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Endobronchial ultrasound (EBUS) is a minimally invasive respirol-
ogy procedure that has revolutionized diagnostic bronchoscopy.  

EBUS enables safe, highly accurate biopsies of intrathoracic structures 
during bronchoscopy (1,2). The acquisition and interpretation of 
ultrasound images during EBUS can be challenging. Some experts sug-
gest that the slow implementation of this technique is due to the sig-
nificant learning curve associated with EBUS (3-5). Teaching EBUS is 
an essential component of patient care; it is crucial to provide adequate 
numbers of trained physicians to meet patient needs for this specialized 
procedure.  

Flexible bronchoscopy has historically been taught via the appren-
ticeship method: a patient-care approach whereby trainees learn by 
practicing on patients. When compared with procedures without 
trainee participation, however, flexible bronchoscopy procedures 

(including EBUS) with trainees learning via the apprenticeship model 
have been demonstrated to have increased procedure time, increased 
sedation requirements and increased complication rates (6-8). 

Simulation-based training has been demonstrated to be effective, cost 
effective, and to increase patient comfort and safety when used for sur-
gical and medical procedural education (9-13). Although there is cur-
rently no accepted standard teaching method for EBUS, the use of 
computer and animal simulation has been shown to be effective (14). 
Computer EBUS simulators have been validated, with studies demon-
strating the ability of the EBUS simulator to discriminate between oper-
ators of different clinical EBUS experience levels (5). The use of an 
EBUS simulator has been shown to improve the rate of procedural skill 
acquisition in respiratory medicine trainees (15), with other studies dem-
onstrating skill transfer from the simulated environment to reality (16).
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BACkgRounD: Computer endobronchial ultrasound (EBUS) simula-
tors have been demonstrated to improve trainee procedural skills before 
attempting to perform EBUS procedures on patients.
oBJECtivE: To compare EBUS performance following training with com-
puter simulation proctored by EBUS-trained respiratory therapists versus the 
same simulation training proctored by an interventional respirologist. 
MEthoDS: The present analysis was a prospective study of respiratory 
medicine trainees learning EBUS. Two cohorts of trainees were evaluated 
using a previously validated method using simulated cases with perfor-
mance metrics measured by the simulator. Group 1 underwent EBUS train-
ing by performing 15 procedures on an EBUS simulator (n=4) proctored by 
an interventional respirologist. Group 2 received identical training proc-
tored by a respiratory therapist with special training in EBUS (n=10).
RESultS: No significant differences between group 1 and group 2 were 
apparent for the primary outcome measures of total procedure time 
(15.15±1.34 min versus 14.78±2.88 min; P=0.816), the percentage of 
lymph nodes successfully identified (88.8±5.4 versus 80.91±8.9; P=0.092) 
or the percentage of successful biopsies (100.0±0.0 versus 98.75±3.95; 
P=0.549). The learning curves were similar between groups, and did not 
show an obvious plateau after 19 simulated procedures in either group.
DiSCuSSion: Acquisition of basic EBUS technical skills can be 
achieved using computer EBUS simulation proctored by specially trained 
respiratory therapists or by an interventional respirologist. There appeared 
to be no significant advantage to having an interventional respirologist 
proctor the computer EBUS simulation.
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l’évaluation d’une méthode novatrice 
d’enseignement de l’échographie endobronchique : 
la formation en simulation gérée par un médecin ou 
par un inhalothérapeute

