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Abstract: Endoscopic procedures such as ureteroscopy (URS) have seen a recent increase in single-
use devices. Despite all the advantages provided by disposable ureteroscopes (sURSs), their cost
effectiveness remains questionable, leading most teams to use a hybrid strategy combining reusable
(rURS) and disposable devices. Our study aimed to create an economic model that estimated the
cut-off value of rURS procedures needed to support the profitability of a hybrid strategy (HS) for
ureteroscopy. We used a budget impact analysis (BIA) model that estimated the financial impact of
an HS compared to 100% sURS use. The model included hospital volume, sterilization costs and the
private or public status of the institution. Although the hybrid strategy generally remains the best
economic and clinical option, a predictive BIA model is recommended for the decision-making. We
found that the minimal optimal proportion of rURS procedures in an HS was mainly impacted by
the activity volume and overall number of sterilization procedures. Private and public institutions
must consider these variables and models in order to adapt their HS and remain profitable.

Keywords: single-use ureteroscopes; urolithiasis; stone; hybrid strategy; cost analysis; cut-off values;
disposable; medical devices

1. Introduction

Single-use devices are rapidly developing in many medical specialties, including
endourology [1]. Since 2015, single-use flexible ureteroscopes (sURSs) have been a major
technological advancement in urolithiasis management. Their clinical performance and
functional capabilities are comparable [2,3] to those of reusable ureteroscopes (rURSs).
However, rURSs have disadvantages: they are fragile and prone to damage, and need
to be reprocessed and maintained. Previously, the overall cost of an rURS (purchase,
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reprocessing, maintenance and repair) has been compared to the purchase cost of an
sURS [4–9]. It was shown that hospitals’ volume of activity was an important factor of the
final cost. Indeed, only low-volume centers could financially benefit from the use of sURS,
with a higher overall cost of sURSs beyond 60–120 procedures depending on the sURS
purchase price [10–12].

Therefore, it was proposed to only use sURSs for challenging procedures in which
rURSs are at high risk of damage [9,13–16]. This hybrid strategy (HS) enables us to benefit
from the advantages of sURSs (no reprocessing, availability and ease of use without
breakage [7]) while reducing their financial impact. Nevertheless, the ratio between the
two devices in an HS cannot be chosen randomly. As rURSs have fixed costs (purchase,
reprocessing, maintenance), they need to be amortized. Therefore, the HS can only benefit
if enough ureteroscopies are performed with the rURS to amortize the fixed costs and take
advantage of economies of scale. For that reason, a minimal proportion of rURS procedures
need to be defined as a “cut-off value” in the HS. This cut-off value can differ across various
institutions according to their type (private or public), their activity volume and the total
number of sterilization procedures due to the use of reusable endoscopes.

In this study, we seek to create a model that estimates the cut-off value of rURS
procedures in an HS to support health care professionals in their choice of device strategy.

2. Methods
2.1. Analytic Framework

In a previous study, we proposed a budget impact model that estimated the 5-year
financial impact of replacing all flexible fiberoptic rURSs by sURSs [17]. This impact was
calculated for a public hospital where lithiasis surgery was a loss-making activity (with
costs greater than revenue). We showed that completely switching to sURS increased
this deficit.

In this study, the model was used to estimate the financial impact of an HS when the
proportion of rURSs could continuously vary between 0% and 100%. For each proportion,
the financial impact of the HS was then compared to the financial impact of switching to
100% sURS use. The model was adapted to consider the hospital volume, the sterilization
costs, and the private or public status of the institution.

2.2. Hospital’s Activity Volume

The analysis of the data collected by the French Agency for Information on Hospital
Care (AIHC) showed that the annual activity volume of the institutions (private and public)
could vary between approximately 10 and 800 stone patients in 2019. The model was
used on different values in this range to provide a cut-off value for each institution that
corresponded to its activity volume.

