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Abstract

Objective The aim of this study was to perform a systematic review, meta-analysis and cost-consequence analysis of the
single-use bronchoscope, Ambu aScope™ 5 Broncho, in relation to reusable flexible bronchoscopes (RFB) available within
three high procedure volume university hospitals and academic institutions in the USA.

Methods The primary outcome was incremental cost and the secondary outcome was incremental cross-infection risk of use
for both the single-use flexible bronchoscope (SUFB) and RFBs. Cost estimates included capital, repair, and reprocessing
costs derived from a prospective observational micro-costing approach within three large university hospitals and academic
institutions. All costs were valued in 2022 US dollars (USD). A meta-analysis based on literature covering cross-contam-
ination and infection from 2010 to 2020 investigated cross-infection risk following bronchoscopy procedures with RFBs.
Capital costs were discounted at 3% over 5-8 years. All parameters were evaluated using both univariate deterministic and
probabilistic sensitivity analyses.

Results In high-volume hospitals, RFBs were cost minimizing compared to SUFBs. Probabilistic sensitivity analysis showed
that RFBs were cost saving in 88% of iterations. Univariate analyses illustrated sensitivity of the base-case result to the
procedure volume. Data from sensitivity analyses suggest that the two interventions are cost neutral at a break-even point of
756 procedures per year or 46 procedures per bronchoscope per year.

Conclusion Assuming equivalent clinical performance, single-use flexible bronchoscopes are not cost minimizing when
including the costs associated with cross-infection in high-volume US university hospitals and academic institutions. Over-
all, the benefits of conversion from RFBs to SUFBs are dependent on the annual procedure volume of individual hospitals,
expected cross-infection risk, and purchase price of the aScope 5 Broncho.

1 Introduction

P< Anders E. Kristensen
ankr@ambu.com Various single-use flexible bronchoscopes (SUFB) have

been introduced, but are yet to gain widespread acceptance
within the bronchoscopy suite [1]. SUFBs have been proven
to perform on par and, in certain scenarios, are preferred
over reusable flexible bronchoscopes (RFB) [1-3]. Before,
but also during the COVID-19 pandemic, single-use endos-
copy attracted more focus from multiple national institu-
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Key Points for Decision Makers

When deciding between RFBs and SUFBs, it is impor-
tant to consider factors such as annual procedure volume,
expected cross-infection risk, acquisition cost of each
option, and their environmental and organizational
impacts.

In bronchoscopy suites performing less than 756 bron-
choscopies per year, SUFBs may be more cost minimiz-
ing than RFBs.

The findings of this study estimated a cross-infection risk
of 0.22%. In addition, it was observed that the trans-
portation and reprocessing of RFBs require 23 min of
hands-on time in average.

patients, or in situations where the endoscopes cannot be
immediately reprocessed.

Overall, ~ 500,000 bronchoscopy procedures are cur-
rently performed within the USA with either RFBs or
SUFBs. However, SUFBs are not considered adequate for
advanced procedures in the bronchoscopy suite since no
comparative studies have demonstrated equivalent perfor-
mance between SUFBs and RFBs yet [1, 8]. The Danish
Medical company Ambu A/S launched the aScope™ 5
Broncho (aS5 Broncho) in 2022, with the aim of facilitat-
ing utilization of SUFBs for more complex bronchoscopy
procedures within the bronchoscopy suite. Documented ste-
rility of the novel SUFB instrument, together with assumed
utility for advanced procedures, should enable the mainte-
nance of high-quality diagnostic and therapeutic procedures
in the bronchoscopy suite. The assumed diminished risk of
cross-infection may provide better clinical value for patients
admitted to pulmonology wards in the USA. Diminished
risk is based on endoscopes presently being classified as
semi-critical devices, which means they do not strictly need
to be sterilized. In accordance with Centers for Disease
Control and Prevention (CDC), their recommendation for
reprocessing in the USA is to follow the instructions-for-
use (IFU) provided by the manufacturer. The IFU requires
at least a high-level disinfection (HLD) or sterilization. For
both reprocessing methods, a precleaning and visual inspec-
tion are required [9]. Studies have previously documented
the costs in intensive care units, operating rooms, or other
clinical settings [6, 7, 10]. No study has yet documented the
costs related to the use of RFBs in high-volume US bron-
choscopy suites and estimated the break-even point indicat-
ing the cost neutrality of reusable and single-use flexible
bronchoscopes.
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The main objective of this study was to examine costs
and cross-infection risk of the novel aScope™ 5 Broncho
compared with those of conventional RFBs from a US Hos-
pital sector perspective by using a micro-costing approach.
The objective was analyzed within only high-volume US
university hospitals and academic institutions.

