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Introduction Dublin, Ireland) was a commonly used ENB system in

. o ) clinics across the United States. It requires a large working
Electromagnetic navigation bronchoscopy (ENB) is a channel of the bronchoscope due to the comparably large
locatable guide and extended working channel (6). The
more recently developed SPiN Navigation System® (Veran®
Medical Technologies; St. Louis, MO, USA) combines

ENB and electromagnetic navigation-guided transthoracic

technology that allows real-time navigation to the target
peripheral pulmonary lesions (PPLs) during bronchoscopy.
The system uses virtual bronchoscopy and three-
dimensional (3D) computed tomography (CT) images,
in combination with a sensor and electromagnetic field,

needle aspiration during the procedure. The tip of its

to enable the navigation of dedicated tools to the target sampling tool carries a sensor that allows the precise

area of the lung. ENB has been used in clinical practice tracking of both the position and orientation of the tip in
real-time through the electromagnetic field. Finally, the
latest ENB system (LungCare navigation system; LungCare

Medical Technologies Ltd., Inc, Suzhou, China) can be

since 2005 but increasingly more in recent years (1,2).
Previous studies demonstrated that ENB was effective
and safe for the diagnosis of PPLs. Two meta-analyses

reported that the sensitivity for diagnosing a PPL and
the risk of complications were 71.1% and 4.2%, and 77%
and 4.4%, respectively (3,4). ENB-guided transbronchial
lung biopsy (TBLB) is an important part of such guided
bronchoscopy (5).

The superDimension™ navigation system (Medtronic;
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used in combination with a thin or ultrathin bronchoscope
because it has different types of locatable wires with a
promising performance (7,8). It has been approved for
use in clinical practice since 2016 in China. However, the
procedures of this novel technique in diagnosing PPLs
are not standardized. This consensus statement has been
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organized and written in a collaborative effort by the
Interventional & Minimally Invasive Respiratory Committee
of the China Medical Education Association and the Expert
Assistance Group of the Domestic Electromagnetic Navigation
Bronchoscopy Technology and aims to develop practice
guidelines for the use of this novel ENB system in the
diagnosis of PPLs, standardize the procedures, and ensure
optimal performance of ENB. All authors have abundant
clinical experience in TBLB and ENB technology.

Due to the lack of evidence on the clinical use and
diagnostic outcomes of the novel ENB system in the
literature, this consensus represents an expert group
agreement on general suggestions without formal
individual rating of the level of evidence and strength of
recommendations. The consensus was reached through
discussion and limited to expert suggestions.

Indications and contraindications of ENB
Indications

Candidates for ENB diagnosis are patients with (I) PPLs
either suspicious for malignancy or deemed benign
requiring tissue samples or microbiological evidence for
their definitive diagnosis and treatment, and (II) a PPL
diameter of more than 8 mm (9). Patients meeting the above
criteria may undergo ENB-guided TBLB, particularly
when they have PPLs located in the peripheral third of the
lung or the upper lobes, showing a positive bronchus sign, a
diameter <20 mm (10).

PPLs are defined as lesions beyond the segmental bronchi
that are not visible using bronchoscopy (no endobronchial
lesion, extrinsic compression, submucosal tumor, and no
narrowing, inflammation, or bleeding of the bronchus) (11).
The American College of Chest Physicians (ACCP) guidelines
recommend ENB in patients with PPLs that are difficult
to reach with conventional bronchoscopy (12). The US
National Comprebensive Cancer Network (NCCN) guidelines
also point out that patients with peripheral nodules may
benefit from navigational bronchoscopy (13).

Some diffuse PPLs, such as those seen in interstitial lung
disease, are rare indications for ENB-guided diagnostic
TBLB but can be considered if targeted sampling is
required.

