.o: American Journal of @www.biomedgrid.com
s Biomedical Science & Research ISSN: 2642-1747

Research Article Copyright@ Darrell Nettlow

Operator Perception of The Performance of Multiple
Single-Use Bronchoscopes Compared to Standard
Re-Usable Bronchoscope

Darrell Nettlow'*, Grant Senyei?, Abdurrahman Husain? Matthew Nobari?, Russell Miller*
and George Cheng?

1Department of Pulmonary Medicine, 81st Medical Group, Keesler Air Force Base Medical Center, Biloxi, MS, USA

2Division of Pulmonary Medicine, University of California, San Diego. San Diego, CA, USA

3Baylor Scott and White Hospital, Dallas, TX, USA

4Naval Medical Center San Diego, San Diego, CA, USA

*Corresponding author: Darrell Nettlow, Department of Pulmonary Medicine, 81st Medical Group, Keesler Air Force Base Medical
Center, Biloxi, MS, USA.

To Cite This Article: Darrell N, Grant S, Abdurrahman H, Matthew N, Russell M, et al, Operator Perception of The Performance of Multiple
Single-Use Bronchoscopes Compared to Standard Re-Usable Bronchoscope. Am ] Biomed Sci & Res. 2022 17(2) AJBSR.MS.1D.002333,
DOI: 10.34297/AJBSR.2022.17.002333

Received: & September 28, 2022; Published: & October 12, 2022

Summary At a Glance

Single-use bronchoscopes have increased in popularity as concern for cross-contamination has increased. However, direct
comparisons of the performance of these bronchoscopes to traditional re-usable bronchoscopes has been limited. In this study,
we compare operator perception of re-usable and single-use bronchoscope performance in an ex-vivo model highlighting
maneuverability, suction capability, and imaging processing.

Abstract

Background and objectives: Multiple single-use bronchoscopes exist on the market but have not been directly compared to each
other in terms of operator preference and overall performance. We sought to compare operator perception of the performance of
three single-use bronchoscopes to each other and a standard re-usable bronchoscope.

Methods: Operators performed a diagnostic bronchoscopy on an ex-vivo model with and without a tool in the working channel and
completed a survey regarding the performance of each bronchoscope afterwards.

Results: A total of 9 physicians completed the survey. The Olympus re-usable bronchoscope received the highest overall score (90.8),
followed by H-SteriScope (83.0), A-Scope 4 (75.2) and GlideScope BFlex (51.4). The Olympus re-usable bronchoscope was rated
highest on average in every category except maneuverability into difficult airway segments. The H-SteriScope was rated highest in
terms of maneuverability into difficult airway segments both with and without a tool in the working channel. The Glidescope BFlex
had the lowest average rating in every domain.

Conclusion: The Olympus H-SteriScope was perceived as the best performing single-use bronchoscope, followed closely by the
AMBU A-Scope. The image processing of all single-use bronchoscopes was rated as inferior to that of the Olympus re-usable
bronchoscope.

Introduction

. inel h ; procedures in the ICU [1]. As such, most studies published in the
Comparing Single-Use Bronchoscope Performance last 10 years referencing single-use bronchoscopes have focused
Single-use bronchoscopes have predominantly been used primarily on performance in difficult intubation scenarios and

