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Abstract Since the 1990s, Veterans Health Administration (VHA) has maintained a registry of
Veterans with Spinal Cord Injuries and Disorders (SCI/Ds) to guide clinical care, policy, and
research. Historically, methods for collecting and recording data for the VHA SCI/D Registry
(VSR) have required significant time, cost, and staffing to maintain, were susceptible to missing
data, and caused delays in aggregation and reporting. Each subsequent data collection method
was aimed at improving these issues over the last several decades. This paper describes the
development and validation of a case-finding and data-capture algorithm that uses primary clini-
cal data, including diagnoses and utilization across 9 million VHA electronic medical records, to
create a comprehensive registry of living and deceased Veterans seen for SCI/D services since
2012.
A multi-step process was used to develop and validate a computer algorithm to create a compre-
hensive registry of Veterans with SCI/D whose records are maintained in the enterprise wide VHA
Corporate Data Warehouse. Chart reviews and validity checks were used to validate the accuracy
of cases that were identified using the new algorithm. An initial cohort of 28,202 living and
deceased Veterans with SCI/D who were enrolled in VHA care from 10/1/2012 through 9/30/
2017 was validated. Tables, reports, and charts using VSR data were developed to provide opera-
tional tools to study, predict, and improve targeted management and care for Veterans with SCI/
Ds. The modernized VSR includes data on diagnoses, qualifying fiscal year, recent utilization,
demographics, injury, and impairment for 38,022 Veterans as of 11/2/2022. This establishes the
VSR as one of the largest ongoing longitudinal SCI/D datasets in North America and provides oper-
ational reports for VHA population health management and evidence-based rehabilitation. The
VSR also comprises one of the only registries for individuals with non-traumatic SCI/Ds and holds
potential to advance research and treatment for multiple sclerosis (MS), amyotrophic lateral
sclerosis (ALS), and other motor neuron disorders with spinal cord involvement. Selected trends
in VSR data indicate possible differences in the future lifelong care needs of Veterans with SCI/
Ds. Future collaborative research using the VSR offers opportunities to contribute to knowledge
and improve health care for people living with SCI/Ds.
Published by Elsevier Inc. on behalf of American Congress of Rehabilitation Medicine. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Spinal cord injuries and disorders (SCI/Ds) typically cause
permanent changes in motor, sensory, and/or autonomic
spinal cord functions and require frequent, specialized,
and interdisciplinary health care due to impairments and
complications that involve almost every system of the
body. Paralysis, impaired mobility, sensory impairments
that result in pressure injuries, respiratory problems such
as impaired cough, cardiovascular dysfunction such as
autonomic dysreflexia, and parasympathetic dysregulation
that affects bladder and bowel function are common
sequelae.1-5 Preventing secondary complications is 1 of the
important health care and self-care strategies to improve
quality of life and reduce mortality for individuals with
SCI/D.6-14 SCI/Ds often result in a lifetime of physical, psy-
chological, and psychosocial challenges which necessitate
frequent access to high-quality primary and specialty
health care.15,16 One population study using a Canadian
registry of individuals with traumatic SCI estimated that
lifetime costs of health care range from $1.5 million to
$3 million per person.17 The United States Spinal Cord
Injury Model Systems (SCIMS) registry currently estimates
that approximately 264,000 individuals in the United States
(U.S.) are currently living with traumatic SCI/Ds, and over
17,000 new cases have been reported annually since
2015.18-21 Over 15% of these people receive health care
services from Veterans Health Administration (VHA).22,23
Registries of people living with SCI/D provide essential
population health data for rehabilitation, clinical care and
decision-making, outcomes, benchmarking, utilization,
forecasting, modeling, and research. Comprehensive data-
bases such as the SCIMS and Rick Hansen Spinal Cord Injury
Registry (RHSCIR) have contributed significant data to guide
policy, enable research collaborations, and develop clinical
trials across populations and time points.18-21 These contri-
butions have meaningfully advanced knowledge to enable
people with SCI/D to live longer and better than at any time
in history.24 Similar registries for maternity outcomes, infant
development, and diseases such as cancer, tuberculosis, and
rheumatic fever have been used to effectively prevent,
eradicate, monitor, and intervene to improve population
health.25

Since the 1990s, VHA has maintained a registry of Veter-
ans with SCI/D using manual reviews of electronic medical
records (EMRs), computer data storage, and management
tools to track a cohort of patients who have received care in
VHA.26,27 These registry data collection methods have drawn
on reviews of primary data from patient EMRs to identify
and gather clinical information on injury type, duration, and
neurologic level. The initial methods and reviews required
significant time, costs, training, and staffing to maintain,
and they were susceptible to errors, missing data, and
reporting delays.23 Incongruencies in case identification and
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clinical variables across data sources and VHA sites limited
the generalizability and strength of conclusions that could
be drawn.23,28

