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Aim: Single-use endoscopes have become of interest across a multitude of procedure types given the risk
of cross-contamination and availability of scopes; the performance capability of a single-use scope has
not formally been evaluated for the flexible endoscopic evaluation of swallowing (FEES) indication. The
primary objective was to measure FEES procedural success with single-use rhinolaryngoscopes without the
need for a secondary scope, while the secondary objective was to evaluate the overall performance and
usability of the single-use platform. Materials & methods: Twenty-three speech–language pathologists
across 16 sites performed FEES procedures with the Ambu aScope 4 RhinoLaryngo Slim. After the
procedures, participants completed a nine-question survey questionnaire. A five-point rating system
was used to quantify scope performance. Mean ratings were calculated and a one-sample t-test was
performed. Results: The primary end point of procedural success was achieved in 100% of procedures. Of
the nine performance metrics captured for aScope 4 RhinoLaryngo Slim, six received a score of excellent
by 100% of participants with the lowest score being a 4.2. Conclusion: Single-use rhinolaryngoscopes can
successfully perform FEES procedures without additional scoping needed, and received high performance
ratings among users. Level of evidence: 4.

Plain language summary
What is this article about? This study measured the ability of single-use rhinolaryngoscopes to
successfully complete flexible endoscopic evaluation of swallowing (FEES) procedures. The performance
and evaluation of single-use rhinolaryngoscopes for these procedures had not been formally evaluated,
and this study aims to show that these scopes can successfully perform FEES without the need of additional
equipment, or secondary endoscopes. Additionally, this study evaluates the endoscope user’s opinions on
the performance of the single-use rhinolaryngoscope for these procedures.
What were the methods & results? Twenty-three speech–language pathologists participated in this study,
and each performed a FEES procedure using the single-use scope. One hundred percent of the procedures
performed with single-use rhinolaryngoscopes were successfully completed without the need for a
secondary reusable rhinolaryngoscope. Additionally, users completed qualitative performance surveys
after the procedure and gave strong ratings for the single-use scope, with 6 of 9 performance metrics
receiving an average score of 4 or higher (out of 5).
Why is this important? By showing the user’s perspective on the scope’s performance, other speech–
language pathologists and users of flexible rhinolaryngoscopes can reference this data when considering
implementing a single-use endoscopy system to alleviate workflow and scope availability issues, to more
readily perform FEES when needed.
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Flexible endoscopic evaluation of swallowing, or FEES, is a frequently performed procedure to assess and diagnose
issues with swallowing, known as ‘oropharyngeal dysphagia.’ Oropharyngeal dysphagia describes issues with swal-
lowing that occur in the mouth and throat, and most commonly result from impaired muscle or sensory changes,
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growths and obstructions of the mouth or throat [1]. During the procedure, a physician, or more commonly a
speech–language pathologist, passes a thin, flexible endoscope through a patient’s nose to observe the pharynx and
larynx during the swallowing function [2]. The speech–language pathologist will initially observe the pharynx and
larynx structure during a patient’s swallow function, followed by an introduction of foods and liquids to assess how
well the patient swallows different textures and sizes of items [2]. Traditionally, these procedures were primarily lead
by ear, nose and throat (ENT) physicians with the assistance of an speech–language pathologist and were viewed
as ‘fringe procedures’ [3]. In 2001, as more evidence solidified the instrumental role of FEES in dysphagia man-
agement, the American Speech Language Hearing Association added the FEES procedure to the scope of practice
for speech–language pathologists [3], opening the door for the expansion of this procedure to more patients and
settings. Since this expansion, coupled with growing evidence of the advantages of FEES [4,5], the demand for the
procedure has grown significantly [6]. Between 2003 and 2018, the number of FEES procedures billed to Medicare
grew from 2549 to 8442, respectively [6]. As the demand for FEES continues to grow – including increased patient
populations and expanding points of care, it is important for clinicians to have the equipment and processes in
place in order to provide timely diagnoses for patients.