2 Methods
2.1 Systematic Review

Two meta-analyses were performed, one for cross-contam-
ination and one for subsequent infection, to identify the
overall risk of cross-infection. To screen for studies encom-
passing these two areas, a systematic literature search was
performed in PubMed and Embase databases with adherence
to the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) statement [11]. An over-
view of the PRISMA and CHEERS checklist can be found
in supplementary information (SI 1). Identification of the
relevant literature was based on the population, interven-
tion, comparison, and outcome model (PICO model), which
covered outbreaks, pseudo-outbreaks, infections, and cross-
contamination related to RFBs. The population and com-
parator domains were excluded from the PICO model, owing
to no requirement for specific populations or comparators.
All studies on children (aged < 18 years) were excluded. The
following search terms were utilized in PubMed: broncho-
scope, bronchoscopy, equipment reuse and bronchoscop*,
in addition to equipment contamination, disease outbreaks,
infection, cross-infection, outbreak, pseudo-outbreak, and
cross-contamination for the outcome column. In Embase,
the following search terms were included: bronchoscope,
bronchoscopy, bronchoscop*, medical device contamination,
contamination, cross infection, outbreak, pseudo-outbreak,
and cross-contamination.

Eligibility criteria were set up for both cross-contami-
nation and infection studies. For inclusion, cross-contam-
ination studies had to explicitly describe the number of
bronchoscope samples investigated and positive samples
detected. Reports of positive samples were assessed using
the guidelines of the European Society of Gastrointesti-
nal Endoscopy and European Society of Gastrointestinal
Endoscopy Nurse and Associates (ESGE-ESGENA) to
define the contamination threshold. All studies reporting
less than ten samples were excluded. The eligibility crite-
ria for infection studies were as follows: information on the
number of contaminated patients, together with how many
clinically diagnosed patients were identified with an infec-
tion, in addition to the analytical techniques employed, such
as pulsed-field gel electrophoresis (PFGE) or polymerase
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chain reaction (PCR). Studies on both cross-contamination
and infection were published within the period 2010-2022
due to modified reprocessing guidelines published by the
CDC and recommendations from the Healthcare Infection
Control Practices Advisory Committee (HICPAC) and FDA.
Cross-contamination and subsequent infection probabilities
were estimated via two random-effects meta-analyses per-
formed in R studio to calculate the weighted effect size [12].
Weighted effect sizes were subsequently converted from rate
to probability using the formula:

probability = 1 — ™",

The rate was equal to the weighted effect size and time (7)
was equal to one, due to no longer than one procedure being
investigated. To date, no studies have reported on the risk of
cross-contamination with SUFB. However, to acknowledge
the possibility of its occurrence, a minor cross-contamina-
tion risk of 1% was assumed for the SUFB treatment arm.

2.2 Study demographics

The time horizon was one procedure with a US hospital
sector perspective. Cost data were collected from high-
volume hospitals and academic institutions in Milwaukee
(Wisconsin), Chicago (Illinois), and Cleveland (Ohio), on
the basis of an annual performance of > 1000 bronchos-
copy procedures. Additionally, all three hospitals served as
teaching hospitals with various fellow programs. No patient
demographics were explored in the economic model, as it
was assumed to be independent from patient demographics
and actual procedure costs. Instead, it only included the cost
of items used to diagnose or treat the patient and the cost
of cleaning the bronchoscopes after the procedure. Table 1
provides a simple overview of the number of procedures, the
number of bronchoscopes used, the type of hospital settings,
and a brief note on patient demographics.

A total of six hospitals were asked if they were inter-
ested in partaking in a cost analysis of their respective
hospitals; three out of the six hospitals responded. Patient
population and characteristics were not analyzed, although

Table 1 Study demographics

it is further assumed that difficultness of procedures was
equally distributed within all examined university hospitals
and the academic center. Cost data were obtained via an
observational micro-costing approach in the bronchoscopy
suites and reprocessing areas of the hospitals, followed by
retrospective assessment of hospital purchasing records to
estimate item and repair costs. Capital acquisitions, repairs,
costs of water, and technician salaries were estimated using
a retrospective approach, while time used to reprocess RFBs,
personnel protective equipment (PPE) consumption, deter-
gent, alcohol, and water usage were examined prospectively.
Information on all repair costs from 1 January 2021 to 31
March 2022 was obtained. In the supplementary informa-
tion (SI 1) section, cost data collected using the observa-
tional micro-costing approach and retrospective assessment
are presented in detail with a follow-up summary. The data
sheet incorporates bronchoscope and reprocessing acquisi-
tion costs, repair costs, number of repairs, reprocessing costs
(including PPE, allocation keys, water consumption, and
labor), together with time measurements of each reprocess-
ing procedure. For SUFBs, the capital required for acqui-
sition of the bronchoscope and processing/displaying unit,
Ambu aBox 2, was provided by Ambu A/S; both costs are
indicated as market prices. Within the USA, Axess Vision,
Boston Scientific, Vathin, and Verathon also operate as sin-
gle-use endoscope manufacturing companies, although none
of above-mentioned companies are known today for having
fully penetrated the bronchoscopy suite. Reviewing their
product brochures, all companies’ products differentiate in
specifications. No paper has yet compared the performance
of each product, which makes it difficult to estimate if all
products can be assumed to be equal in terms of clinical
performance. Before any clinical performance studies are
published it is difficult to estimate their impact related to
cost comparison, performance deviations, and clinical usage.

