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Abstract
Study Design: Systematic review.

Objectives: Adult spinal deformity (ASD) can be a debilitating condition with a profound impact on patients’ health-related
quality of life (HRQoL). Many reports have suggested that the frailty status of a patient can have a significant impact on the
outcome of the surgery. The present review aims to identify all pre-operative patient-specific frailty markers that are associated
with postoperative outcomes following corrective surgery for ASD of the lumbar and thoracic spine.

Methods: A systematic review of the literature was performed to identify findings regarding pre-operative markers of frailty and
their association with postoperative outcomes in patients undergoing ASD surgery of the lumbar and thoracic spine. The search
was performed in the following databases: PubMed, Embase, Cochrane and CINAHL.

Results: An association between poorer performance on frailty scales and worse postoperative outcomes. Comorbidity indices
were even more frequently employed with similar patterns of association between increased comorbidity burden and post-
operative outcomes. Regarding the assessment of HRQoL, worse pre-operative ODI, SF-36, SRS-22 and NRS were shown to be
predictors of post-operative complications, while ODI, SF-36 and SRS-22 were found to improve post-operatively.

Conclusions: The findings of this review highlight the true breadth of the concept of “frailty” in ASD surgical correction. These
parameters, which include frailty scales and various comorbidity and HRQolL indices, highlight the importance of identifying these
factors preoperatively to ensure appropriate patient selection while helping to limit poor postoperative outcomes.
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mass index; CCI, Charlson comorbidity index; HRQoLQ, health-related quality of life; HR, hazard ratio; IRR, incidence risk ratio;
LSDI, Lumbar Stiffness Disability Index; mFl, modified Frail Index; NRS, Numeric Rating Scale; ODI, Oswestry Disability Index;
OR, Odds Ratio; PCS, physical component score; PJK, proximal junctional kyphosis; PQRS, Post-operative Quality of Recovery
Scale; RBC, red blood cells; RR, relative risk; SF-36, Short Form survey; SRS, Scoliosis Research Society; SVA, sagittal vertical axis;
PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses
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to be beneficial, operating in an older population frequently
means dealing with patients who have multiple comorbid-
ities.?,* Surgical outcomes are not solely depend on the success
of the operation itself, but also on the risk factors defined pre-
operatively.”™® To address this issue, several studies have been
carried out to evaluate the role of frailty and develop robust
tools for predicting risk profile and outcomes in ASD
correction.”

As per Xue et al., frailty is defined as a clinically recogniz-
able state of increased vulnerability, resulting from age-
associated decline in reserve and function across multiple
physiologic systems, such that the ability to cope with every
day or acute stressors is compromised.'® Multiple tools have
been developed over the years to quantify this important con-
dition and guide clinical management, such as the Frailty phe-
notype'' and Frailty Index.'? For example, the authors of the
Canadian Study of Health and Aging used the Clinical Frailty
Scale and found that pre-admission frailty was independently
associated with adverse discharge destination in geriatric
trauma patients."?

Regarding ASD, frailty scales such as the modified Frail
Index (mFI) and the FRAIL scale have been applied to help
predict surgical outcomes.”'* Moreover, Miller et al. devel-
oped the Adult Spinal Deformity—Frailty Index (ASD-FI),
which targets frailty in ASD patients specifically and has been
shown to be effective in identifying patients at risk of major
complications, proximal junctional kyphosis (PJK) and reo-
peration, among other various adverse effects.® Furthermore,
a variety of other metrics have been used as surrogates for
frailty in the ASD literature, such as HRQoL scores and the
American Society of Anesthesiologist (ASA) physical status
classification system.®'*!'> Thus, in order to have a better glo-
bal understanding of how frailty can be assessed to improve
risk stratification and prognostication, we have conducted a
comprehensive systematic review to identify all pre-operative
patient-specific frailty markers that are associated with post-
operative outcomes following corrective surgery for ASD of
the lumbar and thoracic spine.

