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BACKGROUND AND IMPORTANCE: Healthcare systems continuously strive to improve quality and value of care. Advances
in surgical technologies, enhanced perioperative surgical planning, and multidisciplinary care strategies are increasing the
number of elective procedures in the geriatric population. However, frail older adults are still more likely to have poor
postoperative outcomes. We examined the impact of frailty on postoperative outcomes, we compared the discriminative
thresholds for the Risk Analysis Index (RAI), modified Frailty Index-5 (mFI-5), and increasing patient age.
CLINICAL PRESENTATION: Octogenarian patients undergoing spine, cranial, and other procedures captured in the
American College of Surgeons National Surgical Quality Improvement Program between 2012 and 2020 were included.
We used receiver operating characteristic curve to examine discriminative thresholds of RAI, mFI-5, and increasing patient
age. Multivariable analyses were performed. Our primary outcomes were 30-day mortality, extended length of stay (eLOS
[≥75th percentile]), and continued inpatient care >30 days (pLOS). Secondary outcomes were skilled care facility (skilled
nursing facility [SNF]) discharges and readmissions.
DISCUSSION: In total, 20 710 octogenarians were included, with a mean age of 83 years (SD, 2.5) and a men (52.7%) and
White (79.8%) majority. The RAI had higher predictive discriminative thresholds for 30-day mortality (C-statistic of 0.743),
eLOS (C-statistic: 0.692), and pLOS (C-statistic: 0.697) compared with the mFI-5 (C-statistic: 0.574, 0.556, and 0.550, re-
spectively), and increasing patient age (C-statistic: 0.577, 0.546, and 0.504, respectively), P < .001. On multivariable analyses,
RAI showed a larger effect size with adverse postoperative outcomes by increasing frailty strata than mFI-5 and increasing
patient age. Nonetheless RAI showed decreased risk for SNF discharges.
CONCLUSION: We found that RAI was amore accurate predictor thanmFI-5 and increasing patient age for 30-daymortality,
eLOS, and pLOS in octogenarian neurosurgery patients. More research is needed on RAI’s performance in different specialized
neurosurgical populations. Moreover, it is increasingly clear that comprehensive risk assessment strategies tailored to optimize
perioperative care should be prioritized to potentially improve outcomes for this at-risk population.
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In what has been termed a “silver tsunami,” the global pop-
ulation of persons aged 80 years or older is projected to triple
by 2050.1 This phenomenon has also been observed in the

United States and is thought to result from comparatively in-
creased life expectancy coupled with overall lower birth rates.1

These dynamics could have far-reaching implications when
considering health care utilization and expenditures because it
creates a vulnerable population with greater health issues, pre-
disposed to higher rates of impairment, and needs for health care
services.2,3 Demographic, social, mental, and health care needs of
an aging population are interrelated.4 Understanding this inter-
sectionality helps illustrate the scale of the challenge attributed to
comorbidities and the propensity for loss of independence.5,6

The ever-evolving healthcare sector offers a wealth of novel
opportunities for achieving improved quality and value of the
health care delivered. An increasing number of elective procedures
are being performed in the geriatric population, a trend attributed
to advancements in surgical technologies and perioperative surgical
planning made possible by multidisciplinary care strategies and the
rising implementation of clinical practice guidelines to aid decision
making.5,7,8 Unfortunately, older patients are among the most
at-risk for adverse postoperative outcomes; the evidence supports a
direct correlation between increasing patient age and a higher risk of
perioperative mortality and morbidity as frailty increases with in-
creasing age.9,10 These complications contribute to the already high
financial burden of geriatric surgical care, to the patient, and health
care system.11,12

Frailty has been described as an intermediary stage between in-
dependent functioning and total functional reserve before depen-
dence.13,14 Therefore, frailty is as an age-related increase in
vulnerability to stressors because of a decline in physiological reserve
that predisposes to loss of independence or to death.13-15 It is often
referred to as a syndrome because of the multiple physiologic systems
affected by frailty and the wide variability in phenotypical presen-
tations as a result of variable genetic and environmental factors.13,16

Although there is no clear conceptual standard for identifying and
classifying frailty, quality improvement efforts continue to evaluate
actionable risk assessment strategies to be used in clinical settings.15

Specialists from a wide range of fields have acknowledged frailty’s
importance in determining clinical outcomes and the potential of
prehabilitation to mitigate poor outcomes in frail patients.8 Neu-
rosurgery studies have shown that frailty predicts postoperative
mortality, complications, extended length of stay (eLOS), and dis-
charge to a higher level of care facility (skilled nursing facility
[SNF]).11,12,17-19

The Risk Analysis Index (RAI) is a validated tool for predicting
poor postoperative outcomes in frail patients. It stratifies patients
into risk tiers based on a weighted scale that takes into account key
domains of frailty.16-18,20-24 The modified Frailty Index-5 (mFI-
5) has also been demonstrated to predict poor outcomes and is
superior to patient age alone. It evaluates frailty through the
assessment of health and functional domains.17,18,20,21,25-33

The RAI has been continuously validated for use in neuro-
surgery patients and has been recommended for preoperative use

in both low-risk and high-risk procedures.19,22,34,35 However, there
have been no specific studies to determine the efficacy of RAI in
octogenarian patients undergoing neurosurgical procedures. We hy-
pothesized that RAI would be a reliable predictor of 30-day mortality,
eLOS, and continued inpatient care >30 days (pLOS). In addition,
RAI would be a better predictor of poor postoperative outcomes than
mFI-5. Therefore, we sought to compare the predictive thresholds and
discriminatory ability of RAI, mFI-5, and increasing patient age. In
addition, we will investigate their independent associations to our
primary and secondary postoperative outcomes.

METHODS

Study Population
The American College of Surgeons National Surgical Quality Improve-

ment Program (ACS-NSQIP) participant use files were retrospectively re-
viewed. We included 20710 older patients older than 80 years who received
neurosurgical procedures, between 2012 and 2020. The ACS-NSQIP da-
tabase contains nonidentifiable information and provides waiver for consent
to participating sites. Nonetheless, our study was deemed exempt and ap-
proved by our Institutional Review Board, and we remained compliant with
the guidelines specified in the ACS-NSQIP data user agreement.

Risk Assessment Indices
The frailty scores for both RAI andmFI-5 were calculated retrospectively

using relevant variables from the ACS-NSQIP database (Supplemental
Digital Content 1, http://links.lww.com/NEUOPEN/A65). The RAI is
the result of extensive work to develop a mortality risk index.14 This frailty
index is a 14-item validated risk stratification instrument.14 Demographic,
clinical, cognitive status, and functional independence are all weighted for a
cumulative frailty score (Supplemental Digital Content 1, http://links.
lww.com/NEUOPEN/A65).14 Each characteristic is given a score between
0 and 81, and the final score is divided into 4 categories: 0–20 (robust),
21–29 (normal), 31–40 (frail), and ≥41 (severely frail). Supplemental
Digital Content 2, http://links.lww.com/NEUOPEN/A66, presents
sensitivity and specificity cutoffs for RAI.

