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OBJECTIVE Acute spine trauma (AST) has a relatively low incidence, but it often results in substantial individual impair-
ments and societal economic burden resulting from the associated disability. Given the key role of neurosurgeons in the
decision-making regarding operative management of individuals with AST, the authors performed a systematic search
with scoping synthesis of relevant literature to review current knowledge regarding the economic burden of AST.

METHODS This systematic review with scoping synthesis included original articles reporting cost-effectiveness, cost-
utility, cost-benefit, cost-minimization, cost-comparison, and economic analyses related to surgical management of AST,
whereby AST is defined as trauma to the spine that may result in spinal cord injury with motor, sensory, and/or autonom-
ic impairment. The initial literature search was carried out using MEDLINE, EMBASE, CINAHL, CCTR, and PubMed. All
original articles captured in the literature search and published from 1946 to September 27, 2017, were included. Search
terms used were the following: (cost analysis, cost effectiveness, cost benefit, economic evaluation or economic impact)
AND (spine or spinal cord) AND (surgery or surgical).

RESULTS The literature search captured 5770 titles, of which 11 original studies met the inclusion/exclusion criteria.
These 11 studies included 4 cost-utility analyses, 5 cost analyses that compared the cost of intervention with a compara-
tor, and 2 studies examining direct costs without a comparator. There are a few potentially cost-saving strategies in the
neurosurgical management of individuals with AST, including 1) early surgical spinal cord decompression for acute trau-
matic cervical spinal cord injury (or traumatic thoracolumbar fractures, traumatic cervical fractures); 2) surgical treatment
of the elderly with type-Il odontoid fractures, which is more costly but more effective than the nonoperative approach
among individuals with age at AST between 65 and 84 years; 3) surgical treatment of traumatic thoracolumbar spine
fractures, which is implicated in greater direct costs but lower general-practitioner visit costs, private expenditures, and
absenteeism costs than nonsurgical management; and 4) removal of pedicle screws 1-2 years after posterior instru-
mented fusion for individuals with thoracolumbar burst fractures, which is more cost-effective than retaining the pedicle
SCrews.

CONCLUSIONS This scoping synthesis underscores a number of potentially cost-saving opportunities for neurosur-
geons when managing patients with AST. There are significant knowledge gaps regarding the potential economic impact
of therapeutic choices for AST that are commonly used by neurosurgeons.
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common, is associated with substantial impact to
individuals due to the associated motor, sensory,
and autonomic impairment; associated disability; and re-
duced lifespan.!31618202930 Hogpital trauma centers have

ﬁ cuTE spine trauma (AST), though relatively un-

documented that AST represents between 2% and 23% of
trauma admissions in the United States and Canada.?3
Although the epidemiology of AST varies by countries,
the most common causes of AST are usually motor ve-
hicle accidents, falls, and sports-related trauma, among

ABBREVIATIONS AST = acute spine trauma; ICD9-BISS = International Classification of Diseases, 9th Edition-Based Injury Severity Score; QALY = quality-adjusted life

year; SCI = spinal cord injury.
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others.!6:202329-31.34.36 - Nonetheless, the epidemiology of
AST has been changing over the past few decades, with
an escalation of fall-related AST among the aging of the
population.”?°

Moreover, AST can have a significant impact on indi-
viduals, their family members, and society. In the United
States, the lIst-year total health care costs of attendant
care, home modifications, and equipment for caring for in-
dividuals with traumatic spinal cord injury (SCI) were es-
timated to vary from US$123,000 to US$423,000 in 2009,
depending on the level and severity of injury.® Further-
more, the ongoing annual costs after the 1st year of injury
were estimated to vary from US$33,500 to US$150,500.%
Using those costing estimations, the projected lifetime
cost for an individual injured at age 25 would span up to
US$2.7 million depending on level of injury.® Given the
substantial economic impact of treating this condition in
the short- and long-term, AST should attract greater at-
tention from health care providers, administrators, and
health care decision makers working in an economically
constrained health care system.

In addition to the substantial economic burden asso-
ciated with AST, there are other pressing reasons for a
better understanding of the potential cost-saving opportu-
nities in the area of health economics in AST, including
increasing health care costs associated with new technolo-
gies and therapies, and aging of the population.”!” Under-
standing the near- and long-term economic consequences
of AST surgical decision-making is paramount to inform-
ing health care policy makers and administrators in iden-
tifying interventions that will reduce the burden of AST
while minimizing total direct costs from a health system
perspective. Given this, we carried out this scoping re-
view of the literature in order to identify, synthetize, and
analyze the current knowledge on the health economics
of AST.

