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Abstract

Study Design: Prospective, multicenter, international, observational study

Objective: Identify independent prognostic factors associated with achieving the minimal clinically important difference
(MCID) in patient reported outcome measures (PROMs) among adult spinal deformity (ASD) patients ≥60 years of age
undergoing primary reconstructive surgery.

Methods: Patients ≥60 years undergoing primary spinal deformity surgery having ≥5 levels fused were recruited for this study.
Three approaches were used to assess MCID: (1) absolute change:0.5 point increase in the SRS-22r sub-total score/0.18 point
increase in the EQ-5D index; (2) relative change: 15% increase in the SRS-22r sub-total/EQ-5D index; (3) relative change with a
cut-off in the outcome at baseline: similar to the relative change with an imposed baseline score of ≤3.2/0.7 for the SRS-22r/EQ-
5D, respectively.
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Results: 171 patients completed the SRS-22r and 170 patients completed the EQ-5D at baseline and at 2 years postoperative.
Patients who reached MCID in the SRS-22r self-reported more pain and worse health at baseline in both approaches (1) and (2).
Lower baseline PROMs ((1) –OR: .01 [.00-.12]; (2)- OR: .00 [.00-.07]) and number of severe adverse events (AEs) ((1) –OR: .48
[.28-.82]; (2)- OR: .39 [.23-.69]) were the only identified risk factors. Patients who reached MCID in the EQ-5D demonstrated
similar characteristics regarding pain and health at baseline as the SRS-22r using approaches (1) and (2). Higher baseline ODI
((1) –OR: 1.05 [1.02-1.07]) and number of severe AEs (OR: .58 [.38-.89]) were identified as predictive variables. Patients who
reached MCID in the SRS22r experienced worse health at baseline using approach (3). The number of AEs (OR: .44 [.25-.77])
and baseline PROMs (OR: .01 [.00-.22] were the only identified predictive factors. Patients who reached MCID in the EQ-5D
experienced less AEs and a lower number of actions taken due to the occurrence of AEs using approach (3). The number of
actions taken due to AEs (OR: .50 [.35-.73]) was found to be the only predictive variable factor. No surgical, clinical, or
radiographic variables were identified as risk factors using either of the aforementioned approaches.

Conclusion: In this large multicenter prospective cohort of elderly patients undergoing primary reconstructive surgery for
ASD, baseline health status, AEs, and severity of AEs were predictive of reaching MCID. No clinical, radiological, or surgical
parameters were identified as factors that can be prognostic for reaching MCID.

Keywords
spine deformity, adults, patient reported outcome, minimal clinically important difference, health measures, spine surgery,
elderly

Introduction

Patient reported outcome measures (PROMs) and health-
related quality of life (HRQOL) measures are essential
tools in evaluating the quality of care given and overall patient
satisfaction.1 These measures provide a patient-based insight
into the patient perception of health status and the impact of
spinal disorders on health-related quality of life. Adult spinal
deformities encompass a variety of etiologies often requiring
multi-level arthrodesis from the thoracic spine to the pelvis.2,3

Although these complex surgeries have shown to improve
HRQOL postoperatively, high complication rates coupled
with a long recovery period call into question whether
prognostic factors that are associated with improved PROMs
can be determined.4-6

Treatment efficacy for ASD patients is typically assessed
based on subjectively reported outcomes. To understand this
further, healthcare professionals and statisticians alike work to
coin what the minimal clinically important difference (MCID)
is in where both professionals and patients can perceive
improvement through a quantitative perspective. Minimal
clinically important difference can be defined as the threshold
that represents an improvement from baseline that is mean-
ingful enough that the patient would consider repeating the
intervention if they were hypothetically in a similar condi-
tion.6-8 The Scoliosis Research Society-22r (SRS-22r) is a
PROM used in all etiologies of ASD. Its validity, reliability,
and representativeness of all treatment effects has been well
documented.9-12 The EuroQol5 (EQ-5D) is a generic mea-
surement aimed to evaluate all measures of HRQOL such as
mobility, self-care, usual activity, pain, and anxiety.13

Despite the wide-use and demonstrated effectiveness of the
stated PROMs in capturing HRQOL measures, patient and

surgical characteristics that affect achieving MCID require
further research. It is estimated that the prevalence of ASD in
the elderly population is up to 68%, which with time may lead
to further deterioration of the patient’s quality of life.14,15 The
purpose of this study is to identify independent prognostic
factors that are associated with improved PROMs and
achieving MCID among ASD patients ≥60 years of age un-
dergoing ASD primary reconstructive surgery.

Methods

A prospective, multicenter, multi-continental, observational
longitudinal cohort study was conducted of patients
aged ≥60 years undergoing primary spinal deformity surgery
consisting of having ≥5 levels fused. The clincialtrials.gov
identifier is: NCT02035280.

Patients were included in the study if they were ≥60 years
by the date of surgery, diagnosed with a spinal deformity in
either the coronal or sagittal plane undergoing ≥ 5-level spinal
fusion, willing to comply with the protocol’s follow-up
schedule, and understood and signed the informed consent
(IRB - AAAQ2318). Patients were excluded from the study if
they had any previous spinal procedures except for a prior
decompression of ≤2 levels, diagnosed with a neurogenerative
disease or paralysis, unlikely to comply with follow-up, were
institutionalized or prisoners, medically unfit, recent history of
substance abuse, psychosocially disturbed, presence of an
active tumor or infection, had a recent history of tumor or
fracture of the spine, or participated in other studies that could
potentially influence the results of the current study.

Demographic variables such as, age, gender, height,
weight, body mass index (BMI), race, employment, and
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American Society of Anesthesiologists (ASA) grade, were
collected.

Local investigators were tasked with screening incoming
patients and included them for eligibility. Local surgeons
operated on said patients based on their standard of care
utilizing surgical techniques based on their experiences and
discretion. Patients were then reviewed and completed out-
come instruments at baseline, 10 weeks, 12 months, and
24 months postoperatively. Radiographic images (3 foot,
antero-posterior, and lateral) were acquired pre-operatively, at
discharge, and after 24 months to assess the following ra-
diographic parameters: lumbar lordosis, thoracic kyphosis,
sagittal vertical axis (SVA), and the major Cobb angle.

