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Introduction

Lung cancer is the most commonly diagnosed cancer 
worldwide and the most frequent cause of cancer death (1). 
Most cases are non-small cell lung cancer (NSCLC) and 
accurate staging of these is crucial for allocation to surgical 
treatment, which is curative only in cases of localized 
disease. 

The examination of patients suspected of lung cancer 
is a clinical challenge. The achievement of tissue samples 
by invasive techniques is of utmost importance, firstly to 
confirm or invalidate the image based suspicion of cancer 
and secondly, to determine the Tumour-Node-Metastasis 
(TNM)-classification if lung cancer is demonstrated. 

The imaging techniques used are typically computed 
tomographic (CT) evaluation and positron emission 
tomography (PET) (2). Among the invasive techniques, 
endobronchial ultrasound-guided transbronchial needle 
aspiration (EBUS-TBNA) plays a key role (3). 

EBUS-TBNA and EUS-FNA

EBUS-TBNA and oesophageal ultrasound guided fine needle 
aspiration (EUS-FNA) can be performed in an out-patient  
setting under local anaesthesia with mild sedation. The two 
procedures are complementary to each other (4,5). EUS is 
traditionally performed with the regular EUS endoscope, 
but the use of the EBUS endoscope in the oesophagus 
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(so called EUS-B) is gaining ground and current evidence 
suggest it to be a safe method (6,7). Established indications 
are to obtain a biopsy from a primary lung lesion and/or 
mediastinal lymph nodes in order to diagnose and stage lung 
cancer (3) and other diseases for example sarcoidosis (8).  
Endosonography can help a considerable proportion of 
patients to avoid surgical staging procedures in the initial 
evaluation of the mediastinum as it has a similar yield with 
fewer complications (9,10).

A range of instruments with linear transducers that 
are suitable for monitoring the needle during biopsy are 
available. The instrument provides an endoscopic picture 
and an ultrasonic picture at the same time. The procedure is 
performed with a dedicated needle assembly consisting of a 
long steel needle, a sheath, and a handle for manipulation of 
the needle. The needle assembly is attached to the working 
channel of the endoscope. When the lesion has been 
outlined, the needle is advanced under real time ultrasonic 
guidance.

Simulation-based education in EBUS-TBNA

EBUS-TBNA is a complex clinical procedure with a 
long learning curve and the success is dependent on the 
competence of the operator. New trainees in endosonography 
should follow a structured training curriculum (11) consisting 
of simulation-based training followed by supervised practice 
on patients with systematic feedback to become certified in 

EBUS-TBNA. A general needs assessment in pulmonary 
medicine (12) showed a huge need for simulation-based 
education in EBUS-TBNA. Recently, a training programme 
was developed by the European Respiratory Society (ERS) (13) 
consisting of three parts: (I) theory; (II) clinical observation 
and simulation training and (III) supervised training. Each 
part ends with certification which the trainee has to pass 
before moving to the next part. At our institution, simulation 
training can be accessed as a 2-day intensive course or 
alternatively as primarily self-training sessions distributed 
over a few weeks at a simulation centre (14). The course 
consists of four steps: theoretical preparation including 
a basic handbook on EBUS and EUS, introduction to 
simulator training, self-training and a validated test. This 
approach is described in greater detail below.

Introduction to simulation training

Safe handling of the EBUS endoscope and aspiration 
needle is demonstrated and practiced in great detail using a 
“dummy-scope” before starting exercises in the simulator. 
Prior to practicing EBUS procedures on the simulator,  
a complete bronchoscopy is performed to ensure that the 
participant knows the anatomy of the bronchial tree and 
how to handle a conventional bronchoscope. This also 
allows the participant to be acquainted with the safe use 
of the simulator. The participant navigates through the 
bronchial tree and identifies key anatomical positions where 
the underlying lymph node stations are located.

Thereafter, the insertion of the EBUS endoscope is 
practiced in the simulator (30-degree oblique angle view). The 
next step is to turn on the ultrasound transducer and to practice 
locating the six simple anatomical EBUS landmarks (15).  
It is easier to remember six EBUS landmarks instead of 
trying to remember the whole anatomy at once. You can 
always go back to these landmarks if you lose your way. 
Six simple landmarks for EUS also exist and are used in 
the clinical setting. However, EUS modules for simulation 
training have yet to be developed. 

The six EBUS landmarks: pattern recognition

The participant is encouraged to identify the six landmarks 
systematically in the order mentioned below (Figure 1).  
This approach ensures that the procedure is done 
systematically without missing any structures and prepares 
the participant to the test in the clinical setting, which 
is done after the education in the simulator using the 

Figure 1  Overview of the six EBUS landmarks. EBUS, 
endobronchial ultrasound; AZ, azygos vein.
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validated endobronchial ultrasound assessment tool  
(EBUSAT) (11,16-20).

(I) Station 4L: the endoscope is turned counter 
clockwise in the trachea. The lymph node station 
is found between the arch of the aorta and the left 
pulmonary artery. The ultrasonographic image 
showing 4L and the two vessels resembles the ears 
of Mickey Mouse. The superior margin of the arch 
of the aorta forms the border between station 2L 
and 4L;

(II) Station 7 is found below the carina with the EBUS 
scope in the right or the left main bronchus facing 
medially. Carina forms the upper border of this 
station;

(III) Station 10L is found when looking upwards with 
the transducer in the left main bronchus and the 
left upper lobe bronchus. The superior rim of the 
left pulmonary artery forms the boundary between 
station 4L and 10L;

(IV) Station 10R is found when looking upwards with 
the transducer in the right main bronchus and the 
right upper lobe bronchus. Station 10R lies caudal 

to the inferior border of the azygos vein close to 
the right main bronchus;

(V) The azygos vein: look for the azygos vein by 
turning the transducer to the right in the trachea. 
Note that the azygos vein communicates with the 
superior vena cava;

(VI) Station 4R: this lymph node is found to the right 
or in front of trachea above the azygos vein. The 
inferior border of the azygos vein marks the 
inferior border of station 4R. The intersection of 
the caudal margin of the right brachiocephalic vein 
with the right-sided border of the trachea marks 
the border between stations 2R and 4R.

