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Background: Radial probe endobronchial ultrasound (R-EBUS) is often utilized in guided bronchoscopy
for the diagnosis of peripheral pulmonary lesions. R-EBUS probe positioning has been shown to correlate
with diagnostic yield, but overall diagnostic yield with this technology has been inconsistent across the
published literature. Currently there is no standardization for R-EBUS image interpretation, which may
result in variability in grading concentricity of lesions and subsequently procedure performance. This was a
survey-based study evaluating variability among practicing pulmonologists in R-EBUS image interpretation.
Methods: R-EBUS images from peripheral bronchoscopy cases were sent to 10 practicing Interventional
Pulmonologists at two different time points (baseline and 3 months). Participants were asked to grade the
images as concentric, eccentric, or no image. Cohen’s Kappa-coefficient was calculated for inter- and intra-
observer variability.

Results: A total of 100 R-EBUS images were included in the survey. There was 100% participation with
complete survey responses from all 10 participants. Overall kappa-statistic for inter-observer variability for
Survey 1 and 2 was 0.496 and 0.477 respectively. Overall kappa-statistic for intra-observer variability between
the two surveys was 0.803.

Conclusions: There is significant variability between pulmonologists when characterizing R-EBUS
images. However, there is strong intra-rater agreement from each participant between surveys. A
standardized approach and grading system for radial EBUS patterns may improve inter-observer variability

in order to optimize our clinical use and research efforts in the field.
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Introduction

Pulmonologists have an increasing role in the diagnosis
and treatment of lung cancer, with bronchoscopy serving
as the most essential tool for the proceduralist in this
multi-disciplinary field (1). Historically, the diagnostic
yield with conventional bronchoscopy for peripheral
pulmonary lesions was as low as 20-30%. For this reason,
advanced bronchoscopic techniques, such as radial probe
endobronchial ultrasound (R-EBUS), have been developed
in an attempt to improve diagnostic yield and are now
recommended as an adjunct for the diagnosis of peripheral
pulmonary lesions (2,3).

R-EBUS uses a flexible catheter with a rotating
ultrasound transducer to produce a 360-degree ultrasound
image. This provides real-time confirmation of lesion
localization with bronchoscopy for peripheral pulmonary
lesions. Following identification of the nodule, the radial
probe is removed, and biopsy instruments are passed through
the bronchoscope into the same segmental bronchus (4).
Lesions are described as concentric when obtained images
show the radial probe within and surrounded by the lesion.
A lesion is described as eccentric when the images obtained
show the probe towards one side of the lesion, suggesting the
lesion is adjacent to the airway (Figure 1A4,1B).

R-EBUS probe positioning, and consequently image
interpretation, is essential as the position of the probe
relative to the lesion may predict the likelihood of
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Key findings

e There was poor agreement on the interpretation of radial
probe endobronchial ultrasound (R-EBUS) images between
pulmonologists, however, intra-rater reliability was strong.

What is known and what is new?

e 'There is no standardization for R-EBUS image interpretation
during peripheral bronchoscopy.

¢ Radial-probe position during R-EBUS has been shown to
correlate with diagnostic yield, but overall diagnostic yield with
this technology has been variable in the literature, possibly due to
discrepancies in image interpretation.

e 'This is the first study to evaluate observer variability of R-EBUS
interpretation amongst pulmonologists.

What is the implication, and what should change now?

® This may partially explain discrepancies of diagnostic yield for
peripheral pulmonary lesions utilizing this technology. A new
standardized approach may be in need to help improve R-EBUS
interpretation consistency.
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obtaining a diagnosis. In a prior study, the diagnostic
yield of a concentric lesion was 84%, while the yield of an
eccentric lesion was 48% (5). Additional meta-analyses have
shown significant differences in diagnostic yield between
concentric and eccentric lesions (6,7).

