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Study Design. Retrospective review of a prospectively enrolled
multicenter Adult Spinal Deformity (ASD) database.

Objective. Investigate invasiveness and outcomes of ASD
surgery by frailty state.

Summary of Background Data. The ASD Invasiveness Index
incorporates deformity-specific components to assess correction
magnitude. Intersections of invasiveness, surgical outcomes, and
frailty state are understudied.

Methods. ASD patients with baseline and 3-year (3Y) data were
included. Logistic regression analyzed the relationship between
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increasing invasiveness and major complications or reoperations
and meeting minimal clinically important differences (MCID) for
health-related quality-of-life measures at 3Y. Decision tree
analysis assessed invasiveness risk-benefit cutoff points, above
which experiencing complications or reoperations and not
reaching MCID were higher. Significance was set to P <0.05.
Results. Overall, 195 of 322 patients were included. Baseline
demographics: age 59.9+14.4, 75% female, BMI 27.8+6.2,
mean Charlson Comorbidity Index: 1.7 £1.7. Surgical informa-
tion: 61% osteotomy, 52% decompression, 11.0+4.1 levels
fused. There were 98 not frail (NF), 65 frail (F), and 30 severely
frail (SF) patients. Relationships were found between increasing
invasiveness and experiencing a major complication or reopera-
tion for the entire cohort and by frailty group (all P<0.05).
Defining a favorable outcome as no major complications or
reoperation and meeting MCID in any health-related quality of
life at 3Y established an invasiveness cutoff of 63.9. Patients
below this threshold were 1.8[1.38-2.35] (P < 0.001) times more
likely to achieve favorable outcome. For NF patients, the cutoff
was 79.3 (2.11[1.39-3.20] (P<0.001), 111 for F (2.62 [1.70-
4.06] (P<0.001), and 53.3 for SF (2.35[0.78-7.13] (P=0.13).
Conclusion. Increasing invasiveness is associated with
increased odds of major complications and reoperations. Risk-
benefit cutoffs for successful outcomes were 79.3 for NF, 111
for F, and 53.3 for SF patients. Above these, increasing
invasiveness has increasing risk of major complications or
reoperations and not meeting MCID at 3Y.

Key words: adult spinal deformity, complications, outcomes,
revision, risk benefit.
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dult spinal deformity (ASD) is a complex disease
state that pathologically alters standing upright
posture and is associated with substantial pain
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and disability.! Spinal deformity is a prevalent disease with
some studies suggesting approximately 32% of the adult
population and more than 60% of the elderly US population
suffer from scoliosis.> Over the last 30vyears, there is
evidence that the rates of spine surgery have increased
significantly in the USA.> A variety of factors may have
contributed to this phenomenon, including improved bio-
mechanical understanding of the human spine, advances in
diagnostic imaging and device technology, as well as the
increased life expectancy of the population.?

However, ASD surgery continues to have significant risk
of complications and morbidity (Predictive model for major
complications 2 yrs after corrective spine surgery for adult
spinal deformity, plus sources 6—12). The reported major
complication rate for ASD surgery varies from 15% to 78%
at 2 years postoperation (Predictive model for major com-
plications 2 yrs after corrective spine surgery for adult spinal
deformity, plus sources 6—12). Given this potential, better
tools for preoperative risk stratification and planning have
been developed to predict potential outcomes for ASD
patients. The ASD-specific invasiveness index incorporates
ASD-specific parameters, such as osteotomies, revision
surgery, pelvic fixation, and correction of alignment, to
more accurately gauge the magnitude of surgery a patient
is undergoing.

