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Introduction
The field of interventional bronchoscopy is rapidly growing, with the development of minimally invasive
approaches and innovative devices to diagnose and treat a spectrum of respiratory diseases (figure 1), often
as outpatient procedures, and supported by high quality collaborative research. This short review covers
aspects related to COPD, peripheral pulmonary nodules, interstitial lung disease, and airway stenosis and
malacia.

COPD
COPD is a complex inflammatory disorder of the small airways with a variety of manifestations of interest
to the interventional bronchoscopist. The therapeutic approach to severe emphysema and hyperinflation
continues to build on the proven reduction of excessive residual volume and restoration of normality to
lung mechanics [1]. Current interests include the regeneration of a healthy functioning epithelium in
patients with chronic bronchitis and the amelioration of frequent exacerbations using targeted lung
denervation.

Severe emphysema and hyperinflation
Approximately 1 in 100 patients with COPD are suitable for lung volume reduction. Evaluation is by a
multidisciplinary team to ensure individuals have completed a programme of pulmonary rehabilitation, are
taking optimal medical therapy, and are considered for all available approaches, including lung transplant.

Impairment of the passive elastic recoil mechanism, which in health maintains the patency of the small
airways during expiration, results in an accumulation of trapped gases and a mechanical impediment to the
ventilatory pump. Several devices with different modes of action have been developed to reduce
hyperinflation.

Unidirectional valves induce atelectasis by occluding the segmental bronchi during inspiration, permitting
evacuation of air and mucus in expiration. There are two main marketed devices: The Zephyr
Endobronchial Valve (EBV) by Pulmonx Inc. (CA, USA), and the Spiration Valve System by Olympus
(WA, USA). Absent interlobar collateral ventilation (CV), determined by surrogate quantification of fissure
integrity on high resolution computed tomography and/or physiological measurement of lobar flow, is
critical to success. The EBV, a duck-bill mechanism, has been the most studied and shown to improve
lung function, exercise capacity, quality of life [2–4] and survival [5, 6] in selected individuals, and is a
guideline-approved therapy; moreover, benefits are observed in homogeneous emphysema [7] and in lower
lobe predominant disease [4]. Pneumothorax is the most frequent complication, occurring in up to 30% of
recipients [3] and mandates a 72-h stay in hospital; management is usually by insertion of a 12-French
thoracostomy tube [8]. A persistent air leak may require removal of one or more valves with staged
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re-implantation; reassuringly, outcomes are not adversely affected, provided complete lobar atelectasis is
achieved [9]. Of those subjects screened in the TRANSFORM study, 16.5% were excluded owing to the
presence of CV [3]. The CONVERT trial has been designed to broaden eligibility with instillations of
Aeriseal sealant (Pulmonx Inc., CA, USA) into leaky fissures prior to EBV insertion: preliminary reports
of up to an 83% “conversion” are most encouraging [10, 11].

Several alternative strategies to induce volume reduction independent of interlobar CV are the subject of
research.

Endobronchial coils by PneumRx (CA, USA) are proposed to work by gathering the surrounding lung
parenchyma and re-tensioning the airway network. They have shown promise, especially in patients with
severe hyperinflation (residual volume >225% best predicted) and homogeneous emphysema deemed
unsuitable for transplantation [12–16]; however, the technology has been withdrawn for financial reasons.
A similar lung tensioning device system by Free Flow Medical (CA, USA) is currently under trial
evaluation (NCT04520152). Another coil-shaped device from Lifetech Medical (Shenzhen, China) is being
evaluated in a randomised controlled trial in China after finishing the first in-human study
(NCT03685526).

