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Background: Although radial probe endobronchial ultrasonography (EBUS) with a guide sheath (GS;
EBUS-GS) is widely used for sampling peripheral pulmonary lesions (PPLs), a standard training model
for EBUS-GS remains to be developed. The purpose of this study was to evaluate the feasibility of a novel
pulmonary biosimulator for hands-on training in peripheral tissue sampling using EBUS-GS

Methods: We established a novel biosimulator for EBUS-GS using porcine lungs. The simulator was
equipped with multiple pseudo PPLs that were created using blue agar solution injected through GS inserted
in a bronchoscope. A total of 12 voluntary trainees participated in a hands-on training course using the
biosimulator. The size of samples acquired using biopsy forceps were compared between initial and post-
training biopsies, and trainee satisfaction with the biosimulator and training program were evaluated using a
questionnaire.

Results: Under the guidance of a trainer, all trainees successfully detected pseudo PPLs using radial probe
EBUS before the initial biopsy, and 11 trainees acquired samples from the target lesions during the initial
biopsy. Post-training biopsy samples were larger than the initial samples for eight trainees. The results of the
questionnaire revealed that all trainees were satisfied with the biosimulator. Moreover, eight trainees who
had previously participated in another hands-on EBUS-GS training program involving a synthetic phantom
model showed greater satisfaction for the biosimulator.

Conclusions: A hands-on training program using the novel biosimulator assessed in this study could aid
clinicians in improving their skills for EBUS-GS and acquiring larger peripheral tissue samples using biopsy
forceps inserted through GS.
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Introduction use of a guide sheath (GS) and radial probe EBUS (EBUS-
A sampling method using radial probe endobronchial GS), which provides 2 360° sonographic image of the
ultrasonography (EBUS) has been established as a surrounding lung tissue, is an effective modality that allows
promising bronchoscopic approach for the diagnosis of bronchoscopists to perform repeated tissue sampling from

peripheral pulmonary lesions (PPLs) (1). The combined the same position. With the development of EBUS-GS,
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Figure 1 A novel biosimulator with pseudo PPLs created for hands-on training in peripheral tissue sampling using EBUS-GS. (A) The

ArtiCHEST™ system is used for fixing and inflating porcine lungs; (B) blue agar solution is injected through GS inserted in a bronchoscope.

The locations of PPLs can be observed from the lung surface; (C) clear images of PPLs are obtained by a radial EBUS probe. PPLs,

peripheral pulmonary lesions; GS, guide sheath; EBUS-GS, endobronchial ultrasonography with a guide sheath.

the diagnostic yield for PPLs has greatly improved and
is currently better than that achieved with conventional
bronchoscopy (2). However, novel techniques for training
beginners in the use of new devices are necessary.

Several guidelines concerning diagnostic bronchoscopy
recommend that each learner should undergo brief but
intense training, including hands-on training (3-6).
Accordingly, EBUS-GS should be also performed with
a fair amount of dexterity, because GS can often break if
clinicians have inadequate knowledge about the device (7).
Furthermore, the diagnostic yield of EBUS-GS can improve
with an increase in the number of procedures performed,
particularly among beginners (7). In summary, training is
considered one of the most important factors contributing
to an improved diagnostic yield of EBUS-GS for PPLs (8).
However, the most suitable model for providing hands-on
training in EBUS-GS remains to be elucidated.

In the present study, we established a novel biosimulator
based on ex vivo porcine lungs with pseudo PPLs. We
hypothesized hands-on training using the new model
contribute to bronchoscopists acquiring the knowledges and
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techniques in EBUS-GS for PPLs.

Methods

We established a training model for EBUS-GS procedures.
The feasibility of the training model was prospectively
evaluated in a hands-on training program in June, 2018.

Training model (Figures 1,2)

The ArtiCHEST™ lung phantom system (HARADA
Corporation, Japan) was used for preparing the
biosimulator. This system consists of a box in which
porcine trachea and lung lobes with an artificial diaphragm
can be set, as well as an aspiration pump that creates a
negative pressure for lung inflation. The porcine organ
was purchased from a supplier providing animal organs for
research (Tokyo Shibaura Zouki Corporation, Japan).