The primary outcome of interest in this study is the change
in the Scoliosis Research Society-22r (SRS-22r) subtotal score
between baseline and the 24-month follow-up visit to achieve
the MCID. The SRS-22r subtotal score only includes the
function, pain, self-image, and mental health domains. In
addition to the SRS-22r subtotal score, the satisfaction domain
was analyzed separately to assess for factors that are asso-
ciated with improved satisfaction with surgery at the 2-year
follow-up visit. The secondary outcome of interest is the
change in the EuroQol5 (EQ-5D) between baseline and the 24-
month follow-up visit to achieve the MCID.

Statistical Methodology

Minimal clinically important difference was used to dichot-
omize the patient population into 2 separate groups: those who
reached MCID and those who did not. Three approaches were
used to assess the most optimal methodology to assess MCID:
(1) an absolute change defined as a .5 point increase in the
SRS-22r sub-total and a .18 point increase in the EQ-5D
index16; (2) a relative change defined as a 15% increase in the
SRS-22r sub-total and a 15% increase in the EQ-5D index.
15% was chosen for this approach as it generated the closest
value to the observed mean change to baseline of both the
SRS-22r and EQ-5D and for the sake of comparison with the
absolute change approach to have similar MCID groups re-
partition; (3) using the predictive model designed by Scheer
et al, a relative change with a cut-off in the outcome at baseline
defined as a 15% increase in the SRS-22r sub-total score and a
baseline score ≤3.2 and a 15% increase in the EQ-5D index
and baseline index ≤.7.17 These cutoff points were im-
plemented to exclude patients who already possess a good
baseline condition and represented the third quartile of each
outcome in the patient cohort.

First, descriptive statistics were used to observe the re-
partition of all the demographical, clinical, and adverse event
(AE) parameters among patients who reached MCID and
those who did not for each of the 3 approaches. Adverse events
were stratified between medically and surgically related. The
severity of the AE was determined by the investigator at each
independent site (Supplementary Table 1). Continuous data
were described as means and standard deviations (SD) and

categorical data were described as frequencies (n) and per-
centages (%). Wilcoxon sum rank tests were used to compare
the values of each continuous variable between MCID groups
and Chi-square or Fisher’s exact tests were applied for the
categorical variables. Afterwards, multivariate logistic re-
gression models were performed to identify the predictive
variables associated with improved patient reported outcome
measures (PROMs). Only variables with a P-value <.2 from
the univariate analysis were included to adjust the multivariate
models. Finally, stepwise selection and Bonferroni correction
were used in the multivariate model to identify the most in-
fluential variables for improved PROMs. Statistical signifi-
cance was defined as P < .05. All statistical analyses were
performed using SAS (version 9.4 SAS Institute Inc, Cary,
NC, USA).

Results

255 patients were enrolled in the PEEDS study; 26 patients
were excluded for screening failure, surgery cancelation, or
for other reasons pertaining to the criteria set by the study.
Of the 229 patients that remained, 219 patients met the
inclusion and none of the exclusion criteria for this study.
Of the 219 patients, 171 patients completed the SRS-22r at
baseline and at the 2-year follow-up visit, and 170 patients
completed the EQ-5D during the same time period. Only
patients who completed the questionnaires at baseline and
the 2-year follow-up visit were included in this analysis
(Figure 1). Demographical characteristics for both cohorts
are summarized in Table 1.

SRS-22r Sub-Total Score and Satisfaction Domain

Absolute MCID. Using the absolute approach to assess MCID,
74% (N = 127) of the patients who completed the SRS-22r at
both the preoperative and 2-year follow up visit reached
MCID at 2 years postoperative. No statistically significant
differences were observed among the demographic parameters
between the 2 groups (Table 2). Clinically, patients who
reached MCID had a lower EQ-5D (.5 ± .2 vs .6 ± .2, P = .009)
and SRS-22r sub-total score (2.6 ± .6 vs 3.0 ± .6, P = .002) at
baseline (Supplementary Table 2). These patients tended to be
less anxious at both baseline (53% vs 71%, P = .042) and at the
10-week follow-up visit (34% vs 56%, P = .010) compared to
patients not reaching MCID. Preoperative DEXA scores in-
dicated that patients who reachedMCID reported greater spine
t-scores (.4 ± 2.3 vs -.9 ± 1.7, P = .002) when compared to
those who did not (Supplementary Table 2). No statistically
significant differences were observed among AE parameters
between the 2 groups (Table 3).

Stepwise selection in the multivariate logistic regression
model, after adjusting for variables with P < .2 in the uni-
variate analyses, demonstrated that the number of severe AE’s
(OR = .48, 95% CI .28 – .82, P = .044) and the EQ-5D index at
baseline (OR = .01, 95% CI .00 – .12, P = .003) were the only
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factors associated with reaching MCID at 2 years postoper-
ative (Table 4).

Regarding the satisfaction domain, 73% of patients reached
MCID. Caucasian patients are over-represented amongst
patients who reached MCID compared to patients who did not
(64.2% vs 40.0%, P = .008) (Table 2). Patients that reached
MCID possessed a greater number of total levels fused (10.8 ±
3.8 vs 9.3 ± 2.8, P = .040), were less anxious at baseline
(51.4% vs 70.0%, P = .044), and weaker at baseline (40.6% vs
17.5%, P = .009) (Supplementary Table 3). No statistically
significant differences were observed among AE parameters
between the 2 groups (Table 5).

Stepwise selection in the multivariate logistic regression
model demonstrated that preoperative weakness (OR = 7.53,
95% CI: 2.33 – 24.3, P = .004) and the total number of the
levels fused in all stages (OR = 1.20, 95% CI: 1.04 – 1.37)
were the only factors associated with reaching MCID in the
satisfaction domain at 2 years postoperative (Table 6).

