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Context: Information on health-care utilization and the economic burden of disease are essential to
understanding service demands, service accessibility, and practice patterns. This information may also be
used to enhance the quality of care through altered resource allocation. Thus, a systematic review of
literature on the economic impact of caring for SCI/D veterans would be of great value.
Objective: To systematically review and critically appraise the literature on the economics of the management of
veterans with SCI/D.
Methods: Medline, EMBASE and PsycINFO databases were searched for articles on economic impact of
management of SCI/D veterans, published from 1946 to September/2016. The STROBE statement was used
to determine publication quality.
Results: The search identified 1,573 publications of which 13 articles fulfilled the inclusion/exclusion
criteria with 12 articles focused on costs of management of SCI/D veterans; and, one cost-
effectiveness analysis. Overall, the health care costs for the management of SCI/D veterans are
substantial ($30,770 to $62,563 in 2016 USD per year) and, generally, greater than the costs of caring
for patients with other chronic diseases. The most significant determinants of the higher total health-
care costs are cervical level injury, complete injury, time period (i.e. first year post-injury and end-of-
life year), and presence of pressure ulcers.
Conclusions: There is growing evidence for the economic burden of SCI/D and its determinants among
veterans, whereas there is a paucity of comparative studies on interventions including cost-effectiveness
analyses. Further investigations are needed to fulfill significant knowledge gaps on the economics of caring
for veterans with SCI/D.
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Introduction
The incidence rates of traumatic spinal cord injury (SCI)
vary from 6.2 to 174 per million inhabitants annually.
The prevalence of traumatic SCI is estimated to be 50
to 906 per million inhabitants in the general population
around the world.1 Although traumatic SCI has a rela-
tively low incidence when compared with other
chronic diseases, its economic impact is considerable.
In the United States, the economic burden based on
the total national hospital charges related to SCI was

estimated at 1.69 billion in 2009 USD (or 2.09 billion
in 2016 USD).2 In Canada, the total direct hospital
costs associated with SCI was estimated at 40.6 million
CAD in 2001 (or 44.55 million in 2016 USD).3 There
is a paucity of data on the incidence, prevalence and
costs of non-traumatic SCI. In a recent study in Spain,
the incidence rate of non-traumatic SCI was estimated
at 12.1 per million inhabitants yearly with neoplasm
as the most common etiology (34.8%) followed by
mechanical diseases (17.6%), vascular diseases
(15.5%), infections (9.1%) and multiple sclerosis
(7.8%).4 In an Australian study, individuals with non-
traumatic SCI had lower rates of hospitalizations and
lower mean costs per admission for treatment of second-
ary complications than individuals with traumatic SCI.5
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Today, clinicians are commonly confronted by the
escalating healthcare costs and scarce financial sources
in their quest to provide proper patient care.6,7 While
ethical thinking trumps cost-benefit analysis when
young patients with neurotrauma require a life-saving
or rescue procedure, clinicians are still reminded to
provide cost-effective care, particularly, when equivalent
alternatives are available.8 This underscores the need for
practitioners and administrators to understand the costs
and benefits of available treatments. These same dilem-
mas regarding quality of care and optimal resource
allocation are also relevant in military healthcare
settings.
The monetary costs of a war include expenses

incurred before, during, and after the war. Using the
United States as a case study, the overall incurred and
committed costs of the wars in Iraq, Afghanistan,
Pakistan and Syria, and on Homeland Security from
2001 to 2016 totalized $3.6 trillion USD as of August
2016.9 Future costs to the Department of Defense and
State Department for overseas contingency operations
(including wars in Iraq, Afghanistan, and Syria),
Homeland Security for prevention and response to ter-
rorism, and projected spending with veterans (including
future obligations for veterans medical and disability)
will add up to at least 1.2 trillion USD until 2053.9

The US Department of Veterans Affairs estimated
$64.65 billion USD for medical care costs including
$848 million USD for the rehabilitation care program
such as Blind Rehabilitation Service and Spinal Cord
Injury and Disorders Services for the year 2016.10

“The mission of Spinal Cord Injury and Disorders
Services is to promote the health, independence,
quality of life and productivity of individuals with
spinal cord injuries and disorders through efficient deliv-
ery of acute rehabilitation, psychological, social, voca-
tional, medical and surgical care, professional training,
as well as patient and family education”.10 Based on
data from the US Department of Veterans Affairs, veter-
ans eligible for medical care and other benefits in 2009
represented approximately 17% of the 250,000
Americans with spinal cord injury or disease (SCI/D)
including veterans with non-traumatic SCI, veterans
with traumatic SCI that was not related to a war act,
and veterans with war-related SCI.11 Moreover, the
results of a recent systematic review revealed that the
demographics and injury characteristic of the war-
related SCIs among military personnel are different
from the traumatic SCI among civilians.12 In brief, mili-
tary personnel with war-related SCI are mostly com-
prised of young, white, men, predominantly sustaining
thoracic (followed by cervical level), severe (complete

or AIS A) SCI caused by gunshot or explosion and
often associated with at least another bodily injury.12

Given the importance of Health Economics and the
uniqueness of the group of veterans with SCI/D, this
systematic review was undertaken to synthesize and cri-
tically appraise the literature on the economic impact of
SCI/D, and potential cost-effective strategies.

Methods
Search strategy
The literature search was carried out using Medline,
Excerpta Medica dataBASE (EMBASE), and
PsycINFO in order to obtain articles on the health econ-
omics in the acute treatment and rehabilitation of veter-
ans with SCI/D that were published from 1946 to
September 2016. The search criteria included subject
headings (“spinal cord injury” OR “spinal cord inju-
ries”) AND (“trauma” OR “wounds and injuries”)
AND (“military” OR “military personnel” OR “war”
OR “veterans” OR “combatants” OR “soldiers”). The
search was limited to “humans”. Abstracts and, if
needed for clarification, actual articles were screened
to find original papers that studied the economic
impact of management of veterans with SCI/D or
cost-effective analyses. Case reports, conference
abstracts only, and editorials were excluded.