Methods

This systematic review and scoping synthesis included
original articles focused on cost-effectiveness, cost-utili-
ty, cost-benefit, cost-minimization, cost-comparison, and
economic analysis related to neurosurgical management
of AST, including traumatic SCI. Editorials, commentary,
conference abstracts, and case reports were excluded. For
the purpose of this review, AST was defined as trauma to
the spine that may result in SCI with motor, sensory, and/
or autonomic impairment.

The primary literature search was carried out using
MEDLINE, the Excerpta Medica database (EMBASE),
the Cumulative Index to Nursing and Allied Health Lit-
erature (CINAHL), the Cochrane Controlled Trials Reg-
ister (CCTR), and PubMed without limits to language or
individual age at the time of AST from 1946 to September
27, 2017. The literature search used the following terms:
(cost analysis, cost effectiveness, cost benefit, economic
evaluation or economic impact) AND (spine or spinal
cord) AND (surgery or surgical). All titles and abstracts
were screened by a single reviewer who selected the ar-
ticles according to the inclusion and exclusion criteria.
A secondary search was carried out using the reference
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list from the articles captured in the primary literature
search. All selected articles were eventually reviewed and
their data were abstracted into tables, synthesized, and
analyzed. Outcomes of interest included costs, cost per
quality-adjusted life year (QALY), and cost per clinical
outcome.

Because there is no consensus-derived quality assess-
ment currently available for economic studies, we used
well-recognized specific reporting checklists to indirectly
evaluate the quality of the economic studies. The cost-
effectiveness and cost-utility studies were evaluated using
the Drummond checklist'® and the Consolidated Health
Economic Evaluation Reporting Standards (CHEERS)
checklist,”® while the cost studies were examined using a
checklist presented in a critical review of cost-of-illness
studies by Larg and Moss.?

Results

The primary literature search captured 5770 titles, of
which a total of 11 studies were deemed to meet the in-
clusion and exclusion criteria (Fig. 1). The secondary lit-
erature search did not capture additional articles. Over-
all, there were 4 cost-utility analyses, 5 cost analyses that
compared the cost of intervention with a comparator, and
2 studies that examined costs without a comparator.

The majority of the studies (8 of 11) were published
in the last 6 years. The patient population varied in the
studies, with 3 on traumatic thoracolumbar spine fracture,
3 on traumatic cervical spine fracture, 2 on traumatic cer-
vical SCI, 2 on thoracolumbar burst fractures, and 1 on
geriatric type-II odontoid fracture (Table 1). Pooling data
for analysis was precluded due to the heterogeneity of pa-
tient populations, clinical entities, surgical interventions,
and outcomes of interest. Overall, no main methodologi-
cal issues were identified among the cost-effectiveness
studies (Tables 2 and 3, respectively). The majority of the
cost studies and cost-comparison studies showed no major
methodological issues recognized by the checklist based
on a critical review of cost-of-illness studies by Lang and
Moss (Table 4).

Cost-Effectiveness Studies in Cervical Spine Surgery

Furlan et al. examined the cost-effectiveness of early
(within 24 hours) versus delayed surgical decompression
of the spinal cord among individuals with SCI.** This cost-
utility analysis was undertaken under the perspective of
a publicly funded insurer. Clinical and utility data were
derived from a prior multicenter observational study.!! The
costs included all direct hospital costs in a spine trauma
center and inpatient rehabilitation for the initial 6 months
after AST. For individuals with motor complete SCI, the
total cost for early decompression was approximately
US$11,000 (in 2014) less than that for delayed decompres-
sion, with an incremental utility difference of 0.0002. For
motor incomplete SCI, individuals with early decompres-
sion showed US$5000 lower costs and 0.01 higher utilities
compared to delayed decompression. In the probabilistic
sensitivity analyses for motor complete SCI, there was
a 53% probability that the early decompression is more
cost-effective than delayed surgery at all willingness-to-
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FIG. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)?% inclusion flow diagram.

plete SCT and a saving of US$536,217 per QALY gained
in patients with incomplete SCI for the early spinal de-
compression. The authors concluded that early surgical
decompression of the spinal cord decreases health care

pay thresholds. For motor incomplete SCI, this probability
increased to 59%—-60% at all thresholds. The incremen-
tal cost-effectiveness ratio analysis indicated a saving of
US$58,368,024 per QALY gained for patients with com-