The mFI-5 considers 5 characteristics that have been rigorously tested
and published on.17 Functional independence, congestive heart failure,
diabetic mellitus, chronic obstructive pulmonary disease, and medication-
requiring hypertension make up mFI-5. The highest possible mFI-5 score
“5” is used to evaluate each patient (Supplemental Digital Content 1,
http://links.lww.com/NEUOPEN/A65). Frailty is stratified into 4 cate-
gories: 0 (robust), 1 (normal), 2 (frail), and 3–5 (severely frail). The
sensitivity and specificity cutoffs for mFI-5 can be found in Supplemental
Digital Content 3, http://links.lww.com/NEUOPEN/A67. The thresh-
olds for increasing patient age are presented in Supplemental Digital
Content 4, http://links.lww.com/NEUOPEN/A68.

Postoperative Outcomes
The primary outcomes for this study include 30-day mortality rate,

eLOS, and pLOS. A cumulation of counts of “year of death,” designations
of “expired” for discharge disposition, and “end of life/withdrawal of care”
define 30-day mortality. eLOS is hospital stay ≥75th percentile of our
median population distribution (≥7 days) and continued inpatient
care >30 days (pLOS). Our secondary outcomes include SNF discharges
and 30-day readmissions.
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Statistical Analysis
Mean (standard deviation-SD) and median (interquartile range-IQR)

were used to characterize continuous variables. Frequencies and per-
centages were used for dichotomous/categorical variables. The χ2, Fisher
exact test (for dichotomous/categorical), Student t-test, and nonpara-
metric Mann Whitney U test (continuous) were performed. Receiver
operating characteristic (ROC) curve analyses were used to compare the
sensitivity and specificity of RAI, mFI-5, and increasing patient age for
predicting 30-day mortality, eLOS, and pLOS. The resulting C-statistic
and 95% CI depicting the area under the curve are reported. Subgroup
ROC analyses for surgery classification (elective and emergency) and
surgery type (spine, cranial, and other [functional, peripheral, and vas-
cular]) were also performed. Multivariable regression estimates for pri-
mary and secondary outcomes are presented as OR and 95% CI. Our
models were chosen based on parsimony, control of variance inflation,
and maximum likelihood to ensure the best statistical fit and accuracy.
Statistical significance was established when the two-tailed P-value was
less than or equal to .05. All statistical analyses were performed using
STATA 17 (StataCorp, LLP, College Station, TX).

RESULTS

Study Participants
We included 20 710 octogenarians who underwent a neuro-

surgery procedure between 2012 and 2020 in ACS-NSQIP. The
mean age was 83 years (SD, 2.5), with a men (52.7%) and White
(79.8%) majority and a high BMI of 27.2 kg/m2 (IQR, 24.2-
30.3) (Tables 1 and 2). The most prevalent comorbidities in-
cluded hypertension (76.4%), diabetes (21.6%), and a preexisting
cancer diagnosis (9.7%). The median operative time was
116 minutes (IQR, 76.0, 172.0), 4.4% died within a 30-day
period, 26.1% of patients had an eLOS, and 0.8% had a pLOS. In
addition, 31.0% were discharged to a SNF, and 8.5% of patients
were readmitted (Tables 1 and 2).

ROC Analyses
ROC curves compared the predictive threshold of RAI,mFI-5, and

increasing patient age. The RAI had a higher predictive threshold for
30-day mortality, with a C-statistic of 0.743 (95% CI: 0.726-0.760),
compared with mFI-5 C-statistic of 0.574 (95% CI: 0.556-0.591)
and increasing patient age C-statistic of 0.577 (95% CI: 0.558-
0.596), overall DeLong, P < .001 (Figure 1a). For eLOS, RAI had a
higher predictive threshold C-statistic of 0.692 (95% CI: 0.683-
0.700) than mFI-5 C-statistic of 0.556 (95% CI: 0.548-0.564) and
increasing patient age C-statistic of 0.546 (95% CI: 0.537-0.555),
overall DeLong, P < .001 (Figure 1b). For pLOS, RAI had a higher
predictive threshold C-statistic of 0.697 (95% CI: 0.660-0.733) than
mFI-5 C-statistic of 0.550 (95% CI: 0.509-0.590) and increasing
patient age C-statistic of 0.504 (95% CI: 0.464-0.544), overall
DeLong, P < .001 (Figure 1c).
In a subgroup by surgery classification, 74.1% of patients un-

derwent an elective procedure while 25.9% underwent an emergency
procedure (Tables 1 and 2). Figure 2a-2c presents ROC comparisons
for elective procedures and shows that RAI consistently had a higher

predictive threshold DeLong P value of ≤.01. Similar outcomes were
observed for emergency procedures, as depicted in Figure 3a-3c.
In subgroup analyses by procedure type, 76.9% of patients un-

derwent spine procedures, 20.5% underwent cranial procedures, and
2.7% underwent other neurosurgery procedures (Tables 1 and 2). In
comparisons for spine procedures, RAI had higher predictive
threshold than mFI-5 and increasing patient age overall DeLong
P value of ≤.001 (Figure 4a-4c). In comparisons for cranial pro-
cedures, we observed mixed results with DeLong P value ranging
between ≤.001–.44 (Figure 5a-5c). In other procedures RAI con-
sistently had a higher predictive threshold, and overall DeLong
P value ranged from ≤.001–.51 (Figure 6a-6c).

Multivariable Analyses
RAI

Risk stratification using RAI yielded all 4 risk strata ie, robust
88.8%, normal 10.0%, frail 1.0%, and severely frail 0.1% (Table 1).
Evaluating the independent relationship with 30-day mortality,
patients identified as normal had a 5-fold increased risk compared
with patients identified as robust (OR: 4.76, 95% CI: 4.08-5.55),
frail patients had a 13-fold increased risk (OR: 13.00, 95% CI: 9.52-
17.73), and severely frail patients had a 10-fold increased risk (OR:
10.04, 95% CI: 4.41-22.82) (Table 3). A similar trend was observed
for eLOS; patients identified as normal had a 5-fold increased risk
(OR: 4.50, 95%CI: 4.08-4.96), frail patients had a 10-fold increased
risk (OR: 9.50, 95% CI: 6.92-13.06), and severely frail patients had
an 8-fold increased risk (OR: 8.33, 95% CI: 3.73-18.60) (Table 3).
For pLOS, normal had a 68% increased risk (OR: 1.68, 95% CI:
1.13-2.48). Frail patients had a 44% increased risk but not statis-
tically significant. In addition, all 30 severely frail patients had pLOS
and therefore unable to yield an OR (Table 3). There were decreased
risk of SNF discharges across severity of frailty strata P < .05, and
readmissions showed increased risk across severity of frailty strata
P < .05 (Table 3).

mFI-5
Risk stratification using mFI-5 also yielded all 4 risk strata ie,

robust 18.4%, normal 52.9%, frail 24.3%, and severely frail 4.4%
(Table 2). The normal stratum had no significant differences for all
3 primary outcomes (Table 3). When evaluating the independent
relationship with 30-day mortality, patients identified as frail had a
73% increased risk compared with patients identified as robust
(OR: 1.73, 95% CI: 1.40-2.15), and severely frail patients had a 5-
fold increased risk (OR: 4.47, 95% CI: 3.42-5.84) (Table 3). For
eLOS, patients identified as frail had a 64% increased risk (OR:
1.64, 95% CI: 1.48-1.81), and severely frail patients had a 4-fold
increased risk (OR: 3.62, 95% CI: 3.09-4.25) (Table 3). While for
pLOS, patients identified as frail had a 15% increased risk (OR:
1.15, 95% CI: 0.75-1.78), and severely frail patients had a 46%
increased risk (OR: 1.46, 95% CI: 0.74-2.86); however, these
were not statistically significant (Table 3). SNF discharges and
readmissions showed increased risks across severity of frailty strata
P < .05 (Table 3).
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TABLE 1. Demographics and Clinical Characteristics of Octogenarian Patients Undergoing Neurosurgery Procedures Delineated by the RAI
Screening Tool

