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A B S T R A C T   

Lung transplantation is a key therapeutic option for several end-stage lung diseases. 
Interventional pulmonology techniques, mostly bronchoscopy, play a key role throughout the whole path of 

lung transplantation, from donor evaluation to diagnosis and management of post-transplant complications. 
We carried out a non-systematic, narrative literature review aimed at describing the main indications, con

traindications, performance characteristics and safety profile of interventional pulmonology techniques in the 
context of lung transplantation. 

We highlighted the role of bronchoscopy during donor evaluation and described the debated role of sur
veillance bronchoscopy (with bronchoalveolar lavage and transbronchial biopsy) to detect early rejection, in
fections and airways complications. 

The conventional (transbronchial forceps biopsy) and the new techniques (i.e. cryobiopsy, biopsy molecular 
assessment, probe-based confocal laser endomicroscopy) can detect and grade rejection. Several endoscopic 
techniques (e.g. balloon dilations, stent placement, ablative techniques) are employed in the management of 
airways complications (ischemia and necrosis, dehiscence, stenosis and malacia). 

First line pleural interventions (i.e. thoracentesis, chest tube insertion, indwelling pleural catheters) may be 
useful in the context of early and late pleural complications occurring after lung transplantation. 

High quality studies are advocated to define endoscopic standard protocols and thus help improving long-term 
prognostic outcomes of lung transplant recipients.   

1. Introduction 

Lung transplantation (LT) is a key therapeutic option for end-stage 
lung disease, offering a survival benefit and a significant improvement 
of the quality of life [1–4]. 

Despite significant advances in patient selection, donor preservation, 
surgical techniques, immunosuppression and postoperative care, the 1- 
and 5-year survival are 85% and 59%, respectively, which are lower 
when compared with those of other solid organ transplantations [1,3,4]. 

Infections, chronic lung allograft dysfunction (CLAD), malignancies, 
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and airway complications can affect survival of lung transplants re
cipients; however, an early diagnosis and treatment can improve prog
nostic outcomes [1,3,4]. 

Interventional pulmonology techniques, mostly bronchoscopy, play 
a key role throughout the whole path of lung transplantation, from 
donor evaluation to post-transplant complications management. Endo
scopic investigations frequently allow to change clinical management in 
both stable and critically ill LT recipients [5–12]. 

The aim of this review is to summarize the main indications, con
traindications, performance characteristics, and safety of interventional 
pulmonology techniques in the context of lung transplantation. 

2. Methods 

We carried out a non-systematic, narrative literature review. The 
search engine Pubmed was used to retrieve the most relevant articles. 
The search was conducted without any time restrictions. Only epide
miological studies performed in adult human beings and written in 
English were selected. The following keywords were combined to create 
ad hoc strings: bronchoscopy; bronchoalveolar lavage; transbronchial 
biopsy; lung transplantation; surveillance; donor; recipient; acute 
rejection; chronic lung allograft disease; infection; airways complica
tions; pleural procedures. 

3. Results 

3.1. Donor evaluation 

Bronchoscopy is a key part of the lung donor assessment; it can 
provide information that cannot be retrieved by chest imaging (Table 1) 
[11,13]. Bronchoscopic examination before procurement aims to detect 
anatomical abnormalities, presence of secretions, rule out infections, 
aspirate gastric content, and collect biological samples for microbiology 
[11,13,14]. The presence of purulent secretions often leads to donor 
lung exclusion, especially if supported by positive gram staining. How
ever, gram staining of endobronchial secretions is a poor predictor of 
outcome after lung transplantation and should not be used as a selection 
criterion [13,15]. 

A recent study showed that bile acids measures in donor large airway 
bronchial wash is a more reliable method to detect aspiration than 
simple endoscopic visual inspection and is correlated with suitability of 
lungs for transplant, performance of organ on ex vivo lung perfusion 
(EVLP) and adverse recipient outcomes [16]. 

The optimal timing of donor bronchoscopy is still unclear, with 
studies reporting endoscopic examination and sample collection from 
several days before intervention to during procurement [8,11,17]. 

A broad variation in airways sampling exists, supported by few 
studies: sampling techniques (bronchoalveolar lavage, BAL versus 
bronchial washing), lung sites, and volumes of saline are debated [11, 
13,14,18–20]. 

