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The Cost of Being Clean: A Cost Analysis of Nasopharyngoscope

Reprocessing Techniques

Leigh J. Sowerby, MD, MHM, FRCSC ; Luke Rudmik, MD, MSc, FRCSC

Objective: Nasopharyngoscopes are an essential instrument to otolaryngologists; reprocessing them in a high-value
manner is paramount. Although several different techniques for reprocessing exist, all methods yield similar effectiveness.
Given equivalent effectiveness outcomes, a cost analysis of four nasopharyngoscope reprocessing techniques was performed.

Study Design: Cost-minimization analysis.
Methods: Four techniques were evaluated: 1) an automated reprocessor using peracetic acid (Steris System 1; Steris

Canada Inc., Mississauga, Canada), 2) an automated reprocessor using ortho-phthalaldehyde (OPA) (Cidex OPA; Advanced
Sterilization Products, Johnson and Johnson Inc., Markham, Canada), 3) a manually performed accelerated hydrogen peroxide
bath (Revital-Ox; Steris Canada Inc.), and 4) a chlorine dioxide wipe (Tristel Trio Wipes System; Tristel plc, Cambridgeshire,
U.K.). The costing perspective was a third-party payer that was adjusted to 2014 Canadian dollars. The base-case scenario
used an annual volume of 4,153 reprocessing events in a tertiary care setting, and a scenario analysis assessed the impact of
volume and capital expense.

Results: The cost per reprocessing event for the Steris (Steris Canada Inc.) automated endoscope reprocessing, Cidex
OPA (Advanced Sterilization Products), Revital-Ox (Steris Canada Inc.), and Tristel Trio Wipes (Tristel plc) were $20.58,
$14.20, $9.57, and $13.14, respectively. Scenario analysis demonstrated the Tristel Trio Wipes System (Tristel plc) was the
least expensive method in practices with low reprocessing volumes (a threshold of less than 6 events per day, or 22 per
week), whereas the Revital-Ox (Steris Canada Inc.) system was least expensive at higher volumes and became substantially
more so as volumes increased.

Conclusion: A manual accelerated hydrogen peroxide bath offers the least costly approach to nasopharyngoscope
reprocessing. The convenience and portability of the Tristel Trio (Tristel plc) system may be a good alternative for low
reprocessing volumes, or when rapid turnaround is necessary.
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INTRODUCTION
Flexible and rigid endoscopy play an important role

in the clinical evaluation of patients for many surgical
specialties and for otolaryngologist–head and neck sur-
gery (OTO–HNS) are of particular importance. Naso-
pharyngoscopy (NP) has become an integral component
of the physical examination of patients seen by OTO–
HNS; the same endoscope often is used multiple times
per day. As such, the importance of reprocessing NPs in

a time-efficient, low-cost manner while maintaining
high-quality disinfection cannot be understated.

Spaulding’s criteria are accepted internationally as
the standard classification of medical instrumentation
for decontamination.1,2 Instruments and endoscopes
(e.g., NPs) contacting any mucous membrane in the
body are classified as semi-critical devices. In Canada
and the United States, it is recommended that semi-
critical devices must undergo high-level disinfection or
ideally be sterilized during reprocessing.1,3

High-level disinfection eliminates bacteria, viruses,
mycobacteria, and most spores. Traditionally, NPs were
manually reprocessed in clinic, most commonly with glu-
taraldehyde. However, glutaraldehyde by and large has
been replaced by other disinfectants due to the health
risk it poses to reprocessing staff during physical con-
tact. In addition, many guidelines now generally require
that reprocessing be separated from patient space in a
centralized area for high-level processing and encourage
automated endoscope reprocessing (AER) over manual
reprocessing to minimize the risk of error.1,3 These rec-
ommendations not only result in increased turnaround
time for NP utilization in a clinical setting but also
increase the wear and tear on NPs, thereby increasing
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the risk of damage and the need for costly repair to the
endoscope.

Purpose
Given the implications of current NP reprocessing

recommendations, such as using automated high-level
reprocessing in an area separated from clinical space,
NP reprocessing needs to be optimized toward high-
value practice for which safety, effectiveness, time, and
costs are all considered. The objective of this article is to
critically evaluate the costs associated with four common
methods of NP reprocessing using a cost-minimization
analysis. A cost-minimization analysis was selected
given that best available evidence suggests each of the
four reprocessing techniques evaluated in this study
have similar effectiveness outcomes in terms of disinfec-
tion efficacy and risk of iatrogenic transmission.

