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ABSTRACT

Study Design: Secondary data analysis of the NIH sponsored study on Adult Symptomatic
Lumbar Scoliosis (ASLS).

Objectives: The purpose of this study is to perform a cost-effectiveness analysis comparing
operative versus non-operative care for ASLS eight years after enrollment.

Summary of Background Data: A prior cost-effectiveness analysis of the current cohort
comparing operative to non-operative care at five years after enrollment showed and ICER of
$44,033 in the As-Treated analysis and a ICER of $27,480 in the Intent-to-treat analysis.
Methods Data was collected every three months for the first two years, then every six months
for the remainder of the study. Data included use of non-operative modalities, medications and
employment status. Costs for index and revision surgeries and non-operative modalities were
determined using Medicare Allowable rates. Medication costs were determined using the
RedBook and indirect costs were calculated based on reported employment status and income.
Quality Adjusted Life Years (QALY) was determined using the SF6D.

Results: There were 101 cases in the Operative (Op) and 103 in the Non-operative (Non-Op)
group with complete eight year data. Thirty-eight patients (37%) in the Non-Op group had
surgery from 3 to 72 months after enrollment. An As-Treated analysis including only cases who
never had surgery (N=65) or cases with complete eight-year post-operative data (N=101)
showed that operative treatment was favored with an ICER of $20,569 per QALY gained which
is within Willingness-to-Pay (WTP) thresholds. An Intent-to-Treat analysis demonstrated
greater QALY gains and lower cost in the Op group (ICER = $-13,911). However, Intent-to-
Treat analysis is influenced by Non-Op patients who crossed over to operative treatment at

variable times during follow-up.
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Conclusion: Operative treatment was more cost-effective than non-operative treatment for
ASLS at eight-year follow-up. The ICER continued to improve as compared to the five-year
values ($20,569 vs. $44,033).

KEYPOINTS

e A cost-effectiveness study including an As-Treated and Intent-to-Treat analysis
comparing operative versus non-operative care on patients with eight-year follow-up data
from the Adult Symptomatic Lumbar Scoliosis that included randomized and
observational arms was performed.

e There were 101 cases in the Operative (Op) and 103 in the Non-operative (Non-Op)
group with complete eight year data. Thirty-eight patients (37%) in the Non-Op group
had surgery from 3 to 72 months after enrollment.

e An As-Treated analysis including only cases who never had surgery (N=65) or cases with
complete eight-year post-operative data (N=101) showed that operative treatment was
favored with an ICER of $20,569 per QALY gained which is within Willingness-to-Pay
(WTP) thresholds.

e An Intent-to-Treat analysis demonstrated greater QALY gains and lower cost in the Op
group (ICER = $-13,911). However, Intent-to-Treat analysis is influenced by Non-Op
patients who crossed over to operative treatment at variable times during follow-up.

e Operative treatment was more cost-effective than non-operative treatment for ASLS at
eight-year follow-up. The ICER continued to improve as compared to the five-year

values ($20,569 vs. $44,033).
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INTRODUCTION

With an aging population, adult spinal deformity is becoming a relatively prevalent
condition [1-3] for which there continues to be uncertainty regarding the appropriate treatment
approach [4-7]. Several studies have shown favorable outcomes after surgery in well-selected
patients [6, 8, 9], but concerns with complications and revision rates remain [10-13]. For non-
operative care, a systematic review found only level II evidence for the use of injections and
level IV evidence for physical therapy and bracing [14]. Another study showed that non-
operative care does not improve a patient’s quality of life [15], but it is unknown if these
patients would have worsened without treatment [4, 15]. Thus there is need for a robust cost-
effectiveness analysis comparing operative versus operative care for adult spinal deformity.

The majority of published cost-effectiveness analysis (CEA) on operative compared to
non-operative treatment in patients with adult spinal deformity are mathematically modelled
based on published data [16-18]. These studies may over-estimate the value of operative
compared to non-operative treatment. Two CEA studies evaluating the cost-effectiveness of
operative versus non-operative treatment for Adult Symptomatic Lumbar Scoliosis (ASLS) from
an NIH sponsored trial at 5 year follow-up reported an Incremental Cost effectiveness Ratio
(ICER) of $44,033 per QALY gained in the As-Treated analysis [19] and an ICER of $27,480
per QALY gained in the Intent-to treat analysis [20]. Given the high upfront costs of surgery and

revision rates in patients with adult spinal deformity [10-12], it is important to determine the
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durability of the procedure with longer term follow-up. The purpose of this study is to perform a
cost-effectiveness analysis comparing operative versus non-operative care for ASLS eight years

after enrollment.

