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Abstract
Study Design: Systematic review.
Objective: Providing a comprehensive review of spinal cord injury cost of iliness studies to assist health-service planning.

Methods: We conducted a systematic review of the literature published from Jan. 1990 to Nov. 2020 via Pubmed, EMBASE, and
NHS Economic Evaluation Database. Our primary outcomes were overall direct health care costs of SCI during acute care,
inpatient rehabilitation, within the first year post-injury, and in the ensuing years.

Results: Through a 2-phase screening process by independent reviewers, 30 articles out of 6177 identified citations were
included. Cost of care varied widely with the mean cost of acute care ranging from $290 to $612,590; inpatient rehabilitation from
$19,360 to $443,040; the first year after injury from $32,240 to $1,156,400; and the ensuing years from $4,490 to $251,450.
Variations in reported costs were primarily due to neurological level of injury, study location, methodological heterogeneities,
cost definitions, study populations, and timeframes. A cervical level of the injury, ASIA grade A and B, concomitant injuries, and in-
hospital complications were associated with the greatest incremental effect in cost burden.

Conclusion: The economic burden of SCI is generally high and cost figures are broadly higher for developed countries. As
studies were only available in few countries, the generalizability of the cost estimates to a regional or global level is only limited to
countries with similar economic status and health systems. Further investigations with standardized methodologies are required
to fill the knowledge gaps in the healthcare economics of SCI.
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Introduction
Global Burden of Disease Study estimated that in 2016 the

annual global incidence of traumatic spinal cord injury (SCI)
was 0.93 million (0.78-1.16 million), with an age-standardized
incidence rate of 13 (11-16) per 100,000 population.' SCI inci-
dence is relatively low compared with other chronic diseases;
however, the consequences are disproportionally high. SCI
results in significant physical and psychosocial burdens for
individuals, their relatives, and for the health, social, and
medico-social systems as a whole.? In addition to the physical
and psychosocial trauma, the economic burden is substantial,
predominantly due to permanent disability, the occurrence of
the injury in younger ages, increased health care costs as well
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as higher rates of morbidity and premature mortality.>* In the
United States, for example, the national costs attributable to
SCl-related hospitalizations in 2009 estimated at approxi-
mately $1.7 billion.

Given the high economic burden of the disease and with the
challenges of budget crises, information on the cost of care is
necessary to provide optimal care to individuals with SCI. Cost
of illness studies are primarily conducted to raise awareness for
the financial burden of diseases, provide evidence for funding
for care, and identify potential opportunities to design addi-
tional research and more efficient services.® Investigations into
the economic burden of SCI are inconsistent, often have limited
to specific regions, databases, population groups, a subgroup of
patients with SCI (specific level of injury, certain etiology), or
different periods of care (e.g. acute hospitalization, first year).’
So there is a need for a comprehensive synthesis of previous
research and assessment of the components and drivers of cost
variation. This study aims to provide an updated, comprehen-
sive review of previous research on the cost of treating SCI
from the payer’s perspective in different countries. In doing so,
we considered the variation in reported costs according to
country, trauma subgroups, predictors of cost, and the costing
methods employed. Finally, we tried to address the existing
discrepancies in the literature related to the costs of SCI to
be considered in future researches.

Methods

A systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.® Using the keywords “costs
and cost analysis,” “Economics,” “Spinal Cord Injuries,”
“Paraplegia,” “Quadriplegia,” and “Spinal Cord,” a compre-
hensive literature search was performed in PubMed EMBASE,
and NHS Economic Evaluation Database via Cochrane Library
for articles published between January 1990 and November
2020. The exact search strategy and keywords for each data-
base are available in Supplementary file 1. There were no
restrictions on language or publication status. Additionally, the
reference list of each eligible article was screened to find addi-
tional articles.

