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Introduction
Lung cancer is the most lethal cancer in the 
United States. It is projected to account for more 
than one in four cancer deaths and an estimated 
224,390 new cases in 2016 in the United States.1 
Initial diagnostic and staging recommendations 
focus on obtaining tissue in a systematic manner 
in order to minimize risk and maximize utility.2,3 
These recommendations were issued in recogni-
tion of the increasing number of lung cancer eval-
uation modalities and the importance of use of 
the correct staging paradigm.

The purpose of this review is to present the current 
and emerging bronchoscopic techniques and tech-
nologies available for the diagnosis and staging of 
lung cancer. We first focus on the role of bron-
choscopy in the staging of the mediastinum with 
convex endobronchial ultrasound (EBUS) with 
transbronchial needle aspiration (EBUS-TBNA). 
We then shift our focus to the role of bronchos-
copy in the diagnosis of peripheral nodules with a 
discussion of the various available methodologies 
including radial endobronchial ultrasound 
(rEBUS) and navigational bronchoscopy (NB), 

specifically, electromagnetic navigational bron-
choscopy (ENB) and virtual navigational bron-
choscopy (VNB). We provide a brief description of 
the performance of each technique followed by a 
review of major publications assessing its diagnos-
tic accuracy. We conclude by discussing the next 
wave of potential advances in bronchoscopic tech-
nology and/or techniques.

Mediastinal and hilar lymph node staging
Convex EBUS-TBNA was introduced in its mod-
ern form in 2003.4 EBUS-TBNA is used to exam-
ine and biopsy mediastinal and hilar lymph nodes 
(LNs) as well as central parenchymal lung lesions. 
This modality allows for accurate minimally inva-
sive nodal staging in patients with suspected lung 
cancer. The recommended staging paradigm is 
one that begins with biopsy of the highest stage 
LN (N3) then descends in stage until a diagnosis 
is achieved or all LN stations amenable to staging 
are sampled.5,6

Conventional EBUS bronchoscopes have an 
ultrasonographic tip with a camera and white light 
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source offset at an angle of 35°. A similarly offset 
working channel allows for biopsy under real time 
ultrasound visualization of the needle within the 
target lesion. Visualization of the target LN is 
assisted by inflation of a saline-filled balloon. 
Biopsy is achieved with specially designed needles 
which attach to the bronchoscope.7 (Figure 1).

EBUS-TBNA diagnosis of the mediastinum has a 
long and well established track record. A meta-
analysis published in 2012 including 14 studies 
and 1658 patients reported a pooled sensitivity 
and specificity of 92% and 100%, respectively. In 
addition, the positive likelihood ratio was 5.1 and 
negative likelihood ratio was 0.13. There was no 
significant effect on the performance of the test 
with the use of rapid on site evaluation (ROSE). 
Only one serious complication occurred in a 
patient who developed intra-procedural hypox-
emia and stridor. Three patients had minor 
hemorrhage.8

The results of the American College of  
Chest Physicians (ACCP) Quality Improvement 
Registry, Evaluation, and Education (AQuIRE) 
registry for EBUS-TBNA were released in 2011; 
the AQuiRE registry included data on 891 
patients undergoing TBNA, the vast majority of 
which were EBUS-TBNA, from six different hos-
pital centers. Using a rigorous definition of obtain-
ing a specific diagnosis, they determined that the 
gross diagnostic yield was 50%. Hospital volume, 
patient smoking status, increased LN size, biopsy 
of more than two sites, and positron emission 
tomography/computed tomography positivity were 
all associated with higher yields.9 A safety analysis 
of the AQuiRE registry was published in 2013 and 
included the results of 1317 patients enrolled at six 
different hospital centers. Complications occurred 
in 19 patients, one of which was fatal. Pneumothorax 
was the most common complication and occurred 
in seven patients.10

In comparison, EBUS-TBNA has been shown to 
be equal to or better than mediastinoscopy in 
regards to the diagnostic yield of mediastinal LN 
sampling. That said, the two techniques should 
be considered synergistic as several studies have 
shown that each method is able to detect disease 
missed by the other.11–15

