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Rationale: Electromagnetic navigation bronchoscopy using super-
Dimension/Bronchus System is a novel method to increase diagnos-
tic yield of peripheral and mediastinal lung lesions.
Objectives: A prospective, open label, single-center, pilot study was
conducted to determine the ability of electromagnetic navigation
bronchoscopy to sample peripheral lung lesions and mediastinal
lymph nodes with standard bronchoscopic instruments and demon-
strate safety.
Methods: Electromagnetic navigation bronchoscopy was performed
using the superDimension/Bronchus system consisting of electro-
magnetic board, position sensor encapsulated in the tip of a steer-
able probe, extended working channel, and real-time reconstruc-
tion of previously acquired multiplanar computed tomography
images. The final distance of the steerable probe to lesion, expected
error based on the actual and virtual markers, and procedure yield
was gathered.
Measurements: 60 subjects were enrolled between December 2004
and September 2005. Mean navigation times were 7 � 6 min and
2 � 2 min for peripheral lesions and lymph nodes, respectively. The
steerable probe tip was navigated to the target lung area in
all cases. The mean peripheral lesions and lymph nodes size was
22.8 � 12.6 mm and 28.1 � 12.8 mm. Yield was determined by
results obtained during the bronchoscopy per patient.
Results: The yield/procedure was 74% and 100% for peripheral le-
sions and lymph nodes, respectively. A diagnosis was obtained in
80.3% of bronchoscopic procedures. A definitive diagnosis of lung
malignancy was made in 74.4% of subjects. Pneumothorax occurred
in two subjects.
Conclusion: Electromagnetic navigation bronchoscopy is a safe
method for sampling peripheral and mediastinal lesions with high
diagnostic yield independent of lesion size and location.

Keywords: diagnostic bronchoscopy; electromagnetic navigation;
mediastinal lymph node; solitary pulmonary nodule; transbronchial
biopsy

Diagnostic yield of flexible bronchoscopy is limited by its inabil-
ity to guide biopsy instruments directly to the lesion. The diag-
nostic success rate is dependent on the size and location of the
lesion (1–7). The diagnostic yield of flexible bronchoscopy is
expected to be between 20 and 84%. For lesions less than 2 cm
in diameter, the diagnostic yield of flexible bronchoscopy is 14%
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for peripheral lesions in the outer third of the chest and as high
as 31% if in the proximal two-thirds (8). The diagnostic yield of
flexible bronchoscopy for mediastinal lymph nodes using transbron-
chial needle aspiration (TBNA) is reported to be between 15 and
83% (9). The diagnostic yield of TBNA in staging of bronchogenic
carcinoma is reported to be between 50 and 60% (10).

Many adjuvant technologies have been proposed to guide
the tissue sampling, such as endobronchial ultrasound (EBUS)
and computed tomography fluoroscopy (11–13). The critical cou-
pling of real-time guidance and the ability to precisely direct a
biopsy instrument is critical to procedural success. The introduc-
tion of electromagnetic navigation bronchoscopy (ENB) with a
steerable instrument has been previously described for periph-
eral lesions (14–17).

The superDimension/bronchus system (superDimension Ltd,
Hertzliya, Israel) is an image-guided localization system, which
is designed to guide bronchoscopic tools to predetermined points
within the bronchial tree. The device uses three separate technol-
ogies that are combined to enable navigation of dedicated tools
within the lung in real time. The first component is the planning
software, which converts digital imaging and communications in
medicine standards (DICOM) images from a computed tomog-
raphy (CT) scan into multiplanar images with three-dimensional
reconstruction and virtual bronchoscopy of the airways. The
second component is a steerable probe that contains a position
sensor attached to an eight-way steerable instrument that has
the ability to navigate turns in the endobronchial tree. The third
component is an electromagnetic (EM) board, which is a field
generator connected to a computer containing the planning data.
The exact position of the steerable probe when placed within
the EM field is depicted on the system monitor. Thus, ENB has
the ability to guide bronchoscopy instruments to reach lung
targets for transbronchial biopsy (TBBX), brushing, or TBNA
procedures (14–17).

