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Background: Individuals with spinal cord injury (SCI)
are at high risk for developing neurogenic bladder or
neurogenic lower urinary tract dysfunction (NLUTD),
which can lead to severe complications and negatively
impact quality of life. Despite the critical need for timely
urologic care, barriers to access remain poorly under-
stood, particularly in resource-limited settings. This
study aims to identify systemic and perceived barriers to
urologic follow-up for individuals with SCI treated at an
academic medical center.
Methods: A single-center, observational study was
conducted on individuals presenting with a diagno-
sis code indicative of complete SCI at an academic
hospital between October 2015 and October 2023.
Data were extracted from electronic medical records
using ICD-10 codes for SCI, and phone interviews
were conducted to assess symptoms, quality of life,
and perceived barriers to care. Descriptive statistics
summarized the findings. Univariate and multivariate
Firth logistic regression analyses were performed to
analyze for possible covariates impacting the odds

of follow-up or having obtained a urodynamics
study.
Results: Of 213 records, 136 met the inclusion criteria.
Among them, only 17 (13%) received a urology consul-
tation during their hospital stay, and 28 (21%) had been
seen in a urology clinic post-injury. Phone interviews
with 42 patients revealed that 93% reported NLUTD
symptoms, with a mean quality of life impact score
of 7.3. Barriers identified included availability (71%),
accessibility (45%), accommodation (69%), affordability
(43%), and acceptability (31%) barriers. Firth logistic
regression demonstrated that male sex was associated
with lower odds (OR = 0.205, 95% CI: 0.048, 0.772,
p = 0.02) of having obtained a urodynamics study.
Conclusion: Significant gaps in urologic care for indi-
viduals with SCI exist. Statistically significant variation
in management via Firth logistic regression analyses also
demonstrates potential disparities in follow-up and man-
agement. Addressing these challenges requires improved
discharge planning, increased healthcare accessibility,
and innovative care models such as telemedicine. Future
research should explore broader geographic regions and
interventions to improve outcomes.
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Introduction

Individuals with spinal cord injury (SCI) are at high
risk for developing neurogenic bladder or neurogenic
lower urinary tract dysfunction (NLUTD).1,2 NLUTD
is a considerable cause of morbidity and mortal-
ity in individuals with SCI due to complications
such as severe systemic infections, incontinence, vesi-
coureteral reflux, nephrolithiasis, and renal failure.3,4

Additionally, NLUTD can negatively impact mental
health and social well-being, thus adversely affecting
these individuals’ quality of life.5,6

SCI’s were estimated to affect 20.6 million individ-
uals globally in 2019.7 More recent analyses, however,
suggest a declining burden, with approximately 15.4
million people living with SCI in 2021 and a projected
global incidence of 4.4 per 100,000 by 2050.8 In con-
trast, the United States demonstrates comparatively
high rates, with 2021 estimates of 11.4 new cases
per 100,000 population and a prevalence of 270.6 per
100,000.8

Among individuals with SCI, up to 84% develop
NLUTD, highlighting the magnitude of this issue.2,9

The management of NLUTD and other SCI-related
co-morbidities contributes significantly to healthcare
costs, with annual expenditures exceeding $9 billion
in the United States alone.10,11 These costs are fur-
ther compounded by the indirect economic burden of
reduced productivity and long-term disability.

Timely and consistent urologic care is essential
to mitigate complications and improve patient out-
comes. Early interventions can significantly reduce
the risk of renal failure and recurrent infections,
which are among the leading causes of mortality
in SCI patients.3,4 Despite the recognized morbid-
ity and mortality associated with NLUTD, along
with the psychological and social consequences, spe-
cific barriers preventing individuals with SCI from
accessing adequate and timely urologic care remain
poorly understood.

Individuals with SCI are frequently faced with
unique barriers to establishing and attending health-
care visits due to the nature of their injury, including
inaccessible examination tables or a lack of adequate
lifting aids.12,13 Such obstacles conflict with Penchan-
sky and Thomas’s model of access to care, which
emphasizes the importance of availability, accessibil-
ity, accommodation, affordability, and acceptability in
healthcare delivery.14

Furthermore, previous studies have identified
critical breakdowns in follow-up and management
of individuals, specifically with spinal cord injury.
One study found low rates of urological assessment
within a year after injury (median ~55%),15 with

another reporting underutilization of urodynamics
and renal imaging in traumatic SCI individuals,
further underscoring a difficulty in obtaining appro-
priate management in this population.16

In resource-limited states, there are further unique
challenges in healthcare delivery, particularly for
vulnerable populations such as those with SCI.
Typically, these states have a predominantly rural
landscape and a shortage of healthcare providers,
which exacerbate challenges of referral and follow-
up, leaving patients with limited access to timely,
specialized care. This study is the first to systemati-
cally assess barriers to urologic care for individuals
with SCI who presented to an academic medical
center in a resource-limited state, offering insights
into a population that has been underrepresented in
previous research.