The accuracy of EBUS-TBNA in the restaging of 
treated lung cancer is less robust. Herth and col-
leagues studied 124 consecutive patients with 

stage IIIa disease with N2 nodal disease who 
underwent restaging EBUS-TBNA and then went 
on to have curative-intent surgery. The sensitivity, 
specificity, positive predictive value (PPV), nega-
tive predictive value (NPV), and diagnostic accu-
racy of EBUS-TBNA in this setting were 76%, 
100%, 100%, 20%, and 77%, respectively.16

Future directions of mediastinal staging

Single scope staging examinations
One of the major limitations of EBUS-TBNA is 
its inability to reach stations LN stations 8 and 9, 
potentially missing critical staging information. 
By combining EBUS-TBNA with endoscopic 
ultrasound guided biopsy (EUS-FNA), the reach 
of the ultrasonographic staging procedure is 
greatly increased.17 A meta-analysis of eight sepa-
rate trials including 822 patients published in 
2013 found that combined EBUS-TBNA and 
EUS-FNA staging outperformed either technique 

Figure 1.  Convex endobronchial ultrasound (EBUS). 
(a) EBUS scope with associated white light and 
ultrasound cables. (b) Intraprocedural view of a 
biopsy. The white arrows point to the needle. Images 
© Georg Thieme Verlag KG.
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alone. In addition, the only complications 
detected were one pneumothorax and one  
procedure-induced LN infection.18

Hybrid EBUS scope
The hybrid EBUS (H-EBUS) scope was devel-
oped to address several limitations of conventional 
convex EBUS (C-EBUS) scopes, including the 
exaggerated oblique forward view and limited flex-
ibility. A H-EBUS scope has been introduced 
which has a 10° viewing angle versus the traditional 
35° angle, an anterior flexion angle of 130° and a 
slightly slimmer insertion diameter19 (Figure 2).

The performance of the H-EBUS scope was eval-
uated in a single-center randomized trial in which 
the scope’s ability to perform a complete airway 
examination was compared with a conventional 
C-EBUS scope. The H-EBUS scope was signifi-
cantly better able to visualize more airways than 
C-EBUS. This was especially true with visualiza-
tion of the lower lobes. There was no difference in 
specimen adequacy or diagnostic yield.20

Thin convex probe EBUS bronchoscope
Thin convex probe EBUS (TCP-EBUS) scopes 
seek to access more lobar and interlobar LNs as 
well as more distal intraparenchymal lesions than 
are accessible with C-EBUS scopes. A TCP-
EBUS scope has recently been introduced which 
has a 20° oblique viewing angle, a distal diameter 
of 5.9 mm versus 6.9 mm of the C-EBUS scope, 
and a 170° angle of flexion. These characteristics 
require a trade off in which the working channel is 
reduced from 2.2 to 1.7 mm and the maximum 
needle size is reduced from 21 to 25 gauge (G).21 
No data currently exist comparing the diagnostic 
yield or specimen adequacy of a 21 G or 22 G to 
a 25 G EBUS needle in lung parenchyma. Several 
studies in the gastroenterology literature have 
addressed the adequacy of 25 G needle biopsies 
compared with larger needles and have found 
similar yields.22,23

The TCP-EBUS scope has been tested in a por-
cine model in which the TCP-EBUS scope was 
found to have a 14.7 mm greater endoscopic 
viewing range and 16.0 mm greater reach; this 
allowed the scope to traverse one to three bron-
chial generations deeper than a C-EBUS scope.21 
These observations were repeated in a small study 
of explanted human lungs.24

Both the H-EBUS and TCP-EBUS scopes repre-
sent advancements in scope design which, cou-
pled with the increasing cumulative experience 
with EBUS-TBNA, will likely continue to 
improve the ability of EBUS to acquire targets 
that were previously not within reach.