The TBNA technique is practiced in a systematic 
way. The participant learns the correct positioning of the 
transducer and proper use of the sheath, stylet and the 
needle. Each lymph node is punctured several times.

Finally, the participant practices on different cases by 
identifying anatomical landmarks and performing the 
biopsy procedure (Figure 2).

It is important to note that the order mentioned above 
(station 4L → station 7 → station 10L/11L → station 

Figure 2 Hands-on training in EBUS-TBNA on the Simbionix simulator. The image is kindly provided with permission from Simbionix, 
3D Systems. EBUS-TBNA, endobronchial ultrasound-guided transbronchial needle aspiration.
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10R/11R → azygos vein → station 4R) (20) is the initial 
diagnostic approach to ensure that the procedure is done 
systematically (Figure 1). When taking biopsies, the order 
should be from the lymph node with the highest N-value to 
the lowest, after which the lung tumour is biopsied (N3 → 
N2 → N1 → lung tumour). This order is used to avoid falsely 
upstaging the patient to an inoperable stage (Figure 3).  
It is important for the EBUS operator to be aware of the 
anatomical orientation and the six landmarks as a patient 
might be falsely upstaged if, for example, the operator 
biopsies a malignant N1 lymph node believing it is an N2 
lymph node. This mistake would classify the patient as N2 
and inoperable. 

Self-training sessions

The participant trains on the simulator by following the 
provided programme and completing different tasks and 
cases. A training assistant (i.e., a nurse, medical student, 
or junior doctor) is available for support and technical 
guidance.

Certification and assessment

The EBUS simulation course at our institution is a part of 
the ERS structured training programme (13). Part one of 
the education ends with a theoretical test. 

The certification after part two is a practical test in 
the simulator. It consists of EBUS-TBNA procedures on 
simulated patient cases. The participant performs complete 
procedures including introduction of the endoscope, 
identification of the six anatomical landmarks in the correct 
order, checking for enlarged lymph nodes, and obtaining 
biopsies. The performance is assessed and a pass/fail-decision  
is reached based on two validated assessment tools using 
simulator metrics and direct observation by an EBUS expert,  
respectively (20,21).

Part three of the course consists of supervised training 
at the home institution of the trainee. Final certification 
consists of clinical videos (13). 

Endosonography training and certification requirements 
are under discussion. The establishment of competence 
should be based on an objective and valid assessment of  
all three. 

Currently, validity evidence has been gathered for two 
assessment tools for testing technical EBUS skills and 
anatomical orientation: the endobronchial ultrasound 
skills and tasks assessment tool (EBUS-STAT) (22) and the 
EBUSAT (20). The EBUSAT is the first assessment tool 
allowing for blinded assessment of clinical performance. It is 
used in the ERS structured EBUS training programme (13).

Simulation training versus traditional methods

In recent years, there has been increasing focus on 
patient safety especially in connection with invasive 
diagnostic procedures including EBUS-TBNA. It has been 
suggested that 40–50 procedures for initial acquisition of 
competence should be sufficient (23,24). However, these 
arbitrary numbers are based on expert opinions. Studies of 
EBUS learning curves have shown that the performance 
of 50 procedures does not necessarily ensure basic  
competency (25).

Simulation-based training has been compared with wet 
laboratory training and apprenticeship training, respectively 
(26,27), and were found to be equally effective. In another 
study physician- versus respiratory therapist-proctored 
simulation-based training was compared, which also turned 
out to be equal in effectiveness (28). Furthermore, clinical 
training has been compared with simulator training and 
the resulting learning curves were analysed (29). It was 
found that simulator training lead to rapid acquisition of 
skills comparable with clinical training. Konge et al. found 
simulator training to be effective in the beginning of the 
learning curve for EBUS skills and showed that skills 

Figure 3 A right sided lung tumour (T) with hilar and mediastinal 
lymph nodes and their corresponding N-values.
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acquired on a simulator can be transferred to a clinical 
setting (20).

Simulation-based education in the procedure is 
superior to the traditional apprenticeship model in the 
beginning of the learning curve (20) and the newest 
guidelines recommend the use of simulators for training 
the procedure (3). There are simulators commercially 
available for EBUS-TBNA, including phantoms and virtual 
reality. Despite the positive effects of simulation-based 
education, it is important to remember that no simulator 
is completely realistic and not all aspects of the procedure 
can be practiced. Supervised performance during initial 
patient encounters is essential after the completion of the 
simulation-based education and test.

The staging of patients with lung cancer by ultrasonic 
access via both the trachea and oesophagus is superior to 
staging by a single technique (30). It is therefore logical 
that the two techniques are learned and performed in 
combination (31). For practical reasons, the two procedures 
can be performed with one endoscope (the EBUS 
endoscope for both EBUS-TBNA and EUS-B-FNA) (4). 
Currently, solely EBUS simulators for the tracheal access 
exist, but we hope that simulation-based education of 
EBUS-TBNA as well as EUS-B-FNA will be possible in 
the near future.
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