Frailty, a dynamic measure of physiologic age taking into
account sensory impairments, poor social conditions,
chronic diseases, psychological disorders, and disability,
has become an increasingly more relevant concept amongst
a continually aging population.*~® The frailty index gives a
more global description of a given patient’s ability to toler-
ate physiological stressors than traditional descriptors such
as age and comorbidity. The Adult Spinal Deformity Frailty
Index (ASD-FI) was specifically designed to assess surgical
risk following ASD surgery.” The ASD-FI has been shown to
be a significant predictor of perioperative medical and
surgical complications, prolonged hospital stay, proximal
junctional kyphosis, and deep wound infection in patients
undergoing surgery for ASD.”

As the discussion of value-based care continues to evolve,
there needs to be a better understanding of ways to improve
both patient and surgical outcomes. As such, this study
assessed risk-benefit cutoff points for the ASD invasiveness
index among frailty groups, below which patients had
significantly higher odds of having both good clinical and
surgical outcomes.

MATERIALS AND METHODS

Study Design and Data Source

This study was a retrospective review of a prospective, multi-
center ASD database. Patients were consecutively enrolled
from 13 participating centers across the United States from
2008 to 2017. Institutional Review Board Approval and
informed patient consent was obtained at each site prior to
enrollment. Database inclusion criteria were patients
>18 years undergoing either operative or nonoperative
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treatment for ASD, defined as: coronal Cobb angle >20°,
sagittal vertical axis (SVA, distance between C7 plumb line
and sacral posterior superior margin) >5 cm, pelvic tilt >25°
and/or thoracic kyphosis >60°. Database exclusion criteria
were patients with spinal deformity of neuromuscular etiology,
presence of active infection, or malignancy.

Data Collection

Patient demographic and clinical data collected for this
study were age, sex, body mass index (BMI), comorbidity
status, comorbidity severity (Charlson Comorbidity Index),
and ASD-FL.®? Surgical data included surgical approach,
operative time, estimated blood loss, and length of stay,
construct length (levels fused), and technique (e.g., osteot-
omy, decompression). Health-related quality of life data
was collected and assessed for reaching the minimal clini-
cally important differences (MCID) for the Oswestry Dis-
ability Index, SF-36 Physical Component Scores, and
Scoliosis Research Society Scores.

Full-length free-standing lateral spine radiographs (36
cassette) were used to assess patients at baseline, 6-weeks, 1-
year (1Y), 2Y, and 3Y follow-up intervals. Radiographs
were analyzed using SpineView (ENSAM, Laboratory of
Biomechanics, Paris, France) software according to vali-
dated and standardized techniques previously described in
the literature.'®'% Spinopelvic radiographic parameters
assessed included pelvic tilt (PT), pelvic incidence minus
lumbar lordosis, and T1 pelvic angle. Global sagittal align-
ment parameters assessed included the sagittal vertical axis
(C7-S1 SVA). Cervical alignment was assessed using tho-
racic T1 slope, C2-C7 cervical lordosis (CL), T1 slope minus
cervical lordosis, and C2-C7 SVA (cSVA).

Study Inclusion Criteria

Operative ASD patients with 3 year postoperative radio-
graphic imaging and undergoing surgical treatment between
the years of 2009 and 2017 were included for study. Patients
undergoing operative correction during the year of 2008
were excluded from analysis on the basis of incomplete data
and a small sample size. Included patients were then strati-
fied according to their preoperative frailty scores into either
not frail (NF), frail (F), or severely frail (SF) groups. Patients
were also stratified and assessed based on their preoperative
Schwab sagittal vertical angle modifiers grades.'®> Groups
included: low SVA (LSVA) whose SVA <4 cm, moderate
SVA (MSVA) whose SVA was between 4 and 9.5 cm, and
high SVA (HSVA), whose SVA were >9.5cm.