Elastography
Elastography has recently been applied to the 
evaluation of mediastinal LNs in lung cancer. 
Elastography measures the stiffness of tissue in 
response to local forces applied by physiologic 
activity such as cardiac motion. Elastography can 
potentially differentiate lung cancer-infiltrated 
LNs from normal LNs because infiltrated LNs 
are stiffer than noninfiltrated LNs.25

Izumo and colleagues conducted a study in which 
they evaluated the performance characteristics of 

Figure 2.  Endobronchial ultrasound (EBUS) 
scope advances. (a) Hybrid EBUS (H-EBUS) scope 
demonstrating augmented flexibility and the more 
acute viewing angle. Images adapted with permission 
from AME publishing company. (b) Size comparison 
of the standard EBUS scope (bottom) with the thin 
convex probe EBUS scope (top). Images © Georg 
Thieme Verlag KG.
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a novel three-level elastography scale; the ability 
of the scale to predict malignancy was then evalu-
ated. A total of 75 LNs were evaluated using this 
method and clinicopathologic correlation was 
obtained. The sensitivity, specificity, PPV, NPV, 
and diagnostic accuracy of elastography were 
100%, 92%, 95%, 100%, and 97%, respectively. 
Based on these data, the authors have suggested a 
possible role for elastography as a tool to help 
select LNs for biopsy during EBUS-TBNA.26 
These results are exciting but clearly require more 
study to evaluate their clinical utility.

Peripheral nodule biopsy
The solitary pulmonary nodule is a challenge fre-
quently encountered by chest physicians, with 
approximately 150,000–1,500,000 detected each 
year in the United States.27,28 There are multiple 
possible avenues of evaluation for these nodules, 
accounting for part of the challenge in evaluating 
and managing them. The gold standard remains 
surgical resection in patients who are good surgi-
cal candidates with a high pre-test probability of 
malignant disease. In the setting of low to inter-
mediate risk nodules or patients that either can-
not have or do not want surgery, less invasive 
evaluation may be appropriate.29 These less inva-
sive techniques include CT-guided biopsy 
(CTGBx) and guided bronchoscopic techniques.

CTGBx is the primary nonbronchoscopic method 
available for biopsy of lung nodules. The generally 
reported yield is over 90% for all nodules.30 The 
yield for lesions less than 2 cm is decreased and 
has been reported to be 70–77%, depending on 
the precise size of the nodules examined.31–33 The 
pneumothorax of CT-guided biopsy has been 
reported to be as high as 44.6%.34 More recent 
reports put the rate at approximately 25%.30,32,35

rEBUS and NB are the two primary modalities 
available to the bronchoscopist for the evaluation 
of peripheral lung lesions. Prior to discussion of 
peripheral nodule biopsy, it is important to stress 
that any planned peripheral lung biopsy proce-
dures be preceded by thoughtful consideration of 
other potential lesions (hepatic, brain, LN etc.), 
the presence of cancer in which would result in 
significant upstaging. There may be minimal ben-
efit in performing either rEBUS or NB for a 
peripheral lung lesion when metastatic sites are 
present. As such, biopsy targets should be chosen 
with an eye to obtaining staging and diagnostic 

information with a minimal number of proce-
dures for the patient.2,3

Guided bronchoscopic approaches are an attrac-
tive alternative to CTGBx due to a potentially 
lower complication rate and ability to incorporate 
mediastinal and hilar nodule staging. That said, 
the diagnostic yield of guided bronchoscopic 
biopsy of peripheral lung lesions remains lower 
than that of CTGBx despite recent advances.

rEBUS
rEBUS use was first reported in 2002.36 rEBUS 
utilizes a flexible probe with an ultrasound unit 
mounted on the end. The probe generates a 360° 
ultrasound field of view, which allows for accu-
rate real-time detection of solid lesions. Until 
recently, ground glass lesions (GGOs) were 
thought to be poorly defined using rEBUS, how-
ever recent data suggest that GGOs have an asso-
ciated ‘blizzard’ ultrasound pattern.37 (Figure 3).