Relative MCID. Using the relative approach to assess MCID,
75% (N = 128) of the patients who completed the SRS-22r
at both the preoperative and 2-year follow up visits reached
MCID at 2-year postoperative visit. Similarly to the ab-
solute approach, no statistically significant differences were

Table 1. Demographic Characteristics of Patients Who Completed the SRS-22r and EQ-5D Index and Both the Preoperative and 2-Year
Follow Up Visit.

Variable
Completed the SRS-22r at Baseline and 2-Year Follow up

(N = 171)
Completed the EQ-5D Index at Baseline and 2-Year Follow up

(N = 170)

Age (yrs)
Mean (SD) 67.9 (5.3) 67.8 (5.4)

BMI (kg/m2)
Mean (SD) 26.0 (5.5) 26.1 (5.5)

Employed, n (%)
No 143 (83.6) 140 (82.4)
Yes 28 (16.4) 30 (17.6)

Race, n (%)
Non-
caucasian

69 (40.4) 67 (39.4)

Caucasian 102 (59.6) 103 (60.6)

Figure 1. Patient attrition diagram demonstrating the patients included in the analysis.
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Table 2. Comparison of Demographics Parameters for the Identification of Predictive Factors Associated Achieving MCID Across All 3
Approaches.

SRS-22r Subtotal Score

Absolute MCID Relative MCID Relative MCID with Baseline Cut-Offa

Variable
MCID Not

Reached N = 44
MCID Reached

N = 127
P

Value
MCID Not

Reached N = 43
MCID Reached

N = 128
P

Value
MCID Not

Reached N = 25
MCID Reached

N = 107
P

Value

Age (yrs)
Mean (SD) 67.2 (5.0) 68.1 (5.5) .360b 67.2 (5.1) 68.1 (5.4) .367b 67.8 (5.3) 68.3 (5.5) .723b

BMI (kg/m2)
Mean (SD) 26.6 (4.9) 25.8 (5.7) .144b 26.7 (4.9) 25.8 (5.7) .117b 27.7 (5.2) 25.6 (5.7) .031b

Employed, n (%)
No 36 (81.8) 107 (84.3) .707c 35 (81.4) 108 (84.4) .648c 22 (88.0) 93 (86.9) 1.000d

Yes 8 (18.2) 20 (15.7) 8 (18.6) 20 (15.6) 3 (12.0) 14 (13.1)
Race, n (%)
Non-

Caucasian
20 (45.5) 49 (38.6) .423c 19 (44.2) 50 (39.1) .554c 10 (40.0) 46 (43.0) .785c

Caucasian 24 (54.5) 78 (61.4) 24 (55.8) 78 (60.9) 15 (60.0) 61 (57.0)

SRS-22r Satisfaction/Dissatisfaction Domain

Variable
MCID Not

Reached N = 40
MCID Reached

N = 106
P

Value
MCID Not

Reached N = 53
MCID Reached

N = 93
P

Value
MCID Not

Reached N = 25
MCID Reached

N = 107
P

Value

Age (yrs)
Mean (SD) 68.8 (5.1) 67.7 (5.4) .188b 67.8 (5.1) 68.1 (5.5) .870b 68.8 (5.0) 68.1 (5.6) .353b

BMI (kg/m2)
Mean (SD) 26.5 (5.6) 25.8 (5.4) .378b 26.7 (5.5) 25.6 (5.5) .173b 26.7 (5.7) 25.6 (5.7) .289b

Employed, n (%)
No 37 (92.5) 85 (80.2) .073c 46 (86.8) 76 (81.7) .427c 38 (95.0) 57 (82.6) .062c

Yes 3 (7.5) 21 (19.8) 7 (13.2) 17 (18.3) 2 (5.0) 12 (17.4)
Race, n (%)
Non-

Caucasian
24 (60.0) 38 (35.8) .008c 29 (54.7) 33 (35.5) .024c 23 (57.5) 26 (37.7) .045c

Caucasian 16 (40.0) 68 (64.2) 24 (45.3) 60 (64.5) 17 (42.5) 43 (62.3)

EQ-5D Index

Variable
MCID Not

Reached N = 84
MCID Reached

N = 86
P

Value
MCID Not

Reached N = 64
MCID Reached

N = 106
P

Value
MCID Not

Reached N = 19
MCID Reached

N = 90
P

Value

Age (yrs)
Mean (SD) 67.5 (5.9) 68.0 (4.9) .350b 67.1 (5.5) 68.2 (5.3) .181b 65.8 (4.8) 68.0 (5.3) .128b

BMI (kg/m2)
Mean (SD) 26.1 (4.8) 26.0 (6.1) .446b 26.7 (4.8) 25.7 (5.8) .045b 27.7 (6.0) 26.1 (6.0) .211b

Employed, n (%)
No 69 (82.1) 71 (82.6) .943c 51 (79.7) 89 (84.0) .479c 16 (84.2) 74 (82.2) 1.000d

Yes 15 (17.9) 15 (17.4) 13 (20.3) 17 (16.0) 3 (15.8) 16 (17.8)
Race, n (%)
Non-

Caucasian
33 (39.3) 34 (39.5) .973c 21 (32.8) 46 (43.4) .171c 4 (21.1) 38 (42.2) .085c

Caucasian 51 (60.7) 52 (60.5) 43 (67.2) 60 (56.6) 15 (78.9) 52 (57.8)

Note: Only patients who completed baseline and 2-year visits were selected (n = 171 for SRS-22r sub-total score, n = 146 for SRS-22r satisfaction domain,
n = 170 for EQ-5D index).
aPatients with SRS-22r ≥ 3.2 at baseline (n = 39), SRS-22r satisfaction domain ≥3.2 (n = 14), and EQ-5D index ≥.7 (N = 61) were excluded.
bWilcoxon rank sum test.
cChi-Square test.
dFisher’s exact test.
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observed among the demographic parameters between the 2
groups (Table 2). Patients who achieved MCID had a lower
EQ-5D index, (.5 ± .2 vs .6 ± .2, P = .001), lower SRS-22r sub-
total score (2.6 ± .6 vs 3.0 ± .6,P < .001), and a higher ODI score
(47.3 ± 15.3 vs 40.6 ± 14.5, P = .014) at baseline. These patients
tended to be weaker at baseline (41.4% vs 23.3%, P = .033),
possessed higher spine T-scores (.4 ± 2.3 vs -.8 ± 1.6, P = .006),
and were less anxious at the 10-week follow-up visit (34.1% vs
54.8%, P = .018) (Supplementary Table 2). No statistically
significant differences were observed among AE parameters
between the 2 groups (Table 3).