Invasiveness Calculation

Invasiveness was calculated according to definitions estab-
lished by Neuman et al."* The invasiveness index included;
posterior decompression (1 point), posterior fusion (2
points), posterior instrumentation (1 point), 3-coloumn
osteotomy (14 points), Ponte osteotomy (1 points), anterior
lumbar interbody fusion (8 points), transforaminal/poste-
rior lumbar interbody fusion (2 points), iliac fixation (2
points), revision surgery (3 points) (Table 1).
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Factors Included in Invasiveness
Index
Surgical Component Points
Posterior
Decompression 1 per vertebra
Fusion 2 per vertebra

Instrumentation
Osteotomies
Three-column
Smith-Petersen
Interbody fusion
Anterior lumbar 8 per interbody fusion
Transforaminal/posterior lumbar | 2 per interbody fusion
Iliac fixation 2
Revision surgery 3

1 per vertebra

14 per osteotomy
1 per osteotomy

Frailty Calculation

Frailty was calculated utilizing the ASD-FI, developed by
Miller et al based on the standard procedure published by
Searle et al.>** Standard frailty indices sum the total health
deficits a patient has, and assign each deficit an equal
“weight,” typically 0 or 1 indicating the absence or presence
of the deficit. The ASD-FI includes 40 binary variables
relating to both objective and subjectively reported mental,
physical, and functional health values.” The mean score of
all deficits is calculated, resulting in a frailty index ranging
from 0 to 1. Patients with scores <0.3 are considered not
frail, scores between 0.3 and 0.5 are considered frail, while
scores >0.5 are deemed severely frail. These cutoffs were
determined utilizing mortality risk curves. The ASD-FI has
been validated using the International Spine Study Group
ASD database, European Spine Study Group ASD database,
and the Scoli-RISK-1 Patient Database.’

Statistical Analysis

All statistical tests were performed using SPSS software
(v23.0, Armonk, NY). Descriptive analyses assessed means
and frequencies of demographic variables, clinical charac-
teristics, surgical variables, and radiographic alignment
parameters. Paired samples ¢ tests determined whether sig-
nificant differences existed between preoperative and post-
operative radiographic measures at 3Y follow-up. Logistic
regression analysis assessed the relationship between
increasing invasiveness and major complications or reoper-
ations and meeting MCID for any of the measured HRQLs
at 3Y. Decision tree analysis assessed thresholds for an
invasiveness risk-benefit cutoff point, above which
experiencing complications or reoperations and not reach-
ing MCID were higher. Significance was set to P <0.05.

RESULTS

Patient Demographics

One hundred ninety-five ASD patients met inclusion crite-
ria. The mean age of the cohort was 59.9 + 14.4 years old,
75% were women, and the average BMI was 27.8 +6.2.

Spine

There were 98 NF, 65 F, and 30 SF patients. When grouped
by preoperative Scoliosis Research Society (SRS) Schwab
SVA modifier, there were 94 LSVA patients, 34 MSVA
patients, and 67 HSVA patients.

Surgical Details

Of included patients, 82.0% had a posterior approach and
18% a combined approach. ASD correction for these
patients involved a mean 11.0+4.1 levels fused, with
61% undergoing an osteotomy, and 54% decompression.
The average estimated blood loss was 1370.6 + 1235, length
of stay was 8.2 + 6.0 days, and the mean operative time was
375.1 £ 142.5 minutes. Revision rates by 3 years were: 9%
for NF patients, 15% for F patients, and 17% for SF
patients. Reasons for revision included: postoperative prox-
imal junctional kyphosis, rod fracture, neurologic compli-
cations, and infections.

Pre- and Postoperative Radiographic Alignment
Preoperatively, patients in the NF group had the least
baseline disability, with the lowest average SVA, SS, PT,
CL, and cSVA scores (Table 2). F and SF patients exhibited
similar radiographic baseline disability, with comparable
SVA, SS, PT, CL, and cSVA measurements. However, by
3 years postop, all groups exhibited improvements in their
radiographic measurements. F and SF patients achieved
significant deformity correction, with an average 3vyear
postop SVA in the moderate range for Schwab SRS-
ASD classifications.