The bronchoscope and probe with or without a 
guide sheath are navigated through lobar, seg-
mental, and sub-segmental airways until the 
lesion is located. Once located, the probe is 
removed and biopsy instruments are passed into 
the lesion.38 Multiple biopsy methods are availa-
ble during the performance of rEBUS procedures. 
TBNA has been shown to be associated with the 
highest yield, followed by transbronchial biopsies; 
it is important to note that size constraints pre-
clude the use of TBNA with a guide sheath.39

Multiple studies have evaluated the performance 
of rEBUS-guided biopsies. In 2011, a meta- 
analysis evaluated the results of 16 studies which 
included over 1400 patients. The meta-analysis 
included studies published in English in which 
the radial probe was used in the diagnosis of 
peripheral nodules. All study diagnoses were con-
firmed either histologically or by follow-up for at 
least 6 months. The combined point specificity 
was 100% and the point sensitivity was 73%. 
When stratified by lesion sizes of up to 20 mm 
and over 20 mm, the overall diagnostic yield was 
56% and 78%, respectively. They reported a 
complication rate of 0–7.4% and a pooled pneu-
mothorax rate of 1.0%, with 0.4% requiring tube 
thoracostomy.40

Another large retrospective study was reported in 
2014 comprising a single center’s experience with 

https://journals.sagepub.com/home/tar


AR Belanger and JA Akulian

journals.sagepub.com/home/tar	 215

467 patients. They included cases in which rEBUS 
was used for diagnostic purposes; positive results 
were defined as a definitive diagnosis or inflamma-
tion if the lesion resolved on surveillance imaging. 
The diagnostic yield of lesions up to 20 mm and 
over 20 mm was 58% and 78%, respectively. 
Ultrasound probe position in relation to the lesion 
was shown to be a significant factor in regards to 
diagnostic yield, with concentric and eccentric 
views of the lesion being associated with diagnos-
tic yields of 84% and 48%, respectively. The 
pneumothorax rate was 2.8% with a little over half 
of those patients with pneumothorax requiring 
tube thoracostomy. No episodes of significant 
bleeding were reported.41

Two recent publications have focused on the 
yield of rEBUS in GGOs. The first study exam-
ined 40 patients with a mean lesion diameter of 
22 mm, a majority of which were classified as 
mixed ground glass or semi-solid. The authors 
were able to visualize 60% of the lesions by 
rEBUS. Biopsy of these lesions led to a diagnostic 
yield of 65%.42 The second study retrospectively 
examined 67 patients who underwent rEBUS 
under fluoroscopic guidance. The authors were 
able to visualize 79% of mixed GGOs and 55% of 
pure GGOs. As with the previous study, the 
majority of the lesions were mixed GGOs and 
biopsy of them led to a reported diagnostic yield 
of 57%. Increasing lesion size was associated with 
improved yield.42,43

These data suggest that rEBUS is a safe and effective 
modality for the sampling of peripheral lung nod-
ules. Factors associated with higher diagnostic yields 
were nodules over 2 cm in diameter and a concentric 
orientation lung lesion to the rEBUS probe.

NB
There are two major types of NB, ENB and VNB. 
In ENB, externally generated magnetic fields are 
used to guide the bronchoscope and instruments 
to the target lesion. In VNB the software recog-
nizes patterns from the white light images and inte-
grates the information into a virtual map in which 
targets and other structures can be superimposed.

ENB
ENB was first described in 1998 by Solomon and 
colleagues. They used a technique in which a nav-
igation device designed for use in other proce-
dures was secured to a bronchoscope and used to 
biopsy artificially created targets in pigs.44 
Currently, there are two commercially available 
systems in the United States: the SuperDimension 
System (Medtronic, Minneapolis, MN, USA) 
and the SPiNDrive/Perc System (Veran Medical 
Technologies, St Louis, MO, USA).