Stepwise selection in the multivariate logistic regression
demonstrated that the number of severe AE’s (OR = .39, 95%CI:
.23 – .69, P = .007) and the EQ-5D index at baseline (OR: .00,

95%CI: .00 – .07,P < .001) were the only factors associatedwith
reaching MCID at 2 years postoperative (Table 4).

Regarding the satisfaction domain, 64% of patients reached
MCID. Caucasian patients remained over-represented
amongst patients who reached MCID compared to patients
who didn’t (64.5% vs 45.3%, P = .024) (Table 2). Patients that
reached MCID possessed a greater number of total levels
fused (11.0 ± 3.8 vs 9.4 ± 3.0, P = .015), were less likely to
report losing balance while walking (41.9% vs 62.3%, P =
.018) (Supplementary Table 3), and experienced less spine-
related AEs (.1 ± .4 vs .3 ± .8, P = .023) (Table 5).

Stepwise selection in the multivariate logistic regression
model demonstrated that preoperative weakness (OR = 4.56,
95% CI: 1.76 – 11.8, P = .011) and losing balance while

Table 3. Adverse Parameters for the Identification of Predictive Factors Associated With Improved SRS-22R.

Absolute MCID Relative MCID Relative MCID with Baseline Cut-Offa

Variable
MCID Not

Reached N = 44
MCID Reached

N = 127
P

Value
MCID Not

Reached N = 43
MCID Reached

N = 128
P

Value
MCID Not

Reached N = 25
MCID Reached

N = 107
P

Value

Number of AEs
Mean
(SD)

1.5 (2.2) 1.4 (1.7) .932b 1.5 (2.2) 1.4 (1.7) .923b 2.2 (2.6) 1.4 (1.7) .134b

Number of mild AEs
Mean
(SD)

.5 (1.2) .7 (1.3) .143b .5 (1.2) .7 (1.3) .173b .8 (1.5) .7 (1.4) .647b

Number of moderate AEs
Mean
(SD)

.5 (1.0) .3 (.6) .643b .4 (1.0) .3 (.6) .850b .6 (1.2) .3 (.6) .573b

Number of severe AEs
Mean
(SD)

.6 (1.0) .4 (.7) .268b .6 (1.0) .4 (.7) .221b .8 (1.1) .4 (.8) .085b

Number of serious AEs
Mean
(SD)

.6 (1.0) .4 (.7) .278b .7 (1.0) .4 (.7) .227b .8 (1.1) .4 (.8) .068b

Number of local AEs (affecting the part of the body under investigation)
Mean
(SD)

.2 (.4) .2 (.7) .690b .2 (.4) .2 (.7) .641b .2 (.5) .2 (.8) .276b

Number of general AEs (affecting the rest of the body)
Mean
(SD)

.2 (.6) .3 (.6) .682b .2 (.6) .3 (.6) .736b .3 (.8) .3 (.6) .986b

Recovery without persistent damage/Recovery in progress (N)
Mean
(SD)

.2 (.5) .1 (.4) .605b .2 (.5) .1 (.4) .563b .2 (.7) .1 (.4) .259b

Recovery with persistent damage/The patient died (N)
Mean
(SD)

.4 (.7) .3 (.7) .090b .4 (.7) .3 (.7) .072b .6 (.7) .3 (.7) .007b

Outcome unknown (N)
Mean
(SD)

.9 (1.8) 1.0 (1.2) .190b .9 (1.8) 1.0 (1.2) .159b 1.3 (2.2) 1.0 (1.3) .862b

Number of actions taken due to the occurrence of AEs
Mean
(SD)

1.4 (2.0) 1.1 (1.3) .940b 1.4 (2.0) 1.1 (1.3) .974b 2.0 (2.4) 1.1 (1.3) .150b

Notes: The severity of AEs was determined by the site investigators. Only patients who completed baseline and 2 year visits were selected.
aPatients with SRS-22r higher than 3.2 at baseline were excluded.
bWilcoxon rank sum test.
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walking (OR = .33, 95% CI: .14 – .76, P = .048) were the only
factors associated with reaching MCID in the satisfaction
domain at 2 years postoperative (Table 6).

Relative MCID with a Cut-Off at Baseline Score. After excluding
the patients with a good baseline condition (SRS-22r sub-total
score >3.2), 132 patients remained in the analysis. Of those
patients, 81% (N = 107) reached MCID at the 2-year visit.

Patients who reached MCID possessed a lower BMI (25.6 ±
5.7 vs 27.7 ± 5.2, P = .031) (Table 2). These patients also
possessed a lower EQ-5D index at baseline (.5 ± .2 vs .6 ± .2,
P = .040) and were less anxious at the 10-week post-op visit
(40.0% vs 66.7%, P = .018) (Supplementary Table 2). When
assessing AEs, the number of events recovered with persistent
damage was lower among those who reachedMCID (.3 ± .7 vs
.6 ± .7, P = .007) (Table 3).

Table 4. Stepwise Selection in the Multivariate Logistic Regression to Identify the Most Relevant Continuous Risk Factors Associated With
Achieving MCIDa in the SRS-22r Outcome and EQ-5D Index at 2 Years.