Frailty Invasiveness Index Cutoffs

When assessing the relationship between increasing inva-
siveness and the odds of experiencing a major complication
or reoperations, there was a significantly positive relation-
ship for all patients, as well as each frailty subgroup
(Table 3). Invasiveness cutoffs were determined for each
group, below which patients had increased odds of no major
complications or reoperations and reaching MCID for any
of the measured health-related quality of life data. For all
patients, the invasiveness cutoff was found to be 63.9, above
which the odds of having the defined favorable outcome
were significantly lower (P < 0.001, Table 4). For each
frailty group specifically, the cutoff was 79.3 for NF
patients, 111 for F patients, and 53.3 for SF patients
(P <0.001, P<0.001, and P=0.13).

SVA Invasiveness Index Cutoffs

The relationship between increasing invasiveness and the
odds of experiencing a major complication or reoperation
was assessed according to SRS Schwab SVA modifier
groups. For LSVA patients, the cutoff was found to be
76.4; however, there was no significant relationship
(P=0.47). HSVA patients, cutoff of 75.9, also did not have
a significant relationship between invasiveness and the odds
of experiencing a major complication or reoperation and
reaching MCID at 3Y (P=0.49). However, for MSVA
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Preoperative and 3Y Postoperative Radiographic Measurements

Baseline 3 Years Postop Significance (P)
Not frail
SVA 25.7 +60.1 16.2+49.4 0.114
SS 23.7+12.6 30.4+£14.3 0.712
PT 19.6 £10.5 19.84+9.9 0.394
Pl 53.5+11.7 53.8+12 0.091
PI-LL 6.1£19.6 24+15 0.134
T4-T12 TK —32.3+19 —38+15.7 <0.001
TS-CL 19£10.3 21.4+10 0.035
C2-C7 CL 3.8+14.9 8.8+£17.7 0.009
cSVA 3.6+16.9 28.2+£12.5 0.194
C2-T3 26.4+13.9 3.2+16.2 0.341
Frail
SVA 87 £79.5 43.8+61.6 <0.001
SS 28.8+13.8 353+£12.1 0.002
PT 28.4£11 25+9.9 0.004
Pl 56.4+£13.9 57.2+14 0.349
PI-LL 23.6+18.1 7.7+15 <0.001
T4-T12 TK —31+16.1 —44.6 £14.5 <0.001
TS-CL 16.6+12.6 24.3+14.2 <0.001
C2-C7 CL 11.8+16.8 10.8+13.3 0.253
cSVA 12.14+20 32+16.4 0.004
C2-T3 27.4+16.1 54+17.6 0.006
Severely frail
SVA 83.1+£77.1 69.3 +58.9 0.393
SS 28.8+15.1 35.6£12.8 0.624
PT 23.7+9.9 23.6£9 0.750
Pl 52.9+10.4 53.5+11.2 0.556
PI-LL 19.94+22.8 13.8+16.9 0.105
T4-T12 TK —30.8+23.7 —39.8+18.3 0.009
TS-CL 15.7+10.2 23.9+£10.5 0.003
C2-C7 CL 13+18.7 10.4+16.5 0.651
cSVA 12.8+18.1 32.7+£13.4 0.210
C2-T3 33.7+14.8 7.8+19.6 0.323

The Linear Relationship Between Increasing Invasiveness and Experiencing a Major

Complication or Revision

95% CI for EXP(B)
Increasing Invasiveness OR e Upper Significance
All patients 1.01 1 1.02 P=0.01
Not frail patients 1.01 1 1.03 P=0.05
Frail patients 1.01 1.01 1.02 P <0.001
Severely frail patients 1.01 1 1.01 P <0.001