A prospective open-label, single-center study was performed
to determine the ability of ENB to reach peripheral lung lesions
and mediastinal lymph nodes. Some of the results of this study
have been previously reported in the form of an abstract at the
International Association for the Study of Lung Cancer Society
(IASLC) meeting in Barcelona in July 2005 (18).

METHODS

Sixty subjects were enrolled between December 2004 and September
2005. Inclusion and exclusion criteria are detailed in Table 1. All sub-
jects were candidates for nonemergency bronchoscopy of a suspected
lesion, and/or enlarged mediastinal lymph nodes. Patients were enrolled
if they were referred to our center for presumed difficult bronchoscopy,
prior nondiagnostic bronchoscopy or with lesions traditionally not
reachable by routine bronchoscopy. All subjects provided informed
consent approved by the Institutional Review Board and were followed
up for at least 6 wk after the procedures. In cases with regression or
persistence of the lesion, the follow-up time extended until the current
submission of data (average time 10.5 mo).

Endpoints

The primary endpoint of the study was to determine the feasibility of
ENB in reaching lung targets as demonstrated by location of steerable
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TABLE 1. INCLUSION AND EXCLUSION CRITERIA OF THE STUDY

Inclusion Criteria Exclusion Criteria

• Candidate for non-emergency bronchoscopy • Existence of a pacemaker, implantable cardioverter and/or defibrillator due to expectant
hazards of electromagnetic field

• Signed informed consent provided • Any subject whose medical condition implies that prolongation of the bronchoscopic
procedure

• Subject age above 18 yr of age • Participation in any other clinical trial 30 d before and throughout the duration of
the study

• A negative pregnancy test in a woman with child-bearing • Female subjects who are pregnant or nursing or those of child-bearing potential refusing
potential a pregnancy test

• A peripheral lung lesion or mediastinal lymph node is
difficult to reach with standard bronchoscopic technique
(i.e: pre-carinal, infra-carinal, and aorto-pulmonary window
lymph nodes)

probe tip displayed on SDBS screen. The secondary endpoints were
to determine the ability of ENB to assist in obtaining tissue with TBBX,
brush, and/or TBNA. This was determined as follows. If bronchoscopy
with ENB including TBBX/brush yielded a positive diagnosis or if
TBNA resulted in a positive diagnosis or benign lymphoid tissue; it
was considered of diagnostic value (ENB success). If bronchoscopy with
ENB including TBBX/brush/TBNA resulted in a plausible negative
diagnosis and it is further supported by additional procedures (CT-fine
needle aspiration, surgery, clinical follow-up with imaging, etc.); it was
also considered of diagnostic value (ENB success). If TBBX/brush/
TBNA with ENB resulted was nondiagnostic, and additional proce-
dures leading to positive diagnosis, the case was considered of nondiag-
nostic value (ENB failure).

The safety of ENB during the bronchoscopic procedures was ac-
cessed. Yield is reported for both bronchoscopic procedures with ENB
and also by lesion. All procedures were done without ROSE (rapid
on-site cytopathologic evaluation), as it is not routinely available in our
institution.

Procedure
All procedures were performed by one of the two staff pulmonologists
(T.R.G. or P.J.M.). The details of the equipment and configuration
have been previously described (14, 15). In general, ENB is composed
of four components: (1 ) electromagnetic location board, (2 ) steerable
probe served as a retractable sensor probe (Figure 1), (3 ) an extendable

Figure 1. The steerable probe (SP) with bronchoscope.

working channel, and (4 ) the computer software. All subjects had CT
scans of the chest configured with slices of 3 mm thickness at 1.5 mm
intervals in DICOM format. All procedures were performed using
conscious sedation with intravenous 2-mg boluses of both midazolam
and morphine with topical lidocaine. Washing was performed to collect
25 ml of aspirated saline before navigation in the area identified in
the planning stage of the procedure. Bronchoalveolar lavage was also
performed in the wedged position to collect 50 ml of aspirated saline
before navigation. Both were performed without the use of the EWC.
The bronchoscope was an Olympus 1T160, 2.8-mm working channel,
adult therapeutic bronchoscope (Olympus, Tokyo, Japan). A full de-
scription of the procedure is available in the online supplement.