While significant differences in diagnostic yield have
been reported for concentric and eccentric R-EBUS images,
ultrasound interpretation is subjective and may be prone to
interobserver variability.

Currently, there is no standardized process for classifying
R-EBUS images as concentric or eccentric, and therefore,
interpretation of the literature and generalizability of
published findings may be challenging. This study was
performed to assess inter- and intra-observer variability in
the interpretation of R-EBUS images for use in peripheral
pulmonary lesions. We present this article in accordance
with the SURGE reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-23-998/rc).

Methods

This was a survey-based study using R-EBUS images
from 100 peripheral bronchoscopy cases at Barnes-Jewish
Hospital in St. Louis. For this study, 100 consecutive de-
identified cases with available computed tomography
(CT) scan imaging, radial EBUS images, a finalized
cytopathology report, and at least 1 year of follow-up data
were identified and included. The digital images from the
procedure report of the included cases were collected into
a survey. Figure 1A,1B are representative images included
in the survey. The survey was sent to 10 fellowship trained
interventional pulmonologists who had each performed
over 100 cases utilizing peripheral bronchoscopy with
R-EBUS. All subjects previously received training at the
same institution for fellowship. Participants were contacted
via institutional email and were provided with R-EBUS
images on a Microsoft Excel document. They were asked to
grade the images as concentric, eccentric, or no Image based
on their expert interpretation and prior training. In order to
accurately assess subjectivity of radial EBUS interpretation
and due to the advanced training each participant
received, participants were provided with no suggestions
for definitions of any category of R-EBUS image. After
3 months, the same survey was repeated by the participants.
Participants were instructed not to review their prior
survey for the integrity of the study. Responses from the
10 participants to the first survey were evaluated for inter-
observer variability between participants and a participant’s
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Figure 1 R-EBUS image and corresponding fluoroscopic view demonstrating (A) eccentric lesion suggesting lesion is adjacent to the airway,

(B) concentric image suggesting lesions is within the airway. R-EBUS, radial probe endobronchial ultrasound.

response to the first and second survey were evaluated for
intra-observer variability amongst each participant. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). Ethical approval and informed
consent were not required for this study in accordance
with local/national guidelines of the ethics committee of
Washington University in St. Louis School of Medicine.

Statistical analysis

Inter- and intra-observer variability were calculated utilizing
SAS Version 9.4 for Windows. Cohen’s Kappa-coefficient
was calculated for variability for both Survey 1 and Survey 2.
Traditionally, a kappa result of 0 is the agreement that
would occur by random chance. A kappa result between
0.01-0.2 has none to slight agreement, 0.21-0.4 fair
agreement, 0.41-0.60 as moderate agreement, 0.61-0.80
as substantial agreement, and 0.81-1.0 as almost perfect
agreement. In clinical practice, the minimal acceptable
agreement has often been set at 0.8 (8).

Results
Survey participation

There was 100% participation among the physicians
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surveyed. All participants completed both surveys.

Inter-observer variability

In Survey 1, 363/1,000 (36.3%) of all images were rated
as concentric, 506/1,000 (50.6%) were rated as eccentric,
and 131/1,000 (13.1%) as no image. The kappa-statistic for
inter-observer variability was 0.512 for concentric lesions,
0.527 for eccentric lesions, and 0.378 for no image with an
overall kappa-statistic of 0.496 (Figure 2A).

In Survey 2, 386/1,000 (38.6%) of images were rated as
concentric, 482/1,000 (48.2%) as eccentric, and 132/1,000
(13.2%) as no image. For Survey 2, the kappa-statistic was
0.495 for concentric lesions, 0.496 for eccentric lesions, and
0.395 for images rates as having no view. The overall kappa-
statistic was 0.477 (Figure 2B).

Intra-observer variability

Of the 363 images rated as concentric in Survey 1, 326
(90%) were rated the same in Survey 2, with 32 (9%)
subsequently rated as eccentric, and 5 (1%) changed to no
image.

