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Abstract
Background: Developing expertise in flexible bronchoscopy is limited by inadequate opportunities to train on difficult airways.
The newORSIM bronchoscopy simulator aims to address this by creating virtual patients with difficult airways. This study aims
to provide evidence on the validity and reliability of the ORSIM for assessment of subjects on both normal and abnormal airway
simulations.
Methods: Novice, trainee, and expert subjects performed seven simulations of varying difficulty and scored the perceived
difficulty for each. Time to completion was measured. Three blinded raters independently scored videos of each subject’s
performance. We measured inter-rater agreement and the difference in raters’ scores between subject groups.
Results: We recruited 28 study subjects, generating 196 videos for analysis. Expert subjects consistently completed the
scenarios faster than novices. Overall performance scores showed significant differences between subject groups (P<0.0001).
Inter-rater reliability of scores was >0.8.
Conclusions: Our results provide initial evidence on the validity and reliability of the ORSIM bronchoscopy simulator,
supporting its potential value in training and assessment.
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Opportunities for flexible bronchoscopy in the operating room
have decreased over the last decade with the introduction of vi-
deolaryngoscopes and supraglottic airways.1 This is likely to
have a deleterious effect on the development and maintenance
of flexible bronchoscopy skills for tracheal intubation.

To address this problem,we have developed a new virtual real-
ity simulator, the ORSIM® bronchoscopy simulator (Airway Simu-
lation Limited, Auckland, New Zealand), which aims to address
some of the issues of advanced airway training by incorporating

virtual patients with difficult airways.2 The ORSIM consists of
hardware and software components that interact to create a
high-fidelity virtual reality simulation (Fig. 1). A replica video bron-
choscope is advancedby theuser througha desktop sensor,which
is connected to a dedicated laptop computer. The laptop software
program includes multiple upper and lower virtual airways of
varying complexity. Virtual oral, nasal, and conduit entry points
can be selected, and the program provides recording, feedback,
measurement, and relevant clinical data. This simulator has
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been designed for training in upper and lower airway manage-
ment and includes a virtual upper airway and lung model to sub-
segmental level.

Virtual reality simulators can supplement clinical exposure
and provide independent and objective assessment of perform-
ance in an environment that is safe for patients, learners, and
teachers. Simulators designed for training and assessment of
procedural airway skills should provide a valid representation
of clinical patients and a reliable measure of performance across
a range of airway problems and degrees of difficulty.3 4 Ideally, we
would seek evidence that performance in a simulator predicts
performance in the clinical environment; however, the schedul-
ing of flexible bronchoscopy for patients with a suitable range of
difficult airways is logistically and ethically difficult. As a first
step, we set out to find evidence of validity and reliability of the

ORSIM simulator when used for assessment of flexible bronchos-
copy skills.

Our specific research questions were as follows.

(i) Timing: do expert subjects complete the simulations faster
than trainees and novices?

(ii) Inter-rater reliability: do independent, blinded, external
scorers agree on the standard of performance of subjects
across a range of upper airway simulations designed to be
of varying difficulty?

(iii) Construct validity: are the scores given by scorers for ORSIM
performance significantly different for novices, trainees,
and experts, and are the scores consistent with expected
performance where:

(a) Level of expertise is determined from subject self-report
of numbers of flexible bronchoscopies?

(b) Level of expertise is determined from themedian of cat-
egorical scores for performance across seven simula-
tions by the three scorers?

Methods
This studywas conducted at Auckland City Hospital and the Uni-
versity of Auckland Clinical Skills Centres, Auckland, New Zea-
land (from February 2012 to July 2012); it was approved by the
Northern X Regional Ethics Committee (approval number NTX/
12/EXP/037); andwritten informed consent was gained from sub-
jects. All data were de-identified before analysis.

Subjects and sampling

We sought subjects who had no prior experience with the ORSIM
bronchoscopy simulator and who satisfied the following criteria:
an expert group comprising anaesthetists who had performed
more than 50 flexible bronchoscope intubations in their career;
a trainee group comprising anaesthetic registrars who had
performed one to 10 flexible bronchoscope intubations in their
career; and a novice group comprising anaesthetic technicians
who had never performed a flexible bronchoscope intubation
before, but were familiar with the equipment and the procedure.