Registration, Navigation, and Biopsy

Registration is the process by which the computer links the five to six
virtual fiducial markers to the actual position in the patient (Figure 2).
Upon registration completion, the average fiducial target registration
error (AFTRE) score was given in millimeters (mm). The AFTRE is
the radius of expected difference of the location of the tip of the
steerable probe in the actual patient compared with where it is expected
to be in the virtual patient. After registration, navigation is performed
with simultaneous advancement of the steerable probe toward the target
and directing steerable probe to the lesion (Figure 3). The closest
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Figure 2. The registration screen
layout.

distance between the steerable probe tip and the lesion center was
recorded.

When navigation was completed, the steerable probe is removed,
leaving the extendable working channel through which brushings and
TBBXs or TBNA were performed. Biopsies were performed using a
C-arm fluoroscopy unit. All instruments were visualized under fluoros-
copy only after navigation was completed to confirm proper function
and position of the bronchoscopic tools relative to the lesion and the
pleura. Brush biopsies involved two to three passes, and four pieces of
tissue were obtained by TBBX. TBNA usually was done with 2 to 4
passes of a combination of 19-G and 22-G needles depending on physi-
cian choice (9, 19–22).

Statistical Analysis

Statistical analyses were performed by a commercial statistics partner-
ship, TechnoStat Ltd (Kfar-Saba, Israel), working on the following data:
demographics; PLs and LNs characteristics, including number, size and
location; ENB procedure time, including registration and navigation to
the targeted lung area, versus total bronchoscopy time; registration
error called AFTRE; distance from LG to the targeted PL; sampling
success of the bronchoscopy procedure by subject. Continuous variables
are described using mean � SD along with range and/or 95% confidence
intervals based on normal theory. Dichotomous variables are summa-
rized in simple proportions along with exact binomial 95% confidence
intervals. Statistical comparisons of continuous variables were done
using ANOVA, while those comparing proportions were done using
the Fisher’s Exact test. Examination of PL and LN procedure success
as a function of lesion size was done using logistic regression. A p value
of less than 0.05 indicated statistical significance.

RESULTS

Among 60 cases, the ENB procedure was completed on 58 sub-
jects (23 women, 35 men; ages 43–86 yr; mean 67.91 � 9.3) In
two subjects, it could not be completed due to a mechanical
failure and lack of cooperation each in one instance. From a

total of 58 procedures, 36 subjects had only peripheral lesions
sampled, 9 subjects had only lymph nodes sampled, and 13 sub-
jects had both peripheral lesions and lymph nodes sampled. In
addition, there were subjects with more than one peripheral
lesions and/or lymph nodes for which ENB was used during
bronchoscopy. Total numbers of peripheral lesions and lymph
nodes sampled were 56 and 31, respectively, with mean sizes of
22.8 � 12.6 mm and 28.1 � 12.8 mm, respectively. Two patients
had ENB procedures that were nondiagnostic but did not com-
plete follow up (one subject died before any additional proce-
dures could be performed, another was lost to follow up). There-
fore, a total of 56 cases, including 54 peripheral lesions and
31 lymph nodes, were included into final analysis.