METHODS

The primary study evaluated operative and non-operative treatments in patients with
ASLS and included randomized and observational arms. Inclusion criteria were age between 40
and 80 years old with lumbar scoliosis with coronal Cobb > 30°, and either an Oswestry
Disability Score (ODI) [21, 22] score of 20 or greater, or an Scoliosis Research Society-22
(SRS-22) [23] Pain, Function or Appearance score less than 4.0, and no prior fusion surgery.
Exclusion criteria were the presence of medical comorbidities that precluded surgery, high-
grade (>3) spondylolisthesis, prior thoracic or lumbar fusion, prior multilevel (>3)
thoracolumbar decompression, severe osteoporosis (femoral neck t-score >-3.0), neuromuscular
scoliosis or presence of congenital lumbar spine anomalies. Subjects were enrolled from April
2010 to July 2014 and follow-up ended in February 2023. Initial funding was provided by the
National Institutes of Health through an RO1 grant: A Multi-Center Prospective Study of
Quality of Life in Adult Scoliosis (RO1AR055176-01A2) followed by a grant from the
Scoliosis Research Society. Institutional review board approval was obtained at each
participating center prior to subject enrollment. Institutional review board approval was also
obtained for this secondary analysis.

Patients undergoing Operative (Op) or non-operative (Non-Op) treatment with at least

eight year follow-up data were identified. Surgical approach, technique and levels fused in the
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Op cohort were under the discretion of the treating surgeon. Data was collected every three
months the first two years then every six months for the duration of the study. Data included
frequency of use of non-operative modalities (physical therapy, chiropractor, pain management
visits and epidural steroid injections), medication use (non-steroidal anti-inflammatory drugs,
opioids, muscle relaxants) and employment status. Health-related quality-of-life scores
(HRQOLSs) collected included the Oswestry Disability Index (ODI) [21, 22], the SRS-22 [23]
and the SF-12 [24].

The incremental cost-effectiveness ratio (ICER) at eight years was determined. ICER
determines whether an intervention produces sufficient improvements in health status to justify
its cost [25]. ICER summarizes the additional cost per unit of health state improvement in
switching from one medical treatment to another (Non-operative to Operative). ICER is the
difference in cost between two possible interventions, in this case Non-operative versus
Operative treatment for ASLS, divided by the difference in their effect. Total costs included all
surgical and nonsurgical costs in both cohorts. Surgical costs for the index and revision
surgeries within eight years and direct costs for non-operative care were determined using
Medicare Allowable rates [26]. Medication costs were determined using the lowest price quoted
[27] and indirect costs were determined based on reported employment status and income.
Treatment effectiveness in terms of Quality Adjusted Life Years (QALY) was determined using
the Short Form — 6 Dimensions (SF6D) [28] derived from the SF-12. For a patient who crossed
over, all costs and benefits prior to the cross-over were included in the analysis.

Baseline characteristics of the Op and Non-Op cohorts were compared using unpaired
independent t-tests for continuous variables and Fisher’s exact test for categorical variables. A

p-value threshold of 0.05 was used to determine statistical significance.
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Decision tree analysis based on expected utility was used to perform the cost-
effectiveness analysis as this takes into account the continuing use of non-operative modalities
and the incidence of index and revision surgeries in both groups, as patients were allowed to
cross-over to either arm during the study. Using mean costs and mean QALY gains for each
cohort does not take into account the difference in the number of patients continuing to use
non-operative care and the number of patients undergoing primary as well as revision surgeries
in each cohort. [29, 30]. Both an As-Treated and an Intent-to-Treat analyses were performed.
The As-Treated analysis compared patients who had surgery to those who did not have surgery
regardless of treatment assignment at study inclusion. Patients assigned to the Non-Op group at
the time of enrollment and crossed-over to surgery were considered to be in the Op group. The
Intent-to-Treat analysis compared patients as they were assigned at study inclusion. Patients
assigned to the Non-Op group at the time of enrollment remained in the Non-Op group even

after they crossed over and had surgery.

