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Introduction 

Lung cancer accounts for about 13% of all cancers 
diagnosed in Europe (1), with approximately 400,000 new 
diagnoses each year. More than half of primary lung cancers 
are not resectable at diagnosis and 40% of deaths may be 
secondary to loco-regional disease. Many of these patients 
suffer from symptoms related to airways obstruction 

(respiratory distress, bleeding, atelectasis, post-obstructive 
pneumonia, etc.). 

Epidemiology, characteristics and treatment 
indication in central airway tumors

According to one estimate, 20–30% of newly diagnosed 
patients with lung cancer will develop complications 
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associated with partial or complete airway obstruction (2).
Central airways obstructions (CAO) are secondary to 

several malignant and non-malignant diseases such as 
primary lung cancer, central airways tumors (relatively 
rare, 600–700 cases per year) or benign tracheobronchial 
tumors. In addition, airways can present early-stage cancer 
like carcinoma in situ (CIS) or minimally invasive lesions. In 
patients with this complication, morbidity is significant. If 
left untreated, death from suffocation is a frequent outcome. 
It is obvious that in cases with life threatening obstruction 
of airways there is an urgent need for rapid re-canalization. 
Bronchoscopic local treatment is an easy to perform 
procedure, less invasive than surgery and more immediate 
than radio/chemotherapy. It is quick and does not interfere 
with possible future surgical resection in case of treatment 
failure.

Indications for therapeutic endoscopic treatment are 
palliation of dyspnea and other obstructive symptoms in 
advanced cancerous lesions and cure of early lung cancer. 
Clinicians should select cases, evaluating tumor features 
(size, location) and patient characteristics (age, lung 
function impairment) to choose the most appropriate 
endoscopic technique.

Indeed, although indications for endoscopic treatments 
were mainly for palliation of advanced endobronchial 
cancerous lesions, there is increased attention devoted to 
adjuvant therapy and even cure of early lung cancer. 

Benign tracheobronchial tumors

Benign tracheobronchial tumors are rare (around 2% of 
all lung cancer) and difficult to diagnose (Figure 1). Their 
clinical and radiographic features are non-specific and 

often go unrecognized for a long time. Main symptoms are 
related to bronchial obstruction and typical radiographic 
findings are atelectasis, obstructive pneumonia and 
mediastinal shifts (3). Benign tumors have usually a good 
patient outcome and providing an early diagnosis allows to 
treat them conservatively (4) (Figure 1).

CT scan is a crucial first step in surgical or operative 
bronchoscopy planning because it provides information about 
tumor size and extent or evidence of adjacent mediastinal 
and parenchymal invasion (3). All these morphological 
features can also be assessed using endobronchial ultrasounds  
(EBUS) (5). Patients who suffer from airway obstruction 
secondary to benign tumors are candidates to surgery (6). 
Anyway, surgery is difficult to perform on large airways 
(trachea, main bronchi) (7) and bronchoscopic management 
plays a key role in removing the obstruction and recovering  
ventilation (8).  The most common bronchoscopic 
techniques to treat benign tracheobronchial tumor are 
thermal coagulation using electrocautery (9), argon plasma 
coagulation (10) or neodymium-doped yttrium-aluminium-
garnet (Nd:YAG) laser (11,12) and cryotherapy (13,14).

These techniques are indicated to treat endoluminal 
tumors that do not exceed subsegmental bronchi, with 
small base of implant (<15 mm2) and without any evidence 
of submucosal-layer infiltration. Tumors with peduncular 
structure (polypoid) are the most suitable to undergo 
endoscopic resection. Bronchoscopic management is also 
indicated for all those patients not suitable for surgery due 
to their clinical conditions. When correctly performed, all 
the techniques mentioned above permit to avoid recurrence 
and future surgery. 

CIS or minimally invasive endobronchial lesions 

Early-stage lung cancer is a pre-invasive or minimally 
invasive asymptomatic lesion often diagnosed by  
chance (15) (Figure 2). Surgical approach is currently 
still the gold standard for the treatment of this tumor 
and 5 year survival rate is pretty high (80–90%) (16-18). 
However, surgery presents some disadvantages, first of 
all, to be curative often needs a large resection of normal 
lung parenchyma (from lobectomy to pneumonectomy), 
impact ing negat ively  on pat ients  qual i ty  of  l i fe . 
Furthermore, synchronous and metachronous lesions can be 
detected in smokers airways (20% and 14–30% respectively 
in central SCC) (16-19). 

About CIS or slightly invasive endobronchial lesions, 
interventional pulmonology offers a quick, safe and effective 

Figure 1 Bronchoscopic view of a benign tumor (lipoma) of the 
anterior tracheal wall.
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treatment with good results, low morbidity and low  
cost (20) even if compared with radiotherapy (21). 
Furthermore, bronchoscopy allows to avoid surgery in many 
patients with impaired lung function or poor clinical status. 
Different bronchoscopic techniques have been used to treat 
pre-invasive or minimally invasive lesions with curative 
purpose (16,22). They should be applied to flat-type 
squamous cell carcinoma (SqCC) in situ and microinvasive 
cancer extended less than 10 mm with visible tumor 
margins and no evidence of extra-cartilaginous invasion (16). 
The treatment success depends on accurate staging (23). 
Tumor extension can be evaluated with autofluorescence 
bronchoscopy (AFB) examination and wall invasion can 
be accurately excluded by EBUS, while nodal involvement 
can be assessed by PET. An incorrect assessment of disease 
extension and nodal involvement is the main cause of 

treatment failure (23). 
Various bronchoscopic techniques can be used: thermal 

coagulation (electrocautery, argon plasma coagulation or 
Nd:YAG), photodynamic therapy (PDT) and cryotherapy. 
In early lung cancer, endoscopically treated, the cure rate is 
between 43% and 97% but recurrence rate is quite high and 
a significant number of lesions require a second treatment 
to obtain a definitive cure (24) (Figure 2). 

A specific discussion should be reserved to bronchial 
carcinoid, a relatively rare, minimally invasive, neuroendocrine 
neoplasm (Figure 3). Potential and limitations of the 
endoscopic approach should be considered in deep. 
Bronchial carcinoids, in fact, usually origin in the central 
airways and typically produce symptoms and signs 
associated with airway obstruction (i.e., cough, wheezing 
and other asthma-like signs, etc.), recurrent pneumonias or 
hemoptysis due to the tumor hypervascularization. 