Selection process, data abstraction and
publication appraisal
All titles and abstracts captured in the literature search
were reviewed by two reviewers (JCF and SG).
Articles considered relevant based on the title and
abstract search were included. Discrepancies between
the reviewers were resolved by consensus. All articles
that fulfilled the inclusion and exclusion criteria were
appraised by the same two reviewers (JCF and SG)
using the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE)
statement.13 This is a widely accepted instrument
among researchers and endorsed by the editorial
boards of several scientific journals (e.g. Lancet,
British Medical Journal and Neurology) as a checklist
“to guide reporting of observational research”.14

While the STROBE group did not primarily intend to
use this checklist to assess the quality of publications,
compliance to the STROBE checklist has been accepted
as an alternative for quality assessment of the publi-
cations on observational studies since there is no vali-
dated instrument for this purpose.14,15 The items
contained within the STROBE statement were scored
as 0 or 1, with a score of 1 provided for each checklist
item that was properly completed or, when the item
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had multiple sub-items (i.e. items 12, 13, 14 and 16), 1
point was added if most of the sub-items of that specific
item were appropriately completed. Using this scoring
system, a maximum score of 22 would indicate the
paper fulfilled all requirements for a high-quality publi-
cation. Cost-effectiveness studies were appraised accord-
ing to methodological recommendations from the Panel
on Cost-Effectiveness in Health and Medicine.16–18

Consensus was sought if there was any initial discor-
dance between both reviewers with regards to the
scoring of the articles, the costing information or the
appraisal on the cost-effectiveness analysis. Finally, rel-
evant data was abstracted from the selected articles fol-
lowing screening and prior to data synthesis.

Definitions
According to the US Department of Veterans Affairs, a
veteran is defined as “a person who served in the active
military service and who was discharged or released
under conditions other than dishonorable”.19

Severity of SCI was classified according to the
American Spinal Injury Association [ASIA]
Impairment Scale (AIS) contained within the
International Standards for Neurological Classification
of Spinal Cord Injury (ISNCSCI) as follows: (i) patients
with motor and sensory complete SCI (AIS A);
(ii) patients with motor complete but sensory incomplete
SCI (AIS B); (iii) patients with motor incomplete SCI
where the majority of the key muscles below the neuro-
logical level have a muscle grade less than 3 (AIS C); and
(iv) patients with motor incomplete SCI where the
majority of the key muscles below the neurological
level have a muscle grade greater than or equal to 3
(AIS D).20

Converted costing data
All published costs were revised to 2016 US dollars
(USD) using medical-cost inflation rates as reported
by the US Bureau of Labor Statistics.21 These
medical-cost rates are part of the overall US govern-
ment’s Consumer Price Index for All Urban
Consumers (CPI-U) that measures price inflation in
the United States using December-to-December data
instead of the annual average data. Of note, these data
use the inflation of actual medical costs, which is
much more reliable than the inflation of health-insur-
ance premiums that usually rises faster than the direct
medical costs.
All published costs were initially converted to 2015

USD using a publicly available inflation calculator.22

This program was created by Mr. Tom R. Halfhill
using inflation data from 1935 to 2015 according to

reporting data from the US Bureau of Labor
Statistics.21,22 In keeping with most recent available
data from the US Bureau of Labor Statistics, a
medical-cost inflation rate of 3.8% was used to convert
all published costs to 2016 USD.21

Results
Selected publications
The literature search identified 1,573 publications of
which 13 fulfilled the inclusion and exclusion criteria
(Table 1). Of those, 12 articles reported costs of manage-
ment of veterans with SCI/D 23–34; and, only 1 article
reported a cost-effectiveness analysis using data from
veterans with SCI/D.35

Most of the 1,573 publications were excluded because
they were focused on secondary complications, manage-
ment, or epidemiology of SCI, or they were case reports,
conference abstracts, or editorials (Fig. 1).
All selected articles were classified as either retrospec-

tive cohort studies or cost-effectiveness analysis pub-
lished between 2003 and 2014. Their scores based on
the STROBE statement varied from 15 to 22 with a
trend towards higher scores in the more recent publi-
cations (Table 1). The only cost-effectiveness analysis
was carried out following many recommendations
from the Panel on Cost-Effectiveness in Health and
Medicine.16–18,35 However, there are a few methodologi-
cal concerns in the study by Sinnott et al. as follows:
(i) the numerator of the cost-effectiveness analysis did
not comprise some of the costs from a societal perspec-
tive (e.g. economic costs endured by employers, other
employees, and the rest of society, including friction
costs related to absenteeism and employee turnover);
(ii) the effectiveness was measured in quality adjusted-
life years (QALYs) that were generated using Veterans
Rand 6 Dimension derivate from Veterans RAND 36-
Item Health Survey, which does not consider the full
range of impact on an individual’s health status
change, including loss of income and leisure activities;
(iii) no discount rate was applied; and (iv) only limited
sensitivity analysis was reported.16–18,35

Costs of caring for veterans with SCI/D
The published costing data on the management of veter-
ans with SCI/D were exclusively acquired from the VA
health care administrative databases from the United
States. All costing information was collected from the
fiscal years 1998 to 2010. The average annual costs of
caring for veterans with SCI/D varied from $30,770
to $62,563 in 2016 USD among the studies (Table 2).
The inpatient rehabilitation per diem mean costs of
veterans with SCI/D varied from $765 to $830 USD
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between 1998 and 2000 (mean per diem costs was esti-
mated at $808 in 2000 USD or $1,436 in 2016 USD),
which were more costly than the “rehabilitation
program” and “blind rehabilitation program” at the
VA Health Care Systems.23

Other investigations compared the costs of caring for
SCI/D veterans with the costs of management of other
more common diseases among veterans without SCI/
D.24,25,34 In all prior studies, the mean annual health
care costs of caring for veterans with SCI/D exceeded
the costs of management of other chronic diseases
(Table 2). Among elderly veterans (age 65 years or
older), Yu, Ravelo et al. reported that SCI was the
most expensive disease among the 29 most costly
chronic conditions followed by renal failure, lung
cancer, all dementias, and others.24 While the veterans
more commonly developed psychiatric disorders
(23.3%), diabetes (18.5%), and substance abuse
(13.5%), SCI accounted for less than 1% of the VA data-
base.24 In another study using VA Health Care System
data, Yu, Cowper et al. documented that SCI was the
most expensive disease (mean annual cost of $27,094

in 2000 USD) among 29 of the most common chronic
conditions among veterans, followed by chronic heart
failure, stroke and colorectal cancer.25 Studying the
most costly triads among VA patients with at least 3
out of 28 chronic conditions, Yoon et al. reported “dia-
betes, hypertension, SCI” as the most expensive triad
among elderly veterans with mean annual costs of
$65,905 in 2010 USD, and the fourth most costly
among veterans younger than 65 years of age with
mean annual costs of $77,546 in 2010 USD.34

Hendrick et al. reported that the mean costs per
device across all categories of assistive technologies
were similar between a group of working-age veterans
with SCI/D and another group of working-age civilians
with SCI/D ($2,032 and $2,155 in 2008 USD, respect-
ively), even though the mean costs of the prosthetics &
orthotics devices were significantly higher for the veter-
ans than for the civilians ($178 and $47 in 2008 USD,
respectively).26 Of note, the two most commonly
owned assistive technology device categories by veterans
and civilians with SCI/Dwere theManualMobility and
Independent Living (MMIL; including wheelchair,

Table 1 Included references as classified by study type, data sources, and quality of the publications based on the STROBE
statement

Reference Study type Data sources STROBE

23 Retrospective cohort
study

Health Economics Resource Center (HERC) Average Cost Database; Financial
Management System (FMS) database, and Cost Distribution Report (CDR) data.

