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Abstract

Purpose: Surgery for upper tract urinary stone disease is often reserved for symptomatic patients and those
whose stone does not spontaneously pass after a trial of passage. Our objective was to determine whether payer
type or race/ethnicity is associated with the timeliness of kidney stone surgery.

Materials and Methods: A population-based cohort study was conducted using the California Office of Sta-
tewide Health Planning and Development dataset from 2010 to 2012. We identified patients who were dis-
charged from an emergency department (ED) with a stone diagnosis and who subsequently underwent a stone
surgery. Primary outcome was time from ED discharge to urinary stone surgery in days. Secondary outcomes
included potential harms resulting from delayed stone surgery.

Results: Over the study period, 15,193 patients met the inclusion criteria. Median time from ED discharge to
stone surgery was 28 days. On multivariable analysis patients with Medicaid, Medicare, and self-pay coverage
experienced adjusted mean increases of 46%, 42%, and 60% in time to surgery, respectively, when compared
with those with private insurance. In addition, patients of Black and Hispanic race/ethnicity, respectively,
experienced adjusted mean increases of 36% and 20% in time to surgery relative to their White counterparts.
Before a stone surgery, underinsured patients were more likely to revisit an ED three or more times, undergo
two or more CT imaging studies, and receive upper urinary tract decompression.

Conclusions: Underinsured and minority patients are more likely to experience a longer time to stone surgery
after presenting to an ED and experience potential harm from this delay.
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Introduction Ultimately, one in four persons presenting with upper tract
unnarg stone disease will require surgery to remove their
stone.”' In patients who require surgery, longer wait times

l lPPER URINARY TRACT stone disease affects ~1 in 11
can result in harm, as patients may experience persistent pain,

persons in the United States.'” Rates of visits to an

emergency department (ED) for persons with acute renal
colic from urinary stone disease are increasing along with
prevalence of upper urinary tract stone disease.” More than
90% of patients presenting to an ED with symptoms of uri-
nary stone disease are discharged, often with treatment di-
rected at managing symptoms.*> This common approach
provides patients time to pass the stone and abrogate the need
for surgery; with some patients receiving medical expulsive
therapy (MET), though the evidence to support of this
practice is mixed.>® After discharge from an ED, ~ 1 in 10
patients will return for persistent or worsening symptoms.”®

and are at increased risk of urinary tract infection, acute kidney
injury (AKI), and potentially, chronic kidney disease (CKD)."!

Payer type and race/ethnicity have been associated with
varying wait times for surgical procedures.'*'> In this
study, we sought to evaluate whether payer type and/or race/
ethnicity influence the time to surgery for upper tract uri-
nary stone disease. We hypothesized that underinsured
and minority patients would experience longer wait times to
a definitive stone surgery. We also sought to measure the
potential harms of longer wait times, namely repeated visits
to an ED, increased utilization of CT imaging studies,
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and receipt of temporizing procedures to decompress the
upper urinary tract (i.e., ureteral stent or nephrostomy tube
placement).

Materials and Methods
Study design and population

After obtaining permission from the California Protection
of Human Subjects (CPHS) Committee, we utilized data
from the California Office of Statewide Health Planning and
Development (OSHPD) from 2010 through 2012 (OSHPD
ID 140709-03). This study was approved by the CPHS. The
study was determined to be institutional review board (IRB)
exempt by our local IRB because the data were not collected
specifically for the currently proposed research through an
intervention or interaction with living individuals and the
data are deidentified.

The OSHPD datasets include information on all nonfederal
inpatient hospitalizations and surgeries (Patient Discharge
Dataset), ambulatory surgeries (Ambulatory Surgery Data-
set), and ED visits (Emergency Department Dataset) from the
entire state of California.'® Each individual patient is coded
with a unique identifier, so that patients can be followed
longitudinally within and among datasets.