Understanding the distinct obstacles individuals
with SCI face in accessing urologic follow-up and
management is essential to improving outcomes and
informing broader healthcare policy. The purpose of
this study was to identify both systemic and per-
ceived barriers to urologic care among individuals
treated for SCI at our academic medical center. To
our knowledge, this is the first study to apply the
Penchansky and Thomas model of healthcare access
specifically to individuals living with SCI to evaluate
which dimensions of access they perceive as most
obstructive to receiving urologic care. By leveraging
this established conceptual framework, we aim to
provide a more nuanced understanding of care bar-
riers in this population—insights that are essential to
guiding targeted interventions and improving care
delivery for one of the most medically vulnerable
patient groups.

Methods

Study design
This is a single-center, observational study of consec-
utive patients who presented to an academic hospital
that serves a predominantly rural and underserved
population. Consecutive patients presenting with a
primary diagnosis code of a complete lesion of the
spinal cord from October 2015 to October 2023 were
included. This cohort included only patients whose
initial, acute management and admission for their SCI
took place at this institution. The study was approved
by the University of New Mexico Health Sciences
Center Human Research Review Committee (HRRC
#24-121). The retrospective review of electronic medi-
cal records was conducted with a waiver of informed
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consent. For the phone interviews, informed con-
sent was obtained from all participants prior to data
collection.

Facility billing data were used to identify
individuals who presented to this hospital using
International Classification of Diseases 10 codes
(ICD-10) related to complete spinal cord lesion,
including S14.11, S24.11, and S34.11. These ICD-10
codes were selected for their specificity in capturing
complete spinal cord lesions, most associated with
key neurogenic lower urinary tract dysfunction
signs and symptoms.17 Diagnoses of sacral spinal
cord lesions were excluded, given that such patients
generally exhibit low-risk features as compared
to suprasacral lesions.18,19 While the ICD-10 codes
used were intended to extract exclusively complete
SCI, there were some individuals whose ASIA
exams indicated incomplete lesions. The decision
was therefore made to include these individuals in
the final cohort as they comprised a relatively low
proportion of the entire cohort.

Inclusion and exclusion criteria
Inclusion criteria were as follows: (1) Individuals with
a diagnosis code of complete lesion of the spinal
cord in the cervical, thoracic, or lumbar regions, (2)
Records available from the acute inpatient or surgical
management of the patients’ SCI, (3) Current age at
time of the study greater than or equal to 18 years.
Exclusion criteria were as follows: (1) Patients with a
diagnosis of complete lesion of the spinal cord in the
sacral region, (2) Individuals with a current age less
than 18 years, (3) Patients without records available
from the acute management of their SCI.

Data collection
The electronic medical record was reviewed, and
data were manually extracted on: current age, age
at time of SCI, sex, race, ethnicity, ASIA-impairment
scale,20 cause of SCI, and urologic care parameters,
including receipt of an inpatient urology consult or
outpatient referral, presence of a scheduled appoint-
ment at our urology clinic within 6 months of the
patient’s injury, and whether they had ever been seen
at our urology clinic.

Phone interviews were administered to patients
whose charts were reviewed and who met all inclu-
sion and exclusion criteria. Informed consent was
obtained before conducting the phone interviews,
ensuring that participants understood the purpose of
the study and how their data would be used. The
questionnaire asked questions capturing: NLUTD
symptoms such as urinary tract infections, kidney
stones, incontinence, low voiding volume, urinary

frequency or urgency, and loss of feeling that the blad-
der is full; the impact of NLUTD on their quality of
life from 0 to 10 with 0 being does not interfere and 10
being completely interferes, current urologic manage-
ment, and perceived barriers to receiving adequate
timely care (Supplemental Material S1). Questions
were adapted from validated frameworks, includ-
ing the Penchansky and Thomas model of access to
care14,21 and Kullgren et al.’s report on Nonfinancial
Barriers and Access to Care for U.S. Adults.22 Up to
three contact attempts were made for each participant
before ceasing outreach.

Study data was collected and stored using
Research Electronic Data Capture (REDCap)
software hosted at The University of New Mexico in
Albuquerque.23

Data analysis
Descriptive statistics were calculated for all vari-
ables as appropriate, including counts, percentages
with 95% confidence intervals (CIs), medians, and
interquartile range (IQR) using Microsoft Excel.

Differences between those who completed the
phone interviews (responders) and those who did not
(non-responders) were analyzed using Fisher’s exact
test for categorical data to account for small sample
size and the Wilcoxon rank-sum test for continuous
data to control for non-parametricity.