Methods

Protocol and Registration

We performed a systematic review of the literature regarding
pre-operative markers of frailty and their association to post-
operative outcomes in patients undergoing ASD surgery for the
lumbar and thoracic spine, according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.®

Eligibility Criteria
Frailty was defined as “a patient phenotype of multi-system
diminished physical reserve or capacity predisposing to worse

outcomes.”!” We included patients who were subjected to ASD
surgery of the lumbar and thoracic spine. The number of relevant

studies concerning the cervical spine was too small to present a
meaningful analysis and these patients were not included. The
following parameters were chosen as exclusion criteria: pediatric
patients, patients with ASD surgery for cervical spine, language
other than English, date of publication before 1999, conference
abstracts, review articles and meta-analyses. In addition, all
duplicate reports were identified manually.

Information Sources

The search was performed in the following database: PubMed,
Embase, Cochrane and CINAHL, from 1999 to August of 2019.

Search

Search terms included subject headings (MeSH terms) specific
to the respective databases, please see appendix for complete
search strategy (Supplemental Digital Content: Appendix A).

Study Selection

The studies were initially screened through the abstract by 2
independents reviewers (CL and PA). A full text review was
then performed on the remaining eligible studies by the inde-
pendent reviews based on the selection criteria. All accepted
studies were included in the systematic review. In cases of
disagreement, consensus was reached via open discussion and
detailed review of the full text.

Data Collection Process

After finalizing the review, the data from the selected articles
was extracted independently and then compared by the 2
reviewers. In cases of disagreement on the inclusion of data,
a senior author (MW) was consulted. The included studies were
stratified according to level of evidence based on the Oxford
Centre for Evidence-Based Medicine 2011.

Data Items

The following variables were investigated: frailty indices (mFI,
ASD-FI and FRAIL), comorbidity burden (Charlson Comor-
bidity Index [CCI], ASA, individual diseases), patient demo-
graphics (age, gender, weight, smoking), HRQoL indices
(Oswestry Disability Index [ODI], Scoliosis Research Society
questionnaire [SRS-22], Short Form survey [SF-36], Numeric
Rating Scale [NRS], Post-operative Quality of Recovery Scale
[PQRS], Lumbar Stiffness Disability Index [LSDI]) in relation
to complications, hospital stay, cost and postoperative function.

Risk of Bias in Individual Studies

The risk of bias was formally assessed at the study level while
performing the systematic review of the manuscripts using the
Newcastle-Ottawa scale.'®
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Figure |. Literature search.

Summary Measures

The principal measures used were: Odds Ratio (OR) and Inci-
dence Risk Ratio (IRR).

Synthesis of Results

Due to the heterogeneity of the reported parameters and the
variability in study methods, a meta-analysis was not feasible.

Risk of Bias Across Studies

Careful comparison of the findings with the study protocol was
done to identify any selective reporting bias in the study
included in this review.

Additional Analyses

None were performed.

Results

Literature Search

Our initial literature search led to 1,664 results after removal of
any duplicates. Afterward, we excluded 1,374 articles based on
their title and/or abstract and 269 after studying the full text.
Finally, 21 studies were found to be eligible according to the
aforementioned criteria (Figure 1, Table 1). The quality of the
studies included were screened using the Newcastle-Ottawa
scale (Table 2).

Characteristics of Patients and Studies

A combined total of 13,942 patients were studied by the eligible
reports with 5,318 males (38%) and 8,624 females (62%) and a
mean age of 57 years. Average number of patients per cohort
was 273. The patient cohorts were located in North America
(63%), Asia (25%) and Europe (8%), while a multi-center
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Table 2. Newcastle-Ottawa Scale for Assessing Quality of Nonrandomized Studies.

First author Type of study Level of evidence Selection Comparability Outcome
Leven® Retrospective cohort study 3 ok o ok
Passias?? Retrospective cohort study 3 ok ok wk
Yagi'* Retrospective cohort study 3 oo ok ok
Yagi'’ Retrospective cohort study 3 ok Hk ok
Yagi?' Retrospective cohort study 3 oo o ok
Yagi?® Case-control study 3 ook Hk ok
Miller® Retrospective cohort study 3 wE ok ok
Miller’ Retrospective cohort study 3 otk * ok
Miller? Retrospective cohort study 3 ok * ok
Passias' Retrospective cohort study 3 work wx ok
Reid®® Retrospective cohort study 3 ok ok ok
Rothrock** Prospective cohort study 2 ok * wk
Scheer?® Retrospective cohort study 3 ok * ok
Scheer?”’ Retrospective cohort study 3 ok * ok
Sciubba?® Retrospective cohort study 3 okl o ok
Somani® Retrospective cohort study 3 ok wox ok
Soroceanu'® Retrospective cohort study 3 okl o ok
Soroceanu®' Retrospective cohort study 3 ok * ok
Theologis®’ Retrospective cohort study 3 wohk * Hokk
Whitmore®® Prospective cohort study 2 ok o ok
Zou®? Retrospective cohort study 3 ok * ok