Tumor removal is considered the treatment of choice and 
should be pursued by methods minimizing the procedural 
stress (25). Conservative lung sparing surgery, such as sleeve 
resection or similar, is currently considered the elective 
therapy for peripheral lesions (6); on the other hand, in 
centrally located carcinoids, surgery is often technically 
demanding for the surgeon and detrimental to the  
patient (26). 

Indeed, growing evidence is now documenting that 
endobronchial treatment may be considered, in selected 
cases, a safe and effective treatment for typical carcinoid 
tumors in the central airways (27). Furthermore, the 
addition of initial endobronchial treatment has no negative 
effect on the surgical outcome (28).

Based on individual expertise and good sense, two 
different endoscopic approaches should be evaluated: 

A B

Figure 2 Endoscopic treatment of early stage trachea-bronchial tumors. (A) In situ carcinoma of the right side tracheal wall; (B) laser 
resection of the lesion.

Figure 3 Broad based carcinoid of the main left bronchus. Note 
the smooth, vascular, surface and the soft masses covered with 
intact bronchial epithelium. 
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(I) Symptomatic relief or pre-surgical treatment: 
to be considered in broad based (flat, non-
polypoid, without a clear stalk or with a wide, 
not pedunculatus one) tumors, not extending 
across multiple cartilaginous rings and invading 
extramural  t i ssues  (29) .  The symptomatic 
endoscopic approach aims, as in common central 
airways malignant tumors, to restore bronchial 
patency allowing peripheral ventilation and allow 
the drainage of post stenotic infected endobronchial 
material (30). The pre-surgical tumor eradication is 
useful to warrant a detailed evaluation and location 
of the base of the tumor in order to plan a lung 
sparing surgery (31). 

(II) Eradication treatment: the endoscopic approach 
with curative intent, is amenable only for typical 
carcinoids, since this subgroup carries an excellent 
prognosis (87–100% 5 year survival) and a low 
incidence of nodal invasion (5–20%) (32). The only 
independent factor associated with a recurrence 
of the typical carcinoid and a consequent poorer 
prognosis is uncompleted resection. The likelihood 
of endoscopic successful eradication is strictly 
related to the neoplasm characters (centrally 
located, totally endobronchial, with a small basal 
implant of less than 1–2 cm2, non-infiltrating the 
submucosa), to the appropriateness of the resection 
technique and to the proper laser treatment of 
the tumor’s base. When all of these standards are 
warranted the endoscopic treatment can realistically 
be considered an alternative to open surgery (33). 
Indeed, the final indication of the successful 
eradication after the endoscopic approach can be 
achieved at a 30–60 days bronchoscopic control 
and after a total body CT scan is performed to 
confirm the absence of extrabronchial involvement 
or mediastinal adenopathies. This time lapse is 
required to allow the treated mucosa to recover and 
scars to heal. Furthermore, the absence of blood, 
will allow the laser assisted treatment of the tumor’s 
implant that is not possible in presence of tissue 
hyperpigmentation (as it occurs during bleeding) 
that limits the laser’s penetration in deep and 
decreases its “cytocide” effect (34) (Figure 4).

Malignant central-airway obstruction

Epidemiology shows that about 20–30% of patients 

affected by lung cancer suffer from symptoms related to 
CAO (35). In addition, numerous solid tumors (2%) can 
lead to malignant airway obstruction (MAO) through 
compression/infiltration (esophagus, thyroid) or metastatic 
involvement (kidney, colon, breast and melanoma). CAO 
may occur in three main ways: intraluminal tumor growth, 
airway compression secondary to an extraluminal mass or a 
combination of these two processes (Figure 5).

Rigid bronchoscopy is a valuable tool to treat malignant 
obstructions because ensures airway control and the 
possibility to remove large volumes of tumor or to place 
stents. The decision to perform rigid bronchoscopy should 
be undertaken after a full evaluation of available therapeutic 
strategies (including chemotherapy and radiations) and their 
success rate.

Depending on mechanisms of stenosis ,  various 
bronchoscopic techniques can be chosen and performed 
alone or combined (36). If the pathogenic process is driven 
by an intraluminal tumor growth, the operator can use 
mechanical debulking or thermal techniques. Thermal 
techniques are further divided upon their immediate [laser, 
electrocoagulation, argon-plasma coagulation (APC)] or 
delayed effect (cryotherapy, PDT). An immediate effect 
is necessary to treat severe or very symptomatic stenosis; 
a delayed effect can be used on non-threatening stenosis. 
When central airway obstruction is secondary to an 
extrinsic compression or mixed obstruction, an airway stent 
(silicone or metallic) can be placed (37). Indications to an 
invasive treatment are symptomatic obstruction associated 
to a viable bronchial tree and normal parenchyma. These 
findings have to be confirmed before perform interventional 
bronchoscopy, using CT-scan and flexible bronchoscopy. 
The aims of all these techniques are palliation of the 
dyspnea, control of the hemoptysis and contribution to treat 
obstructive pneumonia. Although, treating large airways 
tumors gives best success rate (38).

Clinical and radiological presentation

The clinical presentation of central airways tumors is usually 
nonspecific. Dyspnea is the main symptom and is obviously 
shared by many different conditions. Other manifestations 
include hemoptysis, wheezing, cough, hoarseness of voice, 
limited exercise capacity, and reduction of lung function 
parameters (35). Delayed diagnosis is frequent, because 
these symptoms could raise a false diagnosis of other 
diseases such as asthma, COPD and pneumonia. Onset and 
nature of symptoms are largely dependent upon tumor size, 
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anatomic location, and contact with surrounding structures. 
Generally, symptoms of airflow obstruction are mild to 
moderate for a long time, until the airway lumen becomes 
critically reduced. In this situation a quick intervention to 
restore airflow is demanded (39). 

Even if conventional radiography is able to identify a 
centrally located tumor in up to 30% of the cases (40), 
computed tomography of the chest is mandatory, given its 
ability to detect tumor, size, local extension, and invasion 
of adjacent structures. CT scan can also localize distant 
metastases. In addition, multidetector CT (MDCT) gives 
the possibility to perform post-processing techniques like 
multiplanar reformation (MPR), volume rendering (VR) 
and virtual bronchoscopy (VB). These techniques could 
add morphological informations regarding tumor location 
and shape, extramural invasion, longitudinal spread, and 
distance between bronchial tumors and main carina (41).