Selection Method and Data Extraction

We searched for all cost of illness studies that reported overall
direct costs of care for SCI. Direct costs include medical costs,
which are typically associated with medical resource utilization
and include in-patient, out-patient, and pharmaceutical services
within the health care system,g and non-medical costs, which
represent the costs associated with non-prescribed supplies and
equipment, transportation, meals for patients, and caregivers,
etc. Two reviewers independently screened the title and
abstract of each paper to identify potentially eligible studies.
We then selected studies that met the eligibility criteria for full-
text evaluation. Discrepancies regarding the eligibility of stud-
ies were resolved through the decision of a third reviewer and

group discussion. The required data was then extracted by 2
authors and entered into predefined sheets. The extracted infor-
mation included the title and first author’s name, year of pub-
lication, study duration, design, sample size, setting (hospital/
local/national) and location, participant characteristics includ-
ing the level of SCI (cervical, thoracic, lumbosacral), clinical
presentation (tetraplegia, paraplegia), cost currency, and direct
costs of care for SCI (Table 1).

Eligibility Criteria and Risk of Bias

Our primary outcome was to determine health care costs of SCI
during 1) acute care, from index admission to the first dis-
charge to any location other than transfer to acute care in
another hospital, 2) inpatient rehabilitation 3) the first year
post-injury, and 4) ensuing years; both regardless and stratified
by the extent of neurological deficit. Secondary outcomes were
to determine components and drivers of cost. All studies with at
least 10 cases that reported either any of the primary outcomes
were included in the study. Studies reporting indirect costs, a
subcategory of costs, costs through modeling/extrapolation
methods, and studies from a common database except for the
latest one were not included. Furthermore, studies with a pop-
ulation of mainly vertebral column injuries without concomi-
tant SCI and those that were only pediatric were excluded. All
currencies were converted to US dollars (USD) using foreign
exchange rates provided by the Federal Reserve System, the
Central bank of the United States'® and were adjusted to Nov.
2020 values using the Consumer Price Index by the U.S.
Bureau of Labor Statistics.!' Global Domestic Products (GDP)
per capita from the year of the currency for each study were
obtained from the World Bank website.'* For critical appraisal,
We used a slightly adjusted form of the checklist developed by
Public Health Wales Observatory Evidence Service'® based on
a study by Larg A and Moss J.'"* The final statement had 13
items relating to analytical framework, methodology, analysis,
and reporting (Supplementary file2). Each item in the checklist
was given a score of —1, 0, or 1, with a score of 1 if the item
was appropriately fulfilled.

Results

General Findings

The search identified 6,177 studies, which was reduced to
5,306 after the removal of duplicates. An evaluation of titles
and abstracts resulted in the removal of 5,204 articles. The
remaining 102 studies underwent full-text assessment for elig-
ibility. Seventy-two studies were excluded based on various
reasons, mainly due to a lack of data on our primary outcomes,
incompatible care period, inclusion of vertebral column inju-
ries without concomitant SCI, and absence of original data
(Figure 1). The list of excluded articles at full-text assessment
and Reasons of exclusion are presented in Supplementary file
2. Finally, the remaining 30 studies were included here. Most
studies originated in North America (the U.S.: 15 studies,'>?°
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Figure 1. PRISMA 2009 flow diagram.
and Canada: 7°°%); and the rest were conducted in Austra-
1ia,37’3 8 China,3 o Mexico,40 Nigeria,41 Taiwan,42’43 and Tanza-
nia.** Sample sizes ranged from 34 to 15,510, and settings
varied from hospital-based to nationwide. The methodologies,
cost perspectives, and sources of cost data varied considerably
among studies; with 13 studies took a top-down approach, and
the rest including most of the U.S. studies used bottom-up
approaches. The characteristics of the included articles are
summarized in Table 1.

The cost of care varied widely with the mean cost of acute
care ranging from $290*' to $612,590,%° inpatient rehabilitation

from $19,536'7 to $443,044,%* the first year after index injury
costs from $32,238%° to $1,156,406,%° and the ensuing years
following the first year from $4,392'” to $200,810%¢ (Table 1).
Scores for critical appraisal ranged from —4 to 11 points with a
median score of 5. Results of the quality assessment of each
study are presented in Supplementary file 2.