To assess the association between predictor vari-
ables and the likelihood of having been seen by
a urologist or having undergone urodynamics, we
employed Firth’s penalized likelihood logistic regres-
sion, which is specifically designed to mitigate
small-sample bias and address issues of separation
often encountered in sparse data settings.24–26

We first conducted univariate Firth logistic regres-
sion models for each independent variable, including
age at time of SCI, time since injury, sex, race (White
vs. non-White or not reported), and ASIA level (A
vs. other or not reported). Each model estimated
the odds ratio (OR), 95% CI, and p-value using pro-
file penalized likelihood methods. This step allowed
us to evaluate the crude associations between each
covariate and the outcome without adjusting for
potential confounders.

We then constructed a multivariable Firth
logistic regression model incorporating all five
covariates to estimate adjusted odds ratios (aORs).
This approach allowed us to account for potential
confounding effects and evaluate the independent
contribution of each predictor. CIs and p-values
were likewise derived from the profile penalized
likelihood method.
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All statistical analyses were performed in R (ver-
sion 4.4.1).27 Firth logistic models were fit using
the ‘logistf’ package (version 1.26.1) in R.28 Odds
ratios and CIs were calculated by exponentiating
the estimated coefficients and their respective con-
fidence bounds. A p-value < 0.05 was considered
statistically significant.

Results

A total of 213 records were initially identified. After
excluding 77 records due to a lack of data from acute
care of their SCI or due to erroneous diagnoses of SCI,
136 records were included for the final analysis.

Table 1 demonstrates the characteristics of our
complete cohort. The complete cohort had a median
age of 38.5 years (IQR: 28.5) with a median age at time
of SCI and time elapsed since SCI of 33.0 years (IQR:
28.0) and 4 years (IQR: 4), respectively. Among these
patients, 36 (26%) had cervical injuries, 69 (51%) had
thoracic injuries, and 14 (10%) had lumbar injuries.
17 patients had unascertainable levels as no formal
ASIA impairment score had been assigned. In total,
106 (78%) of these patients had ASIA-Ainjuries, while
9 (7%) were classified as ASIA-B, 3 (2%) as ASIA-C,
and 1 (1%) as ASIA-D.

Most injuries (124, 91%) were secondary to
trauma, with 2 (1%) due to cancer, 2 (1%) due to
hematoma, 4 (3%) due to infection, and 4 (3%) due
to other causes. Seventeen (13%) patients received
an inpatient consultation from urology at the time of
their injury, while 21 (15%) received a referral to the
urology clinic during the encounter or at discharge
from the hospital. 10 (7%) patients had an appoint-
ment scheduled at our urology clinic within 6 months
of their injury, and 28 (21%) were seen at our urology
clinic any time since their injury.

A total of 42 participants completed the over-
the-phone interviews. Table A1 demonstrates the
characteristics of interview responders and non-
responders. The interviewed cohort had a median age
of 31.5 years (IQR: 22.75) with a median age at time
of SCI and time elapsed since SCI of 27.0 years (IQR:
24.5) and 4 years (IQR: 4), respectively. Among these
patients, 7 (16%) had cervical injuries, 26 (62%) had
thoracic injuries, and 6 (14%) had lumbar injuries.
3 patients had unascertainable levels as no formal
ASIA impairment score had been assigned. In total,
35 (83%) of these patients had ASIA-A injuries, while
4 (7%) were classified as ASIA-B.

The Wilcoxon rank-sum test demonstrated statis-
tically significant differences in both current age and

age at the time of SCI between responders and non-
responders (p = 0.003 for both). Fisher’s exact test
also identified a significant difference in the propor-
tion of individuals who had been evaluated in our
urology clinic since sustaining their SCI (p = 0.02).
No other statistically significant differences were
observed between groups (Table A1).

Of those who were interviewed, 39 (93%) partic-
ipants reported experiencing symptoms of NLUTD,
with an average impact of their lower urinary tract
symptoms on quality of life of 7.3 (95% CI: 6.6,
8.0). 23 (55%) respondents reported using intermittent
catheterization to manage their NLUTD, 11 (26%)
utilized chronic indwelling catheters, 17 (40%) used
medications, and 7 (17%) had suprapubic catheters.

25 (59%) respondents were currently managed
by a urologist at least once a year, while 36 (86%)
reported being seen by a urologist at least once after
their injury. 14 (33%) reported having undergone uro-
dynamic evaluation at some point after their injury.
Of those managed by a urologist at least once a
year, 11 (44%) were managed by providers outside
our institution. Of those not managed by a urologist
at least once a year, 4 (24%) received bladder man-
agement from a primary care provider, and 1 (2%)
was managed by a physical medicine and rehabil-
itation specialist. The remaining 17 (40%) patients
were not receiving active provider-driven bladder
management.

