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Introduction: Existing literature has highlighted dis-
parities in acute pain management across racial and sex
groups in both emergency department and pre-hospital
settings. This study aimed to evaluate prescribing pat-
terns among physicians and advanced practice providers
for patients with upper tract urolithiasis in an academic
emergency department.

Materials and Methods: Retrospective chart review of
patients diagnosed with upper tract urolithiasis was per-
formed to evaluate age, sex, race, ethnicity, stone size and

location, presence of hydronephrosis, admission status,
history of prior nephrolithiasis, medications adminis-
tered in the emergency department (ED), requests for
urology consult or referral, and discharge medications.
Results and Conclusions: In this single-center,
propensity-matched analysis, we found no significant
sex, race, or provider level of training-based differences
in prescribing patterns for patients presenting with renal
colic secondary to upper urinary tract stones in our
academic emergency department.

Key Words: urolithiasis, emergency medicine, urol-
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Introduction

Urolithiasis affects up to 11% of adults in the United
States, with an estimated incidence of 2054 stones
per 100,000 adults annually.' Severe flank or back
pain from renal colic, as well as associated symptoms
such as nausea and vomiting, results in a substantial
number of emergency department (ED) visits each
year.’

Existing literature has highlighted disparities in
acute pain management across racial and sex groups
in both ED *~* and pre-hospital settings.® Additionally,
factors like type of provider licensure have also been
shown to influence opioid prescribing rates in both
acute and chronic pain contexts.”* However, there
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remains limited research focusing on racial and sex-
based differences in pain management strategies in
urologic patients, with existing literature on renal
colic specifically being equivocal.”"

Our study sought to use a propensity-based
approach to determine whether sex-based differ-
ences exist in the treatment of nephrolithiasis within
our academic ED, both during the visit and at
discharge. Secondary analysis of differences in pre-
scribing patterns by patient ethnicity or by provider
license level was also performed. Identifying such
disparities is essential to ensuring equitable care,
optimizing healthcare spending, minimizing morbid-
ity, and improving pain management strategies for
all patients.

Materials and Methods

After obtaining Institutional Review Board approval,
we conducted this single-center retrospective study
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of patients presenting to an academic ED with a pri-
mary diagnosis of nephrolithiasis between January
2022 to November 2023, comparing propensity-
matched cohorts of males vs. females. Facility billing
data was utilized to identify patients who presented
to our ED using International Classification of Dis-
eases 10 codes related to nephrolithiasis, including
N200, N201, N202, N209, and N23. Only initial visits
were utilized for matching and primary data analysis;
however, dates of subsequent visits that were related
to stones were recorded to evaluate rates of ED re-
presentation.

Inclusion criteria were as follows: (1) >18 years of
age, (2) presenting to the ED with a primary diag-
nosis of nephrolithiasis, (3) confirmed diagnosis of
nephrolithiasis (via computed tomography or ultra-
sound imaging). Exclusion criteria were as follows:
(1) Lower urinary tract stones within the bladder
or urethra as confirmed by imaging, (2) pregnancy
as confirmed by patient report or standard of care
testing, (3) incarcerated individuals. Only records
with complete data were used for matching and final
analysis .

The electronic medical record was reviewed, and
data were manually extracted on the following cat-
egories: age, sex, race, ethnicity, stone size and
location, presence of hydronephrosis, admission sta-
tus, history of prior nephrolithiasis, medications
administered in the ED, requests for urology con-
sult or referral, and discharge medications. Radiology
reports were reviewed for stone location and size.
Study data were collected and managed using RED-
Cap electronic data capture tools hosted at the
University of New Mexico. REDCap is a secure,
web-based application designed to support data cap-
ture for research studies, providing: (1) An intuitive
interface for validated data entry, (2) Audit trails
for tracking data manipulation and export proce-
dures, (3) Automated export procedure for seamless
data downloads to common statistical packages, and
(4) Procedures for importing data from external
sources."'

Outcomes of interest included proportions of:
patients who received opioids in the ED and at
discharge, patients discharged with medical expul-
sive therapy (MET), patients discharged with any
prescription for an analgesic, patients who received
urology referral or consultation, and patients who re-
presented to the ED within 30 days for uncontrolled
pain or complications related to the stone.