This manuscript describes the development and valida-
tion of an updated VHA SCI/D Registry (VSR) that uses a com-
puter algorithm to identify cases of Veterans with SCI/D
across EMRs from 9 million Veterans who receive VHA care.22

A primary objective for updating the VSR was to provide use-
ful, practical, and accurate operational reports for VHA pop-
ulation health management, evidence-based rehabilitation,
and life-long SCI/D specialty services for Veterans. The mod-
ernized VSR serves as the informatics foundation for sup-
porting Veterans with SCI/D to live independently and
maintain the highest quality of life. A second objective was
to develop a comprehensive longitudinal database for col-
laborative research and harmonization with other SCI/D
databases to improve health care and the quality of life for
individuals living with traumatic and non-traumatic SCI/Ds
in the US and around the world.
Background

The overall mission of the VHA SCI/D System of Care is to sup-
port, promote, and maintain the health, independence, qual-
ity of life, and productivity of individuals with SCI/D
throughout their lives.26 The mission is accomplished through
rehabilitation; sustaining medical and surgical care; patient
and family education; psychological, social, and vocational
care; research; education; and professional training. The VHA
Fig 1 VHA SCI/D Hu
SCI/D System of Care is organized as an integrated Hub-and-
Spoke network (fig 1) consisting of 25 regional SCI/D Centers
or “Hubs,” which are designated centers that provide rehabil-
itation followed by the full continuum of primary and spe-
cialty care by interdisciplinary clinical teams. VHA “Spokes”
are VHA medical facilities within a designated Hub catchment
area that provide SCI/D primary and limited specialty health
care closer to Veterans’ homes.26
History of VHA SCI/D Data Registries

Since the late 1990s, VHA SCI/D Centers have included Vet-
erans in the VHA SCI/D Registry (VSR) based on their eligibil-
ity for VHA SCI/D System of Care services.23,27 The first VSR
data capture method was established in 1994, using manual
input of patient-level data into a specially-developed appli-
cation called the Spinal Cord Dysfunction (SCD) Registry that
was entered into Veterans Health Information Systems and
Technology Architecture. This initial SCD data collection
method included basic identifying information for Veterans
with SCI/D and some clinical data such as date of injury or
onset of disease, etiology, neurologic level of injury,
impairment, and injury category. Although data from all
SCI/D Centers were included, case identification and entry
rates differed across sites because of burdensome and dupli-
cative input for SCI/D clinical staff and incomplete informa-
tion for some Veterans.27

While the SCD Registry improved data availability for
research and outcomes for SCI/D care, missing data and low
b and Spoke Map.



4 J.L. Sippel et al.
agreement on case identification required augmentation
from other resources. Smith et al23 compared case concor-
dance rates for SCI/D-related ICD-9 diagnoses using the SCD
Registry and 2 additional VHA primary data cohorts: The VHA
Allocation Resource Center, which uses diagnostic codes to
determine severity and complexity of care for budgeting
purposes, and VHA inpatient record flags used to code for
high risk during hospital admissions. They found that less
than 30% of Veterans were included in all 3 data sources. In
pairwise comparisons, overall agreement between the SCD
Registry and inpatient record flags was only 52%, and, of the
patients who were included on both the allocation resource
center and SCD Registry, many patients were missing key
information about date of onset, level of injury, impairment,
and etiology.23 These findings suggest that missing data may
limit the validity and generalizability of research conclusions
and resource forecasting that could be drawn from the SCD
Registry.28