Variable
Total

N = 20710

RAIe

Robust
N = 18397

Normal
N = 2069

Frail
N = 214

Severely frail
N = 30 P value

Age, mean (SD), y 83.0 (2.5) 83.0 (2.5) 83.2 (2.6) 83.3 (2.7) 82.5 (2.6) <.001

Sex, n (%)

Male 10 917 (52.7) 9303 (50.6) 1439 (69.6) 156 (72.9) 19 (63.3) <.001

Female 9793 (47.3) 9094 (49.4) 630 (30.4) 58 (27.1) 11 (36.7)

Race, n (%)

White 16 523 (79.8) 14 878 (80.9) 1462 (70.7) 158 (73.8) 25 (83.3) <.001

Black 903 (4.4) 779 (4.2) 109 (5.3) 13 (6.1) 2 (6.7)

Asian 600 (2.9) 537 (2.9) 57 (2.8) 5 (2.3) 1 (3.3)

Othersa 2684 (13.0) 2203 (12.0) 441 (21.3) 38 (17.8) 2 (6.7)

Ethnicity, n (%)

Hispanic 917 (4.4) 813 (4.4) 90 (4.3) 11 (5.1) 3 (10.0) <.001

BMI, median (IQR), kg/m2 27.2 (24.2, 30.3) 27.2 (24.3, 30.4) 26.9 (23.9, 29.9) 26.6 (23.4, 30.0) 23.1 (19.9, 26.3) <.001

ASA score, n (%)

I 95 (0.5) 90 (0.5) 5 (0.2) 0 (0.0) 0 (0.0) <.001

II 4318 (20.9) 4207 (22.9) 109 (5.3) 2 (0.9) 0 (0.0)

III 13 393 (64.7) 11 936 (64.9) 1330 (64.3) 110 (51.4) 17 (56.7)

IV 2766 (13.4) 2045 (11.1) 609 (29.4) 100 (46.7) 12 (40.0)

V 138 (0.7) 119 (0.6) 16 (0.8) 2 (0.9) 1 (3.3)

HTN, n (%) 15 826 (76.4) 14 096 (76.6) 1549 (74.9) 157 (73.4) 24 (80.0) <.001

Diabetes, n (%) 4468 (21.6) 3916 (21.3) 483 (23.3) 61 (28.5) 8 (26.7) <.001

COPD, n (%) 1315 (6.4) 1039 (5.6) 204 (9.9) 63 (29.4) 9 (30.0) <.001

CHF, n (%) 341 (1.7) 179 (1.0) 121 (5.8) 37 (17.3) 4 (13.3) <.001

Functional status, n (%)

Dependent 1860 (9.0) 1009 (5.5) 696 (33.6) 127 (59.3) 28 (93.3) <.001

Cancer diagnosis,
n (%)

2004 (9.7) 498 (2.7) 1331 (64.3) 152 (71.0) 23 (76.7) <.001

Dialysis, n (%) 146 (0.7) 79 (0.4) 49 (2.4) 15 (7.0) 3 (10.0) <.001

Surgery classification,
n (%)

Emergent 5371 (25.9) 4054 (22.0) 1154 (55.8) 143 (66.8) 20 (66.7) <.001

Elective 15 339 (74.1) 14 343 (78.0) 915 (44.2) 71 (33.2) 10 (33.3)

Operative time, median
(IQR), mins

116.0 (76.0, 172.0) 114.0 (75.0, 170.0) 130.0 (85.0, 185.0) 139.0 (91.0, 196.0) 132.0 (88.0, 208.0) <.001
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Increasing Patient Age
When we evaluated the relationship between increasing patient

age and postoperative outcomes, we found that there were only
point increases ≤10% (Table 3).

DISCUSSION

Key Results
We analyzed the discriminative thresholds of 2 frailty risk

assessment tools and increasing patient age in 20 710 octoge-
narian neurosurgery patients in the ACS-NSQIP database.
Overall, the RAI frailty scale possessed superior discriminative
threshold compared with mFI-5 and increasing patient age for
predicting 30-day mortality, eLOS, and pLOS. Furthermore,
RAI exhibited a much higher predictive threshold in most paired
analyses ie, RAI vs mFI-5 and RAI vs increasing patient age. In
addition, higher preoperative RAI scores were independently
predictive of worse postoperative outcomes. Interestingly, when
SNF discharges were examined, in this subset of patients, RAI’s
mortality rate was higher than mFI-5’s, explaining the negative
relationship which we observed.

Limitations
This study’s findings should be interpreted with the following

limitations in mind. First, the database only accounts for 30-day
postoperative outcomes. Although RAI was developed to predict
mortality up to 12 months,14 our study does not reflect the full
spectrum of its predictive ability in a clinical setting beyond 30 days.
We suggest that long-term tracking of mortality beyond 30 days
become a standard data collection metric in national databases. In
addition, prospective studies should be conducted across hospital
systems to record long-term mortality outcomes to better evaluate
the accuracy of RAI. Although studies of this nature may be limited
by their sample sizes, they can more accurately track a patient’s
long-term postoperative outcomes. We are applying for research
funding to fund the expansion of RAI-specific data collection
through a multicenter neurosurgical research network.
Second, as with any retrospective study, there are inherent biases

that occur when selecting patients to include in the national database.
In addition, these patients are representative of contributing facilities
which are limited to primarily large teaching hospitals. Although bias
can never be fully eliminated, the improvement of statistical analyses
for data harmonization,36 the inclusion of patient-reported data, and

TABLE 1. Continued.

Variable
Total

N = 20710

RAIe

Robust
N = 18397

Normal
N = 2069

Frail
N = 214

Severely frail
N = 30 P value

Procedure type, n (%)

Spine 15 915 (76.9) 15 123 (82.2) 694 (33.5) 84 (39.3) 14 (46.7) <.001

Cranial 4247 (20.5) 2759 (15.0) 1343 (64.9) 129 (60.3) 16 (53.3)

Othersb 548 (2.7) 515 (2.8) 32 (1.5) 1 (0.5) 0 (0)

Complications, n (%)c

CD 0-I 17 564 (84.8) 15 864 (86.2) 1549 (74.9) 129 (60.3) 22 (73.3) <.001

CD II-IV 3146 (15.2) 2533 (13.8) 520 (25.1) 85 (39.7) 8 (26.7)

LOS, median (IQR), days 3.0 (1.0, 7.0) 3.0 (1.0, 6.0) 7.0 (4.0, 12.0) 9.0 (6.0, 16.0) 9.0 (6.0, 16.0) <.001

Extended LOS, n (%)d 5410 (26.1) 4039 (22.0) 1192 (57.6) 158 (73.8) 21 (70.0) <.001