hiStoRiQuE : Il est démontré que les simulateurs d’échographie endo-
bronchique (ÉGEB) améliorent les habiletés des stagiaires avant qu’ils 
tentent d’effectuer l’intervention sur des patients.
oBJECtiF : Comparer l’exécution de l’ÉGEB après une formation en 
simulation informatique gérée par un inhalothérapeute formé en ÉGEB et 
après la même formation gérée par un pneumologue interventionniste.
MÉthoDologiE : La présente analyse était une étude prospective des 
stagiaires en pneumologie en apprentissage de l’ÉGEB. Deux cohortes de 
stagiaires ont été évaluées au moyen d’une méthode déjà validée faisant appel 
à des cas simulés dont les mesures d’exécution étaient calculées par le simula-
teur. Le groupe 1 a reçu une formation en ÉGEB composée de 15 interven-
tions sur un simulateur d’ÉGEB (n=4) gérée par un pneumologue 
interventionniste. Le groupe 2 a reçu une formation identique gérée par un 
inhalothérapeute ayant une formation spéciale en ÉGEB (n=10).
RÉSultAtS : Les chercheurs n’ont constaté aucune différence significa-
tive entre le groupe 1 et le groupe 2 pour ce qui est des mesures de résultats 
primaires relatives à la durée totale de l’intervention (15,15±1,34 min par 
rapport à 14,78±2,88 min; P=0,816), au pourcentage de ganglions lympha-
tiques bien dépistés (88,8±5,4 par rapport à 80,91±8,9; P=0,092) ou au 
pourcentage de biopsies réussies (100,0±0,0 par rapport à 98,75±3,95; 
P=0,549). Les courbes d’apprentissage étaient similaires entre les groupes et 
ne révélaient pas de plateau évident après 19 interventions simulées dans 
l’un ou l’autre groupe.
EXPoSÉ : Il est possible d’acquérir les habiletés techniques fondamentales 
en simulation d’ÉGEB informatisée gérée par un inhalhothérapeute spé-
cialement formé ou par un pneumologue interventionniste. Il semble ne 
pas y avoir d’avantage significatif à ce qu’un pneumologue intervention-
niste gère la simulation en ÉGEB informatisée.
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When proctored by an interventional respirologist (IR), computer 
EBUS simulators have been demonstrated to improve trainee procedural 
skills (15). This, however, takes a considerable amount of time (15,16) 
and may not be a sustainable teaching method given the current 
demand for IRs. The present study aimed to compare EBUS perform-
ance in respiratory medicine trainees following training with computer 
simulation proctored by specially trained EBUS respiratory therapists 
(RTs) versus the same simulation training proctored by an IR.

MEthoDS
Study design
The present analysis was a prospective, nonrandomized study of two 
cohorts of learners. Trainees were recruited from the University of 
Calgary (Calgary, Alberta) Respiratory Medicine Training program. 
Because respiratory medicine trainees from a number of provinces in 
Canada travel to Calgary for EBUS training, trainees were from a total 
of five different academic centres in Canada. The first four consecutive 
trainees who underwent EBUS education at the University of Calgary 
during the study period from January 2009 to July 2012 were assigned to 
group 1, with the next 10 trainees being assigned to group 2. The study 
was approved by the Calgary Health Research Ethics Board (Ethics ID 
#23472). All trainees provided written informed consent.
Subject inclusion criteria: Respiratory medicine trainees with >25 flex-
ible bronchoscopy procedures experience and >6 months of respiratory 
medicine fellowship.
Subject exclusion criteria: Trainees with >20 clinical EBUS proced-
ures experience or >15 min of EBUS simulator training were 
excluded.

EBuS simulation training
All trainees in both groups underwent a 30 min introductory session to 
the EBUS simulator to familiarize them with the equipment. Before 
proceeding with the simulation training, all trainees underwent a stan-
dardized education process to ensure they had knowledge of the differ-
ent lymph node stations and what is considered to be a complete 
EBUS lymph node examination. To simplify and standardize the 
examinations, the same clinical scenario – a left-sided tumour that 
required lung cancer staging – was used for every case. Trainees were 
instructed that only the 11R, 4R, 7, 4L and 11L stations were to be 
examined in all patients. Trainees were not permitted to proceed with 
the simulation training until they demonstrated understanding of a 
correct lymph node station examination and the associated airway and 
vascular anatomy by correctly answering a series of standardized ques-
tions (Appendix A). The introduction session and knowledge testing 
(Appendix A) were performed by an IR for both study groups.

Trainees from both groups then completed two introductory 
simulator-based EBUS cases. They subsequently performed 15 addi-
tional cases (EBUS simulation training). All trainees performed the 
same EBUS training cases in the same order. Cases 9 and 13 were more 
difficult than the other cases because the trainees were asked to biopsy 
subcentimetre lymph nodes (by design, to improve their biopsy 
technique).   

intervention
group 1: All EBUS simulation training was proctored by an IR. 
group 2: Group 2 received EBUS simulation training identical to 
group 1; however, all training was proctored by an RT with special 
training in EBUS.

All trainees in groups 1 and 2 were then asked to complete two 
simulator-based EBUS test cases with EBUS performance metrics 
recorded by the simulator to evaluate their post-training EBUS skill 
level using a previously validated method (5). All testing was com-
pleted by an IR (DRS or AC).

Rt training
The RTs participating in the present study had >2 years of experi-
ence assisting with clinical EBUS in the bronchoscopy suite. They 

subsequently completed the EBUS simulation training (19 cases on 
the simulator as previously described [15]) proctored by an IR. Each 
RT spent an additional 4 h with an IR analyzing the simulated EBUS 
cases to be taught in detail, and learning EBUS teaching methods.