2.3. Sterilization Costs

In order to consider the latest international recommendations for ureteroscope steril-
ization, we estimated the costs of low-temperature sterilization from a local micro-costing
in our facility and from literature data [18]. Its total cost was estimated from the amortized
cost of materials (Sterrad® (ASP, Irvine, CA, USA), washer-disinfector), consumables and
staff costs. The values used are reported in Table A1. The estimation of the amortized cost
of sterilization equipment was based on the total number of overall endoscopes that were
reprocessed in the hospital (i.e., ureteroscopes, bronchoscopes, cystoscopes, choledoscopes,
etc.). The higher the number of endoscopes, the lower the cost of sterilization. We estimated
that if less than 300 endoscopes were to be sterilized, the facilities were only equipped with
one Sterrad® and that at least two Sterrad® units were required if more than 300 devices
were to be sterilized (Table A1).

As the number of endoscopes to be sterilized depended on the practices of the insti-
tution, the sterilization cost of an rURS was estimated for different values. We assumed
that the total number of endoscope sterilization procedures per year could represent
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5 to 15 times the number of stone patients who may be treated by reusable ureteroscopes.
This multiplying factor, ranging from 5 to 15, was called the “multiplying k-factor” in our
model. The formula was as follows:

k =
total number of endoscope sterilization procedures

number of stone patients
(1)

2.4. Cost of rURS

The operating cost of a procedure performed with an rURS was calculated from a
local micro-costing. It included the negotiated price of a fiberoptic rURS, the costs of the
low-temperature sterilization, the price of maintenance contracts including repair services
(for rURS and sterilization equipment) and the cost of quality control. As a result, an
amortized rURS cost was estimated considering the distribution of fixed costs depending
on the number of rURSs available in hospital and the number of ureteroscopies performed.

2.5. Public and Private Status

In France, 64% of ureteroscopies performed for urolithiasis in 2019 were carried out in
private institutions. The costs and tariffs concerning diagnosis-related groups (DRGs) were
notably different (Table A1). For example, the cost of the DRG for outpatient ureteroscopy in
public institutions was equal to EUR 1256 (EUR 1621 in private). Additionally, the analysis
of the AIHC data showed that the proportion of patients treated by ureteroscopy and their
number over time varied between public and private hospitals (Table A1). Therefore, the
results of the model were reported according to the type of institution (public or private).

2.6. Cut-Off Value Estimation

The hybrid strategy’s financial impact was estimated for different proportions of rURS
between 0% and 100% according to the type of institution (public or private), the center
volume and the overall number of endoscopes requiring sterilization per year. Then, it was
compared to the financial impact of switching to 100% sURS use. The cut-off value was
calculated as the minimum proportion of rURS procedures needed to ensure the hybrid
strategy was financially preferable to 100% sURS use over a 5-year period.

3. Results

In the following, the results are reported by type of institution (public and private).

3.1. Public Institutions

For public hospitals, cut-off values are reported in Table 1 crossing the annual number
of patients to be treated and the multiplying k-factor (to deduce the total number of
endoscope sterilization procedures per year). Figure 1 gives the example of four hospitals
belonging to the four categories identified.

Table 1. Cut-off value for public hospitals in the case of the relevant hybrid strategy.

Multiplying k-Factor to Obtain the Number of Endoscope Sterilization Procedures

5 6 7 8 9 10 11 12 13 14 15

Number of stone patients to be
treated per year

10 NO NO NO NO NO NO NO NO NO NO NO

15 NO NO NO NO NO NO NO NO NO NO NO

20 NO NO NO NO NO NO NO NO NO NO NO

30 NO NO 91% 85% 89% 95% NO 94% NO NO NO

35 90% 79% 72% 75% 79% 74% 86% 91% 85% 81% 77%

40 72% 65% 67% 69% 72% 77% 77% 72% 68% 65% 63%

50 52% 52% 60% 60% 62% 57% 53% 51% 49% 47% 46%

60 44% 50% 49% 50% 45% 43% 41% 39% 38% 37% 36%

70 39% 43% 42% 38% 36% 34% 33% 32% 31% 30% 29%
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Table 1. Cont.