Airway bypass, creating non-anatomical transbronchial fenestrations at the segmental level, supported by
self-expanding stents, proved the concept. However, the benefits were short-lived despite paclitaxel elution
and patency was not sustained [17]. The Pulmair (CA, USA) “Implantable Artificial Bronchus” instead
stents the lobar segmental airways out to the 15th generation and counteracts expiratory airways collapse,
facilitating gas emptying (US20180344445A1) [18], and is being prospectively evaluated in a multicentre
trial (NCT05087641). An alternative embodiment by Apreo Health Inc. (CA, USA) employs an innovative
geometric implant design to maintain luminal patency (US20220280279A1) and is under evaluation in a
multicentre trial (NCT05854550).
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FIGURE 1 The interventional bronchoscopist’s toolbox. Emphysema: 1) endobronchial valve, 2) Aeriseal,
3) endobronchial coil, 4) airway bypass stent, 5) implantable artificial bronchus and 6) bronchoscopic thermal
vapour ablation. Chronic bronchitis: 7) metered radial cryospray and 8) rheoplasty. COPD with predominant
airflow limitation: 9) targeted lung denervation. Peripheral pulmonary nodule: 10) ION robotic platform and
11) Creo Medical’s bronchial microwave ablation catheter, MicroBlate Flex. Interstitial lung disease: 12) Erbe
cryoprobe for transbronchial cryobiopsy. Airway stenosis: 13) biodegradable stent.
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Bronchoscopic thermal vapour ablation (BTVA) by Uptake Medical (WA, USA) offers a non-mechanical
method of segmental volume reduction, preserving less diseased tissue and lessening the risk of
pneumothorax, with promising results in individuals with heterogeneous upper-lobe predominant
emphysema and hyperinflation [19, 20]. A post-market BTVA registry is in progress (NCT03318406), and
another randomised controlled trial was recently approved in Germany (NCT05717192). Morair Medtech
(WA, USA) have produced a similar system, endobronchial thermal liquid ablation, which uses heated
normal saline (ACTRN12622001327774).

Chronic bronchitis
Clinically defined by cough and sputum expectoration occurring on most days for at least three months of
two consecutive years, chronic bronchitis is associated with frequent exacerbations and hospitalisations,
accelerated lung function decline, poor quality of life, and reduced life expectancy [21]. A novel approach
to reverse airways metaplasia and chronic mucus hypersecretion is selective cellular ablation, preserving a
framework of extracellular structures, which is followed by healthy tissue regeneration – two such
bronchoscopic epithelial resurfacing technologies, under trial evaluation, are described below.

The RejuvenAir system by CSA Medical (MA, USA) employs radial metered cryospray to flash freeze the
epithelial lining at −196°C, inducing intracellular ice crystal formation, disrupting cellular structures but
sparing the extracellular matrix. At 12 months, the treatment was shown to be safe, feasible, well-tolerated
and associated with clinically meaningful improvements in cough, sputum production, breathlessness and
quality of life [22]. A randomised sham-controlled study is under way to confirm the benefits and
durability of this treatment in a larger population of patients (NCT03893370).

Bronchial rheoplasty by Galvanize Therapeutics Inc. (CA, USA) utilises pulsed electric fields to ablate the
mucosal lining. Similarly encouraging benefits in patient-reported outcomes have been published [23] and
a large, randomised sham-controlled trial is in progress (NCT04677465). A German–Austrian registry
recently completed enrolment and will provide real world data (NCT04182841).

Frequent exacerbations
Pharmacological blockade of the vagal innervation of the lungs results in bronchodilation, improved ciliary
function, and reduced mucus secretion and exacerbation frequency [24]. Limitations to inhaled therapy
include adherence and short duration of action. Targeted lung denervation, delivering circumferential
radiofrequency ablation to the main bronchi in one treatment session, offers an alternative and more
durable means of attenuating the overactive parasympathetic tone [25]. Employment of a radio-opaque
gastro-oesophageal balloon serves to minimise gastric vagal plexus capture. The randomised double-blind
sham-controlled trial, Airflow-2, showed clinically meaningful reductions in severe exacerbation frequency
requiring hospitalisation [26]. A pivotal trial, Airflow-3, is designed to evaluate the safety and efficacy of
targeted lung denervation in reducing moderate to severe exacerbations over 1 year [27].

The peripheral pulmonary nodule
Lung cancer is the leading oncological cause of death worldwide [28]. Presentation is often advanced and
prognosis consequently poor: 5-year survival is 25% for non-small cell lung carcinoma and 7% for small
cell carcinoma [29]. The National Lung Cancer Screening Trial employing low-dose computed
tomography (CT) demonstrated a risk reduction in mortality of 20% in individuals who were former
smokers with a 30-pack year history [30].

Diagnosis
Most incidental pulmonary nodules are found in the periphery of the lung and undergo surveillance as
guided by predictive models [31]. A minority require interrogation and traditionally this is undertaken
using transthoracic needle biopsy. The diagnostic yield is high (93%, 95% CI 90–96%) [32], offset by the
risk of pneumothorax of up to 16%, with 6.6% requiring drainage [33].