Out of 506 images initially rated as eccentric, 443 (88%)
were again rated as eccentric with 49 (10%) switched to
concentric, and 14 (2%) rated as no image.
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A B
Survey 1 k-statistic Survey 2 k-statistic
Concentric 363 0.512 Concentric 386 0.495
Eccentric 506 0.527 Eccentric 482 0.496
No image 131 0.378 No image 132 0.395
Overall 1000 0.496 Overall 1000 0.477
C
Survey 2
Concentric Eccentric No image
Concentric 326 32 5
Survey 1
Eccentric 49 443 14
No image 11 7 113
Kappa-statistic: 0.803

Figure 2 Survey responses and corresponding k-statistic. (A) Inter-observer variability for Survey 1; (B) inter-observer variability for Survey 2;

(C) intra-observer variability between Surveys 1 and 2.

Of 131 images, 113 (86%) were consistently rated as no
image on both surveys, while 11 (9%) were subsequently
rated as concentric, and 7 (5%) rated as eccentric on Survey
2. The overall kappa-statistic for intra-observer variability
was 0.803 (Figure 2C).

Discussion

R-EBUS is a society endorsed tool to assist with the
diagnosis of peripheral lung lesions (3). In addition to
confirming lesion localization prior to performing biopsy,
investigations have demonstrated that this tool can provide
real-time, intraprocedural prognostic information regarding
the likelihood of obtaining diagnostic biopsies depending
on whether the ultrasound image is concentric or eccentric.
If an eccentric image is obtained, the bronchoscopist has
the opportunity to attempt repositioning of the probe to
see if a concentric image may be obtained, and if successful,
the yield is expected to be significantly improved.
Unfortunately, variability in R-EBUS image interpretation
may adversely affect the bronchoscopist’s ability to most
accurately utilize the feedback that is being provided,
thereby leading to suboptimal results. As our field gains
experience with newer technologies such as advanced
navigational platforms and robotic procedures, it becomes
increasingly important to utilize these approaches in the
most informed and standardized way.

To our knowledge, this is the first study evaluating
variability amongst pulmonologists in interpreting R-EBUS
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images for peripheral pulmonary lesions. In this study,
experienced bronchoscopists were presented with multiple
radial EBUS images and were asked to classify them as
either concentric, eccentric, or no image based on their
prior training and without suggestion or formal definition
for interpretation. There was significant variability in
responses, and the kappa coefficient suggested poor
agreement between the participants. However, when each
participant was presented with the same set of images at a
later date, there was strong agreement between responses
from each participant between Surveys 1 and 2. The results
of the survey suggest that each pulmonologist utilizes an
intrinsic framework for evaluating R-EBUS images that
allows for internal consistency, however there is a variability
between physicians that is not desirable in clinical practice (8).
Applying this clinically, because probe positioning within
the lesion has been shown to improve diagnostic yield,
some pulmonologists may be missing an opportunity to
improve yield with repositioning if lesions are judged to be
concentric, but are actually off-center.

R-EBUS has been investigated independently and
in combination with other navigational bronchoscopic
techniques such as electromagnetic navigation (EMN) and
robotics for peripheral lesion localization and diagnosis
(9,10). While these methods have been developed to improve
diagnostic yield, there have been inconsistent results in the
literature. When comparing standard bronchoscopy with thin
bronchoscopy and R-EBUS, Tanner and colleagues found
no significant difference in the techniques with a diagnostic
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yield of 49% when utilizing R-EBUS (11). Similarly, in the
Acquire registry, diagnostic yield of R-EBUS alone was
57% and 47.1% with EMN and R-EBUS combined (12).
This contrasts with a meta-analysis of guided bronchoscopy
including over 3,000 patients which showed a pooled
diagnostic yield with R-EBUS of 70.1% (13).