R statistical software was used for all statis-
tical analyses.”” The “Matchlt” package was used
for propensity score matching."”” Matching was per-
formed at a ratio of 1:1 male to female using age, race,
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ethnicity, history of stones, stone size and location,
presence of hydronephrosis, and admission status.
Matches were based on greedy nearest-neighbor
matching without replacement. We set caliper width
at 20% of the standard deviation of the logit of the
probability of being in the male group."

Routine summary statistics were calculated for all
outcomes of interest, including means with standard
deviations for normally distributed continuous data,
medians and interquartile ranges for those not nor-
mally distributed, and percentages for binary and
categorical data. Wilcoxon-Mann-Whitney, Fisher’s
Exact, and Student’s t-test were applied as appro-
priate. The Holm-Siddk method was used to correct
for multiple comparisons. Multiple logistic and lin-
ear regression analyses were performed to analyze
for effects of ethnicity and provider license level on
outcomes of interest. A p-value of less than 0.05 was
deemed to be statistically significant.

Results

A total of 492 initial encounters were identified. After
applying exclusion criteria and filtering for com-
plete records, 338 records remained for matching
and subsequent analysis. Propensity score matching
yielded 282 total records for analysis (141 male and
141 female). There were no significant differences
in baseline characteristics between the two groups
(p > 0.05, Table 1) except for practice level of the
principal provider (p = 0.009, Table 1) with females
being more frequently treated by physicians than
males (65% vs. 48% p = 0.006; RR = 1.48 95% CI =
1.13-1.94; Table 1).

After controlling for covariates using our propen-
sity matched approach, there were no statistically
significant differences in the proportion of males and
females who received opioid analgesia in the ED,
or who received a urology consultation or referral
(p > 0.05, Table 2). Furthermore, there were no statis-
tically significant differences in the number of opiate,
non-opiate, or total analgesic administration counts
(p > 0.05, Figure 1).

On discharge, there were no significant differences
in the proportion of males and females who were dis-
charged with a prescription for opioid analgesics or
who received a prescription for any type of analgesic
medication (p > 0.05, Table 2). On initial analysis,
females appeared less likely to receive MET (60%
vs. 72% p = 0.04; RR = 0.70, 95% CI = 0.50-0.97),
however, after controlling for multiple comparisons,
this difference was not statistically significant (p =
0.26, Table 2). Furthermore, there was no significant
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TABLE 1. Characteristics of propensity-matched cohort

Descriptive characteristics

Malen =141 Female n =141

Total n = 282 4

Age
Race

American Indian or Alaskan Native

Asian
White
Ethnicity
Hispanic/Latin
Not Hispanic/Latin
Stone location
Superior pole
Inferior pole
Renal pelvis
Proximal ureter
Distal ureter
Stone size (mm)
Hydronephrosis present
History of nephrolithiasis
Admitted
Level of provider
MD/DO
APRN
PA
Treated by MD or DO

4524 £ 1546  44.65+1729 4494+1638 076
0.97
9 (6%) 10 (7%) 19 (7%)
3 (2%) 3 (2%) 6 (2%)
123 (87%) 128 (91%) 251 (89%)
1.00
74 (52%) 75 (53%) 149 (53%)
67 (48%) 66 (47%) 133 (47%)
0.98
2 (1%) 2 (1%) 4 (1%)
8 (6%) 10 (7%) 18 (6%)
7 (5%) 6 (4%) 13 (5%)
45 (32%) 44 (31%) 89 (32%)
79 (56%) 79 (56%) 158 (56%)

5.42 +3.75 5.60 + 3.79 557+376  0.68
108 (77%) 106 (75%) 214 (76%)  0.89
60 (43%) 59 (42%) 119 (42%)  1.00
18 (13%) 21 (15%) 39 (14%) 0.73

0.009
67 (48%) 91 (65%) 158 (56%)
17 (12%) 16 (11%) 33 (12%)
57 (40%) 34 (24%) 91 (32%)
67 (48%) 91 (65%) 158 (56%)  0.006

TABLE 2. Summary of dichotomous outcomes. All outcomes were analyzed using Fishers Exact test

Total p  Corrected RR (95% CI)
n =282 p
127 (45%) 0.81 1.00 1.04 (0.84-1.28)

Outcome measure Male Female

n =141 n =141

Receive Opioids on DC 62 (44%) 65 (46%)