An unwedged/wedged low-volume (i.e., 20 ml) bronchial washing 
from a site of radiological concern or from a default location of middle 
lobe or lingula in the absence of positive imaging findings is recom
mended to assess the risk of infection [11]. 

Staining and culture for the most prevalent bacteria, mycobacteria 
and fungi are recommended in the standard donor microbiological 
assessment, whereas viruses should be investigated in case of high risk 
[11,13,18–21]. In light of the current pandemic, although an interna
tional consensus is lacking, SARS-CoV-2 testing may be a key issue 
during donor evaluation process [22,23]. 

Donor evaluation should be performed regardless of the need of 
EVLP [11]. 

The ideal timing for airway sample collection related to EVLP is a 
matter of debate [11,24,25]. 

3.2. Surveillance bronchoscopy and diagnosis of rejection 

Acute cellular and antibody mediated rejection (ACR and AMR 
respectively) may occur within days, months, or even years after 
transplant [26]. 

ACR may affect both vasculature and small airways. 26.6% of lung 
transplant recipients experience at least one episode of ACR during the 
first year after transplant. ACR is considered the main risk factor of 
bronchiolitis obliterans syndrome [4]. 

Surveillance bronchoscopy is performed in the absence of any clin
ical suspicion of acute disease [11]. No randomized controlled trials 
have confirmed its usefulness in comparison with bronchoscopies per
formed because of a clinical need [7,11]. Surveillance might identify 
asymptomatic infections (particularly in the first 6–12 months) and 
early airways complications (i.e., anastomotic ischemia, necrosis, 
dehiscence and long-term strictures) as well as silent episodes of acute 
cellular rejection (Table 1) [27–29]. 

However, retrospective studies did not show a clear advantage of 
surveillance bronchoscopy in the early detection of infections, ACR and 
CLAD on long-term survival [30–34]. 

Similarly, risk of procedural adverse events (i.e. bleeding, pneumo
thorax, sedation-related complications) may not favor a surveillance 
strategy [32,35]. 

2020 International Society for Heart and Lung Transplantation 
(ISHLT) consensus statement suggests the collection of BAL at 1, 3, 6 and 
12 month post-transplant to investigate asymptomatic infection or 
colonization. Some centers perform endoscopy during the first 24 h post- 
LT to assess anastomosis, clear secretions and clots, and obtain early 
microbiological samples, and at additional time points such as 1 week or 
9 months [7]. 

Bronchoalveolar lavage and transbronchial biopsy (TBB) are the 
sampling techniques employed during surveillance. 

BAL should be performed before any biopsy in the middle lobe or 
lingula or in the affected lobe according to radiological findings [11]. 
Both microbiological and cytological examinations are recommended 
[11]. Bacterial, fungal, and mycobacterial cultures, as well as poly
merase chain reaction (PCR) for community-acquired virus (i.e. influ
enza, respiratory syncytial virus (RSV), parainfluenza, adenovirus, 
rhinovirus, metapneumovirus with or without bocavirus and coronavi
rus) should be obtained. Herpes simplex virus (HSV), varicella zoster 
virus, cytomegalovirus (CMV), Pneumocystis jirovecii, galactomannan, 
and Nocardia spp. should be investigated in case of a clinical suspicion 
[11]. 

Routine cytology for the diagnosis of an infection, malignancy, or 
rejection is not usually requested. Post-transplant BAL should undergo a 
differential cell count to distinguish between acute rejection and infec
tion [11]. 

The risk of early acute pulmonary allograft rejection is the main 
reason behind a surveillance transbronchial biopsy [7,35,36]. Acute 
cellular rejection is a recognized risk factor for the development of 
CLAD, the leading cause of mortality after lung transplantation [37–39]. 

It also allows distinguishing between infections and rejection, as well 
as grading its severity [7,40]. 

TBB is the gold standard for lung allograft rejection. BAL does not 
help diagnose a rejection (Table 1) [26]. 

Table 1 
Summary of indications for bronchoscopy during lung transplantation.  