Although both current age and age at the time
of SCI differed significantly between responders and
non-responders, only age at the time of injury was
included in the regression models. Current age was
excluded due to its likely collinearity with time since
injury, which could introduce instability in model
estimates. Similarly, visits to our institutional urology
clinic were excluded from the models despite statisti-
cal differences between groups, as this variable is not
independent of the outcome (i.e., ever having seen
a urologist) and would introduce a tautological rela-
tionship. Univariate and multivariate Firth logistic
regression analyses were performed for each covari-
ate of interest. These models revealed no statistically
significant association between time since injury, sex,
race, or ASIA impairment scale and the odds of
having ever been evaluated by a urologist following
SCI (Supplementary Table S1). We did, however, see
statistically significantly lower odds of males having
received urodynamics than females in both the uni-
variate (OR = 0.179, 95% CI: 0.042, 0.686, p = 0.01)
and multivariate (OR = 0.205, 95% CI: 0.048, 0.772,
p = 0.02) analyses for this event (Supplementary
Table S1).
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TABLE 1. Characteristics of the complete study cohort

Descriptive Characteristic Median (IQR) n (136 Total) Percent (%) (95% CI)

Current Age 38.50 (28.50) / /
Age at time of SCI 33.00 (28.00) / /
Time elapsed since SCI 4.00 (4.00) / /
Sex

Male / 97 71.32 (63.22, 78.26)
Female / 39 28.68 (21.74, 36.78)

Race
White / 89 65.44 (57.12, 72.91)
Black/African American / 7 5.15 (2.52, 10.24)
Asian / 1 0.74 (0.13, 4.05)
American Indian/Alaskan Native / 27 19.85 (14.02, 27.34)
Not Recorded / 12 8.82 (5.12, 14.79)

Ethnicity
Hispanic/Latino / 59 43.38 (35.35, 51.78)
Not Hispanic/Latino / 71 52.21 (43.87, 60.42)
Not Recorded / 6 4.41 (2.04, 9.29)

SCI Level
Cervical / 36 26.47 (19.78, 34.46)
Thoracic / 69 50.74 (42.43, 59.00)
Lumbar / 14 10.29 (6.23, 16.54)
Unable to Ascertain / 17 12.50 (7.95, 19.11)

ASIA Scale at Time of Injury
A / 106 77.94 (70.26, 84.09)
B / 9 6.62 (3.52, 12.10)
C / 3 2.21 (0.75, 6.28)
D / 1 0.74 (0.13, 4.05)
Not Performed / 17 12.50 (7.95, 19.11)

Cause of SCI
Trauma / 124 91.18 (85.21, 94.88)
Cancer / 2 1.47 (0.40, 5.20)
Hematoma / 2 1.47 (0.40, 5.20)
Infection / 4 2.94 (1.15, 7.32)
Other / 4 2.94 (1.15, 7.32)

Urologic Care
Received Urology Consult at Time of
Injury

/ 17 12.50 (7.95, 19.11)

Received a Referral to Urology at Time of
Injury or at Discharge

/ 21 15.44 (10.33, 22.45)

Urology Appointment Scheduled at Our
Clinic within 6 Months

/ 10 7.35 (4.04, 13.01)

Seen at our Urology Clinic Ever Since
Injury

/ 28 20.59 (14.65, 28.15)

Note. SCI, spinal cord injury; ASIA, American Spinal Injury Association; IQR, interquartile range; CI,
confidence intervals.

Table 2 summarizes the reasons for unmet need or
delayed care. 30 (71%; 95% CI: 58%, 85%) respondents
experienced an availability barrier, 19 (45%; 95% CI:
30%, 60%) experienced an accessibility barrier, 29

(69%; 95% CI: 55%, 83%) experienced an accommoda-
tion barrier, 18 (43%; 95% CI: 28%, 58%) experienced
an affordability barrier, and 13 (31%; 95% CI: 17%,
45%) experienced an acceptability barrier.
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TABLE 2. Individual reasons for unmet need or delayed care. Respondents
could answer “yes” to multiple reasons, even within the same domain

Reason for unmet need or delayed care n (42 Total) Percent (%) (95% CI)

Availability
Unsure where or who to go to 20 47.62 (32.51, 62.72)
Couldn’t get an appointment soon
enough

24 57.14 (42.18, 72.11)

Accessibility
Clinic too far from home 13 30.95 (16.97, 44.93)
Too hard to travel due to injury 15 35.71 (21.22, 50.21)

Accommodation
Couldn’t get there when the clinic
was open

10 23.81 (10.93, 36.69)

