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Background: The prevalence of urinary stone disease
(USD) is increasing among older patients. Data exam-
ining the association between patient age and clinical
outcomes following surgical treatment for USD are
limited. Our objective was to assess the safety pro-
files of ureteroscopy (URS), extracorporeal shock wave
lithotripsy (ESWL), and percutaneous nephrolithotomy
(PCNL) for USD by age in an older patient population.
Methods: We retrospectively identified all patients who
underwent URS, ESWL, and PCNL for USD from 2010
to 2019 in the Veterans Health Administration. We fit
multivariable logistic regression models to determine
the association between age and post-procedure sepsis,
hospital readmission, and all-cause mortality within 30
days of admission.
Results: We identified 50,519 procedures for USD,
including 41,216 URS (81.6%), 5741 ESWL (11.4%),

and 3562 PCNL (7.1%). Overall, increasing age was
associated with post-operative sepsis (aOR per five-year
increase 1.02; 95% CI: 1.00–1.05), hospital readmission
(aOR = 1.02, 95% CI: 1.01–1.04), and all-cause mor-
tality within 30 days (aOR = 1.19, 95% CI: 1.10–1.29).
Among URS cases, increasing age was significantly
associated with sepsis (aOR = 1.03, 95% CI: 1.00–1.05),
hospital readmission (aOR = 1.03, 95% CI: 1.01–1.05),
and all-cause mortality (aOR = 1.19, 95% CI: 1.09–
1.30) within 30 days. We detected no association between
increasing age and adverse outcomes following ESWL
or PCNL. Limitations include a lack of data on the
type of stone disease and analysis of predominantly
older male veterans, potentially limiting generalizability.
Conclusions: Following URS, age was independently
associated with sepsis, hospital readmission, and all-
cause mortality within 30 days of admission. This
association was not found in patients who underwent
ESWL or PCNL. Additional preoperative risk counsel-
ing and medical optimization may be beneficial in older
patients undergoing URS.

Key Words: 30-day complications, urolithiasis, old
age, VHA, multivariable modeling

Introduction

Urinary stone disease (USD) affects approximately
one in eleven individuals worldwide.1 In the

United States, the incidence of USD and the average
age of patients with incident stone episodes have
been increasing.2 The greater burden of USD in an
older patient population can be attributed to various
behaviors (limited mobility, reduced fluid intake),
increasing prevalence of comorbidities and urinary
stone disease risk factors (obesity, hypertension,
diabetes mellitus, recurrent urinary tract infections),
and/or use of medications that promote stone
formation.3 As longevity increases, the prevalence
of USD among the older population is expected to
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continue to rise, which imposes considerable risk to
patients requiring surgical intervention.

Common surgical techniques for the manage-
ment of USD are ureteroscopy (URS), extracorporeal
shock wave lithotripsy (ESWL), or percutaneous
nephrolithotomy (PCNL). URS is regarded as a first-
line treatment for renal stones less than 20 mm.4

URS has a high stone-free rate and a favorable safety
profile.4,5 ESWL has less morbidity and lower com-
plication rates, but compared with URS, it has a
higher recurrence rate.4 PCNL is the first-line treat-
ment for renal stones larger than 20 mm; however, it is
associated with greater morbidity and risk of compli-
cations.4 For older patients with more comorbidities
and lower functional status, selecting the most appro-
priate surgical approach can minimize perioperative
morbidity and mortality.6 Though many studies have
demonstrated acceptable safety of URS, ESWL, and
PCNL in older patients, these studies are commonly
limited by smaller sample sizes, report outcomes
from a single institution, and lack post-discharge
outcomes, which may fall short of detecting compli-
cations that occur later in the post-operative course.

Non-operative management can be a reasonable
alternative in older, asymptomatic patients; however,
the presence of ureteral obstruction, uncontrolled
pain, declining kidney function, and recurrent uri-
nary infections may lead patients and clinicians to
consider surgical intervention. As such, the impor-
tance of assessing clinical outcomes following URS,
ESWL, and PCNL in older patients cannot be
understated. There is also a paucity of high-quality
evidence regarding the safety profile of USD treat-
ment modalities in older patient populations. In this
study, we used a large national cohort of Veterans
receiving care from the Veterans Health Admin-
istration (VHA) to assess clinical outcomes-sepsis,
hospital readmission, and all-cause mortality-as well
as associated risk factors in the 30 days following
URS, ESWL, and PCNL.