Medicare severity diagnosis related group (MS-DRG)
codes were further used to identify costs related to pulmo-
nary infection due to contaminated bronchoscopy-related
transmission. All codes, costs, calculations, and discharges
are presented in supplementary information (SI 1). To avoid
the potential overestimation of costs related to a single

Facility Procedure Number of Procedure to Type of hospital Patient demographics
volume broncho- bronchoscope
scopes ratio
Facility one 1200 16 75 University/teaching hospital ~No patient demographics are explored in this study
Facility two 1400 16 88 University/teaching hospital
Facility three 4000 17 235 Academic institution
Average 2200 16.3 133 -

Presentation of the sample size/procedure volume, number of bronchoscopes each hospital was in possession of, whether it is a university hospi-
tal or academic institution, together with a short notice about patient demographics

A\ Adis
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Fig. 1 Transition state diagram
illustrating possible transition
states in the decision tree used
to modulate cost-consequence
analysis

Patients scheduled
for bronchoscopy

infection, the infection cost was weighted on the basis of the
number of discharges of every MS—DRG code. Finally, costs
related to repair of processing units and automated endo-
scope reprocessors (AER) were not included in this analysis
due to the lack of retrospective documentation by the univer-
sity hospitals or academic institutions on costs or repairs for
this equipment category. All costs were adjusted to March
2022 in US dollars ($), using the consumer price index (CPI)
including all items in the CPI index. RFBs were annual-
ized across a 5-year period, which is in accordance with the
Drummond et al. reference case [13]. Capital acquisitions,
such as processors, light sources, and washing machines
were annualized across an 8-year period [14]. All capital
costs were discounted by 3%, according to the reference case
of the Institute for Clinical and Economic Reviews. To com-
pare the purchases that link to using reusable equipment, the
upfront payment for reusable bronchoscopes and equipment
are converted to an annual expense and thereafter divided by
the annual procedure volume that each hospital is perform-
ing, see following equation:

x(1+r" -1
_yxd+n oy=—A_
r (1+r)"—1
r

A

To transform this annual expense to a per procedure cost,
the annual expense is divided by the respective procedure
volume:

A\ Adis

Subsequent
infection
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contamination

No Subsequent
infection
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~
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Y

Per procedure cost for RFB =
procedure

volume

The lifetime expenses of the capital equipment were
defined as A, yearly expense defined as y, the discount rate
as r, and lastly the annualizing period n, which was a period
determined in years. A decision tree was generated to modu-
late the incremental costs for both SUFBs and RFBs. The
transition state diagram is illustrated in Fig. 1. Analysis of
the cost consequence was performed using Microsoft Excel
365 (version 2022). The constructed model was assessed for
fulfillment of the principles of good practice for decision
analytic modeling in healthcare evaluation [15].

2.3 Parameters

In Table 2, all weighted mean values, standard errors of the
mean, and distributions are illustrated. The infection cost
per procedure was calculated on the basis of risk of a patient
acquiring an infection multiplied by weighted infection cost
extracted from the MS—DRG system. All cost parameters
were imputed into the Monte Carlo simulation to modulate
the cost consequence. The weighted mean values were calcu-
lated by weighing each hospital based on how many annual
procedures they were performing. Additionally, the standard
error of the mean (SEM) is calculated on the basis of the
following formula:
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Y (x-%)

n—1

Variance = §% =

Standard deviation = SD = V/§2

Standard error of the mean = SEM = 2

n

2.4 Basecase and Sensitivity Analyses

The base-case calculation was estimated based on included
parameters and incremental cost expressed as:

Basecase = 2 single - Z Reusable

USCintervention intervention®

The base-case results were further subjected to determin-
istic sensitivity analysis (DSA) and probabilistic sensitivity
analysis (PSA). All cost and clinical effect parameters devi-
ated (by +20% of the mean) in univariate analyses. Addi-
tionally, the discount rate was tested in two scenarios (0%
and 5%). Scenario analyses further examined the effects of
a fixed bronchoscope fleet of 10 and 20 RFBs and varying
procedure volumes (between 500 and 4000 procedures per
year) with the current setup. All univariate analyses were
presented as a Tornado diagram. Additionally, the incremen-
tal cost is expected to have a relationship to the procedure

Table 2 Parameter inputs for base case valuation

volume. This relationship is explored by using a logarithmic
regression model in Microsoft Excel 365 (version 2202).
The dependent variable that is explored is the incremental
per procedure cost, where the independent variable used to
explore the dependent variable is the procedure volume. The
relationship is further illustrated in a scatter plot. To examine
the logarithmic relationship the following formula is used:

Y = b+ a xlog(X).