Preoperative assessment

Collaboration between the anesthetist and the bronchologist 
is critical for the endoscopic treatment of airway lesions. 
General anesthesia is necessary for the endoscopic treatment 
of neoplastic lesions, since this procedure is carried out 
with a rigid bronchoscope in the majority of cases, and 
ancillary techniques like laser therapy, cryotherapy or 
stent implantation are often employed. The preoperative 
assessment is therefore important for narrowing the risk 
of major complications. A detailed evaluation should 
cover comorbidities, cardiovascular efficiency, ventilatory 
function, anatomical localization of the tumor, coagulation 
parameters, and arterial blood gas (ABG). Patients requiring 
endobronchial treatment could have impaired cardio-
pulmonary reserve, pulmonary hypertension and severe 
obstructive and/or restrictive functional defects (42). It is 
unclear if routine preoperative pulmonary function testing 

A

C D

B

Figure 4 Endoscopic treatment of carcinoid tumors. (A) Three steps laser eradication of a centrally located, totally endobronchial, small 
based carcinoid tumor of the distal main left bronchus; (B) excision of the tumor by laser resection of the base implant; (C) 30–60 days 
delayed endoscopic re-evaluation and laser treatment of the implant scar; (D) middle and long term endoscopic control for excluding 
recurrence.
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is mandatory, given its limited role in prediction of post-
operative complications (43). Nonetheless, any potentially 
reversible or ameliorable lung function limitation should 
be treated and minimized before endoscopy. Usually, 
patients suffering from neoplastic airflow obstruction could 
remarkably benefit from endoscopic treatment, as measured 
by exercise capacity, spirometric parameters, dyspnea- 
specific and overall quality of life scores (44). Anyway, 
endoscopic treatment is generally not indicated in patients 
with a short life expectancy (less than 3 months). An 
informed consent should be obtained for both endoscopic 
procedures and anesthesia. 

Diagnosis and endoscopic assessment of 
central lung cancer and preinvasive lesions

Bronchoscopy is the standard imaging tool for the diagnosis 
of central airway lung cancer (45). However, this technique 
is limited in its ability to detect small early central cancers 
and preinvasive lesions of the airway (46). Bronchial 
intraepithelial lesions may be precursors of central airway 
lung carcinomas. Indeed, central airway carcinomas are 
considered to develop gradually from preinvasive epithelial 
lesions (47). In particular, SqCC which is the second most 
frequent type of lung cancer, in contrast to adenocarcinoma, 
is believed to arise in the central airways through a 
stepwise series of molecular and cellular alterations in 
which the airway epithelium progresses from normal to 
hyperplasia, metaplasia, dysplasia (mild, moderate, and 
severe), and finally CIS (47). In general, dysplasia (in 

particular severe forms) and CIS are considered the most 
important preinvasive lesions for SqCC. In dysplasia the 
cellular changes extend to the entire airway epithelium but 
without reaching the surface. Lesions that progress to CIS 
show extreme cytologic aberration that extend throughout 
the airway epithelium but do not infiltrate the basement 
membrane (48). According to an alternative model, multiple 
foci of precursor lesions are produced throughout the 
respiratory epithelium as a consequence of exposure to 
smoking. SqCC may develop from any of these lesions 
rather than because of stepwise progression of a single  
area (49). Early detection and follow-up of these pre-
malignant lesions are essential because they have a 
high chance of progressing to invasive cancer (50). To 
detect these smaller lesions, emerging techniques have 
been proposed in the last decades as new imaging tools 
integrating the standard white light bronchoscopy (WLB). 
They are AFB, narrow band imaging (NBI) and high-
definition bronchoscopy.

AFB 

AFB is  an advanced technology that  exploits  the 
autofluorescent nature of bronchial mucosa to detect 
tiny and subtle superficial lesions (51). Several types 
of  AFB systems have  been des igned,  developed, 
and marketed,  including the LIFE system (Xil l ix 
Technologies, Richmond, British Columbia, Canada), 
the D-Light system (Karl Storz, Tuttlingen, Germany), 
and the SAFE system (Pentax, Tokyo, Japan). Finally, 
autofluorescence imaging (AFI) bronchovideoscope system 
(Olympus Optical Corporation, Tokyo, Japan) is a newly 
developed AFB system that consists of three parts: an 
autofluorescence videobronchoscope, a video processor 
unit and a xenon light source (Figure 6).

Autofluorescence is intensely produced by submucosal 
stroma, but epithelium, mucosa, and cancerous tissue emit 
very little fluorescence. Several mechanisms have been 
hypothesized to explain the different autofluorescence 
o f  n o r m a l  a n d  c a n c e r o u s  t i s s u e s :  f o r  e x a m p l e 
autofluorescence can change if the epithelial layer thickens, 
as in the presence of cancer, or if the concentrations of 
certain substances in the tissue, including fluorophores 
and nonfluorescent chromophores, change (51). Most 
endogenous fluorophores are associated with the tissue 
matrix, such as collagen and elastin, or are involved in 
cellular metabolic processes. One of the major causes 
for the loss of autofluorescence in areas of dysplasia or 

Figure 5 Bronchoscopic view of a malignant endobronchial 
obstruction. 
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cancer is found to be a decrease in the extracellular matrix 
content (52). The intensity of the autofluorescence differs 
substantially between normal and tumorous tissues, which 
allows visualization of cancers and precancerous lesions 
in bronchi. According to the different systems, normal 
bronchial mucosa appears green or gray, while cancers and 
pre-invasive lesions appear brown, or brown-red and dark.

Several studies have reported the diagnostic performance 
of AFB and most have concluded that AFB has a much 
higher sensitivity and a lower specificity than WLB in 
detecting precancerous lesions (53-57). Indeed AFB 
provides many false positives (such as inflammation, 
infection or trauma), due to the high blood flow and 
metabolism that increase light absorption, diminishing 
green autofluorescence in tissue (58). The role of AFI 
for the early detection of preinvasive bronchial lesions 
in comparison with WLB and LIFE has been reported 

by Chiyo et al. (59). The sensitivities for dysplasia by 
AFI, LIFE and WLB were 80%, 96.7% and 53.3%, 
respectively, while the specificities were 83.3% for AFI, 
36.6% for LIFE and 50% for WLB (59). 