Had to wait in the clinic too long 11 26.19 (12.89, 39.49)
Difficult to get ahold of the clinic 14 33.33 (19.08, 47.59)
Unable to accommodate patient’s
needs due to injury

15 35.71 (21.22, 50.21)

Affordability
Worried about the cost 10 23.81 (10.93, 36.69)
Health plan wouldn’t pay for the
treatment

17 40.48 (25.63, 55.32)

Worried about paying the bill too
soon

11 26.19 (12.89, 39.49)

Acceptability
Location was unacceptable 5 11.90 (2.11, 21.70)
Negative attitudes with healthcare
staff

11 26.19 (12.89, 39.49)

Negative attitudes of other patients 1 2.38 (−2.23, 6.99)

Discussion

This study consisted of a retrospective review to
identify 136 patients treated at our academic med-
ical center with a diagnosis of complete SCI, and
a subsequent survey of 44 individuals with SCI
who provided their insights on barriers to care. The
findings highlight that individuals with SCI often
experience delays in addressing their unique urologic
needs and face more barriers to care compared to
the general population, when compared to Kullgren
et al.’s report on Nonfinancial Barriers and Access
to Care for U.S. Adults.22 Further statistical analysis
failed to identify covariates having a statistically sig-
nificant impact on an individual’s odds of being seen
by a urologist after their injury; however, males were
shown to have a lower odds of receiving urodynam-
ics in both univariate and multivariate Firth logistic
regression models.

Clinical implications of delayed care
We observed a relatively low proportion of patients
who were seen by urology during the acute phase

of their injury. The majority of issues addressed
during the acute phase of injury were related to
non-NLUTD issues, such as genitourinary trauma or
indwelling catheter issues. Furthermore, only a frac-
tion of patients received referral to outpatient urology
or were seen at our institution’s urology clinic at
any point since their injury. In the initial period
following SCI, spinal shock often masks immedi-
ate concerns related to NLUTD, potentially delaying
necessary evaluations.29–31 Initial management deci-
sions and education regarding bladder care may be
provided by non-urologists at this stage. However,
one study found that 90% of patients developed
at least one unacceptable urodynamic parameter
within a year following their SCI32 and it is esti-
mated that 70%–84% of patients with SCI experience
some level of NLUTD.1,2 Therefore, early outpatient
assessment and management of NLUTD are crucial
to minimizing complications.3,4 Systemic identifica-
tion and protocolized discharge planning, including
referrals to specialized providers such as urologists,
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would be a potentially beneficial intervention to pro-
mote early identification of NLUTD and appropriate
management.

While almost 60% of interviewed participants
reported being managed by a urologist at least once
a year, with almost 86% having seen a urologist
at any point, only 33% reported having under-
gone a urodynamic evaluation. According to the
AUA guidelines on NLUTD, index patients with
suprasacral lesions of the spinal cord are considered
unknown risk patients, and initial evaluation should
include upper tract imaging, renal function assess-
ment, and multichannel urodynamics.19 Although
clinicians have discretion in determining the need
for urodynamic evaluation, its value in objectively
assessing NLUTD is well-established and should be
strongly encouraged.33–35 Indeed, literature suggests
that while clinicians may be inclined to initiate uro-
dynamic testing upon presentation of symptoms,
routine urodynamic evaluation in NLUTD often
prompts management modifications, even in the
absence of symptomatology, re-enforcing the impor-
tance of consistent protocols promoting assessment
and management for these patients.36–38

Barriers and access to care
A previous study utilizing the Penchansky and
Thomas model of access to care was conducted on
a cohort of adults in the United States. While this
study was not stratified by any condition such as SCI,
they found that approximately 21% and 18% of all
adults interviewed experienced some type of non-
financial and financial barriers, respectively.22 This is
in stark contrast to our findings where approximately
31%–71% of respondents reported some barrier in
the availability, accessibility, accommodation, and
acceptability domains. The most frequently reported
barrier was interestingly related to the availability
domain (71% of respondents), with approximately
57% noting that they were concerned about being
able to get an appointment soon enough. Given
the significant sequelae of SCI, these patients are at
heightened risk of morbidity and mortality from com-
plications beyond NLUTD, including cardiovascular,
respiratory, and gastrointestinal issues.39 It may be
important, therefore, to prioritize the needs of this
population, with providers and institutions working
closely with patients who have SCI to promote an
appropriate continuum of care.

