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Aim: To examine the medical costs of simple versus complicated ureteral stent removal. Materials
& methods: We included adults with kidney stones undergoing simple or complicated cystoscopy-based
stent removal (CBSR) post ureteroscopy from the 2014 to 2018 Merative™ MarketScan® Commercial
Database. The medical costs of patients with complicated and simple CBSR were compared. Results:
Among 16,682 patients, 2.8% had complicated CBSR. Medical costs for patients with complicated CBSR
were higher than for simple CBSR ($2182 [USD] vs $1162; p < 0.0001). Increased stenting time, increased
age, southern US geography and encrusted stent diagnoses were significantly associated with complicated
CBSR. Conclusion: Complicated ureteral stent removal doubled the medical costs associated with CBSR.
Ureteral stents with anti-encrustation qualities may reduce the need for complicated CBSR and associated
costs.

First draft submitted: 25 August 2022; Accepted for publication: 30 September 2022; Published online:
19 October 2022

Keywords: claims analyses e cost of illness e kidney stone disease e stent encrustation e ureteral stent removal

Opver the last four decades, the prevalence of kidney stone disease in the USA has more than tripled from 3.2% in
1980 to 10.1% in 2016 (1]. In 2018, the prevalence of stone disease was 10.9% in men and 9.5% in women [2].
This condition primarily affects working-age adults between 20 and 60 years of age [3,4]. The total annual cost for
treating kidney stone disease in 2000 was estimated to be $4.5 billion in the USA ($9 billion in 2021 USD) (4.
Indirect costs, such as missed workdays, among privately insured adults have been estimated to be $775 million
per year [4].

Ureteroscopy is the most common interventional treatment for kidney stone disease and one of the most frequent
urology procedures performed [5]. Stents are routinely placed by urologists in approximately 80% of ureteroscopy
procedures [6]. The removal of the ureteral stent often requires a return visit for the patient and a cystoscopic
procedure. While ureteral stents can maintain the outflow of urine from the kidney to the bladder, the removal of
these stents may be complicated due to encrustation of mineral crystals from urine on the surface or lumen of the
stent [7]. This calcification of the ureteral stent may raise the risk of stent fracture (due to loss of tensile strength),
obstruct drainage through the stent lumen and interact with the urothelial lining, causing ureteral trauma during
stent removal [7]. In recognition of this adverse event, the American Urological Association (AUA) recommends a
specific Current Procedural Terminology (CPT)® code (52315) be used to code for the complex removal of an
encrusted stent [8].

Several potential risk factors may influence the occurrence of ureteral stent encrustation, including the duration
of stent indwelling time (time from procedure to stent removal), the stent’s physical characteristics, recurring urinary
tract infections and patient demographic factors such as age, gender and comorbidities (i.e., chronic renal failure
or diabetes) [7]. Ureteral stent encrustation may result in significant costs due to the multiple additional procedures

r? vBecaris

PUBLISHING

10.2217/cer-2022-0153 © 2022 The Authors J. Comp. Eff. Res. (2022) 11(17), 1253-1261 ISSN 2042-6305 1253


https://orcid.org/0000-0003-2102-7520

Research Article

Ghani, Rojanasarot, Cutone, Bhattacharyya & Krambeck

Index date
Ureteroscopy with stent placement (CPT 52356)
7/1/2013  1/1/2014 and stone diagnosis and =18 years old 06/30/2018 12/31/2018
| |

] |

1 1 v 1 1
I Patient identification period |
! | | | !
I I
6 month baseline 6 month follow-up

1 year continuous enrollment
Applying exclusion criteria

Figure 1. Patient identification scheme.
CPT: Current procedural terminology.
CPT is a registered trademark of the American Medical Association.

required for the stent’s removal (7). So far, no studies have quantified the economic burden of complicated ureteral
stent removal in a real-world practice setting using large-scale patient data.

The objectives of this study were to: investigate the predictive factors associated with complicated ureteral
stent removal among commercially insured patients undergoing ureteroscopy for kidney stone disease in the
USA; and examine the medical costs associated with simple versus complicated ureteral stent removal. Our findings
will help urologists better understand the predictive factors associated with complicated ureteral stent removal as
well as the economic consequences of these complications when they occur.