Acute Care

A total of 21 studies reported the mean cost of hospital acute
care in 8 countries. The lowest costs were found in Nigeria,*!
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Tanzania,** China,*® and Taiwan**** (8290 to $4,860). A study
from Mexico reported the mean cost of acute care for complete
cervical SCI to be $29,940.*° In Australia, the cost of acute care
varied from $42,600 for cases with paraplegia to $63,134 for
quadriplegia.®® The costs in Canada ranged from $39,330 for
incomplete paraplegia to $138,620 for complete quadriple-
gia.>*3* Richard-Denis et al showed the mean cost of acute
care in a specialized SCI center for individuals with motor-
complete SCI was $10,120 for early transfer and $15,443 if
transferred after surgery, but omitted all costs related to the
spine surgery and tracheostomy as well as physician fees.>
Although the highest figures were reported in the U.S., which
ranged from $73,850 for Asia Impairment Score (AIS) group
D, E to $612,590 for C1-C4 AIS A, B, C cases, >'"'?21262
these figures were charges rather than actual costs (Table 2).
The average charges for acute care of SCI regardless of the
neurologic category was reported from $92,220 to $337,400 in
the U.S.'7?%2° The corresponding costs were $29,550 to
$61,180 in Australia’”® and $9,980 to $34,202 in
Canada.*®*3® The acute care costs as a percentage of the GDP
per capita were variable from 68% to 110% for Australia, 47%
to 73% for Canada, 281% to 590% for the US, and from 12% to
123% for low-to-middle income countries (LMIC) (Table 3).

Inpatient Rehabilitation

In Canada, the average reported cost of inpatient rehabilitation
for all injury categories was reported as $106,890%® and
$180,460.>! The corresponding charges in the U.S. were
reported to range from $19,540 for people with AIS D, E inju-
ries to $433,044 for people with quadriplegia,'’?* and from
$32,220 to $190,620 for inpatient charges regardless of neuro-
logic category.?®?’

First-Year After Index Injury

Similar to inpatient rehabilitation, studies reporting costs of the
first year after injury were confined to Canada and the U.S. In
Canada, the mean first-year costs ranged from $32,240 for
incomplete paraplegia to $167,640 for complete quadriple-
gia.’®** Another study reported a mean total cost of
$119,870 for all neurologic injury levels.”> However, in the
U.S., mean first-year total charges ranged from $111,780 for
AIS D, E patients to $1,156,410 for AIS A, B, C injuries of
C1-C4 level.'”**2° The mean charges of the first year without
considering injury level were $119,870 in Canada®® and
between $300,880 and $634,500 in the U.S.'"*°

Ensuing Years

Two studies from Canada and 6 from the U.S. reported the cost
of care for the years following the first year. In Canada, average
annual costs varied from $6,260 for lumbar lesions to $86,720
for complete cervical SCI.**** In the U.S., annual charges
varied from $4,490 for AIS D, E injuries to $251,450 for AIS
A, B, C injuries of C1-C4 (Table 2).'”?*** The mean annual

charges regardless of the neurologic level of injury varied
widely, from $17,950 to $96,750 (Table 3).'72%** Using data
from the Veterans Health Administration (VA), French et al**
reported mean annual costs of all outpatient and inpatient care
were $28,540 while Yu et al®> obtained $37,630 for the second
year before the end of life and $93,540 for the final year. It
should be pointed out that the former study only included the
cost of services provided by the VA. Consequently, the cost for
attendant care, which was shown to be the single largest long-
term cost item for persons with SCI, was not included. Addi-
tionally, ventilator-dependent cases were not included in the
former study; therefore the average annual costs were possibly
underestimated.

Components and Determinants of the Cost of Care

Several studies provided additional information on demo-
graphic and clinical factors that were associated with reported
acute care costs. Four of these studies were conducted in Aus-
tralia®*>>*® and Canada®*~* and one in Taiwan.** We summar-
ized statistically significant predictors of higher treatment costs
in Table 4. In the developed setting, after adjustment for other
factors, a cervical level of the injury, ASIA grade A and B,
concomitant injuries, and complication development showed
the greatest incremental effect in costs. Both surgical delay
(>24h) and delayed transfer to a specialized SCI center were
associated with incremental costs of 6300$ and 60938, respec-
tively. Other factors that showed significant relation to higher
costs were age (continuous and age >70), female sex, and
higher injury severity scores. Nevertheless gender,>*>® age
groups,®® and charlston index®® were not reported to have a
significant effect on total costs in some of these analyses.
Among studies from LMIC, Tsai et al** showed a male sex
and medical center compared to metropolitan hospitals as con-
trol were associated with higher costs.

