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ABSTRACT
Background: In the United States, expenditures related to spine
care are estimated to account for $86 billion annually. Policy
makers have set a cost-effectiveness benchmark of less than
$100,000/quality adjusted life year (QALY), forcing surgeons
to defend their choices economically. This study projects the
cost/QALY for surgical treatment of adult spinal deformity at 5-
year follow-up based on 2-year cost- and health-related
quality-of-life (HRQOL) data.

Methods: In a review of 541 patients with adult spinal
deformity, the patients who underwent revision or were likely to
undergo revision were identified and cost of surgery was
doubled to account for the second procedure; all other patients
maintained the cost of the initial surgery. Oswestry Disability
Index (ODI) was modeled by revision status based on literature
findings. Total surgical cost was based on Medicare
reimbursement. Chi square and student t tests were utilized
to compare cost-effective and non–cost-effective patients.

Results: The average cost/QALY at 5-year follow-up was
$120,311.73. A total of 40.7% of patients fell under the
threshold of a cost/QALY <$100,000. Cost-effective patients

had higher baseline ODI scores (45% vs 34% [P¼0.001]),
lower baseline total Scoliosis Research Society scores (2.89
vs 3.00 [P¼0.04]), and shorter fusions (8.23 vs 9.87
[P¼0.0001]).

Conclusion: We found 40.7% of patients to be below the
threshold of cost effectiveness. Factors associated with
reaching the threshold <$100,000/QALY were greater preop-
erative disability, diagnosis of idiopathic scoliosis, poor
preoperative HRQOL scores, and fewer fusion levels.

INTRODUCTION
The United States spent $2.5 trillion, 17.6% of

gross domestic product, on healthcare in 2009—the
highest per capita spending for any industrialized
nation.1-3 Spine care–related expenditures in the
United States are estimated to account for $86 billion
annually.4 Compared to other well-studied patholo-
gies—arthritis, with estimated annual expenditures of
$80.3 billion, and cancer, with estimated annual
expenditures of $89 billion—the price tag for spine
care is relatively high.5 Consequently, the spine
community is under increasing pressure to demon-
strate both the clinical effectiveness and the cost
effectiveness of the treatments provided.

Establishing cost-effectiveness profiles for surgi-
cal treatment of even the most common spinal
pathologies has proven difficult given the inherent
heterogeneity of these patient populations.6 Recent
studies have used strict inclusion criteria and rigid
application of published guidelines to determine cost-
effectiveness values for several of the more common
pathologies.7-10 These studies continue to evolve with
regards to data collection and defining the direct and
indirect costs that are necessary to consider when
establishing a truly societal perspective.6,10,11
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Cost-effectiveness research is conducted using
the outcomes measure cost/quality adjusted life years
(QALYs): the cost of the health intervention divided by
the QALYs. A QALY measures the health state of an
individual on a scale with zero the equivalent of death
and 1 equal to the optimal state for 1 year of life. A
change in QALY induced by a health intervention can
represent substantial clinical benefit.12,13 Woven into
the mathematical description of cost effectiveness are
2 facts: (1) if you assume a durable treatment benefit,
then long-term follow-up will increase the perceived
value of a given intervention, and (2) complex
interventions with high upfront direct care costs
(DCCs) need to demonstrate durable treatment over
the long term to fall within acceptable thresholds of
cost effectiveness. Cost effectiveness has been
demonstrated most recently with the study of lumbar
fusion in the setting of spondylolisthesis.10 Tradition-
ally, $100,000/QALY is accepted as the threshold for
cost effectiveness.14-17

The surgical management of adult spinal deformi-
ty (ASD) carries extraordinary DCCs in relation to less
complex and more common counterparts such as
discectomy and decompressive laminectomy. These
costs are reflected in the cost-effectiveness profile for
ASD surgery at 2 years that is outside the target range
in terms of cost/QALY.18,19 However, the surgical
benefit for ASD patients is known to be durable over
the long term despite the surgery being associated
with high complication and revision rates that can
increase cost and affect outcome.20-23

The purpose of this study was to create a patient
cohort model based on a comprehensive review of
the literature to estimate cost effectiveness of ASD
surgery at 5-year follow-up utilizing baseline and 2-
year data. A secondary aim was to initiate the
development of a predictive patient risk profile so
patients can be stratified and preoperative planning
and counseling can be adjusted appropriately.

