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Abstract

Background: Competency using radiologicimages for bron-
choscopic navigation is presumed during subspecialty train-
ing, but no assessments objectively measure combined
knowledge of radiologic interpretation and ability to ma-
neuver a bronchoscope into peripheral airways. Objectives:
The objectives of this study were (i) to determine whether
the Bronchoscopy-Radiology Skills and Tasks Assessment
Tool (BRadSTAT) discriminates between bronchoscopists of
various levels of experience and (ii) to improve construct va-
lidity using study findings. Methods: BRadSTAT contains 10
questions that assess chest X-ray and CT scan interpretation
using multiple images per question and 2 technical skill as-
sessments. After administration to 33 bronchoscopists (5 Be-
ginners, 9 Intermediates, 10 Experienced, and 9 Experts), dis-
criminative power was strengthened using differential

weighting on CT-related questions, producing the BRad-
STAT-CT score. Cut points for both scores were determined
via cross-validation. Results: Mean BRadSTAT scores for Be-
ginner, Intermediate, Experienced, and Expert were 74 (+13
SD), 78 (+14), 86 (+9), and 88 (£8), respectively. Statistically
significant differences were noted between Expert and Be-
ginner, Expert and Intermediate, and Experienced and Be-
ginner (all p < 0.05). Mean BRadSTAT-CT scores for Beginner,
Intermediate, Experienced, and Expert were 63 (+14), 74
(£15), 82 (£13), and 90 (+9), respectively, all statistically sig-
nificant (p < 0.03). Cut points for BRadSTAT-CT had lower
sensitivity but greater specificity and accuracy than for BRad-
STAT. Conclusion: BRadSTAT represents the first validated
assessment tool measuring knowledge and skills for bron-
choscopic access to peripheral airways, which discriminates
between bronchoscopists of various experience levels. Re-
fining BRadSTAT produced the BRadSTAT-CT, which had
higher discriminative power. Future studies should focus on
their usefulness in competency-based bronchoscopy pro-

grams. © 2022 The Author(s).
Published by S. Karger AG, Basel

Karger@karger.com © 2022 The Author(s).
www.karger.com/res Published by S. Karger AG, Basel
\l This is an Open Access article licensed under the Creative Commons
K p— Attribution-NonCommercial-4.0 International License (CC BY-NC)
a rg ers (http://www.karger.com/Services/OpenAccessLicense), applicable to

the online version of the article only. Usage and distribution for com-

B OPEN ACCESS mercial purposes requires written permission.

Correspondence to:
Elaine L.C. Yap, eyap @ middlemore.co.nz

€202 AeN 60 uo Jasn Aysianiun auenboely Aq ypd-|1.092S000/2 ) LGS LE/066/1 /101 /3Pd-ajone/sa1/woo 1eb.es//:dny woly papeojumoq



Introduction

Technological advances, associated with modern im-
aging techniques such as radial probe endobronchial ul-
trasound (EBUS) and multi-row detector computed to-
mography (CT), render the ability to accurately select en-
dobronchial paths to peripheral pulmonary lesions and
skillfully navigate peripheral airways more important
than ever before. Competency using radiologic images to
navigate the airways is presumed during hands-on sub-
specialty education, but no existing validated assessment
tools measure knowledge and technical skill in this area.
Current assessment tools focus on dexterity and handling
of the bronchoscope and knowledge of the bronchoscop-
ic airway anatomy [1-3] but do not address the radio-
logical component. The purpose of this study was to eval-
uate a novel instrument, the Bronchoscopy-Radiology
Skills and Tasks Assessment Tool (BRadSTAT), that ob-
jectively tests a user’s combined knowledge of radiologic
interpretation and ability to maneuver a flexible broncho-
scope into peripheral airway regions.

Methods

BRadSTAT Design and Scoring

BRadSTAT is designed for bronchoscopists with passing scores
on the Bronchoscopy Skills and Task Assessment (BSTAT) [1] to
ensure documented knowledge of airway anatomy and precise
bronchoscopic handling. The assessment tool (Fig. 1) contains 10
questions that assess chest X-ray (CXR) (questions 1, 2, and 7) and
CT scan (questions 3-6, 8-10) interpretation, using multiple im-
ages per question. Each image is scored separately and equally for
atotal possible score of 10 for each question. For example, if a ques-
tion contains five images, each has a score of 2 if answered cor-
rectly and 0 if answered incorrectly. The maximum possible BRad-
STAT score therefore is 100. Airway and bronchopulmonary seg-
mental anatomy of the right and left lungs are addressed
separately. All questions require users to mentally convert 2-di-
mensional images to a 3-dimensional perspective. Users must (1)
match images of normal lobar and segmental anatomy with their
corresponding anatomic descriptions (questions 1-6); (2) match
abnormalities on CXR and CT with their corresponding descrip-
tions of location (questions 7 and 8); and (3) identify the location
of an abnormality on CT before navigating the bronchoscope to
the appropriate pulmonary segment (questions 9 and 10).