Multiplying k-Factor to Obtain the Number of Endoscope Sterilization Procedures
5 6 7 8 9 10 11 12 13 14 15

80 36% 38% 34% 31% 29% 28% 27% 26% 26% 25% 25%
90 33% 31% 28% 26% 25% 24% 23% 23% 22% 22% 22%

100 31% 26% 24% 23% 22% 21% 20% 20% 20% 19% 19%
120 22% 20% 19% 18% 17% 17% 16% 16% 16% 16% 15%
140 18% 16% 15% 14% 14% 14% 13% 13% 13% 13% 13%
160 14% 13% 13% 12% 12% 12% 11% 11% 11% 11% 11%
180 12% 11% 11% 11% 10% 10% 10% 10% 10% 10% 10%
200 11% 10% 10% 9% 9% 9% 9% 9% 9% 9% 9%
220 9% 9% 8% 8% 8% 8% 8% 8% 8% 8% 8%
230 9% 8% 8% 8% 8% 8% 8% 7% 7% 7% 7%
300 6% 6% 6% 6% 6% 6% 6% 5% 5% 5% 5%
400 4% 4% 4% 4% 4% 4% 4% 4% 4% 4% 4%
500 3% 3% 3% 3% 3% 3% 3% 3% 3% 3% 3%
600 3% 3% 2% 2% 2% 2% 2% 2% 2% 2% 2%
700 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2%
800 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2%

Note: For example, for a public institution with 80 stone patients to be treated per year and a total number of 640 endoscope sterilization
procedures per year, k is equal to 8 (k = 640/80). The cut-off value is then read at the intersection of 80 and 8. In this case, the minimum
percentage of rURSs in an HS, ensuring that the HS was financially preferable to 100% sURS use, is equal to 31%.

Figure 1. Graphical representation of the cut-off value for different types of facility. Note: The cut-off value can be read on
the x-axis by projecting the value of the financial impact of switching completely to sURS use on the curve. For a public
institution with 20 stone patients to be treated and 200 endoscope sterilization procedures (k = 10), the financial impact
of switching to sURS use was negative (deficit reduction between costs and revenues) so any HS would not be profitable.
For institutions with 60, 140 and 300 patients, the cut-off values were 43%, 14% and 6%, respectively, so the HS was more
profitable than 100% sURS use.
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The first profile defined very low-volume centers with a volume less than 30 patients
per year. The deficit between costs and tariffs was reduced by completely switching to
100% sURS use. An HS was less profitable because the total cost of rURSs was borne by a
small number of procedures. From a financial aspect, 100% sURS use was the best choice.

The second profile corresponded to centers that treated 35 to 100 patients. Depending
on the k-factor value, the cut-off was estimated to be between 20% and 90%. This meant that
they had to treat at least 2–9 out of 10 patients for the HS to result in a lower incremental
cost than a complete switch to sURS.

The third profile corresponded to institutions that treated 100 to 200 patients. If at least
1–2 patients out of 10 were treated with an rURS, the HS was more profitable. This cut-off
value was not heavily modified by the k-factor, as the number of endoscope sterilization
procedures per year was high enough to amortize the fixed costs associated with the rURS.

The fourth profile was defined by high-volume centers with more than 200 patients per
year. The cut-off value was less than 10%. This decreased with the volume of activity, and
was independent of the k-factor. The volume of activity in endourology and in sterilization
procedures per year was so high for these institutions that the fixed costs were quickly
amortized. In this context, only a few procedures with rURSs were needed to make the HS
more profitable (very low cut-off value) Therefore, these hospitals had significant freedom
to implement an HS that was better most of the time than a 100% single-use strategy.

3.2. Private Institutions

Cut-off values for private institutions are reported in Table 2. The same four profiles
were identified. The limit between each category was established for lower levels of activity
volume due to the difference in costs and tariffs between public and private hospitals.

Table 2. Cut-off value for private hospitals in the case of the relevant hybrid strategy.