LOS >30 d, n (%) 165 (0.8) 127 (0.7) 35 (1.7) 3 (1.4) 0 (0.0) <.001

SNF, n (%) 6410 (31.0) 5789 (31.5) 578 (27.9) 40 (18.7) 3 (10.0) <.001

30-d readmission, n (%) 1761 (8.5) 1429 (7.8) 290 (14.0) 36 (16.8) 6 (20.0) <.001

Mortality, n (%) 919 (4.4) 572 (3.1) 276 (13.3) 63 (29.4) 8 (26.7) <.001

ASA, American Society of Anesthesiologists; BMI, body mass index; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; HTN, hypertension; LOS, length of
hospital stay; RAI, Risk Analysis Index; SNF, skilled nursing facility.
aOther: American Indian/Alaska Native, Native Hawaiian/Pacific Islander, and unknown.
bOther: functional, peripheral, and vascular.
cComplications comprises all postoperative occurrences stratified by the Clavein-Dindo classification; grades range from 0: no complication to IV: life-threatening complications.
dExtended LOS is defined as LOS ≥75 percentile.
eP-value computed using the Fisher exact test and χ2 tests for proportions; Student t-tests for means; and nonparametric tests for medians.
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TABLE 2. Demographics and Clinical Characteristics of Octogenarian Patients Undergoing Neurosurgery Procedures Delineated by the mFI-5
Screening Tool

Variables
Total

N = 20710

mFI-5e

Robust
N = 3817

Normal
N = 10 960

Frail
N = 5030

Severely frail
N = 903 P value

Age, mean (SD), y 83.0 (2.5) 82.9 (2.5) 83.0 (2.5) 83.0 (2.5) 83.2 (2.6) <.001

Sex, n (%)

Male 10 917 (52.7) 2066 (54.1) 5529 (50.4) 2825 (56.2) 497 (55.0) <.001

Female 9793 (47.3) 1751 (45.9) 5431 (49.6) 2205 (43.8) 406 (45.0)

Race, n (%)

White 16 523 (79.8) 3053 (80.0) 8872 (80.9) 3938 (78.3) 660 (73.1) <.001

Black 903 (4.4) 82 (2.1) 442 (4.0) 293 (5.8) 86 (9.5)

Asian 600 (2.9) 86 (2.3) 303 (2.8) 177 (3.5) 34 (3.8)

Othersa 2684 (13.0) 596 (15.6) 1343 (12.3) 622 (12.4) 123 (13.6)

Ethnicity, n (%)

Hispanic 917 (4.4) 112 (2.9) 411 (3.8) 317 (6.3) 77 (8.5) <.001

BMI, median
(IQR), kg/m2

27.2 (24.2, 30.3) 25.9 (23.2, 28.8) 27.1 (24.4, 30.2) 28.0 (25.0, 31.5) 28.1 (24.9, 32.5) <.001

ASA score, n (%)

I 95 (0.5) 49 (1.3) 28 (0.3) 17 (0.3) 1 (0.1) <.001

II 4318 (20.9) 1324 (34.7) 2436 (22.2) 523 (10.4) 35 (3.9)

III 13 393 (64.7) 2070 (54.2) 7169 (65.4) 3570 (71.0) 584 (64.7)

IV 2766 (13.4) 353 (9.2) 1259 (11.5) 882 (17.5) 272 (30.1)

V 138 (0.7) 21 (0.6) 68 (0.6) 38 (0.8) 11 (1.2)

HTN, n (%) 15 826 (76.4) 0 (0.0) 10 027 (91.5) 4904 (97.5) 895 (99.1) <.001

Diabetes, n (%) 4468 (21.6) 0 (0.0) 431 (3.9) 3318 (66.0) 719 (79.6) <.001

COPD, n (%) 1315 (6.4) 0 (0.0) 185 (1.7) 745 (14.8) 385 (42.6) <.001

CHF, n (%) 341 (1.7) 0 (0.0) 13 (0.1) 152 (3.0) 176 (19.5) <.001

Functional status, n (%)

Dependent 1860 (9.0) 0 (0.0) 304 (2.8) 941 (18.7) 615 (68.1) <.001

Cancer diagnosis,
n (%)

2004 (9.7) 424 (11.1) 1022 (9.3) 467 (9.3) 91 (10.1) .01

Dialysis, n (%) 146 (0.7) 18 (0.5) 52 (0.5) 56 (1.1) 20 (2.2) <.001

Surgery classification,
n (%)

Emergent 5371 (25.9) 896 (23.5) 2579 (23.5) 1511 (30.0) 385 (42.6) <.001

Elective 15 339 (74.1) 2921 (76.5) 8381 (76.5) 3519 (70.0) 518 (57.4)

Operative time, median
(IQR), mins

116.0 (76.0, 172.0) 112.0 (74.0, 170.0) 116.0 (76.0, 172.0) 118.0 (77.0, 171.0) 117.0 (75.0, 177.0) .23
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diverse population represented in our data sets may help to mitigate
these limitations and make our findings more generalizable.

Interpretation
Our findings highlight the need for accurate frailty risk as-

sessment tools in the geriatric neurosurgical patient population
and specifically in octogenarians. In the past, frailty assessment
tools have generally been cumbersome and difficult to administer.
However, newer frailty indices, such as mFI-5 and RAI, allow
physicians to assess surgical risk in real time. In particular, RAI is
known for its ease of use, taking less than 2 minutes to administer
at bedside.26 Furthermore, RAI is more comprehensive than mFI-
5 as it covers 5 domains of frailty, as opposed to the 2 frailty
domains of mFI-5.37,38 These elements of RAI allow for rapid
point-of-care frailty assessment and precise risk stratification to
guide preoperative risk conversations with patients and their
families. Furthermore, preoperative risk assessment, combined
with preoperative “prehabilitation” or preoperative interventions,
could aid in optimizing perioperative care and enhancing post-
operative outcomes.28,29,39

Although frailty has become an integral part of geriatric surgical
care, a lack of consensus on how to effectively measure and define

it exists across surgical specialties. Even without standardized
approach to screening or risk definitions, mortality in emergency
and elective procedures has gradually decreased because of the
development of specialized pathways targeted at defect prone areas
along the perioperative continuum.7,27 For example, Whitehouse
et al27 found that over a 4-year period, 55% emergency vs 20%
elective neurosurgical patients died. Their study also demon-
strated that the mortality rate was highest in the first 6 months
after surgery, reaffirming the need for accurate and validated
preoperative risk assessment tools, and why the 30-day databases,
such as ACS-NSQIP, cannot fully account for the harm caused by
mortality as only 30-day data are reported.27 Our findings
demonstrate that RAI was helpful in predicting worse patient
outcomes for both elective and emergency procedures. This is
especially important in emergency procedures, where quick and
accurate decision making is critical. The availability of vital in-
formation on a patient’s frailty status in the emergency setting
can help health care professionals make informed decisions,
leading to improved patient care and ultimately better outcomes.
Furthermore, these results underscore RAI’s versatility and
potential utility in preoperative frailty risk assessment. A better
understanding of how to use frailty screening tools in emergency

TABLE 2. Continued.

