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Background: Bronchoscopy is a challenging technical procedure, and assessment of competence currently
relies on expert raters. Human rating is time consuming and prone to rater bias. The aim of this study was to
evaluate if a bronchial segment identification system based on artificial intelligence (AI) could automatically,
instantly, and objectively assess competencies in flexible bronchoscopy in a valid way.

Methods: Participants were recruited at the Clinical Skills Zone of the European Respiratory Society
Annual Conference in Milan, 9"-13™ September 2023. The participants performed one full diagnostic
bronchoscopy in a simulated setting and were rated immediately by the Al according to its four outcome
measures: diagnostic completeness (DC), structured progress (SP), procedure time (PT), and mean
intersegmental time (MIT). The procedures were video-recorded and rated after the conference by two
blinded, expert raters using a previously validated assessment tool with nine items regarding anatomy and
dexterity.

Results: Fifty-two participants from six different continents were included. All four outcome measures of
the AT correlated significantly with the experts’ anatomy-ratings (Pearson’s correlation coefficient, P value):
DC (r=0.47, P<0.001), SP (r=0.57, P<0.001), PT (r=-0.32, P=0.02), and MIT (r=-0.55, P<0.001) and also
with the experts’ dexterity-ratings: DC (r=0.38, P=0.006), SP (r=0.53, P<0.001), PT (r=-0.34, P=0.014), and
MIT (r=-0.47, P<0.001).

Conclusions: The study provides initial validity evidence for Al-based immediate and automatic
assessment of anatomical and navigational competencies in flexible bronchoscopy. SP provided stronger

correlations with human experts’ ratings than the traditional DC.
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Introduction

Flexible bronchoscopy is a challenging technical procedure
that requires extensive training for new bronchoscopists.
Accurate navigation through the bronchial tree is crucial
for identifying the correct segments, which is essential for
proper diagnosis and treatment (1). Novice bronchoscopists
exhibit lower yields of positive biopsy samples, higher
complication rates, and increased patient discomfort
during the early stages of their learning curve (2-4).
Trainees should meet certain competency requirements
before being allowed to perform unsupervised procedures
on patients. The traditional approach to certification in
medical education has relied on the completion of a certain
(arbitrary) number of procedures, as recommended by
established organizations such as The American College
of Chest Physicians (5) and the European Respiratory
Society (6). However, this volume-based approach is
not evidence-based, given that trainees learn at different
paces and procedural experience does not guarantee
competence (7,8). An expert panel in flexible bronchoscopy
recommended a shift towards assessing trainee competency
through skill acquisition (9). Several tools have been
developed for the assessment of bronchoscopy performance,
but unfortunately, they have several limitations. Those
based on expert raters (10-12), are susceptible to rater
bias and rely on experts’ limited time. Those relying
on expensive virtual reality (VR) simulators (13-15)
have limited discriminatory abilities. A novel artificial
intelligence (AI)-system (Ambu BPS, Prototype version
AmbuBPStrainingGUIDEv.0.0.1, Ambu) for bronchoscopy

Highlight box

Key findings
e Artificial intelligence (AI) can automatically, instantly, and
objectively assess bronchoscopy performance.

What is known and what is new?

* Assessment of bronchoscopy performance currently relies on
expert raters that is susceptible to rater bias and rely on experts’
limited time.

e This is the first Al system in flexible bronchoscopy which can
replace expert’s raters of flexible bronchoscopy maneuvering skills.

What is the implication, and what should change now?

* Basic navigational skills in flexible bronchoscopy can be assessed
automatically, instantly, and objectively by the Al, before the
trainee advanced to perform more advanced procedures.
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has been developed and improve the performance of novel
bronchoscopists by providing feedback doing training (16).
However, it needs to be established whether it can be used
as an automatic, instant, and unbiased assessment tool for
bronchoscopy performance (17,18).

Study aim

This study aims to determine whether an automatic tool
based on Al—the Al bronchoscopy assessment (AIBA)—
assess competencies in flexible bronchoscopy in a valid way.
We present this article in accordance with the STROBE
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-24-841/rc).

Methods

AIBA was evaluated according to Messick’s framework
of validity evidence from five sources: content, response
process, internal structure, relationship to other variables,
and consequences (1able 1) (19).