The most important contributors to health spending in the
first year were initial hospitalization (range: 30% to 53%) fol-
lowed by inpatient rehabilitation (range: 30% to 58%). After
inpatient acute care and rehabilitation, inpatient readmission
constituted the greatest proportion of total health care costs.
Attendant care, followed by re-hospitalization, were the 2 most
substantial drivers of recurring total costs after postoperative
year one.

Discussion

We systematically reviewed the direct cost of illness for indi-
viduals with SCI from countries with different socioeconomic
development levels. This review included 30 studies, most of
which were conducted in North America. There is a paucity of
literature in Europe and LMICs. The current research has con-
siderable variation in methodology, cost descriptions, and
study timeframes, providing a wide array of cost of illness
estimates. Despite these differences in cost estimates, we found
that health care costs for patients with SCI are substantial.
Since the currently published data is not available in most
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Table 3. Average Direct Health Care Costs/charges* Per Case.

Cost of care. Mean (Median)

Ref. Study country Mean + SD (median) costs per case in 2020 USD Mean cost / GDP per capita (%)
Acute hospital care
36 New and Jackson, 2010 Australia Traumatic: $54,718 (24,254) 126
Nontraumatic: $18,700 (10,066) 43
All: $29,555 (11,300) 68
3 Vaikuntam et al, 2019 Australia $61,187 + 79,992 (36,706) 110
31 Mac-Thiong, 2012 Canada ALL: $28,682 + 20,475 47
< 24h surgical delay: 24,370 + 16,375 40
> 24h surgical delay: 29,727 + 21,237 49
32 Munce, 2013 Canada $35,457 + 45,760 73
35 Porgo et al, 2019 Canada ($9,980) IQR: (6,096-17,633) -
38 Li, 2011 China $4,860 123
40 Kawu et al, 2011 Nigeria $290 13
42 Yang et al, 2008 Taiwan $2,485 + 4,661 12
43 Lessing et, al 2020 Tanzania Operative: $757 69
Nonoperative: $219 20
16 Johnson et al, 1996 USA $132,525 (86,480)* 28|
2 DeVivo et al, 201 | USA $337,400% 59
28 Sikka et al, 2019 USA ($92,220)* IQR: 43,390-171,750 -
Rehabilitation
32 Munce, 2013 Canada $106,895 + 74,088 273
30 Bradbury et al, 2008 Canada $180,464 + 125,067 353
15 Chan et al, 1997 USA $78,969* 156
6 Johnson et al, 1996 USA $105,972 (54,727)* 224
19 McKinley et al, 2001 USA Nontraumatic: $38,029* 77
Traumatic: $99,916* 201
25 DeVivo et al, 201 | USA $190,620% 333
26 Deutsch et al, 201 | USA $32,222 + 21,317 (28,814) 55
First Year
32 Munce et al, 2013 Canada $119,867 248
16 Johnson et al, 1996 USA $300,875 (216,963)* 638
2 DeVivo et al, 201 | USA $634,496* 1ol
Ensuing years
16 Johnson et al, 1994 USA $52,758 (7,066)* 743
3 French et al, 2007 USA $28,581 49
" Yu et al, 2008 USA Last year: 93,543 (59,541) -
The year before: 37,628 (12,240)
2 DeVivo et al, 201 | USA $96,746* 169
27 Krause et al, 2019 USA $17,953+* 29

* Charges instead of costs.

countries, any generalizability of the results to a regional or
global level can only be limited to states with similar economic
status and health care systems. Our results demonstrated that
cost figures were broadly higher for the developed countries
compared with the rest of the world. Of note, we only included
studies that reported direct costs of care in the SCI population.