Ability to Reach Target Areas/Registration
Accuracy/Navigation Accuracy

Precise guidance of the steerable probe tip to the target lung
area, under ENB control, was achieved in all 58 cases (100%).
The mean and 95% one-sided upper confidence limit of AFTRE
over the five sites registered was 6.6 � 2.1 mm, ranging from
2.9 to 13.8 mm. The mean distance to the center of targeted
peripheral lesions was 0.9 cm, and its upper confidence limit was
1.0 cm. Therefore, the tissue sample was received from the lesion
itself in most cases. There were also cases in which the steerable
probe could not be advanced to the center of the target possibly
secondary to the absence of a bronchus leading directly to the
lesion center. In these cases the lesion periphery was likely sam-
pled. Average distances to the center of the target did not differ
significantly by location (p � 0.05).

Procedure Times

Total bronchoscopic procedure time varied from 33–86 min
(min) with mean time of 51 � 13 min. Mean registration time
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Figure 3. The navigation screen
layout.

lasted 3 � 2 min (range, 10–13min). Mean navigation durations
were 7 � 6 min for peripheral lesions and 2 � 2 min for lymph
nodes. Navigation time by different location for peripheral le-
sions or lymph nodes is given in Table 2. Neither procedure
time nor navigation time differed by lesion size.

Diagnostic Yield

Overall, 80.3% (45 out of 56) bronchoscopy with ENB proce-
dures resulted in obtaining diagnostic tissue. Seventy-four per-
cent (40 out of 54) of procedures performed for peripheral le-
sions and 100% (31 out of 31) of lymph nodes were successfully

TABLE 2. NAVIGATION TIME FOR PERIPHERAL LESIONS, LYMPH NODES, AND ELECTROMAGNETIC
NAVIGATION BRONCHOSCOPY DISTANCE FROM LESION

Navigation Time (min): Distance to Lesion by ENB (cm):
Size (mm) Number (% ) mean � SD (range) mean � SD (range)

Peripheral lesions
LUL 24.6 17 (30.4) 0:07 � 0:07 (0:01–0:30) 0.8 � 0.4 (0.2–1.7)
RUL 24.2 18 (32.1) 0:07 � 0:04 (0:01–0:19) 1.0 � 0.7 (0.2–2.3)
RLL 23.5 11 (19.6) 0:10 � 0:10 (0:01–0:34) 0.8 � 0.5 (0.2–1.8)
LLL 22.1 6 (10.7) 0:03 � 0:01 (0:02–0:06) 0.7 � 0.1 (0.5–0.9)
RML 19.7 4 (7.1) 0:05 � 0:01 (0:03–0:06) 1.0 � 0.6 (0.6–1.8)
Total 22.8 56 (100) 0:07 � 0:06 (0:01–0:34) 0.9 � 0.5 (0.2–2.3)

Lymph nodes
Infra-carinal 28.8 9 (29%) 0:02 � 0:03 (0:01–0:11)
Pre-carinal 28.7 5 (16%) 0:02 � 0:00 (0:01–0:03)
AP window 27.3 3 (10%) 0:03 � 0:02 (0:01–0:06)
Right hilum 27.1 6 (19%) 0:02 � 0:01 (0:01–0:04)
Paratracheal 26.8 7 (23%) 0:02 � 0:01 (0:01–0:06)
Secondary carina 23.0 1 (3%) 0:01 (0:01–0:01)
Total 28.1 31 (100%) 0:02 � 0:02 (0:01–0:11)

Definition of abbreviations: AP window � aorto-pulmonary window; ENB � electromagnetic navigation bronchoscopy; LLL �

left lower lobe; LUL � left upper lobe; RLL � right lower lobe; RML � right middle lobe; RUL � right upper lobe.

sampled by ENB yielding a definitive diagnosis or benign
lymphoid tissue (Table 3). Of the 54 lesions, 31 (57%) were less
than 2 cm in the greatest diameter. Diagnostic yield was not
significantly different by lesion sizes (Table 4). Diagnostic yield
was not significantly affected by AFTRE (p � 0.1701). In correla-
tion analysis, no significant relationship between diagnosis and
size or location of peripheral lesions or lymph nodes was found
(p � 0.05).

