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Abstract
Objective: Assess the quality of a new disposable nasopharyngolaryngoscope (NPL)
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through resident feedback at multiple academic institutions and provide a cost analysis of reusable and disposable NPLs at a single academic center.
Study Design: An online survey was distributed to residents at institutions throughout the United States that have implemented use of a disposable NPL (Ambu aScope
4 Rhinolaryngo).
Setting: Cost analysis performed at a single academic center. Resident survey distributed to multiple residency programs throughout the United States.
Subjects and Methods: The survey collected demographic information and asked residents to rate the new disposable NPL and other reusable NPLs using a 5-point Likert
scale. A cost analysis was performed of both reusable and disposable NPLs using
information obtained at a single academic center.
Results: The survey was distributed to 109 residents throughout the country and
37 were completed for a response rate of 33.9%. The disposable NPL was comparable to reusable NPLs based on ergonomics and maneuverability, inferior in imaging
quality (P < .001), and superior in setup (P < .001), convenience (P < .001), and rated
better overall (P < .04). The disposable NPL was found to be cheaper per use than
reusable NPLs at $171.82 and $170.36 compared to $238.17 and $197.88 per use
for the reusable NPL if the life span is 1 year and 5 years respectively.
Conclusion: Disposable NPLs may offer an alternative option and initial feedback
obtained from resident physicians is favorable. Cost analysis favors disposable NPLs
as the cost-effective option.
Level of Evidence: NA.
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scale rating to assess resident feedback on the ease of learning to use
the NPLs. The survey utilized a 5-point Likert scale to assess resident

Nasopharyngolaryngoscopy (NPL) is widely used within the field of

feedback on imaging quality, maneuverability, ergonomics, setup, con-

otolaryngology and allows the operator the ability to fully evaluate

venience, and overall ratings. Imaging was explained as the visual

the upper aerodigestive tract. It is an essential tool in the diagnosis of

quality seen on screen or through the NPL. Maneuverability was

voice disorders, locating foreign bodies, diagnosis of head and neck

described as the ease with which the NPL was passed through the

cancers, evaluation of the acute airway, and evaluation of many other

upper aerodigestive tract and includes size and tip bending of the

disorders of the upper aerodigestive tract.1,2 NPL also has therapeutic

NPL. Ergonomics was described as feel of the NPL in the hands

uses including aiding in removal of foreign bodies, vocal cord injec-

including weight, shape, and texture. Setup was described as the ease

tions, and use of laser to remove vocal cord lesions.3

of setting up the NPL for use including connecting to a screen, focus-

NPLs are used both in the clinic setting and within the hospital

ing the NPL, and aligning the camera. Convenience was described as

for inpatient and emergency department consultations. In between

the ease of obtaining the NPL within the hospital along with neces-

uses, the reusable NPL requires reprocessing given their exposure to

sary equipment, transporting the NPL and necessary equipment, and

blood, body fluids, and microorganisms to avoid cross-contamination

disposing of the NPL and necessary equipment following the

4

and this process requires time and resources.

procedure.

Similar to NPLs, bronchoscopes also require reprocessing

A Web-based anonymous survey (www.surveymonkey.com) was

between uses. In recent years, a single-use or disposable version of

created. IRB exemption was obtained from SUNY Upstate Institu-

the bronchoscope has been introduced and is widely used in a variety

tional Review Board given that no patient information would be used.

of clinical settings, negating the need for reprocessing. Several studies

The survey was designed to be anonymous. A link to the survey was

have compared the cost of reusable bronchoscopes to disposable

then sent to program directors of the listed institutions and asked to

bronchoscopes. These studies have shown that the disposable bron-

be forwarded to the residents. Residents were chosen to complete

choscopes are comparable in cost to reusable bronchoscopes and that

the survey because, similar to the study institution, they are likely per-

cost of reusable bronchoscopes depends on the initial purchasing cost

forming the majority of inpatient NPLs and more likely to have used

of the bronchoscopes, cost of maintenance and repairs, the cost of

the disposable NPL. Emails of individual residents were obtained from

reprocessing, and the number of uses of the bronchoscopes.5-8

residency websites and a link to the survey sent to residents from six

Within the past year, a single-use or disposable version of the

of the institutions.