METHODS
Institutional review board approval for this study

was obtained by each participating institution.

Patient Population
Included in this retrospective review of patients

enrolled in a prospective consecutive database were
adults (>18 years) who underwent an operative
intervention for a spinal deformity (adolescent
idiopathic scoliosis of adulthood [AISA], de novo
degenerative scoliosis [DDS], global sagittal mal-
alignment, or other spinal conditions). Patients had a
minimum of 5 levels fused and had follow-up data for
2 years.

Data Collection
Demographic parameters included age, sex, prior

spine surgery, and medical history. Surgical param-
eters included operative approach, number of levels
fused, fusion to the pelvis, osteotomy details, opera-
tive time, estimated blood loss (EBL), and type of
intraoperative monitoring. This information was used
to apply International Classification of Diseases (ICD)-
9 Current Procedural Terminology (CPT) codes. We
evaluated the hospital length of stay (LOS), intraop-
erative and immediate postoperative complications,
and comorbidities as components of the diagnosis-
related group (DRG). We retrieved postoperative
complications (including pseudarthrosis, curve pro-
gression, infection, painful/prominent implants, adja-
cent segment degeneration with back pain, implant
failure, and neurologic deficit) and reoperation rates
at 2-year follow-up from the database.

Reoperation
We conducted a literature review to determine an

established revision rate for ASD surgery over the 5-
year follow-up period,20,22 as well as known ASD risk
factors and the most common reasons for reopera-
tion. We individually reviewed patient-related param-
eters to identify patients presenting with those risk
factors who were therefore at risk of requiring a
reoperation. Any patient who was known to have
revision by 2-year follow-up or had greater than 4 risk
factors for revision surgery was included in the
modeled reoperation population. All other patients
were included in the nonreoperation population.

Costs
Direct costs included both hospital and physician

reimbursements, calculated based on Medicare reim-
bursement rates. These data were estimates because
they represented an average, large urban hospital
and were not modified for any socioeconomic factors.

Hospital reimbursements were DRG based; each
patient was assigned a DRG based on his/her spine-
related diagnosis with consideration for coexisting
and comorbid conditions. Physician reimbursements
included surgeon, anesthesiologist, and neuromoni-
toring fees. These costs were based on ICD-9 CPT
codes and because these were multicenter data, the
costs were not modified by a geographic practice cost
index multiplier particular to a specific region.

For the modeled reoperation population, we
doubled the cost of the primary surgery to establish
a conservative estimate of the cost of revision surgery.
The majority of revision procedures would cost less
than the initial corrective measure; however, we
chose to use the highest reasonable cost for the

Terran, J

Volume 14, Number 1, Spring 2014 15



modeling protocol. Patients in the nonreoperation
group retained a cost equal to their initial procedure.

Clinical Outcomes
Clinical outcomes included 2 measures of dis-

ease-specific health-related quality of life (HRQOL):
(1) Scoliosis Research Society (SRS) scores, which
assess pain, appearance, activity, and mental do-
mains on a scale of 0 to 5 with higher scores reflecting
better health status, and (2) Oswestry Disability Index
(ODI) scores, which range from 0% to 100% with
higher percentages reflecting greater disability. Base-
line and 1- and 2-year postoperative ODI and SRS
scores were captured. Bridwell et al20 determined that
patients with revision by 5 years had an average
increase of 7 ODI percentage points between the 2-
and 5-year time points, while those who did not have
revision had an average decrease of 2 ODI percent-
age points during the same time period. Therefore,
the ODI scores at 5 years for patients in the modeled
reoperation group were calculated by adding 7
percentage points to their 2-year ODI scores, while
ODI scores for patients in the nonreoperation group
were decreased by 2 percentage points. Patients
were assumed to maintain 2-year ODI scores at the 3-
and 4-year time points.20,24

We based the calculation of QALY on the
conversion of ODI scores to Short Form Health
Survey scores using a published regression model.14

The QALY utility value varies only when an HRQOL is
available for that time point. For this study, data were
available for baseline and the 1-year and 2-year
follow-ups. Because we used the literature to predict
5-year ODI scores, we modeled that no change would
occur over the 2-, 3-, and 4-year intervals to ODI and
ultimately to the utility values. Utility at 5 years is
based upon the modeled 5-year ODI score, account-
ing for the increase in utility at 5-year follow-up.