In 2010, the SCD Registry data capture system was
replaced by the Spinal Cord Injury and Disorders Outcomes
(SCIDO) software application. SCIDO was created by the
SCI/D National Program Office, field subject matter
experts (SMEs), Veterans Affairs Office of Information &
Technology, and a contractor. SCIDO was a graphical user
interface with enhanced capabilities, connected to the
VHA Enterprise Corporate Data Warehouse (CDW), and cre-
ated local and national patient databases encompassing
VHA SCI/D Hub and Spoke registry data. Most Veteran infor-
mation for SCIDO was manually entered by Management of
Information & Outcomes (MIO) Coordinators at each SCI/D
Center using medical record reviews and consultations
with clinical care team members. Some information was
automatically extracted from the medical record, includ-
ing body mass index, pre-existing diagnoses, vaccinations,
episodes of influenza and pneumonia, ventilator equip-
ment and supplies, and diagnostic tests. MIO Coordinators
used chart reviews to identify new SCI/D cases and enter
information and outcomes data into the SCIDO application.
Twenty standardized instruments were available within
SCIDO, including those that were SCI/D-specific, some that
were more generally disability-focused, and others that
were mandated by VHA. Data spreadsheets were also main-
tained at SCI/D Centers to identify cases and track out-
comes for variables needed for clinical care and
operations, but not included in SCIDO. Both SCIDO and
spreadsheet data were provided to the SCI/D National Pro-
gram Office for storage, consolidation, and analysis to
allow for national tracking of patients and evaluation of
clinical outcomes. Although data input for SCIDO and
spreadsheet data were standardized using VHA Directive
1176 (2) SCI/D System of Care requirements and defini-
tions,25 SCI/D Centers’ staff used clinical decision pro-
cesses that focused on care requirements and local
operational needs to decide inputs such as which Veterans
were included in or removed from the local registry. This
clinical expedience resulted in between-Center differen-
ces in registry inclusions and exclusions for patients who
died, reduced their annual clinical utilization, or moved to
a different region. The SCIDO application was decommis-
sioned in September 2015, and SCI/D Centers received
spreadsheets with registry patients within their catchment
area to that date. Centers maintained data for the
registries locally using team consultations and EMR reviews
until the present modernization.

Despite these limitations, the national VHA SCIDO regis-
try had significant strengths for standardizing data collec-
tion and data analysis including (1) use of primary clinical
data for a large population of patients with SCI/D in the U.
S.; (2) use of standardized data collection to identify cases
and gather information about impairments, medical com-
plications, function, activities, participation, and satisfac-
tion with life; (3) inclusion of patients with both traumatic
and non-traumatic SCI/D; (4) dedicated MIO Coordinators
using chart reviews for accurate case identification and
tracking; and (5) ability to manually match SCIDO registry
patients to VHA CDW data elements for research or national
reports.29−35

One important limitation of the SCIDO registry was its
lack of direct integration with the VHA EMR and the VHA
Enterprise CDW. Although MIO Coordinators reviewed
patient EMRs to enter data into SCIDO, the process for iden-
tifying cases was idiosyncratic. SCIDO was not integrated
with the CDW nor did it add discrete SCI/D-related variables
to the CDW. This lack of integration increased the likelihood
of missing data, clerical errors, inconsistent entries, and
limited standardization. The SCIDO software also offered
limited capability for aggregation of national data across
sites, affecting data latency and national reporting.
VHA SCI/D Registry

The modernized VSR was developed through a partnership
between the VHA SCI/D National Program Office and the
VHA Service Support Center (VSSC), a VHA capital tracking
service. Registry lists maintained by MIO Coordinators were
merged to create a combined national registry data set of
Veterans with traumatic and non-traumatic SCI/D, including
a subset of Veterans with multiple sclerosis (MS) and motor
neuron disease such as amyotrophic lateral sclerosis (ALS).
Veterans with MS were included for services in the SCI/D Sys-
tem of Care when providers identified spinal cord involve-
ment in the disease process. A computer algorithm was
developed to improve the accuracy, accessibility, and consis-
tency of SCI/D case identification among Veterans enrolled
in VHA and to provide operational reports for following Vet-
erans with SCI/D. This paper highlights some of the reports
created using the VSR, notes the research and program eval-
uation benefits of the comprehensive longitudinal cohort,
and illustrates the potential of this data for harmonization
with other large SCI/D data sets and collaborative research
to improve health care and quality of life for people with
SCI/Ds.
Method

Data spreadsheets maintained by SCI/D Centers using team
consultations and EMR reviews through December 2017 were
used to develop and validate a computerized algorithm to
identify Veterans for the VSR (fig 2). Some Centers had been
retaining Veterans in the locally managed list over years,
regardless of deceased status, Veteran’s home geographic
location, or Veteran’s chosen SCI/D specialty care utilization



Fig 2 Steps to validate data for the VSR.
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patterns. Other centers managed more refined lists reflect-
ing Veterans actively using local SCI/D specialty care. For
several years after the decommissioning of the SCIDO system
at the end of fiscal year 2015, the MIO Coordinators used
nationally standardized, controlled-entry Microsoft Excel
spreadsheet templates prepared by the SCI/D National Pro-
gram Office. This process supported entering local SCI/D
registry and outcomes data, managing and analyzing the
data locally, and periodically submitting updated spread-
sheets to the SCI/D National Program Office. The nationally
standardized spreadsheet format was typically adhered to in
a manner supporting combining the local registries once or
twice per year. Upon receiving the registry data from 24 VHA
SCI/D Centers to begin the modernization process, the SCI/D
National Program Office conducted a quality review, obtain-
ing correction and validation information from MIO Coordi-
nators as needed until data validation criteria were met.