Development of the assessment tool

The content of AIBA was established through consensus
by the entire author group, encompassing three pulmonary
consultants (A.O.N., C.S.A., and S.S.) with a combined
more than 40-year experience in bronchoscopy, a thoracic
surgeon and professor of medical education with a PhD
in assessment of bronchoscopy (L.K.), and two doctors
with research experience within bronchoscopy (K.M.C.
and K.A.). The group decided that the AIBA should
automatically register a competently performed diagnostic
bronchoscopy that examines all segments in a structured
order in an efficient manner using a limited amount
of time. A previous validation study using “hand-held”
data collection by a research assistant could differentiate
performance by relying on the following four outcome
measures: diagnostic completeness (DC): inspected
segments, range 0—18. Structured progress (SP): structured
progressions, range 0-18, defined as progressions following
a chronological order (RB1—-RB2 = 1 point, RB2—RB1
= 0 points) (20). Procedure time (PT): seconds, range
0-c, defined as time spent from visualizing the carina to
extraction of the scope (14,15). Mean intersegmental time
(MIT), range 0—oo, defined as mean time spent navigating
between segments as calculated by DC divided by PT (20).
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Table 1 Different sources of validity evidence based on Messick’s validity framework (19)

Source of evidence for validity and description

Validity evidence for AIBA

Content: the test content should measure what it is
supposed to measure

Response process: integrity of data should always be
maintained. Test administration should be controlled or
standardized at a maximum level possible

Internal structure: this refers to the reliability of the test
results. The outcome measures should correlate with
one another

Relationship to other variables: assessment

scores should correlate with known measures of
competence—AIBA should correlate with the experts’
ratings

Consequences: consequences of testing relates to the
pass/fail standard that is set

Three pulmonary consultants (A.O.N., C.S.A. and S.S.) with more than 40 years’
combined experience in bronchoscopy hypothesized along with a thoracic
surgeon and professor of medical education, who has a PhD in bronchoscopy
assessment (L.K.), and two doctors with research experience in bronchoscopy
education (K.M.C. and K.A.) that simulated bronchoscopy performance can
be assessed automatically using an AIBA, relying on the following outcome
measures: DC, SP, PT, and MIT

All procedures were performed in a controlled, simulated environment,
making the tests comparable as the participants were using the same scope,
monitor and phantom. For data integrity and to avoid bias, all recordings were
automatically rated by AIBA. All videos were additionally rated in a blinded
fashion by two expert bronchoscopists (A.O.N. and C.S.A.) using an established
rating tool (11)

DC correlated significantly with SP (Pearson’s r=0.75, P<0.001). DC did not
correlate significantly to PT (r=0.22, P=0.11), neither did SP with PT (r=-0.09,
P=0.51). DC correlated significantly with MIT (r=-0.55, P<0.001), as did SP with
MIT (r=-0.51, P<0.001).

All the four outcome measures of AIBA correlated significantly with the experts’
anatomy rating: DC (Pearson’s r=0.47, P<0.001), SP (r=0.57, P<0.001), PT
(r=—0.32, P=0.02) and MIT (r=—0.55, P<0.001), and with the experts’ dexterity
rating: DC (r=0.38, P=0.006), SP (r=0.53, P<0.001), PT (r=-0.34, P=0.01) and
MIT (r=-0.47, P<0.001)

The pass-/fail criterion of 8 points in anatomy-rating made 30 participants fail
and 22 pass. The participants that passed performed significantly better on all
four outcome measures: DC (P=0.01), SP (P=0.004), PT (P=0.03), MIT (P<0.001)

AIBA, artificial intelligence bronchoscopy assessment; DC, diagnostic completeness; SP, structured progress; PT, procedure time; MIT,

mean intersegmental time.

00:00:12

)

Video 1 Live recording of how the Al can assess bronchoscopy
performance and work as a feedback tool. The bronchoscopists did

not receive the Al’s rating or guidance. Al artificial intelligence.

© AME Publishing Company.

Participants, and collection of videos for assessment

The study design was a prospective study. Participants
included were doctors participating in the European
Respiratory Society (ERS) annual conference in Milan,
9"_13™ September 2023. Participants for this study
performed one complete bronchoscopy procedure on a
Koken phantom (Bronchoscopy Training Model LM-092,
Koken Co., Lth., Tokyo, Japan) without any warm-up,
familiarization, or demonstration of the Al-system (Video I).
The timer started automatically when the main carina was
visualized and ended with extraction of the scope. All the
bronchoscopy recordings were automatically assessed by the
Al and were also video-recorded for expert rating after the
conference. This study was conducted in accordance with
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Table 2 Participants’ demographic and outcome measures

Demographic and outcomes Values
Participants’ demographic (n=52)
Male 39 (75.0)
Age, years 36.5+9.1
Bronchoscopies performed, number 373+1,415
Bronchoscopies performed within last 6 months, 33+49
number
Expert-rating (points)
Total-rating (range, 0-18) 9.8+4.8
Anatomy-rating (range, 0-12) 6.8+3.5
Dexterity-rating (range, 0-6) 3.1+£1.7
Outcome measures AIBA
DC, segments (range, 0-18) 8.4+4.7
SP, progressions (range, 0-18) 3.2+3.2
PT, seconds 264+145
MIT, seconds 39+27