TABLE 1. Details of studies included in our scoping review

Population

Author & Year Jurisdiction Study Type Patient Condition Intervention Comparator
Aras etal., 2016 Denmark Cost comparison Thoracolumbar burst fracture Surgical Conservative
Barlow et al., 2016 us Cost-utility analysis ~ Geriatric type-Il odontoid fracture ~ Operative Nonoperative
Boakye et al., 2012 us Cost comparison Thoracolumbar fracture Early fixation Late fixation
Furlan et al., 2016* Canada Cost-utility analysis  Cervical SCI Early decompression  Delayed decompression
Furlan et al., 2016" Canada Cost-utility analysis  Cervical SCI Elderly Non-elderly
Leeetal, 2017 South Korea  Cost-utility analysis  Thoracolumbar burst fracture Pedicle screw removal  No screw removal
Medress et al., 2015 us Cost comparison Cervical fracture Early surgery Late surgery
Nandyala et al., 2013 us Cost comparison Cervical spine trauma Weekend admission Weekday admission
Siebenga et al., 2007 Netherlands ~ Cost comparison Thoracolumbar spine fracture Surgical Nonsurgical
van der Roer et al., 2005 Netherlands Cost analysis Thoracolumbar spine fracture Not applicable NA
Watts et al., 1993 us Cost analysis Unstable SCI Sublaminar wiring NA
NA = not applicable.
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TABLE 2. Results of the economic evaluation checklist by Drummond et al.

Barlow etal., Furlanetal., Furlanetal, Leeetal.,

2016 2016 2016" 2017
Study design
The research question is stated. Yes Yes Yes Yes
The economic importance of the research question is stated. Yes Yes Yes Yes
The viewpoint(s) of the analysis are clearly stated and justified. Yes Yes Yes Yes
The rationale for choosing the alternative programmes or interventions compared is stated. Yes Yes Yes Yes
The alternatives being compared are clearly described. Yes Yes Yes Yes
The form of economic evaluation used is stated. Yes Yes Yes Yes
The choice of form of economic evaluation is justified in relation to the questions addressed. Yes Yes Yes Yes
Data collection
The source(s) of effectiveness estimates used are stated. Yes Yes Yes Yes
Details of the design and results of effectiveness study are given (if based on a single study). Yes Yes NA Yes
Details of the method of synthesis or meta-analysis of estimates are given (if based on an NA NA Yes NA
overview of a number of effectiveness studies).
The primary outcome measure for the economic evaluation is clearly stated. Yes Yes Yes Yes
Methods to value health states and other benefits are stated. Yes Yes Yes Yes
Details of the subjects from whom valuations were obtained are given. No Yes Yes Yes
Productivity changes (if included) are reported separately. NA NA NA NA
The relevance of productivity changes to the study question is discussed. NA NA NA NA
Quantities of resources are reported separately from their unit costs. Yes Yes Yes NA
Methods for the estimation of quantities and unit costs are described. Yes Yes Yes Yes
Currency and price data are recorded. Yes Yes Yes Yes
Details of currency of price adjustments for inflation or currency conversion are given. Yes Yes Yes No
Details of any model used are given. Yes Yes Yes NA
The choice of model used and the key parameters on which it is based are justified. Yes Yes Yes NA
Analysis and interpretation of results
Time horizon of costs and benefits is stated. Yes Yes Yes Yes
The discount rate is stated. NA NA NA Yes
The choice of rate is justified. NA NA NA No
An explanation is given if costs or benefits are not discounted. Yes Yes Yes NA
Details of statistical tests and confidence intervals are given for stochastic data. NA Yes Yes Yes
The approach to sensitivity analysis is given. Yes Yes Yes Yes
The choice of variables for sensitivity analysis is justified. Yes Yes Yes Yes
The ranges over which the variables are varied are stated. Yes Yes Yes Yes
Relevant alternatives are compared. Yes Yes Yes Yes
Incremental analysis is reported. Yes Yes Yes Yes
Major outcomes are presented in a disaggregated as well as aggregated form. No Yes Yes Yes
The answer to the study question is given. Yes Yes Yes Yes
Conclusions follow from the data reported. Yes Yes Yes Yes
Conclusions are accompanied by the appropriate caveats. Yes Yes Yes Yes

Based on data discussed in Drummond MF, Jefferson TO: Guidelines for authors and peer reviewers of economic submissions to the BMJ. The BMJ Economic Evalua-

tion Working Party. BMJ 313:275-283, 1996.

costs and may marginally increase the patient’s quality of
life for a willingness-to-pay of US$50,000."