Methods

Data source
We conducted a retrospective review of all patients
who underwent URS, ESWL, and PCNL for USD in
the VHA system from 2010 to 2019. VHA data were
reported from the Veterans Affairs Surgical Quality
Improvement Program, a database of 30-day surgi-
cal outcomes. Cases are systematically sampled from
over 100 participating hospitals, and structured chart
abstraction is performed by trained surgical quality
nurses. Figure 1 shows the inclusion and exclusion

criteria. We included patients with a diagnosis of
renal or ureteral stones who had a Current Proce-
dural Terminology code matching URS, ESWL, or
PCNL procedures. For each patient, we considered
only the first surgery within the study period, defined
as the index procedure. For patients with procedure
codes for multiple procedures on the same date, we
assigned them to PCNL if one of their procedures was
a PCNL, and assigned them to URS if they under-
went a URS and ESWL. We excluded patients with a
prior diagnosis or procedure for upper tract urothe-
lial carcinoma, to exclude patients not undergoing
URS for laser lithotripsy or a prior stone surgery
within 12 months of the index surgery date, and to
exclude second-look procedures or take-back proce-
dures. A follow-up was conducted for 30 days after
surgery. We chose 2019 to be the final cohort year to
ensure that patient selection was not affected by the
COVID-19 pandemic. We prepared the report accord-
ing to Strengthening the Reporting of Observational
Studies in Epidemiology reporting guidelines7 (Sup-
plementary Materials). This study was approved by
the Stanford University Institutional Review Board
(IRB-43022). The Veterans Affairs Surgical Quality
Improvement Program is a quality-improvement reg-
istry; individual informed consent is not obtained
for inclusion.

Patient factors
For each case, we abstracted the surgical approach
(URS, ESWL, PCNL) and relevant comorbidities. We
collected clinicodemographic variables such as age,
sex, body mass index (BMI), race, year of surgery,
and comorbidities (coronary artery disease, conges-
tive heart failure, chronic kidney disease, chronic
pulmonary disease, diabetes, hypertension, periph-
eral vascular disease) at the time of surgery, as well
as serum albumin concentration. We analyzed age
as a continuous variable. We used the Charlson
Comorbidity Index to assess overall patient comor-
bidity, with scores ranging from 0 (indicating no
comorbidity) to a maximum of 37 points.

Outcomes
Primary outcomes were any diagnosis of sepsis, hos-
pital readmission, and all-cause mortality within 30
days of the index surgery. We assessed post-operative
sepsis using ICD-9 and ICD-10 codes that were eval-
uated by numerous authors (IT, AH, JL, SC) and
discussed until agreement was reached (Supplemen-
tary Methods). We considered hospital readmission
using VA encounter data, and all-cause mortality
within 30 days of surgery as reported by the VA Vital
Status File.
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FIGURE 1. Cohort diagram

Statistical analysis
Univariable and multivariable logistic regression
models were constructed to analyze the association
between patient factors and outcomes, with reporting
of adjusted odds ratios (aOR) and 95% confidence
intervals (CI). Demographic and clinical data were
included as covariates in multivariable modeling,
including age, sex, BMI, race, year of surgery, coro-
nary artery disease, congestive heart failure, chronic
kidney disease, chronic pulmonary disease, diabetes,
hypertension, peripheral vascular disease, serum cre-
atinine, and serum albumin. We examined age as

a continuous variable, reporting aORs per 5-year
increase. We analyzed all combined USD procedures
to describe differences in outcomes. However, since
the surgical approach is subject to significant selection
bias and is influenced by various patient, anatomic,
and stone characteristics, we also examined clinical
outcomes for each procedure separately. Missing data
were not imputed and are described in Table 1. We
set a two-sided statistical significance threshold of
α = 0.05. Analysis was performed using SAS Enter-
prise Guide 8.3 (SAS Institute Inc., Cary, NC, USA)
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TABLE 1. Patient characteristics

Characteristic Overall, N = 50,519 Sepsis, N = 1834
(3.6%)

Hospital
Readmission, N =

4288 (8.5%)