Data are presented as mean + SD or number (percentage).
DC, diagnostic completeness; SP, structured progress; PT,
procedure time; MIT, mean intersegmental time; SD, standard
deviation; AIBA, artificial intelligence bronchoscopy assessment.

the Declaration of Helsinki (as revised in 2013). Ethical
approval is not required for this study in accordance with
local or national guidelines, as the study was conducted in
a simulated setting not involving patients, but voluntary
participants at the ERS 2023 conference signed an informed
consent form.

Expert rating

Two expert raters (A.O.N. and C.S.A.) rated all recordings
according to an established and validated rating tool for
operator competence (11)—referred to as the expert rating
tool. The tool consisted of 9 items each ranging from 0-2
points (18 points maximum, Figure S1). The first six items
report on anatomical knowledge and navigational skills
(right upper lobe, right middle lobe, right lower lobe,
left upper division segments 1+2 and 3, lingula, and left
lower lobe). The rating tool was slightly modified, as the
participants were not asked to freeze the image at the six
different locations as in the original validation study (11).
Two points were awarded when navigating securely and
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structured to the location, 1 point when navigating to the
location but not in a securely and structured manner, and 0
point was awarded if the location was not visualized. Ratings
of the first six items were referred to as anatomy-ratings.

The last three items report on scope maneuvering skills
(wall collisions, red-out, and scope centering). These items
were not modified from the original rating tool. Ratings of
the last three items were referred to as dexterity-ratings.

"To ensure consistent interpretation of the rating tool,
the raters were invited to live rate three bronchoscopy
videos (not included in the study) and having their ratings
discussed afterwards with the authors K.M.C. and L.K.
Furthermore, they were sent a guideline on how to use
the rating tool with examples (Appendix 1). To ensure
individualized rating, the raters were sent the recordings
and not allowed to discuss their ratings.

A former study established a pass/fail of 8 point in
anatomy-rating for the used rating tool (12).

Statistical analysis

Means and standard deviation were used for normally
distributed data. Statistical testing was completed in
Statistical Package for the Social Sciences (SPSS) version
29 (PASW v29.0; SPSS Inc., Chicago, IL, USA). To
confirm accurate use of the expert rating tool, interrater
reliability between the two raters was tested using Pearson’s
correlation and internal consistency reliability was tested
using Cronbach’s alpha.

Internal structure: Correlations between the individual
outcome measures of AIBA (DC, SP, PT, and MIT), were
tested using Pearson’s r. Relationship to other variables:
Correlations between anatomy-rating, dexterity-rating,
and the outcome measures of AIBA, were tested using
Pearson’s r. Consequences: A pass-/fail criterion of 8 points
in anatomy-rating was set based on a previous study (12).
The AIBA outcome measures of the failing group and the
passing group were compared using independent samples
t-tests.

Results

Fifty-two participants were included from 20 different
countries spanning six continents (Table 2).

The experts’ ratings had a very high level of agreement,
as the interrater reliability was high (Pearson’s r=0.92,
P<0.001) and the internal consistency reliability was also
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Figure 1 Correlation between SP by AIBA and anatomy-rating

by expert raters. Grey datapoints indicate one participant. Dark-

grey datapoints indicate two participants with identical scores. SP,

structured progress; AIBA, artificial intelligence bronchoscopy

assessment.
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Pearson’s r =0.53, P<0.001

SP, progressions

Dexterity-rating, points

Figure 2 Correlation between SP by AIBA and dexterity-rating by
expert raters. Grey datapoints indicate one participant, dark-grey
datapoints indicate two participants, and black datapoints indicate
three participants with identical scores. SP, structured progress;

AIBA, artificial intelligence bronchoscopy assessment.
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high (Cronbach’s alpha: 0.84).

Internal structure

DC correlated significantly with SP (Pearson’s r=0.75,
P<0.001). DC did not correlate significantly with PT
(r=0.22, P=0.11), neither did SP with PT (r=-0.09, P=0.51).
DC correlated significantly with MIT (r=-0.55, P<0.001),
as did SP with MIT (r=-0.51, P<0.001).