Furlan et al. carried out a cost-utility comparing young-
er adults (less than 65 years) versus elderly individuals
with acute traumatic cervical SCI regarding their initial
surgical treatment and inpatient rehabilitation."® This cost-
utility analysis was performed under the perspective of
a publicly funded insurer in Canada. Clinical and utility
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data were derived from a prior multicenter observational
study.!! Costing data included all hospital costs from the
spine trauma center and inpatient rehabilitation within the
first 6 months following AST. The mean treatment cost for
elderly individuals’ SCI was US$56,600 (in 2014) higher
than that for the younger group, for a mean utility differ-
ence of 0.01 lower in the elderly group."® The incremental
cost-effectiveness ratio analysis suggested an additional
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TABLE 3. Results of the CHEERS checklist for included cost-effectiveness studies

Barlowet Furlanet Furlanet Leeet
al., 2016 al., 2016 al., 2016" al., 2017

Title and abstract

Identify the study as an economic evaluation, or use more specific terms such as “cost-effective- Yes Yes Yes Yes
ness analysis” and describe the intervention compared.

Provide a structured summary of objectives, perspective, setting, methods (including study design Yes Yes Yes Yes
and inputs), results (including base-case and uncertainty analyses), and conclusions.

Introduction
Provide an explicit statement of the broader context for the study. Yes Yes Yes Yes
Present the study question and its relevance for health policy or practice decisions. Yes Yes Yes No
Methods

Describe characteristics of the base-case population and subgroups analyzed, including why they Yes Yes Yes Yes
were chosen.

State relevant aspects of the system(s) in which the decision(s) need(s) to be made. No No No No

Describe the perspective of the study and relate this to the costs being evaluated. No Yes Yes Yes

Describe the interventions or strategies being compared and state why they were chosen. Yes Yes Yes Yes

State the time horizon(s) over which costs and consequences are being evaluated and say why Yes Yes Yes No
appropriate.

Report the choice of discount rate(s) used for costs and outcomes and say why appropriate. No NA NA yes

Describe what outcomes were used as the measure(s) of benefit in the evaluation and their rel- Yes Yes Yes Yes
evance for the type of analysis performed.

Single study-based estimates: Describe fully the design features of the single effectiveness study NA Yes Yes Yes
and why the single study was a sufficient source of clinical effectiveness data OR

Synthesis-based estimates: Describe fully the methods used for the identification of included stud- Yes NA NA NA
ies and synthesis of clinical effectiveness data.

If applicable, describe the population and methods used to elicit preferences for outcomes. NA NA NA NA

Single study-based economic evaluation: Describe approaches used to estimate resource use as- NA Yes Yes Yes

sociated with the alternative interventions. Describe primary or secondary research methods for
valuing each resource item in terms of its unit cost. Describe any adjustments made to approxi-
mate opportunity costs.

Model-based economic evaluation: Describe approaches and data sources used to estimate Yes NA NA NA
resource use associated with model health states. Describe primary or secondary research
methods for valuing each resource item in terms of its unit costs. Describe any adjustments
made to approximate to opportunity costs.

Report the dates of the estimated resource quantities and unit costs. Describe methods for adjust- Yes Yes Yes Yes
ing estimated unit costs to the year of reported costs if necessary. Describe methods for convert-
ing costs into a common currency base and exchange rate.

Describe and give reasons for the specific type of decision-analytic model used. No No No NA
Describe all structural or other assumptions underpinning the decision-analytic model. No No No No
Describe all analytic methods supporting the evaluation. Yes Yes Yes Yes
Results
Report the values, ranges, reference, and if used, probability distribution for all parameters. Report Yes Yes Yes Yes
reasons or sources for distributions used to represent uncertainty where appropriate.
For each intervention, report mean values for the main categories of estimated costs and outcomes Yes Yes Yes Yes

of interest, as well as mean difference between the comparator groups. If applicable, report
incremental cost-effectiveness ratios.

Single study-based economic evaluation: Describe the effects of sampling uncertainty for estimat- NA Yes Yes No
ing incremental cost, incremental effectiveness, and incremental cost-effectiveness, together
with the impact of methodological assumptions.

Model-based economic evaluation: Describe the effects on the results of uncertainty for all input Yes NA NA NA
parameters, and uncertainty related to the structure of the model and assumptions.

CONTINUED ON PAGE 6 »
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» CONTINUED FROM PAGE 5

TABLE 3. Results of the CHEERS checklist for included cost-effectiveness studies

Barlowet Furlanet Furlanet Leeet
al., 2016 al., 2016™ al., 2016" al., 2017

If applicable, report differences in costs, outcomes, or cost-effectiveness that can be explained Yes No No No
by variations between subgroups of patients with different baseline characteristics or other

observed variability in effects that are not reducible by more information.

Discussion

Summarize key study findings and describe how they support the conclusions reached. Discuss Yes Yes Yes Yes
limitations and the generalizability of the findings and how the findings fit with current knowledge.

Other

Describe how the study was funded and the role of the funder in the identification, design, conduct, Yes Yes Yes Yes
and reporting of the analysis. Describe other nonmonetary sources of support.