Materials & methods

Data source & study population

A retrospective claims data analysis was conducted using the Merative™ MarketScan® Commercial Database
to identify patients who underwent ureteroscopy with stent placement (index surgery) for kidney stone disease
between January 2014 and June 2018 (Figure 1) The Merative MarketScan Commercial Database is a nationally
representative data sample of the US population with employer-sponsored health insurance [9]. This database
contains de-identified individual patient-level data and medical service claims for all settings of care among
approximately 40 million covered individuals from 160 contributing employers and 40 contributing health plans 9].
Consequently, no institutional review board approval was needed for this study. Ureteroscopy with stent placement
was defined using CPT code 52356.

Patients were included if they were >18 years old, had 6 months of continuous enrollment in a commercial
plan pre- and post-index procedure and had cystoscopy-based stent removal (CBSR) within 6 months post-
index ureteroscopy (Figure 2). Patients were excluded if they had stone diagnoses or stent-related procedures at
least 6 months before the index surgery or had medical costs for CBSR less than $0. Patients with CBSR were
categorized into two groups using CPT codes for stent removal events: simple cystoscopic stent removal (CPT
52310) or complicated cystoscopic stent removal (CPT 52315). No data were available regarding the extent of
stent encrustation (e.g., how encrustation was assessed, quantification of encrustation).

Patient characteristics & outcomes

Factors assessed included patient demographics, comorbidities, time to stent removal, stent removal site of ser-
vice and encrusted stent diagnoses. Patient demographic factors examined included age, gender and geographic
region. Comorbidities examined included diabetes, dyslipidemia, gout, hypertension, obesity, stone disease and/or
renal disease as defined by Quan ez a/. [10]. These comorbidities were selected as they are associated with stone disease
and have been included in previously published studies of stent placement [11]. Comorbidities were defined based on
ICD-9 and ICD-10 codes that were observed during the 6 month pre-index (baseline) period. Time to CBSR was
calculated as the number of days between the index surgery and the CBSR. The settings of care for stent removal
were categorized into physician office, ambulatory surgical center, outpatient, emergency department or inpatient
based on place of service codes. Medical costs of simple and complicated stent removal encounters occurring within
6 months post-index ureteroscopy were calculated to estimate the economic burden. Since stone disease is common
among the working-age population, this analysis focused on the direct medical costs of simple or complicated
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Total patients from Merative™ MarketScan® Commercial Database
from 1 January 2014 to 30 June 2018
143,207,904

I
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Figure 2. Inclusion and exclusion criteria.

*6-month pre-index and 6-month post-index

**Excluded one patient with a negative cost for the stent removal encounter.
CBSR: Cystoscopy-based stent removal; CPT: Current procedural terminology.

CBSR in working-aged adults enrolled in employer-sponsored private health insurance plans [3,4]. Direct medical
costs paid by other types of insurers, such as Medicare, were not included in this analysis.

Statistical analyses

The patient characteristics and comorbidities of patients with simple and complicated CBSR were compared
using 2 tests for categorical variables and t-tests for continuous variables. Multivariate regression was used to
identify the factors associated with the occurrence of complicated stent removal.

To investigate the economic burden of complicated CBSR, greedy propensity-score matching (PSM) was used
with a caliper of 0.02 without replacement to match patients with complicated and simple CBSR (1:5 matching)
by their age, gender and region to compare the medical costs of simple and complicated stent removal encounters.
Both pre- and post-PSM medical costs of CBSR were reported and compared using t-tests. PSM was selected as it is
a common technique used to reduce or eliminate the effects of confounding when analyzing observational data [12].
All medical costs were adjusted to 2020 USD using the medical component of consumer price index [13]. The
Instant Health Data software (Panalgo, MA, USA) and R, version 3.2.1 (R Foundation for Statistical Computing,
Vienna, Austria) were used to perform the analyses of this study.

Results

Patient characteristics

Patient characteristics and comorbidities are presented in Table 1. Of the 16,682 patients undergoing CBSR after
ureteroscopy with stent placement, 16,217 (97.2%) had simple CBSR and 465 (2.8%) had complicated CBSR
within 6 months post-index ureteroscopy.