Invasiveness Cutoffs and the Odds of Reaching Minimal Clinically Important Differences

and No Major Complications or Revision If Below the Cutoff

Invasiveness Risk- 95% CI for EXP(B)
Group benefit Cutoff Point| OR [, .. Upper Significance
All patients 63.9 1.8 1.38 2.35 P <0.001
Not frail patients 79.3 2.11 1.39 3.2 P <0.001
Frail patients 111 2.62 1.7 4.06 P <0.001
Severely frail patients 53.3 2.35 0.78 7.13 P=0.13
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Invasiveness Cutoffs and the Odds of Reaching Minimal Clinically Important Differences

and No Major Complications or Revision If Below the Cutoff

Invasiveness Risk- 95% ClI for EXP(B)
Group benefit Cutoff Point (OR o Upper Significance
LSVA patients 76.4 0.43 0.43 4.3 P=0.47
MSVA patients 60.6 4.29 0.59 15.2 P=0.15
HSVA patients 75.9 1.88 0.32 11 P=0.49

HSVA indicates high-sagittal vertical axis; LSVA, low-sagittal vertical axis; MSVA, moderate-sagittal vertical axis.

patients, the cutoff was 60.6, and trended toward signifi-
cance (P=0.15, Table 5).

Frailty Risk-Benefit Cutoffs Case Examples

Figure 1 presents the pre- and 3 year postoperative radio-
graphs of a severely frail patient with a previous history of
posterior spinal fusion with osteotomy from L14-S1 and

lumbar fusion at 12-3 with instrumentation who under-
went an uncomplicated posterior spinal fusion with pedicle
subtraction osteotomy from T10 to the ilium. Their ASD
invasiveness was 107.0, above the risk-benefit cutoff of 53.3
for severely frail patients. At 3Y postop, they experienced no
major complication or revisions, but had failed to reach
MCID for any measured HRQL.

Figure 1. Pre- and 3Y postop radiographs of SF patient with history of spinal surgery who underwent uncomplicated posterior spinal fusion

with PSO from T10 to ilium.
Spine
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Figure 2 presents the pre- and 3 year postoperative radio-
graphs of a not frail patient who underwent an uncompli-
cated posterior spinal fusion from T2 to the ilium with
Harrington rod removal. Their invasiveness was 122.7,
above the risk-benefit cutoff of 79.3 for not frail patients.
By 3 years postoperation, the patient had undergone a revi-
sion surgery. However, they did reach MCID for the SRS
Pain HRQL.

Figure 3 presents the pre- and 3 year postoperative radio-
graphs of a not frail patient with a previous history of spinal
surgery who underwent an uncomplicated posterior spinal
fusion from T1 to S1. Their invasiveness was 50.2, below the
risk-benefit cutoff of 79.3 for not frail patients. By 3 years
postoperation, the patient had not experienced a major
complication or revision. In addition, they had achieved
MCID for the Oswestry Disability Index (ODI).
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Figure 2. Pre- and 3Y postop radiographs of NF patient who underwent uncomplicated posterior spinal fusion from T2 to the ilium with
Harrington rod removal. NF indicates not frail.

Figure 4 presents the pre- and 3 year postoperative radio-
graphs of a not frail patient who underwent a posterior
decompression and fusion of the spine from the level of T4
through the sacroiliac joints with bilateral rods and pedicle
screws. Their invasiveness, 151.8, was above the risk-benefit
cutoff of 79.3 for not frail patients. By 3 years postop, the
patient had experienced a major complication, rod break-
age, though they were not indicated for revision surgery. At
3years, the patient had reached MCID for the ODI and
SRS HRQLs.

DISCUSSION

In appropriately indicated patients, surgery for ASD can
lead to improvements in pain, disability, and health-related
quality of life.">=? Surgery often involves complex recon-
struction with multiple soft-tissue releases, osteotomies,

August 2021

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



DEFORMITY

Frailty Risk Benefit o Passias et al

Figure 3. Pre- and 3Y postop radiographs of NF patient with history of spinal surgery who underwent uncomplicated posterior spinal fusion

from T1 to S1. NF indicates not frail.

segmental instrumentation through multiple levels, place-
ment of interbody grafts, and major procedures to restore
spinal alignment."***%2! With the magnitude of complexity
involved in the surgeries, there is substantial risk to patients
of serious complications and mortality.'>"'*?272¢ As such,
this study assessed risk-benefit cutoff points for ASD
patients of differing frailty and deformity to determine
optimal levels of invasiveness for achieving favorable
outcomes.