Describe any potential for conflict of interest among study contributors in accordance with journal Yes Yes Yes Yes

policy.

Based on CHEERS checklist. From Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D, et al: Consolidated Health Economic Evaluation Report-
ing Standards (CHEERS) statement. BMC Med 11:80-7015-7011-7080, 2013. CC-BY-NC 3.0 license (https://creativecommons.org/licenses/by-nc/3.0/).

cost of US$5,655,557 per QALY gained when managing
elderly patients compared to younger individuals with
SCL."® The authors concluded that surgical management
and rehabilitation of acute traumatic cervical SCI in the
elderly are costlier but similarly effective when compared
to younger adults.!?

Barlow et al. conducted a cost-effectiveness compari-
son of operative versus nonoperative treatment of indi-
viduals 64 years and older with type-II odontoid fractures
who were treated at a trauma center in New England.?
This cost-utility analysis was apparently undertaken under
the perspective of multiple private insurers in the Unit-
ed States. Results were stratified into the following age
groups: 65-74 years, 75-84 years, and 85 years or older
at the time of AST. The authors reported that operative
treatment was more costly than nonoperative treatment
at 1 year for all age groups, whereas operative treatment
only resulted in greater QALYs for the 2 younger groups,
with a cost of US$12,078 (in 2013) per QALY for the 65-
to 74-year age group, and US$40,467 per QALY for the
75- to 84-year age group.> Nonoperative treatment was
considered the dominant approach when compared to op-
erative treatment for individuals older than 84 years, for
a willingness-to-pay of US $100,000.® The authors con-
cluded that operative treatment was likely cost-effective
for individuals between 65 and 84 years of age; however,
operative treatment was more costly and less effective for
individuals older than 85 years.?

Cost-Effectiveness Studies in Thoracolumbar Spine
Surgery

Aras et al. performed a cost-effectiveness study com-
paring surgical treatment to conservative management for
thoracolumbar burst fractures.! This cost-effectiveness
analysis was undertaken under the perspective of a tax-
funded state-run universal health care system in Denmark.
This study included consecutive patients with CT-verified
incomplete burst fractures of the T11-L2 vertebrae who
were admitted to a university hospital. All hospital, emer-
gency department, and health care provider costs incurred
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from diagnosis up to 2 years were included.! The effec-
tiveness outcome of interest was use of oral morphine
equivalent and daily doses of narcotic/nonnarcotic anal-
gesics. While the health care costs for the group requir-
ing surgery were EUR 10,734 (in 2010) higher than those
treated nonsurgically matched for age and sex, there were
no significant differences between the study groups for
the effectiveness outcomes.! The probabilistic sensitivity
analysis showed that the probability of surgery being cost-
effective compared to no surgery was below 50% for all
effectiveness outcomes at all willingness-to-pay thresh-
olds. The authors concluded that surgical treatment for
thoracolumbar burst fractures was not cost-effective com-
pared to nonsurgical approach.

Lee et al. examined the cost-effectiveness of removing
the pedicle screw after successful posterior instrumented
fusion versus leaving the screw for individuals with thora-
columbar burst fractures.”? This cost-utility analysis was
undertaken under the perspective of a publicly funded
insurer in South Korea. This study included all inpatient
hospital expenses, physician fees, and medication costs
within a 2-year horizon using a discount rate of 3% a
year.? There were higher costs—increase of US$2529 (in
2016) at 1 year and US$2592 at 2 years—in the interven-
tion arm due to the additional surgery to remove the screw.
However, there was a QALY gain of 0.097 at 1 year and
0.201 at 2 years for the intervention group. Removal of the
pedicle screw resulted in an incremental cost-effectiveness
ratio of US$26,072 per QALY at 1 year and US$13,125 per
QALY at 2 years when compared to the group of patients
without removal of the pedicle screws.?? The authors con-
cluded that removal of the pedicle screws between 1 and 2
years after the initial surgical treatment of thoracolumbar
burst fractures was considered more cost-effective than
not removing the pedicle screws.??

Cost-Comparison Studies in Cervical Spine Surgery
Medress et al. examined the economic impact of early

(within 72 hours of hospital admission) and late surgery

in the management of individuals with traumatic cervical
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TABLE 4. Results of the cost-of-iliness checklist for cost analyses included in our review

Boakye Medress Nandyala Siebenga vander  Watts
Araset  etal, etal., etal, etal., Roeret etal,
al, 2016 2012 2015 2013 2007  al, 2005 1993

1) Analytical framework: what costs should have been measured?

a) What was the motivation and perspective of the study? Health  Hospital Hospital Hospital Societal Hospital Hospital
care
sector
b) Was the appropriate epidemiologic approach taken? Yes Yes Yes Yes Yes Yes Yes
¢) Was the study question well specified?
i) Were all relevant, non-trial cost components and their stakeholders Yes Yes Yes Yes Yes Yes No
identified?
ii) Were necessary timeframes specified? Yes Yes Yes Yes No No No
iii) Was a case of disease or risk factor adequately and appropriately Yes Yes Yes Yes Yes No Yes
defined?
iv) Was the counterfactual population occurrence plausible and Yes Yes Yes Yes Yes Yes Yes
meaningful?