First, registry data from 24 VHA SCI/D Centers were com-
bined to create a cumulative national SCI/D registry data set
of Veterans with traumatic and non-traumatic SCI/Ds,
including Veterans with MS and ALS who were served by the
SCI/D System of Care because of spinal cord involvement
(n=28,425; fig 2, Step 1.A.1). This National Combined Regis-
try included cases identified as SCI/D using ongoing chart
reviews of SCI/D specialty care documented in the EMR for
patients seen across all VHA SCI/D Centers/Hubs and Spoke
sites.

Next, an algorithm was developed using International
Classification of Diseases (ICD-9 and ICD-10)34 qualifying
diagnostic codes for SCI/D, MS, and ALS within the VHA
Enterprise CDW from October 1, 2012, through December 7,
2017. Applying this initial computer algorithm of ICD-9 and
ICD-10 codes to CDW data identified 139,705 Veterans (fig 2,
Step 1.B.1). VHA SCI/D outpatient (Stop Code 210, indicating
an outpatient, face-to-face professional contact between a
patient and provider) and inpatient (Treatment Specialty/
Bed Section Code 22, indicating admission to the SCI/D spe-
cialty inpatient unit) data were then added to ICD diagnoses
in the computer algorithm (fig 2, Step 1.B.2), resulting in a
Parallel Registry of patients that included a similar number
of cases (n=29,307; fig 2, Step 1.B.3) to those found on the
National Combined Registry (n=28,425; fig 2, Step 1.A.1).
Patients identified for inclusion in the Parallel Registry
by the algorithm were matched with the National Com-
bined Registry using patient social security numbers (fig 2,
Step 2). The total matched dataset identified 36,163
unique Veterans, living or deceased, who were diagnosed
with a condition which qualified them for VHA SCI/D System
of Care services (fig 2, Step 2). Data matching resulted in 3
groups: (1) Patients exactly matched (fig 2, YES) on both
the National Combined Registry and the Parallel Registry
(n=21,569; fig 2, Step 2.B); (2) patients on the National
Combined Registry only (n=6856; fig 2, NO, Step 2.A.1); and
(3) those on the Parallel Registry only (n=7738, fig 2, NO,
Step 2.A.2).

Patients who appeared on both the National Combined
Registry and the Parallel Registry datasets were labeled as
eligible for inclusion in the VSR (n=21,569; fig 2, Step 2.B).
Cases that appeared on the National Combined Registry only
(n=6856; fig 2, Step 2.A.1) or the Parallel dataset only
(n=7738; fig 2, Step 2.A.2) were subjected to additional EMR
reviews (total n=14,594; fig 2, Step 2.A) by MIO Coordina-
tors. These cases were categorized in the Validated Data Set
(fig 2, Step 3) as: eligible for VSR inclusion (ie, SCI/D qualify-
ing condition per VHA Directive 1176 [2]); not eligible for
VSR inclusion because of changes in initial diagnosis (eg,
admitted for SCI/D but found to have a different diagnosis),
clerical errors, or inaccurate stop codes for visits; or pending
(ie, insufficient information to determine eligibility). All
Veterans with eligible conditions that were validated via
MIO Coordinators’ EMR reviews (fig 2, Step 2.A) or being
found in both the National Combined Registry and the Paral-
lel Registry (fig 2, Step 2.B), were labeled as eligible in the
Validated Data Set (fig 2, Step 3) regardless of deceased sta-
tus, geographic location of patient’s home, or health care
utilization patterns.

The Validated Data Set (fig 2, Step 3) contained 36,163
cases coded as eligible (n=32,091, 89%), ineligible (n=3984,
11%), and pending (n=88, 0%). This Validated Data Set veri-
fied eligibility status and was used to perform additional
validity checks for the final algorithm.

To create an augmented, final algorithm with optimized
scope and accuracy, a panel of SMEs composed of MIO Coor-
dinators, SCI/D clinicians, SCI/D leaders, researchers, and
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data programmers from VHA was convened to identify addi-
tional CDW data and EMR elements. The full scope of VHA
SCI/D System of Care services, and their associated discrete
data elements within the VHA Enterprise CDW, was identi-
fied: face-to-face outpatient visits, home care, telephone
care, VA Video Connect (VVC) telehealth care, inpatient
care, and residential care (appendix 1). Additional algorithm
inclusion criteria were (1) assignment to a SCI/D primary
care team and (2) receipt of SCI/D Annual Exam services.

