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INTRODUCTION

Nephrolithiasis is one of the most common urinary diseases, 
and its prevalence has been increasing worldwide.1-4 In gener-
al, there is a consensus that the first line of treatment for pa-

tients with renal calculi of less than 20 mm is either shock wave 
lithotripsy (SWL) or retrograde intrarenal surgery (RIRS).5-7 Ac-
cording to a previous meta-analysis, the stone-free rate (SFR) 
of RIRS is higher than that of SWL; moreover, RIRS is generally 
followed by fewer retreatments than SWL.8-12 

Generally, RIRS is performed at general hospitals as it re-
quires hospitalization; at the hospital, general anesthesia is 
administered to the patient, and flexible ureteroscopy and en-
dovision system facilities are available.13 In contrast, SWL, 
routinely performed at private clinics or low-volume hospi-
tals, is preferred among patients due to its high accessibility, 
short procedural time, relatively inexpensive cost, and local 
anesthesia requirement.5,8,10,11,14-17 By examining extensive Ko-
rean claims data, Ko, et al.18 reported that SWL was frequently 
used as a method of treatment in South Korea but, due to rela-
tively low SFRs, it resulted in hospital revisits, reoperations, 
patient inconvenience, and additional economic burden.
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who had any record of treatment with modalities, including 
SWL, RIRS, and percutaneous nephrolithotomy (PCNL), with-
in 6 months before the index date were excluded from the 
analysis. 

The length of an episode to treat renal stones was defined as 
6 months, as per expert opinion. If a record of SWL, RIRS, or 
PCNL existed after the index date within an episode, the re-
cord was classified as retreatment for the same renal stone. To 
include records related to only renal stones, claims data re-
garding reimbursement for exclusively renal stones were in-
cluded [using the International Classification of Diseases, 
Tenth Revision (ICD-10) codes N-200]. The study protocol was 
reviewed by the Institutional Review Board of Gachon Univer-
sity (Approval No. 1044396-201708-HR-139-01).

Model overview
We used a decision tree model to investigate the cost-effec-
tiveness of introducing RIRS in the treatment sequence from 
the payers’ perspective in South Korea. The model was con-
structed based on a previous study,21 on the assumption that a 
maximum of four successive treatments can be performed in 
each patient. 

The treatment modalities, including SWL, RIRS, and PCNL, 
resulted in two possible outcomes: 1) “non-retreatment,” 
which probably meant a treatment success; and 2) “retreat-
ment,” which indicated a treatment failure. After the failure of 
a previous treatment, the patient was expected to advance to 
the next line of treatment. As the data obtained from insur-
ance claims do not provide information regarding the clinical 
setting, the current study used non-retreatment rate (NRR) 
rather than SFR, for the evaluation of treatment outcomes. Pi-
lot analysis showed that the percentages of patients who un-
derwent PCNL after first line SWL failure and after first line 
RIRS failure were 0.31% and 0.36%, respectively. As a cost-ef-
fectiveness model should be as simple as possible, PCNL was 
excluded from the model.22 The model is presented in Fig. 2. 
Oval shapes represent chance nodes. A chance node is a point 
where one or two alternative treatments (SWL or RIRS) are 
possible. In this study, we assumed five possible scenarios as 
follows. First, “clinic scenario” meant performing only SWL 
(maximum four times). Second, “RIRS scenario” meant per-
forming RIRS as a first line treatment and, then performing 
RIRS or SWL as subsequent treatments. Third, “early switch 
scenario” meant performing RIRS as a second line of treat-
ment after first SWL failure and, then performing RIRS or SWL 
as a subsequent treatment. Fourth, “intermediate switch sce-
nario” meant performing RIRS as the third line treatment after 
two successive SWL failures and, then performing RIRS or 
SWL as a subsequent treatment. Fifth, “late switch scenario” 
meant performing RIRS as the fourth line of treatment after 
three successive SWL failures.  