Received any DC analgesic 93 (66%) 86 (61%)

prescription

Received Opiates in ED 79 (56%) 73 (52%)

Received MET on DC 102 (72%) 85 (60%)

Received urology consultor 77 (55%) 82 (58%)

referral

Re-presented to ED within 12 (9%) 9 (6%)

30 days of initial encounter

179 (63%) 046  1.00  0.87 (0.64-1.19)
152 (54%) 055  1.00
187 (66%) 0.04 0.6
159 (56%) 0.65  1.00

0.98 (0.77-1.27)
0.70 (0.50-0.97)
1.08 (0.83-1.42)

21 (7%) 0.65  1.00  0.98(0.91-1.04)

difference in the quantity of opioid tablets prescribed
on discharge (p > 0.05, Figure 1).

Males and females in this cohort exhibited similar
likelihood to re-present to the ED within 30 days
of initial presentation (p > 0.05, Table 2). Multiple
logistic and linear regression analyses revealed no
significant effects of race or provider license level on
any of the analyzed outcomes when adjusting for
patient sex and for interactions of those factors with
sex (p > 0.05 for all).

Discussion

Our propensity-matched analysis identified no sta-
tistically significant difference in the prescription
management or re-presentation rates of patients man-
aged in our academic emergency department for
renal colic secondary to upper urinary tract stones
based on patient sex, patient race, or provider level.
Previous literature suggests that sex based differ-
ences in pain management exist in certain settings,
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FIGURE 1. Violin plots of continuous outcomes. Diamond represents median. (A) number of opiate tablets
prescribed at discharge, (B) total number of analgesic doses received in the ED, (C) number of opioid analgesic
doses received in the ED, and (D) number of non-opioid analgesic doses received in the ED. There were no
significant differences in any of the observed outcomes using the Wilcoxon-Mann-Whitney test. It should be noted
that a smoothing bandwidth of 0.7 was used for plot A for visualization purposes while a bandwidth of 0.3 was

used for the remaining plots

such as ED""" and pre-hospital environments.® A
previously published review on sex-based disparities
in pain suggests that much of the evidence on these
disparities is anecdotal with few sufficiently pow-
ered studies to suggest otherwise."” Indeed, there are
published data to suggest that patient sex or gender
does not influence pain management strategies.”’ '

84

The existing literature on sex-based differences in the
setting of renal colic is equivocal. Naamany et al.
found that, in the context of stones, males were
more quickly and more frequently assessed for pain,
received more analgesics, and were prescribed opi-
oids at higher rates than females.’ Innes et al.
reported similar rates of intravenous ketorolac and
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opioid administration, with no significant difference
in outcomes in the setting of stones, although only
physicians were treating patients at this hospital."
Both studies showed that males underwent computer
tomography scans more frequently than females.
Our findings suggest that males and females receive
comparable management for renal colic secondary
to upper urinary tract stones at our institution.
Additionally, we found no significant impact of
patient ethnicity on prescribing patterns or outcomes.
However, our study population was predominantly
white, and after propensity score matching, Black
and Native Hawaiian/Pacific Islander patients were
absent from the analyzed cohort. This is likely due to a
relatively small number of these demographic groups
being present in the state of New Mexico at 2.8%
and 0.2%, respectively.”” Nevertheless, this lack of
representation limits our ability to comprehensively
assess the effects of race on these findings as previ-
ous studies have done”'>'* underscoring the need for
more diverse patient populations in future research.

Approximately 54% of patients in our cohort
received an opiate while in the ED and 45% received
a prescription for an opiate upon discharge. A report
from 2020 by the Centers for Disease Control and
Prevention and National Center for Health Statis-
tics described a national ED opiate prescription rate
of 14.6% from 2016-2017, with much higher rates
for urolithiasis at 49.2%.”” Another report found that
59% and 68% of patients diagnosed with urolithiasis
received opiates in the ED and at discharge respec-
tively.” In this study, the rates of opiate prescriptions,
both in the ED and at discharge, are comparable to
published literature.

