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OBJECTIVE Adult symptomatic lumbar scoliosis (ASLS) is a widespread and debilitating subset of adult spinal de-
formity. Although many patients benefit from operative treatment, surgery entails substantial cost and risk for adverse
events. Patient-reported outcome measures (PROMs) are patient-centered tools used to evaluate the appropriateness
of surgery and to assist in the shared decision-making process. Framing realistic patient expectations should include the
possible functional limitation to improvement inherent in surgical intervention, such as multilevel fusion to the sacrum.
The authors’ objective was to predict postoperative ASLS PROMs by using clustering analysis, generalized longitudinal
regression models, percentile analysis, and clinical improvement analysis of preoperative health-related quality-of-life
scores for use in surgical counseling.

METHODS Operative results from the combined ASLS cohorts were examined. PROM score clustering after surgery
investigated limits of surgical improvement. Patients were categorized by baseline disability (mild, moderate, moderate to
severe, or severe) according to preoperative Scoliosis Research Society (SRS)-22 and Oswestry Disability Index (ODI)
scores. Responder analysis for patients achieving improvement meeting the minimum clinically important difference
(MCID) and substantial clinical benefit (SCB) standards was performed using both fixed-threshold and patient-specific
values (MCID = 30% of remaining scale, SCB = 50%). Best (top 5%), worst (bottom 5%), and median scores were calcu-
lated across disability categories.

RESULTS A total of 171/187 (91%) of patients with ASLS achieved 2-year follow-up. Patients rarely achieved a PROM
ceiling for any measure, with 33%-43% of individuals clustering near 4.0 for SRS domains. Patients with severe baseline
disability (< 2.0) SRS-pain and SRS-function scores were often left with moderate to severe disability (2.0-2.9), unlike
patients with higher (= 3.0) initial PROM values. Patients with mild disability according to baseline SRS-function score
were unlikely to improve. Crippling baseline ODI disability (> 60) commonly left patients with moderate disability (median
ODI = 32). As baseline ODI disability increased, patients were more likely to achieve MCID and SCB (p < 0.001). Com-
pared to fixed threshold values for MCID and SCB, patient-specific values were more sensitive to change for patients
with minimal ODI baseline disability (p = 0.008) and less sensitive to change for patients with moderate to severe SRS
subscore disability (p = 0.01).

CONCLUSIONS These findings suggest that ASLS surgeries have a limit to possible improvement, probably due to
both baseline disability and the effects of surgery. The most disabled patients often had moderate to severe disability
(SRS < 3, ODI > 30) at 2 years, emphasizing the importance of patient counseling and expectation management.
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subset of adult spinal deformity (ASD), is a debili-

tating disease that is increasing in prevalence as
the population ages.'> ASD, including ASLS, causes dis-
ability similar to other chronic conditions such as diabetes
mellitus and heart disease.*> Although surgery is associat-
ed with greater improvements in health-related quality of
life (HRQOL) than nonoperative care, outcomes vary.®=
Patient-centered counseling on realistic expectations for
surgery is paramount, because treatment can be painful,
expensive, and risks life-threatening complications.!*¢
Patient-reported outcome measures (PROMs) are patient-
focused tools that are essential in both shared decision-
making and the evaluation of success in a value-driven
healthcare economy.!>2°

To date, few studies have examined the relationship be-
tween preoperative and postoperative PROMs in ASD.?!22
Specifically, no study has used the baseline PROM to
provide expected outcomes or improvements to patients
after surgery. PROM change is often evaluated relative
to established minimum clinically important difference
(MCID) and substantial clinical benefit (SCB) thresholds
for these outcome instruments. These values are fixed and
are frequently applied across populations of differing dis-
ability, possibly resulting in poor classification of success
and failure.® This is particularly true for those patients
starting with little disability in some domains affected by
ASLS, such as function or pain. There are probably limits
to what surgery can achieve, akin to a ceiling effect of the
intervention, which may cause clustering of PROM scores
after surgery.

The purpose of this study was to determine whether
patient PROM clustering occurs after ASLS surgery. If
such a clustering effect exists, it will assist with setting
expectations for patients considering surgical interven-
tion. Furthermore, we sought to determine the effect of
baseline PROMs on 2-year outcomes. Finally, we exam-
ined the perceived success of ASLS surgery by using
fixed and patient-specific thresholds for MCID and SCB.
We hypothesize that patients with ASLS who have vary-
ing initial disability achieve similar final HRQOL scores,
given that patients with severe initial disability have a
greater quantitative improvement from baseline disability
than patients with mild initial disability. These analyses
will assist the shared decision-making process for pa-
tients with ASLS.