BRadSTAT Administration

Radiologic images for questions 5 and 6 are viewed as still pho-
tos on the assessment tool or in the slideshow mode (online suppl.
Questions 5, 6; see www.karger.com/doi/10.1159/000526011 for
all online suppl. material) to mimic how users scroll through im-
ages in real life. Technical skill (questions 9 and 10) is measured
using an airway model or simulator. We used the commercially
available, previously validated ORSIM high-fidelity simulator
(Auckland, New Zealand) [4, 5] made of a proxy flexible broncho-
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scope, an interface device into which the bronchoscope is inserted,
and a laptop with simulation software. Sensors detect lever move-
ments and bronchoscope rotation. Maneuvering feels realistic and
virtual airway images appear true to life.

Study Participants

Participants were trainees in medical thoracic training pro-
grams and pulmonary consultants. All were asked to complete a
questionnaire regarding bronchoscopy experience (number of
procedures and whether they performed transbronchial lung bi-
opsy, radial EBUS, or navigational bronchoscopy independently)
and year of training. Participants were categorized into four
groups: Beginners were trainees in the first half of their 3-year pro-
gram who had completed <100 bronchoscopies; Intermediates
were in the second half of their training who had completed be-
tween 100 and 200 bronchoscopies; Experienced were consultants
who had performed >200 bronchoscopies; and Experts were inter-
ventional consultants who performed navigational bronchoscopy
and radial EBUS.

BRadSTAT was administered over a 6-month period by exam-
iners (E.Y., J.W., P.N.) at three different hospitals (Middlemore
Hospital, Auckland, Liverpool and Macquarie Hospitals, Sydney,
and Royal Adelaide Hospital, Adelaide) with interventional pulm-
onology units accredited for advanced training in thoracic medi-
cine with the Royal Australasian College of Physician (RACP).
Some Experts were recruited in Auckland during the June 2019
Australia-New Zealand Interventional Pulmonology (ANZIP)
meeting.

Testing Protocol

BRadSTAT was administered to participants during a single
session. The time for each participant to complete the assessment
was noted. Questions 1-8 were addressed using a combination of
paper-based and laptop computer images without examiner assis-
tance. For questions 9 and 10 (technical skill), examiners asked
participants to verbally identify the location of an abnormality be-
fore maneuvering the bronchoscope to that target location. Ques-
tions were scored as incorrect if either verbal or maneuvering por-
tions were erroneous.

Study Aims

Our primary aim was to determine whether BRadSTAT scores
discriminate between bronchoscopists of varying levels of experi-
ence, thus establishing construct validity. The secondary aim was
to analyze data to further refine or improve BRadSTAT as an as-
sessment tool.

Statistical Methods

Statistical analysis was performed in three phases by an inves-
tigator (A.V.) who neither knew nor observed study participants.
In the first phase, BRadSTAT scores were assessed visually, overall,
and question by question. Descriptive models were produced with
total and question scores linearly regressed on the group. The
BRadSTAT score’s association with the groups was tested using the
Jonckheere-Terpstra procedure [6]. Questions were assessed for
internal consistency using Cronbach’s a.

A second phase analysis was performed to determine if BRad-
STAT could be refined. Different weightings to each question were
assessed. Thirteen different methods were assessed, including the
original BRadSTAT score weighting which allotted equal weight to
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Bronchoscopy education

Bronchoscopy/Radiology Skills and Tasks Assessment Tool

(BRadSTAT)

Name: Training Year Date

Educational item
Tick each correct answer

Score

1. Chest radiograph — identify lobe or segment: right lung (match images)

[0 ImageA [JImageB [JIlmageC [JlmageD [] ImagekE

Each answer 2 points

Score /10

2. Chest radiograph - identify lobe or segment: left lung (match images)

OImageA [JImageB [JIlmageC [JlmageD []ImagekE

Each answer 2 points

Score /10

3. CT - identify airways: right lung (match images)

O ImageA [JImageB [JlmageC [JlmageD [J ImageE

Each answer 2 points

Score /10

4. CT - identify airways: left lung (match images)

O ImageF [JImageG [JlmageH [JlImagel [J Image)