Similarly, three meta-analyses demonstrated that AFB 
and AFB + WLB have more advantages than WLB alone 
for detection of lung cancer and precancerous lesions, 
showing a higher sensitivity but a lower specificity. In 
the meta-analysis by Sun et al., 21 studies involving 
3,266 patients were analyzed (60). The pool relative 
sensitivity of AFB + WLB versus WLB alone to detect 
intraepithelial neoplasia and invasive cancer was 2.04 
and 1.15, respectively. The pool relative specificity of 
AFB + WLB versus WLB alone was 0.65 (60). Chen et al. 
included in their meta-analysis 14 studies, providing 15 
sets of data (61). The pooled sensitivity and specificity 
of AFB and WLB were 0.90 and 0.56, 0.66 and 0.69, 

Figure 6 The intensity of the autofluorescence differs substantially between normal and tumorous tissues, which allows visualization of 
cancers and precancerous lesions in bronchi. According to the different systems, normal bronchial mucosa appears green or gray, while 
cancers and pre-invasive lesions appear brown, or brown-red and dark. (A) White light videobronchoscopy revealing a small bronchial 
nodule at the bifurcation of the right anterior segmental bronchus and lateral segmental bronchus; (B) under auto-fluorescence imaging, the 
nodule showed reddish brown area with defined margin on normal mucosa appearing green color. 
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respectively (61). Finally, in the most recent meta-analysis, 
39 studies using WLB, 39 using AFB and 17 using AFB + 
WLB were selected (62). Sensitivity and specificity were 
54% and 79% for WLB, 87% and 65% for AFB, and 88% 
and 59% for AFB + WLB, respectively. In the same study, 
the diagnostic performances of the two techniques were 
calculated selectively for high-grade lesions from moderate 
dysplasia to invasive carcinoma. Sensitivity of AFB + WLB 
was similar to that obtained in the entire data set (86%) but 
specificity increased to 71% (62).

Another important contribute provided by AFB is the 
assessment of tumor extent and margins. Zaric et al. found 
that AFI videobronchoscopy system yields significantly 
higher sensitivity and specificity for the assessment of lung 
cancer extent than WLB videobronchoscopy alone (63). In 
this way this technology can affect therapeutic strategy in 
central lung cancer.

In conclusion AFB used together WLB seems to 
significantly improve the sensitivity to detect intraepithelial 
neoplasia compared with WLB alone and could be valuable 
to avoid missed diagnosis. However, this higher sensitivity 

is achieved at the expense of a lower specificity. Thus, use 
of AFB may also result in a higher number of unnecessary 
biopsies. Moreover, in evaluating the extension of central 
lung cancer, AFB is able to influence therapeutic option for 
lung cancer treatment.

NBI

NBI is a new optical technology that can clearly visualize 
the microvascular structure on mucosal surfaces (64). NBI 
uses a narrow banding filter which cuts all wavelengths in 
illumination except for narrow bands in the blue and green 
spectrum, centered at 415 and 540 nm, coinciding with 
the peak absorption spectrum of oxyhemoglobin (the main 
chromophore in bronchial tissues), making blood vessels 
more pronounced (65). On the basis of the characteristics of 
the vascular network of the bronchial wall, NBI allows the 
differentiation of dysplasia, CIS, micro-invasive tumour and 
invasive SqCC (Figure 7). 

In a prospective trial that enrolled 96 patients with 
indication for bronchoscopy, combination of AFI and 

Figure 7 A narrow banding filter cuts all wavelengths in illumination except for narrow bands in the blue and green spectrum and allows 
visualize the microvascular structure on mucosal surfaces. 
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NBI was evaluated in detection of premalignant bronchial  
lesions (66). Combination of NBI and AFI significantly 
improved sensitivity when compared to each individual 
technique (P<0.001). When specificity is of concern, 
combination of techniques improved specificity of WLB 
(P<0.001) and specificity of AFI (P=0.03), but it does not 
have significant influence on specificity of NBI (P=0.53). 
Thus, combination of NBI and AFI increases both 
sensitivity and specificity of each technique but it seems 
that NBI is most sufficient and effective in detection of 
premalignant bronchial lesions. In another study, the 
diagnostic yields of NBI individually and in combination 
with WLB and AFI has been evaluated in early lung 
cancer (67). Fifty-seven patients who were referred for 
airway screening or surveillance had a 30% prevalence of 
intraepithelial neoplasia. Both NBI and AFI had superior 
sensitivities, compared with WLB alone, and there was no 
significant difference in sensitivity between NBI and AFI. 
There was no significant difference in specificity between 
NBI and WLB, but AFI’s specificity was significantly lower 
than either NBI or WLB. The authors concluded that NBI 
is an alternative to AFI in the detection of early lung cancers 
because it has a comparatively higher specificity without 
significantly compromising the sensitivity (67). 

A recent meta-analysis  assessed the diagnostic 
performance of NBI alone and combined NBI + AFI (68). 
The results suggested that NBI is better than AFI in the 
detection of premalignant airway lesions, showing a pooled 
sensitivity and specificity of 80% and 84%, respectively. 
The combination of AFI and NBI did not significantly 
improve the diagnostic performance, yielding a pooled 
sensitivity and specificity of 86% and 75%, respectively. 
In another meta-analysis which included six studies, NBI 
presented remarkable diagnostic performance with a 96% 
sensitivity and 84% specificity (62). However the diagnostic 
performance of NBI was lower for the high-grade lesions 
from moderate dysplasia to invasive carcinoma since the 
specificity decreased to 43% (62).

The combination of AFI and NBI has been also tested 
for the evaluation of extension of central lung cancer. 
A prospective study in 118 patients with suspected lung 
cancer reported that the combination of techniques 
showed significantly better sensitivity and specificity in the 
assessment of lung cancer extension when compared to 
WLB alone, but improvement was not so convincing when 
compared to the each technique alone (69).

In conclusion, although the role of NBI for detection of 
premalignant airway lesions and early lung cancer has been 

largely studied and confirmed, further comparative data 
between NBI and AFI are still needed to draw conclusions 
on the superiority of one technique over the other (51,58). 