Additionally, 43% of respondents in this study
noted some type of affordability barrier, in contrast to
18.5% in Kullgren et al.22 A recent study found that
cervical-level injuries were associated with decreased

income and increased unemployment, although sim-
ilar analyses for thoracic or lumbar injuries were not
reported.40 While SCI patients with low income or
unemployment are likely to qualify for government-
provided insurance, disparities in outcomes persist.
One report found a higher risk of both psychological
and cardiometabolic, but not musculoskeletal, comor-
bidities in publicly vs. privately insured individuals.41

Additionally, A systematic review of outcomes for
individuals with SCI based on socioeconomic status
also found low income to be a significant predictor
of death and higher odds of emergency room vis-
its and pressure injuries, as well as increased pain
intensity.42 Moreover, a large study utilizing Medi-
care administrative data showed that only 24.6%
of over 7000 individuals received adequate urologic
surveillance, with 4.9% and 70.5% receiving no or
only partial screening, respectively. The authors con-
cluded that the majority of patients fail to receive
the minimum recommended surveillance, leading to
preventable complications.43 These data highlight the
need for targeted interventions to improve access to
comprehensive healthcare for low-income and pub-
licly insured individuals and implement policies that
directly address the socioeconomic disparities con-
tributing to poorer health outcomes for individuals
with SCI. Future efforts should focus on multi-
disciplinary collaborations and policy changes that
prioritize timely and equitable healthcare access for
this vulnerable population.

Factors contributing to poor access and
follow-up
Many states, including New Mexico, face a significant
shortage of urology providers, further exacerbating
access challenges for SCI patients. In a report by the
American Urological Association on practicing urol-
ogists in 2023, New Mexico ranked third lowest in the
nation in urologist-to-population ratio at 2.84 urolo-
gists per 100,000 population.44 For comparison, New
York, Massachusetts, and New Hampshire ranked the
highest at 5.69, 5.54, and 5.38 urologists per 100,000,
respectively.44 A complementary Google trends anal-
ysis found that New Mexico was among the highest
on their physician demand index at 83 on a scale from
0–100, with 100 representing an estimated demand
for urologists that is 100% the magnitude of the high-
est perceived demand across all states.45 This lack of
access and strength of demand may be uniquely felt
in small towns and rural communities where only
1.6% and 0.5% of urologists practice, respectively.44

Additionally, the United States Health Resources and
Services Administration designates all or part of all
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but one of New Mexico’s 33 counties as medically
underserved areas.46

While some previous literature suggests
comparable health and quality-of-life outcomes
for individuals with SCI in rural vs. urban
environments,47 the current findings and existing data
on workforce distribution suggest that geographic
barriers and provider scarcity remain perceived—
and likely real—obstacles to urologic care. The
combination of widespread healthcare underservice
and a particularly acute shortage of urologists creates
formidable barriers to timely and equitable care for
individuals living with SCI in New Mexico.

Further exacerbating this issue is a broad historical
pattern of patients lost to follow-up following
traumatic injuries.48–51 Social determinants of health
and membership in vulnerable populations have
previously been reported to influence this trend.50

However, one report found that patients who
received more referrals to specialists were more
likely to be nonadherent with follow-up after
trauma however this study defined “adherence”
as attending all scheduled appointments after
discharge.51 Nevertheless, this presents an intriguing
dilemma; while specialist referrals are necessary
for comprehensive care, excessive referrals may
inadvertently reduce adherence, possibly due to
transportation challenges, appointment fatigue, or
financial constraints. While it is outside the scope
of this paper to postulate on how best to improve
follow-up and adherence with discharge instructions,
one potential solution is the development of
wraparound clinics where patients may attend
sequential appointments at the same location, which
could reduce transportation and financial barriers,
particularly pertinent to trauma patients and patients
with SCI.51,52

While our analyses did not identify any covariates
significantly associated with follow-up with urology
providers, we did observe a notable difference in the
likelihood of having undergone urodynamic stud-
ies. Specifically, males had significantly lower odds
of receiving urodynamics compared to females in
both univariate and multivariate models. This finding
adds to a complex and evolving body of literature
on disparities in urologic care following spinal cord
injury (SCI).

In a 2014 study, Welk et al. evaluated the effects
of sex, age, comorbidity burden, and marginalization
index on referral patterns to urology. They found
that females and individuals over the age of 65
were less likely to be referred for urologic eval-
uation.15 A subsequent study by the same group

examined the likelihood of undergoing urodynam-
ics, renal imaging, or cystoscopy based on age,
sex, comorbidities, socioeconomic status, and neu-
rological lesion level.16 Their findings indicated that
individuals older than 65, those with higher comor-
bidity scores, and those with quadriplegia were less
likely to undergo urodynamic testing. Similarly, renal
imaging and cystoscopy were performed less fre-
quently in individuals with quadriplegia compared
to those with paraplegia.

Although our findings differ in some respects—
particularly regarding sex-based differences in
urodynamic testing—this discrepancy may be
attributable to our smaller sample size (n = 42)
relative to Welk’s larger cohort (n = 1551).
Nonetheless, our results suggest that meaningful
disparities in urologic care following SCI may persist.
Future research should aim to identify and address
potential sources of bias in urologic evaluation and
management in order to inform equitable medical
decision-making and healthcare policy.

