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Abstract

Objectives—Kidney stones affect nearly one in 11 persons in the United States, and among
those experiencing symptoms, emergency care is common. In this population, little is known
about the incidence of and factors associated with repeat emergency department (ED) visits. The
objective was to identify associations between potentially mutable factors and the risk of an ED
revisit for patients with kidney stones in a large, all-payer cohort.

Methods—This was a retrospective cohort study of all patients in California initially treated and
released from EDs for kidney stones between February 2008 and November 2009. A multivariable
regression model was created to identify associations between patient-level characteristics, area
health care resources, processes of care, and the risk of repeat ED visits. The primary outcome was
a second ED visit within 30 days of the initial discharge from emergent care.

Results—Among 128,564 patients discharged from emergent care, 13,684 (11%) had at least one
additional emergent visit for treatment of their kidney stone. In these patients, nearly one in three
required hospitalization or an urgent temporizing procedure at the second visit. On multivariable
analysis, the risk of an ED revisit was associated with insurance status (e.g., Medicaid vs. private
insurance, OR 1.52, 95% CI = 1.43 to 1.61; P < 0.001). Greater access to urologic care was
associated with lower odds of an ED revisit (highest quartile OR 0.88, 95% Cl = 0.80 t0 0.97; P <
0.01, vs. lowest quartile). In exploratory models, performance of a complete blood count was
associated with a decreased odds of revisit (OR = 0.86, 95% CI = 0.75 to 0.97; P = 0.02).

Conclusions—Repeat high-acuity care affects one in nine patients discharged from initial
emergent evaluations for kidney stones. Access to urologic care and processes of care are
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associated with lower risk of repeat emergent encounters. Efforts are indicated to identify
preventable causes of ED revisits for kidney stone patients and design interventions to reduce the
risk of high-cost, high-acuity, repeat care.

INTRODUCTION

Kidney stones inflict excruciating pain at least once in the lifetime of nearly one in 11
people in the United States.! The burden of this disease falls largely on the working-age
population,?3 and the economic effect of treating patients with kidney stones is substantial.*
The agony of stone passage is increasingly common: on a population-adjusted basis, the rate
of emergency department (ED) visits for stones has nearly doubled, in parallel with the
rising prevalence of stone disease.

ED visits for patients with kidney stones are common.®> More than 90% of patients evaluated
in EDs for stones are released after treatment.%:” However, little is known about what
happens after discharge from the ED. Some patients are able to pass their stones,® while
others require procedural intervention. While awaiting resolution, some patients experience
recurrent renal colic, necessitating repeat ED visits. From the patient perspective, revisits for
pain are at best inconvenient and costly. Preventing ED repeated visits is important from the
policy perspective because they contribute to inefficient and potentially costly care.®

Given this context, we sought to characterize the frequency of ED revisits in a large, all-
payer cohort. We also sought identify potentially independent associations between ED
revisits and both clinical and non-clinical factors. To the extent that these factors are
mutable, our overarching goal was to identify potential targets for improving emergency
care for patients with kidney stones.

METHODS

Study Design

This was a retrospective cohort study. The institutional review boards of the University of
California, Los Angeles and Duke University determined that the study design was exempt
from review.

Study Setting and Population

We used data from the California State Emergency Department Database (SEDD), the
California State Inpatient Database (SID), and the State Ambulatory Surgery Database
(SASD), part of the Healthcare Cost and Utilization Project (HCUP) of the Agency for
Healthcare Research and Quality. The SEDD data consist of a 100% sample of ED visits to
nonfederal, short-term, general, and specialty hospitals that do not result in inpatient
admission; ED visits resulting in admission appear in the SID (Figure 1). Finally, we used
the SASD to identify ED revisits that resulted in urgent ambulatory procedures (i.e., ureteral
stent placement). These data include identifiers for hospitals, as well as masked patient
identifiers that permit linkage of health care encounters across time, between different care
settings, and between different facilities. We used the masked patient identifiers to obtain a
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cohort of patients initially seen and released from ED visits for stones, and then followed for
outcome events in all three datasets.