Variables
Total

N = 20710

mFI-5e

Robust
N = 3817

Normal
N = 10 960

Frail
N = 5030

Severely frail
N = 903 P value

Procedure type, n (%)

Spine 15 915 (76.9) 2830 (74.1) 8572 (78.2) 3865 (76.8) 648 (71.8) <.001

Cranial 4247 (20.5) 889 (23.3) 2100 (19.2) 1022 (20.3) 236 (26.1)

Othersb 548 (2.7) 98 (2.6) 288 (2.6) 143 (2.8) 19 (2.1)

Complications, n (%)c

CD 0-I 17 564 (84.8) 3302 (86.5) 9490 (86.6) 4119 (81.9) 653 (72.3) <.001

CD II-IV 3146 (15.2) 515 (13.5) 1470 (13.4) 911 (18.1) 250 (27.7)

LOS, median (IQR), d 3.0 (1.0, 7.0) 3.0 (1.0, 6.0) 3.0 (1.0, 6.0) 4.0 (2.0, 8.0) 6.0 (3.0, 11.0) <.001

Extended LOS, n (%)d 5410 (26.1) 867 (22.7) 2552 (23.3) 1549 (30.8) 442 (49.0) <.001

LOS >30 d, n (%) 165 (0.8) 37 (1.0) 67 (0.6) 49 (1.0) 12 (1.3) <.001

SNF, n (%) 6410 (31.0) 1042 (27.3) 3213 (29.3) 1789 (35.6) 366 (40.5) <.001

30-d readmission, n (%) 1761 (8.5) 266 (7.0) 857 (7.8) 500 (9.9) 138 (15.3) <.001

Mortality, n (%) 919 (4.4) 132 (3.5) 410 (3.7) 265 (5.3) 112 (12.4) <.001

ASA, American Society of Anesthesiologists; BMI, body mass index; HTN, hypertension; COPD, chronic obstructive pulmonary disease; CHF, congestive heart failure; LOS, length of
hospital stay; mFI-5, modified Frailty Index-5; SNF, skilled nursing facility.
aOther: American Indian/Alaska Native, Native Hawaiian/Pacific Islander, and unknown.
bOther: functional, peripheral, and vascular.
cComplications, comprises all postoperative occurrences stratified by the Clavein-Dindo classification; grades range from 0: no complication to IV: life-threatening complications.
dExtended LOS is defined as LOS ≥75 percentile.
eP-value computed using the Fishers exact test and χ2 tests for proportions; Student t-tests for means; and nonparametric tests for medians.
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FIGURE 2. Assessing the predictive thresholds of frailty screening tools and
age for elective octogenarian neurosurgery patients (N = 15, 339) using re-
ceiver operating characteristics analysis outlined by A, 30-day mortality, B,
extended LOS, andC, LOS >30 days. A, 30-day mortality C-statistics (95%
CI): RAI 0.777 (0.743-0.812) vs mFI-5 0.598 (0.560-0.635) vs age 0.581
(0.543-0.619). Delong P-value: RAI vs mFI-5 vs age <0.001; RAI vs mFI-
5 < 0.001; RAI vs age <0.001; mFI-5 vs age = 0.52. B, Extended LOS
C-statistics (95% CI): RAI 0.640 (0.625-0.654) vs mFI-5 0.559 (0.545-
0.572) vs age 0.527 (0.513-0.541). Delong P-value: RAI vs mFI-5 vs
age <0.001; RAI vs mFI-5 < 0.001; RAI vs age <0.001; mFI-5 vs age =
0.001.C, LOS >30 days C-statistics (95%CI): RAI 0.681 (0.603-0.760) vs
mFI-5 0.600 (0.514-0.685) vs age 0.522 (0.435-0.610). Delong P-value:
RAI vs mFI-5 vs age = 0.01; RAI vs mFI-5 = 0.12; RAI vs age = 0.001; mFI-
5 vs age = 0.20. LOS, length of hospital stay; mFI-5, modified Frailty Index-
5; RAI, Risk Analysis Index.

FIGURE 1. Assessing the predictive thresholds of frailty screening tools and
age for all octogenarian neurosurgery patients (N = 20, 710) using receiver
operating characteristics analysis outlined by A, 30-day mortality, B, extended
length of hospital stay, andC, LOS >30 days. A, 30-day mortality C-statistics
(95% CI): RAI 0.743 (0.726-0.760) vs mFI-5 0.574 (0.556-0.591) vs age
0.577 (0.558-0.596). Delong P-value: RAI vs mFI-5 vs age <0.001; RAI vs
mFI-5 < 0.001; RAI vs age <0.001; mFI-5 vs age = 0.99. B, Extended LOS
C-statistics (95% CI): RAI 0.692 (0.683-0.700) vs mFI-5 0.556 (0.548-
0.564) vs age 0.546 (0.537-0.555). Delong P-value: RAI vs mFI-5 vs
age <0.001; RAI vs mFI-5 < 0.001; RAI vs age <0.001; mFI-5 vs age = 0.01.
C, LOS >30 days C-statistics (95%CI): RAI 0.697 (0.660-0.733) vs mFI-5
0.550 (0.509-0.590) vs age 0.504 (0.464-0.544). Delong P-value: RAI vs
mFI-5 vs age <0.001; RAI vs mFI-5 < 0.001; RAI vs age <0.001; mFI-5 vs
age = 0.14. LOS, length of hospital stay; mFI-5, modified Frailty Index-5;
RAI, Risk Analysis Index.
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FIGURE 4. Assessing the predictive thresholds of frailty screening tools and
age for spine octogenarian neurosurgery patients (N = 15, 915) using receiver
operating characteristics analysis outlined by A, 30-day mortality, B, extended
LOS, andC, LOS >30 days. A, 30-day mortality C-statistics (95%CI): RAI
0.760 (0.728-0.791) vs mFI-5 0.603 (0.571-0.634) vs age 0.565 (0.531-
0.599). Delong P-value: RAI vs mFI-5 vs age <0.001; RAI vs mFI-5 <
0.001; RAI vs age <0.001; mFI-5 vs age = 0.10. B, Extended LOS
C-statistics (95% CI): RAI 0.657 (0.646-0.669) vs mFI-5 0.567 (0.557-
0.577) vs age 0.545 (0.533-0.556). Delong P-value: RAI vs mFI-5 vs
age <0.001; RAI vs mFI-5 < 0.001; RAI vs age <0.001; mFI-5 vs age =
0.001. C) LOS >30 days C-statistics (95%CI): RAI 0.712 (0.663-0.760) vs
mFI-5 0.582 (0.530-0.635) vs age 0.497 (0.441-0.553). Delong P-value:
RAI vs mFI-5 vs age <0.001; RAI vs mFI-5 < 0.001; RAI vs age <0.001;
mFI-5 vs age = 0.05. LOS, length of hospital stay; mFI-5, modified Frailty
Index-5; RAI, Risk Analysis Index.