The authors assumed that the patients involved in the cur-
rent study followed any of the aforementioned scenarios. The 

Fig. 1. Study design for real clinical evidence generation.
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Considering that repeated SWL in private clinics and low-
volume hospitals might incur unnecessary societal burden, 
SWL should be substituted with another procedure, the SFR 
of which is higher than that of SWL. A previous study reported 
that SWL was more cost-effective than RIRS.19 However, the 
study had a considerable limitation in that it compared the ef-
fectiveness of SWL with that of RIRS in the same line of treat-
ment. In real-world clinical settings, however, diverse treat-
ment sequences and intricate treatment plans may exist. 
Therefore, we compared the clinical and economic outcomes 
between RIRS and SWL by analyzing population-based data 
and evaluated the most cost-effective line of treatment for 
RIRS in the treatment sequence. 

MATERIALS AND METHODS

Real clinical evidence generation
We analyzed the medical claims data for insurance reimburse-
ment provided by the Health Insurance Review and Assess-
ment Service (HIRA) to observe the outcomes of RIRS and 
SWL for renal stones. We then analyzed these two treatment 
modalities for their cost-effectiveness. As a public agency, 
HIRA conducts healthcare performance evaluation and deter-
mines whether or not medical claims need to be reimbursed. 
This repository of claims data covers approximately 98% of the 
Korean population and contains records of inpatient and out-
patient utilization, medication use, and other healthcare re-
source use.20 We used the claims data from July 1, 2015 to June 
30, 2017 (Fig. 1) in this study. 

Since the aim of this study was to examine the clinical out-
comes of SWL and RIRS, we only included patients who initi-
ated treatment with either SWL or RIRS. Patients who had any 
record of SWL or RIRS from January 1, 2016 to December 31, 
2016 were identified. Among the noted records for each pa-
tient, the first obtained record was selected and the date of re-
cord was defined as the index date. After defining the index 
date for each patient, we reviewed the claims data 6 months 
prior to the index date to include only incident patients. Those 
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study was based on the assumption that each patient be-
longed to one of the following five mutually exclusive sub-
groups: 1) patients who did not undergo retreatment after the 
first line of treatment; 2) patients who did not undergo retreat-
ment after the second line of treatment; 3) patients who did 
not undergo retreatment after the third line of treatment; 4) 
patients who did not undergo retreatment after the fourth line 
of treatment; and 5) patients who were not cured, even after 
four successive rounds of treatments. The expected NRR in 
each scenario was calculated by totaling the probabilities of 
belonging to any of the first four subgroups, which indicated 
the overall success rate of each scenario. The expected cost in 
each scenario was the weighted average of economic out-
comes of the five mutually exclusive subgroups, which was 
calculated by multiplying the probability of being in a sub-
group by the economic outcome of being that subgroup.

Model input
1) NRR: We defined SWL group as the group of patients who un-
derwent SWL as the first line of treatment. Likewise, RIRS group 
was defined as the group of patients who underwent RIRS as the 
first line of treatment. NRRs were calculated for each group and 
each sequence. As the model assumed a maximum of fourth 
line of treatment, we estimated NRRs up to the fourth line of 

treatment. However, the claims data lacked information about 
renal stone size and location; therefore, we had to operationally 
define “non-retreatment” for the data. If a patient had no suc-
cessive record of treatment within 6 months after the index date 
(i.e., the duration of an episode), as defined earlier, the patient 
was assumed to have undergone no further treatment. For ex-
ample, if a patient had no further record of treatment within an 
episode after the index date of performing RIRS, the patient was 
considered to be cured by first line treatment with RIRS. We as-
sumed that the NRRs of the fourth round of treatment were the 
same as those of the third, since the number of patients who un-
derwent a fourth line of treatment was too small to allow NRR 
calculation.

