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Abstract
Study Design/Setting: Retrospective cohort study.

Objective: Assess the extent to which defined risk factors of adverse events are drivers of cost-utility in spinal deformity (ASD)
surgery.

Methods: ASD patients with 2-year (2Y) data were included. Tertiles were used to define high degrees of frailty, sagittal
deformity, blood loss, and surgical time. Cost was calculated using the Pearl Diver registry and cost-utility at 2Y was compared
between cohorts based on the number of risk factors present. Statistically significant differences in cost-utility by number of
baseline risk factors were determined using ANOVA, followed by a generalized linear model, adjusting for clinical site and
surgeon, to assess the effects of increasing risk score on overall cost-utility.

Results: By 2 years, 31% experienced a major complication and 23% underwent reoperation. Patients with <2 risk factors had
significantly less major complications. Patients with 2 risk factors improved the most from baseline to 2Y in ODI. Average cost
increased by $8234 per risk factor (R* = .981). Cost-per-QALY at 2Y increased by $122,650 per risk factor (R* = .794). Adjusted
generalized linear model demonstrated a significant trend between increasing risk score and increasing cost-utility (> = 408, P < .001).

Conclusions: The number of defined patient-specific and surgical risk factors, especially those with greater than two, were
associated with increased index surgical costs and diminished cost-utility. Efforts to optimize patient physiology and minimize
surgical risk would likely reduce healthcare expenditures and improve the overall cost-utility profile for ASD interventions.

Level of evidence: llI
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Introduction

The prevalence of surgical intervention for adult spinal de-
formity has increased over the last two decades.'” These
procedures are associated with an increased risk of compli-
cations, mechanical failure, readmissions and revisions. Such
adverse events also impact patient-reported outcomes and
long-term healthcare expenditures.*® The combination of
higher cost and decreased clinical improvement in the setting
of a complicated postoperative course can significantly impact
the cost-effectiveness profile of these procedures.

Numerous risk factors for complications, mechanical
failure and revisions following ASD surgery have been de-
scribed previously, as well as their impact on clinical
outcomes.”'” The most representative and parsimonious
cohort, as contextualized in the work of Pellise et al, include
Lowest Instrumented Vertebrae (LIV) at pelvis, frailty, sagittal
deformity (global sagittal alignment [SVA], lordosis gap [PI-
LL], and T1 sagittal tilt), blood loss, and surgical time.” The
impact of these individual parameters on cost-utility of in-
terventions for ASD, however, is not well characterized.

In this context, we sought to better understand the extent to
which these defined risk factors of adverse events following ASD
surgery are drivers of poor cost-utility. In the current investigation
we examined the complication rates, clinical outcomes, initial
and overall cost of patients who underwent ASD surgery based
on their number of baseline risk factors. Each of these com-
ponents play an integral role in the cost-utility of surgical
intervention for spinal deformity. Therefore, ultimately, we used

these outcomes to evaluate the influence of risk factors on cost-
utility following surgery. We hypothesized that an increase in the
number of risk factors at baseline would be associated with
reduced cost-utility for ASD surgeries at 2 years.

Materials and Methods

Study Design and Inclusion Criteria

We queried an adult spinal deformity database to identify
patient records eligible for inclusion in this analysis. As de-
scribed in previous publications, this database consists of 14
distinct centers across the United States that contribute con-
secutively enrolled, consented patient data with Institutional
Review Board approval.'®2° Patients that were included in the
present study also had complete 2-year (2Y) Health Related
Quality of Life (HRQL) data and radiographic measurements.

Data Collection and Radiographic Parameters

We abstracted demographic (age, body mass index [BMI], bi-
ological sex, Charlson Comorbidity Index [CCI], frailty [as
measured by the Passias et al ASD-mFI), surgical (levels fused,
operative time, length of stay, surgical approach, performance of
decompressions and osteotomies), and clinical (complications,
reoperations, DRG codes) data.*"** Complication assessments
were made based on review of imaging, patient reports, and
clinical follow-up data. These forms were submitted by indi-
vidual surgeons and centers and imparted into the database by a
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standardized committee of study coordinators. Patient-reported
outcome measures (Oswestry Disability Index [ODI], Short
Form-36 [SF-36]) were collected at baseline and follow-up in-
tervals (6 weeks, 6 months, 1 year, and 2 years).