Statistical Analysis
Data were analyzed using SPSS Statistics, version

17.0 (IBM). Descriptive statistics were used to
summarize collected data (means, standard devia-
tion, etc). Changes in HRQOL scores were evaluated
using a paired t test. Differences between groups
were measured using unpaired t tests and chi square
analysis with a level of significance set at 0.05.

RESULTS
Dataset

The database query identified 541 patients who
underwent surgery for ASD with the required preop-
erative and postoperative data points available for
review. The mean age of the patients was 53.9 years
and the majority were female (468, 86.5%). Among

the identified patients, 162 (29.9%) were known to
have had spinal surgery prior to database baseline
surgery, and 379 (70.1%) were primary surgery cases.
The breakdown by pathology was 274 patients
(50.6%) with AISA, 104 patients (19.2%) with DDS,
92 patients (17.0%) with sagittal plane deformity, and
71 patients (13.1%) with other conditions.

Reoperations
Of the 541 patients we reviewed, 108 (19.9%) had

undergone reoperation by 2-year follow-up. Upon
reviewing the relevant literature, we determined that
approximately 24 (4.4%) additional patients would be
expected to require reoperation between 2- and 5-
year follow-up. In our analysis of the literature,25-28 we
identified 8 possible risk factors for developing these
specific complications. We then identified 26 addi-
tional patients having at least 4 risk factors and
included them in the modeled reoperation group. The
most common reasons for these reoperations include
pseudarthrosis, curve progression, infection, and
painful or prominent implant.22

HRQOL Scores by Time Point
HRQOL scores at baseline and at 1 year and 2

years postoperatively are provided in Table 1. All
HRQOL scores significantly improved between base-
line and 1 year as well as between baseline and 2
years. The only significant improvement between the
1- and 2-year time points occurred in the SRS activity
score.

Cost and Cost-Utility Analysis
Cost of surgery was calculated by using Medicare

reimbursement rates for surgeon, anesthesia, and
neuromonitoring fees, as well as hospital reimburse-
ment, based on DRG and ICD-9 CPT coding. The
average reimbursement for the entire population was
$46,690.63. The mean total reimbursement of the
entire set of patients was $37,050.90 without taking
into account the reoperations and $46,599.18 with the
reoperations. Calculation of health state utility val-
ues24,29 revealed that on average there was a
cumulative gain in HRQOL. As a result, the projected
cost per QALY decreased from $597,602.28 at year 1
to $120,311.74 at year 5 (Table 2).

Cost-Effectiveness Analysis
Taking $100,000/QALY as the established cost-

effective threshold, 220 patients (40.7%) were cost
effective at 5-year follow-up.

Demographic Parameters
Table 3 shows that cost-effective patients were

significantly older than non–cost-effective patients—
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55.44 years old compared to 52.9 years old—even
though, as Table 4 shows, the 2 groups had nearly
equal percentages of patients greater than 55 years
old (58.6% in the cost-effective group vs 53.3% in the
non–cost-effective group). Sex and history of spine
surgery distributions were similar between the 2
groups. Overall, the majority of patients were non–
cost-effective as reflected in all diagnosis groups.
Among the 4 diagnosis groups, the highest percent-
age of cost-effective patients occurred in the AISA
group.

Intraoperative Parameters
As shown in Table 4, cost-effective patients had

significantly fewer levels fused than non–cost-effective
patients, 8.23 vs 9.87 (P¼0.0001). More than 8 levels
were fused in 37.7% of cost-effective patients com-
pared to 56.4% of non–cost-effective patients
(P¼0.0001). No significant differences were detected
between groups for length of surgery, EBL, or surgical
procedure.