Navigation bronchoscopy is an alternative approach embracing a range of techniques: virtual
bronchoscopy, electromagnetic navigation, radial endobronchial ultrasound (REBUS), tomosynthesis,
cone-beam computed tomography (CBCT), slimline scopes, robotic assistance, and combinations of
these [34]. A meta-analysis of 126 studies comprising 16 077 patients with 16 389 lesions reported a
pooled diagnostic yield of 69.4% (95% CI 0.67–0.71), with substantial variation among studies (40% to
97%) and significant between-study heterogeneity [35]. There was no difference in yield when comparing
technologies; however, larger nodule size and the presence of a bronchus sign were associated with
improved outcomes. A pneumothorax rate of 2.1% was quoted.
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Robotic-assisted bronchoscopy is designed to optimise tool placement within a lesion: bespoke ventilation
protocols [36] and real-time imaging feedback mitigate pre-procedural CT-to-body divergence [37]. The
first prospective multicentre trial published a diagnostic yield of 74.1% (95% CI 61–84%) and
pneumothorax rate of 3.7% [38]. A promising paradigm from the USA combines a shape-sensing robotic
platform with REBUS and CBCT [39, 40] and is under trial evaluation in the UK (NCT05867953).

With the advent of nationwide lung cancer screening programmes, navigation bronchoscopy is likely to
become a widespread complementary technology with multimodal sampling approaches adopted,
facilitated by advanced imaging adjuncts and rapid on-site evaluation (human or artificial intelligence
driven) [41], to maximise diagnostic yields and reduce procedural times.

Therapy
Surgical resection is the preferred treatment modality for peripheral early-stage non-small cell lung
carcinoma [42–44]. For those individuals who decline surgery or in whom the risk is prohibitive,
stereotactic body radiation therapy (SBRT) [45, 46] and percutaneous ablative techniques [47] are
established alternatives.

An alternative approach under trial evaluation is bronchoscopy-delivered transbronchial ablation employing
thermal (microwave: NCT05299606, NCT05281237, NCT05786625; cryotherapy: NCT04049474) and
non-thermal (brachytherapy and photodynamic therapy) energy sources. The use of localised ablation to
release tumour antigen into the circulation and potentiate the effects of immunotherapy is currently being
evaluated (NCT05053802, NCT04793815). Expanding indications may include individuals with
unresectable local recurrence after surgery or SBRT and biopsy-proven synchronous lesions. It remains to
be seen whether the impact of bronchoscopy ablation on local recurrence rates and survival compares
favourably with current standard of care therapies.

Interstitial lung disease
The diffuse parenchymal lung diseases encompass more than 200 conditions characterised by inflammation
or fibrosis of the alveolar-capillary compartment. There is significant overlap in presentation but differences
in treatment response and prognosis make diagnosis challenging; multidisciplinary discussion integrating
clinical, radiological, serological and histological data is fundamental to this process [48]. Surgical lung
biopsy is regarded as the gold standard modality for tissue acquisition, but is associated with complications
including persistent air leak in up to 5% [49], exacerbation of the underlying disease process in 7%, major
bleeding in 2.2% [50], and 30-day mortality in 2.4% (similar to lobectomy for lung cancer) [51].
Transbronchial lung cryobiopsy offers a minimally invasive means of procuring tissue with a comparable
diagnostic accuracy [52], and substantially lower morbidity and mortality [53]. The architectural preservation
of the sample not subject to the crush artefacts seen with mechanical forceps transbronchial biopsies permits
a more detailed histological characterisation with similar prognostic value to surgical lung biopsy [54]. The
technique is now incorporated into society guidelines [55]. Procedural modifications employing advanced
imaging adjuncts such as radial endobronchial ultrasound [56] and cone-beam computed tomography [57]
and the addition of a genomic classifier [58] have been proposed to improve diagnostic yield.

Airway stenosis and malacia
Three-dimensional stent printing
The treatment of benign and malignant airway stenoses frequently poses a challenge owing to complex
anatomy with individual variation. Commercially available stents not infrequently suffer migration and
granulation tissue reaction, leading to luminal occlusion. A number of software platforms exist that can
segment anatomical structures including the airway tree to a high resolution. Three-dimensional modelling
and printing circumvents the “one-glove-fits-all” paradigm and permits the manufacture of patient-specific
devices, with promising preliminary results published [59, 60]. The use of novel biocompatible materials
with antimicrobial properties [61] will minimise the risk of endoluminal tissue encroachment and infection.
The process is seemingly applicable to any form of bronchial implant, which holds great potential in the
pursuit of personalised medicine.

