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Objective: The present study aimed to evaluate the effect of baseline frailty status (as mea-
sured by modified frailty index-5 [mFI-5]) versus age on postoperative outcomes of patients 
undergoing surgery for spinal tumors using data from a large national registry.
Methods: The National Surgical Quality Improvement Program database was used to col-
lect spinal tumor resection patients’ data from 2015 to 2019 (n = 4,662). Univariate and 
multivariate analyses for age and mFI-5 were performed for the following outcomes: 30-day 
mortality, major complications, unplanned reoperation, unplanned readmission, hospital 
length of stay (LOS), and discharge to a nonhome destination. Receiver operating charac-
teristic (ROC) curve analysis was used to evaluate the discriminative performance of age 
versus mFI-5.
Results: Both univariate and multivariate analyses demonstrated that mFI-5 was a more ro-
bust predictor of worse postoperative outcomes as compared to age. Furthermore, based on 
categorical analysis of frailty tiers, increasing frailty was significantly associated with in-
creased risk of adverse outcomes. ‘Severely frail’ patients were found to have the highest 
risk, with odds ratio 16.4 (95% confidence interval [CI],11.21–35.44) for 30-day mortality, 
3.02 (95% CI, 1.97–4.56) for major complications, and 2.94 (95% CI, 2.32–4.21) for 
LOS. In ROC curve analysis, mFI-5 score (area under the curve [AUC] = 0.743) achieved 
superior discrimination compared to age (AUC = 0.594) for mortality.
Conclusion: Increasing frailty, as measured by mFI-5, is a more robust predictor as com-
pared to age, for poor postoperative outcomes in spinal tumor surgery patients. The mFI-5 
may be clinically used for preoperative risk stratification of spinal tumor patients.

Keywords: Spinal tumors, Frailty, Age, Surgical outcomes, National Surgical Quality Im-
provement Project, Modified frailty index-5

Neurospine
eISSN 2586-6591 pISSN 2586-6583 

This is an Open Access article distributed under 
the terms of the Creative Commons Attribution 
Non-Commercial License (https://creativecom-
mons.org/licenses/by-nc/4.0/) which permits 
unrestricted non-commercial use, distribution, 
and reproduction in any medium, provided the 
original work is properly cited.

Copyright © 2022 by the Korean Spinal 
Neurosurgery Society  

Neurospine 2022;19(1):53-62.
https://doi.org/10.14245/ns.2142770.385

http://crossmark.crossref.org/dialog/?doi=10.14245/ns.2142770.385&domain=pdf&date_stamp=2022-03-31


Frailty Predicts Spinal Tumors OutcomesKazim SF, et al.

https://doi.org/10.14245/ns.2142770.38554 www.e-neurospine.org

INTRODUCTION

Spinal tumors are much less frequent than intracranial tu-
mors, with an estimated overall prevalence of one spinal tumor 
for every 4 intracranial lesions.1-4 In the United States, the over-
all incidence of spinal tumors was found to be approximately 
0.62 per 100,000 persons.1,3 Metastatic spinal tumors account 
for the majority (up to 70%) of spinal tumors.5-7 In a SEER 
(Surveillance, Epidemiology, and End Results) and National 
Program of Cancer Registries analysis, the majority of primary 
spinal tumors (78%) were benign.1 Spinal tumors are further 
classified based on location into extradural (55%), intradural 
extramedullary (40%), and intramedullary (5%).2,5,6 Collective-
ly, the management of spinal tumor patients is quite challeng-
ing.8 The objectives of surgical treatment of primary and isolat-
ed metastatic spinal tumors include symptom palliation, pro-
longed survival, and curative therapy if possible.5,6,8 Nonethe-
less, surgical intervention for spinal tumors may involve com-
plex spinal reconstruction, which is associated with high peri- 
and postoperative complications rates.3,5,6,8-10 To this end, preop-
erative risk stratification of spinal tumor patients is critical to 
optimize surgical outcomes.6,8

The postoperative morbidity and surgical outcomes of spinal 
tumor resections represent a unique challenge with an urgent 
need for effective predictive tools for preoperative risk stratifi-
cation in these patients.3,6,8,11 Previously, advancing age has been 
identified as a poor prognostic factor for surgical outcomes of 
spinal tumors,5,12-18 nonetheless, the majority of this data is 
based on single-center, retrospective studies. Additionally, in 
recent years, clinicians have moved past age alone as a prognos-
tic indicator given that frailty status (a measure of physiological 
reserve) has been identified as an independent and more robust 
predictor of outcomes after neurosurgical interventions as 
compared to chronological age.19,20 Previously, frailty measures 
have been reported to exhibit a greater effect size and a better 
discriminative value to predict adverse events than chronologi-
cal age alone in spine surgery patients.20