15

24 Retrospective cohort
study

VA Health Economics Resource Center database. 15

25 Retrospective cohort
study

22 VA Integrated Service Networks (VISNs); geographic information system (GIS);
Quality Enhancement Research Initiative (QUERI).

17

26 Retrospective cohort
study

VA Spinal Cord Dysfunction Registry; VA National Prosthetic Patient Database (NPPD);
Disability Resources and Educational Services (DRES) Student Database at the
University of Illinois at Urbana-Champaign; self-reported costs by civilians.

17

27 Retrospective cohort
study

3 Veteran Health Administration (VHA) sites that are participating in a multisite SCI
research program (Tampa, Augusta, and Boston); Decision Support System (DSS)
National Data Extracts (NDE).

19

28 Retrospective cohort
study

Veterans Health Administration databases. 19

29 Retrospective cohort
study

VA SCI Quality Enhancement Research Initiative, Medicare, VA Health Care Systems. 20

30 Retrospective cohort
study

VA Allocation Resource Center; VA Medical SAS Inpatient and Outpatient Datasets, Fee
Basis Files paid by the VA; Decision Support System (DSS); Pharmacy NDE, and SCD
Registry.

20

31 Retrospective cohort
study

VA Allocation Resource Center; VA Medical SAS Inpatient and Outpatient Datasets, Fee
Basis Files paid by the VA; Decision Support System (DSS); Pharmacy NDE, and SCD
Registry.

21

32 Retrospective case
series

DSS for the VA Centers in Ohio, United states. 17

33 Retrospective cohort
study

VA DSS NDE; VA Fee Basis program files; Federal Supply Schedule; VA staff in the
Acquisition and Material Management Service; Health Services Research and
Development.

12

34 Retrospective cohort
study

VA Medical Database, and Decision Support System Pharmacy Database. 16

35 Cost-effectiveness
analysis

5 Veterans Affairs medical centers. 22

STROBE: Strengthening the Reporting of Observational Studies in Epidemiology; SCD: spinal cord disease; VA: Veterans Affairs
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ambulatory support device, seating, cushion, bed, exer-
cise equipment) and Powered Mobility and Independent
Living (PMIL; including automated wheelchair, motor
vehicle devices, residential devices), which were also
the most expensive.26

Components and determinants of the health care
costs of the veterans with SCI/D
The costing information on the components of the
health care of veterans with SCI/D was detailed in
four articles.25,27,30,31 Based on these published data,
the proportion of inpatient care costs varied from
50.6% to 80.4% of the overall health care costs,
whereas the proportion of the outpatient care costs
varied from 13% to 43.5%, and the proportion of outpa-
tient pharmacy costs varied from 2.1% to 10.3%
(Table 2). French et al. also reported that the inpatient
care costs ($30,866 in 2005 USD) were higher than the
outpatient care costs ($10,795 USD).27 The authors
also described that nursing services comprised the
highest proportion of the inpatient costs, followed by
other costs, pharmacy, surgery, radiology and labora-
tory costs (Table 2). The costs associated with outpatient

SCI clinic services comprised the highest proportion of
the outpatient care costs, followed by other costs, pros-
thetic services, VA-paid home care services, SCI home
services, laboratory, Radiology, contract nursing home
services, dental services, phone/ancillary medicine ser-
vices, and primary care services (Table 2).
Other investigators have previously reported potential

determinants of the health care costs among veterans
with SCI/D, which included admission into a long-
term care facility, presence of pressure ulcers, level and
severity of injuries, and nature of the SCI/D (traumatic
versus nontraumatic SCI/D). Analyzing costing data
from elderly veterans with SCI/D, Yu, Ravelo et al.
found that veterans aged 65 to 79 years had similar
mean health care costs to veterans aged 80 years or
older ($31,306 versus $31,714 in 2005 USD, respect-
ively).24 However, the mean health care costs with
long-term care expenses were significantly higher
among veterans aged 65 to 79 years when compared
with older veterans ($25,193 versus $22,290 in 2005
USD, respectively).24 In another retrospective cohort
study, Stroup et al. documented that the mean annual
health care costs for veterans with pressure ulcers were

Figure 1 Flow diagram showing the steps of the literature search and selection of the articles included in this systematic review.
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Table 2 Summary of the studies on costs of veterans with spinal cord injury/disease (SCI/D) according to this systematic review

Reference Participants Costing data Original costs for SCI/D Current costs for SCI/D Notes Results

23 Veterans with SCI/D
who underwent inpatient
rehabilitation (number of
cases is not available)

Direct VA inpatient
rehabilitation budgetary
costs

(Mean costs per year in
2000 USD):
Per diem costs for SCI/
D:
1998: $765
1999: $830
2000: $829
Average: $808
Overall costs for SCI/D:
1998: $263,374,200
1999: $295,264,200
2000: $248,113,897
Mean: $268,917,432
Inpatient rehabilitation
categories:
SCI: $268,917,432
Rehab: $200,057,995
Blind rehab:
$111,694,191

(Mean costs per year in 2016
USD):
Per diem costs for SCI/D:
1998: $1,360
1999: $1,475
2000: $1,473
Average: $1,436

Overall costs for SCI/D:
1998: $468,112,783
1999: $524,793,037
2000: $440,989,614
Mean: $477,965,144
Inpatient rehabilitation
categories:
SCI: $477,965,144
Rehab: $207,660,199
Blind rehab: $115,938,570

The Health Economics
Resource Center (HERC)
Average Cost Database is
based on allocated budgets
and, hence, it may not
precisely reflect the true costs
of production services.
Also, the cost data included
spending with facility and
physician but not the cost of
capital financing or
malpractice.

The mean per diem costs of
inpatient rehabilitation of
veterans with SCI/D was
estimated in $808 in 2000
USD (or $1,436 in 2016
USD).
The inpatient rehabilitation of
veterans with SCI/D was the
most expensive among the
categories of inpatient
rehabilitation in the study.