NPL has been produced and implemented at several institutions

The survey was available for response from February 2nd, 2020

within the United States. Currently there is no study in the literature

until March 18th, 2020. The mean response rating was calculated for

evaluating the cost of reusable NPLs compared to disposable NPLs. In

each category based on responses and a t test was then performed to

addition, there is no published literature that evaluates resident feed-

compare responses for the disposable NPL to responses for all other

back on the use of disposable NPLs. This study sought to provide a

reusable NPLs. The Karl Storz NPL was the most commonly cited

cost analysis of reusable NPLs at an academic center to be compared

other NPL and a t test was performed to compare responses for the

to the cost of disposable NPLs as well as obtain initial feedback from

disposable NPL to responses for the Karl Storz NPL. A t test was per-

residents at institutions regarding disposable NPLs in comparison to

formed to compare responses regarding the ease of learning to use

reusable NPLs.

the disposable NPL to other NPLs. A P-value of <.05 was considered
significant.
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Cost analysis

Resident survey
Information was obtained from the study institution for cost analysis

A list of institutions with otolaryngology residency programs that had

of the reusable NPLs including the cost of the initial purchase of the

instituted use of the Ambu aScope 4 Rhinolaryngo was obtained from

NPLs and necessary equipment, number and cost of repairs in a year-

the Ambu Incorporation. The Ambu aScope 4 Rhinolaryngo is a dis-

long span from October 1st, 2018 until September 30, 2019. In addi-

posable version of an NPL intended for single use and requires con-

tion, the costs associated with reprocessing of the NPLs including

nection to an Ambu monitor for viewing with the capability to record

staff wages, time, and materials were obtained. The cost of the dis-

and still-capture images during the procedure. The list included a total

posable NPL and associated monitor was also obtained.

of nine institutions with otolaryngology residency programs. One of

To ascertain the number of uses of the NPLs, the medical record

the institutions has residents from two separate residency programs

was queried utilizing keywords including nasopharyngolaryngoscopy

rotate at the hospital.

and nasopharyngo-laryngoscopy from October 1st, 2018 until March

A survey was then designed to obtain feedback from residents

31st, 2019. These keywords were chosen based on medical record

including demographic information and feedback for both the dispos-

templates used for documenting the procedure. Next, the resulting list

able NPL and other reusable NPLs. The survey utilized a 3-point Likert

was cross-referenced with the patient charts to confirm the
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procedure was performed. This included only procedures performed

The ratings of the disposable NPL against all other reusable NPLs

within the hospital as consults or on admitted patients. It did not

and the ratings of the disposable NPL against the Karl Storz reusable

include outpatient procedures. The time frame was prior to implemen-

NPL are summarized in Table 2. Respondents felt that the disposable

tation of the disposable NPL and therefore all procedures were per-

NPL was inferior in imaging quality to both all reusable NPLs as well

formed using reusable Karl Storz NPLs. Information was then used to

as the Karl Storz NPL. Respondents felt that the disposable NPL was

calculate the cost of an individual use of the reusable NPLs.

comparable in both maneuverability and ergonomics compared to all

The calculations are based in part on a similar study that com-

reusable NPLs as well as the Karl Storz NPL. Respondents felt that the

pared the per-use cost of reusable and disposable bronchoscopes.9

disposable NPL was superior to other reusable NPLs and the Karl

The initial cost, maintenance, and repair fees were totaled and a per-

Storz NPL in terms of setup and convenience. Respondents rated the

use cost was calculated based on the annual uses of scopes. First, the

disposable NPL more highly overall than all reusable NPLs and more

purchasing prices of the reusable scopes were divided by the annual

highly than the Karl Storz reusable NPL. Respondents rated the dis-

number of uses and a lifespan of 1 and 5 years. The Karl Storz online

posable NPL as easier to learn with average response of 2.9 compared

catalog does not list a specific life span for their NPL; it says “superior

to 2.7 for all reusable NPLs (P < .04).