While ENT physicians may still perform FEES, one aspect that may contribute to procedure growth is the
expansion of speech–language pathologists performing FEES across multiple departments and settings. In most
instances, speech–language pathologists performing FEES have a small inventory and/or limited access to reusable
endoscopes, which sometimes leads to inconvenient scheduling issues or procedural delays. Additionally, these
endoscopes require significant cleaning and reprocessing of more than 100 individual steps [7,8] after each procedure
to ensure a safe and patient ready device [6]. A full reprocessing cycle of a reusable endoscope has been estimated to
require 76 min to complete [8] and may require additional time if the hospital or clinic adheres to updated guidelines
such as the ANSI/AAMI ST91 endoscope reprocessing standards [9]. Mishandling of the endoscope during the
reprocessing cycle can also lead to damages requiring repair, or even contamination of the device. Recent evidence
showed visible damage and debris was observed with 100% of fully reprocessed endoscopes, which required repairs
or full endoscope refurbishment [10] which can lead to significant equipment unavailability, impacting when and
where clinicians can perform these procedures.

To address this issue, hospitals and clinics would need to invest in more reusable endoscopes for their speech–
language pathologists or expand their reprocessing resources to keep up with instrument readiness needs. This
capital outlay, compounded with reusable endoscope reprocessing, repairs and service contracts, may not be
a feasible option for hospitals looking to expand the use of FEES. Given the cost and operational efficiency
implications addressed above, single-use rhinolaryngoscopes may solve these issues and enable simple expansion
of rhinolaryngoscopy points of care by providing a sterile, transportable endoscope that is always available. These
single-use scopes also have an all-in-one imaging display for capturing images and video for documentation and
review. Single-use rhinolaryngoscopes were first brought to market following US FDA approval in 2019 (Ambu
A/S, Ballerup, Denmark) and were designed to clinically operate and function similarly to the reusable standard
of care. As interest has grown in single-use endoscopy across specialties, other manufacturers such as Karl Storz [11]

and Olympus [12] have brought their own single-use rhinolaryngoscopes to market. The performance capability of
single-use rhinolaryngoscopes has not been formally evaluated for the FEES indication, where timely reprocessing
and/or sterilization may not always be feasible or available. The primary objective of this study was to measure
FEES procedural success with single-use rhinolaryngoscopes (Ambu aScope™ 4 RhinoLaryngo Slim), meaning the
ability to perform the procedure without the use of a secondary endoscope. The secondary objective was to evaluate
the overall performance and usability of the single-use rhinolaryngoscope (Ambu aScope™ 4 RhinoLaryngo Slim)
platform.

Materials & methods
This study was reported following the Standards for Reporting Qualitative Research [13] guidelines for reporting
qualitative research. A total of 23 speech–language pathologists and one speech–language pathologist student from
16 sites were identified to participate in this study. The facilities included represent a national sample including
facilities in Alabama, Colorado, Kentucky, Maryland, Nevada, New York, Pennsylvania, Virginia, Texas, and
Washington DC (USA) where clinicians worked across long-term acute care facilities, academic and nonacademic
medical centers. All 23 clinicians, excluding the student, performed a FEES exam with the Ambu aScope™ 4
RhinoLaryngo Slim and the aView™ 2 Advance monitor (i.e., single-use rhinolaryngoscope and monitor), which
were not provided by the manufacturer for the purpose of this study. Facilities that currently utilized the aScope™ 4
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Table 1. Summary of Survey Results.
Attribute Overall rating Excellent (rating of

4–5)
Acceptable (rating
of 3-2)

Less than acceptable
(rating of 1)

p-value

Ease of use 4.8 100% (23/23) – – p � 0.001

Overall quality and functionality 4.4 95% (22/23) 5% (1/23) – p � 0.001

Look and feel 4.7 95% (22/23) 5% (1/23) – p � 0.001

Ease of insertion/airway inspection 4.8 100% (23/23) – – p � 0.001

Bending capability/maneuverability 4.8 100% (23/23) – – p � 0.001

Stiffness of insertion cord 4.5 90% (21/23) 10% (2/23) – p � 0.001

Image quality and monitor performance 4.2 90% (21/23) 10% (2/23) – p � 0.001

Single-use concept/no cross-contamination risk 5.0 100% (23/23) – – p � 0.001

Accessibility/convenience/speed of setting up 5.0 100% (23/23) – – p � 0.001

Overall performance (n = 23) 4.6 100% (23/23) – – p � 0.001

Overall performance (n = 24)† 4.6 100% (24/24) – – p � 0.001

†The student only completed ratings for ease of use, overall quality and functionality. With the inclusion of their rating for these 3 categories the overall ratings remained the
same.