24 Veterans with SCI/D
aged 65 to 79 years
(n=5,401);
and
Veterans with SCI/D
aged 80 or older
(n=993)

Direct VA inpatient and
outpatient
costs

(Mean costs per case in
2000 USD):
Aged 65 to 79 years:
Total costs: $31,306
Costs without long-term
care: $25,193*
Aged 80 years or older:
Total costs: $31,714
Costs without long-term
care: $22,290 *
Top 3 most costly
chronic conditions after
SCI:
Aged 65 to 79 years:
Renal failure: $20,967
Lung cancer: $17,145
All dementias: $16,795
Aged 80 years or older:
Renal failure: $ $19,302
Lung cancer: $15,252
All dementias: $ $17,056

(Mean costs per case in 2016
USD):
Aged 65 to 79 years:
Total costs: $55,642
Costs without long-term care:
$44,777 *
Aged 80 years or older:
Total costs: $56,367
Costs without long-term care:
$39,618 *
Top 3 most costly
chronic conditions after
SCI:
Aged 65 to 79 years:
Renal failure: $37,266
Lung cancer: $30,473
All dementias: $29,850
Aged 80 years or older:
Renal failure: $34,307
Lung cancer: $27,108
All dementias: $30,315

The proportion of users of long-
term care varied as follows:
Aged 65 to 79 years: SCI
(15.6%), renal failure (11.6%),
lung cancer (16%), and all
dementias (19.4%)
Aged 80 years or older: (SCI
20.4%), renal failure (15.5%),
lung cancer (19.5%), and all
dementias (22.8%)

The total costs to care for
elderly veterans with SCI/D
did not significantly differ
between the age-related
groups. However, the oldest
veterans with SCI/D had
significantly lower health
care costs after excluding
the long-term care costs
when compared with SCI/D
veterans who aged 65 to 79
years.
The most expensive chronic
condition among elderly
veterans was SCI/D followed
by renal failure, lung cancer
and all dementias.
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25 19,234 veterans with
SCI/D

Direct VA inpatient and
outpatient costs identified
using Quality
Enhancement
Research Initiative
(QUERI) system

(Mean costs per case in
2000 USD):
Inpatient medical/
surgical services: $5,690
Other inpatient services:
$15,115
Outpatient: $3,512
Pharmacy: $2,777
Overall costs: $27,094
Top 3 most common
QUERI conditions:
Psychiatric diseases
($9,704), diabetes
($7,709), and substance
abuse ($9,489)
Top 3 most costly QUERI
conditions after SCI:
Chronic heart failure
($14,959); stroke
($14,679); colorectal
cancer ($14,422)

(Mean costs per case in 2016
USD):
Inpatient medical/surgical
services: $10,113
Other inpatient services:
$26,865
Outpatient: $6,242
Pharmacy: $4,936
Overall costs: $48,156
Top 3 most common QUERI
conditions:
Psychiatric diseases
($17,248), diabetes
($13,702), and substance
abuse ($16,865)
Top 3 most costly QUERI
conditions after SCI:
Chronic heart failure ($26,588);
stroke ($26,090); colorectal
cancer ($25,633)

The top 3 most common QUERI
conditions were psychiatric
disorders (23.3%), diabetes
(18.5%), and substance abuse
(13.5%).
The least common QUERI
conditions were colorectal
cancer, SCI, and HIV/AIDS,
accounting for less than 1% of
QUERI patients.
Of note, the QUERI groups are
not mutually exclusive since
patients may have multiple
conditions.

The inpatient care costs
represented 76.8% of the
total direct health care costs
for veterans with SCI/D,
whereas outpatient costs
(13%) and outpatient
pharmacy (10.2%) had less
impact on their total direct
health care costs.
The costs to care for
veterans with SCI/D were
the highest among the
QUERI chronic conditions in
the study, even though it
represents less than 1% of
them.

26 98 working-age
veterans with SCI/D
(aged 18 to 64 years);
and
93 college-educated
civilians of working age
with SCI/D (aged 18 to
64 years)

Costs of the assistive
technology (AT) devices
self-reported by civilians
and veterans with SCI/D.
The VA costs reported by
the veterans were also
verified using the National
Prosthetic Patient
Database (NPPD).

(Costs in 1998-2002
USD)
Mean cost per device
per person across all
categories was $2,032
for veterans vs. $2,155
for civilians.
Mean cost per Manual
Mobility and
Independent Living
(MMIL) device was $859
for veterans vs. $859
Mean cost per Powered
Mobility and
Independent Living
(PMIL) device was $
9,472 for veterans vs. $
7,947 for civilians.
Mean cost per
prosthetics & orthotics
device was $ 178 for
veterans vs. $47*

Costing data could not be
properly converted to 2016
USD due to the lack of original
data by year.
Using the extremes of all
original costs in 1998 USD and
all original costs in 2002 USD,
the mean cost per device per
person across all device
categories could vary from
$3,298 to $3,892 in 2016 USD
among veterans, and from
$3,498 to $4,127 in 2016 USD
among civilians.

SCI/D veterans were
significantly older, more likely to
be male, non-white than the
SCI/D civilians. While both
groups had similar degree of
disability, the proportion of
paraplegics was greater among
civilians (57%) when
comparted to veterans (47%).
Of note, the veterans usually
underreported the AT costs in
comparison with the NPPD
information

Self-reported costing data
were underestimated among
veterans with SCI/D when
compared with NPPD data.
The two most frequently
owned assistive technology
device categories were also
the most expensive (i.e.
MMIL devices and PMIL
devices).
The mean costs of the
Prosthetics & Orthotics
devices were significantly
higher for the veterans than
for the civilians.

Continued
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Table 2 Continued

Reference Participants Costing data Original costs for SCI/D Current costs for SCI/D Notes Results

27 675 veterans with SCI
for at least 2 years who
use wheelchair as a
primary means of
mobility.

Direct VA inpatient and
outpatient costs

(Mean costs per case in
2005 USD):
Cervical complete SCI:
$28,334
incomplete SCI: $22,134
Thoracic complete SCI:
$20,925
incomplete SCI: $16,792
Lumbar complete SCI:
$23,158
incomplete SCI: $17,561
Overall: $21,450
Inpatient costs (n=233):
$30,866
Outpatient costs:
$10,795

(Mean costs per case in 2016
USD):
Cervical complete SCI:
$40,644
incomplete SCI: $31,751
Thoracic complete SCI:
$30,017
incomplete SCI: $24,088
Lumbar complete SCI:
$33,220
incomplete SCI: $25,191
Overall costs: $30,770
Inpatient costs:
$44,277
Outpatient costs:
$15,485

Proportion of inpatient costs (by
service):
nursing (53.1%); pharmacy
(6.5%); surgery (5.7%);
laboratory (2%);
Radiology (3.8%);
other costs (28.9%)
Proportion of outpatient costs
(by service):
SCI clinic (25.8%);
Prosthetic (17.9%);
VA-paid home care (15.5%);
SCI home (3.6%); laboratory
(3.3%); Radiology (3%);
contract nursing homes (2.6%);
dental (2.2%); phone/ancillary
medicine (1.9%); primary care
(1.5%); other costs (22.9%)

The total inpatient care costs
($7,191,725 in 2005 USD)
were close to the total
outpatient costs ($7,286,719
in 2005 USD).
The overall costs to care for
veterans with chronic SCI
were higher for cervical
complete SCI and lower for
thoracic incomplete SCI.
Among the inpatient costs,
nursing services (53.1%)
were the most expensive
followed by other costs
(28.9%), pharmacy (6.5%)
and surgery (5.7%).
Among the outpatient costs,
SCI clinic services (25.8%)
were the most expensive
followed by prosthetic
services (17.9%) and VA-
paid home care (15.5%).