life span due to robust mechanical design.” Therefore the cost analysis
evaluated the NPL's based on 1 and 5 years as outpatient clinics at
the study institution have observed life spans of the endoscopes up

3.2
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Cost analysis

to 5 years. Next, this cost was added to the annual repair fee, again
divided by the annual number of uses. Finally, maintenance and labor

The cost analysis for both the reusable and disposable NPL was con-

fees for each reprocessing were then added to determine the per-use

structed and calculated to produce a per-use cost for each. The oto-

cost of the reusable NPLs.

laryngology department at the study institution performed 330 NPLs
from October 1st, 2018 through March 31st, 2019 using reusable
NPLs. Extrapolated to 1 year, the otolaryngology department would

3
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perform approximately 660 NPLs. Table 3 summarizes the cost of purchase of the six NPLs utilized by the otolaryngology department and
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Resident survey

the cost of necessary equipment including two light sources for the
NPL, a charger for the light sources, the C-MAC monitor for viewing,

After emails were sent to 10 program directors and directly emailed

and the VIP Pole which is a cart that allows transport of the monitor.

to 99 residents at six institutions, the survey was distributed to a total

The total cost for this equipment was $33 240.69.

of 109 residents and a total of 37 (33.9%) responses were collected.

The total cost of repairs from October 1st, 2018 through

Six of the respondents indicated within the survey that they do not

September 30, 2019 was $106 325 for the year. There were a total of

use the disposable NPL and did not complete the remainder of the

28 repairs.

survey. Therefore, 31 responses were included in data analysis.

The reprocessing fees for the reusable NPL included materials

Demographic information of resident respondents can be seen in

and labor costs. The additional costs of the machinery for

Table 1. None of the institutions that have implemented the dispos-

reprocessing along with detergents and acid solutions were not

able NPL were from the Pacific Coast/Northwest. Most respondents,

included as they are used to reprocess all endoscopes within the hos-

96.77%, indicated that the disposable NPL is used for consults within

pital. Labor fees included the hourly wages of central sterile staff

the hospital. The Karl Storz reusable NPL was most commonly cited

which averages $18.00/hour and the time to re-process which was

as another NPL that respondents were most familiar with at 87.5%

reported to be approximately 2 hours, although this was calculated as

(27 of 31 respondents) and this was commonly used for both consults

an estimate for 1 hour as a portion of the reprocessing time requires

within the hospital (93.75%) as well as in outpatient clinics (87.5%).

disinfection and sterilization in an automated reprocessor.

TABLE 1

Respondent demographic information

Age

25-30

31-35

26 (70.27%)

11 (29.73%)

Gender

Male

Female

24 (64.86%)

13 (35.14%)

PGY level

PGY-1

PGY-2

6 (16.22%)

8 (21.62%)

7 (18.92%)

9 (24.32%)

7 (18.92%)

Residency location

Northeast

Southeast

Midwest

Southwest

Pacific Coast/Northwest

18 (48.65%)

6 (16.22%)

11 (29.73%)

2 (5.41%)

0 (0.00%)

Note: Demographic information of the resident respondents to the survey.

PGY-3

PGY-4

PGY-5
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Ambu vs reusable

TABLE 2
averages

Ambu vs Karl Storz

Ambu

Reusable

P-value

Ambu

Karl Storz

P-value

Imaging

3.8

4.5

<.001

3.9

4.6

<.001

Maneuverability

4.3

4.5

<.09

4.3

4.6

<.2

Ergonomics

4.4

4.3

<.8

4.5

4.3

<.4

Setup

4.4

3.5

<.001

4.4

3.5

<.001

Convenience

4.6

2.9

<.001

4.7

2.9

<.001

Overall

4.4

4.0

<.04

4.4

4.0

<.01

Respondent rating

Note: Mean rating of respondents for each category including P-value. The mean ratings on the left
compares the Ambu disposable NPL to all other reusable NPLs and includes 31 respondents. The column
on the right compares the Ambu disposable NPL to the Karl-Storz NPL and includes 27 respondents.