Future directions and research needs
While this study highlights barriers to urologic care
for individuals with SCI at our academic medi-
cal center, further research should aim to provide
a broader and more comprehensive evaluation of
these challenges on a national and international scale.
Understanding regional variations in care and identi-
fying systemic trends will be essential in addressing
disparities.53 Future efforts should also examine the
long-term consequences of inadequate or delayed
follow-up for NLUTD, including its impact on mor-
bidity, mortality, and quality of life.

Expanding telemedicine services and integrating
multidisciplinary care models may address some of
the logistical and systemic barriers identified, particu-
larly in rural and underserved areas.54–56 Additionally,
programs like Project ECHO, a hub-and-spoke tele-
education model based in New Mexico, offer an
innovative research endeavor to enhance primary
care providers’ access to evidence-based guidelines
and improve their capacity to manage complex
conditions like NLUTD in rural communities.57–59

Advocacy for policies that reduce financial and sys-
temic obstacles, such as expanded insurance coverage
and incentives for urologists in high-need regions,
will also be critical to improving access.60

By focusing on these areas and tracking outcomes
such as renal function, infection rates, and urolithi-
asis, future research can guide the development of
standardized protocols and inform systemic changes
to ensure equitable and effective care.
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Limitations
This study has several important limitations. First,
the relatively small sample size—limited to patients
initially treated for SCI at a single academic medical
center—constrains the generalizability of our find-
ings and statistical power in our regression models.
Although this institution is the only Level I trauma
center in the state, patients with acute SCI may have
received care at other hospitals, leading to potential
sampling bias. Future research should aim to increase
sample size through collaboration across institutions
and integration of broader data sources. Second,
the study had a low response rate; only approxi-
mately 32% of eligible patients completed the phone
interview. This highlights ongoing challenges with
long-term follow-up in this population, particularly
as many non-respondents had disconnected numbers
or listings tied to acute rehabilitation or long-term
care facilities where they no longer resided. As a
result, our ability to assess barriers to urologic care
in the broader SCI population is limited and may
yet be distinct from what is reported here. Third, the
reliance on self-reported data introduces the poten-
tial for recall bias, particularly regarding historical
barriers to care. Additionally, observed differences
between responders and non-responders may intro-
duce unmeasured confounding. While regression
models accounted for measured covariates, the pos-
sibility of residual bias remains, and the reported
estimates may not fully represent the underlying
population. Lastly, these findings may not be general-
izable to other regions, particularly those with greater
healthcare infrastructure, as New Mexico’s unique
demographic profile and resource constraints likely
influenced patterns of care and access observed in
this cohort.

Conclusions

This study found low rates of urologic referral and
follow-up for individuals with SCI who presented
to an academic medical center, with these patients
experiencing high rates of perceived barriers to care
compared to previous reports of general U.S. adults.
Existing literature has highlighted the importance
of urologic assessment and management, includ-
ing urodynamic evaluation in patients with NLUTD
secondary to SCI. However, poor access to care,
particularly in urology services, and generally high
loss to follow-up in the traumatic injury population
underscore a dilemma in improving the continuum
of care for these patients. Our findings underscore

the need for systematic, protocolized discharge plan-
ning and innovative care delivery models, such as
telemedicine and wraparound clinics, to address
the unique needs of this population. Additionally,
addressing the critical shortage of urologists and
enhancing healthcare accessibility in underserved
regions like New Mexico are essential steps. Future
research efforts should focus on expanding these
findings to additional institutions and geographic
regions to ensure equitable care for some of our most
at-risk populations. By implementing these strate-
gies, we can work towards reducing barriers and
improving urologic outcomes for individuals with
SCI, ultimately enhancing their quality of life and
health outcomes.
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Appendix A

TABLE A1. Characteristics of responders and non-responders

Responders (42 Total) Non-Responders (94 Total)
Descriptive characteristic Median

(IQR)
n Percent (95% CI) Median

(IQR)
n Percent (95% CI) p value

Current Age 31.50
(22.75)

/ / 39.50
(30.25)

/ / 0.003*

Age at time of SCI 27.00
(24.50)

/ / 36.50
(29.50)

/ / 0.003*

Time elapsed since SCI 4.00
(4.00)

/ / 4.00
(3.00)

/ / 0.95

Sex 0.69
Male / 29 69.05 (53.97–80.93) / 68 72.34 (62.56–80.37)
Female / 13 30.95 (19.07–46.03) / 26 27.66 (19.63–37.44)