After setting up the training simulator, we created
pseudo PPLs in the porcine lungs using the following
method (Figure 2). First, GS was placed in a peripheral
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Video 1. Preparation of a novel biosimulator
with pseudo perjainmsadeatimonary lesions
for training in p h i
using endobrd

(EBUS) with a §

ath (EBUS-GS)
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Figure 2 Preparation of a novel biosimulator with pseudo
peripheral pulmonary lesions for training in peripheral tissue
sampling using endobronchial ultrasonography (EBUS) with a
guide sheath (EBUS-GS) (9).

Available online: http://www.asvide.com/watch/32997

region through bronchoscopy, and it was moved around
to enable confirmation of the position of its tip from
outside the lungs. Then, 10 mL of 2% agar solution mixed
with indigocarmine (blue color) was prepared using a hot
stirrer and injected through GS. Any excess endobronchial
agar solution observed from the bronchial lumen was
removed, and the solution was cooled for 30 min at room
temperature for solidification. A preliminary study revealed
that the optimal concentration of the agar solution for
creating pseudo PPLs in the porcine lungs was 2%. If a
concentration of <1.5% was used, some solution returned to
the main bronchus before the pseudo PPLs could be created
in the lung lobes. On the other hand, if a concentration of
>3% was used, the pseudo PPLs were crumbly and harder
than actual pulmonary tumors. Once the pseudo PPLs were
ready, their locations were indicated by the blue color of the
indigocarmine and visualized from the lung surface. Finally,
the radial probe was re-inserted in the bronchi in order to
confirm that clear ultrasound images of the target lesions
could be obtained.

Equipment for EBUS-GS procedures
All EBUS-GS procedures were performed using BF-1T260

(5.9-mm outer diameter, 2.8-mm working channel diameter;
Olympus, Japan) in combination with a radial probe (UM-
S§20-20R; Olympus, Japan) and a large GS kit (K-203;
Olympus, Japan) including biopsy forceps. Bronchoscopy
was performed through the oral route of the Arti CHEST™
system.
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Hands-on training program

A total of 12 voluntary trainees participated in a hands-on
training course for EBUS-GS using our biosimulator. The
experience level as a bronchoscopist was not considered
as a criterion for participation in this course. The trainees
were informed in advance that they would be using a new
training model based on ex vivo porcine lungs with pseudo
PPLs. However, the detail content of this study was not
informed to the trainees.

The goal of the hands-on course was to enable the
participants to perform the EBUS-GS procedure precisely
and acquire adequate samples from target lesions. The first
half of the program included a 30-min lecture about EBUS-
GS, while the latter half involved hands-on training using
the biosimulator. At the beginning of the hands-on training
course, trainers demonstrated and explained the following:
(I) how to set up the EBUS-GS device; (II) how to approach
the target lesion; (III) how to acquire appropriate EBUS
images of the target lesion as hypoechoic areas, and (IV)
how to acquire samples using biopsy forceps. The trainees
were divided into three groups (n=4 each), with one group
undergoing training using a single simulator for 40 minutes.
In each group, two trainees together performed EBUS-
GS on the biosimulator and obtained a sample from a
pseudo PPL; this was considered the initial biopsy. Then,
the trainers gave feedback advice to the trainees, focusing
on techniques for acquiring larger samples. In particular,
they advised the trainees to close the forceps cups slowly
while pushing the forceps by several millimeters through
GS against the target lesion. Subsequently, the trainees
performed 2-5 procedures as training, and they again
acquired samples from the same target lesion; this was
considered the post-training biopsy. The acquired samples
were stocked in a plastic container in a wet environment,
and the sample size was compared between the initial and
post-training biopsies.

After the training program, all trainees answered a
questionnaire regarding the usefulness of the biosimulator
and their satisfaction with the training program.

Results

The characteristics of the 12 trainees with regard to the
duration of clinical practice and experience with EBUS-
GS are shown in 7able 1. Under the trainer’s guidance, all
trainees successfully detected pseudo PPLs and obtained
clear images of hypoechoic areas using radial probe EBUS
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before the initial biopsy, and 11 of them acquired blue
samples in the initial biopsy. One trainee only acquired
blue solution without a solid specimen. In the post-training
biopsy, eight trainees acquired samples larger than the
initial samples (Figure 3). One trainee acquired a smaller
sample in the post-training biopsy. Pneumothorax in the
porcine lungs did not occur after any procedure.