Full length free-standing lateral spine radiographs (EOS or 36-
inch cassette if unavailable) were collected and assessed at
baseline and follow-up. Radiographic images were analyzed
using SpineView® (ENSAM, Laboratory of Biomechanics,
Paris, France) software.”>>* Spinopelvic radiographic parameters
measured were Pelvic Tilt (PT), Pelvic Incidence (PI), Sagittal
Vertical Axis (SVA), Thoracic Kyphosis (TK, T4-12), Lumbar
Lordosis (LL, L1-S1), T1 Sagittal Tilt (T1-SPi) and mismatch
between Pelvic Incidence and Lumbar Lordosis (PI-LL).

Complication Assessment

Mechanical complications were defined as any complication
related to the implant, including implant prominence, implant
malposition, painful implant, implant failure, interbody dislo-
cation, screw nerve impingement, screw fracture, rod dislocation,
and rod fracture. Mechanical and radiographic complications
were classified as major if involving invasive intervention or
causing prolonged or permanent morbidity or mortality. Proximal
junctional kyphosis (PJK) was defined by a PJK angle of <—10°
and a PJK angle difference of <—10° from baseline at any time
point up to two years. Proximal junctional failure (PJF) was
defined using the criteria of Lafage et al.: a PJK angle of <—28°
and a difference in PJK angle of <—22° from baseline at any
follow-up time point up to 2 years.*

Previous Risk Stratification Criteria

Risk factors used in this study were defined based on the prior
work of Pellise et al. and included: Lowest Instrumented
Vertebrae (LIV) at pelvis, frailty, sagittal deformity (global
sagittal alignment [SVA], lordosis gap [in this study, PI-LL],
and T1 sagittal tilt [T1-SPi]), blood loss, and surgical time.”*
Patients within the highest tertiles, sagittal deformity mea-
sures, blood loss, and surgical time, as well as Frail by the
ASD-mFI, were defined as possessing the risk factor of in-
terest for the purposes of this work. An incremental risk score
adding the number of risk factors (range from 0 to 5) was
generated for each patient.

Utility Calculation

Utility data was calculated converting ODI to SF-6D based on
a previously published conversion methodology.***® The
utilities were then transformed into Quality Adjusted Life
Years (QALYs) and characterized as QALYs gained by
comparing baseline point estimates to 2-year results. Quality
adjusted life years were discounted at an annual 3% rate as
recommended by the World Health Organization to account
for decline in function associated with aging.

Table I. Cohort Breakdown by Number of Risk Factors.

# Risk Factors 0 I 2 3 4 5 Total
Total 8l 129 180 165 128 41 724
Pelvis 0 85 I57 164 128 41 575
High frailty 0 I8 55 76 101 41 291
High deformity 0 I 71 114 115 4] 352
High blood loss 0 3 32 73 92 41 241
High surgical time 0 12 45 68 76 41 242

Cost Calculation

PearlDiver data was utilized to calculate national average
Medicare costs using job order cost accounting (“charge anal-
ysis”). PearlDiver is one of the most comprehensive datasets with
access to Medicare claims. We used mean costs associated with
procedures based on 2018 adult spinal deformity diagnosis-
related groups. We also accounted for costs associated with
the occurrence of complications and comorbidities (CC), major
complications and comorbidities (MCC), and revisions ac-
cording to CMS.gov manual definitions, per previously pub-
lished work.*® Two-year reimbursement consisted of a
standardized estimate using regression analysis of Medicare pay-
scales for all services rendered within a 30-day window, in-
cluding estimates regarding costs of postoperative complications,
outpatient healthcare encounters, revisions and medical related
readmissions. We used a multivariable approach, accounting for
surgical approach, CC, MCC, length of stay (LOS), revisions,
and death, to calculate cost per Quality Adjusted Life Year
(QALY) at 2-year follow-up.**-*°