A majority of simple and complicated CBSR patients were male (52.9 vs 58.1%; p = 0.03), aged 55-64 years
(37.5 vs 39.8%; p = 0.08), located in the south geographical region (41.2 vs 52.2%; p < 0.0001) and had stone
disease prior to the index ureteroscopy with stent placement (55.4 vs 55.7%; p = 0.95). The mean number of
days from procedure to stent removal for complicated CBSR patients was significantly higher than in patients with
simple CBSR (16.5 vs 13.2 days; p = 0.000).
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Table 1. Characteristics of cystoscopy-based stent removal patients following ureteroscopy.

Patient characteristic Simple CBSR (n = 16,217) Complicated CBSR (n = 465) p-value
Group (%) 97.2% 2.8% NA
Age group at index surgery (years)
18-34 12.5% 8.8% 0.082
35-44 18.9% 17.9%
45-54 31.2% 33.6%
55-64 37.5% 39.8%
Male gender (%) 52.9% 58.1% 0.033
Geographical region (%)
Midwest 23.1% 11.8% <0.0001
Northeast 18.6% 23.1%
South 41.2% 52.2%
West 17.0% 12.9%
Comorbidity
Diabetes 14.6% 16.3% 0.312
Dyslipidemia 28.0% 28.2% 0.961
Gout 1.8% 1.9% 0.993
Hypertension 32.7% 32.9% 0.973
Obesity 11.3% 11.2% 0.998
Renal disease 2.5% 2.2% 0.741
Stone 55.4% 55.7% 0.949
Year of stent removal
2014 22.5% 21.7% 0.240
2015 22.6% 19.8%
2016 22.5% 21.3%
2017 21.1% 25.0%
2018 11.3% 12.3%
Mean days to stent removal (SD) 13.2 (13.8) 16.5 (19.9) 0.000
Stent removal site of service
Office 69.9% 67.5% 0.323
Non office 30.1% 32.5%
Encrusted stent diagnoses 0.6% 1.5% NA

The p-values in bold are significantly different at 0.05.
CBSR: Cystoscopy-based stent removal; SD: Standard deviation.

Factors associated with complicated CBSR

The results of the multivariate logistic regression showed increased time from procedure to stent removal, increased
age, southern US geography and encrusted stent diagnoses were significantly associated with complicated CBSR
(c-statistic = 0.61; Table 2). On the other hand, patient comorbidities and stent removal site of service were not
predictors of complicated CBSR.

Economic burden of complicated CBSR

Supplementary Table 1 shows patient characteristics before and after PSM. Before PSM, the medical costs of
complicated CBSR were significantly higher than the medical costs of simple CBSR ($2206 vs $1149; p < 0.0001).
Among the total of 2598 propensity score matched patients (2165 simple CBSR vs 433 complicated CBSR patients),
the average medical costs of CBSR encounters for matched simple and complicated CBSR patients were $1162
and $2182, respectively (p < 0.0001; Figure 3).

Discussion
This was the first real-world study to examine the predictive factors and costs associated with complicated stent
removal among working-aged patients undergoing ureteroscopy for kidney stone disease. Results indicate a greater
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Table 2. Factors associated with complicated stent removal.

Factor OR 95% Cl p-value

Age at index ureteroscopy (years)’

35-44 1.275 0.861, 1.889 0.225
45-54 1.471 1.022,2.118 0.038
55-64 1.469 1.017,2.124 0.041
Male gendert 1.205 0.989, 1.468 0.064

Geographical region’

Midwest 0.396 0.291, 0.539 <0.0001
Northeast 0.945 0.742, 1.204 0.649
West 0.591 0.438, 0.797 0.001

Comorbidities

Diabetes 1.096 0.823, 1.460 0.530
Dyslipidemia 0.903 0.708, 1.151 0.410
Gout 0.910 0.443, 1.868 0.797
Hypertension 0.896 0.710, 1.130 0.353
Obesity 1.031 0.755, 1.407 0.849
Renal disease 0.821 0.430, 1.570 0.552
Stone 1.051 0.864, 1.277 0.619
Days to stent removal 1.009 1.005, 1.014 0.000
Non-office stent removalt 1.141 0.929, 1.401 0.209
Encrusted stent diagnoses 2.359 1.075, 5.177 0.032