Relationship to other variables

All four outcome measures of AIBA correlated significantly
with the expert’s anatomy rating: DC (r=0.47, P<0.001), SP
(r=0.57, P<0.001, Figure I), PT (r=-0.32, P=0.02), and MIT
(r=-0.55, P<0.001) and for the experts dexterity rating:
DC (r=0.38, P=0.006), SP (r=0.53, P<0.001, Figure 2), PT
(r=-0.34, P=0.01), and MIT (r=-0.47, P<0.001) (Tirble 3).

Consequences

The pass-/fail criterion of 8 points in anatomy-rating made
30 participants fail and 22 pass. The participants who were
failed by the expert raters had significantly lower AIBA
scores than participants who passed: DC (mean difference:
3.7 segments, P=0.01), SP (2.8 progressions, P=0.004), PT
(-84.3 seconds, P=0.03), MIT (-23.1 seconds, P<0.001)
(Tible 1).

Discussion

This is the first study to establish validity evidence for

Table 3 Validity evidence towards relationship to other variables: correlations between former, subjective rating tool (expert-rating and dexterity-

rating) and new, automatic, and objective rating tool (AIBA)

Anatomy-rating

Dexterity-rating

AlBA/expert rating

Pearson’s r P Pearson’s r P
DC, segments 0.47 <0.001 0.38 0.006
SP, progressions 0.57 <0.001 0.53 <0.001
PT, seconds -0.32 0.02 -0.34 0.01
MIT, seconds -0.55 <0.001 -0.47 <0.001

AIBA, artificial intelligence bronchoscopy assessment; DC, diagnostic
mean intersegmental time.

© AME Publishing Company.
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automatic, instant, and unbiased assessment of bronchoscopy
performance using Al. The expert rating tool could be used
as a gold standard, as it has previously documented evidence
of validity (11) and our study confirmed a high interrater
reliability and high internal consistency reliability.

A bronchoscopist should have a high level of anatomy
knowledge to ensure inspection of all bronchial segments.
Therefore, DC is the first and most widely used metric to
assess bronchoscopy competence (15,21). DC correlated
significantly with anatomy rating (r=0.47, P<0.001),
however only providing a moderate correlation. By
repeatedly entering all segments that are randomly
visualized during a procedure, novice bronchoscopists
can achieve a high DC score without knowing where they
are. This makes it relatively easy to get a DC score close
to maximum introducing a ceiling effect and limiting its
discriminatory abilities. This is in accordance with previous
studies that found DC to have no value in differentiating
skill level (14,22). Colt et al. (15) even found that novice
bronchoscopists with one day of training on a VR
simulator had a higher DC than clinically experienced
bronchoscopists when tested on a phantom. Therefore,
DC indicates a thorough but not necessarily structured
examination and cannot assess anatomy knowledge on
its own.

SP had the best correlation to anatomy-rating (Pearson’s
correlation coefficient: 0.57, P<0.001, Figure I). This is
in accordance with former studies, showing SP to be a
more discriminatory measure for competence than DC
(16,20,23). Therefore, to provide a valid interpretation of
DC, this study suggests evaluating DC in the light of SP, as
a measure of anatomical knowledge indicated by a measure
of systematically inspection of the segments. Novices are
able to obtain a median DC of 14.5 while only having an
SP score of 3 (16) indicating an unstructured inspection of
the bronchial tree where all segments in sight are visited
(and re-visited) in a random fashion (24). Novices trained
using the Al however obtain a median DC of 18 and SP of
16.5 (16). This finding is in accordance with our study,
showing SP to have a higher discriminatory ability than DC,
as it shows a stronger correlation to anatomy-rating. SP is
an outcome measure with a high level of validity evidence,
and the most recent systematic review in the effectiveness of
bronchoscopy training suggests the measure’s incorporation
into future assessment tools as done for this study (21).

The interpretation of SP should be done with caution,
as some experts might follow their own inspection order
(RB3—RB2—RB1) resulting in a low SP. We believe that

© AME Publishing Company.
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experts should be free to develop and follow their own
preferred procedural strategies but to ensure consistent
performance of trainees, novice bronchoscopists should be
trained in a structured order, e.g., based on SP. AIBA was
not designed to assess experts but it allows automatic and
instant assessment of trainees without relying on the busy
schedule of expert raters.

