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Introduction

Lung cancer is the most common cause of cancer 
death among men and women in the United States (1). 
Unfortunately, the diagnosis is usually made at advanced 
stages with reported 5-year survival rates of approximately 
15% (2). An early diagnosis and timely surgical resection is 
essential to improve outcomes and decrease mortality (3,4). 
Survival rates as high as 70% can be achieved in patients 
who undergo surgical resection at the earliest stage of 
disease (5,6).

Lung cancer screening programs with low-dose CT-
scan have allowed detection of small lung nodules (7). 
Nevertheless, an accurate diagnosis from these small, 
peripheral lung lesions can still be challenging with the use 
of conventional procedures. Options available to diagnose 
newly identified lung lesions include: flexible fiberoptic 
bronchoscopy (FFB), CT-guided transthoracic biopsy, 
bronchoscopy with endobronchial ultrasound (EBUS) and 

thoracoscopic or open thoracic surgery.
FFB is useful for visible endobronchial and central 

lesions, with an overall sensitivity of roughly 88% (8,9). 
However, its performance as a diagnostic tool for small 
peripheral lesions is limited and has been reported to be 
between 19% and 62% (10,11). In nodules measuring less 
than 20 mm the diagnostic yield can be as low as 14% (12).

On the other hand, CT-guided transthoracic procedures 
display a higher diagnostic yield. CT-guided fine-needle 
aspiration has an overall sensitivity of 82% and an accuracy 
of 88%, but its performance might vary depending on 
lesion size and location (13). A sensitivity of over 90% has 
been reported for CT-guided transthoracic core needle 
biopsies, but the rate of complications is not negligible, 
with hemorrhage and pneumothorax occurring in as many 
as 30% of the cases (14-16).

The rate of accurate diagnosis for solitary pulmonary 
nodules using bronchoscopy with radial ultrasound probe is 
around 70–77% (17). This technique is operator dependent 
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and involves blind navigation through the bronchial tree. 
Consequently, difficulty localizing the lesion is present in 
about 20% of cases (18,19). Although Kurimoto et al. (20)  
found no difference in the diagnostic rates amongst 
different lesion sizes, Eberhardt et al. reported a decrease in 
diagnostic yield, in lesions smaller than 20 mm (21).

The highest diagnostic yield (close to 100%) is achieved 
with thoracoscopic and open surgery (22). However, these 
approaches are more invasive and may be limited by poor 
pulmonary reserve in some patients (23). Electromagnetic 
navigational bronchoscopy (ENB) is a novel technique that 
offers a less invasive procedure for the diagnosis of small, 
peripheral lung nodules. It may also be a better option 
in certain circumstances (severe emphysema) where CT 
guided biopsy would be associated with a greater risk for 
complications.

ENB combines virtual and conventional bronchoscopy 
for the localization of lung nodules and allows the 
guidance of diagnostic and/or dye marking instruments 
(10,24). The most widely used and reported system is 

the SuperDimension system (Medtronic, Minneapolis, 
MN, USA) The planning phase is performed using the 
patient’s CT scan that is loaded onto a computer prior 
to the procedure. The target lesion is identified and the 
most appropriate bronchial pathway is carefully chosen for 
guidance during navigation. The system has an extended 
working channel (EWC), that is passed through the working 
channel of the bronchoscope and a locatable guide (LG) 
that is placed within the EWC. The LG is trackable on the 
navigation system providing the link between the real-time 
and virtual bronchoscopy. At the start of the procedure a 
standard bronchoscopy is performed and landmarks from 
this bronchoscopy registered on the software of the system. 
The standard bronchoscopy and virtual bronchoscopy 
created from the initial CT will then be linked. The 
surgeon or pulmonologist will then navigate towards the 
target lesion using both the standard and virtual images. At 
some point the bronchoscope will wedge within a segmental 
bronchus. The surgeon or pulmonologist will then advance 
the EWC and LG towards the target lesion using the 
virtual image only. Once the target lesion is reached, the 
LG is removed allowing placement of biopsy forceps, 
cytology brushes and aspiration needles through the EWC. 
It is also possible to obtain washings, place fiducials to guide 
stereotactic body radiation therapy and inject dye to mark 
small lesions for minimally invasive resections. 

Two other navigation systems are commercially available, 
namely The LungPoint Virtual Bronchoscopic Navigation 
System (Bronchus Technologies, Inc., Mountain View, 
CA, USA) and the SPIN Drive System (Veran Medical 
Technologies, St. Louis, MO, USA). A potential advantage 
of the Veran system is that this uses “trackable” instruments 
that may improve accuracy as biopsies are performed. 
Currently data with these other systems are limited and no 
comparative information is available (25,26).

ENB for the diagnosis of small lung nodules 

ENB has been shown to aid in the diagnosis of lung lesions 
with a lower rate of complications compared with more 
invasive techniques. However, the diagnostic yield for 
small, peripheral lung nodules is variable and clear selection 
criteria for patients that may benefit from this intervention 
have not been well defined. 

