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Abstract
Objective: Evaluate clinical improvement as measured by patient-reported outcomes (PROs) during the | to 2-year interval.
Study Design: Retrospective Cohort.

Methods: A single-institution registry of ASD patients undergoing surgery was queried for patients with >6 level fusions.
Demographics and radiographic variables were collected. PROs collected were the ODI and SRS-22r scores at: preoperative,
|-year and 2-years. Outcome measures of clinical improvement during the |-2 year time interval were: 1) group medians, 2)
percent minimum clinically important difference (MCID), and 3) percent minimal symptom scale (MSS)(ODI < 20 or SRS-pain +
function >8). Wilcoxon rank-sum tests, chi-squared tests, Kruskal-Wallis tests, and logistic regression were performed.

Results: |57 patients undergoing ASD surgery with minimum of |-year follow-up were included. Mean age was 53.2 and mean
instrumented levels was 13.1. Preoperative alignment was: Neutral Alignment (NA) 49%, Coronal Malalignment (CM) 17%,
Sagittal Malalignment (SM 17%), and Combined Coronal/Sagittal Malalignment (CCSM) 18%. Preoperative to |-year, and pre-
operative to 2-years, all ODI/SRS-22r significantly improved (P < .001). In all patients, the only significant improvement in PROs
between |-and 2-year postoperative were those reaching ODI MCID (69% |-year vs. 84% 2-years; P < .001). Subgroup analysis:
>55 years had an improved median ODI (18 vs. 8; P = .047) and an improved percent achieving ODI MCID (73% vs. 84%,
P = .048). CCSM patients experienced significant improvement in SRS-appearance score (75% vs. 100%; P = .050), along with
those with severe preoperative SM >7.5cm (73% vs. 100%; P = .032).

Conclusions: Most ASD patients experience the majority of PRO improvement by |-year postoperative. However, subsets of
patients that may continue to improve up to 2-years postoperative include patients >55 years, combined coronal/sagittal
malalignment, and those with severe sagittal malalignment >7.5cm.
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limb.? Surgical intervention can significantly help these
patients and improve their quality of life.*>

Despite opportunity for significant improvement after ASD
surgery, morbidity can be high, and the recovery process is
long and arduous even after a perfectly executed ASD opera-
tion.®’ Patient reported outcomes (PROs) often decrease dur-
ing the early recovery period, yet clinical improvement is seen
from 3-months to 1-year postoperative.®'® In ASD patients
with preoperative neurological deficits, motor scores show
incremental improvement at discharge, 6-week, and 6-month
in 52%, 67%, and 83% of patients, respectively.'' However,
little is known how much, or if any improvement takes place
beyond the 1-year period. Moreover, the recovery dynamics in
certain patient populations or after different operative
approaches is an area still under investigation. Studies have
shown that elderly and frail patients may improve their PROs
more than younger patients up to 2-years postoperative.'%12
Understanding the exact time window of improvement after
ASD surgery can help guide pre- and postoperative recovery
expectations for patients and surgeons. While several studies
evaluate clinical improvement at 1 and 2-years compared to
preoperative, few have scrutinized if continued improvement
takes place during the 1 to 2-year time period.

Given our incomplete understanding of the recovery process
after ASD surgery, we attempted to further study the duration
of improvement after ASD surgery. In a cohort of ASD patients
undergoing corrective surgery, we sought to evaluate clinical
improvement as measured by PROs during the 1- to 2-year
interval.

Methods
Study Design

The current study was a retrospective cohort study based on pro-
spectively collected data from a single institution consisting of 2
spine deformity surgeons (LGL/RAL). Following institutional
review board approval (#AAAR6504), data was collected on all
ASD patients undergoing ASD surgery between 06/01/2015-12/
31/2019. No funding was received for this study. A HIPAA form
B, waiver for informed consent, was obtained.

Patient Population

Preoperative enrollment criteria were similar to prior studies of
ASD patients.'*'* The inclusion criteria were: age >18 years
undergoing >6 level instrumented fusion with at least 1 of the
following radiographic criteria (Cobb angle > 30°, SVA >
Scm, coronal vertical axis (CVA) > 3 cm, pelvic tilt (PT) of
> 25°, or thoracic kyphosis (TK) > 60°). All patients under-
went a standing full-body or full-spine low dose Stereoradio-
graph (EOS Imaging, Paris, France) prior to surgery.