Other developing techniques

Other new technologies have been developed with the aim 
to better visualize the bronchial vascular tree. Vascular 
changes have been shown to correlate to angiogenic 
squamous metaplasia and lung adenocarcinoma or 
squamous carcinoma, as was reported in studies using the 
NBI (70-72). Therefore, facilitation of detection of these 
subtle changes is of clinical importance. In a recent study 
van der Heijden et al. aimed to explore the sensitivity 
of high definition (HD) images with advanced real time 
image enhancement techniques (i-scan) bronchoscopy for 
detection of epithelial changes like vascular abnormalities 
and suspicious preinvasive lesions, and tumors (73). 
Vascular abnormalities were scored most frequently in HD 
+ i-scan bronchoscopy as compared to AFB (P=0.003). Sites 
suspicious for preinvasive lesions were most frequently 
reported using AFB as compared to both WLB and HD 
bronchoscopy (P=0.003). The authors concluded that HD-
bronchoscopy with i-scan technique may result in better 
detection of subtle vascular abnormalities in the airways 
which in turn may be related to preneoplastic lesions and 
tumors (73).

Another similar technique is the high magnification 
bronchovideoscopy (HMB) which is able to observe 
vascular networks of the bronchial mucosa (74). Shibuya  
et al. found that HMB could detect dysplasia more accurately 
than fluorescence bronchoscopy alone, showing a sensitivity 
and a specificity of 71.4% and 90.9%, respectively (72). 
Other studies showed that HMB combined with NBI was 
capable of detecting the onset of angiogenesis in the multi-
step carcinogenesis of the lung, with or without using 
fluorescence techniques (70-72). 

The natural history of bronchial intraepithelial 
neoplasia

The natural history of preinvasive lesions and CIS has been 
evaluated in several relatively small longitudinal studies. In 
general, the rate of progression of CIS to invasive SqCC 
was found to range from 39% to 69%, depending on the 
patient population and length of follow-up (24,50,75). 
Other studies evaluated rates of progression to a higher 
grade or CIS among the different grades of dysplastic 
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preinvasive lesions. In one study, rates of progression to 
CIS were 14% and 28% for lesions showing moderate or 
severe dysplasia, respectively (76). In another study, 32% 
of lesions showing severe dysplasia and 9% of lesions with 
mild/moderate dysplasia progressed to CIS or SqCC when 
followed for a range of 11 to 21 months whereas regression 
was observed in 54% of the preinvasive lesions (19,77). 

Several factors complicate the evaluation of the 
natural history of preinvasive airway lesions, first of all 
the difficult in differentiating the various degrees of 
dysplasia or distinguishing severe dysplasia versus CIS (45). 
Furthermore, there was considerable heterogeneity across 
studies in inclusion and exclusion criteria, frequency of 
surveillance bronchoscopies, length of follow-up, study end 
points, and the definition of progression (45). 

The American College of Chest Physicians (ACCP) 
guidelines proposed the following indications for WLB 
and/or AFB (45): in patients with severe dysplasia or CIS in 
sputum cytology who have chest imaging studies showing 
no localizing abnormality, the use of WLB is suggested, 
with AFB which may be used as an adjunct when available. 
Patients with known severe dysplasia or CIS of central 
airways should be followed with WLB or AFB, when 
available. WLB or AFB is also suggested for patients with 
early lung cancer who will undergo resection for delineation 
of tumor margins and assessment of synchronous lesions. 
For patients being considered for curative endobronchial 
therapy to treat CIS or early central lung cancer, WLB is 
suggested over routine use of AFB. Finally, for patients with 
superficial limited mucosal lung cancer in the central airway 
who are not candidates for surgical resection, endobronchial 
treatment with PDT, brachytherapy, cryotherapy, or 
electrocautery is recommended.

Technical and operational aspects of endoscopic 
tracheobronchial dis-obstruction

Endoscopy suite: setting, staff and organization

Setting up and running an endoscopy unit is a complex 
topic, of particular interest to directors and nurse managers, 
with an expanding literature. Some basic principles are 
mentioned here briefly. A bronchoscopy unit consists of a 
dedicated location where flexible or rigid procedures are 
regularly performed, with available equipment necessary 
to provide bronchoscopy and related interventional 
procedures, and a team composed of well-trained 
bronchoscopists, anesthesiologists and nurses/surgical 

technicians. Many components have to be taken into 
account when a conceiving a modern endoscopic suite and 
those are strictly related to logistic, technologic, scientific, 
technical, safety, educational, and communicational 
issues. From the patient’s perspective, endoscopy consists 
of reception, preparation, procedure, recovery and 
discharge. Enabling these activities are a series of other 
functions, which include scheduling, cleaning, preparation, 
maintenance and storage of equipment, reporting and 
archiving, and staff management.

The ideal bronchoscopy unit should therefore include 
adequate space for the storage of bronchoscopic equipment, a 
waiting/recovery area for preparing and assisting the patient 
after the procedure, equipped with an oxygen supply, vacuum 
suction, and adequate monitoring systems (BP, HR, oxygen 
saturation, EKG, defibrillator for resuscitation including 
the emergency intubation’s kit and chest tube insertion), a 
dedicated suite to perform the procedures (78). Moreover, 
a separated area devoted to instrument’s processing and 
sterilization is strictly required. 

The suite should be accessible for a stretcher or bed, and 
the examination table should be accessible from all sides. 

Bronchoscopy unit should satisfy with precise ergonomic 
principles (see Figure 8). The endoscopic tower for flexible 
bronchoscopies, for example, should be located on the left 
of the endoscopist to allow the instrument’s light guide and 
connectors to be optimally placed; alternatively, if a rigid 
scope is used, it can be located at the end of the operating 
table. Consequently, the assistant nurse should station on 
the bronchoscopist’s right side to have a direct access to 
the bronchoscopic cart and to provide the operator with 
every needed device (forceps, saline, TBNA, laser probe, 
etc.). Finally, the anesthesiologist, should be placed on the 
patient’s right side, in order to act without interfering with 
the operating theater and be able to monitor vital’s signs. 

Every team member, composed by a bronchoscopist, 
an anaesthesiologist and related nursing staff should 
have received appropriate training certification before 
to be admitted to perform interventional pulmonology 
procedures. 

Training in rigid bronchoscopy should be reserved 
to physic ians who have had previously  extensive 
experience with flexible bronchoscopy and endotracheal  
intubation (20). Trainees should perform at least 20 
supervised rigid bronchoscopy procedures before 
a t t e m p t i n g  t h i s  p r o c e d u r e  a l o n e .  To  m a i n t a i n 
competency, the procedure should be performed at least  
10–15 times/years. (79)
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The anaesthesiologist should be proficient with 
conventional, jet, and single-lung ventilation.