FIGURE 3. Assessing the predictive thresholds of frailty screening tools and
age for emergency octogenarian neurosurgery patients (N = 5, 371) using
receiver operating characteristics analysis outlined by A, 30-day mortality, B,
extended LOS, andC, LOS >30 days. A, 30-day mortality C-statistics (95%
CI): RAI 0.597 (0.575-0.620) vs mFI-5 0.540 (0.518-0.562) vs age 0.534
(0.513-0.559). Delong P-value: RAI vs mFI-5 vs age <0.001; RAI vs mFI-
5 < 0.001; RAI vs age <0.001; mFI-5 vs age = 0.79. B, Extended LOS
C-statistics (95% CI): RAI 0.588 (0.572-0.604) vs mFI-5 0.538 (0.523-
0.553) vs age 0.508 (0.492-0.524). Delong P-value: RAI vs mFI-5 vs
age <0.001; RAI vs mFI-5 < 0.001; RAI vs age <0.001; mFI-5 vs age = 0.01.
C, LOS >30 days C-statistics (95%CI): RAI 0.570 (0.525-0.615) vs mFI-5
0.502 (0.457-0.547) vs age 0.457 (0.412-0.502). Delong P-value: RAI vs
mFI-5 vs age = 0.002; RAI vs mFI-5 = 0.02; RAI vs age = 0.001; mFI-5 vs
age = 0.20. LOS, length of hospital stay; mFI-5, modified Frailty Index-5;
RAI, Risk Analysis Index.
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FIGURE 6. Assessing the predictive thresholds of frailty screening tools and
age for other octogenarian neurosurgery patients (N = 548) using receiver
operating characteristics analysis outlined by A, 30-day mortality, B, extended
LOS, andC, LOS >30 days. A, 30-day mortality C-statistics (95%CI): RAI
0.698 (0.548-0.848) vs mFI-5 0.414 (0.292-0.535) vs age 0.486 (0.292-
0.680). Delong P-value: RAI vs mFI-5 vs age = 0.01; RAI vs mFI-5 = 0.005;
RAI vs age = 0.07; mFI-5 vs age = 0.59. B, Extended LOS C-statistics (95%
CI): RAI 0.661 (0.603-0.719) vs mFI-5 0.542 (0.490-0595) vs age 0.542
(0.487-0.597). Delong P-value: RAI vs mFI-5 vs age <0.001; RAI vs mFI-
5 = 0.003; RAI vs age = 0.001; mFI-5 vs age = 0.81. C, LOS >30 days
C-statistics (95% CI): RAI 0.700 (0.492-0.908) vs mFI-5 0.582 (0.349-
0.815) vs age 0.587 (0.430-0.745). Delong P-value: RAI vs mFI-5 vs age =
0.51; RAI vs mFI-5 = 0.41; RAI vs age = 0.29; mFI-5 vs age = 0.97. LOS,
length of hospital stay; mFI-5, modified Frailty Index-5; RAI, Risk Analysis
Index.

FIGURE 5. Assessing the predictive thresholds of frailty screening tools and
age for cranial octogenarian neurosurgery patients (N = 4, 247) using receiver
operating characteristics analysis outlined by A, 30-day mortality, B, extended
LOS, andC, LOS >30 days. A, 30-day mortality C-statistics (95%CI): RAI
0.556 (0.531-0.580) vs mFI-5 0.567 (0.546-0.589) vs age 0.569 (0.545-
0.594). Delong P-value: RAI vs mFI-5 vs age = 0.44; RAI vs mFI-5 = 0.21;
RAI vs age = 0.44; mFI-5 vs age = 0.77. B, Extended LOS C-statistics (95%
CI): RAI 0.603 (0.586-0.619) vs mFI-5 0.550 (0.535-0.565) vs age 0.535
(0.518-0.552). Delong P-value: RAI vs mFI-5 vs age <0.001; RAI vs mFI-
5 < 0.001; RAI vs age <0.001; mFI-5 vs age = 0.02. C, LOS >30 days
C-statistics (95% CI): RAI 0.567 (0.506-0.628) vs mFI-5 0.510 (0.446-
0.574) vs age 0.491 (0.429-0.553). Delong P-value: RAI vs mFI-5 vs age =
0.16; RAI vs mFI-5 = 0.14; RAI vs age = 0.08; mFI-5 vs age = 0.67. LOS,
length of hospital stay; mFI-5, modified Frailty Index-5; RAI, Risk Analysis
Index.
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neurosurgical situations with specific neurosurgical diseases (taking
into consideration the disease specific prognosis as well) is an
important next area of frailty research. Such results will aid the
surgeon in not overextrapolating and underextrapolating scores
when frank discussion need to occur quickly, given that delays in
emergency neurosurgery would add to the poor outcome.
The mFI-517,18,21,31,32,40-42 and RAI14,22-24,37,43 are effective

tools depending on the population.37,44 Nonetheless, our findings
demonstrate that RAI, as opposed to mFI-5 or increasing patient
age, may be a more accurate method of evaluating frailty in the
older population. Generally, frailty indices have been developed to
include some of the most pertinent factors that affect patients’
surgical outcomes. However, there are currently no time-efficient
indices that can feasibly account for all possible components of
frailty.45 Although these validated tools may accurately predict
outcomes, they do not account for all possible contributing factors.
In addition, although there are discussions about frailty and re-
source planning, surgeons may overly rely on these risk assessment
tools to solely determine the eligibility of patients for high-risk
procedures.46,47 However, risk frameworks vary, and frailty scores
should be used in tandem with other clinically relevant indicators
for decisionmaking and surgical planning to deploy resources in the
perioperative period. Each individual patient requires careful
consideration of the risks associated with frailty vs the advantages
and quality of life associated with successful surgery when major
complications are avoided.

Generalizability
A recent study which featured RAI’s predictive threshold in

patients who underwent deep brain stimulation procedures
found that frail patients had worse postoperative outcomes than
their nonfrail counterparts, despite the common belief that these
procedures are “low risk” and less demanding than other neu-
rosurgery procedures.34,35 Although our study effectively shows
that RAI is an accurate predictor of worse outcomes in octoge-
narians undergoing both low-risk and high-risk procedures,
validating this instrument and gaining a greater grasp of its po-
tential clinical application will require additional research.
Moreover, RAI provides a wide range of scores that allow for
cutoffs to be adjusted for surgical specialties.37 In the future, RAI
score cutoffs can be adjusted and calibrated specifically for elective
or emergency procedures and specific neurosurgical populations
stratified by their perceived operative risk. This would provide a
robust framework for health care teams to use when caring for
vulnerable patient populations. In addition, RAI should be
studied prospectively in neurosurgical settings to assess the ap-
plicability and effectiveness of its use in clinic. In fact, we have
over 2 years of prospective RAI data collected for all neurosurgical
patients at our institution, and these outcomes will be shared in
publication soon. Ideally, RAI scores are a key component used
across an entire healthcare system, to foster an interdisciplinary
and individualized approach to patient care regarding the best
treatment recommendations.