RESULTS

Of 286 subjects enrolled in the study, 205 had data available at the eight-year follow-up
period. There were 101 cases in the Operative (Op) and 103 in the Non-operative (Non-Op)
group with complete eight year data (Figure 1). The proportion of patients from the
Observational arm was similar between the Op (79, 78%) and Non-Op groups (79, 77%,
p=0.867). The Op and Non-Op groups were similar in age, sex distribution and body mass
index (Table 1). There was 1 (1%) smoker in the Op group and 4 (4%) in the Non-Op group
(p=0.155). All baseline HRQOL scores were not statistically different for Op vs. Non-op

including the Short Form 6D (p=0.538), ODI (p=0.697), SRS-22 Pain (p=0.829), Function
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(p=0.093), Mental Health (p=0.872) and Subscore (p=0.168), with the exception that the SRS22
Self Image score was worse for Op compared to the Non-Op (p=0.004). The major scoliosis
Cobb angle, and the coronal and sagittal alignment parameters were not statistically different
for Op and Non-Op (Table 1).

The majority of the costs (64%) for the non-operative care was from medication,
including narcotics, non-steroidal anti-inflammatory drugs, muscle relaxants, neuroleptics and
over-the-counter medications, followed by physical therapy visits (21%), pain management
(11%) and injections (2%). All of the 101 cases in the Op group had posterior instrumentation
and fusion, 54 of which included an osteotomy (Table 2). Fifty-eight had a transforaminal
lumbar interbody fusion, and 4 had an anterior lumbar interbody fusion as part of a two stage
procedure. Thirty-eight patients (37%) in the Non-Op group had surgery from 3 to 72 months
after enrollment, 22 of which included an osteotomy. Twenty-two patients had an osteotomy
with one patient having a PSO at one level and a VCR at another level.

In the Op group 61 patients did not require a revision after their index surgery, 29 had
one revision, seven had two revision surgeries, three had three revision surgeries and one had
four revision surgeries. Thirty-eight patients (37%) in the Non-Op group had surgery from 3 to
72 months after enrollment, with seven undergoing one revision, seven had two revisions and
one patient had three revisions. The most common indication for a revision was non-union
followed by proximal junctional kyphosis or failure (Table 3).

The cumulative cost for the Non-Op group (N=65) who never had surgery over the eight
year follow-up period was $31,819 with a cumulative QALY gain of 0.32 for a cost per QALY
gained of $97,907. The cumulative cost for the patients in the Op group with complete eight-

year post-operative data (N=101) was $66,970 with a QALY gain of 2.03 for a cost per QALY
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gain of $33,007 (Figure 2). For patients who had surgery and did not have any revision during
the follow-up period, the cost per QALY gained was $18,241 in the Op group and $55,986 in
the Non-op group who crossed-over and had surgery. For patients who had surgery and
underwent one revision surgery the cost per QALY gained was $36,048 in the Op group and
$91,282 in the Non-op group who crossed-over and had surgery.

An As-Treated analysis comparing all patients who had surgery (38 patients in the Non-
Op cohort who crossed over plus the 101 patients in the Op group) to those who never had
surgery (65 patients in the Non-Op group) results in an ICER of $20,569 per QALY gained
favoring Op versus Non-Op treatment. In the Intent-to-Treat analysis comparing all 103 patients
assigned to Non-Op, whether they crossed over or not, to the 101 patients in the Op group, the
cumulative cost for the Non-Op group was $82,177 with a cumulative QALY gain of 0.94

resulting in an ICER of -13,911 favoring surgical over non-surgical treatment.

DISCUSSION

Appropriate treatment of patients with adult lumbar scoliosis continues to be actively
debated [4, 5]. Some studies directly compare outcomes of operative to non-operative treatment
[4, 31-34] without the consideration of cost. While other studies evaluate costs or cost per
QALY gained for surgical treatment only [12, 16-18] without consideration of non-operative
treatment. Only one study has reported on costs of non-operative treatment for this patient
population [15]. All of these studies used data that were collected retrospectively over a two-
year time horizon.

Our previous analyses on the current study cohort at the five year follow-up time point

showed an ICER of $44,033 per QALY gained in the As-Treated analysis with the economic
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benefit of surgical versus nonsurgical treatment becoming favorable at three years after surgery
[19]. In comparison, the Intent-to-Treat analysis favored surgical over nonsurgical treatment at
four years after patient enrollment but had smaller ICER of $27,480 at five years [20]. The
current study, with longer follow-, showed that the As-Treated analysis results in an ICER of
$20,569 while the Intent-to-Treat analysis results in an ICER of -13,911, both favoring surgical
over non-surgical treatment.

The negative ICER in the Intent-to-Treat analysis indicates that the greater QALY gains
for operative treatment came at a lower cost. While greater improvement at a lower cost is
ideal, this Intent-to-Treat analysis should be interpreted with caution. Intent-to-Treat analysis
can be distorted by high crossover rates. Costs from the surgical intervention in the substantial
number of patients who crossed over from the Non-Op to the Op group are attributed to the
Non-Op intervention in an Intent-to-Treat analysis. In addition, some patients in the Non-Op
group had surgery later in the study, and would therefore have fewer years of QALY gains as
compared to the primary Op group.