A working paper from the National Bureau of
Economic Research found that nurse practitioners at
a Veterans Affairs hospital, on average, use more
resources and achieve less favorable outcomes, such
as 30-day preventable hospitalization.”” However,
several systematic reviews of nurse practitioners in
emergency and critical care settings came to favorable
conclusions, suggesting that nurse practitioners may
indeed improve outcomes, decrease wait times, and
increase patient satisfaction.””** Our analysis fails to
suggest that provider license level had any impact
on management or outcomes of these patients, as
there were no statistically significant differences in
prescribing patterns or outcomes between physicians
and advanced practice providers. Some literature,
however suggests that provider-level characteristics,
such as age, may indeed influence prescribing pat-
terns.” However, the effects of other variables like
provider sex and race remain less well-defined.”"
Unfortunately, as these variables were not available in

our dataset, we are unable to evaluate their potential
impact on prescribing patterns. Future studies should
incorporate these factors to provide a more compre-
hensive understanding of how both provider and
patient characteristics influence treatment decisions
and outcomes.

Our analyses initially found a statistically signif-
icant difference in the prescribing patterns of MET,
with males appearing more likely to receive a pre-
scription than females. This significance disappeared
with multiple comparisons correction. Current guide-
lines on management of ureteral stones suggest that
patients with uncomplicated distal ureteral stones
should be offered medical expulsive therapy with
alpha-blocker medication.”>” While our primary
analysis does not differentiate the rates of MET for a
given stone location, our cohort is enriched in distal
ureteral stones, and post-hoc analysis found that for
distal stones <10 mm in size, 75% of males and 72% of
females received a prescription for MET. While these
data suggest that males and females at our institution
receive similar rates of MET, they may imply that
MET is being underutilized, particularly for distal
ureteral stones, where literature supports their use.™

Interestingly, only 56% of patients received a con-
sultation or referral to urology. Only 21 (7%) patients
re-presented to the ED for renal colic and received
intervention. While current guidelines recommend
that patients with uncomplicated ureteral stones less
than or equal to 10 mm should be offered obser-
vation”, it is unclear if the patients not referred to
urology were followed for successful trial of passage
by another provider. With the rising incidence of
stones and shortage of urologists in the United States,
retained stones raise the possibility of patients pro-
gressing to renal atrophy or xanthogranulomatous
pyelonephritis if patients have unidentified failed tri-
als of passage. Future directions could include patient
education materials and referral pipelines for patients
sent home on trial of passage.

The primary strength of this study lies in its
use of a propensity-matched approach for anal-
ysis, which helps mitigate potential sources of
confounding. However, several limitations should
be acknowledged. First, although the propensity-
matching method allowed us to control for numerous
covariates, inconsistent reporting and documentation
of pain scores in our emergency department limited
our ability to account for self-reported pain levels.
Consequently, we could not assess how variations
in pain scores influenced management strategies
or clinical outcomes. Moreover, the underrepresen-
tation of certain racial groups further limits our
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study’s ability to assess potential racial dispari-
ties in emergency room management of urolithiasis.
Additionally, patients included in our cohort may
have sought care at other emergency departments or
urgent care centers within the region, potentially con-
tributing to lower rates of re-presentation observed in
our data. Furthermore, limiting our study to patients
with imaging-confirmed upper-tract stones prevents
assessment of management differences in those diag-
nosed clinically or undiagnosed. This may obscure
sex-based disparities in diagnostic timeliness and
completeness. Future studies with broader inclu-
sion criteria may reveal additional disparities in this
domain. Lastly, the relatively small sample size of our
cohort, compared to previously published studies,
limits both the statistical power and generalizability
of our findings. Future studies with larger, multicen-
ter datasets are needed to validate these results and
further explore the impact of self-reported pain on
patient outcomes.

Conclusion

In this single-center, propensity-matched analysis,
we found no significant sex-based differences in
the management or outcomes of patients present-
ing with renal colic secondary to upper urinary
tract stones in our academic emergency department.
Our findings align with existing literature suggesting
that patient sex does not impact pain management
strategies for renal colic. Although males initially
appeared more likely to receive medical expulsive
therapy (MET), this difference was not statistically
significant after adjusting for multiple comparisons.
However, our findings did suggest that MET may be
underutilized for distal ureteral stones, underscoring
the importance of further adherence to guideline-
recommended therapies. Future research with larger,
multicenter datasets is necessary to support these
findings, improve understanding of sex and race-
based disparities, and optimize pain management
strategies in nephrolithiasis. This work emphasizes
the importance of equitable care and the need for con-
sistent guideline implementation to enhance patient
outcomes in the ED setting.
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