The study population consisted of individuals who had initial ED visits for suspected kidney
stones in 2008 or 2009 using the SEDD data (Figure 1). We identified patients using
established claims algorithms based on diagnostic codes for their visits (Data
Supplement).10 Patients aged younger than 18 years or older than 89 years were excluded.
We excluded visits in January 2008 in order to avoid left censoring; initial visits in
December 2009 were also excluded in order to permit a full 30-day window for follow up.

Our study had two aims. First, we sought to describe the incidence of and variation in ED
revisits following an initial treat-and-release ED evaluations. Our primary outcome was thus
a second ED visit within 30 days of an initial emergent encounter to treat a kidney stone.
While some patients had multiple revisits, we only included the first revisit as an outcome
event. ED revisits could appear in the SEDD, SID, or SASD, depending on outcome (i.e.,
hospital admission; see Study Population and Setting). The SID and SASD include an
indicator for encounters originating in the ED. We used this indicator and all three datasets
to identify all ED revisits for the cohort (Figure 1).

Our second aim was to characterize clinical outcomes of these revisits. Since death from a
kidney stone is a rare event, we instead created a composite outcome of hospital admission
or urgent procedure (specifically, placement of temporizing ureteral stent or percutaneous
nephrostomy tube, based on established algorithms;10 see Data Supplement) as a result of
the revisit (Figure 1). Implicitly, patients with kidney stones who are discharged from initial
ED evaluations are deemed clinically suitable for outpatient follow-up. When these patients
return to the ED, and then require admission or urgent procedures, these outcomes
potentially represent preventable failures of care delivery. In addition, these outcomes are
high-acuity, high-cost health care events, and are therefore important from both the patient
and health policy perspectives.

Covariates—Patient-level covariates included age, sex, and race and ethnicity as reported
by HCUP. We included race and ethnicity data because important variation in the
prevalence of kidney stones exists among persons from different backgrounds.! We included
primary payer as reported by HCUP, categorizing as private payer, Medicare, Medicaid, and
self-pay/other. As a proxy for socioeconomic status, we included median household income
quartile as reported by HCUP. We decided to not explicitly control for comorbid conditions
in this analysis for two reasons. First, identifying comorbid conditions from a single ED
encounter claim is unreliable, and records from other encounters, such as outpatient clinic
visits or inpatient hospitalizations, were not available for all patients in these data. Second,
prior claims-based analyses of patients with kidney stones demonstrate that approximately
90% of patients with kidney stones have Charlson scores of 0 or 1, among both
commercially insured and Medicare beneficiaries.}1-13 Weekend care may differ from
weekday care, so we included a variable identifying initial weekend ED visits. Local health
care system resources may also influence revisit probability. For example, limited access to
urologic care in rural areas negatively affects care outcomes.1415 Therefore, we included
urban-rural classification and also included the per capita density of urologists at the Federal
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Information Processing Standards level, grouped in quartiles, as reported in the Area
Resource File.

In addition to these patient- and area-level covariates, we hypothesized that processes of
care, such as diagnostic testing, could influence the probability of a revisit. Therefore, we
examined associations between the probability of a revisit and specific diagnostic tests
performed at the initial ED encounter. Laboratory and imaging tests were identified using
Common Procedural Terminology (CPT) codes (Data Supplement). We created four
variables denoting the receipt of diagnostic testing implicit in current guidelines. Current
guidelines!®17 suggest that CT scan has the highest diagnostic performance for identifying
kidney stones, although renal ultrasound and plain abdominal radiography are acceptable
alternatives depending on clinical context (e.g., renal ultrasound for pregnant women).
Therefore, we created an indicator variable for receipt of any potentially appropriate
imaging test (Data Supplement). Current guidelines also recommend urinalysis (for
bacteriuria), assessment for signs of infection or sepsis, such as leukocytosis, and
measurement of renal function.18 For each of these three tests, we created a separate
indicator variable (Data Supplement). Since the reliability of identifying laboratory tests in
ED claims data may be uncertain, we performed several sensitivity analyses (see Data
Analysis).