We identified all patients who were discharged from an ED
with an upper urinary tract stone disease diagnosis and who
subsequently underwent an upper tract urinary stone surgery.
We considered stone surgery to include ureteroscopy (URS),
extracorporeal shockwave lithotripsy (SWL), or percutane-
ous nephrolithotomy (PCNL) (Supplementary Table S1;
Supplementary Data are available online at www.liebertpub
.com/end). If patients underwent more than one stone sur-
gery, the date of the first stone surgery was used for the
analysis.

We excluded persons <18 years or >90 years. We identi-
fied three common and relevant comorbidities (diabetes
mellitus, hypertension, and coronary artery disease/periph-
eral vascular disease). The number of relevant comorbidities
was counted for each patient when available. Payer type was
categorized into five groups, including Medicare (not in-
cluding supplemental insurance), Medicaid, private insur-
ance, self-pay/indigent program, and all other payer types.'®
Race/ethnicity was self-reported.'®

Outcomes

The primary outcome was the time from initial ED visit
discharge to the date of a definitive stone surgery in days. We
measured three secondary outcomes to assess the potential
harm resulting from longer wait times to definitive stone
surgery. First, we examined presentation to the ED three or
more times before surgery. Three or more visits were chosen
as a proxy for a symptomatic patient whose definitive care
was most likely delayed. Second, we assessed the number of
CT imaging studies performed during ED and inpatient en-
counters before surgery. Finally, we examined receipt of
temporizing upper urinary tract decompression procedures
(placement of internal ureteral stent or nephrostomy tube)
before surgery. We examined these ancillary procedures as
they might be performed in symptomatic patients, or in pa-
tients who developed urinary tract infections or AKI.
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Statistical analysis

Univariate analysis was performed with the y* test for
categorical variables and the Kruskal-Wallis test for con-
tinuous variables. We illustrated time to surgery stratified by
payer type, race/ethnicity, and the type of definitive stone
surgery using the Kaplan—Meier product limit estimates. We
fit fully adjusted accelerated failure time models to identify
patient characteristics independently associated with longer
times to surgery.'” In addition, to account for facility-level
variation in time to surgery, we fit a multivariable mixed-
effects linear regression model for time to surgery, with the
treating facility designated as the random effect. We fit
models including and not including the type of stone surgery
(URS, SWL, and PCNL) as a surrogate measure of total stone
burden and as the time to surgery varied by surgical approach.
We included two measures of urologist density to measure
access to definitive stone surgery: (1) the number of urolo-
gists per 10,000 persons in a county and (2) the number of
urologists per 100 square miles in a county.'®

We fit multivariable mixed-effects logistic regression
models to identify factors associated with each secondary
outcome, again including the treatment facility as the random
effect. These included models to identify factors associated
with the secondary outcomes. We performed sensitivity an-
alyses of the model exploring the receipt of decompression
by creating models with and without a clinical diagnosis of
sepsis.

All two-tailed p-values <0.05 were considered statistically
significant. We performed all statistical analyses with R 3.5.0
software (www.R-project.org) and created figures using JMP
Pro 13 (Cary, NC).

Results

A total of 15,193 patients were discharged from an ED in
the state of California during 2010 through 2012 with a di-
agnosis of urinary stone disease and subsequently underwent
a definitive stone surgery. The distribution of patient char-
acteristics including payer type, race/ethnicity, and the type
of stone surgeries is presented in Table 1.

The median time from initial ED visit to definitive surgery
was 28 days (25th, 75th percentile range 9-93 days). The
median time to surgery for patients varied by payer type,
race/ethnicity, and type of stone surgery (Fig. 1).

A fully adjusted accelerated failure time model showed
that patients with Medicaid (event time ratio [ETR] 1.46,
95% confidence interval [CI] 1.34-1.58), Medicare (ETR
1.42, 95% CI 1.32-1.53), and self-pay coverage (ETR 1.60,
95% CI 1.41-1.81) experienced significantly longer mean
times to surgery when compared with patients with private
insurance (Table 2). When compared with White patients,
patients of Black (ETR 1.36, 95% CI 1.19-1.56) and His-
panic (ETR 1.20, 1.13-1.29) race/ethnicity experienced sig-
nificantly longer mean times to stone surgery (Table 2 and
Fig. 2).