All-Cause
Mortality, N = 137

(0.3%)

Type of surgery
PCNL 3562 (7.1%) 209 (11.4%) 724 (16.9%) 16 (11.7%)
URS 41,216 (81.6%) 1553 (84.7%) 3219 (75.1%) 115 (83.9%)
ESWL 5741 (11.4%) 72 (3.9%) 345 (8.0%) 6 (4.4%)

Age at diagnosis 61.7 ± 13.2 66.1 ± 12.9 64.3 ± 12.8 72.0 ± 12.7
Age at surgery 62.4 ± 13.2 67.0 ± 12.8 65.1 ± 12.7 72.7 ± 12.7

<45 5544 (11.0%) 102 (5.6%) 308 (7.2%) 4 (2.9%)
45–59 12,059 (23.9%) 340 (18.5%) 923 (21.5%) 15 (10.9%)
60–74 26,484 (52.4%) 981 (53.5%) 2284 (53.3%) 58 (42.3%)
≥75 6432 (12.7%) 411 (22.4%) 773 (18.0%) 60 (43.8%)

Sex (Male) 47,473 (94.0%) 1708 (93.1%) 4014 (93.6%) 133 (97.1%)
Race

White 40,824 (80.8%) 1462 (79.7%) 3479 (81.1%) 117 (85.4%)
Black 5439 (10.8%) 203 (11.1%) 465 (10.8%) 12 (8.8%)
Other 4152 (8.2%) 168 (9.2%) 340 (7.9%) 8 (5.8%)
Missing 104 (0.2%) 1 (0.1%) 4 (0.1%) 0 (0.0%)

Year of surgery
2010 4338 (7.8%) 101 (5.5%) 402 (9.4%) 13 (9.5%)
2011 4463 (8.0%) 94 (5.1%) 384 (9.0%) 10 (7.3%)
2012 4710 (8.5%) 114 (6.2%) 398 (9.3%) 14 (10.2%)
2013 4948 (8.9%) 154 (8.4%) 388 (9.0%) 18 (13.1%)
2014 5071 (9.1%) 158 (8.6%) 434 (10.1%) 12 (8.8%)
2015 5079 (9.1%) 198 (10.8%) 439 (10.2%) 10 (7.3%)
2016 5274 (9.5%) 204 (11.1%) 426 (9.9%) 12 (8.8%)
2017 5449 (9.8%) 224 (12.2%) 420 (9.8%) 14 (10.2%)
2018 5477 (9.9%) 270 (14.7%) 490 (11.4%) 17 (12.4%)
2019 5710 (10.3%) 317 (17.3%) 507 (11.8%) 17 (12.4%)

Serum albumin (g/dL) 3.9 ± 0.5 3.5 ± 0.7 3.7 ± 0.6 3.2 ± 0.8
BMI 30.3 ± 6.2 29.5 ± 7.2 29.9 ± 6.7 27.5 ± 7.7

<29 9431 (18.7%) 497 (27.1%) 988 (23.0%) 55 (40.1%)
26–30 17,571 (34.8%) 599 (32.7%) 1419 (33.1%) 40 (29.2%)
≥30 23,452 (46.4%) 735 (40.1%) 1874 (43.7%) 39 (28.5%)

Missing 65 (0.1%) 3 (0.2%) 7 (0.2%) 3 (2.2%)
CCI 1.9 ± 2.1 3.3 ± 2.7 2.7 ± 2.4 4.3 ± 2.9

0 15,814 (31.3%) 267 (14.6%) 891 (20.8%) 10 (7.3%)
1 10,369 (20.5%) 250 (13.6%) 702 (16.4%) 11 (8.0%)
2 9275 (18.4%) 325 (17.7%) 824 (19.2%) 20 (14.6%)
3 6114 (12.1%) 278 (15.2%) 613 (14.3%) 19 (13.9%)
4 3604 (7.1%) 238 (13.0%) 431 (10.1%) 22 (16.1%)
5 2053 (4.1%) 137 (7.5%) 284 (6.6%) 14 (10.2%)
6+ 3290 (6.5%) 339 (18.5%) 543 (12.7%) 41 (29.9%)