We recruited a volunteer sample of subjects: anaesthetists and
trainees attending other training courses; and anaesthetic techni-
cians fromAucklandCityHospital.We collected subject character-
istic data on their level of training, years of practice, and lifetime
and 12 month experience with flexible bronchoscopy.

Simulations

Before commencing the study, the subjects were given scripted
verbal and written instructions about how to use the simulator
and then watched an instructional video. They received no fur-
ther tuition throughout the study.

Each subject performed the same seven scenarios in the same
order. The scenarios were as follows: (1) a normal oral intubation;
(2) a normal nasal intubation; (3) a tumour partly obstructing the
larynx; (4) a tumour on the base of the tongue with very limited
laryngeal access; (5) a retropharyngeal abscess; (6) a narrow la-
ryngeal airway because of an obstructing lesion arising from
the vestibular fold; and (7) an inflamed, swollen epiglottis. The
exercises required the operator to pass the model flexible bron-
choscope through the virtual airway, avoiding airway trauma
from collisions, while being timed from the point of entry,
through the upper airway to the main carina, where the scenario
ended. Each scenario was recorded on the laptop computer.

Editor’s key points

• A new bronchoscopy simulator (ORSIM) may be useful for
developing expertise in fibre-optic bronchoscopy, but its
validity and reliability are not known.

• Novice, trainee, and expert subjects were compared in per-
forming fibre-optic bronchoscopy under normal and sev-
eral different abnormal airway simulations produced by
the ORSIM.

• Expert subjects consistently completed the scenarios faster
than novices, with inter-rater reliability of scores of >0.8, in-
dicating that the ORSIM may be useful in assessing the ex-
pertise of performers.

Fig 1 The ORSIM bronchoscopy simulator incorporates a replica video

bronchoscope, desktop sensor module, and dedicated laptop computer.

Reproduced with permission from Airway Limited.
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Scorer training

Three independent senior anaesthetists, not involved in the study
days, were selected as scorers on the basis of their clinical experi-
ence and their experience in teaching flexible bronchoscopy, both
in clinical situations and in airway courses. Initial scorer training
consisted of ameeting to discuss assessment criteria and scoring,
using three sample videos fromeachgroup. The scorers then inde-
pendently rated 30 randomlyselectedvideos. Theydiscussed their
scoring at a subsequent training session, and agreed to use the
following criteria to guide their scoring: economy of movement;
stability of image; maintenance of ideal flight path; avoidance of
collisions; purposeful movement; and speed.

Data collection

The time to completion of the simulation was downloaded from
the ORSIM computer.

The three scorers independently assessed all videos from
each of the subjects, in randomorder and blinded to subject iden-
tity. EachORSIMvideowas scored using two scales: a 100mmvis-
ual analog scale (VAS), with left and right limits of the line
labelled ‘novice’ and ‘expert’, respectively: and a three-point cat-
egorical scale, labelled novice, trainee, and expert.

Analyses

The selection of subjects for the study was opportunistic, being
from training workshops. The study was planned to have 30 sub-
jects, with 10 in each group and thus 70 scored scenarios in each
group. There was no previous information available for the VAS,
so we assumed a normally distributed score with an  of 10 for
each group. With 80% power and a significance level of 5%, this
would enable us to detect a difference between groups of 0.48 .

The level of expertise of all subjects was taken as the median
of all categorical scores of performance from each scorer. The
final level of expertise was then based on the weight of opinion
(either all three or two scorers agreeing) on the expertise level
of each subject. For the VAS scores, the overall mean across the
seven simulations from all three scorers was used.

Inter-rater reliability was determined for the categorical scor-
ing system using weighted κ. Inter-rater reliability for the VAS
scores was determined using Pearson’s correlation.

An was used to determine differences in VAS scores be-
tween novice, trainee, and expert groups. All analyses were
carried out in SAS v9.3 (SAS Institute, Cary, NC, USA).

Results
Twenty-eight subjects were recruited to the study: nine anaes-
thetists, seven anaesthetic registrars, and 12 anaesthetic techni-
cians. This generated 196 videos for scoring (28 subjects × 7
scenarios) by the three scorers.

Level of training, years of practice, and lifetime and 12 month
experience with a flexible bronchoscope are shown in Table 1.

Participant self-assessment VAS scores of difficulty for each
scenario are shown in Table 2.

