazor R, et al. Respiratory
manifestations of eosinophilic granulomatosis with polyangiitis (churg-strauss). (2016)
48(5):1429–41. doi: 10.1183/13993003.00097-2016

10. Taylor SC, Clayburgh DR, Rosenbaum JT, Schindler JS. Clinical manifestations
and treatment of idiopathic and wegener granulomatosis-associated subglottic stenosis.
JAMA Otolaryngol Head Neck Surg (2013) 139(1):76–81. doi: 10.1001/
jamaoto.2013.1135

11. Girard C, Charles P, Terrier B, Bussonne G, Cohen P, Pagnoux C, et al.
Tracheobronchial stenoses in granulomatosis with polyangiitis (wegener's): a report
on 26 cases.Med (Baltimore) (2015) 94(32):e1088. doi: 10.1097/md.0000000000001088

12. Garcia-Valladares I, Espinoza LR. Subglottic stenosis is a form of limited wegener's
granulomatosis. J Rheumatol (2011) 38(10):2268. doi: 10.3899/jrheum.110371

13. Polychronopoulos VS, Prakash UB, Golbin JM, Edell ES, Specks U. Airway
involvement in wegener's granulomatosis. Rheum Dis Clin North Am (2007) 33(4):755–
75. doi: 10.1016/j.rdc.2007.09.004

14. Einarsson JT, Einarsson JG, Isaksson H, Gudbjartsson T, Gudmundsson G.
Middle lobe syndrome: a nationwide study on clinicopathological features and surgical
treatment. Clin Respir J (2009) 3(2):77–81. doi: 10.1111/j.1752-699X.2008.00109.x

15. Soyer O, Ozen C, Cavkaytar O, Senyücel C, Dallar Y. Right middle lobe
atelectasis in children with asthma and prognostic factors. Allergology Int (2016) 65
(3):253–8. doi: 10.1016/j.alit.2015.12.002

16. Puchalski J, Musani AI. Tracheobronchial stenosis: causes and advances in
management. Clin Chest Med (2013) 34(3):557–67. doi: 10.1016/j.ccm.2013.05.002

17. Illamperuma C, Reid J, Kanthan R. Chyloptysis with right middle lobe syndrome
complicated postoperatively by chylothorax: an unusual cause of right middle lobe
syndrome. Can Respir J (2009) 16(2):e1–2. doi: 10.1155/2009/370496
18. Yamasaki A, Tomita K, Chikumi H, Tatsukawa T, Shigeoka Y, Nakamoto M,
et al. Lung cancer arising in association with middle lobe syndrome. Anticancer Res
(2006) 26(3b):2213–6.

19. Keshishyan S, Harris K, Mohan A, Patil M. Bronchoscopic management of
central airway obstruction secondary to rheumatoid arthritis. J Bronchology Interv
Pulmonol (2018) 25(1):e9– e11. doi: 10.1097/lbr.0000000000000430

20. Teo F, Anantham D, Feller-Kopman D, Ernst A. Bronchoscopic management of
sarcoidosis related bronchial stenosis with adjunctive topical mitomycin c. Ann Thorac
Surg (2010) 89(6):2005–7. doi: 10.1016/j.athoracsur.2009.10.072

21. Milani P, Basset M, Russo F, Foli A, Palladini G, Merlini G. The lung in
amyloidosis. Eur Respir Rev (2017) 26(145):170046. doi: 10.1183/16000617.0046-2017

22. Witt C, John M, Martin H, Hiepe F, Ewert R, Emslander HP, et al. Behet's
syndrome with pulmonary involvement-combined therapy for endobronchial stenosis
using neodym-yag laser, balloon dilation and immunosuppression. Respiration (1996)
63(3):195–8. doi: 10.1159/000196544

23. Rahman N, Senanayake E, Mascaro J, Situnayake D, Bishay ES, Patel AJ.
Recurrent endobronchial occlusion and aorto-bronchial fistula formation in behcet's
disease. J Cardiothorac Surg (2023) 18(1):22. doi: 10.1186/s13019-023-02145-0

24. de Montmollin N, Dusser D, Lorut C, Dion J, Costedoat-Chalumeau N,
Mouthon L, et al. Tracheobronchial involvement of relapsing polychondritis.
Autoimmun Rev (2019) 18(9):102353. doi: 10.1016/j.autrev.2019.102353

25. Ito M, Yasuo M, Yamamoto H, Tsushima K, Tanabe T, Yokoyama T, et al.
Central airway stenosis in a patient with autoimmune pancreatitis. . Eur Respir J (2009)
33(3):680–3. doi: 10.1183/09031936.00051408

26. Schwarz MI, Brown KK. Small vessel vasculitis of the lung. Thorax (2000) 55
(6):502–10. doi: 10.1136/thorax.55.6.502

27. Livi V, Cancellieri A, Patelli M, Trisolini R. Tracheobronchial involvement in
churg-strauss syndrome. J Bronchology Interv Pulmonol (2012) 19(1):81–2.
doi: 10.1097/LBR.0b013e3182422dd1