Each answer 2 points

Score /10

5. CT - identify bronchopulmonary segments: right lung (match images)

[ RB 1 apical RUL
[ RB4 lateral RML

[ RB6 superior RLL
[J] RB8 anterobasal RLL

[J RB2 posterior RUL
[0 RB5 medial RML

[0 RB7 mediobasal RLL
[J RB9 laterobasal RLL

[0 RB3 anterior RUL

[0 RB10 posterobasal RLL

Each answer 1 point

Score /10

6. CT - identify bronchopulmonary segments: left lung (match images)

[ LB1+2 apical/posterior LUL
[ LB1+2 apical/posterior LUL [ LB3 anterior LUL

[J LB4 superior lingula [ LB5 inferior lingula

[J LB6 superior [] LB7/8 anteromedial [ LB9 laterobasal  [J LB10 posterobasal

0 LB3 anterior LUL

Each answer 1 point

Score /10

7. Circle the response that correctly identifies these five CXR lesions

0 Image A [JImageB [JlmageC [JlmageD [J ImagetE

Each answer 2 points

Score /10

8. Circle the response that correctly identifies these five CT lesions

O ImageA [JImageB [JlmageC [JlmageD [J ImagetE

Each answer 2 points

Score /10

9. CT: correctly identify the location of these lesions and maneuver the
bronchoscope to the correct segment: right lung

O ImageA [JImageB [JlmageC [JlmageD [J ImagetE

Each answer 2 points

Score /10

10. CT: correctly identify the location of these lesions and maneuver the
bronchoscope to the correct segment: left lung

[ ImageA []JImageB [JlmageC [JlmageD []ImageE

Each answer 2 points

Score /10

Score

/100

Fig. 1. BRadSTAT. Questions 1-10.

each question. The assessment criterion was misclassification er-
ror, i.e., the proportion of misclassified participants per total num-
ber of participants. Weights were applied as regression coefficients
in an adjacent-category logit proportional odds model. This mod-
el called for the estimation of thresholds on the log-odds scale be-
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(Figure continued on next pages.)

tween every pair of adjacent categories. Thresholds could be trans-
lated as maximum likelihood cut points for the corresponding
scores, conditionally on the weighting scheme. Misclassification
was minimized using leave-one-out cross-validation in all cases
(online supplementary).
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Question 1

Instructions
Match each highlighted chest radiograph to it's corresponding right lung lobe.
There is one correct response to each image (i.e., there will be one incorrect

response remaining)

Right Right Right Right Right Right
middle lower upper middle upper upper
lobe lobe lobe lobe lobe lobe
anterior apical
Question 2

Instructions

response remaining)

Match each highlighted chest radiograph to it's corresponding left lung lobe.
There is one correct response to each image (i.e., there will be one incorrect

Left Left Left

lower upper lower
lobe lobe lobe
superior posterior

Left Left Left

lingula lower lower
lobe lobe
lateral

In the third phase, we selected the weighting method yielding
the smallest misclassification error as well as being most clinically
relevant. The first phase was then repeated with the corresponding
score. The conditional maximum likelihood cut points of this
score and the BRadSTAT score were assessed by producing cross-
validated sensitivity, specificity, and accuracy estimates by com-
paring Beginner to non-Beginner, Beginner or Intermediate to Ex-
perienced or Expert, and non-Expert to Expert, respectively. Sen-

BRadSTAT: A Bronchoscopy-Radiologic
Assessment Tool

sitivity and specificity here correspond to correct classification in
the lower ability and the higher ability groups, respectively.

Ethics

No ethics approval was required according to the Health and
Disability Ethics Committee in New Zealand as no patient data
were collected for this study. Participants provided written in-
formed consent prior to participation in the study.
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Question 3

Instructions

remaining)

Match each computed tomography image to it's corresponding RIGHT lung airway*
There is one correct response for each image (i.e., there will be one incorrect response

€ 63¢)

Right main Right Right Right Right Right
bronchus lower lobe upper lobe middle lobe lower lobe lower lobe
superior posterior lateral lateral posterior
(RB6) (RB2) (RB4) (RB9) (RB10)
Question 4

Instructions
Match each computed tomography image to it's corresponding LEFT lung airway*
There is one correct response for each image (ie., there will be one incorrect response

remaining)

.