HRQOL Scores by Group
Table 5 shows significant differences in HRQOL

measures at baseline between cost-effective and
non–cost-effective patients. Cost-effective patients

had significantly worse scores for SRS pain, activity,
and total domains (P<0.05). ODI scores for cost-
effective patients were worse at baseline compared to
non–cost-effective patients, 44.87% vs 34.42%
(P<0.05). The baseline SRS appearance and mental
domains do not seem to be related to cost effective-
ness; no significant difference between the 2 groups
occurred for these measures.

Table 6 shows differences in HRQOL at 2-year
follow-up between cost-effective and non–cost-effec-
tive patients. Cost-effective patients had significantly
better HRQOL scores in all SRS domains and in the
ODI at 2-year follow-up (P<0.05).

DISCUSSION
We analyzed 541 patients at 2 years and

subsequently modeled them to a 5-year endpoint.
Overall mean projected direct reimbursement (a
measure of cost) at 5 years was $46,690.63, with a
mean cumulative QALY gained of 0.388 at 5 years.
Cost was calculated utilizing ICD-9 CPT and DRG
coding to determine Medicare reimbursement rates
for surgeon, anesthesia, neuromonitoring, and hos-
pital costs. This value was used as a measure of
projected direct cost of the surgical interventions
provided to the patient. Despite employing a highly
conservative estimate for the cost of revision surger-

Table 2. Utility Values, Associated Cumulative QALYs Gained, and Cost per QALY

Baseline 1 Year 2 Years 3 Years* 4 Years* 5 Years*

Utility Value 0.582 0.660 0.658 0.658 0.658 0.667
Cumulative QALYs

Gained
0.078 0.153 0.228 0.303 0.388

Cost per QALY $597,602.28 $304,699.99 $204,478.92 $153,868.81 $120,311.74

QALY, quality adjusted life year.
*Modeled years as part of the study protocol.

Table 1. Health-Related Quality of Life Scores at Baseline and 1 and 2 Years

Time Point
ODI

Score (SD)
SRS Pain

Score (SD)
SRS Appearance

Score (SD)
SRS Activity
Score (SD)

SRS Mental
Score (SD)

SRS Total
Score (SD)

Baseline 38.67% (18.3) 2.77 (0.87) 2.51 (0.70) 3.00 (0.79) 3.52 (0.81) 2.96 (0.58)
1 Year 23.59% (17.1) 3.72 (0.87) 3.66 (0.79) 3.36 (0.74) 3.91 (0.79) 3.71 (0.64)
2 Years 24.17% (18.1) 3.67 (0.93) 3.65 (0.83) 3.45 (0.78) 3.91 (0.80) 3.72 (0.69)
5 Years 22.33% (17.9) - - - - -
Baseline to 1 Year P Value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Baseline to 2 Years P Value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
1 Year to 2 Years P Value 0.265 0.80 0.767 0.0001 0.748 0.789

ODI, Oswestry Disability Index; SD, standard deviation; SRS, Scoliosis Research Society.
Notes: The range for the ODI is 0% to 100%, with higher percentages reflecting greater disability. The range for the SRS is 0 to 5, with higher scores
reflecting better health status. Baseline, 1-year, and 2-year scores were extracted from the database, while the 5-year ODI score was estimated based on
the literature. P values were determined by paired t tests evaluating longitudinal changes in the scores.
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ies (double the initial cost) and an elevated reoper-
ation rate (24.8%), the cost-effectiveness profile at 5-
year follow-up was improved compared with 2-year
follow-up ($120k/QALY vs $304k/QALY). Additionally,
a much higher percentage of the patient cohort
approached cost effectiveness at 5 years when
compared to 2-year follow-up (40.7% vs 9%).20,30

Patients with AISA made up a significant portion of
the database population. Consequently, patients with
this diagnosis accounted for the largest blocks of
patients in both the cost-effective (44.5%) and non–
cost-effective groups (54.8%). Additionally, most
patients did not reach the cost-effectiveness thresh-
old, likely accounting for some of the statistical
variation by diagnosis. In the cost-effective group,

23.6% of patients were diagnosed with DDS, 16.4%
had global sagittal malalignment, and 15.5% had
other diagnoses. In the non–cost-effective group,
11.5% of patients had other diagnoses.