Methods

Study Population

This is a secondary analysis of data collected during
the ASLS-1 study.® The study was conducted at 9 centers
in North America and included randomized and obser-
vational patient cohorts. All sites obtained IRB approval
and the study was registered with the ClinicalTrials.gov
website (NCT00854828). Eligible patients were 40—80
years of age with ASLS, defined as a lumbar curve with a
coronal Cobb measurement = 30° and Oswestry Disabil-
ity Index (ODI) score = 20 or Scoliosis Research Society
(SRS)—22 score =< 4.0 in pain, function, and/or self-image
domains. Patients with prior spinal fusion or multilevel

ﬁ DULT symptomatic lumbar scoliosis (ASLS), a
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decompression surgery were excluded. Enrollment began
in April 2010 and ended July 2014. Patients were offered
enrollment in a randomized cohort. If randomization was
declined, then they were offered enrollment in an observa-
tional cohort. This is an as-treated analysis of all patients
(randomized and observational) who received surgery
during the conduct of the study.

Outcome Measures

The primary outcome measures were the SRS-22 sub-
score and the ODI. The SRS-22 is a disease-specific in-
strument for spinal deformity, and the ODI is specific for
lumbar spine disability. The SRS-22 comprises 5 domains:
pain, function, mental health, self-image, and satisfaction.
Scores range from 1 to 5 (the ceiling), with higher scores
indicating a better quality of life. Scores for the ODI range
from O to 100, with higher scores indicating more disabil-
ity. Given that the ODI is a disability index, a score of O is
the ceiling for improvement. The SRS-22 and ODI scores
were obtained at baseline and at 3, 12, and 24 months after
surgery.

HRQOL Clustering

The 2-year postoperative SRS-22 and ODI scores were
used to evaluate the extent of score clustering into quanti-
fiable score ranges. SRS-22 and ODI histogram and ker-
nel density distributions were plotted. PROM distributions
were examined to determine the highest-density score
ranges.

Outcomes by Baseline PROM

Patients were stratified into groups according to base-
line disability. For ODI, 4 groups were used as previously
described: minimal (0-20 disability), moderate (21-40),
severe (41-60), and crippled (61-100).24% An analogous
stratification was used for the SRS subscore, using phras-
ing from the SRS-22 survey: mild (4-4.9), moderate (3—
3.9), moderate to severe (2-2.9), and severe (< 2.0). Water-
fall plots displayed change from baseline PROM. Stacked
bar plots of 2-year PROMs by baseline disability sub-
groups were created. To evaluate the impact of baseline
SRS subscore and ODI on 2-year outcomes, generalized
linear mixed models were created. The coefficient for the
baseline PROM value describes the effect of the baseline
value on the estimated 2-year PROM. The 2-year outcome
percentiles were calculated for SRS and ODI scores for
each baseline disability group. The best-case (top 5% of
PROMs), worst-case (bottom 5%), and median scenarios
were determined.

Clinically Relevant Improvements

To evaluate the impact of baseline HRQOL measures
on a patient’s likelihood of achieving or exceeding a clini-
cally meaningful improvement, responder analyses were
performed for MCID and SCB according to baseline dis-
ability group (ODI MCID = 11, SCB = 19; and SRS MCID
= 0.4, SCB = 0.7).2% In addition to a fixed MCID and
SCB, we examined the effect of patient-specific MCID
and SCB, which are calculated as a function of the base-
line score and PROM scale.?*-** Spratt has proposed 30%
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TABLE 1. Baseline characteristics of 171 surgically treated
patients with ASLS