Bronchoscopic indications 

Donor evaluation (before procurement and during ex-vivo lung perfusion) 
Immediately after transplantation and in case of primary graft dysfunction (assess 

anastomosis, clear secretions and clots, rule out infections) 
Surveillance (detection of asymptomatic infections, diagnosis of early silent acute 

rejection and/or early airways complications) 
Diagnosis of acute and chronic rejection 
Diagnosis of infections (clinically mandated) 
Diagnosis and management of airways complications  
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TBB with forceps, usually performed under fluoroscopic guidance, is 
the most frequently used technique [41] for both surveillance and 
diagnostic purposes. New biopsy techniques (i.e., cryobiopsy) [7,42,43] 
and new methods of guidance (i.e., probe-based confocal laser endo
microscopy (pCLE)) have been implemented to improve the diagnostic 
yield in the detection and grading of rejection, as well as to reduce 
complications [44,45]. 

Grading of cellular rejection is key but disagreement exists on the 
grade of rejection [38,46,47]. 

At least five pieces of evaluable (i.e., 2–3 mm, containing a minimum 
of 100 alveoli per high power field) well-expanded alveolar parenchyma 
from two separate lobes can increase the diagnostic sensitivity for ACR 
[40,48]; 10–12 TBB provide an adequate amount of tissue [49]. 

A definitive diagnosis of AMR requires an allograft dysfunction, 
donor-specific antibodies (DSA), typical lung histopathology, comple
ment factor 4d (C4d) deposition on capillary endothelium, and exclusion 
of other etiologies of graft dysfunction. Graft dysfunction related to 
clinical AMR ranges from fulminant respiratory failure to asymptomatic 
dysfunction diagnosed based on surveillance spirometry. Subclinical 
AMR is defined by histologic criteria of AMR and absence of graft 
dysfunction. TBB can help detect histopathological features of AMR (i.e., 
neutrophilic margination, neutrophilic capillaritis and arteritis, com
plement factor 4 d (C4d) immunostaining) [50,51]. 

Few data on the utility of follow-up TBB to assess recovery of a prior 
rejection are available [38,52–54]. 

Larger and more well expanded tissue samples and a lower rate of 
artifacts have made cryobiopsy an attractive option for cellular grading 
(Table 2) [42,43,55–57]. Several retrospective uncontrolled studies 
demonstrated a higher diagnostic yield of cryobiopsy than conventional 
forceps biopsy for the detection of both acute and chronic cellular 
rejection, without a concomitant increase in the rate of complications 
[42,55,57,58]. In a recent randomized controlled trial which enrolled 69 
critically ill lung transplant recipients requiring mechanical ventilation 
in the intensive care unit, Loor et al. demonstrated a higher diagnostic 
yield of cryobiopsy performed with a 2.4-mm probe to detect acute lung 
rejection and its severity in comparison with forceps biopsy and 1.9 mm 
cryoprobe. However, the 2.4 mm cryoprobe sampling was associated 
with a higher rate of moderate bleedings [59]. 

Furthermore, Loor et al. demonstrated that, when cryobiopsy is 
employed, at least four specimens can safely increase the diagnostic 
yield [43]. 

However, interobserver disagreement on the grade of rejection is not 
improved with the use of cryoprobes [56]. 

Probe-based confocal laser microscopy is a minimally invasive 
endoscopic technique that provides real time in vivo microscopic imag
ing of the distal lung using a thin probe advanced through the working 
channel of the bronchoscope until the alveolar area (Table 2) [41]. pCLE 
has been used to study specific features in patients with ACR in order to 
enhance the diagnostic accuracy of bronchoscopy [44,45]. In 105 lung 
transplant recipients who underwent both transbronchial biopsies and 
probed-based confocal laser endomicroscopy, Yserbyt et al. showed the 
presence of specific pCLE features in patients with acute cellular rejec
tion [45]. In a more recent prospective study, Keller et al. proved that 
the presence of perivascular cellularity at pCLE may be a reliable cri
terion for ACR [44]. 

BAL cell gene expression profiling and molecular assessment of TBB 
are promising alternative to histology in the assessment of rejection. 
Molecular phenotyping can be also performed on endobronchial biopsy, 
with a potential utility in patients with severe lung dysfunction where 
multiple TBB cannot be performed (Table 2) [60–64]. 

3.3. Diagnosis of infection 

The risk of infection in LT patients is higher than in other solid organ 
transplants and significantly contributes to their morbidity and mor
tality, mostly during the first year after transplant [7,9,65]. 

New pulmonary infiltrates occurring after the first month in LT and 
heart-LT recipients are mainly caused by infections [66]. Bacterial in
fections are the most frequent during the first weeks [7,9,65,67]. 