28 5,518 veterans with
paraplegia after SCI/D;
and
4,521 veterans with
tetraplegia after SCI/D
included in the Veterans
Equitable Resource
Allocation (VERA)
system

Direct VA inpatient and
outpatient costs

(Median costs per case
in USD in different years)
Paraplegia:
1998: $18,894
1999: $21,553
2000: $22,408
2001: $19,661
2002: $19,838
Tetraplegia:
1998: $20,237
1999: $24,917
2000: $24,967
2001: $26,018
2002: $21,762

(Median costs per case in
2016 USD)
Paraplegia:
1998: $36,182
1999: $39,878
2000: $39,827
2001: $33,408
2002: $32,196
Tetraplegia:
1998: $38,754
1999: $46,102
2000: $44,376
2001: $44,210
2002: $35,318

Based on the available data,
the overall median costs per
case were estimated in $22,402
(in 2002 USD) or $36,357 (in
2016 USD) for paraplegics, and
$25,799 (in 2002 USD) or
$41,869 (in 2016 USD) for
tetraplegics

The median costs for VERA
complex class of veterans
with paraplegia were
estimated in $22,402 USD
(2002) or $36,357 USD
(2016).
The median costs for VERA
complex class of veterans
with tetraplegia were
estimated in $25,799 USD
(2002) or $41,869 USD
(2016).
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29 2,008 veterans with
SCI/D during their last
24 months of life

Direct VA medical and
surgical costs based on
Medicare, other inpatient
costs (e.g. home care,
long-term hospital care)
and outpatient costs
based on national costs
per diem.

(Mean costs per case in
2016 USD)
Overall costs:
Final year: $61,900
Previous year: $24,900
Overall costs: $86,800
Traumatic SCI: $98,400
Non-traumatic: $97,600
Paraplegia: $100,400
Tetraplegia: $95,700
Major conditions:
Nephritis: $120,200
Septicemia: $99,500
Other: $97,300
COPD: $93,100
Blood vessel disease:
$91,700
Pneumonia: $90,400
Diabetes: $84,400
Hernia: $80,900
Heart disease: $79,800
Stroke: $73,200
Cancer: $71,300

(Mean costs per case in 2001
USD)
Overall costs:
Final year: $105,181
Previous year: $42,310
Overall costs: $147,491
Traumatic SCI: $167,202
Non-traumatic: $165,842
Paraplegia: $170,600
Tetraplegia: $162,614
Major conditions:
Nephritis: $204,244
Septicemia: $169,071
Other: $165,333
COPD: $158,196
Blood vessel disease:
$155,817
Pneumonia: $153,608
Diabetes: $143,413
Hernia: $137,466
Heart disease: $135,596
Stroke: $124,382
Cancer: $121,153

The most common “major
causes of death” and their 2-
year costs (in 2016 USD) were:
cancer (20.9%; $49 million),
influenza/ pneumonia (15.1%;
$44.9 million), heart disease
(13.5%; 35.4 million),
septicemia (5.9%; $19.3
million), stroke (5.1%; $12.3
million), COPD (4.5%; $13.8
million), diabetes (5.3%; $14.7
million), nephritis (4%; $15.8
million), hernia (2.8%; $7.4
million), blood vessel disorders
(1.4%; 4.2 million), and other
causes (21.5%; $68.8 million)

The costs of caring for SCI/
D veterans near their end of
life (24 month) are
substantially higher than the
costs of caring for VA
veterans without SCI/D.
Most the costs of caring for
veterans with SCI/D near
their end of life incur in the
final year (71.3%), that
significantly escalate in the
last 6 months before death.
Although nephritis was the
top major condition with the
highest costs for the end of
life among veterans with
SCI/D, the most expensive
major condition for the VA to
care for veterans with SCI/D
in their near end of life was
cancer, followed by
influenza/ pneumonia, and
heart disease.

30 Veterans with SCI/D
and pressure ulcer
(n=1,220); and veterans
with SCI/D without
pressure ulcer
(n=9,757)

Direct VA expenditures for
patient care either
provided at VA facilities or
provided in non-VA
facilities but paid for by
VA.

(Mean annual costs in
2008 USD)
SCI/D veterans with
pressure ulcer:
Outpatient costs:
$19,844
Pharmacy costs: $2,394
Inpatient costs: $91,341
Total costs: $100,935
SCI/D veterans without
pressure ulcer:
Outpatient costs:
$11,829
Pharmacy costs: $1,613
Inpatient costs: $13,754
Total costs: $27,195

(Mean annual costs in 2016
USD)
SCI/D veterans with pressure
ulcer:
Outpatient costs: $20,598
Pharmacy costs: $3,050
Inpatient costs: $116,373
Total costs: $128,596

SCI/D veterans without
pressure ulcer:
Outpatient costs: $15,071
Pharmacy costs: $2,055
Inpatient costs: $17,523
Total costs: $35,564

Both groups were statistically
similar with regards to their
age, sex distribution, ethnic
subgroups, and most of the co-
morbidities; however, veterans
with pressure ulcer were more
likely to have a traumatic SCI,
diabetes mellitus, prior
hospitalization, and higher
mean household income.

SCI/D veterans with
pressure ulcers were more
costly and had longer length
of hospital stay than SCI/D
veterans without ulcers.
After adjustments, the total
annual costs per patient
were $73,021 USD (or
$75,796 in 2016 USD) higher
among veterans with
pressure ulcer and their
annual hospital admissions
were about 52 days longer
than SCI/D veterans without
ulcer.

Continued
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Table 2 Continued

Reference Participants Costing data Original costs for SCI/D Current costs for SCI/D Notes Results

31 8,645 veterans with
traumatic SCI; and
2,795 veterans with non-
traumatic SCI/D

Direct VA expenditures for
patient care either
provided at VA facilities or
provided in non-VA
facilities but paid for by
VA.