TReferences are 18-34 years of age, females, south geographical region and office stent removal.
The p-values in bold are significantly different at 0.05.
OR: Odds ratio.

number of days from procedure to stent removal (stent dwelling time), increased patient age, southern US geog-
raphy and encrusted stent diagnoses were factors significantly associated with complicated CBSR when compared
with simple CBSR. Simple and complex patients were similar in their comorbid profile, a finding consistent with
recent literature [11]. The medical costs of complicated CBSR were also significantly higher than those of simple
CBSR. The results from this commercial claims data analysis are consistent with the Medicare reimbursement rates.
Specifically, while Medicare reimbursement to hospitals or ambulatory surgery centers is the same for simple and
complex CBSR cases, reimbursement to physicians performing the stent removal is slightly higher for complicated
CBSRs in both hospitals and office settings [14-16].

This study’s findings on the relationship between stent indwelling time and encrustation are consistent with
previously published studies [17-20]. Kawahara and colleagues investigated the correlation between stent indwelling
time and stent encrustation in 330 ureteral stents in 181 patients and found 155 (47.0%) of the stents were encrusted,
and the encrustation rate was 26.8% at less than 6 weeks, 56.9% at 6 to 12 weeks and 75.9% at more than 12
weeks [17]. The authors also reported that heavily encrusted ureteral stents necessitating additional procedures for
removal occurred within an indwelling time of 3 months [17]. El-Faqih ¢t 4/. examined the complications associated
with the use of 299 ureteral stents in a series of 290 stone patients and found signs of encrustation in 9.2% of the
stents retrieved before 6 weeks, 47.5% retrieved between 6 and 12 weeks and 76.3% retrieved after 12 weeks [18].
A more recent study by Legrand and coworkers examined the relationship between stent indwelling times and
encrustation rates in 473 stents from six European centers and found that the rate of stent encrustation for a stone
disease indication was 8% for stents with indwelling times under 4 months and 17% for stents with indwelling
times longer than 4 months [19].

In addition to a longer stent dwelling time, this study revealed that increased patient age and southern US
geography were associated with an increased risk of complicated CBSR. It is feasible that an aging population has
a higher risk of an increased uric acid level, resulting in a higher likelihood of encrustation [20]. Limited research
has not addressed the relationship between US geography and the risk of complicated CBSR; further studies could
examine this potential relationship which could help healthcare providers from different geographical regions better
prepare for different risk levels of possible complicated procedures.
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Figure 3. Medical costs of simple versus complicated cystoscopy-based stent removal before and after
propensity-score matching.
PSM: Propensity-score matching.

The findings of the present study on the increased costs associated with complicated CBSR are consistent with
other studies that reported on the high costs due to multiple additional procedures required to remove an encrusted
stent [21-23]. Staubli and colleagues examined the economic burden arising from stent-related problems in 74 patients
with indwelling ureteral stents in Germany and found the total costs arising from stent-related problems averaged
$1,802 per patient [23]. A retrospective review by Kartal and colleagues examining 69 patients with indwelling and
forgotten ureteral stents for more than 6 months after urolithiasis treatment found that 26.1% of patients (n = 18)
were treated by removing the ureteral stent under simple cystoscopy guidance, while the remaining 73.9% (n = 51)
required surgical intervention to remove an encrusted stent [21]. Of those requiring surgery, multimodal surgical
sessions were required in 70.5% of patients (n = 36 of 51) [211.

In addition to stent indwell time, the surface materials and coating of the stent may impact the rate of
stent encrustation [7]. Several different stent technologies have been developed to reduce the burden of stent
encrustation, including stents with hydrophilic coatings, stents composed of polyurethane, polyurethane polymer
blends, silicone or nickel-titanium alloy and biodegradable stents 7. Many of these technologies are designed to
improve biocompatibility and reduce the calcium and magnesium salt adhesion associated with stent encrustation [7].
These technological innovations in stent design have the potential to reduce healthcare costs by reducing the rate
of encrustation.