Using ENB, malignancy was diagnosed in 32 of the 43 subjects
(74.4%). The most common diagnosis was non–small cell lung
cancer including adenocarcinoma (n � 12), squamous cell
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TABLE 3. MEAN SIZES OF PERIPHERAL LESIONS, LYMPH
NODES, AND SAMPLING SUCCESS

Mean Size in mm Sampling
Total Number (range) Success (% )

Peripheral lesion 54 22.8 (8.00–78.00) 40/54 (74)
Lymph node 31 28.13 (11.00–72.00) 31/31 (100)
Total no. of cases 56 45/56 (80.3)

carcinoma (n � 7), non–small cell lung cancer (unspecified)
(n � 4), and large cell carcinoma (n � 3), accounting for 60.5%
of the diagnosed cancers. Four patients (9%) had small cell lung
cancer, and two patients (5%) had other malignancies, such as
hepatocellular carcinoma and metastatic colon cancer diagnosed
by ENB.

When ENB was nondiagnostic, eleven subjects went on to
have other diagnostic techniques. Thoracotomy (n � 6), CT-fine
needle aspiration (n � 3), mediastinoscopy (n � 1), and positron
emission tomography (n � 1) were used to confirm malignant
disease (Table 5).

The diagnosis of specific benign diseases and other benign
conditions were made in eight and five cases, respectively, ac-
counting for all benign cases studied by ENB. For five cases in
which ENB was nondiagnostic, a benign diagnosis was presumed
based on repeated CT-scan imaging showing either resolution
of the lesion or continued lesion size stability over an average
of 10.5 mo of follow-up (at the time of this submission). This
was considered a clinically plausible endpoint when either
regression or no enlargement of the lesion was found during
follow-up imaging (Table 5).

Safety

Pneumothorax occurred in 2 (3.5%) patients. Both pneumotho-
races occurred after using transbronchial biopsies in extremely
peripheral lesions in the upper lobes. TBNA was not attempted
in these individuals. These were treated with small bore chest
tube thoracostomy and Heimlich valve. No device-related adverse
events were recorded. Other adverse events such as five occurrences
of chest pain, three occurrences of fever, seven occurrences of sore
throat, three occurrences of clinically insignificant hemoptysis, and
four episodes of emesis, were all not considered to be device related
but rather related to the biopsy procedures themselves, to anesthe-
sia, or to be completely unrelated.

DISCUSSION

The salient study findings are that ENB performed under con-
scious sedation, via the transnasal approach, using standard
bronchoscopy biopsy instruments is useful for safely obtaining
diagnostic tissue from mediastinal lymph nodes and peripheral
lesions independent of size or location. The excellent yield of
ENB is related to the implementation of the following three

TABLE 4. DIAGNOSTIC YIELD OF PERIPHERAL LESIONS BY SIZE

Peripheral Number of Lesions Diagnostic Peripheral Number of Lesions Diagnostic
Lesion Size (diagnostic/total) Yield (% ) Lesion Size (diagnostic/total) Yield (% )

0–20 mm 23/31 74.1% 0–30 mm 31/43 72.09%
20–40 mm 12/18 66.6% � 30 mm 9/11 81.8%
� 40 mm 5/5 100%
Total 40/54 74% 40/54 74%

*p � 0.4221 *p � 0.3784

* Fisher’s Exact Test.

pieces of integrated technology: (1) multiplanar CT planning,
(2) electromagnetic navigation, and (3) the steerable probe.