Multiplying k-Factor to Obtain the Number of Endoscope Sterilization Procedures
5 6 7 8 9 10 11 12 13 14 15

Number
of stone
patients

to be
treated

per year

11 NO NO NO NO NO NO NO NO NO NO NO
15 NO NO NO NO NO NO NO NO NO NO NO
20 NO NO NO NO NO NO NO NO 96% 94% 92%
30 88% 78% 71% 67% 71% 67% 65% 67% 69% 70% 68%
35 69% 62% 57% 54% 52% 51% 52% 54% 58% 58% 60%
40 56% 51% 48% 46% 47% 49% 50% 51% 50% 51% 50%
50 41% 38% 36% 37% 40% 41% 42% 40% 39% 38% 37%
60 32% 30% 32% 33% 33% 33% 32% 31% 30% 30% 29%
70 28% 26% 28% 30% 28% 27% 26% 25% 25% 24% 24%
80 23% 25% 25% 25% 23% 23% 22% 21% 21% 21% 20%
90 21% 22% 22% 21% 20% 19% 19% 19% 18% 18% 18%

100 20% 21% 19% 18% 17% 17% 17% 16% 16% 16% 16%
120 16% 16% 15% 14% 14% 14% 13% 13% 13% 13% 13%
140 14% 13% 12% 12% 11% 11% 11% 11% 11% 11% 11%
160 11% 11% 10% 10% 10% 10% 9% 9% 9% 9% 9%
180 10% 9% 9% 9% 8% 8% 8% 8% 8% 8% 8%
200 8% 8% 8% 8% 7% 7% 7% 7% 7% 7% 7%
220 7% 7% 7% 7% 7% 7% 7% 6% 6% 6% 6%
230 7% 7% 7% 6% 6% 6% 6% 6% 6% 6% 6%
300 5% 5% 5% 5% 5% 5% 5% 5% 4% 4% 4%
400 3% 3% 3% 3% 3% 3% 3% 3% 3% 3% 3%
500 3% 3% 3% 2% 2% 2% 2% 2% 2% 2% 2%
600 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2%
700 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2%
800 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1%

Note: This table is interpreted in the same way as Table 1.

4. Discussion

Using a budget impact model, we explored the economic relevance of an HS mixing
sURS and rURS use. We showed that the cut-off value between both devices must be
predefined due to the high fixed costs related to rURS use. Our model allowed us to
determine the minimum proportion of procedures to be performed with an rURS to
support an HS from a financial perspective, compared to the use of 100% sURSs.
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Our BIA-based model revealed the possibility of catering to the needs of surgeons
as well as healthcare purchasers. It allowed us to accurately adapt the surgical strategy
regarding medical device choice and plan the budget impact of the strategy used in
advance. This model is highly relevant both clinically and economically, as it includes the
most relevant variables required.

Although some argue that sterilization costs are not a solid benchmark [19], they have
been shown to have a major economic impact. Compared to previous studies [10,11], we
calculated the amortized cost of sterilization on the total number of endoscopes that are
reprocessed (including ureteroscopes, bronchoscopes, cystoscopes and choledoscopes) and
not only on the number of ureteroscopes. Omitting the overall cost of a sterilization unit
is likely to bias the cost analysis and underestimate the real impact for the institution.
Moreover, our cost analysis was based on the most up-to-date sterilization guidelines
that recommend specific processes for all endoscopic devices from the same institution.
Therefore, even if some institutions are still not equipped, our analysis allows them to get a
preview of the generated cost resulting from the change to the new sterilization guidelines.
Our analysis highlighted the importance of the caseload factor. Four institution profiles
were described, revealing the need of completely different strategies. In institutions with a
low-volume activity the hybrid strategy was not profitable and replacing all rURSs with
sURSs was more beneficial. Indeed, the high costs associated with sterilization mainly
impact small healthcare infrastructures. In hospitals with a high activity volume (more
than 180 patients in private facilities or 220 patients in public facilities), the fixed costs
associated with rURSs were amortized by the large volume of endoscopes. Only a small
proportion of procedures performed with rURSs (less than 10%) was necessary to render
the hybrid strategy more profitable. Hence, it would be easier for the high-volume centers
to choose the ratio between sURS and rURS use in the implementation of an HS. Notably,
these centers saw no economic benefit from switching to a 100% sURS strategy. Between
these two extreme profiles, we showed that the cut-off value decreased with the activity
volume. These results emphasize the importance of defining the case volume. Although
many experts recommend the use of an HS based only on clinical cases [7,19–21], our study
indicates that the number of patients treated can also be used to accurately implement the
best hybrid strategy.