(Mean costs per year in
2008 USD)
Traumatic SCI:
Outpatient costs:
$16,655
Pharmacy costs: $1,938
Inpatient costs: $30,513
Total costs: $49,106
Non-traumatic SCI/D:
Outpatient costs:
$15,860
Pharmacy costs: $2,030
Inpatient costs: $27,581
Total costs: $45,470

(Mean costs per year in 2016
USD)
Traumatic SCI:
Outpatient costs: $21,219
Pharmacy costs: $2,469
Inpatient costs: $38,875
Total costs: $62,563

Non-traumatic SCI/D:
Outpatient costs: $20,206
Pharmacy costs: $2,586
Inpatient costs: $35,139
Total costs: $57,931

The group of veterans with
traumatic SCI were significantly
younger and predominantly
white men with less co-
morbidities, more pressure
ulcers, and greater median
household income than their
counterparts with non-traumatic
SCI/D.

Veterans with non-traumatic
SCI/D had greater overall
outpatient utilization;
however, there were no
significant differences
between the group of
veterans with traumatic SCI
and the group of veterans
with non-traumatic SCI/D
with regards to their total
health care costs.

32 76 veterans with SCI/D
received traditional
care; and 20 veterans
with SCI/D received
teleconsultation for
wound care

Direct inpatient and
outpatient costs from the
VA Decision Support
System (DSS) for the VA
Centers in Ohio

(Median costs during 30
months in 2007 USD)
Outpatient encounters:
Teleconsultation: $3,956*
Traditional care: $474
Inpatient admissions:
Teleconsultation:
$139,473
Traditional care: $70,666

(Median costs during 30
months in 2016 USD)
Outpatient encounters:
Teleconsultation: $5,227 *
Traditional care: $626
Inpatient admissions:
Teleconsultation: $184,270
Traditional care: $93,363

This retrospective economic
analysis used a convenience
sample

There were no significant
differences in inpatient cost
between the two strategies.
However, teleconsultation
group had a significantly
higher median cost per
outpatient encounter than
the traditional care group.

33 Standard of care versus
telehealth care for
treatment of pressure
ulcers after SCI using
low-, medium- and high-
cost technology
(Base estimate for the
model: 20,000 veterans
with SCI)

Direct costs primarily
gathered from US
Department of VA
administrative records.

(Medium costs per year
in 2007 USD)
Prevention care:
Standard of care (with
homecare): $23,673
Standard of care (without
homecare): $9,242
High-cost tech: $21,349
Medium-cost
technology: $8,066
Treatment:
Standard of care (with
homecare): $11,234
Standard of care (without
homecare): $8,408
Low-cost tech: $6,325

(Medium costs in 2016 USD)

Prevention care:
Standard of care (with
homecare): $31,276
Standard of care (without
homecare): $12,210
High-cost tech: $28,206
Medium-cost technology:
$10,657
Treatment:
Standard of care (with
homecare): $14,842
Standard of care (without
homecare): $11,109
Low-cost tech: $8,356

Low-cost technology: digital
cameras and
e-mail.
Medium-cost technology:
interactive videoconferencing
machine plus station-to-station
(hub and spoke)
teleconferencing.
High-cost technology:
interactive videoconferencing
machine that was installed in
the patient’s home.

Telehealth care was less
expensive than standard
care when patients and
facilities used low-cost
technology (e.g. digital
cameras and e-mail).
Telehealth care using low-
and medium-cost
technology may reduce the
costs of prevention and
treatment of SCI-related
pressure ulcers.
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substantially higher than the mean annual costs for
veterans without pressure ulcers ($128,596 versus
$34,648 in 2016 USD, respectively).30

The effects of the level and severity of SCI on health
care costs were reported in three previous studies
(Table 2). While the results of two studies suggested
that veterans with tetraplegia showed a trend towards
higher annual health care costs than veterans with para-
plegia, another investigation reported no substantial
effects of the level of SCI on the near end-of-life costs
among veterans with SCI/D.27–29 In a subsequent
study, Yu et al. showed that the majority of the costs
of caring for veterans with SCI/D near end of their
life (i.e. during the last 24 months) incurred in the
final year (71.3%), which considerably escalated in the
last 6 months before death.29 The mean annual costs
of caring for veterans with tetraplegia varied from
$31,751 to a mean annual cost during their last 24
months of life of $162,614 in 2016 USD, whereas the
average annual costs of caring for veterans with paraple-
gia varied from $24,088 to a mean annual cost during
their last 24 months of life of $170,600 in 2016
USD.27,29 The median health care costs for a veteran
with tetraplegia were $41,869 in 2016 USD, whereas a
veteran with paraplegia had median health care costs
of $36,357 in 2016 USD. French et al. also documented
that veterans with incomplete SCI have a trend towards
lower health care costs than their counterparts with
complete SCI.27

The potential influence of the nature of the SCI/D on
the health care costs was reported in two prior studies.
St. Andre et al. documented that the mean annual
costs of caring for veterans with non-traumatic SCI/D
were statistically similar to their counterparts with trau-
matic SCI ($57,931 and $62,563 in 2016 USD, respect-
ively), even though veterans with non-traumatic SCI/
D were significantly older, had greater number of
comorbidities and required more often outpatient ser-
vices than veterans with traumatic SCI.31 Similarly, Yu
et al. showed that the mean annual health care costs
of caring for veterans with traumatic SCI were statisti-
cally comparable to the mean annual health care costs
among veterans with non-traumatic SCI/D ($167,202
and $147,491 in 2016 USD, respectively).29

Intervention-based studies and health care costs
of caring for veterans with SCI/D
This literature search captured three intervention-based
studies with potential cost-saving benefits in the care of
veterans with SCI/D (Tables 2 and 3). Young-Hughes
and Simbartl compared traditional wound care with
expert wound care provided using teleconsultation for3
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veterans with SCI/D.32 While there were no significant
differences between the two treatment groups with
regards to their median inpatient care costs, the telecon-
sultation group had a significantly higher median cost
per outpatient encounter than the traditional care
group.32

Using a model built with data from 20,000 spinal cord
injured veterans, Smith et al. compared standard of care
versus telehealth care for prevention and treatment of
pressure ulcers using low-cost technology, medium-cost
technology, and high-cost technology.33 The authors
found that the strategy using telehealth care was less
expensive than standard care when patients and facilities
used low-cost technology (e.g. digital cameras and
e-mail).33 Furthermore, Smith et al. reported that tele-
health care using low-cost and medium-cost technology
might reduce the costs of prevention and treatment of
pressure ulcers in spinal cord injured individuals.33

Sinnott et al. carried out a cost-effectiveness analysis
comparing supported employment intervention (i.e.
Spinal Cord Injury Vocational Integration Program)
with the usual strategy for the acquisition of competitive
employment in a group of veterans with SCI.35 The
intervention was more effective for veterans with SCI
to achieve competitive employment within a time
period of 1 year, but the intervention was not considered
cost-effective (incremental cost-effectiveness ratio of
$575,500 USD [2009] per QALY) when compared
with the usual strategies (Table 3).