The sole use of multiplanar CT planning has been shown to
increase the yield of diagnostic bronchoscopy (23). The addition
of virtual bronchoscopy to the planning of multiplanar CT allows
for appropriate identification of the airway, and may be different
than what is anticipated from axial CT review. Scrolling through
CT imaging planes allows identification of the “bronchus sign,”
which may guide the bronchoscopist to select the most appro-
priate segment that may not have been readily evident on a
standard CT scan. The navigation component of ENB uses CT
data to create virtual lungs, and tracks the movement of the
probe as it moves in the actual patient. The computer processor
speed acquisition of these images is instantaneous. The electro-
magnetic field does not expose the patient to additional radiation
that would otherwise be needed for real-time CT acquisition
or that would be needed for CT-guided percutaneous biopsies
(15–17). The steerable probe and extendable working channel
are central to the utility of the technology. The ability of turning
this probe beyond the bronchoscope may be very helpful, even
independent of navigation (16, 17). Biopsy of peripheral lesions
with standard flexible bronchoscopy is a blind procedure, and
generally beyond the reach of the bronchoscope and thus the
directional capability (6, 7, 24, 25). Not only does the steerable
probe via the extendable working channel direct biopsy instru-
ments toward the target, but combined with the navigation com-
puter it gives an estimate of distance and relative location from
the tip to the center of the lesion.

The use of ENB requires training and development of a
learning curve. In the planning phase, the user must learn to
interact with a software package that incorporates multiplanar
CT imaging and navigate in a three-dimensional rendering of
the airways. If smaller lesions have to be approached, planning
may start from the lesion going toward the closest reference
point in a retrograde fashion if a bronchus can be found (26–28).
In the registration and navigation phase, the user must learn
to account for respiratory movements, work a foot pedal, and
correlate actual anatomy with virtual anatomy to mark registra-
tion points (Figure 2). During navigation, after “wedging” the
bronchoscope, the user must learn how to advance and manipu-
late the steerable probe while simultaneously watching each of
the moving multiplanar CT images and the tip view panel
(Figures 1 and 3). In ENB, the course of the sensor probe is
followed on computer screen and if it deviates from the target,
it must be retracted and advanced in a different direction. To
avoid repeated insertion into the wrong bronchus, an electronic
track is left behind on the screen after retraction. When sampling
tissue, the user should be comfortable using all of the routinely
available biopsy techniques. Each user may have a variable num-
ber of cases until they are comfortable with each task.

Fluoroscopy was not used during navigation, as it would inter-
fere with the electromagnetic field. Fluoroscopy is comparatively
unreliable in indicating the position of the sensor probe (29).
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TABLE 5. FINAL DIAGNOSIS OF ALL CASES ACCORDING TO ENB OR OTHER
DIAGNOSTIC TECHNIQUE

Obtained Diagnosis Number Success (% )

By ENB Malignant disease (n � 32) NSCLC 26
Adenocarcinoma 12
Squamous cell Ca 7
NSCLC-unspecified 4
Large cell carcinoma 3 45 (80.3%)

Small cell lung Ca 4
Other malignant† condition 2

Benign disease (n � 8) Sarcoidosis‡ 3
Pneumonia 2
Aspergilloma 2
Histoplasmoma 1

Other benign conditions* (n � 5) 5
By other technique Malignant disease (n � 11) Adenocarcinoma§ 6 11 (19.6%)

NSCLC-unspecified¶ 4
Other malignant condition|| 1

Total cases 56 (100)

Definition of abbreviations: Ca � cancer; ENB � electromagnetic navigation bronchoscopy; NSCLC � non–small cell lung
carcinoma.

* Regression or not changing of the lesion by CT follow-up (n � 2) in 5 and 3 mo of follow-up, respectively; stable lesion
(n � 1) in 2-mo period confirmed as hamartoma based on CT and nonspecific pathology; stable lesion (n � 1) in 4-mo period
looked like granulomatous disease, surveillance CTs were planned by 6 mo; stable lesion (n � 1) in 3-mo period in a patient with
HIV/AIDS, Mycobacterium avium intracellulare grew in his sputum culture.