We demonstrated that budget impact analysis is a very powerful tool. In addition
to estimating the financial impact of adopting a new procedure, it can be used to assess
the relevance of a hybrid strategy combining two alternative procedures and to calculate
cut-off values.

Budget impact analysis (BIA) is the final step in health technology assessment (HTA),
and can allow health authorities to assess a new technology in terms of its safety and
effectiveness, as well as its affordability for the health care system. It enables the accurate
(re)allocation of financial resources in a given health system, either through the evaluation
of new technologies or the re-evaluation of existing technologies. In the last decade,
BIAs have been shown to have a promising role in decision-making due to the constant
introduction of new premium-priced technologies on the market [22,23]. These new
technologies push health care professionals to include the potential budget impact in
their decision-making. Hence, health authorities and the main HTA institutions have
expanded their guidelines to encompass BIAs [24,25]. Indeed, BIAs are of fundamental
importance in budget allocation as well as in decisions regarding the pricing and utilization
of new technologies. However, BIA studies have been criticized for not fulfilling the key
characteristics for qualitative studies [26]. In our study, we were strongly committed
to high methodological quality and low bias in order to enhance our BIA’s use among
health authority decision-makers who will have to deal with single-use ureteroscopes.
Our methodology even allowed us to undertake specific analyses in order to implement a
hybrid strategy that included new and standard technologies.

We believe that our model and its external applicability are enhanced by its ease of use,
since physicians or hospital managers only need to cross-reference two key parameters: the
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number of patients to be treated and a multiplying factor deduced from the total number
of endoscope sterilization procedures.

We must acknowledge several limitations of this study. Firstly, the model used data
describing the management of urolithiasis in French public hospitals, where patients are
insured. Its applicability to foreign hospitals might be limited. The estimation of cut-off
values was based on a prospective BIA including parameters whose values and evolution
rate were based on retrospective national data and expert opinion. Among others, in future
studies it could be interesting to apply the same BIA model to centers where bilateral URSs
are performed [27], and where laparoscopic ureterolithotomy [28] is usually proposed.
Indeed, these techniques could impact the number of URSs used in experienced centers.
Finally, due to COVID-19 the recent changes in the prioritization of surgical management
could affect the decision-making process regarding ureteroscopies for several years [29].

Nevertheless, these results provide the healthcare facilities with the first global preview
of the budget impact of a hybrid strategy, and will help them to select the most appropriate
one. Finally, we included only one type of sterilization in the analysis which could lead to
a lack of external applicability for centers who have not yet embraced a global sterilization
process for all endoscopes. However, this sterilization process is the most frequently
reported, and its evaluation avoided the underestimation of the real cost related to this
step.

5. Conclusions

We described a model based on budget impact analysis that allows healthcare pur-
chasers and urologists to decide on the best strategy regarding the use of single-use and
reusable ureteroscopes for the management of kidney stones. We showed that a hybrid
strategy needed to be pre-planned and to consider the caseload and sterilization process.
Although the hybrid strategy was generally the best economic and clinical option for the
use of single-use and reusable devices, the use of a predictive model in advance is essential
for the decision-making with this strategy.
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Appendix A

Table A1. Values and sources of the input parameters.