The current study, as in prior studies on this cohort, demonstrated some QALY
improvement with nonsurgical treatment [9, 19, 20]. This is in marked contrast to a
maintenance or loss of QALY s that had been predicted in previous studies using statistical
modeling [17]. In the current study cost per QALY gained in patients who stayed in the non-
surgical arm for the entire eight year period was $97,907. Taken in isolation, this value is
above the widely accepted willingness-to-pay threshold of $50,000 [35, 36] or World Health
Organization (WHO) United States Gross Domestic Product (US GDP) based lower threshold

of $83,000 [37]. It is unclear if these patients would have worsened without any treatment.
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The smaller ICERs at the eight year follow-up time point compared to the five year time
point, may indicate durability of the clinical improvement with surgical treatment, despite the
high incidence of revisions. The revision rate was 40% in both the Op group and the Non-Op
group who crossed over to surgery. Although this may seem high compared to previously
published studies, this may be due to complexity of the deformity or the longer follow-up period
available. Database studies report a cumulative revision rate of 30% at two years in a Danish
cohort [10] and 16% at four years in a US cohort [11].

In the current study, surgical treatment remained cost effective for patients undergoing
one revision surgery compared to nonsurgical treatment, with a cost per QALY gained of
$36,048 in the Op group and $91,282 in the Non-op group who had surgery. Only when patients
undergo more than one revision surgery does the cost per QALY gain become less favorable
compared to non-surgical treatment or go above the Willingness-to-Pay thresholds.

There are limitations to the study. As with the majority of randomized clinical trials
evaluating surgical versus non-surgical treatment for spine pathologies [38], the high uni-
directional cross-over rate, makes the Intent-to-Treat analysis difficult. The high up-front cost
of the surgical intervention and the differences in the time after enrollment the patients in the
Non-Op arm crossed over and had surgery limits the conclusions that can be drawn especially
with the Intent-to-Treat analysis. Additionally, costs were assigned to healthcare interventions
instead of actual individual costs per patient and indirect costs due to lost wages by the
caregiver was not included in the analysis.

Despite the RCT design, selection bias may be present due to loss to follow-up as well as the
inclusion of an observational arm. However, the underlying dataset is still much more complete

and has a longer follow-up than most of the adult spinal deformity literature [19, 20, 39].
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Although there is a statistically significant difference in baseline Self-image scores between the
two groups, this may not be clinically relevant as the difference in scores (0.29) is much smaller
than the reported minimally clinically important difference for Self-image (1.17) in this cohort
[40]. Aside from the SRS22 self-image scores, the Op and Non-Op groups were comparable at
baseline in terms of demographics, functional disability and radiographic parameters. These
similarities may allow for a more direct comparison of these two interventions.

In conclusion, the current study shows that at the eight year follow-up period, operative
treatment is durable as it continues to be more cost-effective than non-operative treatment for
adult lumbar symptomatic scoliosis, with no decrement in ICERs compared to the five-year
follow-up period. The current study not only shows durability of operative treatment for adult
lumbar symptomatic scoliosis but actually demonstrates improvement and increasing cost-
effectiveness at the eight year follow-up with a smaller ICER of $20,569 compared to the five-

year ICER of $44,033.

© 2024 Wolters Kluwer Health, Inc. All rights reserved. Unauthorized reproduction of the article is prohibited.



REFERENCES
1. Carter OD, Haynes SG. Prevalence rates for scoliosis in US adults: results from the first

National Health and Nutrition Examination Survey Int J Epidemiol. 1987 Dec;16(4):537-44.
doi: 10.1093/ije/16.4.537.

2. Paulus MC, Kalantar SB, Radcliff K. Cost and value of spinal deformity surgery Spine (Phila
Pa 1976). 2014 Mar 1;39(5):388-93. doi: 10.1097/BRS.0000000000000150.

3. Pérennou D, Marcelli C, Hérisson C, Simon L. Adult lumbar scoliosis. Epidemiologic
aspects in a low-back pain population Spine (Phila Pa 1976). 1994 Jan 15;19(2):123-8. doi:
10.1097/00007632-199401001-00001.