Left Left Left

lower lobe upper lobe lower lobe
lateral anterior posterior
(LB9) (LB3) (LB10)

Left Esophagus Left

lingula lower lobe
superior
(LB6)

*Jackson-Huber nomenclature and Japanese system numbering are used throughout BRadSTAT

Results

Phase 1

BRadSTAT was administered to 33 participants: Be-
ginners (5), Intermediates (9), Experienced (10), and Ex-
perts (9). Eight were from Sydney, four from Adelaide,
and thirteen from Auckland. Eight Experts were recruited
during the ANZIP conference.
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Mean scores for each of the four groups (Beginner,
Intermediate, Experienced, and Expert) were 74 (+13
SD), 78 (£14), 86 (+9), and 88 (£8), respectively
(Fig. 2). Statistically significant differences were not-
ed between Expert and Beginner (p = 0.02), Expert
and Intermediate (p = 0.04), and Experienced and Be-
ginner groups (p = 0.05) (Table 1). Experts’ scores
were less variable than those of Beginners (SD 8 vs. 13,

Yap/Vandal/Williamson/Nguyen/Colt
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Question 5.
Right lung bronchopulmonary segments

Instructions
Match the images (A-J) to the corresponding 10 CT segments*
There is one correct response for each image

Refer to Appendix S2 for supporting CT slides

Right Right Right Right Right
upper lobe upper lobe upper lobe middle lobe middle lobe
apical posterior anterior lateral medial
(RB1) (RB2) (RB3) (RB4) (RB5)

Right Right Right Right Right

lower lobe lower lobe lower lobe lower lobe lower lobe
superior medial anterior lateral posterior
(RB6) (RB7) (RB8) (RB9) (RB10)

p =0.02). When participants were grouped into train-
ees (n = 14) or consultants (n = 19), differences be-
tween mean scores remained statistically significant
(76 vs. 87, respectively, p = 0.014), The median time
to complete the BRadSTAT differed significantly be-
tween the Expert group (median 29 min, range [21,
35]) and others (p = 0.0028): Beginner (median 50
min, range [30, 53]), Intermediate (median 47 min,
range [35, 55]), and Experienced (median 40 min,
range [30, 64]) (Fig. 3). The median time to complete
the assessment was also statistically significant be-
tween trainees and consultants (45.2 vs. 36.6 min, re-
spectively, p = 0.014).

BRadSTAT: A Bronchoscopy-Radiologic
Assessment Tool

Table 1. Between group differences for BRadSTAT and BRadSTAT-
cT

Contrast A pvalue A p value
Intermediate-Beginner 3.8 0.54 108 0.20
Experienced-Beginner 12.1 0.048* 19.0 0.03*
Expert-Beginner 14.4 0.02* 27.0 0.007*
Experienced-Intermediate 8.3 0.10 8.2 0.21
Expert-Intermediate 10.7 0.043* 16.2  0.015*
Expert-Experienced 23 0.65 8.0 0.13

A: estimated difference between groups; the standard deviation
is 25% larger for BRadSTAT-CT compared to BRadSTAT. p value: for
the stated contrast in a generalized least-squares heteroscedastic
model. *Significant at the 0.05 level.
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Question 6.
Left lung bronchopulmonary segments

Instructions

Match the images (A-J) to the corresponding 10 CT segments*
There is one correct response for each image

Note: There are 4 images corresponding to left upper lobe

Refer to Appendix S3 for supporting CT slides

Left Left Left Left Superior
upper lobe upper lobe upper lobe upper lobe lingula
apicoposterior anterior apicoposterior anterior (LB4)
(LB1+2) (LB3) (LB1+2) (LB3)
Inferior Left Left Left Left
lingula lower lobe lower lobe lower lobe lower lobe
(LB5) superior anteromedial lateral posterior
(LB6) (LB7/8) (LB9) (LB10)
Table 2. Observed significance level of scores as predictors of Phase 2 and 3

group, level, and total test time

Score Group* Level* Total test time
BRadSTAT 0.004 0.005 0.056
BRadSTAT-CT 0.0001 0.001

* Group represents Beginner, Intermediate, Experienced, Expert.
* Level represents trainee and consultant.
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Analysis of the ten individual questions showed good
discriminative power of questions 3, 4, 6, 8, 9, and 10,
which were CT-related questions (Fig. 4), whereas CXR-
related questions 1, 2, and 7 were less discriminative.
Question 5 had lower discriminative power compared to
other CT-related questions.