EBuS simulator
The AccuTouch Flexible Bronchoscopy Simulator (CAE Healthcare, 
Canada), equipped with an EBUS module was used for the present 
study. The simulator has been described in detail previously (5,15-18).

Measurement tools
Subjects were given a presimulation questionnaire that assessed demo-
graphic information (Appendix B). The EBUS simulator software 
comes with a number of built-in metrics that are recorded during each 
simulated case including total procedure time, time to intubation, 
number of successful lymph node aspirations, quantity of lidocaine 
used, quantity of sedation used and number of intubation attempts. 

Two additional clinically relevant measurement metrics included 
were the percentage of lymph nodes correctly identified during lymph 
node ultrasound examination and the percentage of successful lymph 
node punctures. The percentage of lymph nodes correctly identified 
was defined as the lymph nodes verbally identified by the learner div-
ided by the total number of lymph nodes for each case. The percentage 
of successful lymph node punctures was defined as the total number of 
successful attempts divided by the total number of attempts. Trainees 
were required to perform three successful punctures per lymph node 
station, up to a maximum of five attempts. 

learning curve evaluation
The EBUS simulator performance metrics were monitored over the 
course of 19 cases (two introduction cases, 15 practice cases and 
two final test cases) in both groups. A composite value, the ‘EBUS 
Efficiency Performance Score’, defined as the percentage of lymph 
nodes correctly identified on EBUS examination/total procedure 
time was also calculated. The EBUS Efficiency Performance Score is 
believed to be more representative of true EBUS performance includ-
ing values of procedural time and procedural accuracy (5,14-16).  

Statistical analysis
Three performance metrics were selected a priori to be most relevant 
to the assessment of EBUS skill (primary outcome measures): total 
procedure time; percentage of lymph nodes correctly identified on 
lymph node examination; and percentage of successful lymph node 
biopsies (successful lymph node biopsies/[failed lymph node biopsies + 
successful lymph node biopsies]). The results were analyzed between 
groups using the averaged performance from the two EBUS test cases, 
using a standard t test. When data were not normally distributed, the 
Fisher’s exact test was used. Analysis of the learning curves between 
groups was performed using a repeated measures ANOVA.  
Power calculations: In a previous study (5), the mean total procedure 
time (in minutes) within each trainee group was normally distributed 
with an SD of 2. Using 10 experimental trainees and four control 
trainees, it was possible to detect a true difference in the mean 
response of experimental and control trainees of ±4.2 min with prob-
ability (power) 0.9 and alpha of 0.05. Previous data assessing the per-
centage of lymph nodes correctly identified revealed that the expected 
rate among controls is 0.9. Using 10 experimental trainees and four 
control trainees, it was possible to detect a true failure rate of 12% in 
exposed trainees with probability (power) 0.9 and alpha of 0.05. An 
uncorrected χ2 statistic was used to evaluate this null hypothesis. 
Previous data assessing the mean EBUS efficiency score revealed a nor-
mal distribution with an SD of 0.5. Using 10 experimental trainees and 
four control trainees, it was possible to detect a true difference in the 
mean response of experimental and control trainees of ±1.0 with prob-
ability (power) 0.9 and alpha of 0.05.
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RESultS
Fourteen trainees were enrolled, with four IR proctored (group 1) and 
10 RT proctored (group 2). All trainees completed the study. Table 1 
summarizes trainee demographics. The EBUS performance metrics for 
the combined EBUS simulator test cases for each study group at the 
end of EBUS simulation training are shown in Table 2. Testing was 
completed within seven days of EBUS simulation training in all train-
ees in both groups.

No significant differences between group 1 and group 2 were appar-
ent for the primary outcome measures of total procedure time 
(15.15±1.34 min versus 14.78±2.88 min; P=0.816), the percentage of 
lymph nodes successfully identified (88.8±5.4 versus 80.91±8.9; 
P=0.092) or the percentage of successful biopsies (100.0±0.0 versus 
98.75±3.95; P=0.549).  

Figures 1A to 1D illustrate mean on-simulator learning curve 
data for trainees in both study groups. The learning curves were 
highly similar between groups and did not show an obvious plateau 
after 19 simulated cases in either group. The EBUS simulation train-
ing (15 cases) took a mean of 7.11 h with a range of 5.65 h to 10.81 h 
per learner, involving five or six simulator sessions over a time period 
of ≤2 months in both groups. There were no differences in the length 
of time for the EBUS simulation between groups.