Statistical Analysis

We compared demographics, surgical details, complication rates,
clinical improvement, and cost-utility (cost per QALY) at two
years between cohorts based on the number of risk factors present
at baseline. Number of risk factors were treated as a count
variable. Linear regression analysis demonstrated correlation
with increasing risk factors and clinical outcomes, complication
rates, initial and overall cost. Statistically significant differences
in cost-utility by number of baseline risk factors were determined
using ANCOVA, controlling for baseline disability. A general-
ized linear model, adjusting for clinical site, surgeon, and age of
patient, was performed using logit link and gamma distribution to
assess the effects of increasing risk score on overall cost-utility.

Statistical Sub-Analysis

The cohort was further divided into four sub-cohorts by the High
Deformity and Frailty variables. A risk score was generated out
of the three remaining surgical factors and assessed against
outcomes in each frailty/deformity sub-cohort. Multivariable
logistic regression analyses and log linear models accounting for
frailty and baseline deformity examined the effect of increasing
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Table 2. Baseline Characteristics by Number of Risk Factors.
# Risk Factors 0 I 2 3 4 5 P-value
Baseline Characteristics
Age 42.1 £ 178 596+ 139 63.1+108 644+97 64.5 £ 9.0 637 78 <.001
Gender 78% 85% 82% 73% 71% 68% .0lé
Body Mass index (kg/m?) 238 + 3.7 27.0 + 6.4 275+ 54 28.1 £ 5.7 303 £ 5.7 314+ 6.5 <.001
Charlson comorbidity index AN 1413 1917 1917 26+ 1.9 27+18 <.001
ASD frailty index A5 £ 0.1 28 £ 0.1 3l x0.1 36 £ 0.1 45 £ 0.1 49 £ 0.1 <.001
Osteoporosis 2% 12% 19% 17% 22% 20% .003
Baseline radiographic parameters
SVA (mm) —1.6+340 229+467 533+589 900681 1154+668 137.6+6I.3 <.001
PI-LL (°) —3.7 1 14.1 6.1 £+ 144 133185 239+ 19.1 29.0 + 185 363177 <.001
TI sagittal tilt (°) —54+25 —43+38 -25+54 S5+63 3.0+£6.2 4.1 +63 <.001
Surgical details
Number of levels fused 86 * 4.1 9.0 £ 42 10.6 + 4.8 11.8 +4.0 124 + 3.8 138 +3.38 <.001
Operative time (min) 281 + 97 362 + 132 417 £ 154 489 + 178 533 + 18I 563 + 108 <.001
Estimated blood loss (mL) 748 + 464 852 £ 601 1337 £ 1031 1963 + 1126 2880 + 1816 3765 + 2178 <.001
Length of stay (days) 59+24 6.7 £39 7.6 £44 88 £ 49 9.6 £ 4.6 105+ 7.1 <.001
Osteotomy 62% 65% 63% 79% 78% 83% .001
Major osteotomy 4% 6% 13% 32% 45% 55% <.001
Decompression 16% 51% 58% 74% 67% 83% <.001
Prior thoracolumbar fusion 6% 14% 21% 33% 41% 46% <.001
Complication rates
Major complication 6% 24% 23% 38% 55% 41% <.001
Reoperation 12% 19% 21% 28% 27% 41% .004
Admission to SICU 57% 58% 62% 72% 85% 88% <.001
Proximal junctional kyphosis 36% 50% 58% 61% 50% 74% .001
Proximal junctional failure 2% 5% 9% 14% 1% 20% .004
Pseudarthrosis 2.5% 2.3% 1.7% 3.6% 7.0% 7.3% 116
Surgical implant failure 1% 10% 16% 22% 27% 27% <.001
Rod breaks 1.2% 5.4% 8.9% 15.8% 18.8% 24.4% <.001
Screw breaks .0% 8% 2.8% 1.8% 5.5% 4.9% .086
Cost-utility analysis
Baseline ODI 25.9 40.0 43.5 48.1 52.5 56.0 <.001
Two-year ODI 17.2 229 235 30.5 34.6 40.7 <.001
Total cost 2Y $70,678.78  $83,979.59  $86,370.35 $98,217.21 $104,035.88 $113,915.99 <.001
Utility gained .084 .098 .104 .083 .075 .054 0I5
QALYs gained 2Y 163 .190 202 16l .146 .105 0I5
Cost per QALY 2Y $434,452.91 $438,425.43 $430,936.83 $611,173.02  $721,936.73 $1,086,846.81 <.001