We identified variation in time to surgery at the facility
level (Supplementary Fig. S1). Disparities in the time to
surgery were consistent in multivariable mixed-effects
models adjusting for facility-level variation. Patients with
Medicaid (25 mean additional days, 95% CI 15-34),
Medicare (32 mean additional days, 95% CI 23-40), and
self-pay (36 mean additional days, 95% CI 22-51) coverage
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TABLE 1. BASELINE PATIENT CHARACTERISTICS

No. (%) White Hispanic Black Asian Other

Patient demographics N=15,193 N=9948 N=2975 N=539 N=944 N=787
Sex:

Male 8564 (56.4) 5912 (59.4) 1422 (47.8) 231 (42.9) 550 (58.3) 449 (57.1)

Female 6629 (43.6) 4036 (40.6) 1553 (52.2) 308 (57.1) 394 (41.7) 338 (42.9)
Median age (25th, 75th 51 (39-61) 53 (42-63) 45 (34-55) 49 (39-59) 50 (41-60) 50 (38-58)

percentile range)
Payer type

Private 7780 (51.2) 5111 (51.4) 1463 (49.2) 233 (43.2) 560 (59.3) 413 (52.5)

Medicaid 1745 (11.6) 868 (8.7) 554 (18.6) 109 (20.2) 82 (8.7) 132 (16.8)

Medicare 3150 (20.7) 2339 (23.5) 406 (13.6) 119 (22.1) 163 (17.3) 123 (15.6)

Self-pay 705 (4.6) 361 (3.6) 241 (8.1) 27 (5.0) 39 4.1) 37 (4.7)

Other 1813 (11.9) 1269 (12.8) 311 (10.5) 51 (9.5) 100 (10.6) 82 (10.4)
Urinary stone surgery type

URS 8599 (56.5) 5625 (56.5) 1676 (56.3) 317 (58.8) 527 (55.8) 454 (57.7)

SWL 5644 (37.1) 3779 (38.0) 1079 (36.3) 177 (32.8) 343 (36.3) 286 (36.3)

PCNL 930 (6.1) 544 (5.5) 220 (7.4) 45 (8.4) 74 (7.8) 47 (6.0)
Comorbidities®

0 11,729 (77.2) 7670 (77.1) 2270 (76.3) 434 (80.5) 724 (76.7) 631 (80.2)

1 2646 (17.4) 1720 (17.3) 539 (18.1) 85 (15.8) 176 (18.6) 126 (16.0)

>2 818 (5.4) 558 (5.6) 166 (5.6) 20 (3.7) 44 (4.7) 30 (3.8)

The sum of percentages may not equal 100% because of rounding.
dComorbidities include hypertension, coronary artery disease, peripheral vascular disease, and diabetes mellitus.
PCNL =percutaneous nephrolithotomy; SWL =extracorporeal shockwave lithotripsy; URS =ureteroscopy.

were associated with significantly longer adjusted mean
times to surgery when compared with patients with private
insurance (Table 3). In addition, patients of Black (25 mean
additional days, 95% CI 10-41) and Hispanic (12 mean
additional days, 95% CI 5-20) race/ethnicity experienced
significantly longer adjusted mean times to surgery when
compared with White patients (Table 3). A sensitivity
analysis limiting the cohort to patients who received de-
finitive stone surgery within 180 days of discharge from an
ED was not materially different (Supplementary Tables S2
and S3).