When assessing risk-benefit cutoff points, this investiga-
tion found specific cutoffs for all patients, as well as for each
frailty and SRS-Schwab SVA deformity group. Patients
below the cutoffs had significantly higher odds of achieving
favorable outcomes by 3years postoperation, which
included reaching MCID for any measured HRQL, and
not experiencing a major complication or revision. While
previous studies have assessed ASD outcomes, most incor-
porate a limited number of either surgical complications and
revisions or clinical outcomes, in addition to shorter follow-
up time. Yagi et al*’ created a predictive model for all major
complications occurring within 2years after surgery for

Spine

middle-aged to elderly ASD patients. While their model,
which included demographic and surgical factors, was 92%
accurate with an area under the curve of 0.96, it was limited
in that it did not include an assessment of HRQL outcomes
of their patients. Pellisé et al*® were similarly restricted, as
their complexity index for ASD surgery assessed periopera-
tive complications only and had no inclusion of clinical
outcomes. As healthcare moves to a more value-driven
model, Ames et al*® recently developed models for predict-
ing MCID at 2years following ASD surgery, as patient
HRQLs are the tools which value is measured. While
successful in developing their models, as well as identifying
the most influential variables predicting MCID, increasing
value in healthcare is achieved by lowering total surgery
costs, such as complication and revisions, in addition to
improving patient-reported outcomes. An assessment of
either component alone, surgical or clinical, is no longer
sufficient given the evolving standards of value-based care.

This investigation assessed the invasiveness risk-benefit
cutoff points for each frailty group. Frailty has been consis-
tently shown to be a significant predictor of worse
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Figure 4. Pre- and 3Y postop radiographs of NF patient who underwent posterior decompression and fusion from T4 through Sl joints with
bilateral rods and pedicle screws. NF indicates not frail.

postoperative outcomes in ASD patients.>*=>? In the initial ~ proximal junction kyphosis, pseudoarthrosis, and reopera-
assessment of the ASD specific frailty index, Miller ez al*>  tion. As such, the invasiveness risk-benefit cutoff point for
found that increasing frailty was associated with signifi-  severely frail patients was substantially lower than it was for
cantly higher odds of any complication, major complication,  not frail and frail patients. Whether this is a reflection of
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these patients requiring too high a magnitude of correction
or the inability to recovery from such an operation, requires
further research. However, frail patients were found to have
the highest risk benefit cutoff point. Similarly, this may be a
reflection of frail patients requiring significant deformity
correction but possessing a better physiologic reserve to
improve following surgery, unlike older, more comorbid
severely frail patients.

The SRS Schwab SVA invasiveness risk-benefit cutoff
point was also assessed for each group. However, the cutoffs
failed to reach significance for all deformity groups (LSVA,
MSVA, and HSVA). The extent of correction needed was
not able to predict the odds of having a favorable outcome,
suggesting that a more dynamic measure like frailty is better
at stratifying preoperative patients into the likelihood of
having a successful outcome.

This study is not without limitations. The data was
obtained through a retrospective review, which represents
inherent limitations and the introduction of biases including
the potential for provider selection to confound results. In
addition, there was significant loss to follow-up at 3 years,
which presents additional potential to confound results.
There may be cases of deformity that require invasive surgical
techniques without the option for decreased invasiveness,
rendering these cutoffs inapplicable. However, despite these
limitations, this study offers significant insight on ASD sur-
gery outcomes and the potential to increase healthcare value.