» CONTINUED FROM PREVIOUS COLUMN

TABLE 1. Baseline characteristics of 171 surgically treated
patients with ASLS

Pt Characteristic Value
Age in yrs, median (IQR) 60.2 (53.4, 66.6) Pt Characteristic Value
Female sex, no. (%) 154 (90.1) Lumbar Cobb angle in °, median (IQR) 54 (43, 67)
Race, no. (%) Lumbar lordosis, T12-sacrum, in °, median (IQR) —37 (—48, -25)
White 165 (96.5) Sagittal balance absolute value in mm, median (IQR) 29 (12, 59)
Black 4(2.3) Coronal balance absolute value in mm, median (IQR) 20 (9, 34)
Other 2(1.2) Pelvic incidence—lumbar lordosis mismatch in °, 19 (4, 32)
Ethnicity, no. (%) median (IQR)*
Hispanic 3(1.8) No. of stenosis levels, no. (%)
Non-Hispanic 162 (94.7) 0 159 (93)
Did not report 6 (3.5) 1 11(6.4)
Education, no. (%) 2 1(0.6)
Less than high school 7(44) Listhesis, no. (%) 157 (91.8)
High school diploma or GED 44 (25.7) Baseline PROMs, median (IQR)
Technical or associate degree 30 (17.5) ODl score 36 (26, 46)
Bachelor degree 38(22.2) SRS subscore 31(2.7,3.5)
Graduate degree 52 (30.4) SRS-pain 8(24,32)
Income per year, no. (%) SRS-function 2(26,338)
<$20,000 9(5.3) SRS-self-image 8(2.3,3.2)
$20,000-$39,999 22 (12.9) SRS-mental health 8(3,4.4)
$40,000-$74,999 31(18.1) SRS-satisfaction* 3 (2.5, 3.5)
2$75,000 84 (49.1) NRS back pain 7(5,8)
Did not report 25 (14.6) NRS leg pain 4(1,6)
Tobacco use, no. (%) Mental component score 51.5 (421, 60)
Current 10 (5.8) Physical component score 32.9(26.4,40.2)
Former 54 (31.6) GED = general equivalency development; NRS = numeric rating scale; Pt =
Never 107 (62.6) patient; Sxs = symptoms.

Body mass index, median (IQR) 26.2 (23.3,29.9)

Osteopenia/osteoporosis, no. (%)

None/does not apply 66 (38.6)
T-score -1 to -1.5 48 (28.1)
T-score -1.6 to -2.4 44 (25.7)
T-score —2.5 or worse, or vertebral compression 13 (7.6)
fracture

Hypertension—uncontrolled or requiring
medications, no. (%)

No 103 (60.2)
Yes, controlled w/ diet/exercise 8 (4.7)
Yes, controlled w/ medication 60 (35.1)
Yes, poorly controlled w/ medication 0
Diabetes—uncontrolled or requiring medications,
no. (%)
No 161 (94.2)
Yes, controlled w/ diet 1(0.6)
Yes, controlled w/ oral hypoglycemics 7(41)
Yes, insulin-dependent 2(1.2)
Depression/anxiety/psychiatric disorder, no. (%) 55(32.2)
Duration of back Sxs in mos, median (IQR) 36 (0, 102)
Duration of leg Sxs in mos, median (IQR) 0(0, 24)

CONTINUED IN NEXT COLUMN »
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* Pelvic incidence-lumbar lordosis mismatch: 8 missing; SRS-satisfaction: 2
missing.

of the remaining scale on a PROM as the MCID.? For
example, for a patient with a baseline SRS subscore of 4.0,
the MCID is equal to 0.3, which is less than anchor-based
proposed values (0.4). We propose a 50% change of the
remaining scale as an SCB (e.g., SRS subscore =4.0; SCB
=0.5).

Satisfaction With Treatment

To investigate the relationship between baseline
HRQOL and 2-year satisfaction, we performed a respond-
er analysis defining “unsatisfied” as SRS-satisfaction < 4.
The median and IQR for satisfaction scores were calcu-
lated according to baseline SRS subscore disability.

Statistical Analysis

Generalized linear mixed models displayed the mean
PROM scores at each follow-up time point. Correspond-
ing baseline PROMs were covariates to estimate the ef-
fect of baseline PROM on 2-year PROM. When calculat-
ing confidence limits of the best-case (top 5%), worst-case
(bottom 5%), and median outcomes, a distribution-free
method was used.** Confidence intervals were not calcu-
lated for patient groups lacking a sufficient sample size.
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FIG. 1. Histograms of baseline and 2-year patient-reported outcomes. Solid lines represent kernel density estimates. A: Pain.
B: Function. C: Mental health. D: Self-image. E: SRS subscore. F: ODI score.
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Classification rates for patients achieving fixed and pa-
tient-specific MCID/SCB thresholds according to baseline
disability were calculated. The Cochran-Armitage test for
trend examined MCID/SCB achievement across baseline
disability categories. Within-category differences be-
tween fixed and patient-specific MCID/SCB thresholds
were examined with McNemar’s test. As this is an explor-
atory study, no corrections for multiple comparisons were
performed. Statistical analyses were performed using SAS
(version 9.4).