risk score on the likelihood of developing certain complications
and outcomes of overall cost-utility. Significance was set at P <
.05. All statistical tests were performed using SPSS software
(v25.0, Armonk, NY, USA).

Results

Patient Demographics

Overall, there were 724 patients that met inclusion criteria for
this study. The mean baseline characteristics for this cohort
were as follows: average age of 60.7 = 13.6, 77% were female,

and BMI 27.8 + 5.9 kg/m?, CCI of 1.8 £ 1.7, and frailty index
of 3.4 + 1.6.

Surgical Characteristics

The cohort had a mean operative time of 437 minutes (median:
375, standard deviation: 174.7) and a mean estimated blood loss
of 1736 + 1498 mL. Overall, 59% of patients received a de-
compression and 71% had an osteotomy. By approach, 67%
received a posterior-only approach, 33% received a combined
approach. Of those included in the cohort, 25.7% were under-
going a revision. There were 79.4% of patients fused to the pelvis.
The mean length of stay for the cohort was 8.0 + 4.7 days.
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Table 3. Odds of Experiencing Complication by Increasing Number of Risk Factors.

Complication Odds Ratio [Confidence Interval] P-value
Major complication 1.60 [1.41-1.81] <.001
Reoperation 1.28 [1.12-1.45] <.001
Admission to SICU 1.43 [1.27-1.61] <.001
Proximal junctional kyphosis 1.18 [1.06-1.32] .003
Proximal junctional failure 1.42 [1.17-1.71] <.001
Pseudarthrosis 1.43 [1.07-1.92] 017
Surgical implant failure 1.53 [1.32-1.78] <.001
Rod breaks 1.62 [1.36-1.94] <.001
Screw breaks 1.63 [1.13-2.35] .009
Initial Cost
90000
80000 @i
P S— ® 4
e E—— PYRISRRERT .
60000 @
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20000
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Figure 1. Correlation between risk score and initial cost.
Two-Year Cost
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Figure 2. Correlation between risk score and two-year cost.
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Two-Year Cost-Utility
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Figure 3. Correlation between risk score and two-year cost-utility.

Radiographic Characteristics

Patients presented radiographically at baseline with an average
PI-LL of 16.6 £20.8°, SVA 65.3 £71.7 mm, and a T1 Sagittal
Tilt of —1.2 + 6.1°. Addressing high deformity as per Pellise
et al, 239 patients had high deformity in SVA (33.3%), 241 in
PI-LL (33.4%), and 243 in T1-slope (33.4%).

Cohort Radiographic and Complication Outcomes

At 2 years, patients demonstrated radiographic parameters as
follows: an average PI-LL of 3.9 + 14.8°, SVA 30.8 + 53.0 mm,
and a T1 Sagittal Tilt of —3.9 + 4.9°. By 2 years, 74% of the
cohort experienced any type of complication, 31% experienced a
major complication, and 23% underwent a reoperation.

Overall Risk Stratification Model Quantification

Of the patients included in the study, 81 met O risk factors, 129
met 1, 180 met 2, 165 met 3, 128 met 4, and 41 met 5. The
intersections between risk factors and the quantity of factors
met can be visualized in Table 1. When stratifying by number
of risk factors, Table 2 demonstrate the differences in de-
mographics and surgical details, respectively.