Besides anatomy-knowledge, the bronchoscopists
should have a high level of dexterity to perform an efficient
and careful procedure. AIBA does not present a direct
measure of dexterity like wall collisions or centering.
However, DC correlated significantly with dexterity-rating
(r=0.38, P=0.006), and SP showed a stronger correlation
to dexterity-rating. This is in accordance with a previous
study, as bronchoscopists with good anatomical knowledge
(SP-score) also showed a higher dexterity level (23). This
is the first simulator to provide an automatic measure of
dexterity, since VR-simulator metrics such as wall collisions
and % time midlumen are not able to distinguish dexterity
(14,25-27), and external systems relying on extensive setups
are needed to assess dexterity (25). One pretest-posttest
study using a VR-simulator actually observed increased
level of wall-contacts and less % time in midlumen after
a training intervention (27). Since the first study using a
VR-simulator in bronchoscopy by Ost ez /. in 2001 (13),
ten studies have shown that training on a simulator in
general improves performance on a simulator (21) even
though simulators’ performance metrics are severely
limited and cannot assess dexterity performance. Previously,
performance could not be automatically assessed using
phantoms, which is unfortunate as phantoms have several
strengths. They provide haptic feedback and use the same
setup as in a clinical setting. Experienced bronchoscopists
rated an inexpensive 3D-printed phantom as more realistic
than VR-simulators (28) and phantoms might be superior to
VR-simulators for bronchoscopy training (29). This is the
first study to provide automatic, instant, and reliable ratings
that are correlated with dexterity, but further development
of the Al algorithm is needed to directly measure scope
centering and wall collisions.

Both time metrics had a significant inverse correlation
to anatomy-rating: PT (r=-0.32, P=0.02), MIT (r=-0.55,
P<0.001) and to dexterity-rating: PT (r=-0.34, P=0.01),
MIT (r=-0.47, P<0.001). PT does not hold a self-
explanatory value towards how well a bronchoscopy was
conducted and cannot be used as the only measure of
bronchoscopy quality. A bronchoscopist can insert the scope
and extract it after a few seconds resulting in a PT of only
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a few seconds, however not investigating any segments.
PT should therefore always be interpretated along with
DC and SP of the procedure. To have a self-explanatory
measure of procedure efficiency, MIT can be used, which
several studies have done (13,20,26,30-32). To evaluate
procedure efficiency, MIT should be used instead of PT,
as it correlated significantly to both SP and DC (aspect
3, internal structure, Table 1). Even though a systematic
review in simulation-based bronchoscopy concluded that
when gathering validity evidence, the outcome measure
that consistently differentiated performance was PT (33),
we suggest future validation studies using PT" could include
MIT for internal consistency analysis.

In 2015, a CHEST expert panel suggested a move away
from volume-based certification to competency-based
certification with the use of simulation-based training (9).
A pass-fail score of 8 points in anatomy-rating would pass
22 and fail 30 of the participants, and the passing group
performed significantly better for all AIBA’s outcome
measure than the failing group. This finding indicates that
the outcome measures constituting AIBA can be used to
set proficiency training criteria, enabling mastery learning,
which is a training modality where trainees practice until
these proficiency targets are met (34). No training studies
in simulation based bronchoscopy training has used mastery
learning (21), even though it has been recommended (33).
We encourage fellow researchers to do a mastery learning
training study using AIBA, to examine how much training
time with feedback from the Al is needed to reach a pre-
defined mastery learning level (16).

This is the first and largest validation study in
bronchoscopy to assess performance automatically,
instantly and without bias. However, our study holds
several limitations. The study was conducted in a simulated
setting to provide a standardized and safe environment,
therefore AIBA cannot be directly applicable to clinical
bronchoscopies. The participants only conducted one
bronchoscopy due to the busy nature of a conference and
our wish to capture a wide range of performances. Their
performance might have improved and even plateaued with
consecutive trials allowing them to practice the procedure
and get used to the equipment. However, it is the biggest
validation study regarding assessment of competence in
flexible bronchoscopy and the only one with participants
from six continents providing a strong level of external
validity. We chose not to divide the participants into groups
based on experience. When collecting validity evidence,

© AME Publishing Company.
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it is erroneous to make experienced-novice comparisons
for aspect four of Messick’s validity framework: i.e.,
relationship to other variables (35-37). We therefore chose
to gather validity evidence for this aspect by correlating to
a gold standard for performance by a validated assessment
tool. Bronchoscopy competence was therefore assessed
by expert raters, rather than experience level following
current guidelines for competency rather than volume-
based assessment (9). The AI holds the potential to replace
expert raters, if being further developed to provide the
bronchoscopists with direct dexterity measures. This is
the first Al navigational system tested in bronchoscopy,
and development of the Al should entail direct dexterity
measures as those assessed by the expert raters. In the
future, the Al could be implemented in everyday clinical
practice to help ensure competent performance before
allowing trainees to begin supervised practice on patients.

Conclusions

AT can provide immediate and automatic assessment of
anatomical and navigational competencies in flexible
bronchoscopy. SP provided stronger correlations with
human experts’ ratings than the traditional DC.
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