Contraindications

ENB is a safer technology compared with transthoracic
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needle aspiration. The most relevant complications result
from TBLB, not the use of ENB. Therefore, the primary
contraindications are the same as those for TBLB and
conventional bronchoscopy (14), including the following: (I)
acute myocardial infarction within the last four weeks; (II)
active hemoptysis; (III) platelet count of less than 60x10°/L
or uncorrected coagulopathy; (IV) unstable hemodynamics;
(V) severe respiratory failure (PaO, below 60 mmHg);
(VI) lesions suspicious of pulmonary arteriovenous
fistula, aneurysm, hemangioma, or cysticercosis; (VII)
other cardiovascular risk factors (malignant arrhythmia,
unstable angina pectoris, hypertensive crisis, severe
pulmonary hypertension, intracranial hypertension, acute
cerebrovascular events, aortic dissection, aortic aneurysm);
(VIII) pregnancy; (IX) severe mental illness; and (X) general
weakness or other conditions that are not compatible
with TBLB.

Potential audiences of this consensus statement

This consensus statement is aimed at clinical staff engaged
in the bronchoscopic diagnosis and treatment of PPLs at
departments of respiratory medicine, endoscopy, oncology,
thoracic surgery, and related disciplines, as well as teaching
and research staff engaged in bronchoscopy.

Primary devices and components
Compatible bronchoscopes

The novel LungCare ENB system can be used in
combination with almost all types of bronchoscopes,
including ultrathin, thin, standard, and therapeutic
bronchoscopes from Olympus, Pentax, and Fuji, and the
single-use scope from Ambu. Olympus bronchoscopes
with outer diameters of 5.9 mm, 4.8 or 4.9 mm, and 4.0
or 4.2 mm are considered as therapeutic, standard, and
thin bronchoscopes, respectively (15). An outer diameter
<3.5 mm is defined as ultrathin. Bronchoscopes from other
brands are similar.

The novel ENB system

The LungCare ENB system consists of a workstation with
computer software, an electromagnetic location board, a
locatable wire, and a position detection wire (Figure I).

The computer software enables detailed procedure
planning and creates a 3D view and virtual image of the
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Figure 1 Components of electromagnetic navigation bronchoscopy system. The electromagnetic navigation bronchoscopy system consists

of (A) a workstation with computer software, (B) electromagnetic location board, (C) locatable wire, and (D) position detection wire.

Figure 2 Locatable wires. There are four types of locatable wires
with outer diameters of 0.75, 1.15, 1.45 and 1.95 mm (from left to
right).

bronchial tree showing the position of the tip of the
locatable wire during real-time navigation.

The electromagnetic location board has a size of
1,800 mm x 570 mm x 89 mm and is placed underneath the
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back of the patient, from where it emits electromagnetic
waves.

The tip of the locatable wire contains a sensor probe,
and its position can be tracked within the electromagnetic
field and displayed on the monitor. There are four types of
locatable wires with different outer diameters (0.75, 1.15,
1.45, and 1.95 mm) (Figure 2), which can be combined
with the puncture needle and guide sheaths (GSs) and
bronchoscopes of different sizes (Figure 3).

The position detection wire is used to collect the
respiratory amplitude information and provides continuous
intraoperative matching transferred to the workstation.
There are three position detection wires that are connected
to three electrodes attached to the chest on one end and
the signal collector for transfer to the workstation on the
other end.

GS

It is recommended to use two different kinds of GSs, for
example, a thin GS (SG-200C; Olympus) and a thick GS
(SG-201C; Olympus) with an outer diameter of 1.95 and
2.55 mm, respectively, combined with different locatable
wires and bronchoscope sizes.
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Figure 3 The usages of different types of locatable wires in compatible with puncture needle, guide sheaths and bronchoscopes. (A)

A 0.75-mm locatable wire in compatible with a puncture needle, (B) BF-XP290 (outer diameter 2.9 mm, working channel 1.2 mm) in

compatible with a 1.15-mm locatable wire, (C) BF-MP290F (outer diameter 3.0 mm, working channel 1.7 mm) in compatible with a

1.45-mm locatable wire, (D) BF-P290 (outer diameter 4.2 mm, working channel 2.0 mm) in compatible with a 1.95-mm guide sheath and

a 1.45-mm locatable wire, (E) BF-Q290 (outer diameter 4.8 mm, working channel 2.0 mm) in compatible with a 1.95-mm guide sheath

and a 1.45-mm locatable wire, (F) BF-1TQ290 (outer diameter 5.9 mm, working channel 3.0 mm) in compatible with a 2.55-mm guide

sheath and a 1.95-mm locatable wire.