RhinoLaryngo Slim and performed FEES were identified. At each identified facility, speech–language pathologists
who performed FEES previously, maintained their FEES competency and had previously used reusable flexible
rhinolaryngoscopes for FEES exams were recruited. Each procedure was performed on a patient who previously
met the parameters for a swallow study and had a FEES exam ordered by their physician. The speech–language
pathologist student did not perform a FEES procedure with the single-use rhinolaryngoscope and is therefore not
included in the primary outcome.

Once clinicians completed a FEES exam, a survey questionnaire with a five-point rating system to quantify the
product performance from Unacceptable (1) to Excellent (4–5) was given, with the midpoint rating Acceptable
(2–3). This survey (Appendix 1) was developed by the authors and included various performance characteristics
commonly used in endoscope comparison including ease of use, overall quality and functionality, look and feel
of the scope, ease of insertion/airway inspection, bending capabilities/maneuverability, stiffness of insertion cord,
image quality and monitor performance, single-use concept, accessibility/convenience, and overall performance.
Once the data were complete, simple averages and proportions were calculated for each of the variables. For
summary and presentation purpose, ratings of 4 and 5 were considered excellent, 2 and 3 acceptable, and 1 as
nonacceptable. The speech–language pathologist student completed the survey and provided feedback on the
single-use rhinolaryngoscope. The results are displayed with and without the speech–language pathologist student’s
responses, as they did not perform a FEES procedure prior to completing the survey. Mean ratings for each
performance metric captured in the survey were calculated and a one-sample t-test was performed for each variable.

Institutional Review Board approval was deemed not necessary or sought after for this study, as no patient data
were collected and the single-use rhinolaryngoscopes were already approved and in-use at the respective facilities.

Results
Of the 23 FEES evaluations performed with single-use rhinolaryngoscope and monitor, 23/23 were completed
without the use of a secondary scope, resulting in 100% procedural success. The number of attempts to pass the
single-use rhinolaryngoscope prior to procedural success were not captured, but it is of note that no secondary
scopes were required to complete the procedure.

Results from the survey can be found in Table 1. Proportions of ratings were calculated for each metric and can
be found in Figure 1.

The overall rating of the single-use rhinolaryngoscope and monitor was 4.6 with 100% of participants rating the
scope performance excellent. Furthermore, 100% of those who used the scope for a FEES procedure found the scope’s
overall performance to be excellent (4.6). In addition to overall rating, ease of use (4.8), ease of insertion/airway
inspection (4.8), bending capability/maneuverability (4.8), single-use concept/no cross-contamination risk (5.0),
and accessibility/convenience/speed of setting up (5.0), were all rated as excellent with 100% of respondents rating
these variables as either a 4 or a 5. Overall quality and functionality as well as look and feel were both rated excellent
by 95% of participants (4.4 and 4.7, respectfully). At last, both stiffness of insertion cord (4.5) and image quality
and monitor performance (4.2) were rated as excellent by 90% of participants.
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Figure 1. Proportions of respondent survey ratings by performance metric.

Discussion
The introduction of single-use endoscopes for use in FEES procedures could play a key role in keeping up
with the growing demand [6]. Speech–language pathologists and clinicians who utilize single-use endoscopes are
enabled to take the procedure to the patient at any time, without being limited to specific procedure rooms with
stationary endoscopy equipment, worrying about delays due to endoscope reprocessing, or having to transport
burdensome endoscopy towers throughout the hospital. In addition to the ease and availability of the single-use
scope, the portable high-powered display allows for necessary and required recording and documentation [6], further
demonstrating the added compatibility and ease in utilizing single-use scopes for these procedures. Other areas in
medicine that utilize endoscopes, such as endourology, have seen investigators investigate the workflow impact of
single-use endoscopes. One investigation found that the utilization of single-use cystoscopes, with the ease-of-use
and portability features, has enabled facilities to perform procedures in new settings while freeing up operating
rooms for more elective surgeries and procedures [14].