Results

A total of 286 patients with ASLS were enrolled, and
187 patients received operative treatment. A total of 171
(91%) operatively treated patients achieved complete 2-year
follow-up and were included in our analyses (Table 1).

Clustering

Figure 1 presents baseline and 2-year follow-up SRS-
22 domain and ODI score distributions. The 2-year SRS-
function (43% of patients with scores from 3.6 to 4.2)
and SRS—mental health (50% of patients with scores
from 4.0 to 4.6) demonstrated the highest-density cluster-
ing. SRS-pain, SRS—self-image, and SRS subscore also
show clustering, with approximately one-third of patients
falling between 4.0 and 4.5. Thirty-two percent of ODI
scores clustered between 8 and 18. Twelve percent of pa-
tients achieved the SRS—mental health ceiling and 10%
the SRS-pain ceiling. Clustering data are summarized in
Table 2.

Generalized Linear Mixed Models

Better baseline PROMs were associated with higher
2-year scores for both the ODI and all SRS-22 domains.
For each point improvement in ODI at baseline (decreas-
ing score), a 0.6-point decrease is seen at 2 years. Similar-
ly, for each point improvement in baseline SRS subscore
(increasing score), a 0.6-point increase is seen at 2 years.
The changes across SRS-22 domains were not substantial-
ly different (pain = 0.4; function = 0.5; self-image = 0.3;
and mental health = 0.5).

PROM Change by Baseline Disability

Figure 2A and B shows waterfall plots of 2-year change
in SRS subscore and ODI, respectively. Patients with the
largest quantitative improvement tended to have a greater
disability at baseline. General trends were similar for SRS
subscore and ODI, with 61% and 59% of patients improv-
ing from baseline group at 2 years, 34% and 30% of pa-
tients remaining in their baseline group, and 5% and 11%
of patients worsening from baseline group, respectively.
For both SRS subscore and ODI, patients with the worst
baseline disability were the most likely to see improve-
ment (Fig. 3A and B).

Best-Case and Worst-Case Outcomes

Best-case (top 5% PROM), worst-case (bottom 5%),
and median percentile outcomes are summarized in Table
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TABLE 2. Two-year PROM clustering ranges

Domain Range No. % of Pts
Pain 3.8-4.2 51 30%
Function 3.6-4.2 74 43%
Mental health 4.0-4.6 86 50%
Self-image 4.0-4.5 55 32%
Subscore 4.0-45 56 33%
ODI 8-18 54 32%

3. More baseline disability is associated with more 2-year
disability, despite larger quantitative improvement. Indi-
vidual patient results vary greatly, even when comparing
patients with similar baseline PROMs.

MCID and SCB Responder Analysis

Responder analyses for MCID and SCB are presented
in Table 4. For SRS subscore, the percentage of patients
achieving fixed MCID increased from 33% to 100% as
baseline disability increased (p = 0.002). The percentage
of patients achieving fixed SCB increased from 11% to
75% as baseline disability increased (p = 0.005). The per-
centages of patients achieving patient-specific SCB sig-
nificantly increased with baseline disability (p = 0.019).
A greater percentage of moderate to severely disabled
patients achieved MCID with static thresholds versus pa-
tient-specific thresholds. Significant differences were not
seen for other baseline disability groups. Table 5 presents
satisfaction with care data. Most patients were satisfied
with their outcomes, with 17% of moderately disabled and
25% of moderate to severely disabled patients expressing
dissatisfaction.

For ODI, the percentage of patients achieving fixed
MCID increased from 19% to 75% as baseline disability
increased (p < 0.001). The percentage of patients achiev-
ing fixed SCB increased from 0% to 75% as baseline dis-
ability increased (p < 0.001). More patients with minimal
baseline disability achieved patient-specific MCID (46%)
than fixed MCID (19%, p = 0.008) and achieved patient-
specific SCB (38%) than fixed SCB (0%). Patients with
moderate baseline disability achieved patient-specific SCB
(51%) at a higher rate than fixed SCB (41%, p = 0.005). For
all other baseline disability groups, the number of patients
achieving fixed and patient-specific MCID and SCB were
not different from each other.