2) Methodology and data: how well were resource use and productivity
losses measured?

a) Was an appropriate method(s) of quantification used, such that

i) Additional, or excess, costs were measured? Yes Yes Yes Yes Yes Yes Yes
ii) Only costs specific to (caused by) the health problem were Yes Yes Yes No Yes No Yes
included (confounders controlled)?
iii) All important effects were captured? Yes Yes Yes Yes Yes Yes No
iv) Important differences across subpopulations were accounted for? Yes Yes Yes Yes Yes Yes No
v) The required level of detail could be provided? Yes Yes Yes Yes Yes Yes Yes
b) Was the resource quantification method(s) well executed?
i) For population-based studies, were cost allocation methods, data ~ NA NA NA NA NA NA NA
and assumptions valid?
ii) For person-based studies, were appropriate statistical tests Yes Yes Yes Yes Yes Yes No
performed and reported?
iii) Were data representative of the study population? Yes Yes Yes Yes Yes Yes No
iv) Were there any other relevant resource quantification issues? No No No No No No Yes
c) Were healthcare resources valued appropriately? Yes Yes Yes Yes Yes Yes No
d) Was the approach for valuing production losses justified, and as- NA NA NA NA Yes NA NA

sumptions valid?

) Was the inclusion of intangible costs appropriate:

i) Was double counting of mortality-related production losses NA NA NA NA Yes NA NA
avoided?
ii) Were losses valued appropriately, given the study’s perspective? ~ NA NA NA NA Yes NA NA
3) Analysis and reporting
a) Did the analysis address the study question? Yes Yes Yes Yes Yes Yes Yes
b) Was a range of estimates presented? Yes No No No No Yes No
c) Were the main uncertainties identified? No No No No No No No
d) Was a sensitivity analysis performed on:
i) Important (uncertain) parameter estimates? No No No No No No No
ii) Key assumptions? (including the counterfactual) No No No No No No No
iii) Point estimate? (based on confidence or credible intervals) No No No No No No No
e) Was adequate documentation and justification given for cost compo-  Yes Yes Yes Yes Yes Yes No
nents, data and sources, assumptions and methods?
f) Was uncertainty around the estimates and its implications adequately No No No No No No No
discussed?

CONTINUED ON PAGE 8 »
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» CONTINUED FROM PAGE 7

TABLE 4. Results of the cost-of-iliness checklist for cost analyses included in our review

Boakye Medress Nandyala Siebenga vander  Watts
Araset  etal, etal., etal., etal., Roeret etal.,
al., 2016 2012 2015 2013 2007  al, 2005 1993
3) Analysis and reporting (continued)
g) Were important limitations discussed regarding the cost compo- Yes Yes Yes Yes No Yes No
nents, data, assumptions and methods?
h) Were the results presented at the appropriate level of detail to Yes Yes Yes Yes Yes Yes No

answer the study question (cost components; disease subtypes,
severity, stage; subpopulation groups, cost bearers)?

The checklist in the first column of this table originally appeared as Fig. 1 in Larg and Moss.?' Reprinted by permission from Springer Nature: Pharmacoeconomics 29:
653-671, Cost-of-illness studies: a guide to critical evaluation. Larg A, Moss JR. Copyright 2011.

fractures.® Using a propensity score method, both study
groups were selected by matching for age, emergency
department admission, hospital, expected payer, surgical
approach, comorbidities, and ICD9-BISS (International
Classification of Diseases, 9th Edition—Based Injury Se-
verity Score). Costing data of hospital admissions in Cali-
fornia from 2006 to 2009 (except for downstream costs)
were included. The authors concluded that initial hospital
costs were significantly lower for the individuals who un-
derwent early surgery (US$63,065 in 2009) than for the
late surgery group (US$77,049).25

Nandyala et al. compared the hospital costs of weekday
versus weekend admissions for management of individu-
als with AST who underwent cervical fusion.?’” Using the
Nationwide Inpatient Sample database, all hospital costs
for the management of individuals with AST who were ad-
mitted to over 1000 hospitals in 46 American states from
2002 to 2010 were included. Their results suggest that the
hospital costs were significantly greater for the patients
who were admitted on the weekend than for those who
were admitted on a weekday (a mean of US$10,045 higher
for those treated with anterior cervical fusion, US$10,227
higher for those who underwent posterior cervical fusion,
and US$11,301 higher for those who had anterior and pos-
terior cervical fusion). However, there were significant dif-
ferences between the study groups regarding their mean
age, sex, and number of preexisting medical comorbidities,
which could affect the results.?’