4. Acaroglu E, Yavuz AC, Guler UO, Yuksel S, Yavuz Y, Domingo-Sabat M, Pellise F, Alanay
A, Perez Grueso FS, Kleinstiick F, Obeid [; European Spine Study Group. A decision
analysis to identify the ideal treatment for adult spinal deformity: is surgery better than non-
surgical treatment in improving health-related quality of life and decreasing the disease
burden? Eur Spine J. 2016 Aug;25(8):2390-400. doi: 10.1007/s00586-016-4413-8. Epub
2016 Jan 28.

5. Bridwell KH, Glassman S, Horton W, Shaffrey C, Schwab F, Zebala LP, Lenke LG, Hilton
JF, Shainline M, Baldus C, Wootten D. Does treatment (nonoperative and operative) improve
the two-year quality of life in patients with adult symptomatic lumbar scoliosis: a prospective
multicenter evidence-based medicine study Spine (Phila Pa 1976). 2009 Sep 15;34(20):2171-
8. doi: 10.1097/BRS.0b013e3181a8fdcS.

6. Bridwell KH, Berven S, Edwards C 2nd, Glassman S, Hamill C, Schwab F. The problems

and limitations of applying evidence-based medicine to primary surgical treatment of adult

© 2024 Wolters Kluwer Health, Inc. All rights reserved. Unauthorized reproduction of the article is prohibited.



10.

11.

12.

spinal deformity Spine (Phila Pa 1976). 2007 Sep 1;32(19 Suppl):S135-9. doi:
10.1097/BRS.0b013e3181453¢22.

Glassman SD, Schwab FJ, Bridwell KH, Ondra SL, Berven S, Lenke LG. The selection of
operative versus nonoperative treatment in patients with adult scoliosis Spine (Phila Pa
1976). 2007 Jan 1;32(1):93-7. doi: 10.1097/01.brs.0000251022.18847.77.

Bridwell KH, Baldus C, Berven S, Edwards C 2nd, Glassman S, Hamill C, Horton W, Lenke
LG, Ondra S, Schwab F, Shaffrey C, Wootten D. Changes in radiographic and clinical
outcomes with primary treatment adult spinal deformity surgeries from two years to three- to
five-years follow-up Spine (Phila Pa 1976). 2010 Sep 15;35(20):1849-54. doi:
10.1097/BRS.0b013e3181efa06a.

Kelly MP, Lurie JD, Yanik EL, Shaffrey CI, Baldus CR, Boachie-Adjei O, Buchowski JM,
Carreon LY, Crawford CH 3rd, Edwards C 2nd, Errico TJ, Glassman SD, Gupta MC, Lenke
LG, Lewis SJ, Kim HJ, Koski T, Parent S, Schwab FJ, Smith JS, Zebala LP, Bridwell KH.
Operative Versus Nonoperative Treatment for Adult Symptomatic Lumbar Scoliosis J Bone
Joint Surg Am. 2019 Feb 20;101(4):338-352. doi: 10.2106/JBJS.18.00483.

Bari TJ, Karstensen S, Serensen MD, Gehrchen M, Street J, Dahl B. Revision surgery and
mortality following complex spine surgery: 2-year follow-up in a prospective cohort of 679
patients using the Spine AdVerse Event Severity (SAVES) system Spine Deform. 2020
Dec;8(6):1341-1351. doi: 10.1007/s43390-020-00164-8. Epub 2020 Jun 30.

Glassman SD, Dimar JR 2nd, Carreon LY. Revision Rate After Adult Deformity Surgery
Spine Deform. 2015 Mar;3(2):199-203. doi: 10.1016/5.jspd.2014.08.005. Epub 2015 Mar 4.
McCarthy IM, Hostin RA, Ames CP, Kim HJ, Smith JS, Boachie-Adjei O, Schwab FJ,

Klineberg EO, Shaffrey CI, Gupta MC, Polly DW; International Spine Study Group. Total

© 2024 Wolters Kluwer Health, Inc. All rights reserved. Unauthorized reproduction of the article is prohibited.



13.

14.

15.

16.

17.

hospital costs of surgical treatment for adult spinal deformity: an extended follow-up study
Spine J. 2014 Oct 1;14(10):2326-33. doi: 10.1016/j.spinee.2014.01.032. Epub 2014 Jan 24.
Smith JS, Shaffrey CI, Kelly MP, Yanik EL, Lurie JD, Baldus CR, Edwards C, Glassman
SD, Lenke LG, Boachie-Adjei O, Buchowski JM, Carreon LY, Crawford CH 3rd, Errico TJ,
Lewis SJ, Koski T, Parent S, Kim HJ, Ames CP, Bess S, Schwab FJ, Bridwell KH. Effect of
Serious Adverse Events on Health-related Quality of Life Measures Following Surgery for
Adult Symptomatic Lumbar Scoliosis Spine (Phila Pa 1976). 2019 Sep 1;44(17):1211-1219.
doi: 10.1097/BRS.0000000000003036.