Discussion

PROMs are a critical component of a patient-centered
shared decision-making process and are essential to a val-
ue-based healthcare system. Surgical treatment of ASLS
is associated with greater improvement in PROMs when
compared with nonoperative care, but comes with a sub-
stantial risk of treatment-associated adverse events.®835:3
Establishing patient preferences, values, and expected
results is critical to achieving success from the patient’s
perspective.’’” Surgery expectations may be framed by
improvement limitations inherent to the surgical inter-
vention. That is, surgery may improve patient PROM
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FIG. 3. Stacked bar plots of 2-year PROM scores by baseline disability groups. A: SRS subscore. B: ODI score.

scores to a limit below the true ceiling of the PROM scale
due to constraints of the surgery itself. The purpose of this
study was to describe PROM score clustering after sur-
gery for ASLS and to examine the effect of initial PROM
scores on 2-year outcomes.

A clustering effect of surgery was most prominent for
the SRS-function domain, with 43% of 2-year scores fall-
ing between 3.6 and 4.2. The remainder of the SRS do-
mains, subscore, and ODI had no more than one-third of
patients falling within any cluster, except SRS—mental
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health, for which scores in half of the patients lay between
4.0 and 4.6. A clustering effect suggests that there may be
limits to the function improvements possible with surgery.
ASLS is frequently associated with multilevel spinal fu-
sion including the sacrum. It is not unexpected that there
are limits to what function a patient can reasonably expect
after thoracolumbar fusion. The lack of other clear clus-
ters suggests a more heterogeneous contribution of factors
related to these domains, of which an extensive fusion is
only one aspect.
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TABLE 3. Two-year best-case (top 5%), worst-case (bottom 5%), and most likely (median) outcomes by baseline disability

Baseline Disability No. Best-Case Outcome ~ Worst-Case Outcome  Most Likely Outcome
SRS subscore
Mild disability (4-4.9) 9 4.8* 3.9% 45[4.2-4.7]
Moderate disability (3-3.9) 89 4.8[4.7-4.9] 2.9[2.5-2.9] 411[3.9-4.2]
Moderate to severe disability (2-2.9) 69 45[4.3-4.7] 2.5[1.6-2.5] 3.5[3.3-3.9]
Severe disability (<2) 4 3.2* 2.4* 2.7[24-3.2)
oDl
Minimal disability (1-20) 26 0[0-0] 34 [30-42] 9 [4-18]
Moderate disability (21-40) 76 01[0-2] 44 [42-68) 14 [10-20]
Severely disabled (41-60) 57 0 [0-6] 62 [54-76] 26 [18-36]
Crippled (=61) 12 18 [18-26] 68 [58-68] 32 [26-58]
Pain
Mild disability (4-4.9) 13 5.0 [4.6-5.0] 3.0[3.0-34] 4.2[3.4-4.6]
Moderate disability (3—3.9) 64 5.0 [4.8-5.0] 2.6[2.0-2.8] 3.9[3.8-4.9]
Moderate to severe disability (2-2.9) 69 5.0 [5.0-5.0] 2.0[1.8-2.2] 4.0[3.6-4.2]
Severe disability (<2) 25 4.2[3.8-5.0] 14[1.2-14] 2.8[2.5-34]
Function
Mild disability (4-4.9) 27 4.8[4.6-5.0] 3.0[3.0-3.4] 4.2[4.0-4.4]
Moderate disability (3—3.9) 78 4.6[4.4-4.8] 2.4[1.4-2.8] 3.8[3.6-4.0]
Moderate to severe disability (2-2.9) 60 4.314.0-5.0] 1.9[1.2-2.2) 3.2[3.0-3.6]
Severe disability (<2) 6 3.6* 1.8* 2.4[1.8-3.6]
Mental health
Mild disability (4—4.9) 80 5.0 [5.0-5.0] 3.4[24-34] 4.4144-4.6]
Moderate disability (3—3.9) 60 4.8[4.6-5.0] 2.5[1.8-3.0] 4.0[3.6-4.0]
Moderate to severe disability (2-2.9) 29 4.6[4.4-5.0] 2.4 [1.4-2.6] 3.6 [3.2-4.0]
Severe disability (<2) 2 4.8 2* 3.4[2.0-4.8]
Self-image
Mild disability (4-4.9) 2 4.8* 4.5* 4.7 [4.5-4.8]
Moderate disability (3—3.9) 72 5.0 [5.0-5.0] 2.8[2.3-2.8] 4.2[4.0-4.3]
Moderate to severe disability (2-2.9) 77 4.8[4.8-5.0] 2.2[1.8-2.7] 3.8[3.3-4.2]
Severe disability (<2) 20 49[4.5-5.0] 211.8-2.7] 3.6[3.2-4.3]

Brackets indicate 95% confidence intervals.
* Confidence interval omitted due to insufficient sample size.