Radial endobronchial ultrasound (R-EBUS)

Two types of R-EBUS probes are recommended for the
combined use with ENB, including UM-S20-20R and
UM-S20-17S (Olympus) with an outer diameter of 1.7 and
1.4 mm, respectively.

Sampling tools

The sampling tools include biopsy forceps, cytology brush,
puncture needle, and cryoprobe.

Accessory equipment

Accessory equipment commonly used is a C-arm with or
without the function of 3D imaging. However, the C-arm
is not always necessary. Conventional biopsy or brushing

© Journal of Thoracic Disease. All rights reserved.

can be performed without C-arm guidance, but needle
aspiration or cryo-biopsy is recommended to be performed
under fluoroscopy to ensure accuracy and safety in the face
of the relatively high risk of pneumothorax and bleeding.

Standardized procedures
Preoperative preparation

Patients

Patients should be informed of the purpose, cost-
effectiveness, benefits, and potential risk of ENB and
provide written informed consent before the procedure.
The preoperative examinations are the same as that for
conventional bronchoscopy. During the procedure, the
patient’s electrocardiogram, blood pressure, pulse, and
oxygen saturation have to be monitored. Any metal objects
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and mobile communication equipment carried by patients
should be removed before the procedure so as not to affect
navigation accuracy.

Anesthesia

ENB can be performed either under local anesthesia with
or without moderate sedation or general anesthesia. A
laryngeal mask is recommended for general anesthesia. The
preoperative assessment will enable the anesthetist to select
the most appropriate anesthesia and airway management
methods according to an individual patient’s situation and
the planned sampling approach.

Establishing preoperative venous access

Preoperative venous access should be established before the
procedure to facilitate the intraoperative use of medication,
and the intravenous line should be kept during the recovery
phase afterward.

Chest CT

Patients should have a thin-slice contrast-enhanced chest
CT scan with slices of 0.5-1 mm thickness at 0.5-1 mm
interval and an image resolution of 512x512 pixels in the
DICOM?® international standard for medical images and
related information format.

Planning

The chest-CT data are transferred to the workstation to
reconstruct the axial, coronal, and sagittal views of the
lung as well as the virtual bronchial tree. The bronchi
are segmented by the software, but manual segmentation
is possible if the bronchioli cannot be segmented
automatically. Target lesions are depicted according to
their size and shape, which are shown on the three different
views and the virtual bronchial tree. The software creates
the optimal access route to the lesion automatically once
the target lesion is located. The correction point can be set
within the most distal bronchus the bronchoscope can reach
to be able to correct potential deviations during the real-
time navigation.

Intraoperative workflows

Specimens can be obtained with different bronchoscopy
guidance methods. The optimal approach is selected based
on the location and characteristics of the lesion. The
commonly used methods are thin bronchoscopy combined

with ENB-EBUS with a GS (ENB-EBUS-GS), or

© Journal of Thoracic Disease. All rights reserved.
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ultrathin bronchoscopy combined with ENB-EBUS alone.
ENB-guided TBLB can be performed with or without
fluoroscopy. The primary roles of fluoroscopy are to
confirm that the lesion has been reached and to monitor the
sampling procedure. The following describes the use of thin
bronchoscopy with GS as well as ultrathin bronchoscopy
without GS in details.

ENB combined with thin bronchoscopy with or without
fluoroscopy

Preparation of the GS

The ultrasonic probe, locatable wire, cytology brush, and
biopsy forceps are inserted into the GS, and their distal
ends are brought into the appropriate position. Then, the
proximal end is marked using the lock (Figure 4).

Routine bronchoscopy

In the case the procedure is performed with fluoroscopy,
a positioning photo is taken using the C-arm. White light
bronchoscopy is routinely performed to examine the glottis,
trachea, main carina, left and right main bronchus, and each
lobe, segment, and subsegment bronchus to observe the
lumina and, at the same time, remove secretions.
Registration

After concluding the bronchoscopy examination, the
bronchoscope is kept at the carina while the GS-covered
locatable wire is inserted. The bronchoscope is then
advanced into the left and right main bronchus before
being pulled back to the trachea to finish the registration.
The software automatically establishes virtual bronchial
tree images, which are then matched with the real images
observed during bronchoscopy. The software displays
the matching degree on the screen, and re-registration
should be conducted if the matching degree is below 80%.
The operator should then follow the route created by
the software to direct the bronchoscope into the target
bronchus after waiting for three respiratory cycles as shown
by the respiratory curve on the monitor to ensure a regular
breathing pattern to reduce correction errors.