Outcomes from this study will help OTO–HNS
departments and clinics choose the highest value tech-
nique available for their particular reprocessing require-
ments; more importantly, they will help clinicians
advocate for appropriate policy that optimizes the value
of NP reprocessing in both Canada and the United
States.

MATERIALS AND METHODS

Overview
A cost-minimization analysis was performed evaluating

four NP reprocessing techniques: 1) AER decontamination (Ste-
ris System 1 using peracetic acid; Steris Canada Inc., Missis-
sauga, Canada) as the gold standard technique, 2) accelerated
hydrogen peroxide manual soak (Revital-Ox; Steris Canada
Inc., Mississauga, Canada), 3) an ortho-phthalaldehyde AER
(Cidex OPA; Advanced Sterilization Products, Johnson and
Johnson Inc., Markham, Canada), and 4) a chlorine dioxide
manual wipe system (Tristel Trio Wipes System; Tristel plc,
Cambridgeshire, U.K.). The Tristel Trio Wipes System (Tristel
plc) is being evaluated; it has not yet approved by the Food and
Drug Administration (FDA) or Health Canada. It is in routine
use in Oceania and Europe and at this time represents a theo-
retical reprocessing technique in North America.4

A time-driven, activity-based micro-costing approach was
performed to ensure that cost estimates included opportunity
losses (i.e., scope downtime) and staffing requirements, along
with capital purchases and fixed costs per reprocessing event.
Costing data was obtained from three tertiary care hospitals in
Canada (one in Alberta; two in Ontario); these hospitals will be
referenced in the article as hospital C, hospital S, and hospital

R. NP sheaths were not included in the analysis because both
the FDA and the Ontario provincial guidelines still require

high-level disinfection between uses, obviating the ability to use
the sheath system.1,3 For this analysis, a reprocessing event

refers to the reprocessing of one NP, whereas a cycle is defined
as a reprocessing cycle that may include one or two NPs,
depending on the technique.

If proper NP reprocessing protocol is followed, all four
reprocessing techniques provide equivalent high-level disinfec-

tant in eradicating mycobacteria, bacteria, and viruses. Holod-
niy et al. have estimated the risk of viral transmission via
nasopharyngoscopy to be essentially negligible regardless of
reprocessing technique.5 Coupled with the absence of any docu-
mented transmission of infection from contaminated NPs, this

study selected a cost-minimization analysis as opposed to a

cost-effectiveness or cost-benefit analysis.

Cost Minimization Analysis
The cost perspective of this analysis was a Canadian gov-

ernment third-party payer, and the clinical setting was a ter-

tiary care in-hospital clinic. Costs were estimated using a time-

driven, activity-based costing approach6 and reported as 2014

Canadian Dollars (CaD). The primary outcome measure was

the cost per reprocessing event (i.e., cost per reprocessing one

NP). Data from the 2014 fiscal year was used to quantify mone-

tized costs for consumables, labor, capital equipment, NP repair

rates, and NP replacement rates. The costs from the base case

scenario used the mean annual NP reprocessing volumes from

the three hospitals. Times for specific resource utilization (i.e.,

staff and capital equipment) were calculated using an assump-

tion that clinics run 7 hours per day, 4 days per week, 52 weeks

per year. Adjustments were made when the AER equipment

was shared with other specialties.

The consumable cost for the use of the Steris System 1

AER (Steris Canada Inc.), Cidex OPA AER (Advanced Steriliza-

tion Products), and the Revital-Ox soak (Steris Canada Inc.)

were determined from cost data for each hospital. The Cidex

OPA AER (Advanced Sterilization Products) is capable of

reprocessing two NPs per cycle; therefore, to account for the

possibility of an occasional single NP being reprocessed using

this dual-reprocessing technique, we have assumed that the

last cycle of the day was a single NP as opposed to assuming

that all cycles involved two NPs. Because the Tristel Trio Wipes

System (Tristel plc) currently is not available in North America,

the cost for this system was based on written communication

with Tristel plc, December 2014.