For interventional procedures, at least one to two 
nursing assistants are needed. General anaesthesia is 
administered intravenously. Ventilation techniques that 
can be used include: spontaneous ventilation, spontaneous 
assisted ventilation, controlled ventilation with Venturi Jet, 
high-frequency (HF) ventilation, or closed-circuit positive 
pressure ventilation.

Set of instruments

Several types of both flexible and rigid bronchoscopes will 
be required if interventional endoscopic procedures are 
performed. 

Rigid bronchoscopy may require a larger number of 
equipment (Figure 9):

Classic ventilating trachea-bronchoscopes: open tubes 
with bevelled distal ends, side ports to maintain bilateral 
ventilation in bronchoscopes for distal airway endoscopy, 

a proximal end that contains several ports for light guides, 
telescopes, introduction of instruments, and assisted 
ventilation. 

Flexible versus rigid bronchoscopy

Rigid bronchoscopy has a history of more than 100 years. 
In the late 19th century and early 20th the development in 
technology of surgical instruments brought to production 
of affordable and effective metal devices. Metallic tubes 
shaped to penetrate without damage the internal cavities 
of the human body were designed and experimented. 
The problem of bringing the light inside of the human 
cavities was solved with mirrors first, and later with electric 
miniaturized bulbs. When the technology of glass fibers 
was employed finally, a cold and powerful light supply was 
available. The production of wonderful optic crystal and of 
miniaturized telescopes allowed in the second half of 20th 
century the production of effective rigid bronchoscope able 
to explore the main airways to recover samples of tissue, 

Figure 8 Standard bronchoscopic suite design.
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blood, phlegm, to remove foreign bodies and endoluminal 
tumors.

In late 70s of 20th century the technology of optic fibers 
was employed to produce endoscopic instruments that were 
actually able to transmit the images and the light along 
curved fibers. The new bronchoscopes revealed to be a real 
revolution in the exploration of the airways, allowing to 
reach peripheral bronchi and also areas difficult to explore 
with the rigid optics, as upper lobes.

This seemed to be the ending of the era of rigid 
instruments. The new flexible bronchoscopes were easier 
to use (and to learn), more comfortable to the patients, 
able to consent new procedures, like the bronchoalveolar 
lavage, the transbronchial biopsy, the needle puncture of 
lymph nodes. In rich countries, like US and Japan, in whom 
the access to new technologies was simpler, the use of rigid 
bronchoscopes was almost abandoned. 

Otherwise the same technology was the cause of a 
renewed interest in rigid instruments, when laser beam 
entered in medical practice. The resistance to the heat and 
the presence of a huge metal working channel, if compared 
to the small 2 mm plastic channels of bronchoscopes made 
these instruments more attractive for laser treatments inside 
of tracheobronchial tree. The removal of large tumors, 
blood clots, the possibility to use large forceps, to ventilate 
a patient under general anesthesia, was clearly favoring rigid 
instruments. 

Furthermore, before the electronics revolution of 
video cameras, the vision quality of rigid telescopes was 

enormously better than the reticulated, dark field of view 
of fiberoptic bronchoscopes. When endobronchial stents 
or prostheses were proposed and developed in order to 
maintain the patency of the airways, due to the difficulties 
in management of stenting procedures by means of flexible 
instruments, rigid bronchoscopes became the gold standard 
in laser and operative bronchoscopy. 

The new flexible HR video bronchoscopes, whose 
quality, in terms of vision and of resistance, has enormously 
increased in the last years, are nevertheless less effective 
than rigid ones.

Various angled telescopes that can be connected to video 
cameras and provide excellent airway visualization and 
documentation. 

The main features of rigid and flexible bronchoscopes 
are listed in Table 1.

Dedicated instruments for operative endoscopy include, 
basically, giant forceps for large size biopsies and foreign 
body/tumor removal, and large suction channels for 
aspirating secretions or blood. 

Further devices required in interventional pulmonology 
(see also Table 2) are as below.

Lasers
“Laser” is an acronym for light amplification by stimulated 
emission of radiation. A laser is created when the electrons 
in atoms in special glasses, crystals, or gases absorb energy 
from an electrical current or another laser and become 
“excited.” The excited electrons move from a lower-energy 

Figure 9 Rigid bronchoscopy equipment.
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orbit to a higher-energy orbit around the atom’s nucleus. 
When they return to their normal or “ground” state, the 
electrons emit photons (particles of light). 

Only lasers with wavelengths that can be delivered through 
an optical fibre are suitable for laser bronchoscopy (80). These 
include the potassium titanyl phosphate (KTP), argon dye, 
yttrium aluminium perovskite (YAP), Nd:YAG and diode 
lasers (81). The Nd:YAG laser is currently preferred for 
airway resection because of its predictable effects on living 
tissue (i.e., photocoagulation or vaporization), depending on 
the amount of energy applied (82) (See Figure 10).

Endobronchial electrosurgery (EES) and APC 
The use of electrocautery through the bronchoscope was 
first reported in the early 1980s with varying degrees 
of success (84). Despite its low cost, EES failed to gain 
popularity due to cumbersome delivery systems and 
complications associated with the power units. Since the 
evolution of a new generation of electrosurgical devices, 
there has been renewed interest in its application in the 
endobronchial tree (85). EES (synonyms: electrocautery or 
diathermy) is defined as the application of a HF electrical 
current via a probe to coagulate or vaporize tissue (84,86). 
APC is a noncontact mode of mono-polar electrical 
coagulation; argon gas is used as the conductive medium (87). 

Endobronchial cryotherapy 
Cryotherapy is the therapeutic application of extreme cold 
for local destruction of living tissue. In contrast to laser 
or electrosurgery, cryodestruction is delayed, occurring 
from a few hours to a few days after application (88). 

Table 1 Rigid versus flexible bronchoscopes: strengths and 
limitations

Features
Rigid 

bronchoscopes
Flexible 

bronchoscopes

Vision quality +++ ++

Airways control +++ −

Working channel +++ +/−

Suction capability +++ ++

Ventilation required +++ −

Performance in material 
recovery

+++ +

Samples size +++ +

Resistance to laser beam +++ +/−

Stenting placement +++ +

Upper lobes, peripheral 
bronchi

+ +++

Local anesthesia − +++

Instrument’s durability +++ +

Skilled personnel needed + +++

+, low; ++, moderate; +++, high; −, poor.