Real-time navigation

The ENB system provides multiple planar reconstruction
images, including horizontal, sagittal, and coronal
CT images, a virtual 3D bronchial tree, and virtual
bronchoscopy images to track and observe the position of
the tip of the locatable wire in relation to the target lesion
from different angles in real time. The ENB system further
depicts the exact distance of the tip of the locatable wire
to the center of the PPL in real time. The navigation can
be corrected through the preset correction point if it is off
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Figure 4 Preparation of guide sheath. This is a 1.45-mm locatable wire and a radial endobronchial ultrasound (UM-S20-17S; Olympus)

in compatible with a guide sheath kit (K-201; Olympus), used with standard or thin bronchoscope. The ultrasonic probe (outer diameter

1.4 mm), locatable wire (outer diameter 1.45 mm), cytology brush (outer diameter 1.4 mm), and biopsy forceps (outer diameter 1.5 mm)

are inserted into the guide sheath (outer diameter 1.95 mm), and their distal ends are brought into the appropriate position (blue line). The

proximal end is marked using the lock (red line). The yellow line indicates the distal end of the guide sheath.

route during the real-time navigation because of CT-to-
body divergence. If the bronchoscope cannot be advanced
during the navigation, the operator needs to continue to
advance the locatable wire toward the target following the
navigational path. Whether the locatable wire reaches the
lesion is determined by observing the distance between the
tip of the locatable wire and the center of the PPL, CT
images of different dimensions, the 3D virtual bronchial
tree, and virtual bronchoscopy images.
Obtaining R-EBUS images
When the locatable wire reaches the target lesion, the
operator removes it from the GS while keeping the GS
in situ. The ultrasonic probe is inserted into the GS and
switched on to confirm the probe has reached the lesion
and whether it is located within, adjacent to, or outside
according to the ultrasonic characteristics. The operator
adjusts the position to obtain the typical ultrasonic image,
measure the lesion size in B-mode, and obtain the image. If
fluoroscopy is used, it is performed to confirm the probe is
correctly positioned before measuring.

In the next step, the position of the GS should be
marked when the ultrasound probe is just proximal to the
lesion. Another image of the position of the ultrasound

© Journal of Thoracic Disease. All rights reserved.

probe should be obtained at this time as a reference for the
advancement of the sampling instrument to the lesion if
fluoroscopy is used. The probe is then closed and removed
from the GS, leaving the GS in place.

Specimen collection

The operator then inserts the cytology brush and biopsy
forceps into the GS to obtain cytological and histological
specimens, respectively. The previously taken fluoroscopic
image of the probe position serves as a reference to adjust
the position of the tools if fluoroscopy is used. Specimens
are obtained in the following sequence: brushing, biopsy,
brushing, and flushing. At least five visible specimens should
be collected (16). The GS is left iz situ for about one minute
after sampling to prevent bleeding and withdrawn from the
working channel thereafter. The GS is flushed with normal
saline, and the flushing fluid is collected for cytology
or microbiology examination. Rapid on-site evaluation
(ROSE) can be performed to assess specimen eligibility
and preliminary examination results. For lesions without
the bronchus sign, a puncture needle can be used to obtain
cytological samples.

Removing the bronchoscope

The bronchoscope is also removed from the airway if no
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Figure 5 Preparation of sampling instruments without guide sheath. The operator adjusts the cytology brush (outer diameter 1.4 mm) and

biopsy forceps (outer diameter 1.5 mm) to the same level as the center of the ultrasonic transducer (red line) and marks the proximal end

using the lock. This method often uses with ultrathin bronchoscope that is in compatible with a 1.4-mm radial endobronchial ultrasound.

bleeding is observed. Fluoroscopy can be used to exclude a
pneumothorax before concluding the procedure.

The standardized procedure of ENB-EBUS-GS without
fluoroscopy is demonstrated in Video 1.