In a review article on the health economics of the SCI con-
ducted among war veterans, Furlan et al** reported that the cost
of care varied from $30,770 to $62,563 in 2016 USD, which in
general was greater than the health care costs for other chronic
diseases. The authors found the ratio of costs of inpatient care

to total health care (50.6% to 80.4%) was greater than the ratio
of outpatient care costs (13% to 43.5%), and outpatient phar-
macy costs (2.1% to 10.3%) to total health care. The most
significant determinants of the cost of care were the presence
of pressure ulcers, cervical level of injury, period time (i.e.
first-year post-injury and end-of-life year), and more severe
SCI. Likewise, our results demonstrated severity, level of
injury, and development of in-hospital complications were the
main origins of costs.

The disparities in reported health care costs between articles
included in our review can be partially explained by different



Malekzadeh et al

1277

Table 4. Predictors of Higher Treatment Costs.

Incremental cost

Ref. Variables in 2020 USD
Age
3! continuous 1428 (41-243)
32 > 70 2,532$ (751-4,630)
Gender
32 Female 1,252$ (119-2,243)
4 Female —1285.2
3! Neurological level cervical 11,327$ (7,484-15,170)
37 Charlson Index 2,979% (833-5,724)
3 Injury Severity Score 582% (385-780)
31 ASIA grade
A 9,865$ (4,851-14,878)
B 11,764$ (6,538-16,991)
C 4,419$ (—939-9777)
D 0
32 Traumatic brain injury 1,805$ (233-5,778)
37 Additional injury
one 6,300
2 or more 27,524
34 Care pathway;
admission to SCI center >24 h 6,093% (1,370-10,816)
3 Surgical delay
Continuous 17.8% (6.1-29.3)
> 24 h 6,300% (10,460-2,140)
32 Complication development 4,995$ (108-9,881)
M 6,518% (4,525-8,801)

I Accreditation

Medical centers
Community hospitals

3,681.1
-3125

* Statistically significant factors associated with an increase/decrease in.
Costs that were identified by a multiple regression analysis.

study objectives that possibly contributed to variations in study
participants and clinical heterogeneity. They can also be attrib-
uted to the major methodological differences in cost calcula-
tion methods. Research has shown that approaches used for
estimating health care costs including per diem, diagnosis-
related (case-mix) groups, and activity-based costing (micro-
costing) methods particularly in countries with a single-payer
health care system such as Australia and Canada, can remark-
ably under or overestimate real costs in cases with major inju-
ries.****® Furthermore, differences in cost items considered in
the cost calculation can be another potential driver of dispari-
ties in reported figures (Table 1).

The highest health care costs for patients with SCI were
found in studies from the US that reported charges instead of
actual costs. How hospitals in the U.S. set their prices and how
they are paid by different third-party payers or self-paying
individuals are covered in layers of complex negotiation and
accounting. U.S. hospitals are often paid by several distinct
third-party payers, each with a distinct set of rules for payment
contracted independently with each insurer.*’ Accordingly,
hospitals in the U.S. were paid only around 35% of the total
bill charged to a patient and billed charges are generally higher
than true costs. DeVivo et al*® highlighted the wide disparity

between estimates of charges and costs. Charges were 3 times
greater than estimated costs for acute care and 2 times greater
for inpatient rehabilitation and first-year costs. Moreover, med-
ical care expenditures in the U.S. are approximately twice as
much as in other high-income countries. Higher prices for
workforce, goods, pharmaceuticals, and administrative costs
account for the major differences in overall health spending
between the U.S. and other high-income countries.*® Conver-
sely, the lowest health spending was reported in studies from
the developing world, likely due to lower prices and treatment
intensity resulting in lower resource utilization. Although acute
care costs as a percentage of GDP per capita were considerable
for all countries, there was a trend toward higher costs in devel-
oped countries. This can be partially explained by different care
strategies such as a lower rate of surgical treatment and imple-
menting conservative treatment in low-income countries.