CONCLUSION

This study assessed the relationship between increasing
surgical invasiveness and outcomes in Adult Spinal Defor-
mity Surgery. A risk-benefit cutoff for no major complica-
tions or reoperations and meeting the minimal clinically
important difference for various health-related quality-of-
life measures was assessed for each frailty group. By frailty,
the cutoffs were found to be 79.3 for not frail patients, 111
for frail patients, and 53.3 for severely frail patients. Patients
with invasiveness above these thresholds were less likely to
achieve successful outcomes.

> Key Points

O The impact of increasing surgical invasiveness on
the outcome of corrective adult spinal deformity
surgery was analyzed.

O A risk-benefit cutoff threshold was determined for
patients meeting MCID and having no major
complications or reoperations according to each
frailty state.

0 Patients above the established thresholds were
less likely to achieve optimal outcomes.

References
1. Bess S, Schwab FJ, Lafage V, et al. Classifications for adult spinal
deformity and use of the Scoliosis Research Society-Schwab Adult

Spine

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Spinal Deformity Classification. Neurosurg Clin N Am 2013;
24:185-93.

. Zygourakis CC, Liu CY, Keefe M, et al. Analysis of national rates,

cost, and sources of cost variation in adult spinal deformity.
Neurosurgery 2018;82:378-87.

. Missios S, Bekelis K. Hospitalization cost after spine surgery in the

United States of America. | Clin Neurosci 2015;22:1632-7.

. Searle SD, Mitnitski A, Gahbauer EA, et al. A standard procedure

for creating a frailty index. BMC Geriatr 2008;8:24.

. Mitnitski AB, Mogilner AJ, Rockwood K. Accumulation

of deficits as a proxy measure of aging. Sci World | 2001;1:
323-336.

. Kulminski A, Yashin A, Arbeev K, et al. Cumulative index of

health disorders as an indicator of aging-associated processes in the
elderly: results from analyses of the National Long Term Care
Survey. Mech Ageing Dev 2007;128:250-8.

. Terran J, McHugh BJ, Fischer CR, et al. Surgical treatment for

adult spinal deformity: projected cost effectiveness at 5-year fol-
low-up. Ochsner | 2014;14:14-22.

. Charlson M, Szatrowski TP, Peterson J, et al. Validation of a

combined comorbidity index. ] Clin Epidemiol 1994;47:1245-51.

. Miller EK, Neuman BJ, Jain A, et al. An assessment of frailty as a

tool for risk stratification in adult spinal deformity surgery. Neuro-
surg Focus 2017;43:E3.

Champain S, Benchikh K, Nogier a, et al. Validation of new clinical
quantitative analysis software applicable in spine orthopaedic
studies. Eur Spine | 2006;15:982-91.

Rillardon L, Levassor N, Guigui P, et al. [Validation of a tool to
measure pelvic and spinal parameters of sagittal balance]. Rev Chir
Orthop Reparatrice Appar Mot 2003;89:218-27.

O’Brien MF, Kuklo TRTR, Blanke KM, et al. Spinal Deformity
Study Group Radiographic Measurement Manual. Medtronic
Sofamor Danek USA, Inc; 2008.

Schwab F, Ungar B, Blondel B, et al. SRS-schwab adult spinal
deformity classification: a validation study. Spine (Phila Pa 1976)
2012;37:1077-82.

Neuman BJ, Ailon T, Scheer JK, et al. Development and
validation of a novel adult spinal deformity surgical invasiveness
score: analysis of 464 patients. Neurosurgery 2018;82:
847-53.

Neuman BJ, Ailon T, Scheer JK, et al. Development and validation
of a novel adult spinal deformity surgical invasiveness score:
analysis of 464 patients. Neurosurgery 2017;0:1-7.

Bridwell KH, Glassman S, Horton W, et al. Does treatment
(nonoperative and operative) improve the two-year quality of life
in patients with adult symptomatic lumbar scoliosis: a prospective
multicenter evidence-based medicine study. Spine (Phila Pa 1976)
2009;34:2171-8.

Smith JS, Shaffrey CI, Berven S, et al. Improvement of back pain
with operative and nonoperative treatment in adults with scoliosis.
Neurosurgery 2009;65:86-93.