Discussion
The results of this review suggest the estimated average
annual costs of caring for veterans with SCI/D varied
from $30,770 to $62,563 in 2016 USD in prior published

studies. The costs of caring for veterans with SCI/D
always exceeded the costs of managing veterans with
other more common chronic diseases. The proportion
of inpatient care costs over the total health care costs
(range: 50.6% to 80.4%) was greater than the proportion
of the outpatient care costs (range: 13% to 43.5%), and
the proportion of outpatient pharmacy costs (range:
2.1% to 10.3%). The most relevant determinants of
higher health care costs among veterans with SCI/D
were the presence of pressure ulcer, cervical level of
injury, and more severe SCI. Among the few interven-
tion-based studies, the only potentially cost-saving inter-
vention was the usage of telehealth care associated with
low-cost and medium-cost technology in the prevention
and treatment of pressure ulcers following SCI. Finally,
there is a paucity of cost-effectiveness analyses focused
on the management of veterans with SCI/D.

Costs of caring for veterans with SCI/D
The studies included in this review solely included
costing information from the VA health care administra-
tive databases in the United States that were collected
from the fiscal years 1998 to 2010. According to those
prior studies, the average annual costs of caring for
veterans with SCI/D were estimated to be between
$30,770 and $62,563 in 2016 USD.24,25,27,31

Furthermore, the costs of caring for veterans with
SCI/D exceeded the costs of management of other
chronic diseases in all published comparative
studies.24,25,34 Using data from general population in
the United States, DeVivo et al. reported that the
mean charges for individuals during the first year after
SCI were $523,089 in 2009 USD (or $606,349 in 2016
USD), and the mean annual charges of caring for

Table 3 Summary on cost-effectiveness analyses on management of veterans with spinal cord injury (SCI) according to this
systematic review

Reference
Comparison

groups
Number
of cases

Age
(years) Perspective

Original
costs

Current
costs Effectiveness Results

35 Spinal Cord
Injury
Vocational
Integration
Program

81 48.7±9.8 Societal
perspective

$26,611
USD
(2009)

$32,852
USD
(2016)

0.60±0.09
QALYs

ICER: $575,500 USD
(2009) per QALY
ICER: $710,478USD
(2016) per QALY

Usual care for
the acquisition
of competitive
employment in
veterans with
SCI.

76 49.8±9.8 Societal
perspective

$32,366
USD
(2009)

$39,957
USD
(2016)

0.61±0.08
QALYs

The intervention was more
effective for veterans with
SCI to achieve
competitive employment,
but the intervention was
not cost-effective after 1
year of follow-up when
compared to the usual
strategy.

ICER: incremental cost-effectiveness ratio; QALY: quality adjusted life years
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individuals with SCI were estimated at $79,759 in 2009
USD (or $92,454 in 2016 USD).36 Of note, those
authors combined clinical and costing data from the
National SCI Statistical Center that include people
treated at federally designated SCI Model Care
systems.36 Using data from the publicly funded health
care database in Canada, Munce et al. reported the
average total direct health care costs from the time of
initial hospitalization to 1 year after initial acute dis-
charge were $109,017 in 2005 CAD (or $122,298 in
2016 USD, using an exchange rate of 1.28 for 2005
CAD/USD from Bank of Canada) among individuals
with traumatic SCI.37 Of note, the total direct health
care costs in the study by Munce et al. incorporated
the costs of acute inpatient care, emergency department,
inpatient rehabilitation, complex continuing care, home
care services, and physician visits in the year after index
hospitalization.
The observed discrepancies between the group of

veterans and the general population with regards to
their costs for management of SCI/D could be, at
least partially, attributed to key methodological differ-
ences and shortcomings as follow: (i) most of the
data from VA Health Care System represent actual
costs, whereas the data from the general population in
the study by DeVivo et al. are expectedly higher
because they are charges instead of costs; (ii) data
from veterans might have missed indirect costs such
as out-of-pocket costs due to constraints in service
access; (iii) an increased occurrence of SCI among
veterans during the Afghanistan war (starting in
October 2001) and the Iraq war (starting in March
2003), which would have a greater impact on health-
utilization and costs in the costing data from VA
Health Care Systems included in fiscal years 1998 to
2010; whereas, data from general population includes
the first-year charges of all new cases of SCI with esti-
mated incidence rates from 23.9 to 77 cases per million
per year 38; and, (iv) the epidemiological profile of the
veterans with war-related SCI is distinct from the spinal
cord injured civilians. In a systematic review on the epi-
demiology of SCIs among military personnel, war-
related SCIs were more common among young, white
men in the military service who typically sustained
thoracic, severe (complete or AIS A) SCIs secondary
to gunshot or explosion.12 Unlike SCI in civilians,
war-related SCI is commonly associated with other
bodily injuries including head and neck injuries, trau-
matic brain injury, injuries to the chest, abdomen or
pelvis, and limb injuries, alone or in combination.
Other potential reasons for the discrepancies in the
costs of caring for veterans and civilians with SCI

could include differences in terms of the healthcare cov-
erage and access, and healthcare system efficiency.
Therefore, care for veterans with SCI/D is essential

but unarguably costly and more expensive than several
other common chronic diseases. There are substantial
economic differences in the management of veterans
with SCI/D and spinal cord injured individuals in the
general population that need to be considered when
making decisions regarding provision of health care ser-
vices for veterans.

Components and determinants of the health care
costs of the veterans with SCI/D
This literature review revealed that a greater proportion
of inpatient care costs (range: 50.6% and 80.4%) from
the overall total health care costs was observed when
compared to the proportion of the outpatient care
costs (range: 13% to 43.5%), and the proportion of out-
patient pharmacy costs (range: 2.1% to 10.3%).25,27,30,31

Similarly, the estimated proportion of inpatient SCI care
charges after first-year was 80.2%, followed by the pro-
portion of outpatient SCI care charges (15%) and outpa-
tient pharmacy charges (4.8%) in a study using data
from the general population in the United States.36