DiSCuSSion
The present study demonstrated that acquisition of basic EBUS tech-
nical skills can be achieved using computer EBUS simulation proc-
tored by specially trained RTs or by an IR. Our data suggest that the 
level of EBUS technical skill obtained via EBUS simulation proctored 
by the RTs is comparable with the skill level obtained in trainees proc-
tored by an IR.  

Computer bronchoscopy simulators have been validated in the 
assessment of bronchoscopy skill for basic bronchoscopy and EBUS 
(5,18,19), demonstrating improved rates of procedural skill acquisition 
in trainees when compared with clinical EBUS training (15), with the 
skills learned on the simulator being transferable to clinical EBUS 
skills (16). These studies used IRs to proctor the simulator learning 
(5,14-16), an exceedingly time-consuming process (a mean of 7 h for 
an individual trainee to achieve a basic level of EBUS skill in our 
study). It appears impractical, expensive and unsustainable to have an 
IR devote this length of time to each trainee. RTs perform diagnostic 
and therapeutic procedures (ie, arterial blood gases, endotracheal 
intubation) and, in many centres, teach these procedures to other 
health care professionals, including physicians in training. In our cen-
tre, we expanded the role of some specially trained RTs to include 
teaching physicians how to perform both basic and advanced flexible 
bronchoscopy techniques, including EBUS.  

Using data from previous studies of EBUS simulation at our centre 
(5,14-16), we were able to identify what we believed to be clinically 
significant differences in our primary outcome measures (total proced-
ure time, percentage of lymph nodes successfully identified and per-
centage of successful biopsies) and to then power the present study 
accordingly. We also used a previously validated method to measure 
EBUS technical skill (5). These factors lend confidence to the validity 
of our results, whereby no significant differences were found between 
groups for either teaching method, suggesting that the level of EBUS 
technical skill obtained via EBUS simulation proctored by specially 
trained RTs is comparable with the skill level obtained in trainees 
proctored by an IR.

There is a ‘proctor’ built into the EBUS simulator software that 
provides learning pointers during the simulated cases. Based on our 
experience with the use of the computer proctor for teaching trainees 
and RTs, we believe that the EBUS simulator alone is inadequate for 
learners to learn this complex technique, given the sometimes confus-
ing and occasionally incorrect information provided by the computer 
proctor. Perhaps future improvements in computer simulator proctor 
software will eventually warrant further study with a self-directed 
learner group.

Our study evaluated the training of learners with regard to the 
technical skills of EBUS, with no attempts at evaluating the cognitive 
aspects of EBUS (patient selection, result interpretation, etc). The 
trainees in the present study performed fewer than the recommended 
number of procedures suggested for EBUS competency (3,4); however, 
our goal was not to assess competency for independent practice or to 
suggest that simulator training alone could lead to competency, but 
rather to determine whether the technical skills obtained via EBUS 
simulation proctored by specially trained RTs are comparable with the 
skills obtained in trainees proctored by an IR. Given the mounting 
evidence that there is significant variability in the rate of trainee pro-
cedural skill acquisition (15,20), the use of a combined approach of IR 
teaching, RT-proctored EBUS simulation and clinical cases may 
enable an approach specifically tailored to each individual trainee’s 
learning styles.

Few studies have investigated the EBUS learning curve. Early 
data from a multicentre study investigating the EBUS learning curve 
(21) demonstrated ongoing improvements in technical skill, even 
after 200 clinical EBUS procedures. Another study demonstrated 
that no plateau was observed in EBUS technical skill after 19 simu-
lated cases (15). Both groups in our study demonstrated similar EBUS 
learning curves, with no plateau in total procedure time, percentage 
of lymph nodes correctly identified or EBUS proficiency score apparent 
after 19 cases. The reduction in metrics values apparent in cases 9 and 
13 was apparent in all subjects and corresponded to two particularly 
difficult cases, designed to give the learners experience sampling small, 
subcentimetre lymph nodes. Further study with larger numbers of 
trainees and EBUS cases are required to establish a better understand-
ing of the true EBUS learning curve.