as intubation adjuncts in anesthesia and for bronchoscopic have enrolled anesthesia providers [2]. One of the early studies
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comparing the maneuverability and perceived ease of use of a
single use bronchoscope compared an early model of the Ambu
A-Scope to an Olympus re-usable bronchoscope in an intubation
training model [3]. Published in 2011, this study found the Ambu
A-Scope to be as maneuverable as the Olympus bronchoscope
for fiberoptic intubations. Despite similar intubation times and
similar success rates, operators reported that the Olympus
reusable bronchoscope was easier to use than the Ambu A-Scope.
Subsequent studies published on the single use bronchoscopes
have mostly been industry sponsored and have been limited to
comparison of intubation success rates. In 2020, a survey study
that specifically enrolled pulmonologists were published [4]. A
total of 21 pulmonology services were surveyed regarding their
perception of the quality & performance of the Ambu A-Scope
4 in diagnostic and therapeutic bronchoscopies and lavage.
The Ambu A-Scope 4 was found to be acceptable for diagnostic
bronchoscopy. It was rated as having a lower image quality than
the reusable bronchoscope, though this did not seem to impact
the ability to perform the planned procedure - 95.9% of operators
were successful in that regard. More complex procedures
were not attempted. This is one of the only studies comparing
pulmonologists’ perception of bronchoscope performance and was
limited to one disposable bronchoscope manufacturer. A smaller
survey study in 2020 evaluated operator perception of a recently
introduced single use bronchoscope (Olympus H-SteriScope) on an
ex-vivo model [5]; in this study, operators were asked to compare
this bronchoscope’s performance to their hospital system’s current
single use bronchoscope. This study found that operators rated
the Olympus H-SteriScope as better performing than the single-
use bronchoscopes currently used at the institution, including the
Ambu A-Scope and Verathon GlideScope Bflex. No studies to date
have been performed that directly compare multiple single-use
bronchoscopes to the current standard reusable bronchoscope.

In this study, we utilize an ex-vivo model to compare operator
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perception of the performance of three single use bronchoscopes
of the

bronchoscopes chosen for this study are diagnostic bronchoscopes

against a standard re-usable bronchoscope. All
and possess similarly sized working channels. Therapeutic
and slim/ultra-slim bronchoscopes were not evaluated. The
bronchoscopes compared were as follows: Olympus EVIX EXERA
I1I BF-H190 reusable bronchoscope (Olympus America, CO, USA),
the Olympus H-SteriScope Normal (Olympus America, CO, USA), the
Ambu A-Scope 4 Regular (AMBU Inc., MD, USA) and the Verathon
GlideScope BFlex (Verathon Inc., WA, USA). The purpose of this
study is to determine operator perception regarding the overall
performance of each of these bronchoscopes as they have never

been compared head-to-head.
Methods

The University of California, San Diego Institutional Review
Board exempted this study from IRB review. The IRB exemption
document is available upon request. Participants were recruited
from faculty and fellows in the Pulmonary and Critical Care
Division at our institution. Survey participants were at minimum
second year fellows who had completed two or more rotations
with the Interventional Pulmonology service. Participants were
instructed to complete an initial airway survey with each of the four
bronchoscopes. The characteristics of the bronchoscopes studied
are described in Tablel. The bronchoscopies were performed on an
ex-vivo bronchoscopy training model (CLA-SCOPIN Bronchoscopy
Model “Sick Boy”, SOMSO, Coburg, Germany). During the initial
airway survey, participants were tasked with engaging four
challenging segmental airways: RB1, RB6, LB1/2 and LB6. The
participants then repeated the airway evaluation with alligator
forceps (Olympus FB-211D.A, Olympus America, USA) inserted
in the working channel to assess for changes in perceived
maneuverability of the bronchoscopes when a tool was utilized
(Tablel).

Table 1: Bronchoscope characteristics.
Bronchoscope* DlStc'zll tip outer Work_lng channel Workmg ChaI}nel Exit Angulation Up/ Rotar.y Func-
diameter diameter Orientation Down tion
Olympus EVIS EXERA III BF-H190 Reus- 5.5mm 2.0mm 3 0'clock 210/130 Yes
able [15]
Olympus H-SteriScope Normal [16] 4.9mm 2.2mm 3 O’clock 210/210 Yes
Ambu A-Scope 4 Broncho Regular [17] 5.4mm 2.0mm 9 O’clock 180/180 No
Verathon Glidescope BFlex [18] 5.0mm 2.2mm 9 O’clock 165/160 No

*Each single us bronchoscope was utilized with the accompanying proprietary processing system. Both the Ambu and Verathon bronchoscopes have
the processor and visualization screen in the same base. The H-SteriScope processor is a stand-alone system, and it was connected to the Olympus

video monitor with a DVI cable. Bronchoscope information was obtained from each manufacturer’s website.