The incremental per procedure cost is defined as Y, yearly
procedure volume as X, whereas a and b define two regres-
sion coefficients.

The procedure dependent scenario analysis is further
used to estimate the break-even point, where the procedure
dependent incremental cost line intersects $0 on the Y-axis
of the (X, Y) scatterplot. To generalize the findings from
the three hospitals examined in this study, data on volume
splits of US bronchoscopy procedures were collected from
Definitive Healthcare [16]. The distribution of US hospitals
was divided into 4 ranged, below 500 annual procedures,
between 500 and 1499 annual procedures, between 1500
and 2500 annual procedures, and lastly above 2500 annual
bronchoscopy procedures. Data from a total of 2388 hospi-
tals was collected from definitive healthcare. In Table 3 the
procedure split with belonging percentages are illustrated:

Probabilistic sensitivity analysis (PSA) was conducted as
a Monte Carlo simulation with 10,000 iterations of incre-
mental costs and presented as an incremental cost scatterplot

Parameter Mean (SEM) Distribution  Source
Costs

Capital per procedure cost for RFBs, includes RFB, rack systems and $68.8 ($32) Gamma Micro-costing analysis

reprocessing equipment

Capital per procedure cost for aS5B, including aBox2 $400.1 ($80%) Gamma Data on file

Repair per procedure cost for RFBs (excluding repairs associated with $69.3 ($28) Gamma Micro-costing analysis

rack systems and reprocessing equipment).

Reprocessing cost (including PPE, water usage, detergent usage, and $101.0 ($76) Gamma Micro-costing analysis

labor)

Infection cost (not per procedure) $15,492 ($275) Gamma Data derived from Agency for
Healthcare Research and Qual-
ity: HCUPnet

Clinical effects

Risk of cross-contamination using RFBs 11% (0.6%) Beta Contamination meta-analysis

Risk of infection using RFBs 2% (0.7%) Beta Cross-infection meta-analysis

Risk of cross-contamination using aS5B 1% (0.5%) Beta Assumption

Risk of infection using aS5B 2% (0.7%) Beta Cross-infection meta-analysis

All parameters are shown with mean, standard error of the mean (SEM), and distribution

Distributions for single parameters are provided

*For aScope 5, no standard error was estimated but standard error of 20% was used. RFB reusable flexible bronchoscopes, PPE personnel protec-

tive equipment, aS5B aScope 5

A\ Adis
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with number of iterations on the X-axis and incremental cost
on the Y-axis.

3 Results
3.1 Meta-analyses

A total of 926 records were identified after duplicates were
removed through PubMed, Embase and free text searches.
The included studies were subsequently screened for titles
and abstracts, while 881 studies were excluded due to having
different focuses, such as ventilator-associated infection or
endoscopic procedures in the gastroenterology department.
A total of 45 full-text articles in the English language were
assessed for eligibility. All studies from 2010 until 2022 that
fulfilled the eligibility criteria were included due to modified
reprocessing guidelines published by the Centers for Disease
Control and Prevention (CDC) and recommendations from
the Healthcare Infection Control Practices Advisory Com-
mittee (HICPAC) and FDA. A total of eight cross-contam-
ination studies [17-24] and nine infection studies [25-33]
were included for analysis. A PRISMA diagram visualizing
the study selection process is depicted in Fig. 2.

The eight contamination studies examined a total of 2169
bronchoscopes for pathogens after high-level disinfection.
Our results showed pathological growth within 189 bron-
choscopes after high-level disinfection (HLD). Overall,
nine infection studies included 426 contaminated patients.
In two studies [25, 29], prophylactic antibiotic treatment
was initiated, and no patients were included for the infection
meta-analysis to limit the possibility of overestimating the
cross-infection risk by assuming they would have acquired
an infection if no prophylactic antibiotic treatment was initi-
ated. A total of ten patients experienced an infection after
treatment with a contaminated bronchoscope. All contami-
nation and infection studies are illustrated in Tables 4 and
5, respectively. For each paper a grading score is provided,
all grading is conducted by following the GRADE Hand-
book [34]. Since all studies are observational retrospective
or prospective studies that are predefined as low grading,
no paper is ranked superior to others. An overview of the
grading scheme can be found in SI 1.