Stepwise Selection in the Multivariate Logistic Regression to Identify Independent Prognostic Factors Associated Achieving MCID by the 2 yr
Follow-Up Visit

SRS-22r Sub-Total Score EQ-5d Index

Predictor
Adjusted OR (95%

CI)
P

Value
P Value
adj.b Predictor

Adjusted OR (95%
CI)

P
Value

P Value
adj.b

Absolute MCID Absolute MCID
Number of severe
AEs

.48 (.28; .82) .007 .044 Number of serious AEs .58 (.38; .89) .012 .024

EQ-5d index at
baseline

.01 (.00; .12) <.001 .003 ODI at 10 weeks .97 (.95; .99) .002 .005

C7-S1 SVA 1.01 (1.00; 1.01) .038 .115 ODI at baseline 1.05 (1.02; 1.07) <.001 <.001
Anxiety/depression
(10 wk)

.60 (.38; .95) .031 .115

Anxiety/depression
(BL)

.49 (.28; .85) .013 .063

Weakness 1.68 (1.02; 2.79) .043 .115
T Score (spine) 1.26 (1.02; 1.56) .029 .115

Relative MCID Relative MCID

Number of severe
AEs

.39 (.23; .69) .001 .007 Number of actions taken due to
the occurrence of AEs

.75 (.59; .95) .017 .034

EQ-5d index at
baseline

.00 (.00; .07) <.001 <.001 SRS-22R - sub-total score at
baseline

.31 (.16; .57) <.001 <.001

C7-S1 SVA 1.01 (1.00; 1.01) .019 .094 Losing balance when walking .66 (.47; .93) .018 .034
Anxiety/depression
(10 wks)

.59 (.37; .95) .029 .094

Anxiety/depression
(BL)

.52 (.30; .90) .020 .094

Weakness 1.82 (1.08; 3.05) .023 .094
T Score (spine) 1.28 (1.02; 1.60) .033 .094

Relative MCID with baseline cut-offc Relative MCID with baseline cut-offc

Number of severe
AEs

.44 (.25; .77) .004 .008 Number of actions taken due to
the occurrence of AEs

.50 (.35; .73) <.001 <.001

EQ-5d index at
baseline

.01 (.00; .22) .002 .007 Age (years) 1.18 (1.03; 1.36) .021 .062

Anxiety/depression
(10 wks)

.51 (.31; .86) .012 .012 ODI at 10 weeks .96 (.93; 1.00) .035 .070

Notes: Results from a stepwise selection procedure within a multivariate logistic regression model. P values were calculated using the maximum likelihood
estimates. Missing values in the predictor variables were imputed using the MCMC multiple imputation.
aMinimal clinically important difference for SRS-22R outcome.
bStepdown Bonferroni adjusted P-values.
cPatients with SRS-22r higher than 3.2 and EQ-5D index higher than .7 at baseline were excluded.
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Stepwise selection in the multivariate logistic regression
demonstrated that the number of severe AE’s (OR = .44, 95%CI:
.25 – .77, P = .008), the EQ-5D index at baseline (OR: .01, 95%
CI: .00 – .22, P = .007), and being anxious at 10 weeks (OR =
.51, 95%CI: .31 – .86, P = .012) were the only factors associated
with reaching MCID at 2 years postoperative (Table 4).

Regarding the satisfaction domain, 63% of patients
reached MCID. Caucasian patients remained over-
represented amongst patients who reached MCID com-
pared to patients who didn’t (62.3% vs 42.5%, P = .045)
(Table 2). Patients who reached MCID were less likely to
report losing balance while walking (40.6% vs 70.0%, P =
.003) (Supplementary Table 3).

Stepwise selection in the multivariate logistic regression
model demonstrated that the SVA (OR = 1.01, 1.00 – 1.02, P =
.039), preoperative weakness (OR = 3.40, 95% CI: 1.24 –

9.39, P = .039), and losing balance while walking (OR = .20,
95% CI: .06 – .62, P = .026) were the only factors associated
with reaching MCID at 2 years postoperative (Table 6).

EQ-5D Index

Absolute MCID. Using the absolute approach to assess MCID,
only 51% (N = 86) of patients who completed the EQ-5D
index at both the preoperative and 2-year follow up visits
reached MCID at 2 years postoperative. No statistically

Table 5. Adverse Parameters for the Identification of Predictive Factors Associated With Improved SRS-22R – Satisfaction Domain.

Absolute MCID Relative MCID Relative MCID with Baseline Cut-Offa

Variable
MCID Not

Reached N = 40
MCID Reached

N = 106
P

Value
MCID Not

Reached N = 53

MCID
Reached
N = 93

P
Value

MCID Not
Reache N = 40

MCID Reached
N = 69

P
Value

Number of AEs
Mean
(SD)

1.5 (2.1) 1.4 (1.7) .863b 1.4 (2.1) 1.4 (1.7) .480b 1.6 (2.3) 1.6 (1.8) .594b

Number of mild AEs
Mean
(SD)

.7 (1.4) .7 (1.2) .630b .7 (1.4) .7 (1.2) .434b .8 (1.6) .7 (1.3) .729b

Number of moderate AEs
Mean
(SD)

.3 (.6) .4 (.7) .962b .3 (.6) .4 (.8) .501b .3 (.6) .5 (.9) .157b

Number of severe AEs
Mean
(SD)

.5 (.8) .4 (.8) .176b .5 (.8) .4 (.8) .220b .5 (.8) .4 (.8) .154b

Number of serious AEs
Mean
(SD)

.6 (.9) .4 (.8) .127b .5 (.9) .4 (.8) .204b .6 (.9) .4 (.8) .154b

Number of local AEs (affecting the part of the body under investigation)
Mean
(SD)

.3 (.9) .1 (.4) .677b .3 (.8) .1 (.4) .023b .3 (.9) .1 (.4) .176b

Number of general AEs (affecting the rest of the body)
Mean
(SD)

.2 (.5) .3 (.7) .227b .2 (.7) .3 (.7) .291b .3 (.7) .3 (.7) .439b

Recovery without persistent damage/Recovery in progress (N)
Mean
(SD)

.2 (.6) .1 (.4) .325b .2 (.5) .1 (.5) .895b .2 (.6) .2 (.5) .867b

Recovery with persistent damage/The patient died (N)
Mean
(SD)