The labor time for the two AERs systems and the Revital-

Ox bath (Steris Canada Inc.) included the time needed for load-

ing and unloading but not the actual run time or bath time; the

technician is not required to perform any duties once the NP is

in the reprocessor or soaking. The mean time was calculated

from timing a series of five cycles for each of the three methods

(Steris System 1 AER, Steris Canada Inc.; Cidex OPA AER,

Advanced Sterilization Products; and the Revital-Ox soak, Ste-

ris Canada Inc.). Labor data for the Tristel Trio Wipes System

(Tristel plc) was taken from the literature.7,8 Because the

Revital-Ox (Steris Canada Inc.) soak and Tristel Trio Wipes Sys-

tem (Tristel plc) are performed in the clinic space; transporta-

tion to the decontamination area within the clinic was used

rather than requiring transportation to the central processing

department (CPD). Technician time was rounded to the closest

0.5 minute. The NP processing time was multiplied by the

median technician wage of CaD $22 per hour, including benefits

($0.37 per minute) to calculate the total labor cost per event.

Nasopharyngoscopy repair and/or replacement data for the

Steris System 1 AER (Steris Canada Inc.) and the Cidex OPA

AER system (Advanced Sterilization Products) were obtained

retrospectively by reviewing hospital data for the 2013 and

2014 fiscal years for hospital C and hospital S. Data for repairs

with the Tristel Trio Wipes System (Tristel plc) was taken from

existing published literature. Street et al. reported no damage

from processing with the Tristel Trio Wipes System (Tristel plc)

with 1,250 reprocessing cycles; this was used as a conservative

estimate for the minimum number of events before a repair

would be required for the wipe system.8 Repair information was

not available for the Revital-Ox system (Steris Canada Inc.);

therefore, because it is a manual reprocessing technique, the

NP repair rate was assumed to be the same as the Tristel Trio

system (Tristel plc).
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The mean capital cost for the Steris System 1 AER (Steris
Canada Inc.) and Cidex OPA AER (Advanced Sterilization Prod-
ucts) were averaged over the reported life expectancy for each
system, and the cost was adjusted reflect the OTO–HNS share

of utilization.9 The cost of the annual service contract for main-
tenance and repair of both the Steris System 1 AER (Steris
Canada Inc.) and Cidex OPA AER (Advanced Sterilization Prod-
ucts) will be proportionally allocated to the fraction of the total
endoscope reprocessing utilization that were NPs.

A sensitivity analysis was performed to account for the
inherent variability in several variables used during this cost-
minimization analysis. The upper and lower limits for each var-
iable, along with differences in reprocessing volumes based on
the 2013 and 2014 fiscal year-end data, were used to assess the
magnitude of change at different values. The consumable cost
and capital cost calculations were performed at volumes of
1,040 and 4,160 reprocessing cycles per year (5 and 20 cycles

per day, respectively). Labor and repair costs per reprocessing
event were assumed to remain unchanged irrespective of NP
reprocessing volume.

RESULTS

Nasopharyngoscope Reprocessing Cycles
In 2014, hospital C performed 3,016 NP reprocess-

ing cycles (mean of 58 cycles per week; 15 cycles per
day). Assuming that a single NP was reprocessed at the
end of every clinic day, NPs were reprocessed 5,824
times. Hospital S performed 2,424 NP reprocessing
events (mean of 47 cycles per week; 12 cycles per day).
Hospital R performed 4,213 NP reprocessing events
(mean of 64 cycles per week; 16 cycles per day). A mean
of 4,153 yearly, 80 weekly, and 20 daily NP reprocessing
events were used as the base-case scenario. For hospital
C, the base case volume gave a proportional cycle cost
allocation of 0.53 per event.

Consumables
A manual cleaning wipe is required immediately

after use of any NP to remove secretions or debris. A
box of 100 Revital-Ox enzymatic sponge wipes (Steris
Canada Inc.) costs a total of $137.00 ($1.37 per sponge)
and is used at hospital R. MetriSponge enzymatic
sponge wipes (Metrex, Orange, CA U.S.A.) are used at

hospital C with a cost of $2.01 per sponge. CaviWipe
wipes (Metrex) are currently used at hospital S and cost
$9.50 for a container of 160, with two wipes typically
used per NP ($0.06 per wipe).

All three hospitals use a 200-mL enzyme bath prior
to reprocessing. The pre-reprocessing enzyme bath costs a
total of $27.97 per 3.8 L container and is changed daily, at
a daily cost of $1.47. A box of large nitrile disposable
gloves contains 200 gloves and costs $10.83. Six gloves are
used through the various steps of reprocessing for Tristel
(Tristel plc), Steris (Steris Canada Inc.), and Revital-Ox
(Steris Canada Inc.) systems. Four gloves are used by a
nurse, and arm-length gloves are required by the processor
with the Cidex OPA AER (Advanced Sterilization Prod-
ucts). The arm-length gloves cost $17.54 for a box of 100,
and two gloves are required. A face-shield also is required
at a cost of $1.52 per day.