Based on these findings and our examination of
weighting methods, the weighting scheme yielding the
smallest misclassification error as well as being most clin-
ically relevant was selected. We named this weighting
scheme the BRadSTAT-CT because it included only CT-
related questions. A score of 10 was assigned for ques-
tions 3, 4, 5, 6, and 8 each if answered correctly, and a
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Each CXR has a lobar or segmental abnormality.

Question 7 Circle the response that corresponds to each CXR abnormality

Left lower lobe
Or
Lingula

Right lower lobe
Or
Right middle lobe

Left upper lobe
Or
Superior lingula

Right upper lobe anterior
Or
Right middle lobe

Left lower lobe
Or
Lingula

BRadSTAT: A Bronchoscopy-Radiologic Respiration 2022;101:990-1005 997
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Each CT has a lobar or segmental abnormality.

Question 8 Circle the correct answer corresponding to each CT abnormality

Right lower lobe lateral
Or
Right lower lobe superior

Right lower lobe common basal
Or
Bronchus intermedius

Inferior lingula
Or
Left lower lobe

Right middle lobe medial
Or
Right upper lobe anterior

Right middle lobe medial
Or
Right middle lobe lateral

€20z KB 60 Uo Josn Ayisiaalun auenboely Aq Jpd'110925000/21 LGS LE/066/LL/L0L/Pd-BloIE/Sa1/W00"1ebaes//:d)y Wwol papeojumoq
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Question 9

Identify the abnormal segment on CT, then navigate
the bronchoscope to the correct segment in the simulator/model

BRadSTAT: A Bronchoscopy-Radiologic
Assessment Tool
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Question 10

Identify the abnormal segment on CT, then navigate
the bronchoscope to the correct segment in the simulator/model

1000

Respiration 2022;101:990-1005
DOI: 10.1159/000526011

Yap/Vandal/Williamson/Nguyen/Colt

€20z KB 60 Uo Josn Ayisiaalun auenboely Aq Jpd'110925000/21 LGS LE/066/LL/L0L/Pd-BloIE/Sa1/W00"1ebaes//:d)y Wwol papeojumoq



Score

100

Beginner Intermediate Experienced Expert
Group
Score name
===3 BRadSTAT
Fig. 2. Comparing BRadSTAT and BRad- mmm BRadSTAT-CT
STAT-CT scores across the four groups.
60
j -
£ 50
g
£
g 40-
=
e
30
20
T T T
Beginner Intermediate Experienced Expert

Fig. 3. Test time required by groups to
complete BRadSTAT.

Group

score of 25 was assigned for questions 9 and 10 each. The
rationale for the higher weighted questions 9 and 10 was
that they required a combination of cognition (localizing
the abnormality on CT) and technical skills (navigation
to the correct bronchopulmonary segment) as compared
to CT interpretation alone.

The BRadSTAT-CT score was determined for all 33
participants. Mean BRadSTAT-CT scores for the four
groups (Beginner, Intermediate, Experienced, and Ex-
pert) were 63 (+14), 74 (£15), 82 (£13), and 90 (+9), re-
spectively (Fig. 2). Statistically significant differences

BRadSTAT: A Bronchoscopy-Radiologic
Assessment Tool

were noted between Expert and Beginner (p = 0.007), Ex-
pert and Intermediate (p = 0.01), and Experienced and
Beginner scores (p = 0.03) (Table 1). A statistically sig-
nificant difference between the mean BRadSTAT-CT
scores for trainees and consultants (70.4 vs. 86.2, p =
0.002) was noted. The Jonckheere-Terpstra test relating
the group order to the BRadSTAT and BRadSTAT-CT
scores as a predictor yielded p values of p = 0.004 and p =
0.0001, respectively (Table 2). Median time to complete
BRadSTAT-CT was not measured because BRadSTAT-
CT was determined a posteriori.
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Fig. 4. Sample means of the 10 questions in BRadSTAT by group.