ENB combined with ultrathin bronchoscopy with or
without fluoroscopy

Routine bronchoscopy, registration phase, and navigation
phase

Routine bronchoscopy and the registration and navigation
phases are performed in the same way as described for thin
bronchoscopy. Because ultrathin bronchoscopy cannot be
combined with a GS, the locatable wire is inserted directly
into the working channel of the bronchoscope (Figure 3C).
Obtaining R-EBUS images

Once the locatable wire reaches the target lesion, it is
removed from the bronchoscope that is kept iz siru. The
ultrasonic probe is inserted into the bronchoscope and
switched on to confirm its correct position. Lesion size
is measured in B-mode, and the image is obtained as
aforementioned.

The position of the ultrasonic probe is marked when it is
just proximal to the lesion, and another fluoroscopic image
of the position of the ultrasound probe is obtained. The
probe is then closed and removed from the bronchoscope,
which stays in place.

Preparation of sampling instruments

The operator adjusts the cytology brush and biopsy forceps
to the same level as the center of the ultrasonic transducer
and marks the proximal end using the lock (Figure 5).

© Journal of Thoracic Disease. All rights reserved.

Specimen collection

The cytology brush and biopsy forceps are introduced
into the working channel of the bronchoscope to obtain
cytological and histological specimens, respectively. The
previously taken fluoroscopic image of the probe position
serves as a reference to adjust the position of the tools if
fluoroscopy is used. Specimens are obtained in the same
sequence as described above: brushing, biopsy, brushing,
and washing. Washing is performed within the target
bronchus with normal saline, and the washing fluid is
collected for cytology or microbiology examination.
Removing the bronchoscope

The bronchoscope can be removed from the airway if no
bleeding is observed after sampling. Fluoroscopy can be
used to exclude a pneumothorax before concluding the
procedure.

Management of common complications

Patients should be assessed for their physical fitness
before bronchoscopy and routinely monitored during the
procedure to reduce the risk of complications (17). The
largest prospective study of bronchoscopy outcomes so far
reported a total complication rate of 1.08% and a mortality
of 0.02% (18). The overall complication rate of R-EBUS in
the diagnosis of PPLs was 2.8%, whereas a pneumothorax
occurred in 1.4%, bleeding in 1.1%, and pneumonia in
0.3% of patients (19). Hayama ez 4l. reported an overall
complication rate of EBUS-GS of 1.3%, a pneumothorax
rate of 0.8%, and pulmonary infection rate of 0.5% (20).
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Common complications of ENB-guided TBLB are similar
to R-EBUS-guided TBLB and include pneumothorax,
hemorrhage, hypoxemia, and pulmonary infection. Previous
meta-analyses reported that ENB-guided TBLB had an
overall complication rate of 4.2-4.4%, with the common
complications of pneumothorax occurring in 2.0-3.1% and
minor bleeding in 0.9-1.0% (3,4).

Pneumothorax

Previous studies reported that a pneumothorax occurs in
between 1% and 6% of patients during TBLB, and 40-70%
of these patients required intercostal drainage (18,21-24).
The latest meta-analysis of R-EBUS in the diagnosis of
PPL reported a pooled incidence rate of pneumothorax of
0.7% (25). The pneumothorax rate was related to patients’
age and the number of TBLBs (26,27). Durakovic et al.
reported a low 2% pneumothorax rate of R-EBUS without
a GS and fluoroscopy in patients with PPLs (28).

Therefore, it is not necessary to routinely perform a chest
X-ray in patients after bronchoscopy (26,29). However, if
a patient is symptomatic and a pneumothorax is suspected,
a chest X-ray should be performed as soon as possible to
confirm or exclude the diagnosis. The management of
pneumothorax in these patients follows the established
guidelines (30). Observation is the treatment of choice for
a small pneumothorax without significant breathlessness.
A large pneumothorax and/or breathlessness require active
intervention (needle aspiration or chest drain insertion).