TaBlE 2
Main results

EBUS performance metric

Trainee group 

P
IR proctored 

(n=4)
RT proctored 

(n=10)
Total procedure time, min 15.15±1.34 14.78±2.88 0.816
Lymph nodes identified, %  88.80±5.4 80.91±8.90 0.092
Successful biopsies, %  100.0±0.0 98.75±3.95 0.549
EBUS performance efficiency  
   score 

5.95±0.54 5.65±1.14 0.624

Time to intubation, min 0.71±0.29 0.65±0.19 0.622
Intubation attempts, n 1.0±0.0 1.1±0.32 0.549

Data presented as mean ± SD unless otherwise indicated. EBUS Endobronchial 
ultrasound; IR Interventional respirologist; RT Respiratory therapist

TaBlE 1
Demographic data of study trainees

Characteristic

Trainee group 
IR proctored 

(n=4)
RT proctored 

(n=10)
Age, years, mean (range) 32.8 (29–37) 31.6 (29–41)
Female sex, n (%) 3 (75) 6 (60)
Flexible bronchoscopy experience,  
   median (range)

27.5 (25–33) 64.5 (30–140)

Clinical EBUS experience,  
   median (range)

0 (0) 0 (0-17)

Previous bronchoscopy simulator  
   experience, min, median (range)

0 (0) 37.5 (0–240)

Previous EBUS simulator experience,  
   min, median (range)

0 (0) 0 (0–15)

Training: Respiratory medicine fellowship, 
   n (%)

4 (100) 10 (100)

P<0.05 for all measures using t test or Fisher’s exact test. EBUS Endobronchial 
ultrasound; IR Interventional respirologist; RT Respiratory therapist
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A limitation of the present study was that trainees were not ran-
domized; therefore, factors impacting skill acquisition and perform-
ance may not have been equally distributed between the two groups, 
possibly resulting in selection bias. Due to the limitations of a yearly 
fellowship program, the groups consisted of small sample sizes. 
Confirmation of our findings with larger, randomized trials would be 
ideal. Although the EBUS simulator records objective performance 
metrics data, having IRs perform the testing is another study limita-
tion due to the possibility of bias during testing.

In summary, the present study demonstrated that acquisition of 
basic EBUS technical skills can be achieved using computer EBUS 
simulation proctored by specially trained RTs or by an IR. There 
appeared to be no significant advantage to having an IR proctor the 
simulation training. Using such simulation teaching methods mini-
mizes the number of patient care experiences required to achieve 
competence, reduces patient discomfort and risk during the learning 
process and may further assist in providing the necessary training to 
ensure that an adequate number of physicians develop the skills 
required to meet the increasing patient needs for this important 

specialized procedure in the future. Given the significant learning 
curve and the substantial length of time required to learn this chal-
lenging technique, this novel approach of using specially trained RTs 
to teach EBUS provides a more cost-effective, sustainable method of 
teaching EBUS to trainees.
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Figure 1) Mean learning curves from group 1 and group 2. A Total procedure time. B Percentage of lymph nodes correctly identified. C Percentage of suc-
cessful biopsies. D Endobronchial ultrasound (EBUS) performance efficiency score. IR Interventional respirologist; RT Respiratory therapist
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APPEnDiX A
Evaluation Of A Novel Method Of Teaching Endobronchial 
Ultrasound: Physician versus Respiratory Therapist Proctored 
Simulation Training
Learner EBUS Knowledge Review Protocol:
•	 Name	the	5	lymph	nodes	stations	that	you	will	examine:	(11R,	4R,	

7, 4L, 11L)
•	 Assuming	a	left	sided	non-small	cell	lung	cancer,	list	the	N3	to	N1	

lymph node stations: 11R, 4R = N3, 7, 4L = N2 and 11L = N1.

•	 Assuming	a	right	sided	non-small	cell	lung	cancer,	list	the	N3	to	N1	
lymph node stations: 11L, 4L = N3, 7, 4R = N2 and 11R = N1.

•	 Draw	 a	 diagram	 illustrating	 all	 5	 lymph	node	 stations	 that	 you	
will examine, and a detailed relationship between the lymph 
node stations and all of the surrounding airways and landmark 
blood vessels (must repeat this drawing until they correctly 
identify all 5 stations including the correct relationship with the 
airways and the azygous vein, superior vena cava, inominate 
artery, aorta and left main pulmonary artery).

APPEnDiX B
Evaluation Of A Novel Method Of Teaching Endobronchial 
Ultrasound: Physician versus Respiratory Therapist Proctored 
Simulation Training
Study Participant Experience Level

Participant Study Code: _________________
Participant Name: ______________________
Age : ____________
Sex (circle one): Male Female
Level of Training (please circle one):
PGY1  PGY2  PGY3  PGY4  PGY5  PGY6  PGY7  PGY8   
Training Program: ______________________________________
Number of bronchoscopies performed: ________________
Number of EBUS performed: _______________
Prior Bronchosocpy Simulator experience (mins): ____________
Prior EBUS Simulator experience (mins): ____________
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