Cost-Comparison Studies in Thoracolumbar Spine
Surgery

Boakye et al. examined the economic impact of early
(within 72 hours of hospital admission) versus late frac-
ture fixation surgery for individuals with traumatic tho-
racolumbar fractures.* This study included the charges of
hospital admissions in several institutions in California
from 2003 to 2008 (no downstream cost was included).
Using a propensity score method, the study groups were
matched for admission location, age, sex, comorbidity
score, insurance type, and injury severity score (ICD9-
BISS). The authors concluded that hospital charges for in-
dividuals who underwent early surgery were US$38,120
lower than hospital charges for the later surgery group
(US$213,031 vs US$251,151, respectively).*
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Siebenga et al. compared surgical versus nonsurgical
treatment for management of individuals with traumat-
ic thoracolumbar spine fractures.> This study included
direct costs, general-practitioner visit and absenteeism
costs, and private health care expenditures of individuals
with traumatic thoracolumbar spine fractures (T10-L4
compression fracture without neurological deficit) who
were treated between 1998 and 2003 in a European insti-
tution. Mean direct costs during this time period for the
surgical treatment (US$21,960) were significantly higher
than those for the conservative management (US$11,880).
However, the general-practitioner visit costs, private ex-
penditures, and absenteeism costs for the surgical group
(US$13, US$550, and US$6630, respectively) were sig-
nificantly lower than those for the nonsurgical group
(US$34, US$816, and US$10,329, respectively).

Costing Study in Cervical Spine Surgery

Watts et al. provide a list of the costs of posterior fu-
sion with sublaminar wiring for management of individu-
als with acute traumatic, unstable cervical spine injury
who underwent surgery at the University of Missouri from
1984 to 1989 and at the University of Maryland from
1991 to 1991.% The costs for supplies were estimated to
be US$2700 (in 1993) for the Haid plate, US$2640 for the
Halifax clamp, and US$5.94 for the wiring system.?

Costing Study in Thoracolumbar Spine Surgery

Van der Roer et al. examined the cost of inpatient hos-
pital and outpatient care for management of individuals
with traumatic thoracolumbar spine fractures in a single
institution in the Netherlands.* The total mean cost to the
individual with spine fracture who underwent surgical
treatment was EUR 19,700 (in 2001), whereas the mean
cost for those individuals who underwent conservative
management was EUR 12,500.%

Discussion

Results of this scoping review underline a few potential-
ly cost-saving strategies in the neurosurgical management
of individuals with AST. Early surgical treatment may be
more cost-effective (or less costly) than delayed surgery in
the management of individuals with acute traumatic cervi-
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cal SCI (or traumatic thoracolumbar or cervical fractures).
The initial surgical treatment and inpatient rehabilitation
for the management of elderly individuals with acute trau-
matic cervical SCI is more costly but similarly effective to
that for the younger individuals. Surgical treatment of the
elderly with type-II odontoid fractures is more costly than
the nonoperative approach; however, surgical treatment
is more effective than the nonoperative approach among
individuals whose age at the time of AST is between 65
and 84 years. Surgical treatment of traumatic thoracolum-
bar spine fractures is implicated in greater direct costs but
lower general-practitioner visit costs, private expenditures,
and absenteeism costs than nonsurgical management. Re-
moval of pedicle screws from 1 to 2 years after posterior
instrumented fusion for individuals with thoracolumbar
burst fractures is more cost-effective than no removal of
the pedicle screws.

The number of cases of AST appears to be increasing
with time in many jurisdictions. Trends in admission of
traumatic spine injury at a trauma center in Ontario (Can-
ada) show an increase in admissions over time well beyond
population growth.?® With the substantial cost for treating
each injured patient, there will be an increasing need to
identify and implement interventions that show both ef-
ficacy and value. With hospitals facing fiscal restraint and
mean length of hospital stay remaining unchanged over
time, there is an opportunity and need for improvements
in efficiency of management of patients with AST.?° This
scoping review identified a few potentially cost-saving
strategies in the management of AST that should be con-
sidered by neurosurgeons, policy makers, and administra-
tors. Efficiency may be improved through adjusting the
timing of neurosurgical treatment. For instance, early sur-
gical decompression of the spinal cord (within 24 hours
from injury) may be cost-saving with similar outcomes
in the management of individuals with acute traumatic
cervical SCIL."* Interestingly, a recent benchmarking pro-
cess analysis of surgical decompression after traumatic
cervical spine injury revealed that health-related factors
were the most important determinants of the delay in the
surgical decompression of the spinal cord.” The same
benchmarking analysis also showed that patients who
underwent early surgery had a significantly shorter wait-
ing time, shorter waiting time for assessment by a spine
surgeon, and a shorter waiting time for a surgical deci-
sion than did the patients in the delayed surgery group.”
Perhaps not surprisingly, neurosurgeons’ availability and
decision-making process can directly affect the health
care efficiency and costs.