Independent Variables

Demographic and operative variables were collected, including
age, sex, body mass index (BMI), diagnosis, primary vs.

revision surgery, preoperative alignment status, total instru-
mented levels (TIL), 3 column osteotomy (3CO), operative
time, estimated blood loss (EBL), length of stay, complica-
tions, and reoperations. Preoperative x-rays were evaluated,
and both the coronal vertical axis (CVA) and sagittal vertical
axis (SVA), both continuous variables measured in centimeters
(cm), were obtained. The CVA was obtained by subtracting the
coronal C7-plumb-line (C7PL-a vertical line dropped from the
middle of the C7 vertebral body) distance, from the central
sacral vertical line (CSVL—a vertical line that passes through
the center of the sacrum)."” Similarly, the SVA is the distance
from the sagittal C7PL, a vertical line drawn from the middle of
the C7 body, and the posterior superior aspect of the S1 ver-
tebral body.'> Though CVA to the left is considered negative
and to the right is positive, absolute values were used given the
lack of clinical difference between left and right. Patients were
then then broken down into the following 4 groups based on
preoperative alignment: 1) Neutral alignment (NA): CVA <3
cm & SVA < 5 cm; 2) Coronal malalignment only (CM): CVA
>3 cm; 3) Sagittal malalignment only (SM): SVA >5 cm; and
4) Coronal and sagittal malalignment (CCSM): both CVA >3
cm & SVA >5 cm. Additional radiographic information was
obtained including max coronal Cobb angle, L4 tilt, and LS5 tilt.

Patient-Reported Outcomes

The 2 PRO variables used were: 1) Oswestry Disability Index
(ODI) version 2.1a,'®!” and 2) Scoliosis Research Society
(SRS-22r) Instrument.'® The ODI gives a single score, with
higher values corresponding to worse function. The SRS-22r
gives a total score and several sub-domains rated 1-5, with
lower values corresponding to worse function. Determined
a-priori based on clinical relevance, the SRS-22r subdomains
included were: function, appearance, mental health, and pain.

With each PRO, the 3 outcome measures of clinical
improvement during the 1-2 year time interval were: 1) group
medians, 2) percent minimum clinically important difference
(MCID), and 3) percent with minimal symptom scale (MSS)
(ODI < 20 or SRS-pain + function >8).

Three time points of each PRO were collected: baseline,
1-year, and 2-years postoperative. Though outside the focus
of this manuscript, changes in PROs were assessed from pre-
operative to both postoperative time points to evaluate the
impact of surgery. The a-priori objective was to assess changes
during the 1-year to 2-year postoperative time period. Thus, the
majority of the analysis included values from only these time
points.

Sub-Group Analysis

After the whole cohort was analyzed, specific sub-groups were
assessed a-priori to determine specific populations more or less
predisposed to improvement during 1- to 2-year postoperative
time period. These sub-groups were the following:
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1. Age: dichotomized to patients >55-years-old

2. Global alignment (3 groups): CM (CVA >3 cm & SVA
< 5 cm; SM (SVA >5 cm & CVA < 3 cm); CCSM
(both CVA CVA >3 cm & SVA >5 cm.

3. Deformity severity (3 groups) CVA >5 cm, SVA >7.5
cm, max Cobb angle >60°

4. Invasiveness of surgery (2 variables): TIL and 3CO.

5. Complication status (2 variables): Presence of any post-
operative complication or revision spine surgery.

Statistical Analysis

Descriptive statistics were used to summarize patient demo-
graphics and radiographic data. Categorical data was presented
as frequencies and percentages, whereas continuous data was
present with mean and standard deviations (SD). The PROs
used were determined to not be normally distributed based
on the Shapiro-Wilk test (P < .05), and thus non-parametric
testing was used. To assess changes from preoperative to post-
operative, Wilcoxon-rank-sum tests were used to compare
groups at l-year and 2-years postoperative to preoperative.
Kruskal-Wallis tests were used to compare PROs across
4 groups based on alignment (NA, CM, SM, CCSM) at each
time point. To determine differences between the 1- and 2-year
time interval, Wilcoxon-rank-sum tests were used for continuous
data (raw PRO scores), whereas Chi-squared proportion tests
were used for count data (percent achieving MCID and MSS).
MCID threshold values were set in accordance with prior studies:
—12.8 for ODI, 4+0.375 for SRS-function, +0.800 for SRS-
appearance, and +0.587 for SRS-pain.'*** MCID values for
SRS-mental health were not used due to limited prior use. Values
for MSS of ODI < 20 were used based on prior studies, and the
MSS values of SRS-pain + function >8 were chosen based on
similar methodology. Statistical significance was set at an alpha
level of < 0.05. Due to a potentially large number of tables, only
significant results of each sub-group analysis are summarized. All
statistical analyzes were performed in STATA version 14 (Stata-
Corp LP, College Station, Texas).