Table 3. Estimated cut points, sensitivity, specificity, and accuracy for BRadSTAT and BRadSTAT-CT

Score Comparison B versus | + Ed + Ex B + I versus Ed + Ex B + | + Ed versus Ex
BRadSTAT Cut point <67 <80 <88

Sensitivity 40% 50% 92%

Specificity 89% 83% 25%

Accuracy 81% 69% 75%
BRadSTAT-CT Cut point <50 <69 <82

Sensitivity 20% 43% 67%

Specificity 100% 89% 89%

Accuracy 88% 70% 73%

B, Beginner; |, Intermediate; Ed, Experienced; Ex, Expert. Sensitivity: probability of correct classification in the lower ability group.

Specificity: probability of correct classification in the higher ability group. Accuracy: probability of correct classification overall.
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Cut Point Analysis

Table 3 presents the cut points for the BRadSTAT and
BRadSTAT-CT scores and the associated cross-validated
sensitivity, specificity, and accuracy. Both the BRadSTAT
and BRadSTAT-CT cut points have lower sensitivity than
specificity. The accuracy of the BRadSTAT cut points
(<67 for Beginner level, 68-80 for Intermediate, 81-88 for
Experienced, and >89 for Expert) ranged between 69%
and 81%. The accuracy of the BRadSTAT-CT cut points
(<50 for Beginner level, 51-69 for Intermediate, 70-82 for
Experienced, and >83 for Expert) ranged between 70%
and 88%. The BRadSTAT-CT cut points have better spec-
ificity, accuracy, and lower sensitivity compared to BRad-
STAT cut points.

Discussion

BRadSTAT objectively and systematically tests a user’s
combined knowledge of radiologic interpretation and
ability to maneuver a bronchoscope to a desired periph-
eral location. Technological advances in airway imaging
and peripheral bronchoscopy make these skills increas-
ingly necessary, particularly for nodule management in
the era of CT screening for lung cancer. Precise knowl-
edge of bronchopulmonary segments is also essential for
accurate bronchoscopic lavage in patients with patchy in-
terstitial lung disease.

The importance of accurate endobronchial path selec-
tion to maximize diagnostic yield was highlighted by Do-
lina et al. [7], who noted a wide range of accuracy across
experience levels. Variability in yields might also result
from varying bronchoscopic dexterity and handling [8]
and inexperience [9]. While both can be measured using
existing bronchoscopy assessment tools [1-3], it is note-
worthy that none apply to the combined use of radiolog-
ic imaging and technical skill. The BRadSTAT was de-
signed to fill this void.

In this study, we demonstrated the BRadSTAT’s con-
struct validity; it was able to discriminate between par-
ticipants at different levels of experience, from Beginner
to Expert, and between thoracic trainees and consultants.
The time to complete the assessment was also reduced
from Beginner to Expert, reflecting difficulty to complete
the assessment based on level of experience. Time should
be included in assessments because proficiency is charac-
terized by good results as well as task efficiency. Although
we did not test the longitudinal aspects of BRadSTAT, we
propose the repeated use of this assessment tool in train-
ing programs would be consistent with the strategy of us-

BRadSTAT: A Bronchoscopy-Radiologic
Assessment Tool

ing formative and barrier assessments such as the BSTAT
[1], EBUS-STAT [10], and UG-STAT [11], employed by
TSANZ to assess competency in flexible bronchoscopy
[12], EBUS bronchoscopy [13], and pleural ultrasound
[14]. Deliberate practice and improving specific tasks un-
der supervision with constructive feedback helps achieve
mastery learning in other medical fields [15-17].

The secondary aim of this study was to analyze our
data to potentially refine the BRadSTAT. Based on high
discriminative power, low misclassification, and a clini-
cally relevant weighting scheme, we identified and stud-
ied a BRadSTAT-CT scoring system which consisted of
seven CT-related questions. That BRadSTAT-CT had su-
perior discriminative power compared with BRadSTAT
suggests that an assessment tool based on CT-related
questions alone could better discriminate between par-
ticipants of varying levels of experience, i.e., had better
construct validity compared with BRadSTAT. This may
be related to the possibility that CXR interpretation has
become a fundamental skill for all physicians; therefore,
few differences in chest interpretation skill might be ex-
pected between Beginners and more advanced trainees or
consultants. It is also possible that a tool using only three
CXR-related questions is insufficient to detect statistical-
ly significant differences. Regardless, in an era when CT
is the imaging modality of choice for patients requiring
bronchoscopy for peripheral airway pathology, a CXR-
related bronchoscopy assessment tool might rapidly be-
come obsolete.