Biodegradable stents
Problems common to silicone and to metal (nitinol and medical grade stainless steel) stents are an
aggressive granulation response and biofilm formation, both degrading their function and necessitating
further bronchoscopic procedures to clean or replace them. Stenotic and malacic airway pathologies are
especially prevalent after lung transplantation. For this indication, and perhaps for other benign and longer
lasting malignant problems, biodegradable ELLA stents (ELLA-CS, Hradec Králové, Czech Republic)
have been suggested [62, 63].
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Conclusion
This short review summarises the latest bronchoscopic innovations and advances in response to the
demand for minimally invasive management of a broadening spectrum of problems. Evolution of the
speciality will depend on randomised sham-controlled double-blind trials and head-to-head comparisons of
technologies with capture of important end-points (for example, requirement for repeat procedures, impact
on quality of life) to determine the most appropriate modalities and management algorithms for our
patients. The future is promising.

Conflicts of interest: J.L. Garner is a co-investigator on trials conducted by Apreo, CSA Medical, Galvanize and
Pulmonx. P.L. Shah is an investigator on clinical trials conducted by Pulmonx, Nuvaria, CSA Medical, Creo Medical,
Apreo, Galavanize Therapeutics, Intuitive and Huma, a consultant for Apreo, Ambu, Olympus, ERBE and Creo
Medical, and has received lecture fees from Galavnize, Pulmonx and Phillips. F. Herth is an investigator for
PulmAir, USA, and an advisor and investigator for PulmonX, USA; Apreo, USA; MorAir, USA; Nuvaira, USA; and
Aerwave, USA. D-J. Slebos is an investigator for PulmAir, USA, and CSA Medical, USA, and an advisor and
investigator for PulmonX, USA; Apreo, USA; MorAir, USA; Nuvaira, USA; and PneumRx/BTG, USA.

References
1 van Geffen WH, Slebos DJ, Herth FJ, et al. Surgical and endoscopic interventions that reduce lung volume for

emphysema: a systemic review and meta-analysis. Lancet Respir Med 2019; 7: 313–324.
2 Klooster K, ten Hacken NH, Hartman JE, et al. Endobronchial valves for emphysema without interlobar

collateral ventilation. N Engl J Med 2015; 373: 2325–2335.
3 Kemp SV, Slebos DJ, Kirk A, et al. A multicenter RCT of Zephyr endobronchial valve treatment in

heterogeneous emphysema (TRANSFORM). Am J Respir Crit Care Med 2017; 196: 1535–1543.
4 Criner GJ, Sue R, Wright S, et al. A multicenter randomized controlled trial of zephyr endobronchial valve

treatment in heterogeneous emphysema (LIBERATE). Am J Respir Crit Care Med 2018; 198: 1151–1164.
5 Garner J, Kemp SV, Toma TP, et al. Survival after endobronchial valve placement for emphysema: a 10-year

follow-up study. Am J Respir Crit Care Med 2016; 194: 519–521.
6 Hartman JE, Welling JBA, Klooster K, et al. Survival in COPD patients treated with bronchoscopic lung

volume reduction. Respir Med 2022; 196: 106825.
7 Valipour A, Slebos DJ, Herth F, et al. Endobronchial valve therapy in patients with homogeneous

emphysema: results from the IMPACT study. Am J Respir Crit Care Med 2016; 194: 1073–1082.
8 Valipour A, Slebos DJ, de Oliveira HG, et al. Expert statement: pneumothorax associated with endoscopic

valve therapy for emphysema – potential mechanisms, treatment algorithm, and case examples. Respiration
2014; 87: 513–521.

9 Gompelmann D, Herth FJ, Slebos DJ, et al. Pneumothorax following endobronchial valve therapy and its
impact on clinical outcomes in severe emphysema. Respiration 2014; 87: 485–491.

10 Bezzi M, Levi G, Darwiche K, et al. CONVERT trial: collateral ventilation conversion by closure of fissure defect
with AeriSeal foam for BLVR with Zephyr valves. Eur Respir J 2022; 60: Suppl. 66, 1231.

11 Ing AJ, Jayapadman A, Kim WV, et al. Reversal of collateral ventilation using endoscopic polymer foam in
COPD patients undergoing endoscopic lung volume reduction with endobronchial valves: a controlled
parallel group trial. Respirology 2022; 27: 1064–1072.