The different time spans between studies also contributed to
variations in reported health care costs for patients with SCI.
Using data from the National Spinal Cord Injury Statistical
Center (NSCISC), Fiedler et al reported that yearly charges for
acute care increased from $34,072 to $89,615 and total charges
increased from $125,176 to $177,415 in 1997 USD from 1973
to 1997.%! Asemota et al also presented recent evidence show-
ing increasing trends in total charges in older-adults with cer-
vical SCI analyzing The Nationwide Inpatient Sample (NIS)
from 2001 to 2010.°% Since advances in medicine and rehabi-
litation have improved survival among patients with extreme
injuries,” health expenditures have increased substantially
over the past few decades. Advances in surgical technology
and improvement in internal fixation devices have increased
the number of surgical procedures involving surgical decom-
pression of the spine and have partially caused increasing
costs.>® This does not include incentives to reduce total care
spending and rehabilitation utilization and reimbursement in
the U.S. Therefore, it is unjustified to compare health spending
in different timeframes. Hospital-associated factors (e.g. level
of the trauma center, specified centers, volume, indirect or
delayed transfer, and treatment protocols) and major epidemio-
logical and demographic differences in SCI populations
between the studies could also be potential sources of differ-
ence in healthcare spending.

For the predictors of higher treatment costs, level and sever-
ity of the injury and in-hospital complications were major
determinants of cost. Urinary-related secondary complications
followed by respiratory complications and pressure injuries
were the major secondary complications during acute care
treatment.*® Pressure ulcer in individuals with SCI remains a
common yet preventable complication. The average monthly
cost of pressure ulcer management in a community-dwelling
SCI population was $4,745 (2011 Canadian dollars).>> Hospi-
talization costs were also related to a surgical delay of >24h.
Furthermore, acute care costs were comparatively less expen-
sive if patients admitted to a specialized SCI center within 24 h
from injury. Previous studies have suggested that early decom-
pression of the spinal cord and early inpatient rehabilitation are
cost-effective, and are associated with favorable outcomes.>®>’
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Early recognition, appropriate prehospital care, and timely
transfer to an SCI center are essential to receive specialist care
and reduce preventable complications.”®

Healthcare costs in the first year post-injury were higher
than the following years. The largest proportion of total health-
care costs in the first year post-injury involved initial hospita-
lization, inpatient rehabilitation, and inpatient readmission.>
During the following years after the first year, attendant care
followed by re-hospitalization was the most substantial driver
of recurring total costs. Samsa et al*’, in a study of the patterns
of inpatient admissions among a cohort of veterans with SCI,
found that the incidence of re-hospitalization decreased more in
years 2 to 5 after injury but more slowly thereafter. Another
study of VA patients showed that among the SCI population,
one-half of the recurring costs after the first year post-injury
were associated with inpatient care.?* Jaglal et al°® showed that
the main causes of secondary complications after index dis-
charge were musculoskeletal, respiratory, gastrointestinal, and
urological disorders. Although the inpatient and attendant ser-
vice costs are an important part, durable medical equipment,
and home modification costs are also major constituents of the
total costs during the years following the first postoperative
year.

Limitations

Our review had some inherent limitations. Firstly, data was not
available in most parts of the world. Secondly, our review
showed considerable variability in the costs and cost calcula-
tions of SCI cases. There was no unified definition for the cost
of care, and literature consisted of different methods of cost
calculation. Furthermore, methodological and reporting hetero-
geneities were common, which complicated the comparison of
the results between publications. Moreover, it was not practical
to extract the results and conduct a meta-analysis.

Conclusion

Healthcare costs associated with SCI have broad heterogeneity
among different countries due to the definition of cost of care,
different time horizons, level and severity of the injury, and
health system structure. Therefore, generalizing these health
care costs to a regional or global level requires careful consid-
eration. However, the life-long economic cost of SCI is
extremely high. Since inconsistencies in the method of con-
ducting studies and limited reporting detail have complicated
interpretation and limited studies usefulness, future investiga-
tions should follow standard guides for methodology. Pub-
lished standards on conducting cost of illness studies are
available to encourage uniforrnity.m’m’62 A methodology guide
designed particularly for SCI studies based on these publica-
tions could make the best use of a cost of illness studies for SCI.
Further studies on the cost of care for individuals with SCI are
needed to assist patients, healthcare providers, administrators,
and policymakers in making better decisions concerning
resource allocation based on the anticipated costs. Moreover,

cost-effectiveness studies are essential to identify the efficacy
of different interventions and care pathways when planning for
optimal care for SCI cases.
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