In order to perform ENB, a CT scan is obtained 
using specific slice thickness parameters and is 
loaded into the navigation software where a 4-D 
map is created. Following creation of the recon-
structed image, the bronchoscopist plans their 
approach. The SuperDimension System uses a full 
inspiration only scan while the SPiNDrive System 
uses both inspiratory and expiratory scans to account 

Figure 3.  Radial endobronchial ultrasound. (a) 
Intraprocedural view of the radial probe being passed 
into a distal bronchus. (b) Typical appearance of a 
solid lesion with a concentric view. Images © Georg 
Thieme Verlag KG.
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for nodule movement during the respiratory cycle. A 
magnetic field is generated either by a board placed 
under the patient in the case of the SuperDimension 
System or by a hovering pad by the SPiNDrive 
System. The bronchoscopist then fine tunes the reg-
istration of the system and begins navigation. In the 
case of SuperDimension, the navigation system 
tracks a locatable guide inserted into a catheter. The 
locatable guide is removed once the lesion is located 
in order to pass instruments through the catheter to 
the target. In the case of the SPiNDrive System the 
biopsy instruments are tip tracked and used to sam-
ple the lesion in real time. While many factors appear 
to be involved in determining procedure success, use 
of needle aspiration appears to be superior to forceps 
biopsy45 (Figure 4).

In 2014, Gex and colleagues published a meta-
analysis of ENB that included 15 studies and 
1033 lung nodules, of which all but one trial used 
the SuperDimension System. They reported a 
diagnostic yield of 65%, a sensitivity of 71%, and 
a NPV of 52%. Interestingly, they reported that 
navigation to the lesion of interest was successful 
in 97% of cases. The studies variably used addi-
tional guidance modalities such as rEBUS and 
fluoroscopy in order to add real-time confirma-
tion to the virtual navigation map. In multivariate 
analysis, the only factor independently associated 
with an increase in bronchoscopic yield was the 
presence of a bronchus sign. At the individual 
study level, the use of general anesthesia and 
ROSE were associated with better performance of 
ENB, while the use of fluoroscopy was inversely 
related. The pneumothorax rate was 3%, in which 
about half required a chest tube. The ‘minor or 
moderate’ bleeding rate was 1%.46

Several studies provide a possible explanation for 
the discrepancy between the ability to navigate to 
the lesion and the diagnostic yield by looking to the 
motion of lung nodules during inspiration and expi-
ration. Chen and colleagues examined the relative 
motion of 46 nodules ranging in size from 6 to 42 
mm between inspiratory and expiratory CT scans. 
They found an average motion of 18 mm with more 
motion in lower lobes.47 In addition, Leira and col-
leagues demonstrated in pig models that a wedged 
bronchoscope causes significant nodule displace-
ment, likely due to the forces exerted by the bron-
choscopist to maintain the wedged position.48

Few data are available specific to the Veran sys-
tem. Yarmus and colleagues studied 24 patients 

with a solitary pulmonary nodule and radio-
graphic N0 disease. All patients underwent 
EBUS-TBNA LN evaluation, followed by ENB 
to the target lesion, and then electromagnetic 
transthoracic needle aspiration (EMTTNA). 
EMTTNA is a technology specific to the VERAN 
system in which the navigation software is used  
to guide a needle through the chest wall into the 
target lesion. The combined diagnostic yield of all 
three sampling modalities was 92%, with ENB + 
EMTTNA having a diagnostic yield of 87%. 
Interestingly, ENB was diagnostic in only 33% of 
patients, highlighting the limitation of an endo-
bronchial approach when attempting to biopsy 
lung nodules that are not associated with a  
bronchus. Five patients (24%) developed a 
pneumothorax, two of whom (8%) required a 
chest tube. Of note, four of the five patients who 
developed a pneumothorax were diagnosed via 
EMTTNA.49

VNB
VNB guidance for the biopsy of peripheral  
nodules was first described in a case report in 
2002 by Asano and colleagues.50 At the time this 

Figure 4.  Electromagnetic navigational bronchoscopy. 
(a) Navigational bronchoscopy views. The top row is 
the real-time computed tomography (CT) scan views. 
The bottom row is the real-time virtual bronchoscopic 
images. (b) Real-time CT scan views guiding an 
electromagnetic-guided transthoracic needle 
biopsy procedure. Images courtesy of Veran Medical 
Technologies, St Louis, MO, USA.
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manuscript was drafted, only one commercially 
available VNB system was available in the United 
States, the Bronchus LungPoint system 
(Bronchus, San Jose, CA, USA). Worldwide, the 
Bf-NAVI System (Olympus, Tokyo, Japan) is the 
most commonly used system. A new system, the 
Archimedes system (Bronchus) will likely be 
available shortly; it features the ability to perform 
bronchoscopic transparenchymal needle access 
(BTPNA).