study recruited patients from all these 3 different continents
(4%). In terms of study design, we found 19 (90.5%) retro-
spective cohort studies and only 2 (9.5%) prospective cohort
studies. Regarding the level of evidence, 2 studies were classi-
fied as level II, and the majority of the body of evidence (n =
19, 90.5%) as level III (Table 1).

Correlation of Frailty Indices With Postoperative
Outcomes

Correlation between frailty status and postoperative outcome
was assessed by 12 (57%) studies. The mFI was the most fre-
quently used frailty index (n = 6, 50%), followed by ASD-FI (n
=5, 42%) and the FRAIL Scale (n = 1, 8%).

Modified frailty index. Of the six (6) studies utilizing the mFI, 5
(83%) found frailty status to positively correlate with post-
operative complications. As an unadjusted risk factor, a higher
mFI score was shown to increase the risk of blood transfusion,
deep vein thrombosis / pulmonary embolism, any postoperative
complication and mortality, PJK, proximal junction failure, and
higher C7 sagittal vertical axis (SVA).>'*!* Concerning less
frail patients, one study found decreased rates of complications
both perioperatively and at 2 years in univariate (OR: 0.23-
0.36) and multivariate (OR 0.45-0.51) analysis."® Applying
univariate analysis, increased frailty was found to be a signif-
icant risk factor for major complications (OR 5.4).%° This was
also confirmed by multivariate analysis, in which a score of >2
of the mFI 5-item index was associated with an increased risk
of complications (Relative Risk [RR 2.2)%! by 4 times; and an
increased mFI 11-item score with any complication (OR 1.6),
wound complications (OR 2.2), and any reoperation (OR 2.3).”

Additionally, the mFI 11-item index was found to be a superior
predictor of reoperation after multivariate analysis when com-
pared to age >60 and Body Mass Index (BMI) >40.° Only 1
(17%) study found the mFI to negatively correlate with com-
plications after an analysis of the cohort trends over a 4-year
period.*

Adult spinal deformity frailty index. The ASD-FI was the second
most used frailty index and all five (5) studies which used it,
suggested that frailty was predictive of postoperative compli-
cations. Both univariate and multivariate analysis showed that
frail patients (ASD-FI score 0.3-0.5) had similarly increased
odds of any complication (OR 1.9-2.1),° major complications
(OR 1.8-2.9),%" and longer hospital stay (OR 1.2-1.4).” Also,
similar figures were seen after univariate analysis for signif-
icantly frail patients (ASD-FI score >0.5) with regard to any
complication (OR 2.1),® major complications (OR 2.6-
3.7),%7-%* and longer hospital stay (OR 2.0).” Nonetheless,
their status was also predictive of wound dehiscence (OR
11),° deep wound infection (OR 4.3),° PJK (OR 2.4)° and
reoperation (OR 2.0).°

Moreover, on multivariate analysis frail patients presented
increased odds of PJK (OR 2.8),° reoperation (OR 1.7),° and
rapid functional decline (Hazard Ratio [HR] 1.4)." In addition,
the multivariate method revealed that significantly frail
patients presented similarly high odds of any complication
(OR 2.1)° and longer hospital stay (OR 2.1),” and more
increased odds of major complications (OR 4.1-4.5),%7 wound
infection (OR 8.0-9.7)®” or wound dehiscence (OR 13.4),° PIK
(OR 3.1-7.0),%7 reoperation (OR 2.1-3.9),%7 and pseudoarthro-
sis (OR 13).°
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FRAIL scale. The only study which applied the FRAIL scale
suggested that this scale status was associated with decreased
odds of postoperative cognitive recovery at 3 days and 3
months (univariate analysis), but the results did not reach sta-
tistical significance.”*