Table 2 Specific features of different instruments suitable for endobronchial unblocking

Method
Type of required 
anesthesia

Coagulation 
effect

Cutting effect Treatment depth Potential complications

Electrocautery general and/or topic ++ ++ 2–3 mm Perforation and hemoptysis due to probe 
and eschar removal; airways fire

Argon plasma 
coagulation (APC)

general and/or topic ++ ++ 3–4 mm Hypoxemia due to large oxygen 
consumption; airway fire; air embolism

Nd:YAG laser general ++++ ++++ Very high and 
depending on 
power mode

Perforation and hemoptysis due to high 
power or misoperation; hypoxemia due 
to necrotic tissue and secretion; cough 
and atmospheric pollution due to smoke; 
reactive hyperplasia of granulation tissue; 
airway fire; air embolism

Cryotherapy General and/or topic + + 2–3 mm Need for repeated treatments due to 
superficial therapy and necrotic tissue; 
damage of the tip of bronchoscope that 
could be freezed by probe; delayed 
hemoptysis after freezing thawing

+, low; ++, moderate; +++, high; ++++, extremely high; −, poor.
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Cryotherapy can be performed either through a rigid 
or flexible bronchoscope, requiring a rigid or flexible 
cryoprobe. Commonly used cryogens are nitrous oxide 
(N2O) and liquid nitrogen (N2) (89). Bronchoscopic 
cryotherapy can be used in a variety of clinical scenarios, 
including the treatment of malignant and benign central 
airway obstruction and low-grade airway malignancy, 
foreign body removal or cryoextraction, endobronchial 
biopsy, and transbronchial biopsy. Unfortunately, the 
bulk of the experience with bronchoscopic cryotherapy 
consists of uncontrolled case series of malignant central 
airway obstruction, so further investigation is currently  
needed (90) before this approach may become suitable for 
routine clinical applications.

Airway stents 
Airway stents or tracheobronchial endoprostheses are 
devices used to re-establish airway patency, either to 
support the tracheobronchial wall in stenosis or malacia 
or to seal off airway fistulas. Most stents are available in 
various shapes (straight, Y-shaped, J-shaped), diameters, 
and lengths. Stents are made of polymers, metal, or a 
combination of both (hybrids) (91). Delivery devices 
include a rigid bronchoscope and its accessories, specially-
designed rigid stent introducer systems (generally for 
polymer and silicon-made stents), a flexible bronchoscope, 
and its accessories, and specially designed flexible stent 
introducer systems (generally for metal stents and hybrids) 
in certain situations (i.e., narrow, curvilinear stenosis) (92). 
Stent insertion should be reserved to bronchoscopists with 
extensive experience in rigid/flexible bronchoscopy and 

endotracheal intubation. 
The silicon stent insertion technique can be performed 

exclusively by rigid bronchoscopy and requires dedicated 
charging and delivery devices. Briefly, these stents are placed 
inside a delivery tube of the appropriate caliber based on 
the size of the rigid bronchoscope used for intubation and 
a plunger system is used to push it out of the introducer. 
Fine adjustments after stent deployment are performed with 
grasping forceps (Figure 11) under direct visualization. 

For all these procedures trainees should perform 50 
supervised procedures before attempting this procedure alone. 
In order to maintain competence, 5±10 procedures/years 
should be performed (79). 

Debulking and coring out of locally advanced 
endobronchial tumors

As already described, about 30% of patients with lung 
neoplasms will develop an obstruction of main airways 
along with the progression of the disease (2). The 
obstruction dramatically influences the respiratory and 
clinical conditions of the patients, causing cough, dyspnea, 
obstructive pneumonia. Restoring the patency of the airways 
improves the oxygenation and the tolerance to effort, and 
reduces the cough. The early palliation of symptoms is 
important for the quality of the life, but may also enable the 
patients to afford surgery, radiotherapy or chemotherapy 
and, importantly positively affects survival in patients with 
advanced lung cancer (93). The endoscopic procedures are 
effective in restoring the patency using different methods, 
but it should be underlined that an accurate selection of the 
patients is critical.

The atelectasis of the lung induces a progressive decay of 
the parenchyma. The lung may still recover and return to a 
normal function if it is re-ventilated within a time interval 
varying between 4 and 12 weeks, depending on the entity 
of the occlusion and on the presence of germs and over-
infection in the collapsed parenchyma (94). Furthermore, 
also the residual vascularization of the lung is critical. 
The dis-obstruction has no sense if the vascularization 
is compromised, like in those tumors infiltrating the  
vessels (95). The presence of a patent bronchus distal to 
the tumor obstruction is moreover necessary. In patients 
with mucosal infiltration of the distal tree the occlusion will 
likely relapse within a short time.

Finally, the involvement of distal carinas and bifurcations 
generally contraindicate the treatment (96).

Figure 10 Laser assisted endoscopic resection of a benign 
endobronchial neoplasm (85). 
Available online: http://www.asvide.com/articles/1642

Video 1 Laser assisted endoscopic 
resection of a benign endobronchial 

neoplasm
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From a technical point of view, we have to distinguish 
occlusions deriving from endobronchial growth tumors, 
infiltrating tumors, extrinsic compression. In all cases a rigid 
endoscope has to be employed, in order to remove large 
fragments of tumor, aspirate significant amounts of blood 
and of secretions, and/or ventilate the patients without 
risks of fire (12). A rigid endoscope allows the simultaneous 
introduction of a telescope, of a large aspiration catheter, 
of a laser fiber and a large rigid forceps (see Figure 9). If 
needed, blocking balloons, haemostatic tissue or stents may 
be also inserted through the rigid scope operating channel. 

In endoluminal dis-obstruction, the laser assisted 
resection is similar to that described for benign endoluminal 
tumors and requires the same systematic approach.

The laser beam, generated by a Yag, or a Diode or 
Perovskite laser, is used to devascularize the tumor. If the 
tumor has a recognizable implant base, we use the fiber, 
first, to coagulate the peduncle and, later, to dissect it with a 
contact tip. If this is not possible due to large and irregular 
implant base, the laser beam is used to coagulate the mass 
and then a debulking with tip of the rigid bronchoscope 
by the so-called “coring out” technique is performed (see 
Figure 10).

The tumor is then removed and the haemostasis is 
warranted by mechanical compression exerted by the 
bronchoscope and/or by laser coagulation of infiltrated area.