Results
Demographics

A total 157 patients undergoing ASD surgery had I-year
follow-up, and 88 had 2-year follow-up with appropriate PROs.
Mean age was 50.9 years and 67% were female (Table 1). Sixty
percent (94/157) of patients presented as revision cases, having
undergone previous spinal fusion surgery, and the average TIL
for the current deformity surgery was 13.4. Furthermore,
though mean SVA was 3.1, a wide range of positive and neg-
ative values was seen (—8.8 to 24.8). Breakdown of each
deformity into each category is seen at preoperative and imme-
diate postoperative: NA, CM, SM, and CCSM (Figure 1).
Though different sample sizes were used for the 1-year and
2-year samples, both groups were similar in all demographics
and operative variables (Table 2).

Table |. Demographic and Operative Variables.

Variable Value
Age, mean + SD 509 + 17.5
Female, n (%) 105 (67%)
ASA

1/2/3 15 (10%) / 97 (62%) / 45 (28%)
BMI, mean + SD 256 + 5.8
Depression, n (%) 31 (20%)
Diagnosis, n (%)

AdIS 82 (52%)

Degenerative 75 (48%)
Revision, n (%) 94 (60%)

Preop SVA (cm), mean + SD (range)
Preop CVA (cm), mean + SD (range)
Max Cobb (°), mean + SD (range)

3.6 + 6.4 (—88,248)
2.8 + 2.6 (0.1, 19.8)
426 + 263 (12, 1317)

TIL 13.4 + 4.0 (6-25)
3CO 22 (14%)
Operative time, mean + SD 469.9 + 130.7 (135-924)
EBL 12635 + 777.3
LOS, mean + SD 75+ 70
Complication 29 (19%)
Reoperation 24 (15%)

Change From Preoperative to Postoperative

All PROs showed significant improvement from preoperative
to l-year and preoperative to 2-years postoperative (Figure 2).
Significant improvement was seen at both the preoperative to
1-year interval, and the preoperative to 2-year interval (each <
.001). From the time interval of preoperative, 1-year, and
2-years postoperative, the following median PRO values were
seen—ODI: 38, 14, 10; SRS-function: 3.2, 4, 4.2; SRS-
appearance: 2.4, 4.2, 4.2; SRS-mental health: 3.6, 4, 4; and
SRS-pain: 2.6, 4, 4.2 (Figure 3).

Regarding radiographic data, preoperative to immediate
postoperative radiographic parameters all improved signifi-
cantly (Table 3). With respect to changes in PROs based on
alignment status, preoperatively, there was a significant differ-
ence in baseline ODI among each alignment group, with both
SM and CCSM having significantly worse ODI (P = .007) than
NA and CM. Postoperatively, all groups displayed similar
PROs, despite residual malalignment occurring in 18 patients
with CM, 24 patients with SM, and 7 patients with CCSM
(Table 4). Though postoperative SM and CCSM patients dis-
played slightly inferior ODI at 1 and 2-years, these were not
significantly different from the NA and CM group.

Changes From | to 2-Years

In all patients, changes during the 1- to 2-year interval are
summarized (Table 5). With respect to median values of each
PRO, no statistically significant changes occurred during the
1- to 2-year interval. The same trend was seen for patients
achieving MSS. However, 1 significant finding of more
patients achieving MCID for ODI at 2-years than 1-year was
found (69% vs. 84%, P < .001).
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Figure |. Preoperative and postoperative global spinal alignment groups.