BAL, bronchial aspirate/washing, protected brushing, and TBB are 
the most frequently employed techniques to diagnose infections. 
Devascularized anastomosis is at risk of infection leading to airway 
complications [6,12]. 

Bronchial biopsy may diagnose bacterial or fungal species infecting 
anastomosis. Pseudomonas aeruginosa, Staphylococcus aureus, and 
Aspergillus spp. are the most frequent microorganisms found in in
fections of the anastomosis, whereas Proteus mirabilis and Aspergillus 
spp. are the most frequently detected microorganisms associated with 
complications requiring bronchial interventions [12,68]. 

Few studies compared the diagnostic yield of those sampling tech
niques. When added to BAL, TBB significantly improves the diagnostic 
yield of bronchoscopy, mostly in case of fungal and viral infections [9, 
65,69–75]. 

3.4. General contraindications to bronchoscopy and safety concerns 

No transplant specific contraindications to bronchoscopy exist [76]. 
Bleeding, pneumothorax, and hypoxia are the most frequent adverse 

events, mainly occurring after TBB. Pneumothorax occurs in 0.1–5% 
patients after forceps TBB, with a low proportion requiring chest tube 
placement [49,77–79]. A higher rate (4–12.5%) is reported after cryo
biopsy [42,43,55–57,80]. 

A bleeding rate of 4–13% was described in patients undergoing 
bronchoscopy with conventional TBB [28,78,79,81–83]. 

Lung transplantation may increase the risk of bleeding during bi
opsy. Moderate to severe bleedings after cryobiopsy were described in 
2.5–22.5%. Forceps compared with cryoprobe transbronchial biopsies 
were not associated with an increased risk of hemorrhage [42,56,57,80]. 

Loor et al., who studied 321 consecutive cryoprobe transbronchial 
biopsies, found that being a recipient of a unilateral lung transplant and 
having arterial hypertension during bronchoscopy are risk factors for 
severe bleeding [43]. 

Transient hypoxia may occur in 2–10% [35,78,79,84], are frequently 
related to upper airway obstruction [85,86] and might be related to over 
sedation [36,72]. 

A nasopharyngeal tube and high flow nasal cannulas (HFNC) can 
reduce hypoxemia during bronchoscopy [85–87]. 

During transbronchial biopsy, the prophylactic use of in situ endo
bronchial blockers may prevent serious bleedings [41,88,89]. 

4. Management of airways complications 

Airways complications are mostly attributed to the disruption of 
bronchial circulation that occurs during LT [6,12]. Their incidence 
ranges from 1.4% to 18% and they can impact on quality of life, func
tional impairment, and short-term survival [6,90–93]. The management 
of airways complications (mostly endobronchial stent placement) may 
significantly prolong hospitalization and decrease a patient’s quality of 
life for the need for repeat procedures, airway clearance and side effects 
of treatment [6,90–93]. 

According to the nature of the underlying pathophysiologic 

Table 2 
Summary of bronchoscopic and laboratory techniques reported in the literature 
to assess the presence of acute cellular rejection.  

Bronchoscopic techniques 

Fluoroscopy-guided transbronchial forceps biopsy (histology and molecular 
diagnostic) 

Transbronchial cryobiopsy (histology) 
BAL (cell gene expression profiling) 
Endobronchial forceps biopsy (molecular diagnostic) 
Probe-based confocal laser microscopy  
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mechanism, four types of complications are described by ISHLT 
Consensus Statement on adult and pediatric airway complications after 
lung transplantation: ischemia and necrosis, dehiscence, stenosis and 
malacia (Fig. 1). In the consensus document they are graded according 
to their location and extent, and should be monitored over time [6]. 
Notably, airways complications (e.g. necrosis and/or stenosis), may also 
be induced by post-transplant lymphoproliferative disorder, lung can
cer, and endobronchial fungal infection [6,94]. Biopsy samples obtained 
directly from the anastomosis may help rule out malignancies and fungal 
or bacterial infections [6,12]. 