Hemorrbage

Hemorrhage is a common complication in patients
undergoing biopsy. TBLB has been reported to cause mild-
to-moderate bleeding in 0.8% (31). TBLB has a higher
incidence of severe bleeding than endobronchial biopsy, but
the overall risk is small, and the majority of cases resolve
spontaneously or with endoscopic instillation of adrenaline
or iced saline (14,17,32). Treatment is based on the severity
of bleeding and should follow the recommendations in the
relevant guidelines (17).

Hypoxemia

In the majority of patients, hypoxemia is transient during
bronchoscopy, and no specific intervention is required
(17,33). If deemed necessary, hypoxemia can be treated
with oxygen supplementation via a nasal or pharyngeal
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catheter in a procedure performed under local anesthesia
or mechanical ventilation in a procedure performed under
general anesthesia.

Pulmonary infection

Post-operative fever is often transient and resolves
spontaneously since it is most commonly caused by a non-
infective acute inflammatory response. A bacterial infection
is rare, with the pulmonary infection rate after R-EBUS
combined with GS reported to be 0.5% (20). If a patient
has persistent fever for more than 24 hours or an increased
white blood cell count, microbiological examination and
antibiotic treatment should be considered. Antibiotic
prophylaxis before bronchoscopy does not prevent
pulmonary infection (17).

Key issues
Recommendations for the type of bronchoscope to use

We recommend thin bronchoscopes combined with ENB
and GS for the diagnosis of PPL. This ENB system can be
performed in combination with thick bronchoscope, GS and
large forceps. However, the GS used in combination with
this novel ENB is not a pre-bent catheter and may not reach
the peripheral lesion if it is used with a thick bronchoscope.
Compared to thick bronchoscopes, thin bronchoscopes can
reach bronchi that are further distal and confirm the lesion
under direct vision and ENB navigation in distal bronchi
that are invisible under the bronchoscope, thus shortening
the examination time and reducing the manipulation of the
bronchoscope, which is advantageous for patients with local
anesthesia.

Ultrathin bronchoscopes with a 2.9-mm outer diameter
and 1.2 mm working channel can be used only with small
forceps without R-EBUS, providing very limited samples. The
ultrathin bronchoscope with a 3.0-mm outer diameter and
1.7 mm working channel can be used with R-EBUS and reach
distal bronchi. But compared to a thin bronchoscope used with
a 1.95-mm GS, the ultrathin bronchoscope may not be placed
close to the lesion, which might lead to a large deviation when
the locatable wire removed from the working channel.

Recommendations for R-EBUS

Electromagnetic navigation can accurately guide the
bronchoscope to the target lesion. However, the virtual
bronchial tree constructed based on the preoperative CT
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scan is not entirely consistent with the actual bronchial
tree because of the influence of respiratory movements and
body position. Therefore, confirmation tools are needed to
confirm the target lesion when the navigation shows that
the target is reached. There are few studies on whether
ENB combined with R-EBUS increases the diagnostic
yield compared to ENB alone. Eberhardt et al. reported
that the diagnostic yield of ENB combined with R-EBUS
without fluoroscopy of 88% was greater than that of ENB
alone (59%) in a total of 118 patients (34). Furthermore, a
later study of ENB showed that lesions that were located
with R-EBUS had a higher diagnostic yield than when the
location of lesions was not confirmed by R-EBUS (35).
However, the NAVIGATE study reported a diagnostic yield
of 70.6% for ENB combined with R-EBUS and 76.4% for
ENB alone, which was not statistically significant based
on the multivariate analysis (36). Of note, fluoroscopy was
used in 91% of patients in the NAVIGATE study. Thus,
the function of R-EBUS may be replaced by fluoroscopy,
which might explain the absence of a statistically significant
difference in the diagnostic yield between ENB alone and
ENB combined with R-EBUS.

Still, previous studies have demonstrated a positive role
of R-EBUS in diagnosing PPL (19,25,37,38). R-EBUS is
commonly used to confirm the location of the lesion and has
unique advantages in TBLB. It indicates the relationship
between the bronchus and the target lesion and defines
the nature of the lesion based on the image characteristics
without exposing patients to radiation. This is especially
valuable in lesions with ground-glass opacity or those are
obscured by the ribs, heart, and diaphragm and are invisible
with fluoroscopy. Therefore, we recommend R-EBUS in
ENB-guided TBLB for the diagnosis of PPL.