2) Selection probability: Selection probability was applied 
on the chance node of the decision tree model. A patient was 
assumed to move to SWL or RIRS after failure according to the 
selection probability. As the sum of selection probability was 1 
for each chance node, the selection probability of RIRS of each 
sequence was calculated by subtracting the value of SWL from 
1. Similar to NRR, selection probabilities were also calculated 
separately for SWL and RIRS groups. The probability to select 
SWL as the second line of treatment, for example, was calcu-
lated by dividing “the number of patients who received SWL 
during the second line of treatment” by “the number of pa-

Fig. 2. Decision tree model. Each oval shape represents a chance node. Int. switch, intermediate switch; SWL, shock wave lithotripsy; RIRS, retrograde 
intrarenal surgery.
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tients who underwent the second line of treatment.” Similar to 
the calculation of NRRs, we assumed that the selection proba-
bility for the fourth line of treatment was the same as that of 
the third line of treatment due to the limited sample size.

3) Cost: Costs were estimated separately according to the 
consequences and the sequence of each treatment. For exam-
ple, in case of a patient who underwent SWL as the first line of 
treatment without success and subsequently underwent the 
second line of treatment of RIRS with success, the “cost of the 
first SWL that was termed a failure” and the “cost of the RIRS 
that was a success” were calculated separately. The former was 
the sum of the cost spent from the index date to the day before 
the date of second line of RIRS, and the latter was the cost in-
curred from the date of second line of RIRS to the end of the 
episode. After estimating the cost for each patient for each se-
quence, we derived the average cost by dividing the total cost 
by the number of patients for each sequence. Similar to NRR, 
the cost incurred from the fourth line of treatment was consid-
ered the same as that for the third line due to the limited sam-
ple size. All of the costs estimated in Korean won were convert-
ed to US dollars using a conversion rate of 1100 won/US dollar.

Cost-effectiveness analysis
The expected NRRs and the expected cost of each scenario 
was calculated by running the model with inputs, as men-
tioned above. Subsequently, the outcomes of RIRS including 
scenarios were compared with the outcomes of the clinical 
scenario. We also presented an incremental cost-effectiveness 
ratio (ICER), which is a summary measure to describe the 
economic value of an intervention compared to a comparator 
that is normally a standard of care.22 Generally, ICER is calcu-
lated by dividing the incremental cost by the incremental ef-
fectiveness in a cost-effectiveness analysis. Incremental cost 
refers to the cost incurred by substituting a comparator to a 
new intervention. Incremental effectiveness means the bene-
fit derived by the substitution. In the current study, ICER was 
calculated by dividing the incremental cost by the incremen-
tal NRRs; that is, ICER indicated the monetary value per re-
treatment avoided. The clinic scenario was the comparator in 
all cost-effectiveness analysis. Therefore, the clinical and eco-
nomic outcomes of the RIRS scenario, early switch scenario, 
intermediate switch scenario, and late switch scenario were 
compared to those of the clinic scenario.

Since the cost of RIRS and SWL are constantly changing in 
Korea, deterministic sensitivity analysis was performed to 
demonstrate the impact of the aforementioned changes in 
costs. Every year, the reimbursement plan for each treatment, 
including surgeries, is published by HIRA. Considering the 
increasing trend in the charges from 2014 to 2020, the cost of 
RIRS was assumed to increase by 70 USD annually, and the 
cost of the first session of SWL treatment was assumed to in-
crease by 50 USD annually. The costs of the second, third, and 
fourth SWL treatments were assumed to rise by 30 USD annu-