Although there are methodologic differences between
these studies, differences in R-EBUS image interpretation
may explain some discrepancy in diagnostic yield, as the
overall yield is expected to be largely influenced by the
relative proportion of concentric and eccentric lesions
in the sampled population. Some lesions may be rated as
concentric by pulmonologists if the probe is completely
surrounded by the lesion, but rated as eccentric by others
if the probe is only slightly off center. Studies with a
higher percentage of lesions found to be concentric
would be expected to have a higher diagnostic yield based
on previously published literature (5-7). While some of
these publications include a breakdown of concentric and
eccentric images, interobserver variability in classifying
concentric and eccentric images may diminish the ability
to meaningfully compare one study to another. This speaks
to the necessity of standardization for R-EBUS images, as
there is little consensus on what imaging characteristics are
consistent with each pattern.

Concentricity and accurate assessment of radial probe
positioning related to peripheral lesions is one of the first
and foundational steps in peripheral bronchoscopy as new
studies show that radial probe ultrasound may also be
helpful as a clinical prediction tool. Studies have shown
significant differences in ultrasound characteristics between
benign and malignant lesions such as echogenicity, size,
shape, margin, and greyscale features (14,15). Another
model utilizing radiographic, laboratory, and R-EBUS
image findings was able to predict malignancy with accuracy
up to 87.7% (16). As the field of radiomics improves,
bronchoscopists should be optimizing their image to
not just improve diagnostic yield, but also gain clinically
predictive characteristics in the event of non-diagnostic
biopsies to inform decisions about next steps in care such
as referral to radiation oncology, surgery, or continued
observation. However, as the data from this survey shows,
image interpretation is highly variable even in the most
basic of radial-EBUS image characteristics, which may
affect downstream and more advanced ultrasound qualities.
Proficiency and standardization is needed as we seek to
advance this field.

It is unclear as to the factors leading to such variability
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in R-EBUS interpretation. Data regarding lesion size or
location were not included in the analysis, however this may
theoretically play a role in the quality and concentricity of
ultrasound imaging, for example, lower lobe lesions affected
by atelectasis. Further, as no formal definition exists, there
may be some association of concentricity and eccentricity
with symmetric and asymmetric images. As an example, an
asymmetric image may still show the probe entirely within
the lesion, however be interpreted as concentric or eccentric
by two different pulmonologists. Limitations of the study
include the use of still images for interpretation and possibly
image quality. Notably, this may have had an effect in the
interpretation of those images graded as “no image”. While
the proceduralist would have known if a lesion was found,
the survey subject did not. Further, a very large lesion
with a wide concentric view with no identifiable borders
could have been misinterpreted as “no image”. In general,
the images that were captured during the procedure and
included in the survey represent the most optimal R-EBUS
image obtained. Additionally, respondents in this study
were all fellowship trained Interventional Pulmonologists
with considerable experience with peripheral bronchoscopy
using R-EBUS. Therefore, the generalizability of findings
may be questionable. Despite the inter-observer variability
shown here, each participant was internally consistent with
their image interpretation across the two surveys. This
internal consistency may be explained by experience and
the repetitive nature of cases in clinical practice. While
the sample size may be somewhat limited, the study was
pragmatic by including consecutive R-EBUS cases and
the sample size of 100 cases and average lesion size were
consistent with prior studies evaluating characteristics of
R-EBUS. Additionally, all physicians surveyed were IP-
fellowship trained and all trained from the same program,
thereby limiting differences in training bias that may affect
image interpretation.

Conclusions

As new technology in the pulmonary space evolves, it is
increasingly important to understand how tools are being
utilized across the space. This study demonstrates that
while physicians are internally consistent with classifying
images as either concentric or eccentric, there is suboptimal
agreement between physicians regarding concentric or
eccentric patterns, which may impact the way that this tool
is utilized in clinical practice. A standardized approach and
grading system for radial EBUS patterns may improve inter-
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observer variability and therefore the ability to standardize
our review of clinical and research efforts to effectively use
this technology.
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