Immediately after completing the bronchoscopies, participants
were directed to complete a 12-question electronic survey created
utilizing Qualtrics survey design software (QualtricsXM, UT, USA).
The survey was provided via anonymous link. Participants were

instructed to rate each bronchoscope in multiple domains on a scale

of 1-100. They were also asked to identify which difficult segments
they were unable to engage with each bronchoscope, both with
and without a tool in the working channel. A comment section was
provided to allow for qualitative results to be collected.
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To compare the suction capabilities of the four bronchoscopes,
each bronchoscope was connected to a suction apparatus with
vacuum set at maximum. The same tubing was used for each
bronchoscope to ensure identical tubing length. Suction capability
was tested by measuring the time needed to suction 30mL of
egg white solution (Horizon Organic Egg Whites, Danone North
America, USA) out of a specimen container. Three trials were
performed for each bronchoscope and the results recorded.

Operator scores of the Olympus re-usable bronchoscope
were used as the reference value against which each single use
bronchoscope was compared. The paired t-test was utilized to assess
for a significant difference between operator scores of the Olympus
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re-usable bronchoscope and each single use bronchoscope. This
was also utilized to compare suction times between bronchoscopes.
A P value of less than 0.05 was considered statistically significant.
Statistical analysis was accomplished utilizing both the statistical
analysis software of the Qualtrics survey system and the data
analysis tool-pack of Microsoft Excel.

Results

Atotal of 9 physicians participated in this study. All respondents
completed the survey. Participant responses are reported in
graphical form in figure 1. The corresponding table can be viewed
in the supporting information table S1 (Figure 1) (Table S1).
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Figure 1: Survey Results.

score when compared to the Olympus re-usable bronchoscope.

*Atotal of 9 respondents completed the survey. The questions were answered on a 1-100 point scale; with higher # representing a better score.
The average score is listed with 95% confidence intervals displayed. An asterisk above the bar indicates a statistically significant difference in

The Olympus reusable bronchoscope received the highest
overall score (90.8), followed by H-SteriScope (83.0), A-Scope
4 (75.2) and GlideScope BFlex (51.4). The overall score of the
Olympus re-usable bronchoscope was significantly higher than all
single-use bronchoscopes. The Olympus re-usable bronchoscope
was rated highest on average in every category except perceived
maneuverability into difficult airway segments, both with and
without a tool in the working channel. Image quality had the largest
rated difference between the Olympus reusable bronchoscopes and
the highest rated single-use bronchoscope (16.4). The difference
in image quality score was statistically significant for all single

use bronchoscopes when compared to the Olympus reusable
bronchoscope.

Of the single-use bronchoscopes, the H-SteriScope was rated
highest in all categories followed by the A-Scope 4 and GlideScope
BFlex. The H-SteriScope was noted to be more maneuverable than
the Olympus reusable bronchoscope both with and without a tool
in the working channel; this difference was statistically significant
for both questions. The Glidescope BFlex was noted to have a
significantly lower score in every domain when compared to the
Olympus re-usable bronchoscope.
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Table S1: Survey Results.

Olympus H-Steri- A S, Glidescope S,
Reusable Scope Significance | A-Scope 4 Significance BFlex Significance
87.1 71.8
Overall Comfort e | wor P=0.055 (614- L I
’ 93.5) 79.5) ’
94 (90.5- 919 81.9 73.1 (57.6-
Ease of reaching the suction button 97.5) (‘;8;)71) P=0.11 (73.8-90) P=0.01 88.6) P=0.02
81.6 74.0
Image Quality 98'20(8)5'3- (75.8- P<0.001 (66.5- P<0.001 53',‘7}0(32‘?'5- P<0.001
87.3) 81.5) ’
. e 89.3 78.0
Maneuverability during initial airway 94.2 (89.9- (82.7- P=0.26 (69.2- P=0.005 58.8 (45.4- P<0.001
inspection 98.5) 9 '0) e 86 .8) e 72.2) :
da s . 96.7 83.3
Maneuverability into difficult segmental 85 (79.7- (93.2- P<0.001 (72.4- P=0.80 55.6 (40.9- P=0.006
airways - no tool 90.3) 10(')) ’ 94 '3) e 70.2) e
93.7 80.0
Ease of tool insertion 94'39(%9'4_ (88.8- P=0.72 (72.2- P=0.004 64';8(3())'2_ P<0.001
’ 98.5) 87.3) ’
e e 97.2 84.7
Maneuverability into difficult segmental | 81.1 (74.3- (94.3- P<0.001 (74.2- P=0.64 49.3 (36.3- P=0.001
airways - tool in channel 87.9) 10(')] : 95 '2) e 64.2) e
83.0 75.2
Overall Assessment/score 90'34(?);'6- (77.4- P=0.02 (70.6- P<0.001 51.:6(3?0- P<0.001
’ 88.6) 79.9) ’