TABLE 3

Cost listing for reusable NPLs

Number of uses

The cost of the disposable NPL was reported as $170 and the
660

monitor cost $1200. Divided over 660 uses, the cost of the monitor

Initial purchase of NPL

24 008.25

adds $1.82 to each procedure in 1 year. Therefore, the per-use cost

Initial purchase of light sources

1590

of the disposable NPLs for 1 year is $172.82 and for 5 years is

Light source charging station

771.09

$170.36.

C-MAC monitor

5858.94

Calculations for the per-use cost of the reusable NPL are summa-

VIP Pole

1012.41

rized in Table 4 and include the cost over a 1-year and 5-year span.

Total Purchase cost

33 240.69

The initial purchase price per use for 1 year is the initial cost divided

Cost of repairs

106 325

by the number of uses (33 240.69/660 uses) and was $50.36. For a
5-year life span, the cost per use is $10.07 (50.36/5). The annual per-

Maintenance fees

use cost of repairs was calculated to be $161.10 (106 325/660). The

Materials

cost of materials for reprocessing each scope was $8.71 and included

Endozyme sponge (2)

1.45

Lint-free wipes (5)

0.31

Nylon brushes (2)

2.13

Labor

endozyme sponges (2 at $1.45 each), lint-free wipes (5 at $0.31 each),
and nylon brushes (2 at $2.13). The cost of labor was $18 for approximately 1 hour of reprocessing at an hourly wage of $18.00. These
costs were added for each life span. The 1-year life span (50.36

Staff wages (hourly)

18

+ 161.10 + 8.71 + 18) totaled $238.17 per use of the reusable NPL.

Time to re-process

1 hour

The total cost per use for a life span of 5 years is $197.88.

Note: The costs of purchasing the reusable NPLs and associated
equipment, cost of repairs in a one-year time span, number of uses in a
one-year span, costs associated with materials and labor for reprocessing
of the reusable NPLs.
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Nasopharyngolaryngoscopy is a widely utilized diagnostic tool
implemented globally by otolaryngologists. Within the past year, the

Reusable NPL
1 year

T A B L E 4 Calculation of costs peruse of a single NPL

Disposable NPL
5 years

1 year

5 years

Purchase of equipment

$33 240.69

$6648.14

$1200.00

$240.00

Price per use

$50.36

$10.07

$1.82

$0.36

Repair costs

$106 325.00

N/A

Price per use

$161.10

N/A

Maintenance cost per use

$8.71

N/A

Labor cost per use

$18.00

N/A

Total cost per use

$238.17

$197.88

$171.82

$170.36

Note: Includes the cost of per-use if the initial purchase cost is spread out over 1 year, 5 year, and
15 year life. Span of the NPL and includes the initial purchase cost, cost of repairs based on 1 year, cost
of reprocessing each NPL, and cost of labor to reprocess each NPL.

5
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Ambu corporation has released a disposable version of the NPL, the

handling by a wider variety of staff who reprocess the NPLs which

Ambu aScope 4 Rhinolaryngo. As novel tools, they have not yet been

would account for the need for more repairs. The most common

extensively studied as compared to reusable NPLs. This is the first

reasons for repair included failed leak test, a hole at the distal end,

known study to assess feedback from otolaryngologists, specifically

and broken fibers.11

residents, regarding the quality of the NPL in comparison to reusable

Various studies have also commented that the sterilization pro-

NPLs. It is also the first study, to our knowledge, to analyze the associ-

cess is often inadequate and inconsistent.4 One alternative has been

ated costs of reusable NPLs at a single academic center.