Comorbidities
CAD 10,747 (21.3%) 603 (32.9%) 1260 (29.4%) 58 (42.3%)
CHF 4941 (9.8%) 349 (19.0%) 657 (15.3%) 48 (35.0%)
CKD 6263 (12.4%) 427 (23.3%) 814 (19.0%) 51 (37.2%)
CPD 11,337 (22.4%) 597 (32.6%) 1247 (29.1%) 46 (33.6%)
DM 17,926 (35.5%) 866 (47.2%) 1772 (41.3%) 71 (51.8%)
HTN 34,056 (67.4%) 1440 (78.5%) 3203 (74.7%) 107 (78.1%)
PVD 5880 (11.6%) 373 (20.3%) 725 (16.9%) 50 (36.5%)

Note. Data are presented in the format of n (%) or mean ± SD. Abbreviations: URS, ureteroscopy; ESWL, extracorporeal
shockwave lithotripsy; PCNL, percutaneous nephrolithotomy; BMI, body mass index; CCI, Charlson Comorbidity Index;
CAD, coronary artery disease; CHF, congestive heart failure; CKD, chronic kidney disease; CPD, chronic pulmonary
disease; DM, diabetes mellitus; HTN, hypertension; PVD, peripheral vascular disease.
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in the VA Informatics and Computing Infrastruc-
ture Platform.

Results

We examined 50,519 unique patients who under-
went procedures for USD (Figure 1). The number of
patients (percentages) for each procedure was the
following: 41,216 (81.6%) for URS, 5741 (11.4%) for
ESWL, and 3562 (7.1%) for PCNL. A total of 47,473
(94.0%) patients were male, and the mean age at
surgery was 62.4 ± 13.2 years. (Table 1). By age, 5544
(11.0%) patients were <45 years old, 12,059 (23.9%)
patients were 45–59 years old, 26,484 (52.4%) patients
were 60–74 years old, and 6432 (12.7%) patients were
≥75 years old. The average Charlson Comorbidity
Index was 1.9 ± 2.1, and the most commonly listed
comorbidity was hypertension (67.4%), followed by
diabetes (35.5%) (Table 1).

URS was the most common surgical approach for
USD among all age groups (Figure 2). From 2010 to
2019, there was an increase in the number of URS
performed as a patient’s first stone procedure from
3097 (71.4%) to 5085 (89.1%) per year while there was
a decrease in the number of ESWL procedures from
860 (19.8%) to 290 (5.1%) and in the number of PCNL
procedures from 381 (8.8%) to 335 (5.9%) per year.
Age of patients undergoing surgical management of
USD are is illustrated in Supplementary Figure S1.

Within 30 days of surgery, 1834 (3.6%) patients
were diagnosed with post-operative sepsis, and 4288
(8.5%) patients had a hospital readmission. Addition-
ally, there were 137 (0.3%) all-cause mortality events
within 30 days (Table 1). In multivariable analysis,
URS and PCNL were associated with higher odds of
nearly all adverse clinical outcomes when compared
with ESWL (Table 2). All other covariates are reported
in Table 2.

Among URS cases, increasing age was associ-
ated with sepsis (aOR per 5-year increase 1.03, 95%
CI: 1.00–1.05), hospital readmission (aOR = 1.03,
95% CI: 1.01–1.05), and all-cause mortality within 30
days (aOR = 1.19; 95% CI: 1.09–1.30) (Table 3). For
ESWL cases, no significant associations were found
between age and hospital readmission, but lower
odds of sepsis with age were observed (aOR = 0.87
per 5-year increase; 95% CI: 0.78–0.98) (Supplemen-
tary Table S1). All-cause mortality after ESWL was
unable to be assessed in multivariable analysis due
to a low number of events (N = 6), however, no
association between age and all-cause mortality after
ESWL was found in univariable analysis (Supple-
mentary Table S2). For PCNL cases, no significant

associations were found between age and sepsis or
hospital readmission (Supplementary Table S3). All-
cause mortality after PCNL was also not assessed
in multivariable analysis due to the low number of
events (N = 16), however, no association between
age and all-cause mortality after PCNL was found
in univariable analysis (Supplementary Table S4). No
significant interaction was observed between age and
year of surgery as a predictor for poor outcomes
(Supplemental Table S5).