Timing

Novices were significantly slower than experts by the mean dif-
ference of 78 s (P<0.0023); trainees were 10 s slower than experts,
but this did not reach statistical significance (P=0.70; Table 1).

Inter-rater reliability

Correlations between scorers were 0.82, 0.89, and 0.91 for novice,
trainee, and expert groups, respectively, when using the VAS
scores. Weighted κ-values for inter-rater reliability between
scorers were 0.58, 0.59, and 0.70 for novice, trainee, and expert
groups, respectively, for the categorical scoring system.

The individual metrics (economy of movement; stability of
image; maintenance of ideal flight path; avoidance of collisions;
purposeful movement; and speed) did not show good inter-rater
reliability in comparison to the overall metric. This suggests that
the concept of each of themetrics is perceived in a differentman-
ner by different scorers. Average correlations across all scenarios
and pairs of scorers for the overall score and the various compo-
nent scores appear in Table 3.

Construct validity

The scorers’ VAS scores showed statistically significant differ-
ences (all P<0.0001) between subject groups with both methods
of placing subjects into the novice, trainee, or expert groups.
Figure 2 illustrates the first method, where VAS scores show
the level of expertise determined by self-reporting of the number

Table 1 Duration of anaesthesia career, mean self-rated expertise score using a 100mm visual analog scale, andmean scenario completion
times recorded in seconds () by the simulator

Subject Years of
practice

Fibre-optic
brochoscopies in career

Fibre-optic brochoscopies
in 12 months

Subjective expertise
score [mm; mean ()]

Objective scenario
time [s; mean ()]

Expert 7–37 >50 1–20 72 (1.1) 116 (17)
Trainee 2–4 1–10 1–5 24 (1.7) 126 (26)
Novice Nil 0 0 2 (1.5) 195 (17)

Table 2 Participant self-assessment of difficulty for each scenario was measured in millimetres on a visual analog scale and recorded as
means (), with the left and right ends of the 100 mm line labelled ‘easy’ and ‘difficult’, respectively

Subject Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7

Expert 17 (19.8) 24 (17.6) 19 (17) 81 (21.1) 52 (21.1) 45 (25.5) 58 (35.6)
Trainee 25 (19.6) 39 (18.3) 36 (17) 84 (16.5) 66 (19.4) 60 (14.9) 92 (6.4)
Novice 52 (24.3) 56 (28.9) 43 (24.5) 95 (5.3) 83 (18) 57 (22.8) 92 (11.5)
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of previous flexible bronchoscopies performed. Figure 2 illus-
trates the secondmethod, where VAS scores show the level of ex-
pertise derived from themedian of categorical scores by the three
scorers for performance across seven simulations.

The agreement between the subjects’ self-reported level of ex-
perience and the determination by the scorers was κ=0.54. Of the
12 anaesthetic technicians, seven were assessed as novices and
five as trainees. All trainees were correctly assessed as trainees.
Of the nine defined as experts, five were assessed as performing
at the level of an expert and four at the level of a trainee.

Discussion
In this study, we have provided some evidence supporting the re-
liability and validity of the new ORSIM bronchoscopy simulator

for training and assessment. Expert subjects consistently com-
pleted the scenarios faster than novices. Inter-rater reliability of
VAS scores by three blinded scorers was >0.8. Scores showed sig-
nificant differences (all P<0.0001) between each of the subject
groups (novice, trainee, and expert), with progressively higher
scores from novice to expert. This supports the construct validity
of the ORSIM simulator for assessment of flexible bronchoscopy.

Previous studies of tracheal intubation skills using a flexible
bronchoscope have tested subjects only on normal airways, or
airways comparable to manikins with normal airways, after
training on models, manikins, or virtual reality simulators.5–8

Our study has extended the field by incorporating simulated
abnormal airways. Using normal airways for training and assess-
ment limits the discriminative ability of the assessment by creat-
ing a low ceiling effect. Furthermore, the clinical need for
expertise in flexible bronchoscopy in tracheal intubation is in
the anatomically difficult airway, rather than the normal airway.