In the supplementary information section (SI 2), meta-
analyses of contamination and subsequent infection are

presented as forest plots, funnel plots and Egger’s regression
tests. The effect size for cross-contamination was estimated
as 12.0%, while that for infection was 2% when filtering out
prophylactic antibiotic treated patients. The forest plot for
contamination illustrated a large degree of heterogeneity:
(I> = 84%) and p value < 0.05. Publication bias was present
and Egger’s regression test yielded a Z value > 1.96 and
limit estimate equal to —1.56, indicating funnel plot asym-
metry. The forest plot for infection studies illustrated a low
degree of heterogeneity: (1> = 28%;p = 0.20). No publica-
tion bias was indicated in the funnel plot or Egger’s regres-
sion test.

3.2 Parameters

The average volume of bronchoscopy procedures within the
bronchoscopy suites of the three facilities was estimated as
2200 per year cf. Table 1. The weighted average capital cost
per procedure with RFBs was $68.8 (SEM $32), whereas the
weighted average cost per reprocessing was $101.0 (SEM
$76), weighted repair cost per procedure was $69.3 (SEM
$28), and accumulated risk of cross-infection was calculated
as 0.22%, resulting in an infection cost per procedure of $35.
The total per procedure cost for RFB was $274, while for
SUFB, the per procedure cost was estimated as $403. The
incremental value was finally calculated as an additional cost
of $129.4 per procedure with SUFBs and a decreased infec-
tion risk of 0.2%.

DSAs were varied by +20% for all costs. The decision
illustrates that it is only sensitive to the per procedure cost
for aScope™ 5 Broncho, when reducing cost. If it is hypoth-
esized that all patients who were treated with prophylactic
antibiotic treatment would have developed an infection if
they were not treated, the subsequent infection risk for RFBs
increased from 2% to 17% and the total cross-infection risk
from 0.22% to 2.0%, leading to a change in incremental cost
from $129.4 to —$204. Utilizing 500 and 4000 procedures
as the fixed lower and upper procedure volumes, incremen-
tal per procedure costs of —$90 and $142 were obtained,
respectively. Both scenarios were sensitive to the change in
the incremental value. Finally, the logarithmic regression
analysis illustrated a significant relationship between the
yearly procedure volume and incremental cost per proce-
dure (p < 0.05). The correlation coefficient was measured

Table 3 A presentation of data collected from definitive healthcare presented as procedure splits for US bronchoscopy suites (n=2388)

Procedure range < 500 annual procedures  Between 500 and 1499 annual Between 1500 and 2500 Above 2500 annual
procedures annual procedures procedures
Distribution of US bronchoscopy procedures
Percentage of hospitals  80% 16% 2% 1%

A\ Adis



Cost-Consequence of Single-Use Verses Reusable Bronchoscopes 671
Fig.2 PRISMA diagram of the Records removed before
study selection process - screening
% Records identified from: Duplicate records removed
e Databases (Pubmed n= 531, (n=119)
= Embase n= 514) Records marked as ineligible by
3 Free-text (n=1) automation tools (n=0)
= Records removed for other
reasons (n=28)
Y
(E— 4 N & N
Records screened Records excluded
(n=926) d (n=881)
. J . J
Y
{ N 4 N
Reports sought for retrieval N Reports not retrieved
= (n=45) o (n=0)
= Y J . J
-
o
o
3
Reports excluded: N\
v Different language than English
(n=2)
Reports assessed for eligibility Missing full text (n=7)
(n=45) No relevance (n=11)
Poster or abstract (n=4)
Published before 2010 (n=4)
\_ Total (n=28) J
Y
b Studies included in review (n=17)
= Infection studies (n=9)
2 Cross-contamination (n=8)
—

to be 0.92. All parameters included in univariate sensitivity
analyses are summarized in Table 6 and presented in Fig. 3.
In Fig. 4, the procedure volume scenario is further ana-
lyzed. The logarithmic regression analysis illustrated a sig-
nificant relationship between the procedure volume and the
incremental cost per procedure. The break-even point, where
RFB and SUFB are cost neutral, is found at 756 procedures
per site per year or 46 procedures per bronchoscope per year.
Additionally, the logarithmic regression analysis was
used to predict incremental per procedure cost for the four
procedure ranges presented in Table 3. For hospitals per-
forming < 500 procedures annually, a mean incremental
per procedure cost was found to be —$119 with a 95%
confidence interval (95% CI —268, 30), and for hospitals
performing between 500 and 1499 annual bronchoscopy
procedures, the mean was $45 (95% CI —104, 193). For
hospitals performing between 1500 and 2500 annual pro-
cedures, the mean value was $121 (95% CI —28.1, 269),
and lastly, for hospitals performing above 2500 annual
procedures, the mean value was $191 (95% CI 42, 339).
The probabilistic Monte Carlo simulation used to inves-
tigate stochastic uncertainty showed that RFBs were cost

minimizing in 88% of the iterations among the high-vol-
ume university hospitals and academic institutions exam-
ined. The Monte Carlo simulation is illustrated in Fig. 5.
The mean and confidence interval for all cost iterations
is: $135 (95% CI —132.6, 137.2). In addition, the SI 1
document includes an incremental cost-effectiveness scat-
ter plot.