To perform VNB, a preprocedure CT scan is 
obtained using the requisite protocol. The soft-
ware then constructs a model of the patient’s air-
ways, the user identifies the target lesions, and the 
system constructs pathways to the lesion. The tar-
get is then displayed on the virtual bronchoscopic 
view during the procedure, facilitating biopsy. The 
LungPoint system features pattern recognition 
software which recognizes and labels the subseg-
mental bronchi and superimposes other structures 
onto the image. Frequently, thin and ultrathin 
bronchoscopes are used during the procedure.51

Few data are available specific to the LungPoint 
system. Eberhardt and colleagues reported their 
experience with 25 patients with lesions less than 
42 mm. They used both a conventional and an 
ultrathin bronchoscope. A diagnosis was obtained 
in 80% of the patients. Only one pneumothorax 
occurred which did not require intervention.52

A majority of the data surrounding VNB have 
been obtained using the Bf-NAVI System, which 
is not available in the United States. As of 2013, 
the diagnostic yields reported in studies contain-
ing more than 10 patients have ranged from 63% 
to 84%, with a weighted average yield for all 
lesions of 74%. The weighted average yield for 
lesions less than 2 cm was 67%. Of note, several 
studies used adjunct methods for real-time identi-
fication of the lesion, including rEBUS and radio-
graphic guidance. The complication rates 
reported ranged from 0% to 4% with a weighted 
average yield of 1%. The complications reported 
included pneumothoraxes, hemorrhages, and 
bradycardic episodes.51

The two randomized clinical trials concerning the 
utility of VNB conducted to date, performed by 
Ishida and colleagues and Asano and colleagues, 
have produced somewhat contradictory results. In 
2011, Ishida and colleagues performed a prospec-
tive, multicenter study in which they randomized 

199 patients with an undiagnosed pulmonary nod-
ule undergoing rEBUS to VBN-assisted EBUS or 
non-VBN-assisted groups. The diagnostic yield of 
the VNB group was 80% versus 67% for the group 
without VNB; the benefit trended towards being 
greater in smaller lesions.53 Asano and colleagues 
performed a prospective, multicenter study in 
which 334 patients were randomized to VNB and 
non-VNB groups; both patient groups used con-
current radiographic confirmation. The diagnostic 
yield of the VNB group was 67% and for the non-
VNB group it was 60%.54

VNB has been shown to positively affect the diag-
nostic yield of lesions in the right upper lobe, 
lesions not visible on fluoroscopy, lesions in the 
peripheral outer third of the lungs, and lesions 
which surround the bronchus on rEBUS.51,55 
Factors associated with decreased yields include 
location within the superior segment of the left 
lower lobe and nonsolid lesions.51

BTPNA
BTPNA is an emerging technique in which tools 
are guided by a VNB system from the bronchus to 
a lesion through the parenchyma in a tunnel cre-
ated during the procedure.56 This technique has 
recently been tested in humans in small pilot stud-
ies. The first report, published in 2015, reported 
on the experience with 12 patients who underwent 
the technique and then went on to have a surgical 
resection. The target nodules had to be located at 
least 10 mm from the pleural surface. The proce-
dure was performed under general anesthesia in 
an operating theater. Successful transparenchy-
mal nodule access was possible in 10 of the 12 
patients enrolled. All 10 biopsies obtained by 
BTPNA were diagnostic. Both patients in whom 
the procedure could not be completed had lesions 
located in the apical segment of the left upper 
lobe; two other patients with left upper lobe nod-
ules were able to undergo the procedure. One 
patient had elevated troponins postprocedure; no 
other adverse reactions were noted. Postresection 
evaluation of the lung through which the transpar-
enchymal access was performed showed no hem-
orrhage or parenchymal lacerations.57