Previous studies using data from large national databases 
have reported on preoperative risk stratification of spinal tumor 
patients3,6,8,11; however, to the best of our knowledge, none of 
these studies have directly compared frailty status at presenta-
tion and chronological age and their influence on surgical out-
comes following resection of spinal tumors. Our study reports 
on a comparative analysis of the effects of baseline frailty status 
(as measured by modified frailty index-5 [mFI-5]) and age on 
outcomes after surgery of spinal tumors patients using data ex-

tracted from the American College of Surgeons (ACS) prospec-
tive registry, National Surgical Quality Improvement Program 
(NSQIP).

MATERIALS AND METHODS

1. Data Source
Patient data from 2015–2019 was obtained from the ACS da-

tabase, NSQIP. The NSQIP database contains validated, multi-
institutional (private and academic centers) data collected from 
institutions employing a uniform protocol by trained surgical 
reviewers across institutions.21 NSQIP prospectively collects 
data from more than 700 participating sites on greater than 200 
variables, including preoperative, intraoperative, 30-day post-
operative variables, and all complications for patients who un-
derwent surgery across all major surgical specialties. There is 
no administrative censoring or loss to follow-up of patients in 
the NSQIP database. The NSQIP data files are Health Insur-
ance Portability and Accountability Act–compliant and do not 
identify patients, hospitals, or providers. The quality and reli-
ability of the NSQIP data are ensured through rigorous training 
of data abstractors and interrater reliability audits of participat-
ing sites.22 The NSQIP database has been employed previously 
to study outcomes in neurosurgical patients including spine 
surgery.6,8,20,23-27 The present study was performed under the 
data user agreement of the ACS with University of New Mexico 
Hospital and was approved and considered exempt from con-
tinuing review by our Institutional Review Board (Study ID 21-
315).

2. Patient Population and Baseline Characteristics
The current procedural terminology and International Clas-

sification of Diseases (ICD)-9 and ICD-10 codes were used to 
identify patients in the NSQIP data set (2015–2019) ages 18 
years or older who, under general anesthesia, underwent resec-
tion of extradural, intradural extramedullary, and intramedul-
lary primary or metastatic spinal tumors with a neurosurgeon 
or an orthopedic surgeon (Table 1).6,8 The baseline study popu-
lation characteristics included age, sex, body mass index (BMI, 
kg/m2, calculated from weight and height), smoking status, and 
functional dependence (including both complete and partial 
dependence). The spinal cord tumor variables extracted in-
cluded tumor location (extradural, intradural extramedullary, 
or intramedullary) and tumor type (primary, secondary/metas-
tasis, or unknown). Operative time was also extracted. The co-
morbidities evaluated included diabetes mellitus (DM), chronic 



Frailty Predicts Spinal Tumors OutcomesKazim SF, et al.

https://doi.org/10.14245/ns.2142770.385  www.e-neurospine.org  55

obstructive pulmonary disease (COPD), hypertension requir-
ing medication, congestive heart failure (CHF), dyspnea, dis-
seminated cancer (defined by the NSQIP as multiple metastases 
indicating that the cancer is widespread), open wound, steroid 
use, weight loss (substantial unintentional loss in body weight 
[ > 10%]), bleeding disorders (any chronic/persistent/active 
condition that places the patient at risk for excessive bleeding 
[e.g., vitamin K deficiency, hemophilia, thrombocytopenia, 
chronic anticoagulation therapy that has not been discontinued 
before surgery]), preoperative transfusion (preoperative blood 
loss or anemia necessitating transfusion of whole blood/packed 
red blood cells), and preoperative sepsis/septic shock/systemic 
inflammatory response syndrome (SIRS). Preoperative SIRS is 
defined by NSQIP as the presence of at least 2 of the following 
criteria: temperature > 38°C or < 36°C, heart rate > 90 beats 
per minute, respiratory rate > 20 breaths per minute or PaCO2 
<32 mmHg, leukocytosis or leukopenia (white blood cell count 

> 12,000/mm3 and < 4,000/mm3, respectively) or > 10% imma-
ture (band) forms, or anion gap acidosis.