All three active systems require testing strips for
reprocessing quality assessment. The Steris System 1
AER testing strip (Steris Canada Inc.) is required per
cycle at a cost is $109 for a box of 100. The Revital-Ox test-
ing strips (Steris Canada Inc.) cost $50 for a package of 60
testing strips, and one strip is required per cycle. Cidex
OPA testing strips (Advanced Sterilization Products) cost
$148.50 for 100 strips, and one strip is required per cycle.

Lastly, the disinfectant costs are as follows. The
Steris System 1 AER (Steris Canada Inc.) peracetic acid
cartridge costs $153.47 per case of 20 single-use car-
tridges. Cidex OPA (Advanced Sterilization Products)
costs $47.12 per bottle; four bottles are used every 2
weeks, regardless of number of cycles, giving a weekly
cost of $94.24 and a per cycle cost of $2.36. The Revital-
Ox sterilant (Steris Canada Inc.) costs $170 per box of
four 4 L bottles. Two bottles are required every 2 weeks,
for a weekly cost of $85, regardless of the volume of NPs
reprocessed. The Tristel Trio Wipes System (Tristel plc)
costs £3.80 per use in the United Kingdom (Tristel Sys-
tems, personal communication, Oral communication,
December 2014). Converted at March 31, 2014 (fiscal
year end 2014), exchange rate of £1.84 to CaD gives a
cost of $6.99 CaD per scope reprocessing. The detailed
consumable data for each method of decontamination is
reported in Table I.

TABLE I.
Consumable Costs per Individual NP Reprocessing Event.

STERIS System 1* Cidex OPA† Revital-Ox‡ Tristel Trio Wipes§

Enzyme/Metrex wipe $0.12 $2.01 $1.37 N/A

Cleaning bath $0.07 $0.07 $0.07 NA

PPE (gloves, etc.) $0.32 $0.48 $0.32 $0.32

Testing strips $1.09 $0.79 $0.83 NA

Disinfectant $7.67 $1.25 $1.06 $6.99

Total consumable cost (per event) $9.27 $4.60 $3.65 $7.31

Base case: 20 events per day.
*STERIS System 1: Steris Canada Inc., Mississauga, Canada.
†Cidex OPA: Advanced Sterilization Products, Johnson and Johnson Inc., Markham, Canada.
‡Revital-Ox: Steris Canada Inc., Mississauga, Canada.
§Tristel Trio Wipes System: Tristel plc, Cambridgeshire, U.K.
Metrex, Orange, CA, U.S.A.
$ 5 Canadian Dollars; NA 5 not applicable; NP 5 nasopharyngoscope; OPA 5 ortho-phthalaldehyde; PPE 5 personal protective equipment.
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Labor Costs
The labor time and associated cost are reported in

Table II. Transportation to and from CPD for hospital S
and hospital C typically occurs when two or more NPs
are ready for reprocessing. Accordingly, transportation
time was divided by two.

Repair and Replacement Costs
When evaluating all three hospitals, the mean

repair/replacement rates for 2013 and 2014 are reported
in Table III. For the Steris System (Steris Canada Inc.)
and the Cidex system (Advanced Sterilization Products),
numbers are from hospital data. The mean cost per
repair/replacement event for hospital C was $5,910 and
$3,627 for hospital S, and the average of the two
($4,768.50) was used in the calculation of cost for repair.
Using an annual reprocessing volume of 4,153 NPs, the
estimated annual repair/replacement cost per NP reproc-
essing event was calculated. The detailed repair costs
are reported in Table III.

Capital Equipment and Maintenance Cost
At hospital S, five new Steris System 1 AER (Steris

Canada Inc.) machines were purchased in 2014 for a
cost of $82,750.00 ($16,250.00 each), with a life

expectancy of 10 years. The capital cost for the Steris
System 1 (Steris Canada Inc.) machines over the useful
life would be $8,275 per year. The proportion of NPs
processed was 48.8% of all reprocessing cycles run in
2014, allocating $4,034.31 to NP reprocessing. The total
service contract is $19,250.00 per year, which produced
a service cost of $9,240 allocated to NP reprocessing.
The Johnson & Johnson Cidex Evotech ASP (Advanced
Sterilization Products) retails for $50,000, with a life
expectancy of 10 years, and a service contract costs
$18,450 per year (written communication). This would
be the replacement for the current unit used at hospital
C. To make the comparison equitable, two Evotech ASP
systems would be required for the service volume, and
costs were proportionally allocated to NP reprocessing,
as occurs in the base case scenario. The capital cost for
the Revital-Ox (Steris Canada Inc.) system is only the
soaking trays, and there is no capital cost for the Tristel
Trio reprocessing system (Tristel plc). Two soaking trays
are used and replaced yearly, at a cost of $196.00 per
tray. All capital costs are fully detailed in Table IV.