While our findings highlight the high rating and performance capability of single-use rhinolaryngoscopes for
speech–language pathologists, this study is not without limitations.

First, the size of our study included 23 speech–language pathologists and did not evaluate multiple FEES
procedures with the single-use platform which may impact the ratings provided. Additionally, participants did
not evaluate a reusable flexible rhinolaryngoscope or other single-use comparator during the study. Therefore,
these results may not be generalizable across all single-use manufacturers, users and facilities in the US and does
not capture the comparative performance capability of reusable flexible rhinolarygnoscopes for FEES, which are
commonly used in practice today.

Second, the cost to perform a FEES procedure will vary across facilities. In one recent study, one reusable flexible
nasopharyngolaryngoscope and digital video tower with components amounted to more than $33,000 [15] alone,
without including the costs of repairs or reprocessing annually. Cost to perform FEES with reusable endoscopes and
accompanying equipment will depend on procedural volumes, quantity of reusable endoscopes available for FEES
use, and method of reprocessing the reusable endoscopy equipment, among others. Single-use rhinolaryngoscopes
offer a fixed cost per scope and avoid the variable costs associated with reprocessing, services and repairs. The cost
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per single-use scope may vary depending on volume agreements and contracts but has been shown to cost as much
as $170.36 per procedure in peer-reviewed evidence [15].

Physicians and speech–language pathologists exploring the expansion of their FEES procedures or the option
of developing a mobile FEES department or capability should evaluate the required equipment [3], the annual
FEES case load and various procedure settings to better understand the respective costs. In addition to financial
implications of single-use endoscopy related to FEES procedures, there has not been a published investigation
into the impact on organizational workflow that speech–language pathologists could experience with single-use
rhinolaryngoscopes. A full investigation evaluating procedure duration, transportation, set up, and annual patient
throughput should be captured to measure the magnitude of impact that single-use rhinolaryngoscopes may have.

Conclusion
Speech–language pathologists successfully completed 100% of the FEES procedures with single-use rhinolaryn-
goscopes. The scopes received a high overall rating and scores across each performance measure in the survey,
demonstrating that single-use rhinolaryngoscopes can be utilized for FEES procedures. By eliminating the avail-
ability and portability concerns of traditional endoscopy equipment and possessing the documentation capabilities
required for FEES, single-use rhinolaryngoscopes can meet the growing demand of FEES procedures and create
a streamlined workflow. A faster, more mobile procedure design could assist in the expansion of FEES into more
diagnostic areas, such as an ENT indication for assessing laryngopharyngeal reflux or for patient assessment for
discharge after extubation [6]. Laryngopharyngeal reflux is primarily an ENT indication but presents an area of
potential expanded use of FEES across healthcare settings. Single-use rhinolaryngoscopes were shown to successfully
complete FEES procedures, and may provide significant cost and workflow benefits for clinicians across multiple
settings as the demand and utilization of FEES continues to grow.

Summary points

• Single-use endoscopes are of interest across a multitude of procedure types given the risk of cross-contamination,
and availability of scopes.

• This study aimed to measure flexible endoscopic evaluation of swallowing (FEES) procedural success with
single-use rhinolaryngoscopes without the need for a secondary scope.

• It also evaluated the overall performance and usability of the single-use platform.
• A total of 23 speech–language pathologists across 16 sites performed FEES procedures with the Ambu aScope 4

RhinoLaryngo Slim, after which participants completed a nine-question survey questionnaire. A five-point rating
system was used to quantify scope performance.

• The primary end point of procedural success was achieved in 100% of procedures.
• Of the nine performance metrics captured for aScope 4 RhinoLaryngo Slim, six received a score of excellent by

100% of participants with the lowest score being a 4.2.
• It was concluded that single-use rhinolaryngoscopes can successfully perform FEES procedures without additional

scoping needed, and received high performance ratings among users.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at: https://bpl-prod.literatumonline.
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