Secondary outcomes

The proportion of patients with repeated ED visits, addi-
tional CT imaging, and upper tract decompression procedures
varied by payer type and race/ethnicity (Supplementary
Table S4). A total of 1446 patients (9.5%) presented to an ED
three or more times before definitive stone surgery. Patients
with Medicaid (odds ratio [OR] 2.97, 95% CI 2.53-3.49),
Medicare (OR 2.47,95% CI2.06-2.96), and self-pay (OR 2.83,
95% CI 2.24-3.56) coverage were significantly more likely to
have had three or more ED visits compared with patients with

60 -

FIG. 1. The median time
from initial emergency de-
partment discharge to defini-
tive surgical management of
USD in days by payer type
(p<0.001), race/ethnicity
(p<0.001), and surgical
approach (p <0.001).

SWL =extracorporeal
shockwave lithotripsy;
PCNL =percutaneous
nephrolithotomys;

URS =ureteroscopy.
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TABLE 2. MULTIVARIABLE ACCELERATED FAILURE TIME
MODEL INDICATING FACTORS INDEPENDENTLY
ASSOCIATED WITH THE TIME TO DEFINITIVE
STONE SURGERY

Event
Variable time ratio  95% CI p
Patient age 0.99 0.98-1.00 <0.001
Male 0.98 0.93-1.03 0.146
Urologist density (per 1.40 0.56-3.46 0.419
10,000 persons per
county)
Urologist density (per 0.99 0.97-1.01 0.280
county square
mileage)
Comorbidities® 0.93 0.89-0.98 0.002
Payer type
Private Reference Reference Reference
Medicaid 1.46 1.34-1.58  <0.001
Medicare 1.42 1.32-1.53  <0.001
Self-pay 1.60 1.41-1.81 <0.001
Other 1.02 0.94-1.10 0.689
Race/ethnicity
White Reference Reference Reference
Hispanic 1.20 1.13-1.29  <0.001
Black 1.36 1.19-1.56 <0.001
Asian 1.02 0.92-1.13 0911
Other 1.27 1.13-143  <0.001
Urinary stone surgery type
URS . 0.77-0.95 0.044
SWL 0.95 0.85-1.06 0.628
PCNL 145 1.43-1.69  <0.001
Upper urinary tract 1.64 1.51-1.78  <0.001
decompression”

Larger event time ratios reflect longer wait times. Items in bold
met statistical significance threshold.

#Comorbidities include hypertension, coronary artery disease,
peripheral vascular disease, and diabetes mellitus.

PIncludes all indications for upper urinary tract decompression.
Types of decompression included are ureteral stent and percutane-
ous nephrostomy tube placement.

CI=confidence interval.

private insurance. Patients of Black race/ethnicity (OR 1.35,
95% CI 1.03-1.76) were significantly more likely to have had
three or more ED visits when compared with Whites (Table 4).

We identified 980 CT imaging studies performed at ED and
inpatient visits after the initial ED discharge. Patients with
Medicaid (OR 1.79,95% CI 1.32-2.40) and self-pay (OR 2.15,
95% CI 1.43-3.20) coverage were significantly more likely to
undergo two or more CT scans relative to patients with private
insurance (Table 4). Approximately 10% of patients (n=1511)
underwent an upper urinary tract decompression procedure
without lithotripsy before a definitive stone surgery. One
hundred sixty-nine (11.2%) procedures were associated with a
clinical diagnosis of sepsis (Supplementary Table 4). Patients
with Medicaid (OR 1.74, 95% CI 1.47-2.06), Medicare
(OR 1.70,95% CI 1.44-2.01), and self-pay coverage (OR 2.63,
95% CI 2.11-3.28) had increased odds of receipt of decom-
pression procedures for all indications when compared with
patients with private insurance. Patients of Hispanic race/eth-
nicity (OR 1.20, 95% CI 1.04-1.38) were also significantly
more likely to undergo upper urinary tract decompression for
all indications when compared with Whites (Table 4).
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FIG. 2. Cumulative incidence curves indicating the pro-
portion of patients who had received definitive stone surgery
within 180 days of discharge from an emergency department
stratified by payer type (A) and race/ethnicity (B).