Total Costs
The total per event cost and annual cost for each of

the four NP reprocessing techniques is outlined in Table
V. At the base case volume of 4,153 events per year, the

TABLE II.
Reprocessing Labor Costs per NP Reprocessing Event.

STERIS System 1* Cidex OPA† Revital-Ox‡ Tristel Trio Wipes§

Enzyme wipe/bath time (minutes) 2 2 2 1

Loading/tracking time (minutes) 1 1 1 1

Disinfection time (minutes) NA NA NA 1.5

Rinsing time (minutes) NA NA 2 1

Packaging time (minutes) 1 1.5 NA 0.5

Transportation to/from CPD (minutes) 2 2.5 0.5 0.5

Total labor time (minutes) 6 7 5.5 5.5

Labor capacity cost rate (per minute) $0.37 $0.37 $0.37 $0.37

Total labor cost (per event) $2.22 $2.59 $2.04 $2.04

*STERIS System 1: Steris Canada Inc., Mississauga, Canada.
†Cidex OPA: Advanced Sterilization Products, Johnson and Johnson Inc., Markham, Canada.
‡Revital-Ox: Steris Canada Inc., Mississauga, Canada.
§Tristel Trio Wipes System: Tristel plc, Cambridgeshire, U.K.
$ 5 Canadian Dollars; CPD 5 central processing department; NA 5 not applicable; OPA 5 ortho-phthalaldehyde.

TABLE III.

Repair Cos.

STERIS System 1* Cidex OPA† Revital-Ox‡ Tristel Trio Wipes§

Total NP events before repair 808 1,313 1,250 1,250

Estimated annual number of nasopharyngoscope repairs 5.1 3.2 3.3 3.3

Total annual repair cost $24,319.35 $15,259.20 $15,736.05 $15,736.05

Repair cost (per NP event) $5.86 $3.67 $3.79 $3.79

*STERIS System 1: Steris Canada Inc., Mississauga, Canada.
†Cidex OPA: Advanced Sterilization Products, Johnson and Johnson Inc., Markham, Canada.
‡Revital-Ox: Steris Canada Inc., Mississauga, Canada.
§Tristel Trio Wipe System: Tristel plc, Cambridgeshire, U.K.
$ 5 Canadian Dollars; NA 5 not applicable; NP 5 nasopharyngoscopy; OPA 5 ortho-phthalaldehyde.
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Revital-Ox system (Steris Canada Inc.) is the most cost-
efficient technique, costing less than half of what reproc-
essing costs with the Steris System 1 (Steris Canada Inc.).
The STERIS System 1 (Steris Canada Inc.) cost also is
substantially higher than both the Cidex (Advanced Ster-
ilization Products) and Tristel Trio systems (Tristel plc).

The potential savings of a switch to Revital-Ox (Ste-
ris Canada Inc.) by the base case scenario hospital was
calculated by discounting the capital cost for the Steris
machines (Steris Canada Inc.), which already has been
spent. This would provide a cost savings of $32,310.34
per year. Over the remaining 8 years of useful life of the
Steris reprocessor (Steris Canada Inc.) and assuming a
steady volume of reprocessing, this difference is stark.
By switching to the Revital-Ox system (Steris Canada
Inc.), approximately $258,483 CaD could be saved.

Sensitivity Analysis
Similar costs were seen with a volume sensitivity

analysis (see Table VI). At a lower volume of 1,040 NP
reprocessing events per year—five cycles per day—the
Tristel Trio Wipes System (Tristel plc) had the lowest
per reprocessing cost at $13.14, less than half the cost of
the STERIS system (Steris Canada Inc.) at $30.47 per
cycle. The threshold for Revital-Ox (Steris Canada Inc.),
being cheapest, was less than six cycles per day, or 22
events per week. At the upper volume of 6,240 events/
year, the Revital-Ox system (Steris Canada Inc.) was
least expensive at $8.64 per cycle, but only a small
decrease was seen with the cost of the STERIS system

(Steris Canada Inc.) with increasing volume—and it still
was the most expensive option at $19.48 per event.
Because the STERIS system (Steris Canada Inc.)
requires a single-use cartridge per cycle, there only is a
minimal effect on cost reduction with increasing
volumes.