A number of validation studies have failed to demonstrate
differences in performance between groups with different levels
of expertise inflexible bronchoscopy.9–11 This has been attributed
to several factors, including testing with tasks that are too easy,
testing with too few procedures, and failing to use performance
indicators with clinical relevance to supplement the simulator
metrics.10–12 One study of bronchoscopy performance, using
the Accutouch (CAE Healthcare, Montreal, Québec, Canada),
was able to differentiate between novice, trainee, and expert
subjects by using the following: exercises of varying difficulty;
multiple test items; a standardized setting; and a scoring system
that was clinically relevant.12 The Accutouchwas an early virtual
reality bronchoscopy simulator, which included bronchoscopy,
gastroscopy, and colonoscopy. In our study, we used a similar ap-
proach, but with a simulator designed only for bronchoscopy,
which includes a range of difficult upper airway navigations.
We used multiple tests of varying difficulty, clinically relevant
scenarios, a standardized setting, and a clinically relevant scor-
ing system. Future validation studies should take these factors
into account.

We have also demonstrated a difference between the judge-
ments of experts on the level of performance and the self-reported
experience of subjects with flexible bronchoscopy. This suggests
that previous numbers of patients may not be a reliable measure
of expertise in managing patients with anatomically challenging
airways.

The issue of distinguishing between the three groups using the
VAS score was considered. We think that the important groups to
differentiate are trainee vs expert. A valid and reliable score could
then be used to determinewhen a trainee is suitably skilled on the
simulator to be able to perform at the standard of an expert on a
patient with a difficult airway. Our results suggest that a VAS
score of 70 or greater only identifies experts (Fig. 2 and ).

Limitations

In this study, we have not explored transfer of skills in difficult
airway simulations to performance in flexible bronchoscopic in-
tubations of patients with difficult airways in the clinical

Table 3 Average correlations across all scenarios and pairs of scorers for the overall score and the various component scores

Score categories Overall Movement Stability Flight Collisions Decisions Speed

Average 71 45 40 69 55 65 58
 9.19 21.24 22.08 11.18 18.39 13.45 20.55
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Fig 2 () Construct validity based on the previous lifetime bronchoscopy

experience of the subjects and their overall performance using a visual

analog scale (VAS) score. The three curves represent the distribution and

mean VAS scores for novice, trainee, and expert subjects. The y-axis plots

frequency of responses and the x-axis plots the VAS in millimetres. ()

Construct validity based on assessment by independent scorers of overall

performance using a three-point categorical scale and their overall

performance using a VAS score. The three curves represent the mean and

 VAS scores for novice, trainee, and expert subjects. The y-axis plots

frequency of responses and the x-axis plots the VAS in millimetres.
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environment. Previous flexible bronchoscopy simulator studies
have established this relationship between performance in train-
ing on the simulator and subsequent clinical performance in
patients with normal airways.5 11 It would be ethically and
logistically difficult to undertake such a study with anatomically
difficult or abnormal airways.

The characteristics of the simulator and the blinded nature of
scoringwith videos limited ourability tomeasure some important
aspects of flexible bronchoscope use, such as patient preparation,
positioning, and appropriate handling of the bronchoscope. In a
training environment, these skills could be taught in conjunction
with the simulator.

In this study, we chose anaesthetic technicians as our novice
group because of their theoretical knowledge of airway anatomy,
pathology, and equipment. Theywere, however, novices because
they had no experience at performing flexible bronchoscopy. The
technicians were also chosen because of the wide variability and
technical experience seen in our trainee registrars. We acknow-
ledge that the novice technician group does not represent a
clinically transferrable study group.

Future directions

This study relied on external scoring of large numbers of videos
by independent scorers. Thiswas a time-consuming exercise and
probably not feasible for practical use in research or assessment.
Future studies will focus on intrinsic automated scoring with
computer-generated metrics. The scores for performance gener-
ated by external expert scorers provide a basis for establishing
the validity of computer-generated metrics. Randomization
would allow us to differentiate between learning experience
and differences in scores between scenarios. Testing computer-
generated metrics against expert scores, using a random sample
of participants, could be a useful next step.

Conclusion

This study supports the potential use of the ORSIM bronchoscopy
simulator as an assessment tool tomeasure procedural skill with
a flexible bronchoscope. Although simulation has provided a
useful supplement to clinical experience, it has previously been
restricted to training and assessment on normal airways, requir-
ing the practitioner to return to the operating room to gain the
skill and experience to manage difficult airways. There is now
the opportunity for simulation to accelerate training on difficult
airways and to assess flexible bronchoscopy performance at the
higher level of expertise required for management of complex
airway problems.
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