Table 2. Comparison of |- and 2-Year Cohorts.

|-year 2-year

Variable N =157 N = 88 P-value
Age, mean + SD 509 + 175 53.1 + 16.8 .339
Female, n (%) 105 (67%) 62 (71%) 512
ASA, n (%) each > .05

1/2/3 15 (10%) / 97 (62%) / 45 (28%) 8 (9%) 1 57 (65%) 1 23 (26%)
BMI, mean + SD 25.6 + 5.8 258 + 6.5 .805
Depression, n (%) 31 (20%) 18 (21%) .852
Diagnosis, n (%)

AdIS 82 (52%) 41 (47%) .652

Degenerative 75 (48%) 47 (53%)
Revision, n (%) 94 (60%) 66 (62%) 758
Preop SVA (cm), mean + SD (range) 3.6 + 6.4 (—88,24.8) 37 + 63 (79,232 .906
Preop CVA (cm), mean + SD (range) 2.8 + 2.6 (0.1,19.8) 29 + 2.9 (0.1, 20.0) .782
Max Cobb (°), mean + SD (range) 42.6 + 26.3 (1.2, 131.7) 40.5 + 25.6 (1.2, 108.3) .546
TIL, mean + SD (range) 13.4 + 4.0 (6-25) 13.1 + 4.6 (6-25) .594
3CO, mean + SD (range) 22 (14%) 15 (17%) .529
Operative time, mean + SD (range) 469.9 + 130.7 (135-924) 461.9 + 138.9 (135-924) .654
EBL, mean + SD 1263.5 + 777.3 1258 + 879.6 .960
LOS, mean + SD 75+ 70 72 + 63 739
Complication, n (%) 29 (19%) 16 (18%) .847
Reoperation, n (%) 24 (15%) 15 (17%) .680

Sub-Group Analysis

Among all sub-groups, only significant results are summarized
(Table 6). Patients >55-years had a significant change in med-
ian ODI value (18 vs. 8, P = .047) and percent achieving ODI
MCID (73% vs. 84%, P = .048). With respect to global align-
ment, no significant changes were found for CM and SM
patients, yet CCSM patients had a significant improvement in

percent achieving MCID SRS-appearance score (75% vs.
100%, P = .050). With respect to more severe deformity, no
significant results were found for patients with CM >5cm and
max Cobb angle >60°, yet patients with severe SM (SVA >
7.5cm) had a similar significant improvement in percent
achieving MCID in SRS-appearance during the 1- to 2-year
interval (73% vs. 100%, P = .032). With respect to
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invasiveness of surgery and complication status, no significant
changes took place during the 1- to 2-year postoperative
interval.

Discussion

The current study sought to determine whether some ASD
patients undergoing spinal reconstruction experience

ODI

40
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Preop Postop 1-vear Postop 2-vear

Figure 2. ODI at preoperative, |-year, and 2-years.

improvement in PROs from 1- to 2-years postoperative. As
expected, all patients significantly improved from preoperative
to both follow-up time points. During the 1- to 2-year interval,
the only significant improvement in PROs among all patients
was those reaching ODI MCID. We found that certain popula-
tions experienced significant improvement in the 1- to 2-year
period on subgroup analysis. Specifically, individuals >55-
years old had an improved median ODI and improved percent
achieving ODI MCID. Furthermore, those with CCSM had sig-
nificant improvement in percent achieving MCID SRS-
appearance scores, as did patients with severe preoperative SM
(>7.5cm). These findings have implications for patients and
surgeons to understand the recovery trajectory after ASD
surgery.

With an aging U.S. population,>* older ASD patients will
continue to require surgery, and understanding the trajectory of
their recovery is important.”> Though more medically frail and
with an inherently higher risk of complications, it is generally
agreed upon that ASD surgery offers improvement in older
adults. In patients >65 years, Li et al® found that patients
undergoing surgery had significantly less pain and improved
quality of life, self-image, mental health, and satisfaction com-
pared to those undergoing non-operative treatment.” Evidence
also suggests that with time, complications after ASD surgery
in patients >75 years have significantly decreased from 26.7%
in 2003 to 8.6% in 2012.%*° With respect to length of recovery,
while the literature shows overall positive clinical outcomes in
older patients with multi-year follow-up,®%¢® limited analysis
exists for the timeline of improvement, and when this

4.5
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Figure 3. SRS-22r sub-domains at preoperative, |-year, and 2-years.
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improvement may stop. Scheer et al'® found that older patients
had significantly greater improvement than younger patients at
6-weeks, 1-year, and 2-years postoperative.'® The authors
hypothesized that elderly patients’ poorer baseline function led
to more opportunity for improvement. Furthermore, multiple
studies have demonstrated that older age is associated with
increased postoperative complications, longer length of stay,
and reoperation. Likewise, a recent report by Lee et al*’
demonstrated a statistically significant difference in age, where
elderly patients experienced higher rates of readmissions at
2-years postoperative (51.3 vs. 59.6, P = 0.013). Additionally,

Table 3. Changes in Radiographic Values From Preoperative to
2-Year Postoperative.