BRadSTAT-CT shows how an assessment tool may be
more discriminating when different weights are allotted
to questions based on their complexity. This was also the
case for the RIGID-TASC [18], an instrument that objec-
tively measures rigid bronchoscopy-related skills. In
BRadSTAT-CT, combined radiologic interpretation and
technical skill questions 9 and 10 required multiple steps
to complete and thus were weighted more than the re-
maining five questions that required only one step. This
approach is in line with Miller’s [19] suggestion that as-
sessment should not only capture important components
of a complex task but also ensure that test elements are
weighted appropriately.

Cut points, also referred to as cut scores, provide a pre-
cise way of establishing a standard of performance for a
test [20]. They are often used by educators and policy
makers to help define whether a particular test score is
sufficient for some purpose [21] and are valuable for set-
ting levels of proficiency or competency [22, 23]. If used
longitudinally, cut points can also enable assessors to de-
termine a trainee’s progress along the learning curve.
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Those of the BRadSTAT and BRadSTAT-CT were identi-
fied via cross-validation. They allowed stratification into
Expert, Experienced, Intermediate, and Beginner groups
(Table 3). Both sets of cut points had high accuracy rates
for predicting these groups, further strengthened by the
results of the Jonckheere-Terpstra test which showed a
stronger predictive power of the BRadSTAT-CT cut
points compared with those of the BRadSTAT.

The BRadSTAT-CT’s cut points also make clinical
sense. For instance, a participant who scored perfectly in
CT interpretation (questions 3, 4, 5, 6, 8) but made tech-
nical errors (questions 9 and 10) could score 50 points,
i.e., Beginner level, which could be consistent with a sub-
jective assessment of trainees with CT interpretation
skills but not yet able to complete the more complex task
of combining radiologic interpretation with broncho-
scopic navigation. Similarly, to perform at an Expert lev-
el (cut point 283), one might expect a perfect score in CT
interpretation and certainly no more than three mistakes
in either technical question, which each contained five
images of 5 points each for a total possible score of 25 per
question. It is strangely coincidental that our proposed
BRadSTAT-CT cut points closely resemble the grading
system used in New Zealand and Australia’s tertiary edu-
cation systems, where a grade A is conferred for scores
>80% (=85% in Australia), B for scores >65% (=70% in
Australia), and C for scores >50% [24, 25].

Limitations

Because the lead investigator (E.Y.) also helped ad-
minister and score BRadSTAT, one limitation of this
study is possible investigator bias. A similar possibility for
bias is found in studies of other assessment tools [1, 10].
Opverall, the objective nature of BRadSTAT’s scoring sys-
tem makes investigator bias unlikely. A second limitation
of this study is that trainees recruited from centers with a
strong focus on bronchoscopy education may have been
better trained, thereby reducing BRadSTAT’s ability to
discriminate between groups. A third limitation relates to
small sample size and the possibility of introducing a pri-
ori group classification error. Each of these limitations
can be addressed through a larger scale study. A fourth
limitation relates to our decision to test the technical skills
components of questions 9 and 10 using the ORSIM
bronchoscopy simulator rather than patients. While this
device is validated and provides a realistic procedural ex-
perience [4, 5], it is not widely available. Future studies
can incorporate assessments in the clinical setting.

Finally, while BRadSTAT and BRadSTAT-CT are im-
portant steps toward the development of an objective, ful-
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ly validated assessment tool, the BRadSTAT-CT was de-
rived from differential scoring and not tested indepen-
dently. Future clinical studies employing subjects of
varying experience are needed to determine its repeat-
ability, reproducibility, and longitudinal applicability.
We believe that the objective nature of its questions and
BRadSTAT-CT’s weighted scoring system make instabil-
ity over time or between different assessors unlikely. How
cut points might be used to help define competency, how-
ever,and how often BRadSTAT or BRadSTAT-CT should
be performed during training is less clear.

Conclusions

Combining accurate radiologic interpretation, precise
airway navigation, and dexterous technical skill is essen-
tial to competent bronchoscopic access to peripheral air-
ways. BRadSTAT is the first validated assessment tool
that objectively measures these skills and effectively dis-
criminates between bronchoscopists with different levels
of experience. Refining BRadSTAT and strengthening its
discriminative power by using differential weighting and
CT-related questions only produced the BRadSTAT-CT.
Studies are warranted to demonstrate the reproducibility
and repeatability of both these tools and to assess their
usefulness in competency-based bronchoscopy training
programs.
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