Correlation of Comorbidity Burden With Postoperative
Outcomes

Patient comorbidity was assessed using indices by 18 (86%)
studies, which either applied the Charlson Comorbidity Index
(CCI) (n = 14, 78%),7-1:14:19-222530 o1 the ASA Physical
Status Classification System (n = 9, 50%),%%13242731 o1 both
(n = 4, 22%).92%3°

Charlson comorbidity index. Of the 14 studies utilizing the CCI, 8
(57%) reported the preoperative CCI scores without any corre-
lation analysis to postoperative outcomes.®’-!%-212>:26:2829 of
the 6 (43%) studies which investigated the association of CCI
scores with postoperative outcomes, 5 found a positive correla-
tion of higher CCI scores''*?%?73? with postoperative compli-
cations while 1 publication did not find a significant
correlation.® Furthermore, higher CCI scores were an unad-
justed risk factor for high-grade Clavien grade complications,**
lower HRQoL,'* major complications®’ and any complica-
tions.*° Also, the univariate analysis showed that patients with
postopelzrative functional decline had higher preoperative CCI
scores.

American Society of Anesthesiologist Physical Status Classification
System. Nine studies applied the ASA grading, but 4 (44%) of
them only reported the preoperative ASA scores without any
correlation analysis to postoperative outcomes.®?**’2° The
remaining 5 (56%) studies saw a positive correlation between
higher ASA grades and postoperative complications®'>?7-1:3
and in one of them the ASA grade was also found to be an
independent predictor.?’

Higher ASA scores were associated with increased medical
complications (IRR 1.33)'> and radiographical and implant
related complications, after univariate analysis.*' In addition,
bivariate analysis showed that compared to ASA grade II, ASA
grade III patients had higher percentages of 30-day mortality,
any complications, hospital stay over 5 days, wound, pulmon-
ary, cardiac or renal complications, transfusion of red blood
cells (RBC), sepsis, peripheral nerve injury, reoperation and
unplanned readmission.

According to multivariate analysis, ASA grade III and IV
were independent risk factors for any complication (OR 1.89
and 3.58 respectively) and RBC transfusion (OR 1.69 and 2.52
respectively), and ASA grade IV was also an independent risk
factor for hospital stay over 5 days (OR 3.34), pulmonary com-
plications (OR 8.81), and reoperation (OR 2.52).® Moreover,
multivariate analysis revealed that ASA scores were positively
correlated with radiographical or implant-related complica-
tions with a 1.75 fold increased risk for each added point in
ASA score,”! and higher medical costs.*’

Individual diseases. The relationship between comorbidity out-
side of a collective index with postoperative outcomes was
assessed by 4 articles (22%) out of the 18 that recorded comor-
bidities."'>-2%-2%:2"-31 'Various non-adjusted risk factors for
major complications have been reported, i.e. diabetes mellitus,
chronic obstructive pulmonary disease, central nervous system
tumors, disseminated cancer, use of steroids for chronic condi-
tions, and osteoporosis.”**’ Furthermore, univariate analysis
identified significant risk factors for major complications (dia-
betes mellitus OR 1.4),°° or complications in general (lung
disease,' low bone mineral density [OR 3.2], preoperative ane-
mia [IRR 1.61], heart disease [IRR 2.07], hypertension [IRR
2.42], and depression [IRR 1.6]).!> According to multivariate
analysis, lung disease was an independent risk factor for func-
tional decline (HR 4.3) and hypertension for intra- and perio-
perative complications (IRR 2.42)."!°

Correlation of Individual Factors With Postoperative
Outcomes

Patient demographics. It has been suggested that increased
patient age correlated with loss of function and was a risk factor
for increased rates of complications.'” Also, female patients
accounted for a greater proportion of patients with low-grade
Clavien grade complications.”? Regarding weight, a higher
BMI was associated with increased rates of complications,*’
whereas a lower BMI with an increased proportion of low-
grade Clavien complications instead of major.*

While univariate analysis showed that age (OR 1.5),% obe-
sity (BMI>30, IRR 1.61)'® and male gender (IRR 1.54,"> OR
1.4)*° were significant risk factors for postoperative complica-
tions, multivariate analysis identified smoking (IRR 2.49) and
longer duration of symptoms (IRR 2.23) as independent pre-
dictors."® Also, according to multivariate analysis higher BMI
was correlated with lower odds of recovery (OR 0.88)** and
higher percentages of radiological / implant-related complica-
tions; the latter being also associated with history of previous
spine surgery.”'