† Hepatocellular Ca (n � 1), metastatic adenocarcinoma (n � 1).
‡ ENB reached the target lymph nodes, diagnosis was also supported by bronchoalveolar lavage in two cases, granulomatous

tissue from lymph node compatible with sarcoidosis obtained in one case.
§ By thoracotomy (n � 4), CT-fine needle asp (n � 1), mediastinoscopy (n � 1).
¶ By CT-fine needle asp (n � 2), thoracotomy (n � 1), positron-emission tomography scan follow-up (n � 1).
|| B cell lymphoma by thoracotomy (n � 1).

Fluoroscopy was used when biopsies were taken to confirm util-
ity of the instruments to assure that the instruments did not
dislodge the EWC. This finding was noted with TBBX forceps
and TBNA, but less with the cytology brush (Figure 4). Since
fluoroscopy was used in all cases we cannot asses the incremental
benefit of its use.

Success was evaluated in several different aspects. Guidance
of the steerable probe to within 1 cm of the target center was

Figure 4. Fluoroscopic image of cytology brush (A ) and EWC dislodged by TBBX forceps (B ).

achieved in all cases but not confirmed by other imaging tech-
niques. Fluoroscopic location was not adequate to identify all
lesions and not systematically collected to analyze. Success as
defined by the ability get a definitive diagnosis may be limited
as much by the instruments as by the ability to reach the lesion.
One limitation of this study is that the number of biopsy attempts
and techniques are variable. The use of the peripheral needle
was limited by its ability to make the turn through the EWC to
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navigate to upper lobe lesions. The ability to localize, but not
obtain diagnostic tissue has also been seen with peripheral EBUS
(28, 30). Better flexible instruments may need to be developed
to further increase yield.

The design of this pilot study did make direct comparisons
of ENB to other techniques, yet historical comparison to other
diagnostic bronchoscopy studies is possible. A recent study of
flexible bronchoscopy with adjunct PET scanning used to diagnose
lesions less than 3 cm in size showed that standard bronchoscopy
with the use of uniplanar fluoroscopy yielded a positive diagnosis
in 53% of cases (31). Herth and colleagues used peripheral
EBUS for lesions less than 3 cm in size. Peripheral EBUS was
able to localize 89% of lesions, but sampling only resulted in
70% with a diagnosis (30). A similar study comparing peripheral
EBUS to routine flexible bronchoscopy showed that EBUS was
a superior to bronchoscopy in that yield was approximately 71%
for lesions of less than 2 cm in size compared with 23.3% by
routine bronchoscopy alone. EBUS with a guided sheath showed
yield between 66 and 77% (32, 33), and the addition of virtual
bronchoscopy to EBUS has also been evaluated. EBUS visual-
ization was accomplished in 80%, but a diagnosis was only made
in 63.3%, and only 44% if the lesion was less than 2 cm in size
(28). EBUS used for mediastinal adenopathy has also been well
studied. Yasufuku and colleagues report in 96% adequate speci-
men sampling with the use of the EBUS puncture bronchoscope
(34). A randomized trial comparing standard TBNA to catheter
based EBUS-TBNA showed that in areas other than the subcari-
nal lymph node EBUS was superior (58% versus 84% p �
0.0001) in obtaining adequate tissue (35). Each of these studies
used a different technology. The integrated ultrasound puncture
scope uses real-time localization, but can only be used for medi-
astinal disease. The catheter-based EBUS does not provide a
real-time localization, as it must be removed from the working
channel for the needle biopsy to be used and does not have a
steering mechanism to make turns through the peripheral air-
ways. The variation in the practice of diagnostic bronchoscopy
internationally makes it very difficult to draw comparisons about
different technologies. Differences in patient selection, lesion
sizes, use of rigid bronchoscopy, conscious sedation versus deep
or general anesthesia, biopsy techniques, the number of biopsies
obtained, the use of ROSE, and operator skill major may dramat-
ically change utility of any particular technology in a given set-
ting. ENB appears to be superior to standard bronchoscopy
and equivalent if not superior to other advanced techniques by
historical comparison.