TABLE 3. Independent Relationships Between the RAI, the mFI-5, Age, and Postoperative Outcomes in Octogenarian Neurosurgery Patients

Variables
Mortality

OR (95% CI)
Extended LOS
OR (95% CI)

LOS >30 days
OR (95% CI)

SNF discharge
OR (95%CI)

Readmissions
OR (95% CI)

RAI

Robust (RAI = 0-20) [REF] [REF] [REF] [REF] [REF]

Normal (RAI = 21-30) 4.76 (4.08, 5.55)a 4.50 (4.08, 4.96)a 1.68 (1.13, 2.48)a 0.78 (0.70, 0.87)a 1.92 (1.69, 2.23)a

Frail (RAI = 31-40) 13.00 (9.52, 17.73)a 9.50 (6.92, 13.06)a 1.44 (0.45, 4.64) 0.40 (0.27, 0.59)a 2.35 (1.63,3.38)a

Severely frail (RAI ≥41) 10.04 (4.41, 22.82)a 8.33 (3.73, 18.60)a — 0.18 (0.05, 0.69)b 2.80 (1.13, 6.90)b

mFI-5

Robust (mFI-5 = 0) [REF] [REF] [REF] [REF] [REF]

Normal (mFI-5 = 1) 1.16 (0.95, 1.42) 1.08 (0.99, 1.18) 0.71 (0.47, 1.06) 1.09 (1.00, 1.19)b 1.14 (0.99, 1.32)

Frail (mFI-5 = 2) 1.73 (1.40, 2.15)a 1.64 (1.48, 1.81)a 1.15 (0.75, 1.78) 1.49 (1.35, 1.63)a 1.51 (1.29, 1.77)a

Severely frail (mFI-5 ≥3) 4.47 (3.42, 5.84)a 3.62 (3.09, 4.25)a 1.46 (0.74, 2.86) 1.86 (1.59, 2.18)a 2.49 (2.00, 3.11)a

Age 1.10 (1.08, 1.13)a 1.08 (1.06, 1.09)a 1.03 (0.96, 1.09) 1.04 (1.03, 1.05)a 1.02 (1.00, 1.04)b

OR odds ratio; LOS, length of stay; mFI-5, modified Frailty Index-5, RAI, Risk Analysis Index; SNF, skilled nursing facility.
aP-value <.001.
bP-value <.05.
— Indicates 30 patients in severely frail group that had LOS >30 days.
Regression models were adjusted for race, BMI, and operative time and multivariable models for RAI, mFI-5, and age.
We followed strict variable selection to ensure no collinearity between variables.
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CONCLUSION

In a critical review of 20 710 ACS-NSQIP database, we found
that RAI was a more accurate predictor of 30-day mortality, eLOS,
and pLOS than mFI-5 or increasing patient age in octogenarian
neurosurgery patients. More research is needed to discover how
RAI performs across different specialized neurosurgical populations.
As the field of geriatric neurosurgery is rapidly developing into a
distinct surgical subdiscipline, it is increasingly clear that com-
prehensive risk assessment strategies tailored to optimize peri-
operative care are essential for health care teams to optimally
support this at-risk patient population and potentially improve
postoperative outcomes.

Funding
This study did not receive any funding or financial support.

Disclosures
The authors have no personal, financial, or institutional interest in any

of the drugs, materials, or devices described in this article.

REFERENCES
1. United Nations, Department of Economic and Social Affairs, Population Division.

World Population Ageing. 2019. Accessed 01/12/2023. https://www.un.org/en/
development/desa/population/publications/pdf/ageing/
WorldPopulationAgeing2019-Highlights.pdf

2. Rice DP, Fineman N. Economic implications of increased longevity in the
United States. Annu Rev Public Health. 2004; 25(1):457-473.

3. Osborn R, Moulds D, Squires D, Doty MM, Anderson C. International survey of
older adults finds shortcomings in access, coordination, and patient-centered care.
Health Aff. 2014;33(12):2247-2255.

4. Bartels SJ, Naslund JA. The underside of the silver tsunami—older adults and
mental health care. N Engl J Med. 2013;368(6):493-496.

5. Boyd CM, Darer J, Boult C, Fried LP, Boult L, Wu AW. Clinical practice
guidelines and quality of care for older patients with multiple comorbid diseases
implications for pay for performance. JAMA. 2005;294(6):716-724.

6. Berian JR, Mohanty S, Ko CY, Rosenthal RA, Robinson TN. Association of loss of
independence with readmission and death after discharge in older patients after
surgical procedures. JAMA Surg. 2016;151(1):e161689.

7. Ausman JI. Achievements of the last century in neurosurgery and a view to the 21st
century. Arch Neurol. 2000;57(1):61-62.

8. Schmidt E, Balardy L, Geeraerts T, Costa N, Bowers CA, Hamilton M. Editorial.
Geriatric neurosurgery: the unfolding of a new subspecialty.Neurosurg Focus. 2020;
49(4):e2.

9. Lin HS, Watts JN, Peel NM, Hubbard RE. Frailty and post-operative outcomes in
older surgical patients: a systematic review. BMC Geriatr. 2016;16(1):157.

10. Chung JY, Chang WY, Lin TW, et al. An analysis of surgical outcomes in patients
aged 80 years and older. Acta Anaesthesiol Taiwan. 2014;52(4):153-158.

11. Mooney MA, Yoon S, Cole T, et al. Cost transparency in neurosurgery: a single-
institution analysis of patient out-of-pocket spending in 13 673 consecutive
neurosurgery cases. Neurosurgery. 2019;84(6):1280-1289.

12. Rogers CM, Busch CM, Cuoco JA, Elias Z, Simonds GR. Economic impact of hos-
pitalization past maximal neurosurgical inpatient benefit. Cureus. 2018;10(11):e3567.

13. Fried LP, Cohen AA, Xue QL, Walston J, Bandeen-Roche K, Varadhan R. The
physical frailty syndrome as a transition from homeostatic symphony to cacophony.
Nat Aging. 2021;1(1):36-46.

14. Hall DE, Arya S, Schmid KK, et al. Development and initial validation of the risk
analysis index for measuring frailty in surgical populations. JAMA Surg. 2017;
152(2):175-182.

15. Xue QL. The frailty syndrome: definition and natural history. Clin Geriatr Med.
2011;27(1):1-15.

16. Buckinx F, Rolland Y, Reginster JY, Ricour C, Petermans J, Bruyère O. Burden of
frailty in the elderly population: perspectives for a public health challenge. Arch
Public Health. 2015;73(1):19.

17. Moss W, Zhang R, Carter GC, Kwok AC. A case for the use of the 5-item modified
frailty index in preoperative risk assessment for tissue expander placement in breast
reconstruction. Ann Plast Surg. 2022;89(1):23-27.

18. Kweh BTS, Lee HQ, Tan T, Liew S, Hunn M, Wee Tee J. Posterior instrumented
spinal surgery outcomes in the elderly: a comparison of the 5-item and 11-item
modified frailty indices. Glob Spine J. Published online August 15, 2022. doi:
10.1177/21925682221117139.

19. Thommen R, Kazim SF, Rumalla K, et al. Preoperative frailty measured by risk
analysis index predicts complications and poor discharge outcomes after brain
tumor resection in a large multi-center analysis. J Neurooncol. 2022;160(2):
21085-21297.

20. Casazza GC, McIntyre MK, Gurgel RK, et al. Increasing frailty, not increasing age,
results in increased length of stay following vestibular schwannoma surgery. Otol
Neurotol. 2020;41(10):e1243-e1249.

21. Kazim SF, Dicpinigaitis AJ, Bowers CA, et al. Frailty status is a more robust
predictor than age of spinal tumor surgery outcomes: a NSQIP analysis of 4,662
patients. Neurospine. 2022;19(1):53-62.

22. Agarwal N, Goldschmidt E, Taylor T, et al. Impact of frailty on outcomes following
spine surgery: a prospective cohort analysis of 668 patients. Neurosurgery. 2021;
88(3):552-557.