Surgical risk grading tool. A study by Yagi et al.** developed a
surgical risk grading tool using a combination of factors such as
frailty (mFI score), age, male gender, diabetes mellitus, bone
mineral density, C7 SVA, pedicle subtraction osteotomy, lowest
instrumented level at pelvis, and Cobb angle. Their tool showed
an excellent correlation between risk grading and development
of postoperative complications (12 = 0.969) or a Clavien grade
of complications greater than 2 (12 = 0.949); while the authors
observed an exponential increase in complications with increas-
ing risk grade.?® Additionally, their findings were validated on
separate patient cohorts at 2 other hospitals.?’

Health Related Quality of Life Measures and
Postoperative Outcomes

Out of the 14 (67%) studies that assessed HRQoL, 9 (43%)
used more than 1 index. The indices used were the following:



696

Global Spine Journal 12(4)

ODI (n = 10, 71%),!+14:15:2025-27.293132 gRg 29 (5 — 7,
50%),1419202627.2931 g 36 (n — 7, 50%), 11525272931 NRg
(n =2, 14%),>>?" PQRS (n 1, 7%),>* and LSDI (n = 1, 7%),*®
while 1 study (7%) evaluated patients based on level of reliance
on others for completing daily activities.”> Also, ODI was
shown to be significantly correlated on linear regression with
SF-36at baseline, 1 year, 2 years and 3 years postoperatively.'

Concerning HRQoL population trends, one study found that
over the period of 2010-2014 the overall preoperative func-
tional status of patients undergoing ASD surgery had increased
along with reduced rates of complications and a bigger number
of anterior approaches.?> Multiple studies observed significant
improvement in HRQoL scores postoperatively compared to
baseline (ODI, SRS-22, SF-36).'%:20-23:31:32 However, upon
stratification, the rate of improvement has been reported as
slower in patients with complications (ODI and SRS-22),%°
faster in frail patients (ODI, SF-36 physical component score
[PCS] and leg pain),> or without any significant difference in
1 study regardless of postoperative complication status (ODI,
SF-36)."° Also, increased frailty has been also associated with
worsening ODI and SRS-22 scores'* and better rates of patients
reaching substantial clinical benefit postoperatively for ODI
and SF-36 (PCS and leg pain) scores.>

Two studies have suggested an association between base-
line HRQoL status and postoperative outcomes using multi-
variate analysis.***” Scheer et al have found that ODI, SF-36
(PCS), SRS-22 and NRS scores were significant predictors of
postoperative complications.?” Furthermore, patients with
higher baseline ADLs had decreased odds of presenting mea-
surable functional recovery at 3 days and 3 months (OR 0.65
and 0.55, respectively).>* Also, lower postoperative cognitive
recovery at 3 days were found in patients with lower baseline
perforzrzlance on the PQRS C3 (numbers backward) test (OR
0.53).

Discussion

Patients with adult spinal deformity can suffer from significant
disability, with the overall impact on patients’ health being
comparable to that of severe chronic diseases such as diabetes
mellitus.®* Operative ASD treatment has been shown to pro-
vide significant relief of pain and disability when nonoperative
treatment fails.>**> A recent prospective study by Smith et al.
showed that surgery for ASD significantly improves the
HRQoL at the 2-year follow-up point, whereas conservative
treatment does little to reduce pain and disability.>® Neverthe-
less, it has been shown that the postoperative outcomes is
dependent not only on the success of the surgical intervention
itself but also on the health status of the patient.>™® Furthermore,
the varying possibility of complications (some of which are
major), the fact that ASD surgery is elective and the undeter-
mined durability of satisfactory clinical outcomes following
ASD-corrective surgery are crucial factors regarding the
decision-making and patient selection.>’*® The purpose of this
review was to determine the association between frailty and its
surrogate markers with postoperative outcomes following ASD

correction of the lumbar and thoracic spine in order to improve
decision-making by healthcare professionals treating ASD and
the relevant policies so that the cost-benefit ratio is maximized.