the use of disposable sheaths over the NPL. However, these are still

Our study shows that the disposable NPL compares favorably to

prone to tears and do not fully eliminate the need for reprocessing of

other reusable NPLs and is preferred over reusable NPLs in terms of

the NPL.12 Given the current COVID-19 pandemic, endoscopy proce-

convenience and setup, but would benefit from improvement in imag-

dures present a high risk for transmission of the SARS-CoV-2 virus.

ing quality. It also was rated as easier to learn than traditional reusable

Studies on virucidal efficacy of chemical agents against SARS-CoV-2

NPLs; however, 100% of respondents indicated that this is not the

are not available.13 A disposable NPL would negate the need for

first NPL that they have learned to use and this difference can likely

reprocessing altogether and mitigate concern for any cross-

be attributed to previously acquired endoscopy skills. Currently the

contamination between patients.

disposable NPL is being used predominantly for consultations within

Limitations of the study include difficulty with distributing the

the hospital. Nasopharyngolaryngoscopy is frequently required for

survey to additional institutions. In addition it is unclear whether many

these consultations and has been cited as necessary in up to 48% of

of the residents that the survey was distributed to have used the dis-

cases with an additional 16% requiring rhinoscopy in one tertiary cen-

posable NPL. It was difficult to ascertain which residency programs

10

ter.

Given the frequent need for endoscopy, convenience and setup

are important factors for maintaining efficiency.

had actually implemented and utilized the disposable NPL based on
the list provided by Ambu. One of the residents responded to the

The findings of the cost analysis show that per-use, the dispos-

email indicating that they do not use the disposable NPL within the

able NPL is cost-effective compared to the reusable NPLs. The high

residency program. This residency program includes 25 residents that

per-use cost of the reusable NPL is attributable predominantly to the

were included with the 109 residents that received the survey. Resi-

high annual costs of repairs of $106 325 in the year that was used for

dents were instructed to not fill out the survey if they have not used

the cost analysis. The main factor driving the higher cost of the reus-

the disposable NPL and this likely falsely lowered the response rate. It

able NPL is the high cost of repairs. The study institution had a total

was also difficult to estimate the cost of certain materials in our cost

of 28 repairs in the one-year time span with average repair cost of

analysis of the reusable NPL including cost of detergents, acids, and

$3797.32, averaging $161.10 per use. The system in place at the

the machinery required for reprocessing and for that reason it is likely

study center involves sending in the NPL for repairs to Karl Storz.

that

Most (54%) of the time, a repair cost of $4995 was billed in exchange

underestimated.

the

per-use

cost

of

the

reusable

NPL

was

actually

for refurbished NPL to maintain an adequate supply. The clinical engineering department, in an attempt to reduce the cost of repairs, contracted a third-party repair company. However, on multiple occasions

5
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the third-party was unable to repair the NPL and a refurbished NPL
would be charged regardless. Furthermore, these repairs and

Disposable NPLs may offer an alternative option to traditional reus-

exchanges would take weeks. This delay led to multiple NPLs being

able NPLs and initial feedback from resident physicians is favorable. It

out for repair at once. In fact, it was necessary at one point for the

was rated superior in regards to setup, convenience, and rated better

study institution to revert to older NPLs in storage to avoid lapses in

overall. It was found to be comparable in regards to ergonomics and

patient care. As these endoscopes are utilized in emergent airway sit-

maneuverability. It was rated inferior regarding imaging quality. Imple-

uations, this scenario was deemed unacceptable. In the search for

mentation of the disposable NPL for use by otolaryngologists may

alternative solutions, disposable NPLs were later introduced at the

decrease cross-contamination of disease and given the results of the

study institution.

cost analysis may offer a more cost-effective option than traditional

Statham and Willging in 2010 assessed the cost of repairs on

reusable NPLs which have high associated repair costs.

NPLs at an outpatient pediatric practice over a four-year span and
reported 48 major repairs with an average cost of $3815.97 and
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