ally. Probabilistic sensitivity analysis was performed to assess 
the acceptance probabilities of scenarios involving RIRS in 
the sequence compared to the clinic scenario under diverse 
willingness to pays (WTPs). In a cost-effectiveness analysis, an 
intervention was considered cost-effective if ICER was lower 
than WTP, indicating that the intervention could be accepted 
by insurers.22 Input parameters for probabilistic modeling 
were randomly selected from the means, standard errors, and 
distributions. Applying these random parameters, we ran the 
model 1000 times, which is termed as the Monte Carlo simu-
lation.22 Through probabilistic modeling, we obtained 1000 
ICERs for each comparison (e.g., RIRS scenario versus clinic 
scenario). If the 700 ICERs were under a certain WTP, the ac-
ceptance probability was considered as 70% under that WTP. 
As the standard errors for clinical outcomes could not be cal-
culated, we assumed the standard errors to be 10% of the 
means. Acceptability curves were drawn with the obtained 
acceptance probabilities. Microsoft Excel 2016 (Microsoft 
Corporation, Redmond, WA, USA) was used for all analyses.

RESULTS

Among the 11700 patients who underwent treatment for renal 
stones in South Korea from 2015 to 2017, 10590 (90.5%) pa-
tients belonged to SWL group and only 1110 (9.5%) patients 
belonged to RIRS group. Most of the patients who failed at the 
first line of SWL treatment were subsequently treated by SWL 
again (98.2%). All of the patients in RIRS group were treated in 
a hospital, whereas only 31.7% in SWL group were treated in a 
hospital (Table 1).

As shown in Table 2, the NRRs of SWL were 56% or lower, 
whereas those of RIRS ranged from 75% to 93%. The average 
cost of SWL was lower than that of RIRS in every sequence 
(Table 3). Among all sequences, the cost of RIRS as the third 
line of treatment was the highest ($3832).

On running the decision tree model with inputs derived 
from real-world data, the overall NRR in the clinic scenario 
was observed to be 0.928, whereas the overall NRRs of the 
other scenarios, including RIRS in their treatment sequences, 
were higher than that observed in the clinic scenario. The 
overall NRR was observed to increase up to 0.997, when RIRS 
was performed earlier (Table 4). The expected cost was also 
the highest in the RIRS scenario ($2692). On the contrary, the 
expected cost for each scenario decreased when RIRS was 
performed later. As a result, ICER was the lowest in the late 
switch scenario ($3377). 

Deterministic sensitivity analysis showed that the order of 
ICERs of the scenarios did not change with the change in the 
costs of RIRS and SWL (Table 4). For sensitivity analysis, the 
acceptance curve was drawn using the values detailed in Ta-
ble 5. Under varying WTPs, the late switch scenario was the 
most likely to be cost-effective, whereas the other scenarios, 
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which involved RIRS in the earlier sequence, were less likely 
to be cost-effective (Fig. 3).

DISCUSSION

Compared to the non-conclusive pattern observed in SWL, 
the NRRs of RIRS were observed to increase when RIRS was 
performed earlier. Decision analysis demonstrated that the 
expected NRR was the highest in the RIRS scenario. However, 
the expected cost in the RIRS scenario was the highest, com-
pared to those in the other scenarios. Consequently, ICER was 
the highest when the RIRS scenario was compared to the clin-
ic scenario, indicating that performing RIRS earlier was not as 
cost-effective as performing it later. As shown by the accept-
ability curve, the late switch scenario was most likely to be 
cost-effective compared with the other scenarios.

Although the SFRs of RIRS were similar to the previously re-
ported values, the SFRs of SWL derived from this study were 
lower than those obtained in previous clinical trials.11,12,23 The 

low SFRs may be due to the differences between clinical trials 
and real-world clinical settings. In clinical trials, clinicians sort 
out participants according to the predefined inclusion criteria 
to show the precise efficacy and effectiveness of a treatment.5 
However, aspects other than the inclusion criteria, such as fa-
vorable accessibility of a clinic, short operative time, patients’ 
experience, patients’ preference on non-invasive treatments, 
decision of a physician, and a quick return to everyday life, 

Table 1. Demographics of the Study Population

SWL (n=10590) RIRS (n=1110)
Sex, n (%)

Male 7086 (66.9) 659 (59.4)
Female 3504 (33.1) 451 (40.6)