Bronchoscopic techniques are key in the diagnosis and management 
of airways complications but the optimal management is debated (Ta
bles 1 and 3) [6,12,95,96]. In case of airway dehiscence with necrosis 
limited to the mucosa, a conservative management with a frequent (e.g., 
every 2–3 days) bronchoscopic surveillance is adequate. Anti-fungal 
prophylaxis, decrease of steroid doses, and aggressive treatment of 
endobronchial infection are recommended [6,12]. In case of partial 
dehiscence, bronchoscopic airway repair with application of fibrin glue, 
alfa-cianoacrylate glue, growth factors, or platelet-derived wound-
healing factor may be administered with or without interval stent 
placement (Table 3) [6,12,97]. 

In case of more extensive dehiscence, stent placement should be 
considered after necrotic tissue debridement, with metallic stents 
(covered and uncovered) being preferred [6,12]. Covered stents may 
help seal the dehiscent area, whereas uncovered stents may enhance 
healing by stimulating neo-epithelialization [6,12,97–100]. Silicone 
stents do not promote neo-epithelization and the sheer force required for 
their placement may expand the airway defect (Table 3) [6,101]. 

Stent should be removed after 4–8 weeks; a late removal may be 
challenging due to the formation of excessive granulation tissue [6,12]. 

However, stenting is still controversial due to the potential risk 
associated with their placement (e.g., massive granulation tissue for
mation, increased risk of infection) and their subsequent removal 
(bleeding, trauma until anastomotic disruption) (Fig. 2) [6,12,98–100]. 
Bronchopleural fistulas may occur in case of prolonged ischemia. 
Broad-spectrum antibiotic and chest tube placement in case of 

pneumothorax/pleural effusion should be prescribed. In case of patients 
unfit for surgical repair, fistulas of 3–5 mm may be treated endoscopi
cally with fibrin glue or with metallic stent [12,102]. 

In case of more severe airway damage and/or failure of endoscopic 
treatment, a surgical approach should be considered [6,12]. 

The more frequent surgical options include open repair with re- 
anastomosis, flap bronchoplasty, pneumonectomy and re- 
transplantation. Re-anastomosis of the airway may require telescoping 
technique with buttressing but this approach may be associated with a 
high incidence of future airway complications, especially anastomotic 
stenosis and infection (6,12). 

The use of mammalian target-of-rapamycin (mTOR) inhibitors, such 
as sirolimus, have been associated with an increased incidence of air
ways complications (mostly dehiscence). It is now recommended to 
avoid mTOR inhibitors until healing of the anastomosis is confirmed by 

Fig. 1. Endoscopic inspection following lung transplantation. A: normal anas
tomosis; B: anastomotic stenosis with obstructive granulation tissue; C: left- 
sided anastomotic fibrotic stenosis; D: severe malacia on exhalation of the 
right-sided anastomosis. 

Table 3 
Summary of available bronchoscopic techniques in the management of airways 
complications following lung transplantation.  

Airway complication Broncoscopic techniques 

Necrosis  • Necrotic tissue debridment and metallic 
(covered or uncovered) stent placement 
in case of severe necrosis 

Dehiscence  • Bronchoscopic repair with application 
of fibrin glue, alfa-cianoacrylate glue, 
growth factors or platelet-derived 
wound-healing factor (with or without 
interval SEMS placement) in case of 
partial dehiscence.  

• Surgery for severe dehiscence 
Stenosis Fibrotic Obstructive 

(granulation tissue/webs 
formation)  

• Balloon dilation  
• Radial incisions (laser, electrocautery) 

with corticosteroid injection at the site 
of incisions after balloon dilations  

• Stent placement (silicone, conventional 
and customized) for severe stenosis; 
biodegradable and 3D printed stents.  

• Forceps biopsy (flexible or rigid) 
debridment  

• Hot ablative techniques (laser, APC, 
electrocautery)  

• Cold ablative techniques 
(cryodebridment or cryotherapy)  

• Endobronchial brachytherapy  
• Mitomycin C application after 

debridment to prevent granulation 
tissue recurrence 

Malacia  • Silicone (preferred) or self-expanding 
metallic stent placement in case of se
vere malacia  

• NIPPV titration during bronchoscopy 

SEMS: self-expanding metallic stents; APC: argon plasma coagulation; 3D: three- 
dimensional; NIPPV: non-invasive positive pressure ventilation. 