Overall Complication and Reoperation Outcomes by
Risk Stratification

With increasing number of risk factors, Table 2 indicates the
significant differences in between rates of complications. Patients
who met criteria for 3, 4 or 5 risk factors had significantly higher
major complication rates compared to those who met 0, 1, or 2
(all P <.01). Similar results were found for the association for
major complications (OR: 1.6, 95% CI: [1.41-1.81], P < .001)
and reoperation (OR: 1.3, 95% CI: [1.12-1.45], P <.001), along
with admissions to SICU, development of proximal junctional

failure, surgical implant failure, rod breaks, and screw breaks by
two years (all P < .01), as indicated in Table 3.

Overall Correlation to Oswestry Disability Index

The amount of risk factors met had a positive correlation to
baseline ODI scores (r = .442, P <.001) and 2-year ODI scores
(r=.311, P <.001). When controlling for baseline disability, the
group with 2 risk factors during ASD surgery gained the most
utility (change in ODI from baseline to two years) out of all
groups, but did not significantly outgain the group with 0 risk
factors (—20.2 vs -16.2, P = .240), depicted in Table 2.

Overall Cost Evaluation

When analyzing risk factor quantity, there was a $3572 increase
in initial DRG cost-per-risk factor met (R* = .856; Figure 1), a
$8234 increase in initial national average cost-per-risk factor
(R?=981; Figure 2), and an increase by $122,650 per risk factor
in costs-per-QALY at two years (R* = .794; Figure 3). These
findings can be visualized in Table 2. Patients with 0, 1, or 2 risk
factors had the lowest costs-per-QALY at two years, and these
three groups each had significantly lower costs-per-QALY when
compared to groups with 3, 4, or 5 risk factors (all P < .001).
Adjusted generalized linear model accounting for surgery site,
surgeon, and age of patient, demonstrated a significant trend
between increasing risk score and increasing cost-utility (¥ =
408, P < .001) with no significant interaction seen by site,
surgeon, or age (all P > .05).

Frailty/Deformity Sub-Analysis

The overall cohort was divided into groups by deformity
severity and frailty. After categorization, the following pro-
portions were defined as: 30.4% were Not Frail/Low Defor-
mity, 18.8% Not Frail/High Deformity, 21.0% were Frail/Low
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Table 4. The Impact of Number of Risk Factors on Cost-Utility in Each Frailty/Deformity Cohort.

# Risk Factors 0 I 2 3 P-value
Not Frail Low Deformity
Baseline ODI 25.8 39.6 33.0 334 <.001
2-Year ODI 15.5 21.0 16.4 18.6 .189
Total cost 2Y $68,478.08 $86,105.06 $94,728.08 $109,610.96 <.001
Utility gained .073 077 .086 .075 839
QALYs gained 2Y .142 .150 167 .146 .839
Cost per QALY 2Y $484,267.24 $576,123.20 $572,654.96 $752,956.89 .002
Not frail high deformity
Baseline ODI 433 40.5 380 374 651
2-Year ODI 26.9 223 21.1 28.5 407
Total cost 2Y $81,812.99 $77,603.32 $94,110.67 $107,189.11 .039
Utility gained .077 .092 .090 .050 225
QALYs gained 2Y .150 179 175 .097 225
Cost per QALY 2Y $547,405.19 $434,580.12 $542,538.85 $1,104,480.49 <.001
Frail low deformity
Baseline ODI 45.5 49.1 52.1 527 271
2-Year ODI 311 30.0 33.0 42.4 .085
Total cost 2Y $76,929.57 $91,444.47 $94,930.07 $94,138.41 400
Utility gained .086 .102 .093 .043 .106
QALYs gained 2Y 167 .198 .18l .084 .106
Cost per QALY 2Y $460,863.41 $463,725.64 $525,894.02 $1,152,667.41 <.001
Frail high deformity
Baseline ODI 594 56.8 54.0 534 339
2-Year ODI 358 36.1 352 35.6 .995
Total cost 2Y $83,034.12 $95,483.12 $103,232.97 $111,592.37 A71
Utility gained 115 .104 .100 .095 .924
QALYs gained 2Y 223 202 194 .184 924
Cost per QALY 2Y $371,994.19 $473,010.38 $535,976.00 $605,185.20 .006