Age, n (%)
<45 yr 3124 (29.5) 248 (22.3)
45–64 yr 5537 (52.3) 584 (52.6)
≥65 yr 1929 (18.2) 278 (25.1)

Health insurance type, n (%)
Health insurance 10015 (94.6) 1073 (96.7)
Other 575 (5.4) 37 (3.3)

Charlson comorbidity score, n (%)
0 8249 (77.9) 788 (71.0)
1 1969 (18.6) 237 (21.4)
2 320 (3.0) 65 (5.9)
≥3 52 (0.5) 20 (1.8)

Type of medical institution, n (%)
Clinic 7231 (68.3) 0 (0.0)
Hospital 176 (1.7) 2 (0.2)
General hospital 2044 (19.3) 278 (25.0)
Tertiary general hospital 1139 (10.8) 830 (74.8)

Outcome of the first treatment, n (%)
Non-retreatment 5493 (51.9) 1031 (92.9)
Failure 5097 (48.1) 79 (7.1)

Type of treatment after failure
SWL 5004 (98.2) 37 (46.8)
RIRS 62 (1.2) 38 (48.1)
PCNL 31 (0.6) 4 (5.1)

SWL, shock wave lithotripsy; RIRS, retrograde intrarenal surgery; PCNL, per-
cutaneous nephrolithotomy.

Table 2. Base Case Model Inputs

Parameters (n=11650) Base value
Non-retreatment rate*

SWL
First line 0.52
Second line after SWL failure 0.50
Second line after RIRS failure 0.56
Third line after first SWL failure 0.46
Third line after first RIRS failure 0.53
Fourth line after first SWL failure 0.46
Fourth line after first RIRS failure 0.53

RIRS
First line 0.93
Second line after SWL failure 0.89
Second line after RIRS failure 0.92
Third line after first SWL failure 0.88
Third line after first RIRS failure 0.75
Fourth line after first SWL failure 0.88
Fourth line after first RIRS failure 0.75

Selection probability†

Second line SWL after RIRS failure 0.49
Third line SWL after two SWL failure 0.99
Third line SWL after first line SWL, second line RIRS failure 0.71
Third line SWL after first line RIRS, second line SWL failure 0.88
Third line SWL after two RIRS failure 0.33

Costs (USD)‡

Cost of first SWL (non-retreatment) 840
Cost of first SWL (failure) 748
Cost of first RIRS (non-retreatment) 2555
Cost of first RIRS (failure) 2534
Cost of second SWL (non-retreatment) 540
Cost of second SWL (failure) 431
Cost of second RIRS (non-retreatment) 2400
Cost of second RIRS (failure) 2315
Cost of third SWL (non-retreatment) 492
Cost of third SWL (failure) 1508
Cost of third RIRS (non-retreatment) 2313
Cost of third RIRS (failure) 3832

SWL, shock wave lithotripsy; RIRS, retrograde intrarenal surgery.
*The non-retreatment rate or cost of fourth line of treatment was the same 
as the non-retreatment rate or cost of third line of treatment, †The selection 
probability of RIRS in each treatment sequence was calculated by subtract-
ing the value of SWL from 1, ‡The cost in Korean won were converted to US 
dollars using the conversion rate of 1100 won/US dollar.
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Table 3. Input Parameters for Deterministic Sensitivity Analyses

Input parameters
Cost (USD)

Base value 1 year later 2 years later
Cost of first SWL (non-retreatment) 840 890 940
Cost of first SWL (failure) 748 798 848
Cost of first RIRS (non-retreatment) 2555 2625 2695
Cost of first RIRS (failure) 2534 2604 2674
Cost of second SWL (non-retreatment) 540 570 600
Cost of second SWL (failure) 431 461 491
Cost of second RIRS (non-retreatment) 2400 2470 2540
Cost of second RIRS (failure) 2315 2385 2455
Cost of third SWL (non-retreatment) 492 522 552
Cost of third SWL (failure) 1508 1538 1568
Cost of third RIRS (non-retreatment) 2313 2383 2453
Cost of third RIRS (failure) 3832 3902 3972
SWL, shock wave lithotripsy; RIRS, retrograde intrarenal surgery.