Discussion

In a large national cohort of Veterans undergo-
ing USD surgery, we found that after adjusting for
confounding variables, older age was significantly
associated with sepsis, hospital readmission, and all-
cause mortality within 30 days of surgery. Age was
associated with poor outcomes only in the URS sub-
group, and no age-related risk was observed with
ESWL and PCNL. In our cohort, we reported the
safety profile of URS, EWSL, and PCNL among
an older patient population. While relatively few
patients died within 30 days (0.3%), 3.6% of patients
developed sepsis, and 8.5% were readmitted to the
hospital within 30 days.

Patients 60 years and older with USD comprise
nearly 12% of all stone formers, and the number
of patients in this group is expected to rise as life
expectancy increases.3 Older patients with USD are
likely to have comorbidities that may complicate sur-
gical intervention for stone removal. In this cohort of
Veterans, we found that URS was the most common
surgical approach, with utilization increasing over
time. Our findings that older age was associated with
adverse post-operative outcomes following URS are
consistent with reports in the literature. Studies have
identified that older patients undergoing URS expe-
rience longer operative times, more severe and more
common intraoperative complications, longer con-
valescence, and more secondary interventions.3,8–11

Our study revealed 3.8% of patients undergoing URS
were diagnosed with sepsis within 30 days, similar
to other studies reporting that 0.1–4.3% of patients
developed sepsis following URS.12–14 In patients who
underwent URS, 1.6% of patients younger than 45
years old developed sepsis, 2.3% of patients aged
45–59 developed sepsis, 3.1% of patients aged 60–
74 developed sepsis, and 5.7% of patients aged ≥75
developed sepsis. While two single and multi-center
studies have found few or no cases of complications
following URS in their smaller cohorts12,13, we believe
that our study of a large nationally distributed cohort
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FIGURE 2. Yearly trends in surgical modality for treatment of urinary stone disease stratified by age

of Veterans enabled us to detect significant associa-
tions between age and the risk of sepsis and other
poor post-operative outcomes following URS. The
reason why age leads to worse outcomes after URS
is unclear and warrants further investigation, but
overall frailty and difficult-to-measure differences in
immune function and cardiovascular health may con-
tribute, as well as other unmeasured confounders
in medical and surgical management, such as use
of pre-stenting, intra-operative decision making, and
post-operative care may contribute. Ultimately, our
findings add new details to pre-operative risk coun-
seling, treatment selection, and pre-operative medical
optimization when deciding whether to pursue sur-
gical management of USD.

In our study, patients who received ESWL had
fewer adverse events when compared with those
who underwent URS and PCNL. While ESWL has
been reported to have less morbidity, it is likely that
patients selected for ESWL differ from those requiring
URS or PCNL.4 Overall, increasing age was not an
independent predictor of poor outcomes in patients
undergoing ESWL. This finding is supported by a
number of cohort studies, which found ESWL to be
associated with lower rates of severe complications
in older populations.15–18 Although we found that
PCNL had higher rates of ICU admission and hospital

readmission compared to URS, increasing age was
not associated with higher odds of poor outcomes.
In particular, prior studies have found that PCNL is
associated with higher rates of more severe intraoper-
ative and postoperative complications, postoperative
blood transfusions, and readmission, especially in
older patients.19–21 However, a number of other stud-
ies have found no difference in major complication
rates among older patients undergoing urologic pro-
cedures.22–26 Our negative findings may have been
subject to selection bias, as PCNL, despite being more
appropriate for surgically complex cases, may be
more likely to be chosen for older patients with stone
disease who are healthy, less frail, and better able to
tolerate the physiologic demands of the procedure
due to the higher risk of morbidity and mortality. In
this study, URS was increasingly utilized over the 10-
year period, while the number of PCNL and ESWL
procedures declined, suggesting ESWL and PCNL are
increasingly being reserved for more select cases.