The results of the questionnaire revealed that all trainees
were satisfied with the biosimulator. Moreover, eight
trainees who had previously participated in another hands-
on training program based on a synthetic phantom model
were more satisfied with the biosimulator than with the
synthetic phantom model (7ible 2).

Discussion

This study demonstrated the usefulness of a novel

Table 1 Characteristics of the trainees selected for hands-on
training with a novel biosimulator for peripheral pulmonary lesions
sampling using EBUS-GS

Characteristics N=12

Duration of clinical practice (years)
<4/4-10/>10 7/4/1
Experience in EBUS-GS (years)

0/<1/1-3/>3 3/3/4/2
Number of EBUS-GS procedures performed
0/1-10/11-50/>51 3/3/5/1

EBUS-GS, endobronchial ultrasonography with a guide sheath.

) . Larger
Comparison in
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biosimulator based on ex vivo porcine lungs with pseudo
PPLs for training in peripheral tissue sampling using
EBUS-GS. The trainees could successfully acquire samples
from the target lesions, with some post-training samples
being larger than those obtained before training. In
addition, clear sonographic images of PPLs, similar to those
of actual PPLs in human lungs, were obtained. The results
of a questionnaire administered to the trainees revealed that
the biosimulator and the hands-on training program were
useful and helped the trainees in acquiring the required

Table 2 Results of a questionnaire for assessing trainee satisfaction
levels with regard to a novel biosimulator created for hands-on
training in peripheral pulmonary lesions sampling using EBUS-GS

Questions Yes
The biosimulator helped in understanding the 11 (92%)
EBUS-GS procedure

The biosimulator helped in the detection of target 2 (100%)
peripheral pulmonary lesions using radial EBUS

The biosimulator helped in improving skills for 11 (92%)
acquiring samples with biopsy forceps

The biosimulator was better than a synthetic 8 (100%)

phantom model for training in EBUS-GS*

You were satisfied with the hands-on training using
the biosimulator

12 (100%)

Each question had three multiple choices as answers: yes, no,
and N/A. *, this question was given to eight trainees who had
experienced hands-on training with a synthetic phantom model.
EBUS-GS, endobronchial ultrasonography with a guide sheath;
N/A, not applicable.
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Initial biopsy
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Figure 3 Comparison of sample sizes between initial and post-training biopsies performed using EBUS-GS. A novel biosimulator with

pseudo peripheral pulmonary lesions was used to train the participants in peripheral tissue sampling using EBUS-GS. It can be seen that

the post-training samples are larger than the initial samples for eight of the 12 trainees. One post-training sample is smaller than the initial

sample. EBUS-GS, endobronchial ultrasonography with a guide sheath.
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knowledge and skills for EBUS-GS.

Previous reports on the clinical education system
suggested that simulation-based training encourages trainees
to learn from errors in an error-forgiving environment
(10,11) where there are no serious complications caused by
lack of experience. Moreover, simulators, including synthetic
phantoms, cadaveric models, and models based on virtual
reality, initially enhance the learning curve for beginners (12).
Among these simulators, training models based on virtual
reality, also known as high-fidelity simulators, allow
operators to navigate through computer-generated airway
images. Virtual reality helps trainees in improving their
recognition of pertinent anatomical structures and acquiring
basic dexterity and skills (13). However, a prospective,
randomized crossover study by Davoudi et 4/. revealed that
a low-fidelity model made from molded silicone or excised
animal airways was superior to a high-fidelity simulator for
training in conventional transbronchial needle aspiration
(TBNA) (14). The authors discussed that a low-fidelity
model was more suitable and advantageous for learning
detailed maneuvers because it is more real and allows for
practice using actual instruments. In recent studies, a new
three-dimensional (3D)-printed simulator was reported to be
useful as a low-fidelity model for training in bronchoscopy
(15,16). The advantages of this 3D-printed simulator include
the low cost and possibility of anatomical correction because
of the use of computed tomography (CT) data obtained
from an actual patient. However, because the model is
made from plastic filaments, it is not very real in terms of
mechanical properties such as hardness and skid resistance
on the bronchial surface. In contrast, porcine lungs, which
were used in the present study, closely approximate the tissue
characteristics of the human lungs, although there is a slight
difference in the anatomy.