Treatment success may be interpreted according to
whether a change equal to or greater than the MCID is
achieved, although MCID values are often fixed values
with sometimes poor discriminative properties.*®* Con-
sidering the high cost and risk associated with surgeries
for ASLS, achieving the MCID may not be an appropriate
threshold for success, and an SCB has been proposed. In
both cases, fixed values may both underestimate and over-
estimate the perceived benefit when the change relative to
the PROM scale is not considered. In response, patient-
specific values for MCID and SCB that consider baseline
PROM and potential improvement are proposed.

Patients with the lowest baseline PROMs had, on aver-
age, the greatest improvements after surgery. Conversely,
patients classified as mildly disabled were more likely to
have a worsening of ODI or SRS subscore, as well as less
frequent rates of MCID or SCB improvement, irrespec-
tive of fixed (ODI = 19%, SRS = 33%) or patient-specific
(ODI = 46%, SRS = 56%) thresholds, underscoring the
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important effect of baseline PROM on expected results.
With respect to SRS-pain scores, the median outcome of
3.9-4.2 suggests that many patients will improve to near
mild disability. Conversely, SRS-function improvements
are not nearly as uniform, with only modest improvements
expected across each disability class. Not surprisingly, se-
verely disabled patients were more likely to achieve MCID
and SCB improvements when using fixed threshold values,
because a small change relative to the amount of scale re-
maining is required. The potential value of patient-specific
thresholds is seen with 30% more of the mildly disabled
patients achieving SCB for both the SRS subscore and
ODI, suggesting that patient-specific thresholds may be
more sensitive to MCID/SCB categorization. In these less
disabled patients, it may be impossible to achieve MCID/
SCB thresholds due to the ceiling of the instruments used.
Patient-specific threshold values also suggested slightly
less success for surgery in the moderately to severely dis-
abled patients.
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TABLE 4. Proportion of patients achieving fixed and patient-specific MCID and SCB by baseline disability

MCID SCB
Baseline Disability No. Fixed Pt-Specific  p Value* Fixed Pt-Specific  p Value*

SRS subscore

Mild (4-4.9) 9 33% 56% 0.16 1% 44% 0.08

Moderate (3-3.9) 89 60% 58% 0.56 45% 42% 0.08

Moderate to severe (2-2.9) 69 74% 65% 0.01 58% 57% 0.56

Severe (<2) 4 100% 100% — 75% 100% —
Total 171 65% 62% 0.13 49% 49% 1.00
p valuet 0.002 0.14 0.005 0.019
ODI

Minimal (1-20) 26 19% 46% 0.008 0% 38% —

Moderate (21-40) 76 62% 66% 0.08 41% 51% 0.005

Severe (41-60) 57 65% 61% 0.16 54% 53% 0.32

Crippled (=61) 12 75% 75% 1.00 75% 75% —
Total 171 57% 62% 0.02 42% 51% <0.001
p valuet <0.001 0.18 <0.001 0.068

— = p value omitted due to insufficient sample size or sampling zero.

* According to McNemar's test.
t According to the Cochran-Armitage test for trend.

In general, worse baseline health scores predict more
quantitative PROM improvement after surgery for ASD.>4
As such, patients with worse baseline PROMs are more
likely to achieve MCID and SCB improvements. Fixed
MCID values are limited by their relatively poor discrimi-
nation and by their poor sensitivity for patients with better
baseline PROM scores.? Individualized MCID and SCB
values may offer an improvement over more anchor-based
or distribution-based fixed values. Our analysis demon-
strated that patient-specific thresholds for MCID/SCB can
improve sensitivity for deeming patients with minimal
initial disability clinically improved, while reducing the
potentially inflated clinical improvements seen in patients
with moderate to severe initial disability.