Discussion

In this study, we demonstrate significant variation in the
time to definitive surgery for upper tract urinary stone disease
after an ED discharge in California. Specifically, underinsured
patients (persons with Medicaid, Medicare, or self-pay cov-
erage) and patients of Black or Hispanic race/ethnicity expe-
rienced a longer time to definitive surgical management. The
delays experienced by these groups are concerning as unnec-
essary delay of a definitive stone surgery can increase the risk
of complications, including pyelonephritis, urosepsis, AKI,
potentially CKD, as well as substantial pain and loss of pro-
ductivity.'""'” Disparities in care by payer type and race/eth-
nicity have been well documented in the management of
multiple disease processes and their time to interventions.'*™'
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TABLE 3. MULTIVARIABLE MIXED-EFFECTS ANALYSIS ADJUSTING FOR FACILITY-LEVEL VARIATION, REPORTING
THE MEAN INCREASE IN TIME TO SURGERY BY PATIENT CHARACTERISTICS

Mean increase in time

Variable to surgery (days) 95% CI p
Patient age -0.91 —1.14 to —0.67 <0.001
Male -2.33 —8.03 to 3.37 0.211
Urologist density (per 10,000 persons per county) 14.57 —93.02 to 122.51 0.396
Urologist density (per county square mileage) -1.20 -3.44 to 1.04 0.147
Comorbidities® —-5.95 —10.80 to —1.10 0.008
Payer type
Private Reference Reference Reference
Medicaid 24.75 15.30 to 34.28 <0.001
Medicare 31.68 23.16 to 40.20 <0.001
Self-pay 36.34 22.25 to 50.53 <0.001
Other 0.89 —10.00 to 8.22 0.576
Race/ethnicity
White Reference Reference Reference
Hispanic 12.40 4.95 to 19.91 <0.001
Black 25.28 10.11 to 40.51 < 0.001
Asian -3.24 —14.98 to 8.53 0.295
Other 20.76 7.97 to 33.53 <0.001
Urinary stone surgery type
URS —11.85 —23.79 to 0.09 0.026
SWL -3.16 —15.19 to 8.84 0.303
PCNL 41.55 24.68 to 58.48 <0.001
Upper urinary tract decompression” 60.05 50.70 to 69.44 <0.001

Items in bold met statistical significance threshold.

dComorbidities include hypertension, coronary artery disease, peripheral vascular disease, and diabetes mellitus.
®Includes all indications for upper urinary tract decompression. Types of decompression included are ureteral stent and percutaneous

nephrostomy tube placement.

Our findings expand on prior reports that underinsured patients
presenting to an ED with urinary stone disease were less likely
to be admitted to the hospital and undergo immediate defini-
tive stone surgery.” Our study shows that underinsured and
minority patients who present to an ED are also vulnerable to
delays in outpatient care of urinary stone disease.

The optimal time for a stone intervention after a trial of
spontaneous passage, with or without MET, is not well de-
fined. However, the American Urological Association (AUA)
and the Endourological Society guidelines advocate for in-
tervention within 4-6 weeks for patients presenting with a
ureteral stone.”' These recommendations are based in part on
data that show that 95% of ureteral stones measuring <6 mm
will pass within 40 days.*?

Here, we report that older patients and patients with more
comorbidities received definitive stone surgery in a more ex-
pedited manner. However, we also report that patients with
Medicaid (median of 7.7 weeks) and self-pay (median of 9.7
weeks) coverage experienced delays in the time to surgery that
exceeded guideline recommendations. Unfortunately, these
underinsured patients are those most at risk of developin
complications associated with delayed surgical intervention.”
Given significant differences observed by payer type, we per-
formed a companion analysis restricting the study sample to
patients >65 years of age (16% of the sample). We observed no
significant differences in time to definitive surgical procedures
in the >65 years of age subcohort, suggesting that the differences
observed by payer type were driven largely by younger patients.