Everett CR, Patel RK. A systematic literature review of nonsurgical treatment in adult
scoliosis Spine (Phila Pa 1976). 2007 Sep 1;32(19 Suppl):S130-4. doi:
10.1097/BRS.0b013e318134¢ca88.

Glassman SD, Carreon LY, Shaffrey CI, Polly DW, Ondra SL, Berven SH, Bridwell KH.
The costs and benefits of nonoperative management for adult scoliosis Spine (Phila Pa 1976).
2010 Mar 1;35(5):578-82. doi: 10.1097/BRS.0b013e3181b0f2£8.

Fischer CR, Terran J, Lonner B, McHugh B, Warren D, Glassman S, Bridwell K, Schwab F,
Lafage V. Factors Predicting Cost-effectiveness of Adult Spinal Deformity Surgery at 2
Years Spine Deform. 2014 Sep;2(5):415-422. doi: 10.1016/j.jspd.2014.04.011. Epub 2014
Aug 27.

McCarthy I, O'Brien M, Ames C, Robinson C, Errico T, Polly DW Jr, Hostin R; International
Spine Study Group. Incremental cost-effectiveness of adult spinal deformity surgery:
observed quality-adjusted life years with surgery compared with predicted quality-adjusted
life years without surgery Neurosurg Focus. 2014 May;36(5):E3. doi:

10.3171/2014.3.FOCUS1415.

© 2024 Wolters Kluwer Health, Inc. All rights reserved. Unauthorized reproduction of the article is prohibited.



18

19.

20.

21

22.

23.

24.

. Terran J, McHugh BJ, Fischer CR, Lonner B, Warren D, Glassman S, Bridwell K, Schwab F,
Lafage V. Surgical treatment for adult spinal deformity: projected cost effectiveness at 5-year
follow-up Ochsner J. 2014 Spring;14(1):14-22.

Glassman SD, Carreon LY, Shaffrey CI, Kelly MP, Crawford CH 3rd, Yanik EL, Lurie JD,
Bess RS, Baldus CR, Bridwell KH. Cost-effectiveness of adult lumbar scoliosis surgery: an
as-treated analysis from the adult symptomatic scoliosis surgery trial with 5-year follow-up
Spine Deform. 2020 Dec;8(6):1333-1339. doi: 10.1007/s43390-020-00154-w. Epub 2020 Jul
6.

Carreon LY, Glassman SD, Lurie J, Shaffrey CI, Kelly MP, Baldus CR, Bratcher KR,
Crawford CH, Yanik EL, Bridwell KH. Cost-effectiveness of Operative versus Nonoperative
Treatment of Adult Symptomatic Lumbar Scoliosis an Intent-to-treat Analysis at 5-year
Follow-up Spine (Phila Pa 1976). 2019 Nov 1;44(21):1499-1506. doi:
10.1097/BRS.0000000000003118.

. Fairbank JC, Pynsent PB. The Oswestry Disability Index Spine (Phila Pa 1976). 2000 Nov
15;25(22):2940-52; discussion 2952. doi: 10.1097/00007632-200011150-00017.

Fairbank JC, Couper J, Davies JB, O'Brien JP. The Oswestry low back pain disability
questionnaire Physiotherapy. 1980 Aug;66(8):271-3.

Asher M, Min Lai S, Burton D, Manna B. The reliability and concurrent validity of the
scoliosis research society-22 patient questionnaire for idiopathic scoliosis Spine (Phila Pa
1976). 2003 Jan 1;28(1):63-9. doi: 10.1097/00007632-200301010-00015.

Ware J Jr, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: construction of
scales and preliminary tests of reliability and validity Med Care. 1996 Mar;34(3):220-33. doi:

10.1097/00005650-199603000-00003.

© 2024 Wolters Kluwer Health, Inc. All rights reserved. Unauthorized reproduction of the article is prohibited.



25.

26.

27.

28.

29.

30.

31.

Bambha K, Kim WR. Cost-effectiveness analysis and incremental cost-effectiveness ratios:
uses and pitfalls. Eur J Gastroenterol Hepatol. 2004 Jun;16(6):519-26. doi:
10.1097/00042737-200406000-00003. PMID: 15167152.

Center for Medicare and Medicaid Services. Medicare Fee Schedule. Available at:
https://www.cms.gov/Medicare/Medicare-Fee-for-Service
Payment/FeeScheduleGenlInfo/index.html. Accessed January 23, 2024

Drug Price Information available at https://www.drugs.com/price-guide. Accessed January
23, 2024.