In the ASLS-1 study there were significant PROM
improvements on average.® The use of averages fails to
account for patient-specific differences such as baseline
PROM, which we investigate here, and the data presented
may help set expectations for patients with ASLS. Clini-
cal use of baseline PROM scores will continue to increase
as machine learning methodologies are being used to de-
velop models for predicting surgical outcomes for patients
with ASD from baseline measurements.*-# Together, per-
sonalized MCID/SCB values and personalized machine

learning predictions for achieving these values will fur-
ther enhance patients’ individualized surgical counseling
and expectation management. Until personalized machine
learning—based tools are available, the use of best-case/
worst-case/most likely outcome may assist shared deci-
sion-making.

This study is limited by its retrospective design, al-
though the data come from a prospective, dual-arm study
with high rates of patient retention. An anchor question
to ask whether patients feel improved or substantially
improved would be most useful for examining classifica-
tion of success by MCID and SCB. This is particularly
true for the so-called 50% rule proposed for SCB. We
have chosen this value because it is approximately 50%
more than the MCID value. In general, extreme changes
in PROMs (twice MCID) are uncommon and a value be-
tween MCID and twice MCID may be a fair target. Patient
expectations for pain relief, functional improvement, and
improved cosmesis will certainly vary, and determining
patient expectations according to the various domains af-
fected by ASLS is necessary. In this exploratory analysis
we have relied on the primary outcome measures of the
ASLS-1 study, which were the ODI and the SRS subscore.
We have not analyzed the effect of complications on these

TABLE 5. Patient-reported satisfaction at 2 years by baseline disability

Baseline Disability No.  Median Satisfaction IQR Surgery Success  Surgery Failure
SRS subscore
Mild disability (4-4.9) 9 4.5 4.0-5.0 8 (89%) 1 (11%)
Moderate disability (3—3.9) 89 44 4.0-5.0 74 (83%) 15 (17%)
Moderate to severe disability (2-2.9) 69 4.2 3.8-5.0 52 (75%) 17 (25%)
Severe disability (<2) 4 45 41-49 4 (100%) 0 (0%)

Scores = 4.0 were considered successful, and scores < 4.0 were considered failures.
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outcomes, given that we sought to use baseline PROMs
to guide the informed—decision-making process. Analyses
of complications within this data set suggest that single,
recoverable complications have minimal effect on out-
comes, as opposed to permanent deficits or repeated com-
plications. Similarly, we have not controlled for the effect
of postoperative alignment. Sagittal plane malalignment
at baseline is not common in this data set and, more im-
portantly, sagittal plane alignment after surgery may have
only a small effect on postoperative PROMs.* Finally, this
cohort is composed of only patients with ASLS, a distinct
subset of ASD. Our results may not extrapolate to all ASD
populations, given that there are quantifiable differences in
postoperative PROM domain score improvements accord-
ing to deformity type.*’

This study has direct clinical implications regarding
surgical outcomes based on disability at the time of sur-
gery. Our finding that 2-year patient-reported outcomes
cluster into definable ranges shows that many patients
achieve similar final outcomes after operative treatment
regardless of initial disability. With the significant cost,
pain, and risk associated with operative treatment, it may
be tempting for patients and surgeons to wait until the
scoliosis becomes crippling before pursuing this option.
However, this delay and extended suffering may not be
prudent, given that many patients achieve similar 2-year
PROMs regardless of starting point. Patients with great
initial disability see the largest improvements from the
starting point but remain more disabled than their coun-
terparts who had less initial disability. Our best-case,
worst-case, and most likely case analysis is useful in pro-
viding patients with accurate data on the heterogeneity of
possible outcomes. We conclude that presurgical PROMs
should be considered when predicting the expected ben-
efit from surgical treatment of ASLS, and they should be
directly applied to patient-centered, informed—decision-
making tools. Future work will focus on applying PROM
data to developing tools to facilitate discussions with pa-
tients regarding the expected benefits from surgical inter-
vention.

Conclusions

PROMs are a critical part of describing patient disabil-
ity before and after surgery. Clustering of outcomes after
surgery for ASLS may help set expectations for patients as
surgeons inform them of possible and most likely results.
Patients with varying initial disability often achieve good
outcomes, given that more severe initial disability corre-
sponds to greater quantitative improvement from baseline.
Although average patient-reported outcomes are essential,
this study provides additional guidance to surgeons for the
shared decision-making process. Best-case and worst-case
outcome information highlights the heterogeneity of pos-
sible outcomes and helps frame patient expectations. Dy-
namic MCID and SCB values may offer more sensitive
criteria to define surgical success or failure.
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