4 Discussion

Our cost-consequence analysis, systematic review, and
meta-analysis indicated that SUFB may be more cost
minimizing than currently used RFBs in low/mid volume
settings, but not in high volume US university hospitals or
academic institutions. However, the analysis was subject
to uncertainty due to the sensitivity of two parameters. For
example, the inclusion of all patients who received pro-
phylactic antibiotic treatment, which were excluded from
the main analysis but included in the univariate sensitivity
analyses, led to an incremental cost per procedure saving
of $200 by using SUFB. This finding was uncertain, as the
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inclusion or exclusion of prophylactic antibiotic treated
patients could impact the result significantly.

Extending the scenario to include prophylactic treated
patients, assuming that 50% or 25% of them developed an
infection, revealed that including 50% made the two inter-
ventions nearly cost neutral, while including 25% resulted
in RFB being the dominant decision. The difference in
cross-infection risk between excluding or including all
prophylactic-treated patients ranged from 0.2% to 1.9%.
However, the results should be interpreted with caution
due to the uncertainty surrounding the inclusion or exclu-
sion of prophylactic treated patients, and the available data
not providing a robust estimate of the risk of infection.
Further research, such as a large cohort study or rand-
omized trial, is needed to obtain a more reliable estimate
of the real cross-infection risk.

The second parameter to which the findings were sen-
sitive was the procedure volume. This parameter varied
from 500 to 4000 annual procedures. In the observational
micro-costing analysis, facility 3 that performed 4000
annual procedures indicated a substantial reduction in
their capital costs compared with the university hospitals
investigated.

We hypothesized that incremental per procedure cost
is associated with the procedure volume at local facili-
ties. During the observational micro-costing exercise at the
facilities under investigation, the procedure volume ranged
from 1200 to 4000 procedures annually, the only differ-
ence being that the hospital where 4000 procedures were
undertaken had an extra procedure room, one broncho-
scope more, and access to more staff. The efficient setup
and greater number of local reprocessing staff and per-
sonnel to run high-volume facilities clearly indicates that
facilities can reduce the per procedure cost of RFB at sites
dealing with a high volume of patients on an annual basis.
In view of the correlation between procedure volume and
incremental cost, institutions should estimate their annual
procedure volume before considering either RFB or SUFB
in their bronchoscopy suites. This study estimated an aver-
age cost per procedure for RFB in well-established US
bronchoscopy suites as $274, in keeping with a recent sys-
tematic review and meta-analysis by the Andersen group
[35], who calculated an average RFB procedure cost of
$306. In addition, Andersen et al. [35] reported that the
per procedure cost for RFB was significantly dependent on
the annual procedure volume per facility, consistent with
our findings. Moreover, the group calculated the break-
even point between SUFB and RFB. The base-case of their
study was estimated as 306 procedures per site annually
and 39 procedures annually per RFB. Based on their sen-
sitivity analysis (including abstracts, magazines, and arti-
cles), a break-even point of 713 procedures per site and 61
procedures annually per RFB was obtained, comparable to

Grading
Very low

Low

Flush and swab

Flush

Reprocessing methods Sample methods

HLD
HLD or manual

other Gram-negative non-

Clostridium spp., Entero-
fermenters

spp., enterobacteriaceae,
coccus Spp.

P. aeruginosa, Pseudomonas
Staphylococcus spp.,

P. aeruginosa, S. aureus,

Microorganisms

break
(yes/no)

Out-
No
No

events

Posi-
tive
45

4

Bron-
choscope
samples
218

41

Endoscopy operating
unit

Setting

*

Country
Italy
Ttaly

[24]

P Pseudomonas, S Staphylococcus, E Enterobacter, A Acinetobacter, M Micrococcus, HLD high-level disinfection

Grading of all included studies was performed to outline the quality of the studies
*Not identified

Table 4 (continued)
Troiano et al. 2019 [23]
Cottarelli et al. 2020

Author
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Table 5 Overview of subsequent infection studies included from the systematic review