Patients with greater preoperative disability were
more likely to reach cost effectiveness as were
patients with fusions of less than 8 vertebral levels.
The average number of levels fused in the cost-
effective group was 8.23 compared to 9.87 in the
non–cost-effective group. A review of the population
according to fusion level groups (>8 levels, >12
levels) indicates that patients with shorter fusions (<8
levels, <12 levels) were more cost effective compared
to those with >8 or >12 levels fused. Approximately
60% of patients in the cost-effective group had <8

Table 4. Intraoperative Data for Cost-Effective vs Non–Cost-Effective Patients

Variable
Cost-Effective Group

(<$100,000/QALY) n¼220
Non–Cost-Effective Group

(>$100,000/QALY) n¼321 P Value

>55 Years 129 (58.6%) 171 (53.3%) 0.252
>12 Levels Fused 42 (19.1%) 102 (31.8%) 0.001
>8 Levels Fused 83 (37.7%) 181 (56.4%) 0.0001

Baseline SVA – Normala 76 (53.5%) 110 (49.1%) 0.692
Baseline SVA – Moderate Imbalancea 36 (25.4%) 60 (26.8%)
Baseline SVA – Marked Imbalancea 30 (21.1%) 54 (24.1%)

Combined Procedure 26 (11.8%) 44 (13.7%) 0.602
Pelvic Fixation 110 (50.0%) 158 (49.2%) 0.862
Osteotomy 90 (40.9%) 133 (41.4%) 0.929
Grade 3 Osteotomy 21 (9.5%) 40 (12.5%) 0.334
Average Levels Fused 8.23 9.87 0.0001
Length of Surgery, Hours 6.72 6.92 0.291
Average Estimated Blood Loss, mL 1,297.47 1,457.33 0.159

QALY, quality adjusted life year; SVA, sagittal vertical axis.
aSVA data available for 142 patients in the cost-effective group and 224 patients in the non–cost-effective group.

Table 3. Demographic Data for Cost-Effective vs Non–Cost-Effective Patients

Variable
Cost-Effective Group

(<$100,000/QALY) n¼220
Non–Cost-Effective Group

(>$100,000/QALY) n¼321 P Value

Mean Age, Years 55.44 52.9 0.042

Femalea 193 (88.9%) 275 (85.7%) 0.524
Malea 24 (11.1%) 46 (14.3%)

Prior Spine Surgeryb 71 (41.5%) 91 (35.4%) 0.223

Adolescent Idiopathic Scoliosis of Adulthood 98 (44.5%) 176 (54.8%) 0.044
De Novo Degenerative Scoliosis 52 (23.6%) 52 (16.2%)
Global Sagittal Malalignment 36 (16.4%) 56 (17.4%)
Other 34 (15.5%) 37 (11.5%)

QALY, quality adjusted life year.
aFemale/male data available for 217 patients in the cost-effective group.
bPrior spine surgery data available for 171 patients in the cost-effective group and 257 patients in the non–cost-effective group.
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levels fused. More than 55% of the non-cost-effective
group had >8 levels fused. Patients with greater
disability are more likely to improve significantly and
would subsequently have a larger number of QALYs
gained. Assuming similar direct costs, this degree of
improvement would have the effect of lowering the
cost/QALY. Similarly, patients requiring shorter fu-
sions require less direct costs and assuming a similar
gain in QALYs would increase the trend to cost
effectiveness.

Based upon the model for 5-year follow-up,20

patients who did not require reoperation had contin-
ued improvement from 2 to 5 years in their QALYs
gained (2 ODI percentage points were subtracted
from their 2-year scores), whereas patients requiring
reoperation had a decline in their health state utility
value from 2 to 5 years (7 ODI percentage points were
added to their 2-year score), lowering their overall
QALYs gained at 5-year follow-up. This decline in
effectiveness, coupled with the increase in cost
(double the primary cost), greatly affected the
projected cost effectiveness of this group.

This study does not suggest modification of
current surgical indications. Future studies will further
delineate the preoperative characteristics of patients
likely to reach cost-effectiveness thresholds and

potentially have an impact on surgical indications;
however, current measures of determining cost
effectiveness do not satisfactorily identify all patients
receiving significant clinical benefit. Societal factors
such as return to work must be acknowledged as
equally important variables in determining the eco-
nomic value of a health intervention. Surgical indica-
tions will always include a balance of disability and
radiographic and clinical findings. Economic findings
are not likely to definitively alter surgical indications.