.4 (.8) .3 (.6) .891b .3 (.7) .3 (.6) .822b .3 (.7) .4 (.7) .632b

Outcome unknown (N)
Mean
(SD)

.9 (1.5) 1.0 (1.4) .592b .9 (1.6) 1.0 (1.3) .402b 1.1 (1.8) 1.0 (1.4) .749b

Number of actions taken due to the occurrence of AEs
Mean
(SD)

1.2 (1.7) 1.1 (1.5) .898b 1.2 (1.8) 1.1 (1.4) .919b 1.3 (1.9) 1.2 (1.6) .810b

Notes: The severity of AEs was determined by the site investigators. Only patients who completed baseline and 2 year visits were selected.
aPatients with SRS-22r higher than 3.2 at baseline were excluded.
bWilcoxon rank sum test.
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significant differences were observed among the demographic
parameters between the 2 groups (Table 2). Patients who
reached MCID possessed greater ODI scores (48.6 ± 14.1 vs
42.1 ± 15.8, P = .017), a lower EQ-5D index (.4 ± .2 vs .7 ± .2,
P < .001), a lower SRS-22 sub-total score (2.7 ± .6 vs 2.6 ± .6,
P = .050), and expressed greater leg pain using the numerical
rating scale (NRS) (4.7 ± 3.6 vs 3.6 ± 2.9, P = .036) at baseline
(Supplementary Table 4). No statistical differences were
observed among AE parameters between the 2 groups
(Table 7).

Stepwise selection in the multivariate logistic regression, after
adjusting variables withP < .2 resulting from univariate analyses,
demonstrated that the number of severe AE’s (OR = .58, 95%CI:
.38 – .89, P = .024), ODI score at 10 weeks (OR = .97, 95%CI =
.95 – .99, P = .005), and ODI score at baseline (OR = 1.05, 95%
CI: 1.02 – 1.07, P < .001) to be the only factors associated with
reaching MCID at 2 years postoperative (Table 4).

Relative MCID. Using the relative approach to assess MCID,
only 62% (N = 106) of patients who completed the EQ-5D
index reached MCID at the 2-year visit. Patients who reached
MCID possessed a lower BMI (25.7 ± 5.8 vs 26.7 ± 4.8, P =
.045). However, no other statistically significant differences
were observed among the demographic parameters between
the 2 groups (Table 2). Patients who reached MCID denoted
lower pain scores using the EQ-5D visual analogue scale
(VAS) (54.2 ± 25.2 vs 62.3 ± 18.7, P = .038), greater leg pain
(NRS: 4.6 ± 3.5 vs 3.5 ± 2.8, P = .048), a higher ODI score
(47.7 ± 15.4 vs 41.5 ± 14.3, P = .017), a lower EQ-5D index
(.4 ± .2 vs .7 ± .1, P < .001), and a lower SRS-22r sub-total

score (2.6 ± .6 vs 2.9 ± .6, P = .002) at baseline. The same
patients were also found to be more anxious at baseline
(62.3% vs 46.9%, P = .050) (Supplementary Table 4). The
number of AE’s recovered with persistent damage was lower
among those reached MCID (.2 ± .7 vs .4 ± .7, P = .029)
(Table 7).

Stepwise selection in the multivariate logistic regression
demonstrated that the number of actions taken due to the oc-
currence of AE’s (OR = .75, 95% CI: .59 – .95, P = .034), the
SRS-22r sub-total score at baseline (OR = .31, 95%CI: .16 – .57,
P < .001) and losing balance while walking (OR = .66, 95% CI:
.47 – .93,P= .034) to be the only factors associatedwith reaching
MCID at 2 years postoperative (Table 4).

Relative MCID With a Cut-Off at Baseline Score. After excluding
the patients with a good baseline condition (EQ-5D index >.7),
109 patients remained in the analysis. Of those patients, 83%
(N = 90) reached MCID at the 2-year visit. No statistically
significant differences were observed among the demographic
parameters between the 2 groups (Table 2). Despite the imposed
cutoff, patients who reached MCID were found to have a lower
EQ-5D index (.4 ± .1 vs .5 ± .1, P = .001) at baseline. More
patients, amongst those who were discharged to their home as
opposed to another facility, reachedMCID (88.8% vs 68.4%,P =
.035). These patients were also found to be less anxious at
10 weeks (36% vs 63.2%, P = .028) (Supplementary Table 4).
The same patient group also experienced less AEs (1.3 ± 1.7 vs
3.1 ± 2.8, P = .001), severe AEs (.4 ± .7 vs 1.2 ± 1.3, P = .004),
and serious AEs (.4 ± .7 vs 1.2 ± 1.3, P = .003). The same patient
group also possessed a lower number of AEs recovered with

Table 6. Stepwise Selection in the Multivariate Logistic Regression to Identify the Most Relevant Continuous Risk Factors Associated
Achieving Mcida in the SRS-22r – Satisfaction Domain the Management Outcome at 2 Years.

Predictor Adjusted OR (95% CI) P Value P Value adjb

Absolute MCID
Number of serious AEs .57 (.36; .92) .022 .066
Weakness 7.53 (2.33; 24.3) <.001 .004
Losing balance when walking .40 (.17; .93) .033 .066
Total number of levels fused overall stages (patient level) 1.20 (1.04; 1.37) .009 .038

Relative MCID
Number of local AEs (affecting the part of the body under investigation) .36 (.14; .92) .032 .074
Weakness 4.56 (1.76; 11.8) .002 .011
Losing balance when walking .33 (.14; .76) .010 .048
Total number of levels fused overall stages (patient level) 1.16 (1.03; 1.30) .014 .057
Sagittal vertical axis C7 to S1 (SVA) 1.01 (1.00; 1.01) .025 .074

Relative MCID with baseline Cut-Offc

Sagittal vertical axis C7 to S1 (SVA) 1.01 (1.00; 1.02) .013 .039
Weakness 3.40 (1.24; 9.30) .017 .039
Losing balance when walking .20 (.06; .62) .006 .026

Notes: Results from a stepwise selection procedure within a multivariate logistic regression model. P values were calculated using the maximum likelihood
estimates. Missing values in the predictor variables were imputed using the MCMC multiple imputation.
aMinimal clinically important difference for SRS-22R outcome.
bStepdown Bonferroni adjusted P-values.
cPatients with SRS-22r higher than 3.2 at baseline were excluded.
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persistent damage (.2 ± .7 vs .8 ± .9,P < .001), and a significantly
lower number of actions taken due to the occurrence of AEs (1.0
± 1.2 vs 2.9 ± 2.6, P < .001) (Table 7).