23. van der Windt DJ, Bou-Samra P, Dadashzadeh ER, Chen X, Varley PR, Tsung A.
Preoperative risk analysis index for frailty predicts short-term outcomes after
hepatopancreatobiliary surgery. HPB (Oxford). 2018;20(12):1181-1188.

24. Varley PR, Borrebach JD, Arya S, et al. Clinical utility of the risk analysis index as a
prospective frailty screening tool within a multi-practice, multi-hospital integrated
healthcare system. Ann Surg. 2021;274(6):e1230-e1237.

25. Pazniokas J, Gandhi C, Theriault B, et al. The immense heterogeneity of frailty in
neurosurgery: a systematic literature review. Neurosurg Rev. 2021;44(1):189-201.

26. Nidadavolu LS, Ehrlich AL, Sieber FE, Oh ES. Preoperative evaluation of the frail
patient. Anesth Analg. 2020;130(6):1493-1503.

27. Whitehouse KJ, Jeyaretna DS, Wright A, Whitfield PC. Neurosurgical care in the
elderly: increasing demands necessitate future healthcare planning. World
Neurosurg. 2016;87:446-454.

28. Richards SJG, Frizelle FA, Geddes JA, Eglinton TW, Hampton MB. Frailty in
surgical patients. Int J Colorectal Dis. 2018;33(12):1657-1666.

29. Chan SP, Ip KY, Irwin MG. Peri-operative optimisation of elderly and frail pa-
tients: a narrative review. Anaesthesia. 2019;74(Suppl 1):80-89.

30. Ko FC. Preoperative frailty evaluation: a promising risk-stratification tool in older
adults undergoing general surgery. Clin Therap. 2019;41(3):387-399.

31. Lee J, Alfonso AR, Kantar RS, et al. Modified frailty index predicts postoperative
complications following panniculectomy in the elderly. Plast Reconstr Surg Glob
Open. 2020;8(7):e2987.

32. Khalafallah AM, Huq S, Jimenez AE, Brem H, Mukherjee D. The 5-factor
modified frailty index: an effective predictor of mortality in brain tumor pa-
tients. J Neurosurg. 2020;135(1):78-86.

33. McIntyre MK, Gandhi C, Long A, et al. Age predicts outcomes better than frailty
following aneurysmal subarachnoid hemorrhage: a retrospective cohort analysis.
Clin Neurol Neurosurg. 2019;187:105558.

34. Owodunni OP, Roster K, Varela S, et al. Preoperative frailty risk in deep brain
stimulation patients: risk analysis index predicts Clavien-Dindo IV complications.
Clin Neurol Neurosurg. 2023;226:107616.

35. Roster K, Moya A, Owodunni OP, Courville EN, Schmidt M, Bowers CA. A
cautionary tale: frailty predicts mortality after deep brain stimulation and the risk
analysis index has an unparalleled classification threshold. J Neurosurg Sci. Published
online February 20, 2023. doi: 10.23736/S0390-5616.23.06007-1.

36. Bower JK, Patel S, Rudy JE, Felix AS. Addressing bias in electronic health record-
based surveillance of cardiovascular disease risk: finding the signal through the
noise. Curr Epidemiol Rep. 2017;4(4):346-352.

37. Arya S, Varley P, Youk A, et al. Recalibration and external validation of the risk
analysis index: a surgical frailty assessment tool. Ann Surg. 2020;272(6):996-1005.

38. Rockwood K, AndrewM,Mitnitski A. A comparison of two approaches to measuring
frailty in elderly people. J Gerontol Ser A Biol Sci Med Sci. 2007;62(7):738-743.

39. Ehrlich AL, Owodunni OP, Mostales JC, et al. Early outcomes following im-
plementation of a multispecialty geriatric surgery pathway. Ann Surg. 2023;277(6):
e1254-e1261.

12 | VOLUME 4 | NUMBER 3 | 2023 neurosurgerypractice-online.com

YOCKY ET AL

https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Highlights.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Highlights.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Highlights.pdf
http://www.neurosurgerypractice-online.com


40. Youngerman BE, Neugut AI, Yang J, Hershman DL, Wright JD, Bruce JN. The
modified frailty index and 30-day adverse events in oncologic neurosurgery.
J Neurooncol. 2018;136(1):197-206.

41. Tracy BM,Wilson JM, Smith RN, Schenker ML, Gelbard RB. The 5-item modified
frailty index predicts adverse outcomes in trauma. J Surg Res. 2020;253:167-172.

42. Subramaniam S, Aalberg JJ, Soriano RP, Divino CM. New 5-factor modified frailty index
usingAmericanCollege of SurgeonsNSQIPdata. J AmColl Surg. 2018;226(2):173-181.e8.

43. Shah R, Borrebach JD, Hodges JC, et al. Validation of the risk analysis index for
evaluating frailty in ambulatory patients. J Am Geriatr Soc. 2020;68(8):1818-1824.

44. Wei B, Zong Y, Xu M, Wang X, Guo X. The revised-risk analysis index as a
predictor of major morbidity and mortality in older patients after abdominal
surgery: a retrospective cohort study. BMC Anesthesiol. 2022;22(1):301.

45. Partridge JSL, Harari D, Dhesi JK. Frailty in the older surgical patient: a review. Age
Ageing. 2012;41(2):142-147.

46. Bligh ER, Sinha P, Smith D, Al-Tamimi YZ. Thirty-day mortality and survival in
elderly patients undergoing neurosurgery. World Neurosurg. 2020;133:e646-e652.

47. Mosquera C, Spaniolas K, Fitzgerald TL. Impact of frailty on surgical outcomes: the
right patient for the right procedure. Surgery. 2016;160(2):272-280.

Acknowledgments
Drs Bowers and Owodunni designed the study. Dr Owodunni performed

data collection, management, and statistical analyses. Ms. Yocky and Dr

Owodunni prepared the manuscript draft with important intellectual input from
all listed authors (Drs Courville, Kazim, Schmidt, Gearhart, Greene-Chandos,
George, MD, and Christian A. Bowers). Drs Owodunni and Christian A. Bowers
had complete access to the study data. All authors provided critical revisions to
the final manuscript. All authors read and approved the final version of the
manuscript.

Supplemental digital content is available for this article at neurosurgerypractice-
online.com.

Supplemental Digital Content 1. Scoring for the National Surgical Quality
Improvement ProgramDatabase Variables by Frailty Indices. mFI-5 score (total = 5):
0—“robust,” 1—“prefrail,” 2—“frail,” and > = 3—“severely frail.”RAI score (total = 81):
< = 20—“robust,” 21–30—“prefrail,” 31–40—“frail,” and ≥41—“severely frail.”
Supplemental Digital Content 2. Screening Cutoffs for Postoperative Outcomes
Based on the Risk Analysis Index Scores.
Supplemental Digital Content 3. Screening Cutoffs for Postoperative Outcomes
Based on the Modified Frailty Index-5 Scores.
Supplemental Digital Content 4. Screening Cutoffs for Postoperative Outcomes
Based on Age.

NEUROSURGERY PRACTICE VOLUME 4 | NUMBER 3 | 2023 | 13

FRAILTY PREDICTS WORSE OUTCOMES IN OCTOGENARIANS

http://www.neurosurgerypractice-online.com
http://www.neurosurgerypractice-online.com