At a cost of $120,000 per QALY gained based on
this model, surgery for ASD appears close to the
accepted threshold (<$100,000) of cost effectiveness
when considered over the long term. Our findings
regarding cost over an extended time horizon are not
surprising. Complex surgical interventions that carry
high upfront DCCs by definition take longer to achieve
cost effectiveness compared with less complex
surgeries with lower DCCs (assuming equivalent
outcomes). This result was demonstrated recently in
the Spine Patient Outcomes Research Trial (SPORT)
data, in which decompressive laminectomy for spinal
stenosis and discectomy for disc herniation (2
procedures with relatively low DCCs) showed cost
effectiveness at 2 years ($77,600/QALY and
$34,355/QALY, respectively), whereas lumbar fusion

Table 6. Average Health-Related Quality-of-Life Scores for Cost-Effective vs Non–Cost-Effective Patients at 2-Year Follow-up

Outcome Measure
Cost-Effective Group

(<$100,000/QALY) n¼220
Non–Cost-Effective Group

(>$100,000/QALY) n¼321 P Value

ODI 15.79% 29.91% 0.0001
SRS Pain 4.04 3.41 0.0001
SRS Appearance 3.89 3.48 0.0001
SRS Activity 3.74 3.25 0.0001
SRS Mental 4.13 3.75 0.0001
SRS Total 4.0 3.52 0.0001

ODI, Oswestry Disability Index; QALY, quality adjusted life year; SRS, Scoliosis Research Society.
Note: The range for the ODI is 0% to 100%, with higher percentages reflecting greater disability. The range for the SRS is 0 to 5, with higher scores
reflecting better health status.

Table 5. Average Health-Related Quality-of-Life Scores for Cost-Effective vs Non–Cost-Effective Patients at Baseline

Outcome Measure
Cost-Effective Group

(<$100,000/QALY) n¼220
Non–Cost-Effective Group

(>$100,000/QALY) n¼321 P Value

ODI 44.87% 34.42% 0.0001
SRS Pain 2.62 2.87 0.001
SRS Appearance 2.48 2.54 0.345
SRS Activity 2.90 3.07 0.01
SRS Mental 3.54 3.52 0.681
SRS Total 2.89 3.00 0.04

ODI, Oswestry Disability Index; QALY, quality adjusted life year; SRS, Scoliosis Research Society.
Note: The range for the ODI is 0% to 100%, with higher percentages reflecting greater disability. The range for the SRS is 0 to 5, with higher scores
reflecting better health status.
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for spondylolisthesis (a more complex procedure with
higher DCCs) was outside the acceptable range
($115,600/QALY).10 However, when reevaluated over
4 years, not only was fusion surgery considered cost
effective ($64,300/QALY), but cost effectiveness had
improved to a greater extent than surgery for spinal
stenosis.10

The marked improvement in the number of
patients reaching cost-effectiveness thresholds of
lumbar fusion surgery from 2-4 years can, in part,
be attributed to the offsetting increase in costs of
nonoperative care over that time period—mostly due
to productivity losses.13 The societal ramifications that
are not adequately captured in cost-effectiveness
calculations are particularly relevant when evaluating
ASD surgery that is performed to prevent curve
progression rather than to treat debilitating symp-
toms. These patients have a lower QALYs-gained
value; however, they avoid the significant and
escalating costs that would have been associated
with nonoperative management of a rapidly progres-
sive spinal deformity.

This point is perhaps best demonstrated with an
incremental cost-effectiveness ratio; however, with-
holding surgery from patients with rapidly progressing
spinal deformity is unethical. We utilize a single cohort
model in which baseline QALYs represent the
maximum gain from nonoperative management.6,31,32

Unfortunately, this methodology does not capture the
value inherent in staving off progressive deformity and
its associated disability with preventive surgical
treatment—one of the limitations of assessing cost
effectiveness using QALYs gained.