*A total of 9 respondents completed the survey. The questions were answered on a 1-100 point scale; with higher # representing a better score. The
average score is listed with 95% confidence intervals in parenthesis next to average score.
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Figure 2: Percentage of respondents able to engage difficult segmental airways without a tool in the working channel.
*The percentage of respondents able to access each of the difficult airway segments is presented for each bronchoscope.
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Respondents reported their ability to access each of the four
proposed difficult airway segments (Figure 2,3). The H-SteriScope
was able to engage the greatest percentage of difficult segments
without a tool (100%) followed by the Olympus reusable
bronchoscope (94.4%) and A-Scope 4 (94.4%). The GlideScope BFlex
was able to engage the fewest segments (69.4%). The H-SteriScope
was also able to access the greatest percentage of difficult airway
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segments with a tool in the working channel (100%). The A-Scope 4
was able to access a greater percentage of difficult airway segments
(91.7%) than the Olympus reusable bronchoscope (80.6%) with
a tool in the working channel. The GlideScope BFlex was able to
engage the fewest segments with a tool in the working channel
(38.9%). The tables corresponding to figures 2 and 3 can be found
in supporting information, (Tables S2, S3).
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Figure 3: Percentage of respondents able to engage difficult segmental airways with a tool in the working channel.
*The percentage of respondents able to access each of the difficult airway segments is presented for each bronchoscope.

Table S2: Number of respondents successfully accessing difficult sub-segment, no tool.

Olympus Reusable H-Steriscope AMBU A-Scope 4 Glidescope BFlex
RB1 8/9 9/9 8/9 5/9
LB 1/2 9/9 9/9 9/9 7/9
RB6 9/9 9/9 8/9 7/9
LB6 8/9 9/9 9/9 6/9

Engagement of difficult segmental airways without tool in working channel. The number of respondents who successfully engaged the segment is

noted the numerator; the denominator is the total number of respondents.

Table S3: Number of respondents successfully accessing difficult sub-segment with tool.
Olympus Reusable H-SteriScope Ambu A-Scope 4 Glidescope BFlex
RB1 4/9 9/9 7/9 1/9
LB 1/2 9/9 9/9 8/9 2/9
RB6 9/9 9/9 9/9 7/9
LB6 7/9 9/9 9/9 4/9

Engagement of difficult segmental airways with a tool in working channel. The number of respondents who successfully engaged the segment is noted

the numerator; the denominator is the total number of respondents.
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Average time to suction 30mL of fluid was similar between the
Olympus reusable bronchoscope (5.47 seconds), GlideScope BFlex
(5.82 seconds) and A-Scope 4 (5.97 seconds). The H-SteriScope was
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significantly slower to suction 30mL of fluid (10.79 seconds) (Table
2).

Table 2: Suction times for each bronchoscope.

Olympus Reusable H-SteriScope AMBU A-Scope 4 GlideScope BFlex
Time (sec)* 5.47 (4.91-6.03) 10.79 (7.74-13.84) 5.97 (5.45-6.49) 5.82 (5.35-6.29)
Significance P=0.02 P=0.12 P=0.15

*The total time required for each bronchoscope to suction 30cc egg white solution. Each bronchoscope underwent three trials; average time plus

standard deviation is displayed.