Table VII demonstrates the scenario analysis of the
effect of capital cost. If the OTO–HNS department is
responsible for bearing the entire cost of AER reprocess-
ing equipment (as with hospital C), the favorability of
Revital-Ox (Steris Canada Inc.) or Tristel Trio (Tristel
plc) even is more apparent.

DISCUSSION
This cost analysis has detailed some important cost

implications of policy change requiring either automated
reprocessing or centralization of nasopharyngoscope
reprocessing. The ideal disinfection system standardizes
protocol, affords rapid turnaround, maximizes safety for
patients and staff, minimizes risk of NP damage, has
the ability to audit the reprocessing process, and mini-
mizes the reprocessing expense. Because all methods of
reprocessing essentially are equivalent in terms of effi-
cacy for decontamination when performed as per manu-
facturer’s guidelines, great importance is placed on both
staff training and techniques that can help ensure
adherence to protocol.

This cost analysis has demonstrated that the STE-
RIS System 1 (Steris Canada Inc.) for NP reprocessing
is almost twice as expensive as the other methods. This

TABLE IV.
Capital Equipment Cost (4,153 events/year).

STERIS System 1* Cidex OPA† Revital-Ox‡ Tristel Trio Wipe§

Capital equipment $4,034.31 $4,880.00 $392.00 NA

Service cost $9,384.96 $9,003.60 NA NA

Total cost (per event) $3.23 $3.34 $0.09 $0.00

*STERIS System 1: Steris Canada Inc., Mississauga, Canada.
†Cidex OPA: Advanced Sterilization Products, Johnson and Johnson Inc., Markham, Canada.
‡Revital-Ox: Steris Canada Inc., Mississauga, Canada.
§Tristel Trio Wipe System: Tristel plc, Cambridgeshire, U.K.
$ 5 Canadian Dollars; NA 5 not applicable; OPA 5 ortho-phthalaldehyde.

TABLE V.
Total Cost per NP Reprocessing Event.

STERIS System 1* Cidex OPA† Revital-Ox‡ Tristel Trio Wipe§

Consumable cost $9.27 $4.60 $3.65 $7.31

Labor cost $2.22 $2.59 $2.04 $2.04

Repair cost $5.86 $3.67 $3.79 $3.79

Capital cost $3.23 $3.34 $0.09 $0.00

Total cost per event $20.58 $14.20 $9.57 $13.14

Total annual cost $85,469 $58,973 $39,744 $54,570

Base case: 4,153 events.
*STERIS System 1: Steris Canada Inc., Mississauga, Canada.
†Cidex OPA: Advanced Sterilization Products, Johnson and Johnson Inc., Markham, Canada.
‡Revital-Ox: Steris Canada Inc., Mississauga, Canada.
§Tristel Trio Wipe System: Tristel plc, Cambridgeshire, U.K.
$ 5 Canadian Dollars; OPA 5 ortho-phthalaldehyde.
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holds true across the scenario and sensitivity analysis.
One advantage of Steris AER (Steris Canada Inc.) proc-
essing is that it allows for little variation from protocol.
It also technically is classified as a sterilization process
rather than as a high-level decontamination, meeting
the suggestion of preference for sterilization.3 The
increased complexity, however, increases the number of
variables and components that require monitoring and
testing to ensure that no bacterial colonization has
occurred. There also is a real increase in both the num-
ber of repairs required and the NPs necessary to run a
clinic. At hospital S, 10 NPs were purchased in 2013 to
help improve clinic volume in the face of the significant
turnaround time for NP reprocessing. This would not
have been necessary with the manual methods for
reprocessing examined in this article.

The Revital-Ox (Steris Canada Inc.) reprocessing
system was demonstrated to be the most cost-effective
system examined. A significant cost savings could be
afforded almost immediately by changing systems from
the Steris system (Steris Canada Inc.), but change may
be difficult to implement due to the continued push
toward over-reprocessing via sterilization. With a soak-
ing time of 5 minutes versus 23 minutes for the Steris
(Steris Canada Inc.) cycle and 30 minutes for the Cidex
OPA (Advanced Sterilization Products) cycle, this also
would result in minimal nasopharyngoscope downtime
and improved clinic efficiency. The cost minimization for
Revital-Ox (Steris Canada Inc.) is even greater as
reprocessing volumes increase.