Recommendations for fluoroscopy

Conventional bronchoscopy to diagnose PPLs was
commonly performed under fluoroscopy, with a sensitivity
of 34% and 63% for peripheral lesions <2 and >2 cm
in diameter, respectively (12). With the emergence of
guided bronchoscopy, the diagnostic yield has improved
considerably. The pooled sensitivity of R-EBUS and ENB
for the diagnosis of lung cancer is 72% and 71-82%,
respectively (3,4,25,39,40). The role of fluoroscopy in TBLB
is to guide the GS, R-EBUS, and sampling instruments to
the target lesion, to confirm that the GS, R-EBUS, and
sampling instruments reach the target lesion, to identify
a displacement of the GS or sampling instruments, and to
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monitor the sampling procedure. However, this guidance
and confirmation can be achieved by ENB and R-EBUS.
In these circumstances, the primary role of fluoroscopy
is to monitor the biopsy procedure. Studies reported that
R-EBUS-guided TBLB without fluoroscopy was effective,
especially in lesions >2 c¢m in diameter (41,42). The
ACCP guidelines indicate that ENB-guided TBLB can
be performed with or without fluoroscopic guidance, and
it has been found to be complementary to R-EBUS (12).
Theoretically, TBLB can be performed without fluoroscopy
whenever a bronchus leading to or adjacent to the PPL
is confirmed on thin-slice CT. Therefore, fluoroscopy is
not necessary for the diagnosis of PPL in ENB combined
with R-EBUS-guided TBLB. However, we recommend
fluoroscopy for lesions in some situations that are difficult
to diagnose (such as small lesions and those susceptible
to displacement of biopsy tools, and those susceptible to
procedure-related complications) or that undergo needle
aspiration or cryo-biopsy.

Recommendations for the use of sampling tools

Sampling tools are selected according to the characteristics
and location of the PPL. The relatively small
1.5 mm forceps have been widely used during ultrathin
bronchoscopy with a 1.7-mm working channel and for
bronchoscopy with EBUS-GS with a high diagnostic
yield for PPL (15). However, standard biopsy forceps
or ultrathin cryoprobe is recommended for lesions with
ground-glass opacity. Ground-glass opacity lesions require
large-volume specimens to be diagnosed. Standard biopsy
forceps or ultrathin cryoprobes can provide a larger
specimen compared with the small forceps, especially an
ultrathin cryoprobe obtains a high diagnostic yield for the
diagnosis of ground-glass opacity lesions. In PPLs without
a bronchus leading or adjacent to them, a puncture needle
is recommended because it is very challenging to obtain
biopsy specimens with the forceps.

Recommendations for the use of ROSE

A meta-analysis indicated that ROSE could increase the
sensitivity of R-EBUS in diagnosing PPL but included only
a small number of studies (23). A prospective randomized
controlled study demonstrated that ROSE might improve
the diagnostic yield and shorten the operation time for
R-EBUS in the diagnosis of PPLs. Biopsy tools cannot
be confirmed by electromagnetic navigation in real time.
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Therefore, ROSE provides feedback on the specimens
obtained during the procedure. Until further evidence of its
value emerges, we recommend using ROSE if it is available
to evaluate the acceptability of specimens.

Summary of the recommendations

@ Thin bronchoscopes combined with the novel ENB
and GS are recommended for the diagnosis of PPL.
(II)  The usage of R-EBUS is recommended in ENB-
guided TBLB for the diagnosis of PPL.
Fluoroscopy is not necessary for the diagnosis of
PPL in ENB combined with R-EBUS-guided
TBLB, but it is recommended for lesions that are
difficult to diagnose and for needle aspiration or
cryo-biopsy.
Sampling tools are selected according to the
characteristics and location of the PPL.
(V) ROSE is recommended in ENB-guided TBLB for
the diagnosis of PPL if it is available.

(I1T)

Iv)

Conclusions

This consensus statement specifies the use of a novel
ENB system with different types of locatable wires in
combination with different bronchoscopes. The statement
standardizes the procedures for the use of this novel ENB
system in the diagnosis of PPL. This consensus statement
will be continuously updated with the accumulation of more
evidence in the use of the system, further development of
the device and its components, and new functions.
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