With these elements added to the algorithm, a Veteran
was included in the VSR if they (a) had a qualifying diagnosis
and (b) had received 2 or more of the 10 SCI/D specialty out-
patient or inpatient services (appendix 1). Two encounters
were required as a strategy to minimize patient inclusions in
the VSR due to recording errors or potential misapplication
of SCI/D clinic stop codes.
Results

To evaluate VSR accuracy, the final algorithm was used to
identify cases in the CDW that met the diagnostic and utili-
zation criteria for the period from October 1, 2012, through
September 30, 2017. Using this date range, 28,202 unique
cases were identified and compared with the Validated Data
Set (fig 2, Step 3) to examine the algorithm’s classification
accuracy. Results indicated that 92% (n=26,035) of Veterans
identified by the final algorithm matched cases in the eligi-
ble category of the Validated Dataset (fig 2, Step 3), 4%
(n=1229) matched cases in the ineligible category, and 3%
(n=914) were not found in the Validated Dataset.

In January 2019, a test version of the VSR report was
made available to MIO Coordinators and SCI/D clinicians
through the electronic VSSC platform. Over the course of
several months, users validated eligibility data and provided
interface feedback. During the test period, MIO Coordinators
were able to do chart reviews and correct changes in diagno-
ses, incorrect encounter codes, or other misclassifications.
The VSR algorithm was then implemented as a VSSC report
for VHA-wide clinical and operational use on April 1, 2019.
Subsequently, VSSC analytics and Microsoft Power Business
Intelligence software tools36 were used to compile data and
create interactive dashboards and operational reports for
VHA leaders, clinicians, policymakers, and researchers. VSR
data are refreshed monthly to provide information about
where individuals with SCI/Ds receive care and what services
are being utilized.

At the end of fiscal year 2019, a team of MIO Coordinators
and SMEs from the field evaluated VSR accuracy using EMR
data for 14,133 VSR cases (10,788 SCI/D, 2680 MS, 665 ALS)
across 14 of the 25 SCI/D Centers. The process identified a
false-positive rate of 1.59% for all diagnostic categories
(SCI/D, MS, and ALS) and 2.0% among the SCI/D-only group.
Most of the misclassifications were changes in diagnosis,
clerical errors, or inaccurate coding for visits from prior fis-
cal years. This sample of over half the SCI/D Centers’ regis-
try patients demonstrated yet another increase in accuracy
(98% or higher) beyond the initial 92% accuracy rate noted
through 9/30/2017.

To ensure ongoing accuracy, MIO Coordinators conduct
chart reviews of new cases added to VSR with each monthly
update. Diagnostic and utilization errors found within a
current fiscal year are corrected using manual inputs with
the assistance of local facility health information manage-
ment staff. This practice, over time, further enhances the
VSR accuracy by reducing the number of false positive cases
pulled into the VSR.

The VSR report compiles CDW data from the computer-
ized patient record system EMR, as well as VHA facilities
that have transitioned to the new VHA Cerner EMR, to
include Veterans with SCI/D, MS, and motor neuron disease,
both living and deceased, who meet the diagnostic and utili-
zation VSR algorithm criteria (fig 3). The report provides VSR
patient data for all VHA SCI/D Hub & Spoke Catchment Areas
from October 1, 2012, to the current fiscal year and is
updated monthly. Underlined totals in each column offer
hyperlinks to data for individual Veterans. Overall VSR data
can be sorted (fig 3, a) by fiscal year, diagnostic category
(SCI/D, MS, Motor Neuron), deceased status, and most
recent utilization (within 3 years or more than 3 years).
Each of the 25 catchment areas can be expanded to their
individual SCI/D Center/Hub facility and Spoke Site Veteran
data (fig 3, b). Data in all columns link to etiology, neurologic
level of injury, injury severity (American Spinal Injury Associ-
ation Impairment Scale, ASIA)37,38, and dates and types of
services used by each Veteran. Data in the first column pro-
vides unique Veteran information for those who are assigned
to a Hub or Spoke facility based on their permanent resi-
dence on file with VHA (fig 3, c). Data can also be sorted by
the location of a Veteran’s most recent service utilization
(fig 3, d) and total unique Veterans with SCI/D by closest
Hub or Spoke location and recent utilization combined (fig
3, e). A hyperlink in the Demographics column directs users
to Veteran data on variables that include sex, age, marital
status, disability, caregiver status, employment, religion,
race, service connection, and address (fig 3, f). Additional
VSSC operational reports using the VSR identified cases are
presented in appendix 2 and Supplemental Figs S1 through
S6. These include Veteran inpatient status, telehealth utili-
zation, COVID test, and vaccination status. Operational
reports are also available for critical population data points
such as living setting, caregiver status, ventilator status,
bladder management method, education, and employment.
Individual Veteran-level data are highly restricted to key
personnel, including VHA employees and contracted or with-
out compensation personnel who have cleared VHA back-
ground checks, and requires multi-level organizational
special permissions to access.
Discussion