12 Shah PL, Zoumot Z, Singh S, et al. Endobronchial coils for the treatment of severe emphysema with
hyperinflation (RESET): a randomised controlled trial. Lancet Respir Med 2013; 1: 233–240.

13 Garner JL, Kemp SV, Srikanthan K, et al. 5-year survival after endobronchial coil implantation: secondary
analysis of the first randomised controlled trial, RESET. Respiration 2020; 99: 154–162.

14 Deslee G, Mal H, Dutau H, et al. Lung volume reduction coil treatment vs usual care in patients with severe
emphysema: the REVOLENS randomized clinical trial. JAMA 2016; 315: 175–184.

15 Sciurba FC, Criner GJ, Strange C, et al. Effect of endobronchial coils vs usual care on exercise tolerance in
patients with severe emphysema: the RENEW randomized clinical trial. JAMA 2016; 315: 2178–2189.

16 Klooster K, Valipour A, Marquette CH, et al. Endobronchial coil system versus standard-of-care medical
management in the treatment of subjects with severe emphysema. Respiration 2021; 100: 804–810.

17 Shah PL, Slebos DJ, Cardoso PF, et al. Bronchoscopic lung-volume reduction with Exhale airway stents for
emphysema (EASE trial): randomised, sham-controlled, multicentre trial. Lancet 2011; 378: 997–1005.

18 de Oliveira HG, Macedo-Neto A, Saueressig M, et al. A prototype implantable artificial bronchus reduces lung
hyperinflation in recently deceased patients with emphysema. Respiration 2023; 102: 154–163.

19 Herth FJ, Valipour A, Shah PL, et al. Segmental volume reduction using thermal vapour ablation in patients
with severe emphysema: 6-month results of the multicentre, parallel-group, open-label, randomised
controlled STEP-UP trial. Lancet Respir Med 2016; 4: 185–193.

20 Shah PL, Gompelmann D, Valipour A, et al. Thermal vapour ablation to reduce segmental volume in patients
with severe emphysema: STEP-UP 12 month results. Lancet Respir Med 2016; 4: e44–e45.

https://doi.org/10.1183/13993003.01946-2023 5

EUROPEAN RESPIRATORY JOURNAL EDITORIAL | J.L. GARNER ET AL.



21 Kim V, Criner GJ. Chronic bronchitis and chronic obstructive pulmonary disease. Am J Respir Crit Care Med
2013; 187: 228–237.

22 Garner JL, Shaipanich T, Hartman JE, et al. A prospective safety and feasibility study of metered cryospray
for patients with chronic bronchitis in COPD. Eur Respir J 2020; 56: 2000556.

23 Valipour A, Fernandez-Bussy S, Ing AJ, et al. Bronchial rheoplasty for treatment of chronic bronchitis.
Twelve-month results from a multicenter clinical trial. Am J Respir Crit Care Med 2020; 202: 681–689.

24 Tashkin DP, Celli B, Senn S, et al. A 4-year trial of tiotropium in chronic obstructive pulmonary disease.
N Engl J Med 2008; 359: 1543–1554.

25 Slebos DJ, Klooster K, Koegelenberg CF, et al. Targeted lung denervation for moderate to severe COPD: a
pilot study. Thorax 2015; 70: 411–419.

26 Slebos DJ, Shah PL, Herth FJF, et al. Safety and adverse events after targeted lung denervation for
symptomatic moderate to severe chronic obstructive pulmonary disease (AIRFLOW). A multicenter
randomized controlled clinical trial. Am J Respir Crit Care Med 2019; 200: 1477–1486.

27 Slebos D-J, Degano B, Valipour A, et al. Design for a multicenter, randomized, sham-controlled study to
evaluate safety and efficacy after treatment with the Nuvaira® lung denervation system in subjects with
chronic obstructive pulmonary disease (AIRFLOW-3). BMC Pulm Med 2020; 20: 41.

28 Fitzmaurice C, Abate D, Abbasi N, et al. Global, regional, and national cancer incidence, mortality, years of
life lost, years lived with disability, and disability-adjusted life-years for 29 cancer groups, 1990 to 2017: a
systematic analysis for the global burden of disease study. JAMA Oncol 2019; 5: 1749–1768.