Table 4. Results of Decision Analyses

Expected cost  
(USD)

Expected
NRR

Incremental value
Incremental cost (USD) Incremental NRRs ICER

Base case
Clinic scenario (reference) 1420 0.928 - - -
RIRS scenario 2692 0.997 1272 0.068 18640
Early switch scenario 2060 0.990 640 0.062 10376
Intermediate switch scenario 1662 0.985 242 0.056 4294
Late switch scenario 1610 0.985 190 0.056 3377

1 year later
Clinic scenario (reference) 1496 0.928 - - -
RIRS scenario 2766 0.997 1271 0.068 18624
Early switch scenario 2147 0.990 652 0.062 10559
Intermediate switch scenario 1745 0.985 249 0.056 4411
Late switch scenario 1691 0.985 195 0.056 3470

2 years later
Clinic scenario (reference) 1571 0.928 - - -
RIRS scenario 2841 0.997 1270 0.068 18609
Early switch scenario 2234 0.990 663 0.062 10742
Intermediate switch scenario 1827 0.985 255 0.056 4528
Late switch scenario 1772 0.985 201 0.056 3564

RIRS, retrograde intrarenal surgery; NRR, non-retreatment rate; ICER, incremental cost-effectiveness ratio.

may affect the NRRs of SWL.15-17,24,25 Also, in a real-world clini-
cal setting, SWL can be performed in patients with renal 
stones that are larger than 20 mm, which deviates significantly 
from the guidelines.5 However, in the current study, both 
treatments of SWL and RIRS were analyzed with the same as-
sumption; therefore, the NRRs of SWL and RIRS derived from 
this study can be considered as a reliable basis for the evalua-
tion of cost-effectiveness of each treatment sequence at the 
population level. Moreover, the objective of this study was to 
analyze and validate the cost-effectiveness of performing 
RIRS in a real-world clinical setting. Therefore, determining 
ICER using real-world values was a meaningful strategy.

Based on the results of the current study, RIRS was the best 
treatment option to reduce treatment failure. Additionally, we 
observed that the expected NRR in the intermediate switch 
scenario was not significantly different from that of the late 
switch scenario, suggesting that the benefits of performing 
RIRS gets maximized when performed earlier in the sequence. 
Therefore, RIRS should be performed as early as possible to re-
duce retreatment at the population level. Despite the benefits 
of performing RIRS as described above, insurers cannot force 
physicians to perform RIRS for many reasons. First, RIRS can-
not be performed at the level of private clinics due to the lack 
of infrastructure, which was demonstrated in the results of our 
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study that RIRS was generally performed at the hospital lev-
el.14,26 Second, before performing RIRS in real clinical settings, 
the size, location, and density of the stone should be evaluated 
and documented, as these characteristics may impact the 
treatment outcomes.5,9,10,12 Early RIRS selection can be justified 
only if the related complications and the fitness for anesthesia 
and hospitalization are favorable for performing RIRS.15-17 
Thus, even if the guidelines indicate that RIRS can be per-
formed on a patient, in case of patients who are at high risk of 
anesthesia or are afraid of ureteral stent and urethral catheter, 
SWL can be performed as an alternative. Therefore, insurers 
should detail their reimbursement plan to encourage treat-
ment with RIRS at an early stage for only eligible patients. 