Prognostication of Complications

While statistical methods, such as multivariate analysis and
logistic regression, have identified various independent risk
factors for complications and other outcomes, we cannot yet
give a very specific prediction to any given patient.”® Never-
theless, several predictive tools for outcomes in ASD surgery
have been presented in the literature, which unfortunately are
not without limitations. The Adult Deformity Surgery Com-
plexity Index is a valid tool for quantifying the complexity of
ASD surgery and predicting surgical blood loss and time, and
postoperative complications.*® However, it was created based
on expert consensus and included only surgical parameters
without any frailty factors. The Seattle Spine Score is a pre-
dictive score for the 30-day complication risk after ASD sur-
gery.*! Although this scoring system used clinical parameters
indicative of frailty (age, BMI, smoking, hypertension, anemia,
diabetes), it also included a wide range of ages and lacked
external validation of the predictive model.*! Yagi et al. have
also developed a model to predict complications up to 2 years
postoperatively.*? Their investigation demonstrated the impor-
tance of detecting long term complications, because those
patients may require revision surgery at a percentage reaching
73%.%* In addition, their model has a highly accurate predictive
capacity and has undergone internal and external validation.
Nonetheless, the dataset is based only on an East Asian popu-
lation, which may limit generalizability.

Since the occurrence of complications is a multifactorial
phenomenon, it is difficult to build a robust predictive model
based on numerous potential risk variables that could be appli-
cable worldwide. Therefore, an approach similar to the retro-
spective review of a multi-center ASD database by Sheer et al.
might be worth to investigate.?” The authors identified 20 vari-
ables, including demographic, radiographic and surgical fac-
tors, which were associated with major complications with a
high degree of accuracy (87%) and some of them have been
related to frailty (age, CCI, ASA, ODI, SF-36, SRS). Although
the researchers did not focus on frailty only, a similar approach
might be feasible to create a tool for prognosticating outcomes
in frail patients undergoing ASD correction.

Frailty Indices

It should be emphasized that frailty is difficult to define with a
single clinically relevant score, because it is a multidimen-
sional condition characterized by a reduction in the physiologic
reserve in multiple organ systems and loss in the ability to
maintain cellular/organ/system homeostasis.*> To reflect this
state, however, 3 distinct tools have been already applied in
the relevant literature analyzed in this review: 1) the mFI, 2) the
ASD-FI and 3) the FRAIL scale. The number of variables
included in each of these tools range from 5 to 42. Thus, the
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real challenge in the clinical setting is to have a tool that guides
the surgeon in surgical decision-making accurately, while
being sufficiently user-friendly. Yagi et al. compared both
mFI-5 and mFI-11 indices and suggested that they were equally
effective in the prediction of major complications.?' However,
these tools are not specifically designed for patients undergoing
ASD surgery. On the other hand, the ASD-FI was created for
the patient population in question and since its validation it
appears to have become more popular in the ASD litera-
ture.®”** Nonetheless, a major limitation is that this index
consists of 42 independent parameters, which is obviously a
large number. The large number of parameters required by this
tool, which afford a higher degree of granularity, ultimately
may serve as a barrier to wide scale adoption and may actually
encourage heterogeneity in the frailty indices used to assess
ASD patients.

Prediction of Postoperative HRQoL

As described previously, multiple tools have been used in the
literature to quantify the effect of surgery on the function and
quality of life of patients, namely ODI, SRS-22, SF36, NRS,
PQRS and LSDI. While the majority of studies investigated the
change of HRQoL after surgery, the association between base-
line HRQoL status and other postoperative outcomes was only
investigated by 2 manuscripts.***’ Reid et al.>> showed that
frail patient may benefit the most from ASD surgery, even if
they are inherently more at risk for medical complications.
While some studies saw a decrease in HRQoL index after
complications, another study saw no difference in the post-
operative HRQoL recovery rate regardless of occurrence of
medical complications.'® The wide variety of HRQoL tools not
only highlights the challenges with quantifying quality of life,
but also introduces a great deal of heterogeneity. Thus, it was
difficult to provide clear guidelines in terms of which HRQoL
indices are best suited to assess frail patients. As aforemen-
tioned, more specific but practical tools aimed at evaluating
and predicting functional outcome in these patients might be
more appropriate.