Brazier JE, Roberts J. The estimation of a preference-based measure of health from the SF-12
Med Care. 2004 Sep;42(9):851-9. doi: 10.1097/01.mlr.0000135827.18610.0d.

Detsky AS, Naglie G, Krahn MD, Naimark D, Redelmeier DA. Primer on medical decision
analysis: Part 1--Getting started Med Decis Making. 1997 Apr-Jun;17(2):123-5. doi:
10.1177/0272989X9701700201.

Richardson B, Fuller-Tyszkiewicz M, O'Donnell R, Ling M, Staiger PK. Regression tree
analysis of ecological momentary assessment data Health Psychol Rev. 2017 Sep;11(3):235-
241. doi: 10.1080/17437199.2017.1343677. Epub 2017 Jul 6.

Fu KM, Bess S, Shaffrey CI, Smith JS, Lafage V, Schwab F, Burton DC, Akbarnia BA,
Ames CP, Boachie-Adjei O, Deverin V, Hart RA, Hostin R, Klineberg E, Gupta M, Kebaish
K, Mundis G, Mummaneni PV; International Spine Study Group. Patients with adult spinal
deformity treated operatively report greater baseline pain and disability than patients treated
nonoperatively; however, deformities differ between age groups Spine (Phila Pa 1976). 2014

Aug 1;39(17):1401-7. doi: 10.1097/BRS.0000000000000414.

© 2024 Wolters Kluwer Health, Inc. All rights reserved. Unauthorized reproduction of the article is prohibited.



32. Schwab F, Dubey A, Pagala M, Gamez L, Farcy JP. Adult scoliosis: a health assessment
analysis by SF-36 Spine (Phila Pa 1976). 2003 Mar 15;28(6):602-6. doi:
10.1097/01.BRS.0000049924.94414.BB.

33. Smith JS, Lafage V, Shaffrey CI, Schwab F, Lafage R, Hostin R, O’Brien M, Boachie-Adjei
O, Akbarnia BA, Mundis GM, Errico T, Kim HJ, Protopsaltis TS, Hamilton DK, Scheer JK,
Sciubba D, Ailon T, Fu KM, Kelly MP, Zebala L, Line B, Klineberg E, Gupta M, Deviren V,
Hart R, Burton D, Bess S, Ames CP; International Spine Study Group. Outcomes of
Operative and Nonoperative Treatment for Adult Spinal Deformity: A Prospective,
Multicenter, Propensity-Matched Cohort Assessment With Minimum 2-Year Follow-up
Neurosurgery. 2016 Jun;78(6):851-61. doi: 10.1227/NEU.0000000000001116.

34. Smith JS, Shaffrey CI, Berven S, Glassman S, Hamill C, Horton W, Ondra S, Schwab F,
Shainline M, Fu KM, Bridwell K; Spinal Deformity Study Group. Operative versus
nonoperative treatment of leg pain in adults with scoliosis: a retrospective review of a
prospective multicenter database with two-year follow-up Spine (Phila Pa 1976). 2009 Jul
15;34(16):1693-8. doi: 10.1097/BRS.0b013e3181ac5fcd.

35. Hirth RA, Chernew ME, Miller E, Fendrick AM, Weissert WG. Willingness to pay for a
quality-adjusted life year: in search of a standard Med Decis Making. 2000 Jul-
Sep;20(3):332-42. doi: 10.1177/0272989X0002000310.

36. Winkelmayer WC, Weinstein MC, Mittleman MA, Glynn RJ, Pliskin JS. Health economic
evaluations: the special case of end-stage renal disease treatment Med Decis Making. 2002
Sep-Oct;22(5):417-30. doi: 10.1177/027298902236927.

37. World Health Organization. The Global Health Obseratory. Explore a world of health data.

https://data.who.int/countries/840https://data.who.int/countries/840. Accessed July 2024.

© 2024 Wolters Kluwer Health, Inc. All rights reserved. Unauthorized reproduction of the article is prohibited.



38

39.

40.

. Abdu WA, Sacks OA, Tosteson ANA, Zhao W, Tosteson TD, Morgan TS, Pearson A,
Weinstein JN, Lurie JD. Long-Term Results of Surgery Compared With Nonoperative
Treatment for Lumbar Degenerative Spondylolisthesis in the Spine Patient Outcomes
Research Trial (SPORT) Spine (Phila Pa 1976). 2018 Dec 1;43(23):1619-1630. doi:
10.1097/BRS.0000000000002682.