Smith JS, Shaffrey CI, Berven S, et al. Operative versus nonopera-
tive treatment of leg pain in adults with scoliosis: a retrospective
review of a prospective multicenter database with two-year follow-
up. Spine (Phila Pa 1976) 2009;34:1693-8.

Smith JS, Shaffrey CI, Glassman SD, et al. Risk-benefit assessment
of surgery for adult scoliosis: an analysis based on patient age.
Spine (Phila Pa 1976) 2011;36:817-24.

Ailon T, Smith JS, Shaffrey CI, et al. Degenerative spinal defor-
mity. Neurosurgery 2015;77 (suppl 4):S75-91.

Silva FE, Lenke LG. Adult degenerative scoliosis: evaluation and
management. Neurosurg Focus 2010;28:E1.

Bridwell KH, Lewis SJ, Lenke LG, et al. Pedicle subtraction
osteotomy for the treatment of fixed sagittal imbalance. | Bone
Joint Surg Am 2003;85:454-63.

Hassanzadeh H, Jain A, El Dafrawy MH, et al. Three-column
osteotomies in the treatment of spinal deformity in adult patients
60 years old and older: outcome and complications. Spine (Phila
Pa 1976) 2012;38:726-31.

Lafage V, Smith JS, Bess S, et al. Sagittal spino-pelvic alignment
failures following three column thoracic osteotomy for adult spinal
deformity. Eur Spine | 2012;21:698-704.

1095

www.spinejournal.com

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Spine DEFORMITY

25.

26.

27.

28.

29.

Frailty Risk Benefit e Passias et al

Smith JS, Sansur CA, Donaldson WF 3rd, et al. Short-term
morbidity and mortality associated with correction of thoraco-
lumbar fixed sagittal plane deformity: a report from the Scoliosis
Research Society Morbidity and Mortality Committee. Spine
(Phila Pa 1976) 2011;36:958-64.

Smith JS, Shaffrey CI, Ames CP, et al. Assessment of symptomatic
rod fracture after posterior instrumented fusion for adult spinal
deformity. Neurosurgery 2012;71:862-7.

Yagi M, Hosogane N, Fujita N, et al. Predictive model for major
complications 2 years after corrective spine surgery for adult spinal
deformity. Eur Spine | 2019;28:180-7.

Pellisé F, Vila-Casademunt A, Nuafiez-Pereira S, et al. The Adult
Deformity Surgery Complexity Index (ADSCI): a valid tool to
quantify the complexity of posterior adult spinal deformity surgery
and predict postoperative complications. Spine [ 2018;18:216-25.
Ames CP, Smith JS, Pellisé F, et al. Development of deployable
predictive models for minimal clinically important difference

1096 www.spinejournal.com

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

30.

31.

32.

33.

achievement across the commonly used health-related quality of
life instruments in adult spinal deformity surgery. Spine (Phila Pa
1976) 2019;44:1144-53.

Leven DM, Lee NJ, Kothari P, et al. Frailty index is a significant
predictor of complications and mortality after surgery for adult
spinal deformity. Spine (Phila Pa 1976) 2016;41:E1394-401.
Miller EK, Lenke LG, Neuman B]J, et al. External validation of
the adult spinal deformity (ASD) frailty index (ASD-FI) in the
Scoli-RISK-1 patient database. Spine (Phila Pa 1976) 2018;
43:1426-31.

Passias PG, Bortz CA, Pierce KE, et al. Decreased rates of 30-day
perioperative complications following ASD-corrective surgery: a
modified Clavien analysis of 3300 patients from 2010 to 2014. |
Clin Neurosci 2019;61:147-52.

Miller EK, Neuman BJ, Jain A, et al. An assessment of frailty as a
tool for risk stratification in adult spinal deformity surgery. Neuro-
surg Focus 2017;43:1-7.

August 2021