According to the results of our decision analysis, performing 
RIRS earlier on in the sequence led to higher expected costs. The 
negative effect of RIRS on the economic outcome was also 
shown by the acceptability curve, such that the RIRS scenario 
was less likely to be accepted than the late switch scenario under 
the same WTP. However, the expected cost was the cheapest in 
the clinic scenario. The cost of repeated SWL was lower due to 
the reimbursement policy in South Korea, which allows up to 
50% discounted cost for subsequent SWL treatment. Our results 
from deterministic sensitivity analysis showed that even when 
the costs of treatments change, the order of ICER does not 
change. In real-world clinical settings, the entire population 
consists of the five scenarios that we assumed in this study. That 
is, some follow the RIRS scenario, whereas some follow the late 
switch scenario. Therefore, performing RIRS as the first line of 
treatment would be affordable at the population level, only if the 
patients who are eligible for RIRS follow the RIRS scenario. As 
the likelihood of performing RIRS at an earlier stage increases, 
the overall NRR and the total cost at the population level will 
also increase. Insurers should comprehensively consider the 
treatment accessibility, patient preference, and budget con-
straints to establish a new healthcare policy that would improve 
the health and economic outcomes at the population level. In 

addition, they should limit reimbursements in cases of repeated 
SWL that are not clinically indicated, and include a mandatory 
clause for the documentation of size, density, and location of the 
renal stone, before conducting any procedure. 

This study had several limitations, as the data obtained from 
the insurance claims did not include the patients’ social and 
physical conditions or details about the renal stones. As a re-
sult, it was not possible to reach conclusions regarding which 
patients should undergo RIRS at an early stage, based on the 
results of the present study. We believe that currently, treat-
ment in accordance with the established guidelines is the most 
evidence-based. This study assumed a treatment to be suc-
cessful when there were no records of further treatment. The 
aforementioned assumption and definition of a successful 
treatment may lead to bias, considering the actual clinical set-
tings; in fact, even if some patients have remnant stones, fol-
low-up observations may often be conducted for more than 6 
months. However, the length of each episode (i.e., 6 months) 

Table 5. Input Parameters for Probabilistic Sensitivity Analyses

Parameters Base value Standard error of the mean Distribution
Non-retreatment rate

SWL
First line 0.52 0.05* Beta
Second line after SWL failure 0.50 0.05* Beta
Third line after initial SWL failure 0.46 0.05* Beta

RIRS
First line 0.93 0.09* Beta

Costs (USD)
Cost of first SWL (non-retreatment) 840 7 Gamma
Cost of first RIRS (non-retreatment) 2555 32 Gamma
Cost of second SWL (non-retreatment) 540 13 Gamma
Cost of second RIRS (non-retreatment) 2400 204 Gamma

SWL, shock wave lithotripsy; RIRS, retrograde intrarenal surgery.
*Assumed to be 10% of the mean. 

Fig. 3. Acceptability curve under diverse willingness-to-pay. RIRS, retro-
grade intrarenal surgery.
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was sufficient to detect stone remission. According to the Eu-
ropean Association of Urology (EAU) guidelines, patients with 
kidney stones usually need repetitive follow-ups to deal with 
the infection and associated pain until the problematic stones 
are resolved.5 Also, if the situation does not warrant any treat-
ment, the physician should follow up with the patient after 6 
months, and then annually. Furthermore, the current study 
found that 90.8% of the patients who received SWL as the first 
line treatment presented with successful outcomes within 6 
months after the index date. The mean time interval between 
the first SWL session and the first session of retreatment was 
21.41 days, and the mean time interval between the first and 
second sessions of retreatment was 22 days, which indicates 
that the majority of treatments were done in the first 2 months 
after the index date. Meanwhile, among the 1110 patients who 
received RIRS as the first line of treatment, 99.0% presented 
with successful outcomes within 6 months. The mean of time 
interval between RIRS and first retreatment was 49.84 days, 
and the mean of time interval between the first and second re-
treatments was 56.47 days, which indicates that the majority of 
treatments, subsequent to the first RIRS, were done in the first 
3 months after the index date. Therefore, we believed that the 
time interval was sufficient to detect the majority of cases of 
recurrent stones or retreatments that occur in the real world. 
Lastly, renal stone patients may also have ureteral stones or re-
nal stones that exist in the other side of the kidneys. To over-
come this limitation, we excluded the patients with a diagnos-
tic code of ureteral stones, and only included the ones with 
renal stone disease (ICD-10 code, N200). 