Fig. 2. Stent placement after airways complication following lung trans
plantation. A: metallic covered stent with granulation tissue at the proximal 
upper edge; B: silicone stent with bronchial secretions inside. 
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bronchoscopy [6]. 
Bronchial stenosis, which is the most common airway complication 

after LT, usually occurs after 2–9 months from transplantation, with an 
incidence of 4–24% [6,12]. It can be central (i.e., located at the anas
tomosis or within 2 cm) or distal (i.e., distal to the anastomosis, more 
frequently occurring at the bronchus) [6]. The current surgical anasto
motic technique during transplant is based on cutting a very short donor 
bronchus to reduce the risk of ischemia and anastomotic complications. 
However, stenosis may be distal along the main bronchus, close to the 
lobar carina, making treatment difficult, especially when stent posi
tioning is required. 

Bronchial stenosis may be recognized visually on conventional 
flexible bronchoscopy [6,12]. 

Early bronchial stenosis may be detected by autofluorescence bron
choscopy [34]. Mild and stable stenoses, not associated with symptoms 
and not impacting spirometry, are monitored over time. Balloon dilation 
represents the first therapeutic intervention in fibrotic strictures and 
may be the only intervention in up to 26% of the patients [6,12]. 
Repeated balloon dilations are usually required at regular intervals 
based on the severity of the symptoms [6,12]. Radial incisions of the 
fibrotic strictures made with electrocautery or laser may be successfully 
combined with balloon bronchoplasty [12,103,104]. Successful appli
cation of corticosteroid needle injections at the site of radial incisions 
has been described [12,105]. In patients with more severe stenosis, with 
symptoms improvement after balloon bronchoplasty and requiring 
frequent balloon dilations (i.e., ≥2 a month), stent placement should be 
carefully considered [6,12]. 

Silicon stents are the preferred option and the duration of their 
placement usually ranges from 2 months to 1 year (Table 3 and Fig. 2) 
[12,103,106–108]. To overcome the potential difficulty related to the 
placement of the stent to treat distal stenoses, Guinde et al. described the 
successful positioning of customized bifurcated silicone stents in 15 
transplanted patients (12 with stenosis and 3 with dehiscence). Stenosis 
recurrence or complications requiring new stenting were described in 
four patients [109]. 

In case of severe stenosis and distorted airways that hamper the 
silicon stent positioning, a self-expanding metallic stent may be the 
preferred option (for 4–6 weeks) until a silicone stent can be placed [12, 
96,110]. Biodegradable self-expandable stents, which absorb over time 
and induce less granulation tissue formation, might be used to overcome 
the limitation of current airway stenting in the near future [111]. Few 
case reports demonstrated their utility in the management of vanishing 
bronchus syndrome and recurrent stenosis [112,113]. Lischke et al. 
described biodegradable stent placement in six patients with bronchial 
stenosis. After a 4-year follow-up, 5 out of 6 patients reported good 
clinical conditions without complications [114]. Computer-assisted 
designed and manufactured personalized three-dimensional stents 
placement with rigid bronchoscopy was successfully performed in few 
patients with post-transplant complex airway stenosis. Clinical and 
functional improvement after 3 months was recorded in all cases [115]. 
Future larger studies are needed to confirm these promising preliminary 
findings. 

Airway stenosis may be frequently related to obstructive granulation 
tissue or webs formation (Fig. 2B). Airway debridment with flexible or 
rigid forceps is the easiest way to remove eccentric nonobstructive 
granulation [6,12]. Obstructive granulation may be successfully 
removed by cold (cryodebridment or cryotherapy) or hot (laser, argon 
plasma coagulation or electrocautery) ablative techniques [6,12,116]. 
In case of hyperplastic tissue in the airway, endobronchial brachyther
apy is recommended when the other techniques fail [6,12,117]. 

Successful topical administration of mitomycin C after debridment to 
prevent granulation tissue recurrence was described in several case- 
series (Table 3) [6,12,118]. 

Airway malacia is defined as a >50% decrease in luminal airway 
diameter with exhalation [119]. Perianastomotic malacia usually occurs 
within 4 months after transplantation [12]. Asymptomatic patients with 

mild malacia only deserve close endoscopic monitoring, whereas in case 
of symptoms (i.e., dyspnea, cough, secretions) and moderate airway 
collapse, pulmonary hygiene, mucolytic therapy, and non-invasive 
positive pressure ventilation are recommended during the night and 
intermittently during the day [6,12,120]. Bronchoscopy may be useful 
to titrate the optimal pressure required [12,121]. 