Passias PG, Bortz CA, Lafage V, Lafage R, Smith JS, Line B, Eastlack R, Gupta MC, Hostin
RA, Horn SR, Segreto FA, Egers M, Sciubba DM, Gum JL, Kebaish KM, Klineberg EO,
Burton DC, Schwab FJ, Shaffrey CI, Ames CP, Bess S. Durability of Satisfactory Functional
Outcomes Following Surgical Adult Spinal Deformity Correction: A 3-Year Survivorship
Analysis Oper Neurosurg (Hagerstown). 2020 Feb 1;18(2):118-125. doi:
10.1093/ons/opz093.

Carreon LY, Kelly MP, Crawford CH 3rd, Baldus CR, Glassman SD, Shaffrey CI, Bridwell
KH. SRS-22R Minimum Clinically Important Difference and Substantial Clinical Benefit
After Adult Lumbar Scoliosis Surgery. Spine Deform. 2018 Jan;6(1):79-83. doi:

10.1016/5.jspd.2017.05.006. PMID: 29287822; PMCID: PMC5751965.

© 2024 Wolters Kluwer Health, Inc. All rights reserved. Unauthorized reproduction of the article is prohibited.



Figure 1. Patient Flow chart
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Figure 2. Decision Tree for non-operative versus operative treatment for adult symptomatic
lumbar scoliosis. Costs include all non-operative and operative costs for each patient in all
cohorts. As-Treated analysis compares all patients who had surgery (38 patients in the Non-Op
cohort who crossed over plus the 101 patients in the Op group) to those who never had surgery
(65 patients in the Non-Op group). Intent-to-Treat analysis compares all 103 patients assigned to

Non-Op, whether they crossed over or not, to the 101 patients in the Op group.
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Table 1. Summary of Baseline Characteristics of Subjects in the Operative and Non-Operative

Cohorts
Operative Non-Operative p-value
Total 101 103
Arm, N (%) 0.867
Observational 79 (78%) 79 (77%)
Randomized 22 (22%) 24 (23%)
Female, N (%) 93 (92%) 92 (89%) 0.631
Smoking Status, N (%) 0.155
Never 70 (69%) 60 (58%)
Former 30 (30%) 39 (38%)
Current 1 (1%) 4 (4%)
Age, years, Mean (SD) 58.15 (8.35) 60.42 (9.79) 0.076
Short Form — 6D, Mean (SD) 0.65(0.13) 0.66 (0.14) 0.538
Oswestry Disability Index, Mean (SD) 33.79 (15.23) 32.95 (15.57) 0.697
Scoliosis Research Society 22, Mean (SD)
Pain 2.96 (0.74) 2.94 (0.73) 0.829
Function 3.26 (0.7) 3.42 (0.65) 0.093
Self-Image 2.79 (0.71) 3.08 (0.71) 0.004
Mental Health 3.77 (0.77) 3.75 (0.73) 0.872
Subscore 3.20 (0.54) 3.30 (0.51) 0.168
Coronal Cobb Magnitude, °, Mean (SD) 51.34 (15.41) 50.53 (13.81) 0.762
Coronal Balance, mm, Mean (SD) -0.61 (28.05) -1.25 (25.98) 0.866
Sagittal Balance, mm, Mean (SD) 21.81 (33.78) 28.94 (42.11) 0.183
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Table 2. Summary of Surgical Parameters of Subjects who had Surgery

Operative Non-Operative p-value

Total 101 38
Number of Posterior Surgical Levels 11.30 (3.77) 10.19 (3.65) 0.170
Posterior Osteotomies 0.458

Smith-Petersen 50 21

Posterior Subtraction 3 1*

Vertebral Column Resection 1 2
Interbody Fusion 0.546

None 39 16

Transforaminal Lumbar 58 19

Anterior Lumbar 4 3
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Table 3. Summary of the indications for revision surgeries

Revision Number

Operative First Second | Third Fourth

Nonunion 25 3 2 1

Proximal Junctional Kyphosis/Failure 4 2 2

Iliac Screw removal 2 1

Implant removal 2 2

Proximal Junctional Kyphosis with Nonunion | 2 1

Delayed Wound Infection 1 1

Neuro deficits 1

CSF leak 1

Other 2 1

Total 40 11 4 1
Non-Operative

Nonunion 5 4 1

Proximal Junctional Kyphosis/Failure 5

Iliac Screw removal 1

Implant removal 2 3

Delayed Wound Infection 1

Neuro deficits 1

Other 1

Total 15 8 1
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