According to this review, many publications were
focused on potential determinants of the health care
costs among veterans with SCI/D, including admission
to a long-term care facility, treatment of pressure ulcers,
level and severity of spinal cord impairment, and nature
of the SCI/D (traumatic versus non-traumatic SCI/D).
24,27–30 The economic impact of pressure ulcers is a well-
recognized worldwide issue in the general population
with or without SCI.39–41 For instance, Brem et al.
found that the mean inpatient care cost associated
with stage IV pressure ulcers and their complications
was $129,248 USD for hospital-acquired ulcers, and
$124,327 USD for community-acquired ulcers (data
prior to 2010).39 According to the US statistics on
the hospitalizations for pressure ulcers from the
Healthcare Cost and Utilization Project databases, the
top 3 most frequent associated conditions were anemia
(31.2%), urinary tract infections (30.5%), and paralysis
(29.2%).42 When stratifying the data analysis by age
groups, paralysis and SCI were more noticeable
among younger patients, while fluid and electrolyte dis-
orders, nutritional disorders, diabetes without compli-
cations, and dementia were more often seen among
patients aged 65 years or older.42 The level and severity
of SCI are commonly reported as determinants of health
care costs among veterans with SCI/D as well as among
civilians with SCI/D, particularly in the end-of-life
care.27–29 Using data from the general population,
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prior studies reported a costing gradient from the lowest
annual health care costs among individuals with incom-
plete paraplegia to the highest costs among individuals
with complete tetraplegia. 27,36,43 The end-of-life care
is a well-recognized major expenditure in the Medicare
program in the United States.44 The estimated costs of
hospital admissions ending in death were $17.6 billion
in 2007 USD (or $23.3 billion in 2016 USD) accounting
for 5.1% of total inpatient hospital costs.44 The average
costs of the hospitalizations ending in death in the
United States were estimated to be $23,017 in 2007
USD (or $30,410 in 2016 USD), which was 2.7 times
greater than for inpatients discharged alive.44 While
both prior studies from our literature review concluded
that the annual health care costs of the veterans with
traumatic SCI were similar to the annual costs of
caring for veterans with non-traumatic SCI/D, there is
apparently no previous report using costing data from
the general population on the annual health care costs
comparing traumatic SCI to non-traumatic SCI/D.29,31

In summary, the most prominent component of the
costs of caring for veterans with SCI/D is the inpatient
care cost, followed by outpatient care expenses and out-
patient pharmacy spending. While the cervical level,
complete injury, time period (i.e. first year after injury
and last end-of-life year), and presence of pressure
ulcers are well recognized determinants of higher
health care costs of veterans with SCI/D, prior studies
reported no important economic impact of other poten-
tial factors such as the nature of the SCI/D (i.e. trau-
matic SCI versus nontraumatic SCI/D) and old age
(e.g. elderly veterans aged 65 to 79 years with SCI/D
versus older veterans).

Intervention-based studies and health care costs
of caring for veterans with SCI/D
This literature search identified three intervention-based
studies with potential cost-saving benefits in the care of
veterans with SCI/D32,33,35 While Young-Hughes and
Simbartl found no significant differences between tra-
ditional wound care and specialty wound care provided
using teleconsultation among veterans with SCI/D with
regards to their median inpatient care costs, Smith et al.
reported that telehealth care was less expensive than the
standard care when patients and facilities used low-cost
technology (e.g. digital cameras and e-mail) in the pre-
vention and treatment of pressure ulcers among veterans
with SCI after adjusting the models for outcomes.32,33 In
a prior systematic review on publications focused on the
use of telerehabilitation modalities, Kairy et al. ident-
ified 3 out of 28 previous studies that were exclusively
focused on telehealth tools in the rehabilitation of

pressure ulcers (n=2) or depression (n=1) among
spinal cord injured individuals in the general popu-
lation.45 Despite to common methodological shortcom-
ings and lack of costing data, the authors reported that
two articles revealed negative results when comparing
standard of care to telerehabilitation, whereas one
study suggested decreased hospitalizations with the util-
ization of a telerehabilitation tool.45 Overall, Kairy et al.
concluded that the interest in telerehabilitation has been
growing among patients and healthcare professionals,
likely due to decreased patient travel burden, even
though there is insufficient evidence in favor of telereh-
abilitation as a cost-saving or cost-effective solution.45

Moreover, this literature search captured only one
cost-effectiveness analysis that compared supported
employment intervention to the usual strategy for the
acquisition of competitive employment in veterans
with SCI.35 Sinnott et al. reported that the intervention
was not more cost effective than the usual strategy, even
though the intervention was more effective for veterans
with SCI to achieve competitive employment within a
time period of 1 year.35 This is a particularly important
issue as an individual’s income over their lifetime has
been identified as an important predictor of health
and all-cause mortality. In a systematic review on cost
effectiveness of acute hospital-based SCI services,
Bagnall et al. highlighted the paucity of cost-effective-
ness studies in the management of traumatic SCI.46

Similarly, Chan et al. stressed that the literature on com-
parative studies focused on interventions for patients
with SCI is scarce.47 This paucity in comparative econ-
omic evaluation is common to the the literature regard-
ing veterans with SCI/D as well as the general traumatic
and non-traumatic SCI literature.
While the VA in the United States has generously

funded several important economic analyses as above
mentioned, there is a clear need for further comparative
studies on interventions including cost effectiveness,
which could assist administrators, policy makers and
healthcare professionals in making better decisions
regarding resource allocation based on the anticipated
efficacy of an intervention and its cost effectiveness
when planning for the optimal care of veterans with
SCI/D.

Study limitations
This is an original systematic review that synthesized
and appraised the literature on the economic burden
of SCI/D among veterans. While the results of this
review stress the economic burden of SCI/D and signifi-
cant knowledge gaps regarding the costs of care for
veterans with SCI/D, there are limitations that need to
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be considered before generalizing the results. Firstly,
most the data included in this review were derived
from retrospective cohort studies, which are vulnerable
to potential bias and methodological limitations.
Secondly, all publications identified in this systematic
review used data from the VA Health Care Systems in
the United States that were collected from the fiscal
years 1998 to 2010. This limits the generalizability of the
data to other settings and countries that have distinct
healthcare policies and services for veterans. Finally, the
composition of the costs may vary from publication to
publication or site to site (e.g. charges versus costs) and,
hence, caution is recommended when comparing costing
data across jurisdictions and health systems.

Conclusions
This systematic review, for the first time, synthesized and
evaluated data from publications on the economic
burden of care for veterans with SCI/D. These results
highlight that the health care costs of the management
of veterans with SCI/D are substantial and, in
general, lower than the costs of caring for civilians
with SCI, but greater than the costs of caring for
patients with other more common chronic diseases.
The discrepancy between civilians and veterans with
regards to the costs of caring for spinal cord individuals
could be due to differences in terms of methodology,
disease epidemiology, healthcare coverage and access,
and healthcare system efficiency, among other potential
explanations. Similar to data from non-veterans with
SCI/D, the greatest expenditures are in the first year
after injury and last end-of-life year, and the inpatient
care costs are greater than the outpatient care costs
and pharmacy costs. Higher total healthcare costs are
anticipated among individuals with cervical level
injury, complete injury, and pressures sores. Although
there is a growing evidence for the economic burden
of SCI/D and its determinants among veterans, there
is a paucity of comparative studies on interventions
including cost-effectiveness analyses essential to
resource allocation when advancing quality of care
with a fixed resource envelope.25
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