Data Analysis

We calculated the frequency of revisits for each baseline characteristic, and then compared
these using the chi-square test. Subsequently, we modeled the binary response of a repeat
visit using a generalized linear mixed model with a logit link, controlling for age, sex, race,
urban-rural classification, primary payer, household income, weekend visit, and per capita
urologist density, accounting for clustering of outcomes at the facility level by adding a
random intercept. The rates of missing data were extremely low for these covariates (sex,
age, payer, urban-rural location, weekend admission, and urologist density all <1%; race
5%), and therefore we excluded cases with missing data. We subsequently used an identical
approach to model the probability of the combined outcome of hospitalization or urgent
procedure as a result of the ED revisit.

We then constructed a separate generalized linear mixed model with a logit link to examine
associations between the probability of an ED revisit and receipt of guidelines-based
diagnostic testing at the initial visit, again controlling for age, sex, race, urban-rural
classification, primary payer, household income, weekend visit, and per capita urologist
density, and accounting for clustering of outcomes at the facility level. Each ED visit record
reports the number of procedure codes on the claim, and not all claims for the initial visits
reported procedure codes. Therefore, we designated tests as missing if the visit records
reported no procedure codes. Given that the reliability of coding for diagnostic tests is
uncertain in these ED data, and may vary substantially between different facilities, we
elected to perform a sensitivity analysis to assess the robustness of our results. To explore
the stability of the initial estimates, we created a model using only records from patients
seen at facilities that reported a median of at least four procedure codes per record. This
sensitivity analysis therefore limited observations to patients evaluated at facilities that
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consistently coded procedures, and conceptually could reduce ascertainment bias. All
statistical testing was two-sided, with a Type 1 error rate set to 0.05. We used SAS version
9.2 for all analyses.

RESULTS

The study population consisted of 128,564 subjects who had initial treat-and-release visits to
EDs for kidney stones during the study period (Table 1). Among these, 61% were male and
over 80% were aged between 18 and 59 years. Nearly two-thirds were white, non-Hispanic,
and an additional 25% were Hispanic. More than half (58%) were privately insured.

Within 30 days of the initial ED visit, 13,684 (11%) subjects each had at least one additional
emergent visit for treatment of their kidney stones (Table 1). ED revisits were more common
among younger patients. There was no difference in revisit proportions between males and
females; small differences in revisits were noted across racial and ethnic groups. Revisits
were lowest among subjects with private insurance and highest among Medicaid
beneficiaries (10% vs. 14%, p < 0.001). Revisits were also more common in rural areas and
where the local urology workforce supply was low. At the facility level, the mean revisit rate
varied considerably (11%, SD +4.7%), and more than two-thirds of EDs had repeat visit
rates between 6% and 16%.

Differences in the probability of an ED revisit persisted after controlling for important
covariates (Table 2). ED revisits remained more likely among younger and white, non-
Hispanic subjects. The odds of an ED revisit were 52% higher among Medicaid
beneficiaries (OR 1.52, 95% CI = 1.43 to 1.61), as compared with those with private
insurance. A high per capita density of urologists was associated with lower odds of an ED
revisit (highest quartile OR 0.88, 95% CI = 0.80 to 0.97 vs. lowest quartile). There was no
difference in the odds of an ED revisit when the initial evaluation occurred on the weekend.

Outcomes of Revisits

Among the 13,684 subjects who experienced ED revisits, 3,069 (29%) were either admitted
to the hospital or underwent an urgent procedure as a result of the revisit. These outcomes
varied substantially by clinical and non-clinical factors on multivariable analysis (Table 3).
As compared with young subjects, the odds of hospitalization or urgent procedures were
very high among those aged at least 75 years (OR 3.90, 95% CI = 3.03 to 5.02). Females
were more likely to be admitted or undergo urgent procedures than males (OR 1.82, 95% CI
= 1.67 to 2.00). When subjects returned to the ED, those living in areas with the highest per
capita supply of urologists were most likely to be hospitalized or undergo a procedure (OR
1.77,95% Cl = 1.38 to 2.27).

Diagnostic testing

Among the diagnostic tests recommended for the evaluation of a patient with a suspected
kidney stone, only performance of a blood count was associated with the probability of an
ED revisit (Table 4). Patients who had a white blood cell count performed at the initial visit
had 14% lower odds of experiencing an ED revisit (OR 0.86, 95% CI = 0.75 to 0.97). This
association remained stable when restricting the analysis to facilities reporting a median of
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at least four procedure codes on each claim (OR 0.86, 95% CI = 0.76 to 0.98). In contrast,
urinalysis, imaging, and assessment of renal function were not associated with the odds of
an ED revisit.