Race 0.06
White / 35 83.33 (69.40–91.68) / 54 57.45 (47.35–66.96)
Black/African
American

/ 1 2.38 (0.42–12.32) / 6 6.38 (2.96–13.23)

Asian / 0 0.00 (0.00–8.38) / 1 1.06 (0.19–5.78)
American Indian
/Alaskan Native

/ 4 9.52 (3.77–22.07) / 23 24.47 (16.89–34.05)

Not Recorded / 2 4.76 (1.32–15.79) / 10 10.64 (5.88–18.49)
Ethnicity 0.21

Hispanic/Latino / 23 54.76 (39.95–68.78) / 36 38.30 (29.11–48.40)
Not Hispanic/Latino / 18 42.86 (29.12–57.79) / 53 56.38 (46.30–65.96)
Not Recorded / 1 2.38 (0.42–12.32) / 5 5.32 (2.29–11.85)

SCI Level 0.11
Cervical / 7 16.67 (8.32–30.60) / 29 30.85 (22.42–40.79)
Thoracic / 26 61.90 (46.81–75.00) / 43 45.74 (36.04–55.78)
Lumbar / 6 14.29 (6.72–27.84) / 8 8.51 (4.38–15.90)
Unable to Ascertain / 3 7.14 (2.46–19.01) / 14 14.89 (9.08–23.46)

ASIA Scale at Time of Injury 0.44
A / 35 83.33 (69.40–91.68) / 71 75.53 (65.95–83.11)

(Continued)
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TABLE A1. (Continued)

Responders (42 Total) Non-Responders (94 Total)
Descriptive characteristic Median

(IQR)
n Percent (95% CI) Median

(IQR)
n Percent (95% CI) p value

B / 4 9.52 (3.77–22.07) / 5 5.32 (2.29–11.85)
C / 0 0.00 (0.00–8.38) / 3 3.19 (1.09–8.97)
D / 0 0.00 (0.00–8.38) / 1 1.06 (0.19–5.78)
Not Performed / 3 7.14 (2.46–19.01) / 14 14.89 (9.08–23.46)

Cause of SCI 0.38
Trauma / 38 90.48

(77.93–96.23)
/ 86 91.49

(84.10–95.62)
Cancer / 1 2.38 (0.42–12.32) / 1 1.06 (0.19–5.78)
Hematoma / 1 2.38 (0.42–12.32) / 1 1.06 (0.19–5.78)
Infection / 0 0.00 (0.00–8.38) / 4 4.26 (1.67–10.44)
Other / 2 4.76 (1.32–15.79) / 2 2.13 (0.59–7.43)

Urologic Care
Received Urology
Consult at Time of
Injury

/ 6 14.29 (6.72–27.84) / 11 11.70 (6.66–19.75) 0.78

Received a Referral to
Urology at Time of
Injury or at Discharge

/ 6 14.29 (6.72–27.84) / 15 15.96 (9.92–24.67) >0.99

Urology Appointment
Scheduled at Our Clinic
within 6 Months

/ 3 7.14 (2.46–19.01) / 7 7.45 (3.65–14.58) >0.99

Seen at our Urology
Clinic Ever Since
Injury

/ 14 33.33
(21.01–48.45)

/ 14 14.89 (9.08–23.46) 0.02*

Symptoms of NLUTD / 39 92.86
(80.99–97.54)

NLUTD Impact on QoL
0–3 / 3 7.14 (2.46–19.01)
4–6 / 10 23.81

(13.48–38.53)
7–10 / 29 69.05

(53.97–80.93)
Current Form of Bladder
Management†

Intermittent
Catheterization

/ 23 54.76
(39.95–68.78)

Chronic Indwelling
Catheter

/ 11 26.19
(15.30–41.07)

(Continued)
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TABLE A1. (Continued)

Responders (42 Total) Non-Responders (94 Total)
Descriptive characteristic Median

(IQR)
n Percent (95% CI) Median

(IQR)
n Percent (95% CI) p value

Medications / 17 40.48
(27.04–55.51)

Suprapubic Catheter / 7 16.67 (8.32–30.60)
Follow-up Urologic Care

Currently managed by
a urologist at least once
a year

/ 25 59.52
(44.49–72.96)

Seen by a urologist at
any point after their
injury

/ 36 85.71
(72.16–93.28)

Have had a
urodynamics study at
any point after their
injury

/ 14 33.33
(21.01–48.45)

Note. IQR, interquartile range; SCI, spinal cord injury; ASIA, American Spinal Injury Association; NLUTD, neurogenic lower
urinary tract dysfunction; QoL, quality of life. p-values represent results from the Wilcoxon rank sum test and Fisher’s exact
test as appropriate. Asterisks designate statistical significance. †: responders could list multiple forms of bladder management.
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