The pulmonary biosimulator established in the present
study was originally inspired by another training simulator
for EBUS-guided TBNA (EBUS-TBNA) (17). Because our
novel biosimulator comprised porcine lungs with pseudo
PPLs, the trainees could learn how to select the target
bronchi and insert the bronchoscope and GS under actual
clinical conditions involving human lungs with PPLs. In
the present study, we transbronchially injected colored agar
solution through GS into the peripheral lung field of the
porcine lungs. This transbronchial injection through GS
resulted in the creation of pseudo PPLs with a bronchus
sign (18), which is one of the most important predictive
factors for obtaining correct samples and diagnosing PPLs
(19-21). If the agar is injected from outside the lungs,
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formation of pseudo PPLs with the bronchus sign and
confirmation of the target bronchi for EBUS-GS may take
longer. We did not use a transbronchial needle to inject
agar into the peripheral lung fields because pseudo PPLs
for hands-on training in transbronchial forceps biopsy
should be inside the bronchi; in addition, the porcine lungs
should be free of pneumothorax for training purposes.
‘Transbronchial injection of agar through GS was quick and
easy, and the addition of indigocarmine to the agar made it
easy to identify the PPLs locations from outside the lungs
and confirm whether the acquired samples contained the
target tissue. This helped the trainees in understanding
whether or not their procedures were successful.

The training program using our biosimulator helped
trainees in acquiring larger samples using biopsy forceps
inserted through GS. Bronchoscopists are expected to
acquire an adequate sample amount for not only diagnosis
but also gene analysis, because gene mutation analysis is
essential for deciding the treatment for non-small cell lung
cancer (22). In our hands-on training program, trainers
advised the participants on the efficient usage of biopsy
forceps, teaching them to slowly close the forceps cups
while pushing the forceps with GS against the target by
several millimeters. This technique, which enables the
collection of large tissue samples in the forceps cups, has
been explained as a tip for improving the adequacy of
specimens obtained by biopsy forceps in some textbooks
or papers on gastrointestinal endoscopy (23,24) and is also
used by some bronchoscopists in clinical practice.

The present study has several limitations. First, it included
a small number of participants. Although the hands-on
training program using the biosimulator increased the
understanding of trainees and helped them in acquiring
larger samples, further research with a larger number of
participants is necessary to confirm the effectiveness of this
model. Moreover, we investigated the utility of this model
by involving trainees with various levels of experience in
bronchoscopy. A previous research about a benefit of EBUS-
TBNA training using virtual reality simulator demonstrated
that novices acquired significant improvement in their skills,
while experts did not benefit from the simulation training (25).
Future studies should also investigate the experience level
at which this training model is most effective. Second, we
did not conduct an objective evaluation of the biosimulator
model using quantitative scoring assessment and comparing
with other training models such as synthetic phantoms.
"Third, the time for hands-on training was not long enough.
The trainees performed several procedures in this training
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program. Although there are little evidence that show the
number of procedures required for competent radial probe
EBUS performance, it is said that some dozens of procedures
on simulators are needed (26). A training program with
enough long time for performing many procedures will be
needed to assess the new training model correctly. Fourth,
although our hands-on training program succeeded in
improving the sample size, the quality of specimen, such
as the proportion of normal lung tissue and crash artifacts,
could not be assessed.

Conclusions

We established and evaluated the feasibility of a novel
biosimulator based on porcine lungs with pseudo PPLs for
training in peripheral tissue sampling using EBUS-GS. A
hands-on training program using this biosimulator could
help trainees in understanding and acquiring the skills for
EBUS-GS and learning techniques for obtaining larger
samples through biopsy forceps. A structured training
program with more procedures and a specific direct
observation of procedural skills is needed to confirm the
validity of the new biosimulator.
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