Stepwise selection in the multivariate logistic regression
demonstrated that the number of actions taken due to the
occurrence of AE’s (OR = .50, 95% CI: .35 – .73, P < .001) to
be the only factor associated with reaching MCID at 2 years
postoperative (Table 4).

Discussion

This study examined the predictive factors associated with
achieving MCID in the SRS-22r subtotal score, SRS-22r

satisfaction domain, and the EQ-5D index using 3 distinct
approaches: absolute MCID, relative MCID, and relative
MCID with an imposed baseline cut-off score. Regardless of
the approach used in this analysis, we found no radiological or
surgical parameters to be identified as prognostic factors for
the SRS-22r subtotal score and the EQ-5D index. Instead, the
severity of AEs and the EQ-5D index at baseline appeared to
be the most influential factors of an improved SRS-22r sub-
total score. This was further emphasized by the stepwise
multivariate logistic regression model which demonstrated
that patients are less likely to reach MCID in the SRS-22r sub-
total score given a high number of severe AEs or a high EQ-
5D index at baseline.

Table 7. Adverse Parameters for the Identification of Predictive Factors Associated With Improved EQ-5D Index.

Absolute MCID Relative MCID Relative MCID with Baseline Cut-Offa

Variable
MCID Not

Reached N = 84

MCID
Reached
N = 86

P
Value

MCID Not
Reached N = 64

MCID Reached
N = 106

P
Value

MCID Not
Reached N = 19

MCID Reached
N = 90 P Value

Number of AEs
Mean
(SD)

1.6 (1.9) 1.3 (1.7) .362b 1.8 (2.0) 1.3 (1.6) .061b 3.1 (2.8) 1.3 (1.7) .001b

Number of mild AEs
Mean
(SD)

.7 (1.3) .7 (1.3) .846b .8 (1.4) .6 (1.2) .125b 1.1 (1.8) .6 (1.3) .243b

Number of moderate AEs
Mean
(SD)

.4 (.9) .3 (.5) .962b .4 (.9) .3 (.5) .921b .8 (1.3) .3 (.5) .064b

Number of severe AEs
Mean
(SD)

.5 (.9) .4 (.7) .509b .5 (.9) .4 (.7) .243b 1.2 (1.2) .4 (.7) .004b

Number of serious AEs
Mean
(SD)

.6 (.9) .4 (.7) .136b .6 (1.0) .4 (.7) .196b 1.2 (1.3) .4 (.7) .003b

Number of local AEs (affecting the part of the body under investigation)
Mean
(SD)

.2 (.4) .2 (.8) .662b .2 (.4) .2 (.7) .852b .3 (.6) .2 (.8) .343b

Number of general AEs (affecting the rest of the body)
Mean
(SD)

.3 (.7) .2 (.6) .988b .3 (.8) .2 (.5) .345b .7 (1.1) .2 (.5) .012b

Recovery without persistent damage/Recovery in progress (N)
Mean
(SD)

.1 (.4) .2 (.5) .811b .2 (.5) .1 (.5) .425b .2 (.4) .1 (.5) .513b

Recovery with persistent damage/The patient died (N)
Mean
(SD)

.3 (.6) .3 (.7) .208b .4 (.7) .2 (.7) .029b .8 (.9) .2 (.7) <.001b

Outcome unknown (N)
Mean
(SD)

1.1 (1.6) .9 (1.2) .606b 1.2 (1.7) .8 (1.1) .301b 2.1 (2.6) .9 (1.1) .057b

Number of actions taken due to the occurrence of AEs
Mean
(SD)

1.3 (1.8) 1.0 (1.2) .560b 1.5 (1.9) 1.0 (1.2) .193b 2.9 (2.6) 1.0 (1.2) <.001b

Notes: The severity of AEs was determined by the site investigators. Only patients who completed baseline and 2 year visits were selected.
aNote: Patients with EQ-5D index higher than .7 at baseline were excluded.
bWilcoxon rank sum test.
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Comparatively, Arima et al found that the preoperative
SRS-22r sub-total score along with a variety or radiographic
parameters to be predictive of achieving MCID at the 2-year
follow-up period.6 Despite the variation in the predictive
factors, the authors similarly concluded that a poor preoper-
ative HRQOL score at baseline was a significant predictor in
achieving MCID. This finding suggests that patients with low
baseline scores experience greater improvement resulting
from the surgery.

Nonetheless, the analysis conducted by Arima et al was
limited to patient demographics, radiographic parameters, and
PROMs and did not account for the occurrence of AEs during
the postoperative period. On the contrary, the analysis con-
ducted in this study incorporated demographics variables,
AEs, clinical parameters such as baseline and 10 weeks
PROMs, comorbidities as well as the radiographic and sur-
gical parameters, in our multivariate model all at once. As a
result, we observed the effect size surrounding the severity of
AEs to remain consistent across all 3 approaches. The per-
ception of AEs plays a significant role in subjective outcomes.
In a comparison study of the perception of AEs, Hart et al
found that, in general, patients’ perception on the impact and
severity of AEs on postoperative outcomes was greater than
that of the surgeons.18 As PROMs rely on the subjective
assessment of the patient’s recovery, it is no surprise that the
occurrence of severe AEs may serve as a preventative in
achieving MCID.