The results of a second study have recently been 
reported in which six patients underwent the pro-
cedure in the bronchoscopy suite, also under gen-
eral anesthesia but without subsequent surgical 
lung resection. A successful biopsy was obtained in 
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five of the six patients. Again, the patient in whom 
the investigators were unable to obtain a specimen 
had a left upper lobe lesion, however this was due 
to a registration error. Another patient in the study 
had a left upper lobe lesion and was able to suc-
cessfully undergo biopsy. The patients were 
observed for 72 h following the procedure. Two 
patients developed postoperative pneumothorax, 
one of whom required tube thoracostomy.45

Comparison of guided bronchoscopy methods
It is difficult to parse out the relative contributions 
of the various methods of guided bronchoscopy to 
overall yield given the overlapping use of several 
modalities in many studies. In 2012, Wang-
Memoli and colleagues published the results of a 
meta-analysis addressing this topic. They analyzed 
the results of 39 studies in which 3052 individual 
nodules were evaluated. The pooled diagnostic 
yield of all guided bronchoscopy modalities was 
70%. The contributions of the various analyzed 
techniques, ranked from highest to lowest esti-
mated yield, were guide sheath guidance, VNB, 
rEBUS, ultrathin bronchoscopy, and ENB. The 
yield estimate ranged from 67% to 73%. Lesion 
size had a significant impact on overall yield, with 
an estimated yield of 61% and 83% for lesions up 
to 2 cm and over 2 cm, respectively. They found a 
pneumothorax rate of 1.5% and a chest tube 
insertion rate of 0.6%. One patient had severe 
hypoxemic respiratory failure.58

Recently, the results of the AQuIRE registry have 
been published in which the sequential results of 
581 patients were entered into a registry and ana-
lyzed. The overall yield was 54% with the use of 
ENB and rEBUS associated with worsened yields 
of 57% and 39%, respectively when compared to 
a yield of 64% when neither technique was used. 
When the two guidance techniques were com-
bined, the yield was 47%. The complications rate 
was 2%, almost all of which were pneumothorax 
driven. Two episodes of hypoxemic respiratory 
failure occurred and one episode of hemorrhage 
occurred. Again, the authors found that TBNA 
improved yield overall.59

The discrepancy between the two studies is con-
fusing, particularly in light of earlier reports which 
indicated a synergistic effect of using ENB and 
rEBUS.60 The authors of the AQuiRE registry 
report note that there are several factors which can 
explain the low yield found in their publication 
compared with previous data. These proposed 

differences include publication bias in favor of 
small positive trials, a higher prevalence of cancer 
in the research setting, and the standardization of 
definitions for the study. In addition, the authors 
proposed that the study design may have resulted 
in the shifting of more challenging cases into 
guided bronchoscopy and in centers with both 
modalities and shifting of the most difficult cases 
into the less used modality.59 Others have noted 
that the bulk of cases in the AQuiRE registry uti-
lized the SuperDimension System for EMN.61

The landscape for peripheral lung nodule evalua-
tion and sampling remains complex, with mixed 
data and new technologies being introduced rap-
idly as lung cancer screening increases interest. 
Additional data and rigorous evaluation of cur-
rent and novel technologies will be needed in 
order to continue to define the optimum approach 
and improve patient care.

Conclusion
The role of bronchoscopy in the evaluation and 
staging of lung cancer continues to rapidly 
expand. Introduction of EBUS and its increasing 
ubiquity have led to improvements in LN staging 
via ultrasound-guided needle biopsy of mediasti-
nal and hilar LNs. In addition, renewed interest 
in peripheral lung nodule evaluation via existing 
and novel guided biopsy techniques has been 
driven by the recent publication of the National 
Lung Screening Trial (NSLT) and the subse-
quent United States Preventative Services Task 
Force (USPSTF) recommendation for lung can-
cer screening in high risk individuals.62,63  These 
and future advances have paved the way for  
what can only be considered an exciting future  
for advanced diagnostic bronchoscopy in the 
evaluation and staging of lung cancer.
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