In terms of qualitative survey results, most respondents who
chose to provide written feedback noted that the GlideScope BFlex
had least ideal overall performance in terms of maneuverability and
visualization. The Olympus reusable bronchoscope was the most
favored given its superior image quality. The operator qualitative
feedback and raw survey data is available upon request.

Discussion

Most prior studies of single-use bronchoscopes have focused
specifically on their performance during anesthesia procedures
such as bronchoscopic intubation and have not collected operator
feedback on the performance of these bronchoscopes during
routine pulmonary procedures. During the COVID-19 pandemic,
there has been an increased utilization of single-use bronchoscopes
to perform ICU bronchoscopies [6-8] and this has again stimulated
interest in utilizing single-use bronchoscopes for pulmonary
procedures [9].

In this study, we compared operator perception of three
single-use bronchoscopes to the standard re-usable bronchoscope.
Despite the small sample size of our study, we were able to find
significant differences in operator perception of each of the single
use bronchoscopes compared to the re-usable bronchoscope. Most
notably, no single use bronchoscope was preferred over a re-usable
bronchoscope. Overall, however, the H-Steriscope was the most
favorably rated single use bronchoscope. The GlideScope BFlex
fared the worst in our study population and was rated significantly
lower on every domain.

Operators noted that the visualization and overall performance
of the reusable bronchoscope exceeded that of all the comparator
single-use bronchoscopes. However, both perception of
maneuverability and ability to engage difficult airway segments
favored the H-SteriScope over the re-usable bronchoscope. This
performance is of particular interest given the H-SteriScope’s
maneuverability was preserved both with and without a tool in the
working channel. However, suctioning capability of the H-SteriScope
was notably worse than any of the other bronchoscopes studied,
suggesting there is not yet a consensus best-in-class device. It is

worthwhile to note that the single use bronchoscope market is

evolving rapidly and that in the future the image quality of single
use bronchoscopes may reach that of re-usable bronchoscopes.

Tool-in-channel deflection, as defined by the difference in the
angle of the working channel with and without a tool in place is of
particular interest when more distal or apical targets are sought
[10,11]. Our data suggests a trend toward decreased deflection in
two of the single-use bronchoscopes (H-SteriScope and A-Scope
4) as indicated by the preserved percentage of difficult airway
segments accessed with and without a tool in the working channel
when compared to the reusable bronchoscope. While our study was
not designed to make this conclusion, it could indicate an area of
further research to specifically look at this characteristic.

Our study has several limitations. It is a single-center, non-
blinded study with a small study sample and the bronchoscopes
were utilized in an ex-vivo airway model. As such, the rated
performance may differ when the bronchoscopes are employed
for pulmonary procedures in patients. Specifically, the ex-vivo
model does not allow comparison of the performance of each
bronchoscope when blood and mucous are present in the airway;
the ability of the bronchoscope’s image processer to adjust for this
may differ between models. Additionally, while the ex-vivo model
simulates bronchoscopy under general anesthesia, it does not
simulate bronchoscopy in a patient who is coughing vigorously.
The performance of each bronchoscope when significant patient
motion is present may differ from their performance in the ex-
vivo model. With that said, we have used the H-SteriScope for
pulmonary procedures including alveolar lavage, trans-bronchial
and endobronchial biopsies, balloon dilation and cryotherapy and
in our experience this single-use bronchoscope is able to provide
the visualization and maneuverability needed for most basic
procedures under moderate sedation and general anesthesia.
Therefore, we suspect the operator ratings we obtained in this

study would translate into in-vivo use.

In the future, studies should focus on formally collecting
operator perception of the single-use bronchoscopes on the market
in the performance of pulmonary procedures. A standardized
analysis tool would also allow for ongoing evaluation as newer
models of these devices reach the market. A larger study population
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would allow more robust comparison to be made between systems
and help hospitals and medical practices decide on which single-
use bronchoscope best fits their needs. Additionally, more in depth
analysis of the cost-effectiveness of single-use bronchoscopes would
better characterize the benefits or disadvantages of employing
these devices in a broader clinical context [12-14].
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