After excluding patients with a good baseline condition,
SVA and weakness/losing balance while walking were found
to be the only predictive factors of achieving MCID in the
SRS-22r satisfaction domain. It is worth noting that the SVA
was identified to be the only radiographic parameter to be
associated with achieving MCID and was not associated with
achieving MCID in the overall SRS-22r sub-total score.
Previous studies have demonstrated the association between
HRQOL and sagittal alignment suggesting that patients with
positive sagittal imbalance reported worse self-assessments in
pain, function, and self-image domains as they experience
greater imbalance and risk while walking.19-21 We demon-
strated that patients who achieved MCID in this domain
tended to have a more invasive surgery as highlighted by the
higher number of vertebral levels fused. Requiring extensive
instrumentation and pelvic fixation has shown to reduce
mobility around the waist.22-24 Despite the imposed physio-
logical restrictions, it is understandable as to why correction in
the sagittal plane can serve as a predictor for reaching MCID
in the satisfaction domain. By implying the cut-off approach,
patients are more likely to be maligned in the sagittal plane and
possess far more room for improvement. Improvement of
sagittal alignment tends to improve the patient’s ability to walk
with balance and perform other activities of daily life.25 Pa-
tients are more likely to be satisfied with the outcome of their
surgery after witnessing improvements in standing, reduced
pain, and enhanced walking ability.26

In almost every approach taken for assessing MCID,
greater pain at baseline, number of actions taken due to the
occurrence of AE’s, or both has been significantly associated
in achievingMCID in the EQ-5D index. Ibrahim et al assessed
the outcomes and life improvements among elderly patients
undergoing multilevel spinal fusion to determine the factors
associated with MCID of multiple HRQOL measures in-
cluding the EQ-5D index. Resembling the absolute MCID
approach used in this analysis, Ibrahim et al utilized the MCID
criteria coined by Parker et al of a .15 increase in the EQ-5D
index.27,28 The authors found that increased activity preop-
eratively and a longer length of stay to be correlated with
improvement in EQ-5D index. An explanation to this can be
that patients with low a baseline EQ-5D index are more likely
to undergo a more complex procedure resulting in a longer
length of stay and evidently have greater room for
improvement.6,27 In contrast, longer and more complex sur-
geries are associated with higher rates of AEs which were not
accounted for in the aforementioned study.29 Although the
EQ-5D index score itself at baseline was not seen to be a
predictive factor for the outcome of interest in any of the
approaches, our analysis demonstrated that in the absolute and
relative approaches, a higher ODI score and lower SRS-22r
sub-total score at baseline, respectively, are associated with
achieving MCID in the EQ-5D index. This finding indicates
the possibility of improvement given poor baseline scores.
Decreased number of AEs in the absolute approach and ac-
tions taken in the occurrence of AEs in both the relative and
relative/cut-off approach were associated with achieving
MCID, addressing the effect of AEs which was not previously
mentioned by Ibrahim et al.

With the complication rate of ASD surgery ranging from
40% to 71%, it is no surprise that the occurrence of AEs and
their severity may hinder a patient’s postoperative recovery
and achieving MCID.30-32 Nonetheless, the effects of AEs on
PROMs have been investigated in prior studies. Carreon et al
reported serious AEs in addition to the maximum preoperative
cobb angle as predictive factors of a lower 2-year SRS-22r
score.33 Although this analysis did not find any radiographic
parameters to be predictive of MCID, this may be attributed to
the homogeneity of the PEEDs cohort as demonstrated by lack
of significant differences in radiographic characteristics, co-
morbidities, and surgical variables such as ASA grade across
all 3 approaches. In addition, Nunez-Pereira et al demon-
strated that patients who were operated on due to severe
complications within the first year did not reach MCID in both
the SRS-22 and ODI by 2 years postoperatively.34 Reoper-
ation was not assessed in the analysis, however, severe sur-
gically related AEs that may indicate the need for reoperation
were incorporated in our models and demonstrated signifi-
cance. Hence, the notion that AEs and their associated impacts
are predictive of achieving MCID is supported thus requiring
surgeons to be attentive to modifiable factors that may limit
them.
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This study is not without limitations. First, despite the
extensive collaboration between centers, the study lacked
standardization in surgical indications, techniques, and peri-
operative management to the patients included in this cohort.
Surgical approach and overall care may have differed across
centers possibly affecting patients’ postoperative recovery
and, as a result, their subjective outcomes. In addition, as-
sessing the severity of AEs was at the discretion of each site
investigator for their respective patients. This introduces a
subjective element in how patient outcomes are categorized.
Secondly, as part of the exclusion criteria, patients who were
deemed medically or psychologically unfit were not enrolled.
This may have inadvertently introduced a selection bias as this
cohort of patients may be healthier than what is deemed
representative of the study population. Thirdly, physical ac-
tivity was not analyzed in this analysis despite physical
function being a subdomain of the SRS-22r. Jakobsson et al
suggested that patients who started with a low level of pre-
operative physical activity are more likely to increase their
activity postoperatively. This is due to the fact that those who
experienced a sedentary life prior to surgery are more likely to
experience the health-enhancing benefits of physical activity
after surgery possibly increasing their odds of achieving
MCID.35 Further research into physical activity and its as-
sociation with reaching MCID would be beneficial. Lastly,
there is greater risk and cost associated with ASD surgery.
Thus, MCID may not be an applicable measure of overall
patient improvement. Other methodologies to assess patient
improvement such as substantial clinical benefit (SCB) and
patient acceptable symptomatic state (PASS) should be
explored.

Conclusion

In this large multicenter prospective cohort of elderly patients
undergoing primary reconstructive surgery for ASD, our
analysis across all 3 approaches, demonstrated that the
baseline condition of the patient and AE severity seemed to be
the most predictive factors for reaching MCID. Patients who
experience more pain and discomfort at baseline are more
likely to reach MCID as they have more room for improve-
ment. Meanwhile, patients that experience severe AEs are less
likely to reach MCID as their occurrence may impede the
patient’s postoperative progress. No clinical, radiological, or
surgical parameters were identified as factors that can be
prognostic for reaching MCID suggesting that patient per-
ception may be more indicative to whom will benefit from
surgery. The finding that AEs and their associated impacts are
predictive of achieving MCID offers guidance regarding
possible modifiable factors to limit such events.
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