The VSR offers a valid, accessible, and accurate resource for
clinicians, leaders, and researchers to guide clinical care,
advance knowledge, and promote performance improve-
ment for Veterans living with SCI/Ds. Data from the VSR
establishes 1 of the largest ongoing longitudinal SCI/D data-
sets in the U.S. It is also 1 of the few SCI/D registries that
include individuals with non-traumatic SCI/D and holds
potential to advance research and improve treatment in this
group. VSR data are currently being used by VHA national
program offices, VHA SCI/D System of Care frontline staff,
informatics specialists, and medical providers from other
VHA service lines to manage care and resources for the
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Veteran SCI/D population. With 38,022 algorithm-identified
cases from 10/1/2012 through 11/2/2022, the VSR includes
a large sample of Veterans eligible for, and served by, the
VHA SCI/D System of Care. This allows sampling from the
VSR database with sufficient statistical power to detect
meaningful differences in group or effect sizes for cross-sec-
tional, prospective, and longitudinal studies. The accuracy
and validity of the VSR algorithm also minimize the need for
data augmentation, complicated data imputation, remedia-
tion, and/or triangulation strategies to address missing data
to allow accurate inferences and inform future studies. The
VSR provides a foundation for reliable analyses, results, and
conclusions regarding national VHA trends.39-47 The consis-
tency and uniformity of VSR data can also facilitate collabo-
ration and harmonization with non-VHA SCI databases to
increase the generalizability of results from VSR studies to
non-Veteran US and international populations.23

Analysis of VSR data (appendix 2, Supplemental Figs S1
through S6) reveals important trends in patient demo-
graphics and utilization that are important for designing
interventions, improving outcomes, and informing resource
allocations for future services. For example, VSR data show
that male Veterans who are new to VHA SCI/D care tend to
be older (65+) and more likely to present with traumatic SCI
diagnoses. VSR trends are consistent with census data that
show a growing population of women who are volunteering
for military service.48 VSR data indicate that women are
more likely to receive VHA care for non-traumatic spinal
cord diagnoses, which suggests a need for VHA SCI/D Centers
that provide not only SCI/D specialized care but also the pro-
vision of comprehensive women’s health care for women
Veterans with SCI/D. More specifically, women Veterans with
SCI/D may need increased resources and support for access-
ing mammograms and cervical cancer screening. The overall
aging VSR population will likely demonstrate increased utili-
zation over time of additional prosthetics, rehabilitation,
caregiving resources, and long-term/residential care. These
data predict a growing need for long term, geriatric, and
residential options for VHA SCI/D System of Care services.
VSR data are vital for meaningful guidance of clinical care,
quality improvement efforts, research results, and accurate
demand forecasting.
Limitations

One limitation of the VSR is its exclusive focus on Veterans, a
significant but declining percentage of the U.S. popula-
tion.48 This focus on US Veterans limits the number of indi-
viduals who are enrolled each year and restricts the
availability of the data to VHA staff and investigators. To
balance these constraints, VHA leaders and researchers
have established collaborations with SCIMS and RHSCIR to
design joint analyses of data and align VSR with other
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databases and research. Another limitation is that over
90% of Veterans in the VSR are men. This trend may repre-
sent restricted ranges for some variables and affect the
robustness of statistical analyses or the types of samples
that can be drawn from the data. Finally, the VSR identi-
fies only Veterans who have received VHA SCI/D System of
Care services. Future research is needed to determine if
Veterans with SCI/D in the VSR who have accessed VHA
care (a) differ in significant ways from non-Veterans
within or outside the US or (b) differ substantially from
Veterans with SCI/D who have not accessed VHA services.
Future directions

Future analyses using the VSR will include longitudinal analy-
ses of patient-level data associated with service utilization
and health outcomes. For example, mental and physical
health comorbidities and mortality data available in the VHA
CDW could be used to predict the frequency of outpatient
care, inpatient admissions, and emergency department visits
for VSR cases. Mixed-methods research studies might use
quantitative surveys and qualitative interviews to assess over-
all patient satisfaction, SCI/D treatment preferences, barriers
to access, and Veteran-driven recommendations for even finer
Veteran-centric care. Veteran-centered approaches can be
further enhanced by providing aggregated, de-identified data
and outcomes to Veterans, families, and organizations to con-
tribute knowledge and assist in making choices for care.