The diagnostic yield of ENB has been reported between 
59% and 94% (24,27-37) (Table 1). This large variability 
across several studies highlights the need to define 
systematic selection criteria and standardized protocols for 

Table 1 Diagnostic yield of ENB across studies

Study Diagnostic yield (%)

Gildea, 2006 74

Makris, 2007 62.5

Eberhardt, 2007 (trial) 59 (ENB alone)

88 (ENB + EBUS)

Eberhardt, 2007 67

Lamprecht, 2009 76.9 (ENB + ROSE) 

Eberhardt, 2010 55

90

Seijo, 2010 67

Mahajan, 2011 77

Lamprecht, 2012 83.9 (ENB + ROSE)

Brownback, 2012 74.5

Odronic, 2014 63

Loo, 2014 94

Al-Jaghbeer, 2016 60

Average 72.7

ENB, electromagnetic navigational bronchoscopy; EBUS, 
endobronchial ultrasound; ROSE, rapid on site cytopathologic 
examination.
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the use of ENB.
Several variables that affect the performance of ENB 

have been evaluated. The presence of a bronchus sign 
on CT-scan (38), the use of rapid on site cytopathologic 
examination (ROSE) (30,34), combining ENB with 
endobronchial radial ultrasound (28,31), PET scan (30), and 
the use of general anesthesia and fluoroscopy could improve 
the diagnostic yield of ENB. Moreover, the experience of 
the operator given by the number of procedures performed 
is a good predictor of success. The diagnostic yield of ENB 
has been shown to increase from 63% during the first year 
of work to 90% after two years of experience (33,34).

One of the first studies conducted to assess the utility 
of ENB was performed by Gildea et al. (27). The overall 
diagnostic yield was 74%. However, when analyzed by lesion 
size, the diagnostic yields ranged between 66.6% and 72%. 
Although all the nodules were considered peripheral, the 
distance from the pleural surface to each nodule was not 
reported, probably confounding the results since higher 
diagnostic yields could be expected for centrally located 
lesions.

On the other hand, Eberhardt et al. carried out a 
randomized controlled trial, finding a diagnostic yield of 
59% that did not change with nodule size or location (28). 
This trial compared the use of EBUS with that of ENB 
alone or EBUS plus ENB for the diagnosis of peripheral 
lung lesions. The diagnostic yield with the combination of 
both tests was higher (88%) than either one alone, proving 
the adjunctive effect of endobronchial ultrasound. A more 
recent study by the same group showed different diagnostic 
rates depending on the biopsy technique. The overall 
diagnostic yield was 75.5%. Samples acquired using suction 
catheter had higher yields compared to forceps, where the 
diagnostic rates dropped to 55% (31). Again, this study 
found that the combination of ENB and EBUS achieved a 
higher diagnostic yield (93%) compared to 48% when the 
lesion was not visible under ultrasound (31).

In another study conducted by Eberhardt et al. there was 
a nonsignificant trend towards an increase in the diagnosis 
of lesions located within the right middle lobe compared 
with other locations (24). Similarly, Chen et al. showed 
that lesions located within the lower lobes may be more 
challenging to reach via ENB due to greater movement 
during respiration compared with upper lobe nodules (39). 

Other diagnostic tools used in combination with 
ENB have shown favorable results. ROSE has been used 
immediately after ENB tissue sampling, although this 
technique is not readily available at all centers. 

Loo et al. showed an overall diagnostic yield of 94% with 
the use of ENB and fine needle aspiration, and a diagnostic 
yield of 87% for lung lesions <2 cm, which was attributed 
to the use of ROSE (36). Similarly, Lamprecht et al. (34) 
showed diagnostic rates of over 80% with the combination 
of ENB, PET-scan and ROSE. The diagnostic yields 
varied depending on size. A correct diagnosis was achieved 
in 76% of lesions smaller than 20 mm and 90% of those 
larger than 20 mm. However, these differences were not 
statistically significant and both studies showed false-
negative and false-positive results, affecting the sensitivity 
and specificity of ROSE. 

As mentioned above, the biopsy technique could also 
affect the probability of obtaining a definitive diagnosis 
after ENB. Diagnostic yields of 55% to 77% have been 
reported with the use of biopsy forceps and 54% for 
bronchial brushing (29,31-33,35,38). Combining ENB with 
fine needle aspiration biopsy (FNA) has allowed surgeons 
to achieve diagnostic yields as high as 87% for lesions <20 mm 
and 100% for those >20 mm (36). The concurrent use of 
bronchial brushing and transbronchial biopsies did not 
improve these outcomes (36). Furthermore, Odronic et al. 
also found that the sensitivity of ENB-FNA was higher 
when compared to the use of biopsy forceps and bronchial 
brushings (35). However, they suggest that that the 
combination of these techniques could improve sensitivity. 
Our own preference is to use a number of techniques 
including biopsy forceps, bronchial brushing and washings 
and needle aspiration. 