In addition, delay in a definitive surgical management of
urinary stone disease can result in otherwise unnecessary care

and temporizing procedures, which themselves carry risk and
expense. The AUA guidelines state that recurrent renal colic
prompting ‘‘repeated visits to the emergency department ...
are all indications to proceed with surgical intervention.”**
Despite these recommendations, we found that patients with
Medicaid, Medicare, or self-pay coverage and patients of
Black race/ethnicity were more likely to be seen in an ED
three or more times before definitive surgery. Patients with
Medicaid or self-pay coverage were also more likely to re-
ceive two or more CT imaging studies before a stone surgery.
In addition, patients with Medicaid, Medicare, or self-pay
coverage and patients of Hispanic race/ethnicity were more
likely to undergo upper urinary tract decompression while
waiting for a more definitive procedure.

Potential factors that could contribute to the observed in-
equality by race and ethnicity include cross-cultural mis-
communication between the patient and provider,*” lack of
trust in the physician or health care system,”® reduced patient
willingness to undergo an intervention,*” and reduced access
to urologic care.”?® In a recent retrospective review of acute
renal colic management patterns in an ED, only 23% of pa-
tients received an ambulatory referral to a urologist, and only
71% of those patients attended a urology appointment. Of
those patients not referred to urologic care, only 16% re-
ceived urologic care through self-referral,> highlighting the
importance of establishing a plan for outpatient urologic care
during the ED discharge.

Our study has several notable strengths: in this large
population-based study we examined the time to surgery in a
populous and diverse state, and were able to measure times to
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surgery across all payer types. We attempted to control for
many potential confounders, including patient-level, facility-
level, and surrogate measures of access to urologic care. We
also included secondary outcome measures (e.g., repeated
visits to an ED, number of CT imaging studies, and upper
urinary tract decompression), and we consistently found that
underinsured patients were not only more likely to have
longer times to definitive stone surgery but were also at
higher odds of potential harms associated with these delays.
Our study has limitations common to administrative da-
tasets. We did not have information related to the severity of
each patient’s stone disease (e.g., stone location, number,
type, and size). We are also not able to confirm that the initial
ED visit was due to the same stone that was the target of the
subsequent surgery. While some patients had long periods
between the initial ED presentation and surgery, our results
did not materially change when limiting to patients who re-
ceived surgery within 180 days. Despite the diversity of
California, there may be differences in practice patterns and
inpatient vs outpatient reimbursement, such that our results
may not be generalizable to other states in the United States.
Moreover, despite the large patient sample, California has
a lower proportion of Black patients than many other states,
and the associations observed by race/ethnicity may vary in
different cultural climates. Finally, not all ambulatory sur-
gery centers in California report to California Department of
Public Health, and thus would not be reported in the OSHPD
database. However, this represents a small number of centers
that perform stone surgeries, and therefore would unlikely
significantly impact the findings of this study.*®

Conclusions

In conclusion, underinsured patients and those of Black or
Hispanic race/ethnicity experience a longer time to definitive
stone surgery after presenting to an ED with symptomatic upper
tract urinary stone disease. Underinsured patients were also
more likely to experience potential harm from this delay, with
repeated ED visits, repeated CT imaging studies, and more
frequent temporizing upper urinary tract decompression before
definitive stone surgery. These findings provide rationale for
efforts to reduce these disparities and to ensure timely surgical
care when necessary for all patients with urinary stone disease.
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CPHS = California Protection of Human Subjects

OSHPD = Office of Statewide Health Planning and

PCNL = percutaneous nephrolithotomy

Abbreviations Used
AKI = acute kidney injury
AUA = American Urological Association
CI = confidence interval
CKD = chronic kidney disease

CPT = Common Procedural Terminology
CT = computed tomography
ED =emergency department

ETR =event time ratio

MET =medical expulsive therapy
OR = odds ratio

Development

SWL = extracorporeal shockwave lithotripsy
URS = ureteroscopy
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