Deformity, and 29.8% were Frail/High Deformity. Multi-
variable regression analysis, controlling for baseline severity
of deformity and frailty, assessed the odds of experiencing
certain complications in each sub-cohort. Not Frail/Low
Deformity patients with a risk score of 0 were less likely to
any major complication (OR: .1, 95% CI: [.03-.3]; P <.001),
major mechanical complication (no patients with risk score of
zero suffered a major mechanical complication), and reop-
eration (OR: .4, 95% CI: [.2-.9]; P = .041) compared to those
with a risk score of 1, when accounting for baseline deformity.
In the Not Frail/High Deformity cohorts, patients with a risk
score of 0 demonstrated higher rates of major complications
(36%) and major radiographic complications (18%) than those
with a risk score of 1 or 2 (both P < .05). In the Frail/Low
Deformity cohort, patients with a risk score of zero were less
likely to experience a major radiographic complication,
specifically PJF (0%). While there were no differences be-
tween those with a risk score of 0 or 1 in the Frail/High
Deformity population, patients with a risk score of 0 or 1 were
less likely to develop a major complication (OR: .4, 95% CI:
[.2-.8]; P =.005) or implant failure (OR: .5, 95% CI: [.3-.9];
P = .037) compared to those with a risk score of 2 or 3.

Frailty/Deformity Cost-Utility Analysis

When examining cost-utility by increasing risk score in
Table 4, there was a positive correlation with increasing
risk score within each frailty/deformity cohort (all P <
.001). Utility gained was highest in risk scores 1 or 2
compared to 0 or 3 in all frailty/deformity groups, except
for Frail/High Deformity, where there was a decrease in
utility gained with increasing risk score. When dividing
total cost by QALY's gained over two years, there were no
differences in the cost-utility between risk scores of 0, 1,
and 2 for the first three cohorts (Not Frail/Low Deformity,
Not Frail/High Deformity, Frail/Low Deformity), and all
three scores had significantly favorable cost-utility com-
pared to patients with a risk score of 3 (all P <.05). Patients
with a risk score of 1 in the Not Frail/High Deformity
cohort had the most favorable cost-utility, even compared
to those with a risk score of 0 ($434,580.12 vs
$547,405.19). However, patients in the Frail/High De-
formity cohort generated the most favorable cost-utility
with a risk score of 0, as increasing cost-utility demon-
strated correlation with increasing risk score (P < .001).
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Discussion

Risk factors for major complications, readmission, and re-
operation were analyzed and their level of importance were
determined in order to provide further insight for spine sur-
geons in patient selection and risk stratification in a study by
Pellise et al. The study analyzed non-modifiable, modifiable,
radiographic, surgical, and surgical site characteristics and
found that certain factors had significant influence in pro-
viding time-risk predictions according to adverse events.
Among these, blood loss, Sagittal Vertical Axis measurement,
variables associated with frailty measures such as age and
disability, T1 Sagittal Tilt, operative time, lowest instrumented
vertebrae extension to pelvis, and lordosis gap were relevant in
predicting major complications in the preoperative and
postoperative models.” Given that major complications have
an influence on cost, the present study sought to utilize these
stratification variables to determine the impact on cost-
utility.15’27’30

Among the patients who met 4 risk criteria, a vast majority
in this group due to fusion to pelvis, frailty, deformity, or blood
loss. Given that this group also had the most reduced cost
utility, this validates a stronger weight with regard to these risk
factors in comparison to fusion to pelvis, which has varying
discussion regarding its involvement in patient outcomes.*' >
We note that there was a fairly steady decrease in cost utility
alongside an increase in risk factors. Given cost utility is
calculated via the ratio of cost per QALY, this is most likely a
compounded effect of the increasing cost associated with risk
factors and the increased likelihood of complications as noted
by the original Pellise et al study. The same trend was also
seen in regards to radiographic alignment, as an increase in
number of risk factors was also correlated to a higher degree of
deformity in all three parameters at baseline. Ultimately,
because the amount of risk factors was also significantly
associated with baseline ODI and follow-up ODI at 2 years,
our cost-utility results represent a conglomerate of factors
significantly impacting both complication rates and, most
importantly, patient-reported outcomes.