The AER system using Cidex OPA (Advanced Steril-
ization Products) was substantially less expensive than

TABLE VI.
Sensitivity Analysis (volume).

STERIS System 1* Cidex OPA† Revital-Ox‡ Tristel Trio Wipe§

1,040 events (5/day)

Consumable cost $9.49 $9.44 $7.06 $7.31

Labor cost $2.22 $2.59 $2.04 $2.04

Repair cost $5.86 $3.67 $3.79 $3.79

Capital cost $12.90 $13.34 $0.38 NA

Total cost per event $30.47 $29.04 $13.27 $13.14

6,240 events (30/day)

Consumable cost $9.25 $6.55 $5.40 $7.31

Labor cost $2.22 $2.59 $2.04 $2.04

Repair cost $5.86 $3.67 $3.79 $3.79

Capital cost $2.15 $2.22 $0.06 NA

Total cost per event $19.48 $15.03 $11.29 $13.14

*STERIS System 1: Steris Canada Inc., Mississauga, Canada.
†Cidex OPA: Advanced Sterilization Products, Johnson and Johnson Inc., Markham, Canada.
‡Revital-Ox: Steris Canada Inc., Mississauga, Canada.
§Tristel Trio Wipe System: Tristel plc, Cambridgeshire, U.K.
$ 5 Canadian Dollars; NA 5 not applicable; OPA 5 ortho-phthalaldehyde.

TABLE VII.

Scenario Analysis (capital cost) Per Event.

STERIS System 1* Cidex OPA† Revital-Ox‡ Tristel Trio Wipe§

Consumable cost $9.27 $4.60 $3.65 $7.31

Labor cost $2.22 $2.59 $2.04 $2.04

Repair cost $5.86 $3.67 $3.79 $3.79

Capital cost $3.23 $3.34 $0.09 $0.00

Base case cost $20.58 $14.20 $9.57 $13.14

Whole capital cost borne by OTO–HNS

Capital cost $6.63 $6.85 $0.09 $0.00

Total cost per event $23.98 $17.71 $9.57 $13.14

No capital equipment cost to OTO–HNS

Total cost per event $17.35 $10.86 $9.57 $13.14

*STERIS System 1: Steris Canada Inc., Mississauga, Canada.
†Cidex OPA: Advanced Sterilization Products, Johnson and Johnson Inc., Markham, Canada.
‡Revital-Ox: Steris Canada Inc., Mississauga, Canada.
§Tristel Trio Wipe System: Tristel plc, Cambridgeshire, U.K.
$ 5 Canadian Dollars; NA 5 not applicable; OPA 5 ortho-phthalaldehyde; OTO–HNS 5 otolaryngology–head and neck surgery.
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the Steris system (Steris Canada Inc.), but still more
expensive than either of the two manual systems exam-
ined. It also is very important to note that the residue
from OPA is difficult to rinse off endoscopes. In addition,
it has been associated with anaphylactic clinical effects
in patients undergoing surveillance cystoscopy for blad-
der cancer.10 Specific to otolaryngology, three cases of
OPA-induced anaphylaxis have been reported in the lit-
erature from patients undergoing serial laryngoscopy for
head and neck cancer surveillance.11 Three additional
cases recently were reported, and a literature review
identified 17 reactions in nine patients across surgical
specialties.12 Although quite rare, an allergic reaction to
the sterilant likely is underrecognized and may well
increase with growing awareness of this possibility. The
Medicine and Healthcare products Regulatory Agency in
the United Kingdom has gone so far as to recommend
the use of a validated alternative to OPA due to the diffi-
culty in rinsing and the risk of anaphylaxis.13

The Tristel Trio Wipes System (Tristel plc) currently
is not available in North America, but contingencies for
evaluation of new technology as it becomes available are
within both the Centers for Disease Control (CDC) and
Ontario guidelines.1,3 Given the simplicity and ease of
the three-step process, it ideally is suited for reprocess-
ing in community otolaryngology clinics, where the
infrastructure for either Steris (Steris Canada Inc.)
reprocessing, Cidex OPA (Advanced Sterilization Prod-
ucts), or Revital-Ox (Steris Canada Inc.) systems may
not exist. It also is the most cost-effective method of
reprocessing in low-volume settings and has no capital
cost associated with its use. In addition, it can be per-
formed almost immediately, thus before saliva or nasal
mucous on the NP have dried. It even can be performed
on the hospital ward, if necessary, for rapid reuse of the
NP, and it is compatible with all NPs. For a chlorine diox-
ide wipe system to be marketed in Canada or the United
States, there also would need to be greater recognition of
the difference between NPs and other flexible endoscopes.