CT-scan findings have also been shown to influence the 
diagnostic performance of ENB. Seijo et al. (38) found that 
the diagnostic yield of ENB improved significantly from 
31% when a bronchus sign on CT scan was absent to 79% 
when such sign was present. Size of lesion was also a variable 
that significantly affected the rates of definitive diagnosis 
in that study (38). In contrast, Brownback et al. found a 
13.9% absolute increase in the diagnostic yield when a 
bronchus sign was identified on CT scan, but this finding 
was not statistically significant. Lesion size did not affect the 
diagnostic rates significantly either in this study (33).

In our own analysis of 100 ENB’s performed in 95 
patients (data not published), the diagnostic yield of this 
technique was associated with lesion size, location and 
the presence of a bronchus sign on CT-scan. Lesion 
size ≥2 cm, location within the central and intermediate 
regions, location within the upper and middle lobes and the 
presence of a bronchus sign were all factors associated with 
an increased probability of obtaining a definitive diagnosis.
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The large range in diagnostic yield reported among studies 
could be explained by differences in study design, lesion 
size, location, biopsy techniques employed, the inclusion 
of adjunctive resources such as radial EBUS and ROSE, 
and differences in learning curve/operator experience. This 
variability has led to the conflicting findings reported. As 
further studies and experiences are reported, it is hoped that 
factors that impact the performance of ENB will be better 
defined, improving selection criteria for ENB rather than an 
alternative diagnostic modality. It is also important to note 
that all studies consistently demonstrate lower complication 
rates with ENB compared to that reported by CT guided 
techniques.

 

Additional uses of ENB 

Fiducial placement for SBRT

Besides the diagnostic potential of ENB for small peripheral 
lung nodules, this technique is also useful for the placement 
of fiducials and dye marking for subsequent stereotactic 
body radiation therapy (SBRT) and minimally invasive 
surgical resection. 

It has been shown that the use of ENB for the placement 
of fiducial markers is a safe and feasible procedure 
for subsequent SBRT (40). The deployment of these 
fiducials showed lower rates of complications compared 
to transthoracic placement, and higher retention rates in 
close proximity within the tumor or the location of initial 
placement, allowing successful completion of radio surgical 
treatments (40,41).

ENB-guided dye marking for minimally invasive resection

The increased number of small lung lesions detected by 
CT scan has also increased the number of cases referred for 
surgical resection. The surgical approach of these lesions 
may be challenging since visualization and palpation of 
small nodules is limited during minimally invasive resection. 

ENB-guided dye marking has shown to be a safe 
and feasible procedure for the identification of lung 
nodules during video-assisted thoracoscopic (VATS) and 
robotic-assisted thoracoscopic resection (RATS) (42,43). 
This potentially has great utility for thoracic surgeons 
performing these procedures. 

Krimsky et al. used ENB-guided dye marking for the 
localization of 21 lung nodules with a median size of 13.4 mm 
(range, 7–29 mm) (43). Indigo carmine and methylene blue 

were used. In 81% of the cases the dye was identified close to 
the lesions, in one case the dye marking extravasated into the 
pleural space, and in 3 cases the dye was not identified. No 
complications related with ENB were reported. 

Recent studies have also shown a good performance 
of ENB-guided dye marking with significantly less rates 
of complications when compared to other percutaneous 
marking procedures (44-46). Marino et al. reported a 
success rate of 97% for the localization of 70 lung lesions 
with a median lesion size of 8 mm (range, 4–17 mm) and a 
median distance from the pleural surface of 6 mm (range, 
1–19 mm). The failure rate was 2.9%, which is significantly 
lower than that of transthoracic methylene blue marking 
and hook-wire localization (46). Similarly, Awais et al. (45) 
found a success rate of 100% for the localization of 33 lung 
nodules with a median size of 10 mm (range, 4–27 mm) and 
a median distance from the pleural surface to the center of 
the lesion of 13 mm (range, 3–44 mm). Complications were 
reported in two patients, which seemed to be independent 
of the ENB procedure. 

Conclusions

Electromagnetic Navigational Bronchoscopy is a novel 
technique that has proven to be useful for the diagnosis of 
small lung nodules. This technique increases the likelihood of 
obtaining tissue samples from lesions that were unreachable 
with the use of standard bronchoscopy. It is also of great 
utility for the localization of small, non-palpable lung nodules 
for subsequent minimally invasive resection, as well as for 
the placement of fiducial markers for therapeutic purposes in 
patients with advanced stage disease. 

There is variability in diagnostic yields from ENB 
with an average of 72% (Table 1) reported. Although not 
statistically significant, the majority of the studies have 
shown differences in the diagnostic rates related to lesion 
size (24,28,29,32,34-36) suggesting that bigger lesions are 
more likely to be diagnosed with ENB. Other variables that 
have been suggested to improve the performance of ENB 
include presence of bronchus sign on CT scan and location 
in the middle and upper lobes. 

Future studies should focus on establishing well-defined 
selection criteria for ENB that will help guide the selection 
of optimal diagnostic approach when evaluating a new lung 
nodule. Additionally, methods to improve the performance 
of ENB, such as the biopsy technique (e.g., brush, fine-
needle, core or cup biopsy) and adjunctive approaches (such 
as the use of radial EBUS) will need to be established. 
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