29 Howlader NNA, Krapcho M, Miller D, et al. (eds). SEER Cancer Statistics Review, 1975–2017. Bethesda,
National Cancer Institute. 2020. https://seer.cancer.gov/csr/1975_2017/

30 Aberle DR, Adams AM, Berg CD, et al. Reduced lung-cancer mortality with low-dose computed tomographic
screening. N Engl J Med 2011; 365: 395–409.

31 Callister MEJ, Baldwin DR, Akram AR, et al. British Thoracic Society guidelines for the investigation and
management of pulmonary nodules: accredited by NICE. Thorax 2015; 70: Suppl. 2, ii1–ii54.

32 Han Y, Kim HJ, Kong KA, et al. Diagnosis of small pulmonary lesions by transbronchial lung biopsy with
radial endobronchial ultrasound and virtual bronchoscopic navigation versus CT-guided transthoracic needle
biopsy: a systematic review and meta-analysis. PLoS One 2018; 13: e0191590.

33 Wiener RS, Schwartz LM, Woloshin S, et al. Population-based risk for complications after transthoracic needle
lung biopsy of a pulmonary nodule: an analysis of discharge records. Ann Intern Med 2011; 155: 137–144.

34 Garner JL, Shah PL. Bronchoscopic approaches to sampling lung nodules: aiming for the bulls eye.
Respirology 2022; 27: 325–327.

35 Nadig TR, Thomas N, Nietert PJ, et al. Guided bronchoscopy for the evaluation of pulmonary lesions: an
updated meta-analysis. Chest 2023; 163: 1589–1598.

36 Bhadra K, Setser RM, Condra W, et al. Lung navigation ventilation protocol to optimize biopsy of peripheral
lung lesions. J Bronchology Interv Pulmonol 2022; 29: 7–17.

37 Pritchett MA, Bhadra K, Calcutt M, et al. Virtual or reality: divergence between preprocedural computed
tomography scans and lung anatomy during guided bronchoscopy. J Thorac Dis 2020; 12: 1595–1611.

38 Chen, AC, NJ Pastis Jr., AK Mahajan, et al. Robotic bronchoscopy for peripheral pulmonary lesions: a
multicenter pilot and feasibility study (BENEFIT). Chest 2021; 159: 845–852.

39 Pritchett M, Schirmer C. Shape-sensing robotic assisted bronchoscopy for the diagnosis of peripheral
pulmonary lesions. Chest 2021; 160: Suppl., A1631–A1632.

40 Styrvoky K, Schwalk A, Pham D, et al. Shape-sensing robotic-assisted bronchoscopy with concurrent use of
radial endobronchial ultrasound and cone beam computed tomography in the evaluation of pulmonary
lesions. Lung 2022; 200: 755–761.

41 Gildea TR, Folch EE, Khandhar SJ, et al. The impact of biopsy tool choice and rapid on-site evaluation on
diagnostic accuracy for malignant lesions in the prospective: multicenter NAVIGATE study. J Bronchology
Interv Pulmonol 2021; 28: 174–183.

42 British Thoracic Society, Society of Cardiothoracic Surgeons of Great Britain and Ireland Working Party. BTS
guidelines: guidelines on the selection of patients with lung cancer for surgery. Thorax 2001; 56: 89–108.

43 National Institute for Health and Care Excellence. Lung Cancer: Diagnosis and Management. Date last
updated: 14 March 2023. www.nice.org.uk/guidance/ng122

44 Howington JA, Blum MG, Chang AC, et al. Treatment of stage I and II non-small cell lung cancer: diagnosis
and management of lung cancer, 3rd ed: American College of Chest Physicians evidence-based clinical
practice guidelines. Chest 2013; 143: Suppl. 5, e278S–e313S.

45 Chang JY, Senan S, Paul MA, et al. Stereotactic ablative radiotherapy versus lobectomy for operable stage I
non-small-cell lung cancer: a pooled analysis of two randomised trials. Lancet Oncol 2015; 16: 630–637.

46 Sun B, Brooks ED, Komaki RU, et al. 7-year follow-up after stereotactic ablative radiotherapy for patients with
stage I non-small cell lung cancer: results of a phase 2 clinical trial. Cancer 2017; 123: 3031–3039.