Our study is the first to incorporate real clinical values into 
decision modeling to examine the cost-effectiveness of intro-
ducing RIRS into the treatment sequence of renal stone dis-
ease. We traced all possible treatment sequences to estimate 
the values of parameters, such as NRRs, selection probability, 
and cost spent on each sequence, based on large claims data. 
We also conducted a sensitivity analysis to show the accept-
ability curve of each scenario involving RIRS on its sequence, 
compared to the clinic scenario under diverse WTPs. Al-
though the reimbursement policy may differ by country, we 
believe that our findings would be useful for insurers around 
the world. Insurers should consider the clinical and financial 
impact of RIRS in advance, so that they can use our model to 
calculate ICER, which would be helpful in planning health-
care budget and revising patient reimbursement policy.

ACKNOWLEDGEMENTS

This study was supported by a grant from the Korea Health 
Technology R&D Project of the Korea Health Industry Devel-
opment Institute (KHIDI), funded by the Ministry of Health & 
Welfare, Republic of Korea (grant number: HC17C0005).

AUTHOR CONTRIBUTIONS

Conceptualization: Joo Yong Lee and Seon-Heui Lee. Data curation: 
So-Young Yang, Sun-Hong Kwon, and Hae Do Jung. Formal analysis: 
So-Young Yang and Sun-Hong Kwon. Funding acquisition: Seon-
Heui Lee. Investigation: So-Young Yang and Hae Do Jung. Methodol-
ogy: Eui-Kyung Lee and Seon-Heui Lee. Project administration: 
Seon-Heui Lee. Resources: Joo Yong Lee and Seon-Heui Lee. Soft-
ware: So-Young Yang and Sun-Hong Kwon. Supervision: Seon-Heui 
Lee. Validation: Joo Yong Lee and Seon-Heui Lee. Visualization: So-
Young Yang and Eui-Kyung Lee. Writing—original draft: So-Young 
Yang, Joo Yong Lee, and Seon-Heui Lee. Writing—review & editing: 
Hae Do Jung, Sun-Hong Kwon, Eui-Kyung Lee, Joo Yong Lee, and 
Seon-Heui Lee. Approval of final manuscript: all authors.

ORCID iDs

So-Young Yang	 https://orcid.org/0000-0002-6850-3486
Hae Do Jung	 https://orcid.org/0000-0002-8287-585X 
Sun-Hong Kwon	 https://orcid.org/0000-0002-1058-8392
Eui-Kyung Lee	 https://orcid.org/0000-0003-0601-7754
Joo Yong Lee	 https://orcid.org/0000-0002-3470-1767
Seon-Heui Lee	 https://orcid.org/0000-0002-2175-9361

REFERENCES

1.	 Stamatelou KK, Francis ME, Jones CA, Nyberg LM, Curhan GC. 
Time trends in reported prevalence of kidney stones in the United 
States: 1976-1994. Kidney Int 2003;63:1817-23.

2.	 Scales CD Jr, Smith AC, Hanley JM, Saigal CS; Urologic Diseases 
in America Project. Prevalence of kidney stones in the United 
States. Eur Urol 2012;62:160-5.

3.	 Raheem OA, Khandwala YS, Sur RL, Ghani KR, Denstedt JD. Bur-
den of urolithiasis: trends in prevalence, treatments, and costs. 
Eur Urol Focus 2017;3:18-26. 

4.	 Geraghty RM, Jones P, Somani BK. Worldwide trends of urinary 
stone disease treatment over the last two decades: a systematic 
review. J Endourol 2017;31:547-56.
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