Nasopharyngoscopy sheaths, such as the Endo-
sheath (Medtronic of Canada, Mississauga, Canada),
offer a reasonable alternative to reprocessing NPs after
every use, in particular for situations when NP numbers
are limited or proper high-level decontamination is not
available (i.e., rural clinics and global health outreach).
Unfortunately, the CDC and the Ontario guidelines still
require reprocessing between every use despite lack of
evidence for contamination. For this reason, the option
was not included in this cost analysis.1,3

A significant contributor to the per-use cost of NP
reprocessing is the need for repair. Although this is not
always attributable to the method of reprocessing, the
literature seems to be fairly uniform in reporting that
increased damage is seen with the use of AERs. For the
Steris system (Steris Canada Inc.), Fuselier and Mason
found that repairs were required, on average, every 141
cycles with the Steris AER (Steris Canada Inc.) for cys-
toscopes.14 Abraham et al. also examined ureteroscopes
processed with the Steris System 1 (Steris Canada Inc.)
and peracetic acid, finding major repairs were required
in each of two series of 100 reprocessing cycles.15

Ureteroscopes are more fragile, and unfortunately no
NP-specific studies using the Steris system (Steris Can-
ada Inc.) have reported on cycles and repairs required.
Nevertheless, these findings are in keeping with hospital
S in this study, requiring more repairs per volume of
reprocessing cycles, and supports the assumptions made
in this cost analysis. Two studies using OPA have
reported on repairs. Abraham et al. found no damage
requiring repairs to ureteroscopes with manual reproc-
essing using OPA over a period of 200 cycles.15 Statham
and Willging performed a retrospective analysis of
required repairs for NPs undergoing AER with OPA and
found that 154 cleaning cycles were possible for a 3.6-
mm nasopharyngoscope before a minor repair was
required; no major repairs were required.16 This is in
keeping with the findings of repair requirements at hos-
pital C in this study.

There is a general lack of recognition in published
guidelines of both the difference in nonlumened versus
lumened endoscopes and the difference in risk of infec-
tion transmission based on body cavity in which the
endoscope is used. Nasopharyngoscopes do not cross the
pharyngeal border and thus do not enter sterile areas of
the body. The vast majority of nasopharyngoscopes do
not have lumens or ports, minimizing the areas where
bacteria could multiply. Bronchoscopy typically involves
substantial flushing of fluid through the endoscope ports
and aspiration into a side-trap, resulting in a much
higher potential for iatrogenic infection.17 Only the
guidelines in the United Kingdom have recognized this
difference, whereas all other published national guide-
lines recommend that every endoscope be held to the
same standard and be reprocessed accordingly.18

Limitations of this study include the inherent theo-
retical nature of economic analysis and that the data
was from single sites and a single country with a
universal-payer system. Quantifying the realized savings
of a change to the method of reprocessing truly would
demonstrate the benefit of change but may not fully cap-
ture all indirect savings or user satisfaction with the
product. There also is the possibility of variances in the
data being incorrectly attributed to the method of
reprocessing, in particular with regard to the cost of
repairs. The data used for the cost analysis may not be
fully generalizable to other centers in Canada, or to
other countries with different healthcare systems, but
the implications indeed are generalizable. Lastly, the
actual down-time and opportunity cost of lengthy reproc-
essing times with the NPs was not accounted for in this
cost analysis. Accounting for this would, however, even
further favor a change from Steris (Steris Canada Inc.)
or Cidex OPA (Advanced Sterilization Products) auto-
mated reprocessing to a manual method of reprocessing.

CONCLUSION
Current guidelines are extrapolated from endoscopes

with working channels used in high-risk areas of the body
for iatrogenic infection and likely do not accurately repre-
sent the risk presented by nasopharyngoscopes. By applying
a cost-minimization analysis to a hypothetical clinical
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scenario, the costs of four methods of NP reprocessing have
been scrutinized. The Steris (Steris Canada Inc.) reprocess-
ing system is quite expensive in comparison, and using the
Revital-Ox (Steris Canada Inc.) process would confer a sig-
nificant cost savings. For clinics with lower NP reprocessing
volumes, the Tristel Trio Wipes System (Tristel plc) may be
the most cost-effective option. The variability in cost and
practice for reprocessing of NPs highlights the importance
of the development of national guidelines to help drive pol-
icy to minimize cost and maximize efficiency.
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