This study is not without limitations. First, stent removal, as defined by the study protocol, included only stents
removed by cystoscopy [11]. Data for stents removed either by the patients themselves or by providers without
the use of cystoscopy were not available in the Merative Marketscan database, as these types of encounters are
not reimbursed and paid for by insurers. These results are not generalizable to provider-performed stent removal
in a non-operating room setting, such as in the physician office. Second, this study was based on administrative
claims data which provided rich information about the patients and their healthcare utilization and costs associated
with their stone treatment and stent-related procedures; however, the clinical parameters captured via this type
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of data source are limited. For example, the claims data cannot be used to explain the small indwelling time
difference between patients with simple and complicated CBSR. Further research using different data sources,
including electronic medical records, could be used to explore this research gap. Third, the number of patients
with complicated stent removal was relatively low. Although the AUA recommends using the complicated stent
removal codes for encrusted stents (CPT code 52315), it is plausible that urologists were not aware of this code.
While it is unknown which providers adhered to the AUA coding recommendations, it is possible that our study
captured a lower number of complicated stent removal events compared with the number of actual events. Coding
practices could also vary by geography although the claims data used in this study do not allow for further analysis of
regional differences. Future studies could utilize other methods, such as interviews or surveys, to better understand
differences in billing patterns by treatment site. It is also possible that patients with encrusted stents were treated
with more invasive procedures, such as laser lithotripsy or percutaneous procedures, without the use of CPT Code
52315, potentially resulting in underestimation of complicated stent removal rates in this study. Further analyses,
including analyses of clinically relevant subgroups, could be conducted to add different clinical relevance to the
practice of ureteral stent care processes.

Regardless of the limitations, this study has several strengths. This is the first study to quantify the economic
burden of complicated ureteral stent removal from the perspective of commercial insurers in the US and to identify
the key predictive factors associated with complicated CBSR in a real-world setting. Additionally, this analysis used
a large-scale dataset representing all geographic regions in the USA and all settings of care, which improves the
generalizability of the findings. Finally, the results from the sensitivity analysis were consistent with the results of
the main analysis, indicating the robustness of the findings.

Conclusion

Cystoscopy-based stent removal is one of the most common procedures following ureteroscopy with stent placement.
This study found that approximately 3% of patients have complicated stent removal at the time of cystoscopy.
Factors associated with complicated stent removal among commercially insured patients in the USA include
increased patient age, south geographical region, longer stent dwell time and encrusted stent diagnoses. Medical
costs of complicated stent removal were significantly higher than those of simple stent removal. Shorter indwell
times, as well as the use of ureteral stents with anti-encrustation qualities, may reduce the need for complicated
stent removal and potentially reduce costs to the US healthcare system.

Summary points

e There is no data on the economic burden of complicated ureteral stent removal in a real-world setting.

e This study investigated factors associated with complicated stent removal among patients undergoing
ureteroscopy for kidney stone disease.

e Adults with kidney stones who underwent ureteroscopy and had simple or complicated cystoscopy-based stent
removal (CBSR) were identified from the 2014 to 2018 Merative™ MarketScan® Commercial Database.

e Patients with complicated and simple CBSR were 1:5 propensity score matched, and their medical costs (2020
USD) paid by insurers for CBSR encounters were compared to estimate the economic burden of CBSR.

e The mean number of days from procedure to stent removal for complicated CBSR patients was significantly
higher than in patients with simple CBSR (16.5 vs 13.2 days; p = 0.0004).

e Regression analyses found increased time to stent removal, older age, southern US geography and encrusted
stent diagnoses were significantly associated with complicated CBSR.

o Medical costs of matched patients with complicated CBSR were significantly higher than simple CBSR ($2182 vs
$1162; p < 0.0001).

e Given that complicated ureteral stent removal doubles the medical costs associated with CBSR, ureteral stents
with anti-encrustation qualities may reduce the risk of complicated CBSR and its associated costs.

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at: http://www.futuremedicine.com/d
oi/suppl/10.2217/cer-2022-0153
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