Improvement in disability was significantly hindered by an
accumulating number of risk factors. However, more interest-
ingly, the patient group with 2 risk factors gained the most utility
over the span over two years, even compared to patients with no
risk factors at all. Likewise, because their total costs estimated
over two years did not significantly differ from patients with a
lower amount of risk factors (P >.05), they were able to achieve
the lowest cost-utility profile overall, along with patients ex-
periencing zero or one risk factor. Patients with one and two risk
factors, however, amassed higher rates of complications more
often compared to their counterparts with no risk factors. Yet,
we did not see these significantly impact the total cost estimated
when taking into account major and minor complications, as
well as reoperation.

Therefore, the arising question is: “Are we overestimating
the impact of these major and minor complications on clinical

outcomes to a degree?” While there were trends between
increasing number of factors and increasing complication
rates, overall cost, and decreased utility gained, there seemed
to be a delineation of successful outcomes when parsing out
the risk factors individually. For instance, there was a dif-
ference between patients with no risk factors and one risk
factor in terms of utility gained and cost-utility, as well as
between those with two and three risk factors. While the latter
observation could be explained by the trend analysis, the
former is perplexing. A reason for this could be that, in the
correct patients with a lower number of risk factors, concerted
efforts to achieve durable, optimal outcomes may also incur a
slightly greater rate of complications. However, these minor
blemishes do not preclude these patients from achieving better
clinical outcomes. In fact, in our study, patients acquiring one
to two risk factors actually performed slightly better clinically
than those with no risk factors. Future research is needed to
determine if these patients with a minor amount of risk for
complications ultimately fare better long term in relation to
those with higher or no risk at all.

Patients were then categorized by specific factors, severity
of deformity and frailty, upon presentation that are often
deemed unmodifiable prior to surgical intervention in order to
examine the effect of modifying other factors to decrease
complication rates and increase utility gained to ultimately
produced a favorable economic outcome. When doing so for
Not Frail patients with Low Deformity, patients with a risk
score of zero (no presence of high EBL, high operative time, or
fixation to the pelvis) generated the lowest cost-utility. As
patients in this cohort lack the deformity severity compared to
other cohorts in an analysis, it is intuitive lower amounts of
invasiveness are required to generate a good outcome.
However, when examining Not Frail patients with High
Deformity, a risk score of 1 demonstrated the lowest cost-
utility when accounting for baseline deformity. It would also
make sense that these patient necessitate a more significant
degree of correction, inquiring either higher blood loss, op-
erative time, or fixation to the pelvis, in order to realign their
deformity to optimal target goals. Therefore, a mild amount of
risk in these patients, given their low frailty status, may result
in significant clinical and economic benefit within this cohort.

However, this trend was the opposite for frail patients
presenting for correction of adult spinal deformity. While the
Frail patients with Low Deformity had similar cost-utility with
risk score of 0, 1, or 2, Frail patients with High Deformity
gained the greatest utility, the lowest cost, and most favorable
cost-utility outcome out of any group when encountering a
risk score of 0. Frailty has proven throughout the literature to
be a better metric for assessing risk prior to surgery when
compared to other standard demographic measures like age,
BMI, and comorbidities. Therefore, this cohort of patients is
already placed at higher risk for complications regardless of
presenting deformity. With the addition of high baseline de-
formity, preventative measures against complication devel-
opment should be emphasized and have significant effects.
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Similarly, our study showed the highest rates of mechanical
complications and reoperations among this group of patients.
It is for this reason there has been a recent trend in modifying
current realignment classifications to adjust for age, frailty,
and even osteoporosis.>**! These patients often present with
higher severity of deformity and disability, while also re-
quiring less correction to regain significant functionality and
the ability to perform activities of daily living.>*"** Frail pa-
tients have shown capability to surpass their Not Frail peers in
clinical improvement from ASD surgery and achieve overall
equivocal cost-utility from intervention. Therefore, the find-
ings of this study are further testament to the utilization of
adjusted realignment goals to tailor invasiveness and cor-
rection to both the patient-specific factors and needs in order to
modify their inherent risk for higher rates of complications and
maximize their utility gained.