Radiographic Parameters and Frailty

It is known that some radiographic parameters have been asso-
ciated with a higher rate of complications or a lower proportion
of functional recovery.?’2?’=! For example, C7 SVA had a
weak but significant correlation with ODI scores pre- and post-
operatively.>®> Moreover, greater baseline C7 SVA (OR 2.4),
T1 pelvic angle, Cobb angle >70 (OR 1.7), pelvic incidence
minus lumbar lordosis (OR 1.6), pelvic tilt and SRS-Schwab
coronal curve type L have all been associated with higher rates
of complications.?**"*! Therefore, it would be worth investi-
gating whether such radiographic parameters could be used as
surrogates of physical frailty or are only indicative of the com-
plexity and duration of the indicated operation and the severity
of postoperative stress and need for adaptation of the tissues or
the result of a combination of the aforementioned factors.

However, it seems that in some cases there may be a causal
relationship, e.g. chronic restrictive lung disease due to
restricted lung expansion or frequent falls with sequelae, both
of which can be caused by severe spinal deformity.

Advances in Personalized Therapies/Algorithm for Adult
Spinal Deformity

Standard classification tools are usually based on linear or
logical regression models to identify preoperative factors asso-
ciated with postoperative outcomes. While these tools can be
applied to a large part of the population, they lack specificity to
individual patients. The use of artificial intelligence via
machine learning has led to recent advances in predictive
analyses and can provide useful hindsight in a massive amount
of data through the detection of non-linear relationships
previously too intricate to manage with standard regression
techniques.***> Thus, the application of these novel computa-
tional techniques may leverage the ability of a spine surgeon to
make far more accurate and individualized treatment plans in
the future. Applications include corroboration of preoperative
decision-making by providing a risk-benefit grid, prediction of
cost, HRQoL measures and reoperation rates, and the risk of
major complications, blood transfusion, and hospital read-
mission.?”#%4%4% Furthermore, Al was used to create a novel
classification system for ASD patients, which could potentially
help spine surgeons to treat patients with unique risk-benefit
profiles.®

Limitations of the Present Review

The major strength of this review is its scope as our findings
highlight the wide variety of parameters or tools used in the
clinical practice to evaluate frailty and its impact on surgical
outcomes. Not only were specific frailty indices such as the
mFI and ASD-FI assessed, but also other surrogates of frailty
were included in order to provide a more thorough analysis of
how frailty affects outcomes in ASD correction. Nonetheless, it
should be noted that the broad spectrum of parameters used by
the various studies eventually precluded quantitative compar-
isons and a meta-analysis, which is a significant limitation of
this review. In addition, only 2 studies (9.5%) reached a level of
evidence 2, while no randomized control trial could be found in
the literature. Thus, the outcomes and conclusions presented in
this review should be evaluated with caution. Also, given that
only ASD-FI has been designed for ASD, it could not be com-
pared with any other index targeting this population in order to
assess which is the most suitable and for which reasons.

Moreover, it is important to note that studies concerning
cervical deformity surgery were excluded, because their num-
ber was limited. As a result, our analysis cannot be applied to
this patient population. Lastly, the majority of the patients
investigated from the included articles are located in North
America (63%) and Asia (25%), which limits generalizability
worldwide.
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Conclusions

This systematic review summarizes the literature regarding
surrogate markers of frailty and their ability to predict outcome
following surgery for ASD. Various studies have suggested an
association between worse post-operative outcomes and poorer
scores regarding frailty or comorbidity indices.'-”-!%1%-27-31
Concerning HRQoL worse pre-operative ODI, SF-36, SRS-22
and NRS were shown to be predictors of post-operative compli-
cations, while ODI, SF-36 and SRS-22 were found to improve
post-operatively.'>%-23-21-32 Finally, demographic data fre-
quently associated with frailty, including BMI and smoking,
were also found to correlate with worse post-operative
outcomes.

All of the aforementioned parameters, which include but are
not limited to frailty indices, highlight the importance of iden-
tifying these factors preoperatively to ensure appropriate
patient selection while helping to limit poor postoperative
outcomes.
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