Author Country Study design ~ Setting Num- Number of Broncho- Infected Detection Grading
ber of contaminated  scopic proce- patients method
patients  patients dures

Guy et al. France Retrospective ICU, endos- 157 10 216 0 PFGE Low
2014 [25] copy suite

Abdolsasouli ~ United King-  Retrospective Bronchoscopy * 9 70 0 MALDI-TOF Very low
et al. 2020 dom unit MS
[26]

Zhang et al. China Observational Endoscopy 1002 247 1253 0 PFGE Low
2020 [27] units

Campos- Spain Retrospective Bronchoscopy 178 9 239 0 RFLP Low
Gutiérrez unit
et al 2020
(28]

Botana-Rial Spain Observational Bronchoscopy 118 39 154 0 REP-PCR Low
et al. 2016 suite
[29]

Rosengarten  Israel Observational Bronchoscopy 62 3 75 0 PCR, PFGE, Low
et al 2010. unit rRNA
[30]

Waite et al. England Prospective  ICU 47 18 47 2 PFGE Low
2016 [31]

Tschundin- Switzerland Retrospective  * 63 52 63 6 PFGE Low
sutter et al
2011 [32]

Carvalho et al. Brazil Retrospective  Endoscopy * 28 1440 2 PFGE Low
2018 [33] unit

Difference between contaminated and infected patients are that infected patients are diagnosed with a specific clinical infection, where contami-
nated patients contain specific pathogens, but do not experience an infection. Grading of all included studies was performed to outline the quality
of the studies

PFGE pulsed-field gel electrophoresis, RFLP restriction fragment length polymorphism, MALDI-TOF MS matrix-assisted laser desorption-ion-
ization time of flight mass spectrometry, PCR polymerase chain reaction, REP-PCR repetitive element sequence-based PCR, rRNA ribosomal
RNA

*Number not published

Table 6 Parameters included in univariate sensitivity analyses, base-case, and lower and upper limit scenarios

Parameter Incremental cost Robust or sensitive

Base-case  Lower limit ~ Upper limit

Risk of infection with a RFB (including 100% of prophylactic treated patients) ~ $129.4 $129 -$168 Sensitive
Procedure volume scenario (500 or 4000) -$90 $142 Sensitive
Risk of infection with a RFB (including 50% of prophylactic treated patients) $129 $13 Robust
Cost per procedure aS5B $49 $209 Robust
Risk of infection with a RFB (including 25% of prophylactic treated patients) $129 $62 Robust
Reprocessing cost per use of a RFB $150 $109 Robust
Capital acquisition cost for RFBs $143 $116 Robust
Repair cost per procedure of a RFB $143 $116 Robust
Bronchoscope scenario (10 or 20 units) $132 $89 Robust
Discount rate (0%/5%) scenario $134 $126 Robust

Four parameters, with deviations of +20%, and six scenarios were analyzed

aS5B aScope 5 Broncho, RFB reusable flexible bronchoscope

A\ Adis



Cost-Consequence of Single-Use Verses Reusable Bronchoscopes

675

Fig.3 Tornado diagram
illustrating the ten parameters
investigated. Four parameters,
with deviations of +20%, and
six scenarios were analyzed.

Tornado diagram

$-200 $-150 $-100 $-50 S-

Risk of infection with a RFB (Including 100% of prophylactic
treated patients)

$50 $100 $150 $200 $250

The red lines illustrate the upper Procedure volume scenario (500/4000) ——
limit and how this affects the ) ) o 4 }
. Risk of infection with a RFB (Including 50% of prophylactic [P
base-case, and vice versa the )
blue li i he 1 treated patients)
ue lines 1llustrate the lower
.. L. Cost per procedure of a aS5 I S——
limit and the derivative outcome
to the base-case Risk of infection with a RFB (Incl_udlng 25% of prophylactic .
treated patients)
Bronchoscopes scenario: 10 or 20 units [
Reprocessing cost per use of a RFB .
Capital acquasition cost for RFBs [ ]
Repair cost per procedure of a RFB L]
Discount rate 0%/5% (Scenario) ]

Fig.4 Univariate analysis illus-
trating the procedure volume in

conjunction with the incremen- $250
tal cost per procedure. Two lines $200
are 11.1ust.rated in the plot. Tl.le $150
red line illustrates the logarith- °
. . £ $100
mic regression model. The blue 3
line illustrates the incremental § $50
cost per procedure, differing in s 4
relation to the procedure volume g <50 O
a
S $-100
=
£ $-150
g
5 $-200
2 $-250
$-300
$-350
$-400

—@— Procedure dependent incremental value

our results, which show a break-even point at 756 proce-
dures per site annually or 46 procedures annually per RFB.