2-years

Preoperative postoperative  P-value

CVA (cm), mean + SD 28 + 26 1.7 + 1.3 < .001*
SVA (cm), mean + SD 36 + 64 1.1 + 39 < .001*
Max Cobb (°), mean + SD 42.6 + 263 9.1 + |1.6 < .001*
L4 tilt (°), mean + SD 100 + 83 4.6 + 43 < .001*
L5 tilt (°), mean + SD 64 + 6.2 35 + 35 < .001*

Abbreviations: CVA, coronal vertical axis; SVA, sagittal vertical axis.
*Denotes statistically significant.

the authors showed that inpatient complications did not nega-
tively impact 2-year PROs, and patients with a readmission/
reoperation had significant improvement in their 2-year SRS
and ODI scores compared to their 1-year and preoperative
values in a cohort where the average age was 56-years-old.
An additional prospective, multicenter, international study of
77 ASD patients followed for 5-years postoperative confirmed
this trend that PROs were similar between patients who
endured a major, surgery-related complication compared to
those who did not.*® Taken together, these data imply that older
patients’ recovery window may be longer given the extended
recovery dynamic.®*'** Adding to this literature, we found
that from 1- to 2-years postoperative, individuals >55 years
improved significantly on ODI and percent achieving ODI
MCID. Potential explanations for these findings include more
time needed to improve aerobic conditioning, regain muscle
strength, or recover from prior complications.

Multiple groups have reported that sagittal malalignment is
a strong driver of disability before and after ASD surgery.**=°
A recent study by Pierce et al found that patients classified as
severely frail, which included individuals with severe SM
>8cm, had overall better PROs at 1- and 3-years compared
to less frail and better aligned patients.'? In a cohort of patients
with SVA >4 cm, sagittal alignment initially worsened

Table 4. PROs at Preoperative, |-Year Postoperative, and 2-Years Postoperative by Alignment Group.

Neutral alignment Coronal malalignment Sagittal malalignment Combined coronal/sagittal malalignment P-value

Preoperative N =77 N =26 N =26 N =28
ODI, mean + SD 31.2 + 196 31.2 + 20.1 434 + 180 48.0 + 14.1 .007%*
Postoperative N =108 N=18 N =24 N=7
ODI ly, mean + SD 165 + 16.9 172 + 168 224 + 20.0 237 £ 174 .329
ODI 2y, mean + SD 159 + 185 11.8 + 132 165 + 18.1 21.0 £ 19.6 738
Abbreviation: ODI, Oswestry Disability Index.
*Denotes statistically significant.
Table 5. Changes in PROs From | to 2-Year Postoperative.
All patients
| -year postop 2-Year Postop P-value
Values
ODI, median (IQR) (157/88) 14 (2-26) 10 (0-26) 174
SRS-function, median (IQR); (109/57) 4.0 (3.2-4.4) 4.0 (3.6-4.4) 961
SRS-appearance, median (IQR); (109/57) 4.2 (3.6-4.8) 4.0 (3.6-4.4) 238
SRS-mental, median (IQR); (109/57) 4.0 (3.6-4.4) 4.0 (3.8-4.4) 526
SRS-pain, median (IQR); (109/57) 4.0 (3.2-4.6) 4.0 (3.0-4.8) 452
MCID
ODI, n (%) 69% 84% <.001*
SRS-function, n (%) 59% 61% .738
SRS-appearance, n (%) 79% 77% .800
SRS-pain, n (%) 66% 63% 710
Minimum symptom scale
ODI <20, median (IQR) 35% 31% 489
SRS-pain/function >8 50% 62% 196

*Denotes statistically significant.
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Table 6. Sub-Group Analysis of Changes in PROs From | to 2-Year Postoperative.