DISCUSSION

We report the novel finding that up to one in nine patients requires repeat ED care within 30
days of a first ED visit for a kidney stone; among these patients, nearly one in three requires
an urgent procedure or hospitalization as a result of the revisit. The probability of a repeat
ED visit varies substantially among facilities. The probability of a revisit is associated with
non-clinical factors, such as insurance status and local urologic health care resources. Non-
use of a complete blood cell count was associated with increased risk for an ED revisit.
These key findings suggest that repeat ED care is an important problem, and a potential
quality of care marker for patients with kidney stones.

From the patient perspective, an ED visit for a kidney stone is a significant event, typically
prompted by excruciating pain. This burden of acute disease falls primarily on a working-
age population (over 80% of patients in our sample) and likely imposes substantial indirect
costs, in addition to the high direct costs of emergent care.3 Our findings suggest that after
being treated and released the first time, more than 10% of patients experience additional
symptoms within the next month that require an additional ED visit.

The costs of care for patients with kidney stones are substantial, and thus repeat ED visits
and their sequelae are health-policy relevant. Aggregate expenditures for treating patients
with kidney stones are among the greatest for any urologic condition; data from the National
Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) Urologic Diseases in
America project estimated charges in excess of $10 billion annually.# Hospitalizations and
procedures constitute the largest proportion of this spending. An important opportunity to
reduce costs and improve outcomes exists, to the extent that these ED revisits and their
sequelae can be reduced by optimizing care.

The hypothesis that some of these ED revisits are affected by non-clinical factors is
supported by key findings from our investigation. At the ED level, revisit frequencies varied
widely, with more than two-thirds of facilities falling in the range of 6% to 16% revisit
probability. Insurance status was strongly associated with risk of revisits, and notably these
risks were higher for patients with Medicaid or no insurance coverage, as compared to
privately insured individuals. Insurance coverage may be a proxy for access to primary care,
or urologic care, either of which could reduce the likelihood that a follow-up visit occurs in
the ED setting. In areas with the lowest physician supply of urologists, the odds of an ED
revisit were 14% higher than in areas with the highest urologist supply. We noted an
intriguing association between receipt of complete blood count testing and a decreased risk
of revisit. This finding must be interpreted cautiously as hypothesis-generating. A plausible
clinical explanation for this association is not recognizing impending systemic infection
could potentially result in an emergent revisit because of delays in treatment, such as
antibiotics. Using clinical data, a recent cohort study of patients evaluated in the ED for a
symptomatic stone found that leukocytosis was associated with the risk of ED revisit.19 A
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2007 guideline recommends evaluation for signs of systemic infection,8 but no specific
guidance was provided on which test(s) should be ordered, and the guideline authors rated
this as Level 1V evidence (i.e. expert panel opinion). This finding may also be limited by
ascertainment bias. To explore the potential for ascertainment bias further, we performed a
sensitivity analysis limiting the population to hospitals with relatively high frequencies of
diagnostic test codes on the discharge record (median >4 per record). In this sensitivity
analysis, the OR remained stable and statistically significant. We believe this finding should,
at a minimum, prompt rigorous assessment of the clinical utility of leukocytosis in the
management of acute renal colic, and its potential relationship with quality of care for these
patients.

Another important consideration for interpretation of these results is the outcome of
hospitalization or urgent procedure, which occurred in nearly one in three patients with
second ED visits. Only 10% of patients are admitted as a result of their first ED visits,>/
and thus the second ED visit carries nearly triple the risk of hospitalization or urgent
intervention. If hospitalization occurs due to poor access to urologic or primary care, or an
incomplete evaluation for signs of infection, then this outcome may be potentially avoidable
if different care is provided at the index visit. Alternately, hospitalization could represent a
clinically appropriate escalation of best prior care, albeit the result of an inefficient, costly,
and inconvenient second ED visit. Instead of a second ED visit, a more efficient and higher
quality strategy would be escalation through a usual source of primary care, or through
access to urologic care. Future investigations should more closely explore the role of
primary care and urologic care access for the management of symptomatic kidney stone
patients who are discharged from the ED.