The use of surgical approaches for stone disease
did not vary significantly by age, suggesting that
in the VHA, urologists do not seem to be selecting
an operative approach based on age alone. We also
found that more recent surgeries were significantly
associated with higher odds of sepsis despite no
change in hospital readmission or all-cause mortality
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TABLE 2. Multivariable modeling of all cases

Characteristic aOR (95% CI)

Sepsis Hospital readmission All-cause mortality

Type of surgery
ESWL Ref Ref Ref
PCNL 3.27 (2.48, 4.31) 3.43 (2.99, 3.94) 2.53 (0.98, 6.54)
URS 2.19 (1.72, 2.79) 1.20 (1.06, 1.35) 1.77 (0.77, 4.07)

Age at surgery (+5yr) 1.02 (1.00, 1.05) 1.02 (1.01, 1.04) 1.19 (1.10, 1.29)
Year of surgery (+1yr) 1.10 (1.08, 1.12) 0.99 (0.98, 1.00) 0.96 (0.90, 1.02)
Serum albumin (+0.1 g/dL) 0.88 (0.87, 0.89) 0.95 (0.94, 0.96) 0.87 (0.84, 0.89)
Race

White Ref Ref Ref
Black 0.83 (0.71, 0.97) 0.91 (0.82, 1.01) 0.64 (0.35, 1.17)
Other 1.18 (1.00, 1.40) 0.99 (0.88, 1.11) 0.71 (0.34, 1.46)

Male sex (Ref: Female) 0.69 (0.57, 0.85) 0.77 (0.68, 0.89) 1.10 (0.40, 3.04)
BMI

<25 Ref Ref Ref
26–29 0.77 (0.68, 0.88) 0.83 (0.76, 0.91) 0.60 (0.39, 0.91)
≥30 0.66 (0.58, 0.76) 0.79 (0.73, 0.87) 0.47 (0.30, 0.73)

Comorbidities
CAD 1.23 (1.09, 1.38) 1.25 (1.15, 1.35) 1.16 (0.78, 1.71)
CHF 1.11 (0.97, 1.28) 1.17 (1.06, 1.29) 2.00 (1.33, 2.99)
CKD 1.16 (1.03, 1.32) 1.25 (1.15, 1.37) 1.62 (1.10, 2.38)
CPD 1.19 (1.07, 1.33) 1.19 (1.10, 1.28) 0.89 (0.61, 1.30)
DM 1.28 (1.15, 1.42) 1.10 (1.02, 1.18) 1.41 (0.97, 2.03)
HTN 1.26 (1.11, 1.43) 1.15 (1.06, 1.25) 0.75 (0.48, 1.18)
PVD 1.11 (0.98, 1.26) 1.13 (1.04, 1.24) 1.88 (1.28, 2.75)

Note. Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; Ref, reference; URS, ureteroscopy; ESWL,
extracorporeal shockwave lithotripsy; PCNL, percutaneous nephrolithotomy; BMI, body mass index; CAD, coronary
artery disease; CHF, congestive heart failure; CKD, chronic kidney disease; CPD, chronic pulmonary disease; DM,
diabetes mellitus; HTN, hypertension; PVD, peripheral vascular disease.

by year. Studies have found that sepsis diagnoses
are rising despite stable or declining measures of
corresponding clinical markers and sepsis-related
mortality, suggesting that the higher incidence of sep-
sis may be more related to more inclusive diagnostic
coding practices.27,28 The strength of age as a risk
factor for poor outcomes did not change over time
despite a slight increase in the number of operations
performed on older patients in our cohort, suggest-
ing that quality of care for older patients has also
remained stable in recent years.

This study was limited by its retrospective nature
and by only examining outcomes within 30 days of
surgery. This study could not capture stone character-
istics (size and location), symptomatic presentations
of the patients, or how long patients remained
stone-free. The study also could not discern rele-
vant intraoperative details that may have influenced

outcomes in patients of our cohort. As the study
population was largely white male patients in the
VHA, these results may not necessarily generalize
to other groups of people. We were also not able to
capture a comparator group of USD patients who
were not surgically managed, which subjects our
results to selection bias. While this analysis includes
analysis of USD cases from chronic stone formers,
this study excluded patients with recurrent episodes.
Patients undergoing recurrent procedures may be at
a higher risk of post-operative adverse events. Lastly,
recent technological advances in ureteroscopy that
may lower the risk of sepsis, such as high-powered
laser systems and suction access sheaths, may not
have been captured within this cohort.29,30

This study has several strengths. We included a
large cohort of older patients with USD from the
largest integrated national healthcare system in the