Two areas of study that hold potential for significant
advancements in SCI/D knowledge are pre-injury health status
for patients with SCI/D and longitudinal tracking of disease
progression for patients with non-traumatic SCI/D, including
MS and ALS. The VSR’s ability to identify cohorts with and with-
out physical and mental health co-morbidities can improve
understanding of how these variables affect outcomes such as
community participation, life satisfaction, complication rates,
and mortality. Longitudinal studies that track individuals in the
VSR who access VHA acute rehabilitation services and continue
receiving the full complement of SCI/D System of Care Services
may hold key insights into the course of recovery, natural his-
tory, and outcomes for Veterans with SCI/D.
SCI/D PACT Team: At least 1 assignment to a SCI/D specialty
Management Module (PCMM); prior to Ju
(PCMM).

SCI/D Stop Code 210: At least 2 outpatient encounters (obtaine
assignment of 210 (Spinal Cord Injury) a
calendar days.

SCI/D Stop Code 215: At least 2 outpatient encounters (obtaine
assignment of 215 (Spinal Cord Injury Ho
diagnosis on 2 different calendar days.

SCI/D Stop Code 224: At least 2 outpatient encounters (obtaine
assignment of 224 (Telephone Spinal Co
different calendar days.
Future partnerships include a collaboration with the US
Department of Defense to determine ways to unify and com-
bine VHA and DoD SCI/D registries consistent with the VA Elec-
tronic Health Record Modernization initiative. Partnerships to
further harmonize VSR data with SCIMS and other SCI interna-
tional data sets are on the horizon. Discussions are in progress
regarding the possibility of making de-identified, aggregate
data sets publicly available. While individual Veteran-level
data are highly restricted to key VHA personnel, non-VHA
employees who engage with VHA leaders and researchers in
partnered projects and initiatives could seek without compen-
sation status with proper clearances in order to access Vet-
eran-level data. Research might also include comparisons of
health care outcomes and access to health care resources for
individuals receiving care in different SCI/D Systems of Care.
Conclusions

The modernized VSR as 1 of the largest ongoing longitudinal
SCI/D datasets in North America and provides best-practice
operational reports for VHA population health management
and evidence-based care. It serves as the foundation for high-
quality operational data products and dashboards, VHA per-
formance measures, and successful program evaluations. The
VSR is used by VHA clinician-researchers through partnerships
with other longitudinal SCI data sets, such as the US SCIMS and
the Canadian RHSCIR. The VSR can now be more easily lever-
aged to substantially contribute to world-class SCI/D knowl-
edge, population health, and best practices.
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Appendix 1. VHA SCI/D Registry Algorithm Final
Criteria (Business Rules)
Patient Aligned Care Team (PACT) in the Patient Centered
ne 2017, referred to as Primary Care Management Module

d from the CDW) with a primary or secondary stop code
nd a qualifying SCI, MS, and/or ALS diagnosis on 2 different

d from the CDW) with a primary or secondary stop code
me Care Program) and a qualifying SCI, MS, and/or ALS

d from the CDW) with a primary or secondary stop code
rd Injury) and a qualifying SCI, MS, and/or ALS diagnosis on 2
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(Continued)

SCI/D PACT Team: At least 1 assignment to a SCI/D specialty Patient Aligned Care Team (PACT) in the Patient Centered
Management Module (PCMM); prior to June 2017, referred to as Primary Care Management Module
(PCMM).

SCI/D Stop Code 210: At least 2 outpatient encounters (obtained from the CDW) with a primary or secondary stop code
assignment of 210 (Spinal Cord Injury) and a qualifying SCI, MS, and/or ALS diagnosis on 2 different
calendar days.

SCI/D Stop Code 215: At least 2 outpatient encounters (obtained from the CDW) with a primary or secondary stop code
assignment of 215 (Spinal Cord Injury Home Care Program) and a qualifying SCI, MS, and/or ALS
diagnosis on 2 different calendar days.

SCI/D Stop Code 224: At least 2 outpatient encounters (obtained from the CDW) with a primary or secondary stop code
assignment of 224 (Telephone Spinal Cord Injury) and a qualifying SCI, MS, and/or ALS diagnosis on 2
different calendar days.

SCI/D Stop Code 225: At least 2 outpatient encounters (obtained from the CDW) with a primary or secondary stop code
assignment of 225 (Spinal Cord Injury Telehealth Virtual) and a qualifying SCI, MS, and/or ALS
diagnosis on 2 different calendar days.