In case of severe disease and/or functional impairment, stenting 
and/or surgery may be needed. Silicone stenting for 9–12 months is 
usually the preferred option [6,12,28,107,108,122], but self-expanding 
metallic stent placement for 4–6 weeks may be an alternative option if 
silicon stents could not be positioned because of anatomical reasons 
(Table 3, Figs. 1 and 2) [123]. 

After 10–14 days of stent trial a clinical improvement could be fol
lowed by surgery (resection, reconstruction and tracheoplasty) [6,124]. 

4.1. Pleural space complications management 

Pleural involvement is very common in the early post-operative 
period after lung transplantation, ranging from uncomplicated effu
sion to hemothorax, and is usually managed in the perioperative care 
setting [125]. 

Late post-operative pleural complications include hemorrhagic, in
fectious and inflammatory (including rejection) events [125]. Inter
ventional pulmonology techniques may be crucial to early collect 
pleural fluid samples for laboratory analysis and their management. 

A recent study showed that the rate of pleural complications (effu
sions, pneumothorax, hemothorax, empyema and chylothorax) was 45% 
in 1039 lung transplant recipients and found them related to worse 
allograft function and lower survival rate [126]. 

There is not agreement on how to manage those conditions and no 
recommendations on the clinical management of pleural space compli
cations have been issued. Wahidi et al. described an early incidence of 
27% for pleural infections, with 60% caused by fungi. They detailed the 
successful management with thoracocentesis and chest tube placement 
in the vast majority of the cases, with surgery being required only in 17% 
of the cases [127]. Tang et al. reported similar findings, with a successful 
management of pleural complications with thoracentesis, thoracostomy 
(both small- and large-bore), and indwelling catheters [126]. 

Fibrinolytics in the treatment of persistent pleural effusions after LT 
are safe [127–129]. Marom et al. described the use of streptokinase 
delivered by small-bore catheters in lung transplant patients with severe 
pleural infections [130]. More recently, Kao et al. confirmed that use of 
small-bore chest tubes and intrapleural fibrinolytics (dornase/alteplase) 
can be safe and effective in lung transplant recipients with persistent 
loculated pleural effusions, thus sparing surgical procedures [128]. 

Placement of an indwelling catheter may result in successful man
agement of refractory pleural effusion and lung entrapment. Vakil et al. 
described for the first time the successful and safe positioning of 
indwelling catheters in 9 LTx patients (bilateral placement in 3), 
achieving pleurodesis and management of lung entrapment in the vast 
majority of them [131]. More recently, Tang et al. with the implant of 65 
indwelling tubes in 55 patients with pleural complications confirmed 
the efficacy of the technique in post-transplant pleural complications. 
Future studies should assess if immunosuppression might increase the 
risk of infection in these patients. 

No studies on medical thoracoscopy as a diagnostic and/or thera
peutic procedure are available. Despite the lack of experience with this 
technique in patients with LTx, we deem it could be useful and safe in 
the treatment of advanced pleural infections, sparing more invasive 
surgical procedures [132]. 

5. Conclusions 

Interventional pulmonology plays a key role in the management of 
patients with lung transplantation. 

Bronchoscopy is crucial along the whole path of LT recipients, from 
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organ procurement to the management of long-term complications. 
Few scientific data and high clinical variability on airways sampling 

during procurement exist. High quality studies comparing outcomes of 
surveillance versus clinically mandated bronchoscopy are still lacking to 
diagnose rejection and infections. No standardized protocols exist on the 
optimal management of airways complications. New tools are now 
available (cryobiopsy) or under investigation (pCLE, molecular assess
ment) for the diagnosis of rejection. 

Interventional pulmonology techniques are useful to treat pleural 
space complications which may frequently affect patients after lung 
transplantation. 
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Abbreviation list 

LT lung transplantation 
ACR acute cellular rejection 
AMR antibody mediated rejection 
BAL bronchoalveolar lavage 
CLAD chronic lung allograft dysfunction 
CMV cytomegalovirus 
EVLP ex vivo lung perfusion 
HFNC high flow nasal cannulas 
HSV herpes simplex virus 
ISHLT International Society for Heart and Lung Transplantation 
LB lymphocytic bronchiolitis 
pCLE probe-based confocal laser endomicroscopy 
PCR polymerase chain reaction 
RSV respiratory syncytial virus 
TBB transbronchial biopsy 
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