Like frail patients, patients with one to two risk factors also
started with a higher degree of deformity and disability than
those with zero risk factors, and it is important to note they had
more potential to improve at baseline. Patients with zero risk
factors also began, on average, with lower deformity in each
radiographic parameter when assessing them by either their
SRS-Schwab or Ames-ISSG classification.>>>® Therefore, as
baseline frailty has been assumed to have a parabolic effect on
clinical improvement in ASD surgery, so may baseline de-
formity or disability, as both the lowest and highest degrees of
each at baseline did not fare as well as those within the middle
range when examining utility gained at two years.’’~"

Furthermore, knowing that adverse events also have a
direct economic impact, this study potentially extended these
associations to cost. This was evidenced by the present study
showing a drop-off in cost-utility for patients with 3-5 risk
factors, as well as the correlation between the risk factors and
subsequently developing complications. Alongside major
complications, our study demonstrated the risk factors tested
correlated with a broad array of both early and late compli-
cations, from likelihood of being admitted to SICU to the
development of either junctional or implant failure by two
years. Each of these observed complications play their own
role in the accruement of cost and, due to their predictability
based on risk criteria, become further evidence for the utili-
zation of a risk stratification system to identify the patient
destined for complications that will significantly impact their
clinical success and make appropriate decisions to prevent or
minimize the likelihood of those risk factors when possible.

However, despite the significant findings, our study is not
without limitations. The population under study may be prone
to selection, indication and expertise bias. We also cannot
identify, or control for, errors that may occur during the data
entry process and are limited to consider factors routinely
collected by the participating centers. The use of generalized
cost estimates derived from PearlDiver may also mean the
findings may not be translatable to all clinical contexts and
healthcare environments. Further, more granular, testing in
larger and more diverse samples remains to be performed.

While the results suggest that an increase in quantity of risk
factors, regardless of which factor, increases the potential cost
associated with medical intervention, it is important to state
there is a potential confounding component as the makeup of
each factor quantity grouping (0,1,2,3,4,5) by risk factor is not
entirely uniform. However, the initial study by Pellise et al
shed light on this question, as the study ranked the influence of
these factors in determining the risk of major complication or
revision. Concerning our study specifically, we recognize cost
is not limited to the factors we assessed and, as we identified,
there are other complications that may play a significant role in
the differences in cost and overall cost-utility. Yet, it is worth
noting many of the complications we reported in our study
also correlated with the risk factors tested, aligning with our
overall message. Lastly, as a cost-utility analysis, we caution
against use of this work to deny patients surgery or define who
may, or may not, undergo adult spinal deformity correction.
There may still be patients in a higher risk stratification
category who benefit substantially from surgical correction of
adult spinal deformity, even if the procedure is not as cost-
effective as it might be for individuals in lower risk stratifi-
cation categories.

Conclusion

As advances in spine surgery enable the physician to take on
more challenging cases, it has become even more imperative
to recognize which pre-existing and surgical factors play arole
in development of complications. This study shows an in-
crease in risk factors involving frailty, baseline deformity, and
operative factors adversely affect cost-utility by increasing
total cost and reducing QALYs at 2 years. The clinical in-
fluence of the study may be multiple-fold, but predominantly
may aid with the prioritisation and planning of risk-factor
amelioration when planning and executing surgical inter-
vention for ASD wherever possible. Preoperative or intra-
operative measures should be taken to reduce a patient’s
amount of applicable risk factors in order to concurrently
reduce higher rates of complications, increase cost-utility, and
potentially maximize optimal clinical outcomes.
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