SCI Dx: At least 1 outpatient encounter (obtained from the CDW) with a qualifying provider type , or 1
inpatient episode (obtained from the patient treatment file (PTF) records from the VSSC workload
data-mart) or 1 central Fee payment file episode of care for both inpatients and outpatients with a
primary and/or secondary qualifying SCI diagnosis.

MS Dx: At least 1 outpatient encounter (obtained from the CDW) with a qualifying provider type , or 1
inpatient episode (obtained from the PTF records from the VSSC workload data-mart) or 1 central
Fee payment file episode of care for both inpatients and outpatients with a primary and/or secondary
qualifying MS diagnosis.

ALS Dx: At least 1 outpatient encounter (obtained from the CDW) with a qualifying provider type , or 1
inpatient episode (obtained from the PTF records from the VSSC workload data-mart) or 1 central
Fee payment file episode of care for both inpatients and outpatients with a primary and/or secondary
qualifying ALS diagnosis.

SCI/D Treating Specialty: At least 1 inpatient episode (obtained from the PTF records from the VSSC workload data-mart) in
specialty Spinal Cord Injury (22) or specialty Spinal Cord Injury Observation (23) and/or specialty
Nursing Home Long Stay Spinal Cord Injury (46).

SCI/D Annual Exam: At least 1 SCI Annual Exam (obtained from the CPRS note title ‘SCI Annual Exam’ in the CDW).
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Appendix 2. Additional Operational Reports

An operational dashboard was created from the VSR VSSC
report data (Supplemental Fig S1, available online only at
http://www.archives-pmr.org/). This dashboard links to a
gallery of tables, graphs, and charts that describe Veterans’
demographics, SCI/D etiology, level of neurologic
impairment, geographic location, and living/deceased status.
The dashboard monitors national trends, demographics, panel
sizes by area, and demographics. The dashboard trends menu
(Supplemental Fig S2, available online only at http://www.
archives-pmr.org/) monitors changes in VSR Veterans over
time. As shown on the left, these data can be filtered by mul-
tiple categories, including fiscal year, sex, facility, diagnosis,
etiology, race, ethnicity, rurality, and point of care.

Another VSR-based dashboard (Supplemental Fig S3,
available online only at http://www.archives-pmr.org/) pro-
vides a view identifying the proportion of patients per catch-
ment area during FY22. This graph illustrates the wide
variation in the number of Veterans who are served by each
facility because of the geographic location of patients’
homes and Veterans’ utilization choices. The menu shown
on the left of this dashboard allows users to filter cases by
closest facility or by utilization to view numbers of Veterans
according to Veterans’ closest SCI/D Hub or Spoke. The
graph can also be filtered by diagnosis, sex, age, and period
of military service. These descriptive data allow facility,
region, and national leaders to consider trends for resource
allocation, staffing, and growth by catchment area.

As of the end of fiscal year 2021 (Supplemental Fig S4,
available online only at http://www.archives-pmr.org/),
diagnoses for living patients are 73% SCI/D, 20% MS, and 7%
MN. Sixty-eight percent (68%) of VSR Veterans are over the
age of 60, including 32% who are 70-79 years old and 58.63%
who are 65-84 years. Most Veterans with SCI/D in the VSR
(92%) are men.

The Registry Trends dashboard (Supplemental Fig S5,
available online only at http://www.archives-pmr.org/)
allows users to filter the VSR by sex “women.” The report
shows that most living and deceased women Veterans as of
August 2022 are 45-64 years old (45%), 53% served during the
Persian Gulf period of service, and almost half (49%) have a
diagnosis of non-traumatic SCI/D (ie, MS). The same dash-
board can be filtered (Supplemental Fig S6, available online
only at http://www.archives-pmr.org/) by sex “men.” The
graphs show that as of August 2022, compared with women
Veterans, only 29% of men Veterans living and deceased are
age 45-64 years, only 22% served during the Persian Gulf War
period, and most (72%) have an SCI diagnosis (Supplemental
Fig S6). In contrast, VSR trends indicate that men Veterans
tend to be older than women Veterans (59% age 65 years old
or older), are more likely to be diagnosed with traumatic SCI
(72%), and are more likely to have served during the Vietnam
Era (52%).

http://www.archives-pmr.org/
http://www.archives-pmr.org/
http://www.archives-pmr.org/
http://www.archives-pmr.org/
http://www.archives-pmr.org/
http://www.archives-pmr.org/
http://www.archives-pmr.org/
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