LIMITATIONS

These data represent a single large state, and therefore may not generalize to treatment of
patients with kidney stones in other areas, or nationally. The dataset lacks potentially
important clinical detail, particularly with respect to clinical history, physiological
information, disease severity, or indications for return. Therefore, the association between
laboratory testing and revisits must be regarded as hypothesis-generating. The National
Hospital Ambulatory Medical Care Survey (NHAMCS) queries whether patients were seen
in the ED within 72 hours before the sampled visit, although detailed information about the
reason for the prior visit is not recorded. In reports from NHAMCS, about 10% of subjects
evaluated emergently for stones report prior ED visits,?8 suggesting that the revisit
frequency of 11% observed in our more granular data retains validity. Some factors, such as
insurance status, could change between visits; we only included data from the first visit in
our analysis. Missing data could bias results, although the proportion of observations was
very low. We observe variation in risk of ED revisits, hospitalizations, and urgent
procedures along racial and ethnic lines; since these traits are immutable, and observed
associations are likely a proxy for other factors, further investigation to understand these risk
differences is warranted.

Our analysis pertains only to those patients discharged from initial ED visits, although this
constitutes 90% of patients receiving emergent care for stones.>~’ We used an area-level
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measure of socioeconomic status, which is imperfect due to heterogeneity within geographic
areas. Nonetheless, our findings highlight the previously poorly described phenomenon of
repeat ED visits for patients with kidney stones.

CONCLUSIONS

Our findings suggest that ED revisits are not uncommon for kidney stone patients who are
initially treated and released. ED revisits are fairly likely to result in hospital admission or
urgent procedures. Furthermore, observed associations between revisit risk and markers for
access and quality of care suggest that mutable factors, such as care processes, may
influence patient- and policy-relevant outcomes. These results should motivate efforts to
identify preventable causes of ED revisits for patients with kidney stones and design
interventions to reduce the risk of high-cost, high-acuity, repeat care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1
Characteristics of Study Cohort, n (%)
Overall Revisit: No  Revisit: Yes
Characteristic (N=128,564)  (n=114,880) (n=13,684) Pvalue
Age group, yrs
1810 39 46,775 (36.4) 41,508 (36.1) 5,267 (38.5)  <0.001
40 to 59 58,912 (45.8) 52,727 (45.9) 6,185 (45.2)
60 to 75 18,193 (14.2) 16,402 (14.3) 1,791 (13.1)
7510 89 4684(36)  4243(3.7) 441 (3.2)
Sex
Male 78,429 (61.3) 70,162 (61.4) 8,267 (60.6)  0.056
Female 49,509 (38.7) 44,123 (38.6) 5,386 (39.4)
Race/Ethnicity
White, Non-Hispanic 75,040 (61.7) 66,514 (61.3) 8,526 (64.4)  <0.001
Black, Non-Hispanic 5,344 (4.4) 4,836 (4.5) 508 (3.8)
Hispanic 29,878 (24.6) 26,747 (24.7) 3,131 (23.6)
Other 11,408 (9.4) 10,328 (9.5) 1,080 (8.2)
Urban-Rural Classification
Large metro 93,061 (72.6) 83,386 (72.8) 9,675(70.9)  <0.001
Small metro 30,797 (24.0) 27,369 (23.9) 3,428 (25.1)
Micropolitan 2,902 (2.3) 2,555 (2.2) 347 (2.5)
Non metro/micro 1,411 (1.1) 1,216 (1.1) 195 (1.4)
Primary payer
Medicare 15,401 (12.0) 13,809 (12.0) 1,592 (11.6)  <0.001
Medicaid 13,260 (10.3) 11,386 (9.9) 1,874 (13.7)
Private insurance 75,043 (58.4) 67,543 (58.8) 7,500 (54.8)
Other 24,824 (19.3) 22,111 (19.3) 2,713 (19.8)
Household income
First quartile (low) 28,647 (22.8) 25525(22.7) 3,122 (23.3)  0.009
Second quartile 32,127 (25.5) 28,681 (25.5) 3,446 (25.7)
Third quartile 32,307 (25.7) 28,804 (25.6) 3,503 (26.1)
Fourth quartile (high) 32,756 (26.0) 29,429 (26.2) 3,327 (24.8)
Urologists per capita
First quartile (low) 33,597 (26.2) 29,752 (26.0) 3,845(28.2)  <0.001
Second quartile 30,525 (23.8) 27,206 (23.8) 3,319 (24.4)
Third quartile 35,255 (27.5) 31,638 (27.6) 3,617 (26.6)
Fourth quartile (high) 28,699 (22.4) 25,862 (22.6) 2,837 (20.8)
Day of visit
Mon-Fri 91,607 (71.3) 81,893 (71.3) 9,804 (71.6)  0.379
Sat/Sun 36,867 (28.7) 32,987 (28.7) 3,880 (28.4)
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Characteristics Associated with ED Revisit