Value for the First Year Annual Evolution Rate

Urolithiasis rate 0.17% 1 +0.95% 1

SWL or ureteroscopy rate 0.22% 2 SWL: −5.51% 1

URS: 13.88% 1

Proportion of ureteroscopy compared to SWL Public: 69.03% +3.80% 1

Private: 56.85% 1 +5.47% 1,a

Proportion of sURS compared to rURS 100.00% 0.00%
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Table A1. Cont.

Value for the First Year Annual Evolution Rate

Assumptions
Rate of rURS converted into SWL 1.00% 2 0.00%

Rate of SWL with anesthesia among SWL 10.00% 2 0.00%
Rate of SWL without anesthesia converted into sURS 25.00% 2 0.00%

Rate of SWL with anesthesia converted into sURS 100.00% 2 0.00%
Rate of outpatient activity for sURS strategy 53.66% 3 +10.00% 1,b

Rate of outpatient activity for rURS strategy 25.2% 4 +21% 1,b

DRG tariff for SWL (2020—11K08J) Public: EUR 881
Private: EUR 438.64 0.00%

Anesthesia consultation tariff 5 EUR 25.00 0.00%

DRG tariff for ureteroscopy (2020—11C111) Public: EUR 1867.30
Private: EUR 887.56 0.00%

Cost of the DRG for SWL without anesthesia 6 Public: EUR 1041.37
Private: EUR 724.35 0.0%

Cost of the DRG for SWL with anesthesia 6 Public: EUR 1188.01
Private: EUR 849.37 0.0%

Cost of the DRG for inpatient ureteroscopy 6 Public: EUR 2308.08
Private: EUR 1814.54 0.0%

Cost of the DRG for outpatient ureteroscopy 6 Public: EUR 1256.07
Private: EUR 1621.00 0.0%

Negotiated price of LithoVueTM (2020) 7 EUR 834 0.00%

Cost of fiberoptic rURS

Purchase cost: EUR 1714.30 0.00%
Maintenance: EUR 2000 0.00%

Breakage rate: 10.0% 0.00%
Quality check after breakage: EUR 66.8 0.0%

Simple-chamber washer-disinfector 8
Purchase cost: EUR 30,000 0.0%

Maintenance: EUR 5000 0.0%
Qualification: EUR 1500 0.0%

Double-chamber washer-disinfector 8
Purchase cost: EUR 50,000 0.0%

Maintenance: EUR 7500 0.0%
Qualification: EUR 1500 0.0%

Sterrad®/Small-capacity chamber 8,c
Purchase cost: EUR 75,000 0.0%

Maintenance: EUR 7500 0.0%
Qualification: EUR 8000 0.0%

Sterrad®/Large-capacity chamber 8
Purchase cost: EUR 100,000 0.0%
Maintenance: EUR 10,000 0.0%
Qualification: EUR 8000 0.0%

Sterilization—staff costs 9 EUR 45.9 0.0%
Sterilization—consumables costs 10 EUR 28.7 0.0%

Back-up benchtop 11 EUR 50,000 0.0%

1 Calculation from the authors from AIHC data; 2 According to expert opinion; 3 Calculation by authors using local data 2018 due to
complete switch to sURS; 4 Calculation by authors using local data and AIHC data; 5 Tariff of the common classification of medical
procedures of the French Health Insurance in 2020; 6 French national cost scale v2019 (2017 data adjusted for inflation); 7 Price obtained by
the leading group purchasing cooperative network of French public hospitals (UniHA); 8 Data from local Biomedical Unit/amortization
period: 10 years; 9 Data from local pharmacy; 10 Calculation from the authors from local data and [18]; 11 Data from local Biomedical
Unit/amortization period: 20 years. a A decreasing annual growth rate over the time period was considered (27% lower than the previous
year’s value). b A decreasing annual growth rate over the time period was considered (30% lower than the previous year’s value). c When
less than 300 endoscopes were to be sterilized, the facilities were equipped with one Sterrad® with a small-capacity chamber. Beyond that
number, they were equipped with at least two Sterrad® units with a large-capacity chamber, depending on the volume of endoscopes to be
sterilized per year.
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