Copyright © 2026 The Authors. Published by Tech Science Press; 33(4); August 2026 909
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TABLE 3. Multivariable modeling of ureteroscopy cases

Characteristic aOR (95% CI)

Sepsis Hospital readmission All-cause mortality

Age at surgery (+5yr) 1.03 (1.00, 1.05) 1.03 (1.01, 1.05) 1.19 (1.09, 1.30)
Year of surgery

2010 Ref Ref Ref
2011 0.82 (0.59, 1.14) 0.93 (0.78, 1.11) 0.84 (0.30, 2.35)
2012 0.96 (0.71, 1.31) 0.88 (0.74, 1.04) 1.15 (0.46, 2.87)
2013 1.20 (0.90, 1.60) 0.76 (0.64, 0.91) 1.41 (0.59, 3.37)
2014 1.19 (0.90, 1.59) 0.81 (0.69, 0.97) 0.98 (0.40, 2.45)
2015 1.49 (1.14, 1.97) 0.81 (0.68, 0.96) 0.73 (0.28, 1.92)
2016 1.29 (0.98, 1.70) 0.72 (0.60, 0.85) 0.63 (0.24, 1.62)
2017 1.45 (1.11, 1.90) 0.72 (0.61, 0.86) 0.87 (0.35, 2.13)
2018 1.76 (1.36, 2.30) 0.83 (0.70, 0.97) 0.83 (0.34, 2.02)
2019 2.03 (1.56, 2.62) 0.82 (0.70, 0.97) 0.81 (0.34, 1.94)

Serum albumin (+0.1 g/dL) 0.88 (0.87, 0.89) 0.95 (0.94, 0.95) 0.87 (0.84, 0.89)
Race

White Ref Ref Ref
Black 0.84 (0.71, 1.00) 0.93 (0.83, 1.05) 0.49 (0.24, 1.03)
Other 1.11 (0.92, 1.33) 0.96 (0.84, 1.10) 0.61 (0.26, 1.40)

Male sex (Ref: Female) 0.63 (0.51, 0.77) 0.77 (0.66, 0.90) 1.74 (0.42, 7.22)
BMI

<25 Ref Ref Ref
26–29 0.76 (0.66, 0.87) 0.84 (0.76, 0.93) 0.58 (0.37, 0.93)
≥30 0.64 (0.56, 0.74) 0.78 (0.71, 0.86) 0.44 (0.27, 0.72)

Comorbidities
CAD 1.26 (1.11, 1.43) 1.27 (1.17, 1.39) 1.17 (0.77, 1.80)
CHF 1.09 (0.94, 1.27) 1.18 (1.05, 1.32) 2.23 (1.44, 3.46)
CKD 1.13 (0.99, 1.30) 1.26 (1.14, 1.39) 1.63 (1.07, 2.48)
CPD 1.22 (1.09, 1.37) 1.19 (1.09, 1.29) 0.89 (0.59, 1.34)
DM 1.30 (1.16, 1.45) 1.12 (1.04, 1.22) 1.60 (1.06, 2.41)
HTN 1.26 (1.10, 1.45) 1.20 (1.09, 1.31) 0.71 (0.43, 1.18)
PVD 1.12 (0.97, 1.28) 1.16 (1.04, 1.28) 2.01 (1.34, 3.03)

Note. Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; Ref, reference; BMI, body mass index; CAD,
coronary artery disease; CHF, congestive heart failure; CKD, chronic kidney disease; CPD, chronic pulmonary disease;
DM, diabetes mellitus; HTN, hypertension; PVD, peripheral vascular disease.

United States. We had access to inpatient and outpa-
tient diagnostic claims along with laboratory results.
This study also investigated a wide range of out-
comes, which enabled an evaluation of how age
modifies clinically relevant and patient-centered out-
comes.

Conclusions

For patients who undergo a surgical procedure for
USD, older age was associated with increased odds

for sepsis, hospital readmission, ICU admission, and
all-cause mortality within 30 days of surgery. When
each surgical approach was evaluated separately,
older age continued to be associated with poor out-
comes after URS, but this association was not seen
following ESWL or PCNL. This may reflect increasing
utilization of URS to treat USD in older patients.
These results inform patient counselling, treatment
selection, and pre-operative medical optimization for
older patients with USD.
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