Characteristic OddsRatio (95% CI) Pvalue
Age group, yrs <0.001
1810 39 1 (referent)
40to 59 0.95 (0.91-0.99)
60 to 75 0.86 (0.80-0.92)
75 to 89 0.78 (0.69-0.88)
Female 0.98 (0.95-1.02) 0.35
Race/Ethnicity <0.001
White, Non-Hispanic 1 (referent)
Black, Non-Hispanic 0.78 (0.70-0.86)
Hispanic 0.87 (0.83-0.91)
Other 0.82 (0.77-0.88)
Primary payer <0.001
Private insurance 1 (referent)
Medicare 1.13(1.05-1.22)
Medicaid 1.52 (1.43-1.61)
Other 1.12 (1.07-1.18)
Urban-rural classification 0.12
Large metro 1 (referent)
Small metro 0.94 (0.86-1.03)
Micropolitan 0.95 (0.82-1.11)
Non metro/micro 1.14 (0.95-1.38)
Household Income 011
First quartile 1 (referent)
Second quartile 1.01 (0.95-1.06)
Third quartile 1.03 (0.97-1.09)
Fourth quartile 0.96 (0.90-1.03)
Urologists per capita 0.005
First quartile 1 (referent)
Second quartile 0.99 (0.90-1.09)
Third quartile 0.90 (0.82-1.00)
Fourth quartile 0.88 (0.79-0.97)
Weekend visit 0.99 (0.95-1.03) 0.68
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Characteristics Associated with Hospitalization or Urgent Procedure as a Result of ED Revisit

Characteristic OddsRatio (95% CI) Pvalue
Age group, yrs
1810 39 1 (referent)
401059 1.59 (1.44-1.75)
60 to 75 1.91 (1.64-2.22) <0.001
75 to 89 3.90 (3.03-5.02)
Female 1.82 (1.67-1.99) <0.001
Race/Ethnicity
White, Non-Hispanic 1 (referent)
Black, Non-Hispanic 0.94 (0.74-1.18)
Hispanic 0.85 (0.76-0.95) 0.05
Other 0.94 (0.80-1.10)
Primary payer
Private insurance 1 (referent)
Medicare 1.39(1.19-1.63)
Medicaid 1.13 (0.99-1.29) <0.001
Other 0.73 (0.64-0.82)
Urban-rural classification
Large metro 1 (referent)
Small metro 1.03 (0.83-1.27)
Micropolitan 0.64 (0.42-0.97) 0.11
Non metro/micro 0.94 (0.59-1.48)
Household income
First quartile 1 (referent)
Second quartile 1.06 (0.93-1.21)
Third quartile 0.95 (0.83-1.09) 0.40
Fourth quartile 1.00 (0.86-1.16)
Urologists per capita
First quartile 1 (referent)
Second quartile 1.22 (0.97-1.54)
Third quartile 1.54 (1.20-1.97) <0.001
Fourth quartile 1.77 (1.38-2.27)
Initial weekend visit 1.00 (0.91-1.10) 0.96
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Associations between performance of guideline-recommended testing and ED revisit”

Table 4

Test OddsRatio (95% CI) P value
Imaging 1.03 (0.96-1.10) 0.41
Complete blood count 0.86 (0.75-0.97) 0.02
Renal function 1.12 (0.99-1.27) 0.08
Urinalysis 0.95 (0.89-1.03) 0.22

*
Controlling for age, sex, race, payer, urban-rural classification, household income, urologist density per capita, weekend visit, and clustering at

facility level.
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