Sub-group analysis
(significant results only)

|-year postop 2-year postop P-value

I. Age >55Y

ODI, median (IQR) 18 (4-28) 8 (0-26) .047*

% achieving MCID 73% 84% .048*
2. Global alignment

Combined coronal/sagittal malalignment

% achieving MCID SRS-appearance 75% 100% .050*

No significant changes for coronal malalignment-only or sagittal malalignment only
3. Severity of deformity

Severe sagittal malalignment >7.5cm

% achieving MCID SRS-appearance 73% 100% .032%

No significant changes for severe coronal malalignment >5cm or max Cobb angle >60°

4. Invasiveness of surgery

No significant changes for 3 column osteotomy or total instrumented levels

5. Complication status
No significant changes for complication or reoperation

*Denotes statistically significant.

immediately after surgery, yet began to meaningfully correct
between 6-weeks and 6-months.>’ Interestingly, patients under-
going minimally-invasive ASD correction with severe SM
>9.5cm patients did not experience the same postoperative
improvement in PROs than those without SM, which may have
to do with surgical approach.>® We found that patients with
severe preoperative SM >7.5cm experienced continued
improvement during the 1- to 2-year interval in SRS-
appearance scores. Taken together, the effect of severe SM on
recovery kinetics is not fully understood, but improvement after
severe SM correction may extend to 2-years postoperative.

Combined coronal and sagittal malalignment (CCSM) is an
area with relatively limited investigation, and our results
showed that patients with CCSM significantly improved in
SRS-appearance score from 1- to 2 years. Coronal alignment
itself has been underemphasized in ASD surgery, with opera-
tive goals less defined.* Recent reports have begun to study
the role of coronal alignment parameters, as CM has been
shown to lead to significant pain, disability, and poor cosm-
esis.>*** CCSM is an even less studied phenomenon in ASD,
with a 3 patient case series of such patients describing good
correction results, but without much PRO data.** With 18% of
our cohort classified as CCSM, a sizeable number of ASD
patients may fall into this category. Additional research is
required to learn more about this challenging patient popula-
tion, and our evidence suggests this may be a risk factor for
continued improvement during the 1- to 2-year interval.

The current data provides a more nuanced understanding
into the dynamics of improvement after ASD surgery. Further
information on the timeline of recovery helps patients and their
surgeons understand the postoperative experience. It is our
hope that the current data advances our knowledge of clinical
improvement in patients with SM and CCSM. In future studies,
more sensitive PROs may yield different results. We used

mainly LEGACY measures in this study, and newer studies
evaluating PROMIS scores*’ that are less prone to floor and
ceiling effects, should be studied. Lastly, continued study of
alignment groups and associated disability are needed. Though
a proportion of patients still had coronal and/or sagittal mala-
lignment (CM 11%, SM 15%, CCSM 4%) postoperatively,
their 1-year and 2-year PROs were similar to those with NA.

The present study is not without limitation. First, several
statistical tests were run, which increases our chance of Type
1 error; however, these were all stated a-priori and meant to
find potentially significant trends. We have been careful to not
over-conclude our results and give them more credence than
they deserve. The statistically significant findings are viewed
with caution as empirical data that some patients may improve
during the 1- to 2-year time interval, which can be used to
discuss with patients and families in the preoperative and post-
operative setting. Second, as a single-center, retrospective
study, these results require confirmation in multi-center, pro-
spective trials. To that end, only 2 surgeons were included in
the current sample, and different trends may be seen with a
large group of surgeons and different surgical techniques and
approaches. Third, only 2 primary outcome measures, ODI and
SRS-22r, were used, which are both subject to some potential
floor and ceiling effects. Fourth, inconsistent sample sizes were
seen between the 1- and 2-year time interval, but it was deter-
mined that both groups were similar and almost identical in
several demographic and operative variables.

Conclusions

In patients undergoing adult spinal deformity (ASD) surgery,
most patients reported maximum outcome status by 1-year
postoperative; however, a subset of patients may still improve
ODI MCID from 1- to 2-years postoperative. Empirical results
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confirm that the subset of patients that may continue clinically
significant improvement after 1-year are those 55 years and
older, having combined preoperative coronal/sagittal malalign-
ment, and severe preoperative sagittal malalignment >7.5 cm
preoperative.
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