The main strength of this study is that the prospective
observational micro-costing approach provided adequate
inputs for cost components included in the simulation pro-
cess [36]. However, the issue of whether the cost of dis-
posing of waste, such as PPE or SUFBs, after use differs
remains to be established. Single-use interventions may
mitigate the need for larger reprocessing facilities and com-
plex adherence to reprocessing guidelines, and the need to
improve hygiene in the hospital setting [22, 37]. Ofstead
et al. [38] described the challenges in achieving effective

Base case: $129
W Upper bound m Lower bound

Univariate sensitivity analysis of procedure volume

y = 148.84In(x) - 1043.9
R?=0.8472

1500

2000

2500 3000 3500 4000

Procedure volume

-------- Log. (Procedure dependent incremental value)

high-level disinfection in endoscope reprocessing. In their
study, 70% of the respondents felt pressured to reprocess
faster and did not have sufficient time to deal with the large
workloads. Additionally, the study conducted a systematic
review and two meta-analyses that collected all available
evidence in the literature. However, workloads, complex
reprocessing guidelines, and lack of institutional monitor-
ing of microbiology outbreaks may have led to a risk of
under reporting infections and pseudo-infections [39, 40].
The current investigation included eight reports covering
cross-contamination and nine with a focus on infections.
More studies had relatively small sample sizes that, even
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Fig.5 Probabilistic sensitivity
analysis in terms of a 10,000
iteration Monte Carlo simula-
tion

Incremental costs

$-300
$-400
$-500

when combined, provide a rather uncertain foundation to
draw an evidence-based conclusion [13, 18, 21, 22, 24, 27,
29]. This heterogeneity in the published literature can be
avoided by establishing uniform and standardized surveil-
lance of microbiology techniques [40]. The studies used in
the analysis were designed as observational retrospective or
prospective study designs with no comparators. According
to the evidence hierarchy and the GRADE Handbook [34],
observational studies with no special strengths provide low
quality evidence. Due to the resulting low quality of evi-
dence and the large heterogeneity observed between studies,
it is evident that uncertainty exists regarding this parameter.

A significant limitation to this study is that only three hos-
pitals chose to be enrolled. To try generalize the results to
other US settings, the authors chose to collect registry data
from definitive healthcare [16] to compare the procedure
volumes investigated at the two university hospitals and the
academic center with other settings. The collected data from
definitive healthcare reflected that the investigated hospitals
were positioned in the top 19% of hospitals in terms of bron-
choscopy procedures, annually. Facility three that performed
4000 procedures a year was even positioned in top 1% of
US hospitals. Due to economy of scale, these hospitals might
represent settings that are able to lower their total costs com-
pared with settings with less annual procedures. Another limi-
tation that occurred during the observational micro-costing
was that no repairs for automated endoscope reprocessors,
video processors, and light sources were able to be collected.
All equipment that is used on a daily basis accumulates wear
and tear, which means that maintenance would be necessary
during the assumed 8-year lifespan. Therefore, it is expected
that the real cost associated with all this diverse equipment
might be slightly higher than what was observed in this study.
The last mentionable limitation was that the study did not
explore the patient demographics. It can be argued that hos-
pitals with a larger annual cohort of advanced patients, such
as immunocompromised patients, patients with prion disease,

A\ Adis

Incremental cost scatterplot

Iterations

and lung transplant patient might incur increased costs due
to more strict reprocessing, more repairs of bronchoscopes,
and a larger fleet of bronchoscopes to maintain an efficient
workflow. To clarify if patient demographics are a significant
factor, a study focusing on whether the impact of handling
patients with severe lung diseases significantly differs from
hospitals diagnosing and treating patients with a wider range
of severity is needed.

Finally, there is considerable debate on the application
of single-use endoscopy due to the requirement for disposal
after use [41]. Studies both in favor of and against single-use
technologies have been published, but to our knowledge,
none have compared the entire developmental process and
supplementary equipment involved in the production, usage,
and disposal of single-use and reusable endoscopes [41, 42].
Further research is warranted for comprehensive evaluation
of both product types, rather than only focusing on small
areas of waste management, to determine the real environ-
mental impact.

5 Conclusion

The outcomes of this cost-consequence analysis between
aScope™ 5 Broncho and reusable flexible bronchoscopes
within the US bronchoscopy suite setting indicates that the
single-use technology is not cost minimizing among high-
volume US university hospitals and academic institutions.
A direct change in aScope™ 5 Broncho usage in these hos-
pitals would incur an additional cost of $129 per procedure,
but decrease cross-infection risk by 0.22%. For hospitals
performing less than 756 procedures a year, it may be ben-
eficial to switch to single-use technology, which may provide
a more cost-neutral approach.
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tary material available at https://doi.org/10.1007/s41669-023-00417-y.
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