28. Gupta S, Siddiqui S, Haldar P, Raj JV, Entwisle JJ, Wardlaw AJ, et al. Qualitative
analysis of high-resolution ct scans in severe asthma. Chest (2009) 136(6):1521–8.
doi: 10.1378/chest.09-0174

29. Lin X, Lin Y, Lai Z, Wei S, Qiu M, Li J, et al. Retrospective comparison of high-
resolution computed tomography of eosinophilic granulomatosis with polyangiitis with
severe asthma. Ann Transl Med (2021) 9(12):983. doi: 10.21037/atm-21-2243

30. Baroni RH, Feller-Kopman D, Nishino M, Hatabu H, Loring SH, Ernst A, et al.
Tracheobronchomalacia: comparison between end-expiratory and dynamic expiratory
ct for evaluation of central airway collapse. Radiology (2005) 235(2):635–41.
doi: 10.1148/radiol.2352040309

31. Stern EJ, Graham CM, Webb WR, Gamsu G. Normal trachea during forced
expiration: dynamic ct measurements. Radiology (1993) 187(1):27–31. doi: 10.1148/
radiology.187.1.8451427

32. Aquino SL, Shepard JA, Ginns LC, Moore RH, Halpern E, Grillo HC, et al.
Acquired tracheomalacia: detection by expiratory ct scan. J Comput Assist Tomogr
(2001) 25(3):394–9. doi: 10.1097/00004728-200105000-00011

33. Latorre M, Baldini C, Seccia V, Pepe P, Novelli F, Celi A, et al. Asthma control
and airway inflammation in patients with eosinophilic granulomatosis with
polyangiitis. J Allergy Clin Immunol Pract (2016) 4(3):512–9. doi: 10.1016/
j.jaip.2015.12.014
frontiersin.org

https://doi.org/10.1002/art.37715
https://doi.org/10.1136/bmj.m1070
https://doi.org/10.1016/j.lpm.2020.104039
https://doi.org/10.1016/j.lpm.2020.104039
https://doi.org/10.1136/annrheumdis-2021-221794
https://doi.org/10.7326/0003-4819-143-9-200511010-00006
https://doi.org/10.1159/000336238
https://doi.org/10.1080/00325481.1948.11693655
https://doi.org/10.1371/journal.pone.0123177
https://doi.org/10.1183/13993003.00097-2016
https://doi.org/10.1001/jamaoto.2013.1135
https://doi.org/10.1001/jamaoto.2013.1135
https://doi.org/10.1097/md.0000000000001088
https://doi.org/10.3899/jrheum.110371
https://doi.org/10.1016/j.rdc.2007.09.004
https://doi.org/10.1111/j.1752-699X.2008.00109.x
https://doi.org/10.1016/j.alit.2015.12.002
https://doi.org/10.1016/j.ccm.2013.05.002
https://doi.org/10.1155/2009/370496
https://doi.org/10.1097/lbr.0000000000000430
https://doi.org/10.1016/j.athoracsur.2009.10.072
https://doi.org/10.1183/16000617.0046-2017
https://doi.org/10.1159/000196544
https://doi.org/10.1186/s13019-023-02145-0
https://doi.org/10.1016/j.autrev.2019.102353
https://doi.org/10.1183/09031936.00051408
https://doi.org/10.1136/thorax.55.6.502
https://doi.org/10.1097/LBR.0b013e3182422dd1
https://doi.org/10.1378/chest.09-0174
https://doi.org/10.21037/atm-21-2243
https://doi.org/10.1148/radiol.2352040309
https://doi.org/10.1148/radiology.187.1.8451427
https://doi.org/10.1148/radiology.187.1.8451427
https://doi.org/10.1097/00004728-200105000-00011
https://doi.org/10.1016/j.jaip.2015.12.014
https://doi.org/10.1016/j.jaip.2015.12.014
https://doi.org/10.3389/fimmu.2023.1222431
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Maranini et al. 10.3389/fimmu.2023.1222431
34. Fowler NM, Beach JM, Krakovitz P, Spalding SJ. Airway manifestations in
childhood granulomatosis with polyangiitis (Wegener's). Arthritis Care Res (Hoboken)
(2012) 64(3):434–40. doi: 10.1002/acr.21565

35. Terrier B, Dechartres A, Girard C, Jouneau S, Kahn JE, Dhote R, et al.
Granulomatosis with polyangiitis: endoscopic management of tracheobronchial
stenosis: results from a multicentre experience. Rheumatol (Oxford) (2015) 54
(10):1852–7. doi: 10.1093/rheumatology/kev129

36. Shitrit D, Kuchuk M, Zismanov V, Rahman NA, Amital A, Kramer MR.
Bronchoscopic balloon dilatation of tracheobronchial stenosis: long-term follow-up.
Eur J Cardiothorac Surg (2010) 38(2):198–202. doi: 10.1016/j.ejcts.2009.11.056
Frontiers in Immunology 07
37. Tian Y, Liu N, Yin H, Duan L. Relationship between c-reactive protein/serum
albumin ratio, neutrophil/lymphocyte ratio, and anca-associated vasculitis activity: a
retrospective single center cohort study. Front Med (Lausanne) (2022) 9:855869.
doi: 10.3389/fmed.2022.855869
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