47 Bartlett EC, Rahman S, Ridge CA. Percutaneous image-guided thermal ablation of lung cancer: what is the
evidence? Lung Cancer 2023; 176: 14–23.

https://doi.org/10.1183/13993003.01946-2023 6

EUROPEAN RESPIRATORY JOURNAL EDITORIAL | J.L. GARNER ET AL.

https://seer.cancer.gov/csr/1975_2017/
https://seer.cancer.gov/csr/1975_2017/
https://www.nice.org.uk/guidance/ng122


48 Maher TM. A clinical approach to diffuse parenchymal lung disease. Immunol Allergy Clin North Am 2012; 32:
453–472.

49 Rotolo N, Imperatori A, Dominioni L, et al. Efficacy and safety of surgical lung biopsy for interstitial disease.
Experience of 161 consecutive patients from a single institution in Italy. Sarcoidosis Vasc Diffuse Lung Dis
2015; 32: 251–258.

50 Fibla JJ, Brunelli A, Cassivi SD, et al. Aggregate risk score for predicting mortality after surgical biopsy for
interstitial lung disease. Interact Cardiovasc Thorac Surg 2012; 15: 276–279.

51 Hutchinson JP, McKeever TM, Fogarty AW, et al. Surgical lung biopsy for the diagnosis of interstitial lung
disease in England: 1997–2008. Eur Respir J 2016; 48: 1453–1461.

52 Troy LK, Grainge C, Corte TJ, et al. Diagnostic accuracy of transbronchial lung cryobiopsy for interstitial lung
disease diagnosis (COLDICE): a prospective, comparative study. Lancet Respir Med 2020; 8: 171–181.

53 Kheir F, Becerra JPU, Bissell B, et al. Transbronchial lung cryobiopsy in patients with interstitial lung disease:
a systematic review. Ann Am Thorac Soc 2022; 19: 1193–1202.

54 Tomassetti S, Ravaglia C, Wells AU, et al. Prognostic value of transbronchial lung cryobiopsy for the
multidisciplinary diagnosis of idiopathic pulmonary fibrosis: a retrospective validation study. Lancet Respir
Med 2020; 8: 786–794.

55 Maldonado F, Danoff SK, Wells AU, et al. Transbronchial cryobiopsy for the diagnosis of interstitial lung
diseases: CHEST guideline and expert panel report. Chest 2020; 157: 1030–1042.

56 Inomata M, Kuse N, Awano N, et al. Utility of radial endobronchial ultrasonography combined with
transbronchial lung cryobiopsy in patients with diffuse parenchymal lung diseases: a multicentre prospective
study. BMJ Open Respir Res 2021; 8: e000826.

57 Zhou G, Ren Y, Li J, et al. Safety and diagnostic efficacy of cone beam computed tomography-guided
transbronchial cryobiopsy for interstitial lung disease: a cohort study. Eur Respir J 2020; 56: 2000724.

58 Kheir F, Alkhatib A, Berry GJ, et al. Using bronchoscopic lung cryobiopsy and a genomic classifier in the
multidisciplinary diagnosis of diffuse interstitial lung diseases. Chest 2020; 158: 2015–2025.

59 Guibert N, Didier A, Moreno B, et al. Treatment of complex airway stenoses using patient-specific
3D-engineered stents: a proof-of-concept study. Thorax 2019; 74: 810–813.

60 Shan Q, Huang W, Shang M, et al. Customization of stent design for treating malignant airway stenosis with
the aid of three-dimensional printing. Quant Imaging Med Surg 2021; 11: 1437–1446.

61 Liu J, Yao X, Ye J, et al. A printing-spray-transfer process for attaching biocompatible and antibacterial
coatings to the surfaces of patient-specific silicone stents. Biomed Mater 2020; 15: 055036.

62 Lischke R, Pozniak J, Vondrys D, et al. Novel biodegradable stents in the treatment of bronchial stenosis after
lung transplantation. Eur J Cardiothorac Surg 2011; 40: 619–624.

63 van Pel R, Gan T, Klooster K, et al. Lung transplant airway complications treated with biodegradable stents;
a multi-center experience. J Heart Lung Transplant 2023; 42: S531.

https://doi.org/10.1183/13993003.01946-2023 7

EUROPEAN RESPIRATORY JOURNAL EDITORIAL | J.L. GARNER ET AL.


	ERJ Advances: interventional bronchoscopy
	Introduction
	COPD
	Severe emphysema and hyperinflation
	Chronic bronchitis
	Frequent exacerbations

	The peripheral pulmonary nodule
	Diagnosis
	Therapy

	Interstitial lung disease
	Airway stenosis and malacia
	Three-dimensional stent printing
	Biodegradable stents

	Conclusion
	References