While PET scanning is relatively sensitive and specific; it
does not provide a tissue diagnosis. Although not systematically
collected, patients in this trial had biopsy-proven cancers in the
absence of a PET scan compatible with malignancy. PET scan-
ning itself cannot rule out cancer and gives no definitive guidance
for therapy in the absence of a tissue diagnosis. The ACCP
guidelines for the staging of non–small cell cancer suggest PET
scanning be used, but still requires additional tissue sampling
before considering surgical resection (36).

CT-guided percutaneous biopsy has reported yield of 64 to
97% (37). In a recent publication of 846 CT guided percutaneous
procedures, the diagnostic accuracy was 94%, but the average
lesion size in the study was 3.02 cm and the complication rate
was 30% (27% pneumothorax and 3% hemoptysis) (38). The
lesion size was not associated with risk of pneumothorax, but
others have documented an 11-fold higher risk of pneumothorax
with lesions less than 2 cm in size compared with lesions of more
than 4 cm. If the lesion was more than 2 cm from the pleura,
the risk of pneumothorax increased by fourfold (39). In the
current study, several patients were deemed to be unsuitable
for CT-guided biopsy due to risk of pneumothorax or bleeding

or because the lesion were deemed inaccessible (e.g., lesions
behind the sternum, near the upper mediastinum, or in the aorto-
pulmonary window).

ROSE was not used in this study as it is not routinely available
in our center. While it has proven to be of high utility and cost
effective (40), others have suggested that it would be unnecessary
with more advanced biopsy techniques (35). The utility of ENB
with and without ROSE has not yet been studied.

There were five patients in whom a definitive diagnosis was
not obtained. These patients had low clinical probability of ma-
lignancy by established criteria (41–43), and their follow-up
showed no difference in the size of the lesion as of the submission
of this paper (follow-up period of 10.5 mo in average). These
cases were therefore defined as diagnostic and negative as long
as the pathology showed some abnormality but nondiagnostic
and not “normal lung tissue.” The short 10.5-mo follow-up pe-
riod is not adequate for a definitive benign diagnosis, but since
the subjects were not sent for additional tissue sampling, this
was considered a reasonable endpoint in this study. In two cases,
sarcoidosis was the final diagnosis. In these cases the mediastinal
lymph nodes were successfully sampled but there were no granu-
lomas. The BAL in each patient did reveal a high level of lympho-
cytosis with high CD4/CD8 ratio. The treating physicans in these
cases used the bronchoscopic data to begin therapy and required
no additional diagnostic tissue. These cases were recorded as an
ENB success (as benign lymphoid tissue was obtained in both),
and also as being diagnostic.

No adverse events were considered to be directly related to
the EMB itself. The two cases of pneumothorax were treated
with a small-bore chest tube and recovered without incident.
These were most likely related to the TBBX and are similar to
the reported rate of pneumothorax during routine bronchoscopy
of 4% (44, 45). There were no serious adverse events related to
ENB.

To our best knowledge, this is the first study in a large scale
of patients with peripheral lesions and/or mediastinal lymph
node enlargement to assess the utility of ENB. It is a safe proce-
dure that, with some training, is associated with high diagnostic
success—higher then those reported for routine diagnostic bron-
choscopy and perhaps similar or superior to some other advanced
techniques such as EBUS independent of size and location. Pro-
spective comparison with other complementary methods such as
EBUS may be studied in the future. We have discovered limitations
of the currently available biopsy instruments. ENB does not over-
come limitations of inadequate specimen collection and pro-
cessing. Yield may be further increased with more flexible dedi-
cated peripheral instruments. In future applications, ENB may
be used with fusion CT/PET for procedure planning; in addition,
guided instruments may further extend the utility of this new
technology.
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