This review also underscores other potentially cost-
saving opportunities for neurosurgeons in the area of AST.
Cost-savings could also be realized through early fracture
fixation surgery for individuals with traumatic thoraco-
lumbar or cervical spine fractures.** Furthermore, the
treatment choice between surgical and nonsurgical treat-
ment is also an area where efficiency may be improved.
For instance, surgical treatment of traumatic thoracolum-
bar burst fractures and surgical treatment of type-II odon-
toid fractures for individuals over 65 years of age were
both found to be non—cost-effective compared to conser-
vative treatment.'* Those results suggest that these inter-
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ventions could save health care costs while not decreasing
patient outcomes.

Although this review did not capture a single study on
the cost-saving magnitude preventative interventions, it is
obvious that prevention of AST represents a great oppor-
tunity to reduce disability and health care costs. Various
studies have reported that SCIs due to motor vehicle ac-
cidents have been decreasing while injury due to falls is on
the rise.?2839 The population group at risk for fall-related
SCI tends to be older than the rest of the population.'>3+3
Fall-prevention strategies in the elderly may help reduce
the number of future cases of fall-related AST as empha-
sized in a recent literature review by the Canadian Agency
for Drugs and Technologies in Health.> Overall, 9 studies
documented that fall-prevention strategies can be cost-ef-
fective and in some cases cost-saving.’

The combination of a comprehensive fall-prevention
strategy along with a conservative approach to treating
spine trauma and early intervention where surgery is pre-
ferred may result in a substantial reduction in the econom-
ic burden on the health care system. Moreover, additional
economic analyses for other interventions to treat individ-
uals with traumatic spinal injury would lead to the identi-
fication of other potential ways to improve patient care in
a fiscally responsible manner.

Study Limitations

While this is a comprehensive review of the literature
that stresses some of the potential economic impact of
neurosurgeons’ decisions when managing AST, our re-
view has limitations that must be taken into account when
applying its results.

First, although our search strategy for peer-reviewed
literature was comprehensive, this review did not include
a search for “gray literature” where economic evaluations
conducted by health technology assessment agencies or
similar organizations are usually published. Given the
limited peer-reviewed literature and the relatively low
incidence of AST, it is unlikely that a health technology
assessment agency has conducted an economic evalua-
tion on this population. Second, most (if not all) of the
economic studies included in this review have limited
generalizability that is intrinsic to their study design and
population. Third, the study selection for our review was
limited to a single reviewer. While the other authors as-
sisted in the refinement of the selection of the studies
prior to data extraction and synthesis, there is still the
possibility that relevant studies may have been filtered
out by the reviewer. Fourth, the discrepancies of the
health care coverage and accessibility among different
jurisdictions impose limitations to the applicability and
economic effects of the practice and policy changes sup-
ported by those prior studies in the literature. Fifth, all
studies captured in this review were carried out in high-
income countries where resources are commonly and
widely available for the vast majority of their population;
hence, those results may not be generalizable across the
world. Finally, stakeholders such as health care decision
makers were not consulted during the study development
to provide an additional perspective and to validate study
findings. Although Arksey and O’Malley? consider this
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optional for a scoping study, Levac et al.** endorse that
inclusion of stakeholders in the scoping review develop-
ment should be a required step because it provides addi-
tional methodological rigor.

Conclusions

This review stresses potentially cost-effective neurosur-
gical strategies, including early surgical treatment com-
pared to delayed surgery for acute traumatic cervical SCI,
traumatic thoracolumbar and cervical fractures, surgical
treatment for type-1I odontoid fracture in patients 65-84
years old, and removal of pedicle screws within the first
2 years after posterior instrumented fusion for thoraco-
lumbar burst fractures. However, those results were based
on single studies of selected population groups that were
managed in distinct jurisdictions, limiting their general-
izability. Finally, there are significant knowledge gaps re-
garding the economic impact of therapeutic choices that
are commonly used by neurosurgeons when managing
patients with AST.
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