A recent study by Glassman et al suggests
nonoperative costs for ASD in ‘‘high symptom
patients’’ of $14,022 at 2 years.32 If we look to the
SPORT data on nonoperative costs in fusion patients
as an example, we would expect the nonoperative
costs in ASD patients to continue to rise over the
longer term, further unmasking the true value of ASD
surgery.10

A separate challenge in establishing the cost
effectiveness of ASD surgery stems from the signif-
icant heterogeneity among the patient population.
The same problem was encountered in the cost-
effectiveness studies for lumbar fusion, with a range
of reported QALYs gained at 2 years (0.26 to 0.86)
and a range of surgical techniques (instrumented
and noninstrumented) along with the corresponding
variation in cost effectiveness.6,9,10,31 Indeed, with
both a more homogenous patient cohort, excluding
patients who have predominant low back pain
symptoms, and a primary focus on instrumented
fusions in the setting of spondylolisthesis, cost
effectiveness will be demonstrated for lumbar fusion

at 2 years.6,31 This issue is magnified in the setting of
ASD surgery, where a greater degree of variability
with regard to patient population and surgical
treatment22,27 is reflected in both the variety of
diagnostic groups (AISA, DDS, sagittal imbalance,
etc) within ASD and the range of reported outcomes
(eg, pseudarthrosis rates range from 0%-35%).27

This added complexity highlights the need to
develop a universal classification system that can
be used to define appropriately rigid inclusion
criteria and operative treatment guidelines. Addition-
ally, such data can aid in identifying factors that are
associated with cost effectiveness.

This study is not without significant limitations. As
a modeling study based on prospectively collected
data analyzed in a retrospective fashion, certain
assumptions had to be made and such limitations
warrant consideration. Similar techniques have been
used in the past to estimate the relative value of
surgical interventions.33 The limitations of data col-
lection and the pressing need to establish the cost
effectiveness of this treatment make studies such as
this one pivotal in that they provide a rational
projection of value based on what is currently known
regarding the relative costs and clinical effectiveness
of ASD surgery over the long term.

We explicitly made efforts to be as conservative as
possible when making assumptions with the stated
goal of estimating the real value (ie, overestimating
the cost/QALY). The majority of revision surgeries are
unlikely to entail the same DCCs as the initial surgery;
however, such an assumption will err on the side of
underestimating value. Likewise, the published revi-
sion rates for ASD surgery range from 6%-20% over 5
years,20,22 but we observed an estimated 20%
reoperation rate and modeled an additional 4.8% of
patients chosen based on literature findings of
revision risk factors (minimum 4 risk factors) for a
total reoperation rate of 24.8% at 2 years in our data.
Published revision rates from 2-5 years range from
2.6%-4.4%, and the higher value was used in
conjunction with risk factor stratification.20,22 Model-
ing the lower revision rate of approximately 7% at 5
years would have greatly reduced the average direct
cost per patient.

Additionally, our cost estimations are based on
Medicare fee scheduling and do not capture hospital
LOS data that can be significant in these complicated
patients. Our analysis only uses direct costs and
excludes consideration of indirect costs in the
calculations because indirect costs were unavailable.
Indirect cost is an area of future study in ASD surgery
cost effectiveness.

Finally, we included patients with a variety of
diagnoses to obtain a sufficient sample size. Howev-
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er, the heterogeneity of such a group presents
specific limitations as discussed above.

Future studies must include an analysis of indirect
costs alongside direct costs of ASD surgery, ideally
including true billed values rather than Medicare
reimbursements rates. Analyses should include a
direct comparison of operative and nonoperative cost
effectiveness. These studies could assist physicians
in establishing surgical indications and identifying
patients who would benefit the most from operative
intervention.

Despite the study limitations, however, we have
demonstrated that ASD surgery approaches cost
effectiveness at 5-year follow-up.

CONCLUSION
The cost-effective threshold has been set at

$100,000/QALY. Based upon a conservatively mod-
eled population with a revision rate close to 25% and
including only the direct costs of surgical manage-
ment, 40.7% of patients reach this cost-effectiveness
threshold, indicating a clear trend towards cost
effectiveness as early as 5 years after surgery.
Continued review of cost effectiveness in operative
spinal deformity populations will further elucidate a
patient profile likely to reach the $100,000/QALY
threshold.
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