In narrowing of the airway due to infiltration or 
compression, a mechanical resection and laser treatment 
is usually not possible. In these patients, a stent may be 
used to restore patency. Many kinds of stents have been 
proposed. The most used for this purpose are silicon stents, 
which have efficient radial resistance to the compression, 
are not infiltrated by the tumor, may be easily removed and 
replaced with a new one if necessary. Their insertions always 
require a rigid bronchoscope and a skilled endoscopist. 
Despite silicon stents are usually more effective than 
metallic self-expandable ones, plugging from secretions is 
possible and migration has been described. Self-expandable 
uncovered stents are more simple to insert, but may be 
infiltrated by the tumor, are almost impossible to remove, 
and may be compressed (97). Fracture of the metallic wire 
is also possible and vascular and wall damage has been 
described (98). Self-expandable, covered stents combine 
advantages and disadvantages of both, with a simple 
insertion, resistance to infiltration, but also possibility of 
migration, of rupture and exertion of granulomas.

C

A B

Figure 11 Airway stenting. (A) Silicone stent features, and (B) after placement; (C) charging device and releasing technique.
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Alternative approaches and future perspective 
for endobronchial treatment of lung cancer

We have discussed in deep how, in the past few decades, a 
huge effort to achieve a more effective treatment of patients 
with obstructive endobronchial tumors, has been pursued. 
However, all of these interventional bronchoscopic methods 
are mainly designed for acute therapy of the airway 
occlusion and do not treat the underlying disease. Indeed, 
although indications for endoscopic treatments were mainly 
for palliation of advanced endobronchial cancerous lesions, 
there is increased attention devoted to adjuvant therapy and 
even cure of early lung cancer. 

Endobronchial intra-tumoral chemotherapy (EITC)

Celikoglu et al. have observed and reported that direct 
injection of chemotherapeutic agents via needle-catheter 
into endobronchial tumors is remarkably effective for the 
debulking of airway obstructions and is also an effective 
treatment modality for inoperable patients (99). In other 
recent clinical studies, Celikoglu et al. also demonstrated the 
practical clinical feasibility and effectiveness of intratumoral 
chemotherapy as a local neoadjuvant therapy in newly 
diagnosed lung cancer patients before radiotherapy or 
before resection surgery (100-103).

There are several potential advantages for direct 
intratumoral drug injection. These include: (I) assured 
precision in the local delivery of drugs; (II) complete 
perfusion of drug within and around the lesion; (III) 
dramatically higher tumor tissue concentrations than is 
achievable by conventional systemic chemotherapy; and (IV) 
little or no systemic toxic side effects (104). Intratumoral 
chemotherapy can uniquely provide very high drug 
concentrations in the endoluminal, submucosal, intra-mural, 
and peribronchial areas. Indeed, endobronchial intratumoral 
injection of anticancer agents presents a particularly 
attractive strategy for local-regional chemotherapy by 
enabling full penetration of bulky tumors with drug. This 
procedure is significantly different from endoscopic thermal 
procedures which have some efficacy for only endoluminal 
exophytic tumors, and differs from PDT and brachytherapy 
which may have some efficacy for only superficial tumor 
growths.

EIT chemotherapy should not be simply regarded as a 
technique for ablation of endobronchial tumor bulk like 
other endoscopic ablative procedures. It is rather a distinct 
form of chemotherapy in affecting cytotoxic action on a 

large local tumor cell burden with accompanying tumor cell 
death and tumor tissue necrosis (105).

Despite this intriguing rationale, however, several issues 
still need to be clarified before this promising technique 
may be considered suitable for clinical practice. 

Existing studies, in fact, do not yet provide definitive and 
conclusive data; in particular: (I) no RCT’s designed study 
have been conducted to confirm data on the efficacy of this 
method. More importantly, is still not clarified whether 
this technique might play a role in a neo-adjuvant, adjuvant 
or palliative setting. (II) No data coming from prospective 
studies are available on eventually clarify side effects and 
complication of endoscopic procedure (although no severe 
risk, included delayed bleeding, have never been reported). 
(III) The impact on survival has not been assessed in short 
and long term period. (IV) There is a lack of evidences on 
the potential role of this technique in the local treatment 
of other than pulmonary and thoracic cancers (i.e., breast, 
kidney, haematological, etc.).

EBUS-guided transbronchial needle injection (EBUS-
TBNI) for local control of lung cancer

EBUS-guided transbronchial needle aspiration (EBUS-
TBNA) has become a standard diagnostic tool and is now 
a recommended modality for invasive mediastinal staging 
of non-small cell lung cancer (NSCLC) (106). Further 
applications of EBUS-TBNA have been developed with 
the widespread use of the technology. However, there 
is little experience with the use of EBUS guidance for  
TBNI (104). Ultrasound guidance provides several 
advantages. The margins of the lesion can be identified to 
ensure that the agent is not delivered into normal tissue. 
Second, the use of ultrasound aided by color Doppler 
imaging facilitates avoidance of regional vasculature. 
This mitigates the risk of developing side effects due to 
systemic distribution of the agent. Third, the curvilinear 
EBUS image allows for real-time visualization of the agent 
being delivered. As the injection is performed the image 
becomes more hypoechoic and tissue swelling is noted. 
This feature is particularly useful for distributing the agent 
homogenously throughout the lesion (107). 

Bronchoscopy-guided radiofrequency ablation (RFA)

Percutaneous guided-RFA has found clinical applications 
for lung cancer with good results reported (108). Since the 
electrode is placed percutaneously directly into the tumor, 
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under cross-sectional imaging guidance such as chest CT, 
complications such as pneumothorax occur with frequency.

However, it is possible to avoid these complications 
using the present fibreoptic bronchoscopy guidance. Fiber-
optic bronchoscopy-guided cooled-RFA is both safe and 
technically feasible as the tip of the electrode is confirmed 
with CT or radiographic imaging guidance. A recent 
study by Tsushima and colleagues has shown that cooled-
RFA had no complications, such as bronchial bleeding or 
pneumothorax, and can be used with CT or radiographic 
imaging guidance technologies (109). Again, EBUS can 
also serve as a guide for endobronchial, paratracheal, peri-
bronchial and mediastinal masses RFA. Further research 
is needed to validate this approach and demonstrate its 
feasibility, safety and efficacy. 
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