3. Modified Frailty Index-5
We used the mFI-5 as a measure of frailty. Previously, mFI-5 

has been documented as an effective predictor of postoperative 
morbidity and mortality in neurosurgical patients including 
those undergoing spine surgery.20,28-30 The mFI-5 categorical as-
sessment was reported to be essentially equivalent to the 11- 
factor modified frailty index (mFI-11) score for spine surgery 
patients.20 The mFI-5 score was calculated for each patient 
based on the presence of DM, hypertension, CHF, COPD, and 
dependent functional status (Table 2).29 The mFI-5 calculated 
using the 5 NSQIP variables resulted in an index ranging from 
0 (least frail) to 5 (most frail), with a score of 1 as “prefrail,” 2 as 
“frail,” and 3 or more as “severely frail” as categorical variables, 
in accordance with the previously established standards.20,29

Table 1. List of CPT, ICD-9, and ICD-10 codes used to extract cases of spinal tumors from NSQIP database 2015–2019

Coding system Code Description

CPT 63275–8 Laminectomy for biopsy/excision of extradural spinal neoplasm

63280–3 Laminectomy for biopsy/excision of intradural extramedullary spinal neoplasm

63285–7 Laminectomy for biopsy/excision of intradural intramedullary spinal neoplasm

63290 Laminectomy for biopsy/excision of combined intradural/extradural spinal neoplasm

63300–3 Vertebral corpectomy for excision of extradural spinal neoplasm

63304–7 Vertebral corpectomy for excision of intradural spinal neoplasm

ICD-9-CM 170.2 Malignant neoplasm of vertebral column excluding sacrum and coccyx

170.6 Malignant neoplasm of pelvic bones, sacrum, and coccyx

192.2 Malignant neoplasm of spinal cord

192.3 Malignant neoplasm of spinal meninges

198.3-5 Secondary malignant neoplasm of brain and spinal cord

213.2 Benign neoplasm of vertebral column, excluding sacrum, and coccyx

213.6 Benign neoplasm of pelvic bones, sacrum, and coccyx

225.3 Benign neoplasm of spinal cord

225.4 Benign neoplasm of spinal meninges

239.7 Neoplasm of uncertain behavior other parts of central nervous system

ICD-10-CM C41.2 Malignant neoplasm of vertebral column

C72 Malignant neoplasm of spinal cord

C79.49 Malignant neoplasm of other parts of central nervous system

D16.6 Benign neoplasm of vertebral column

D32.1 Benign neoplasm of spinal meninges

D33.4 Benign neoplasm of spinal cord

D43.4 Neoplasm of uncertain behavior of spinal cord

CPT, current procedural terminology; ICD, International Classification of Diseases; CM, clinical modification; NSQIP, National Surgical Qual-
ity Improvement Project.



Frailty Predicts Spinal Tumors OutcomesKazim SF, et al.

https://doi.org/10.14245/ns.2142770.38556 www.e-neurospine.org

4. Outcome Measures
Outcome measures included mortality, major complications, 

unplanned readmission, unplanned reoperation, hospital 
length of stay (LOS), and discharge to nonhome destination. 
Based on previous studies, patients who experienced one or 
more of the following postoperative adverse events were con-
sidered to have major complications: prolonged intubation of 
48 hours or more, unplanned reintubation, sepsis/septic shock, 
deep vein thrombosis/thrombophlebitis, pulmonary embolism, 
coma, cerebrovascular accident/stroke with neurological 
deficit(s), myocardial infraction/cardiac arrest requiring car-
diopulmonary resuscitation, surgical site infection (SSI, super-
ficial/deep/organ space), wound disruption/dehiscence, acute 
renal failure, and pneumonia.6,8,31 Further minor complications 
data extracted included perioperative blood transfusion, renal 
insufficiency, and urinary tract infection (UTI).

5. Statistical Analysis
All statistical analyses were performed employing IBM SPSS 

Statistics ver. 27.0 (IBM Co., Armonk, NY, USA) and GraphPad 
Prism v 9.0 (GraphPad Software Inc., La Jolla, CA, USA). Con-
tinuous variables with skewed data distribution are reported as 
median (and interquartile range, IQR). The D’Agostino-Pear-
son, Shapiro-Wilk, and Kolmogorov-Smirnov normality tests 
were used to determine whether the data were normally dis-
tributed or skewed. The incidence of mortality and major com-
plication data in different age groups and frailty tiers are pre-
sented as percent incidence. The univariate analyses for age and 
mFI-5 were performed for the following outcomes: 30-day 
mortality, major complication, unplanned reoperation, un-
planned readmission, hospital LOS, and discharge to a non-
home destination. Multivariable modeling of age and mFI-5, 

controlling for covariates, was done to define the discriminative 
ability of each measure. Effect sizes were summarized by odds 
ratio (OR) (dichotomous outcomes) or beta coefficients (con-
tinuous outcomes) and associated 95% confidence intervals 
(95% CIs). Receiver operating characteristic (ROC) curve anal-
ysis was performed to investigate the individual discrimination 
of age and frailty (by mFI-5) for mortality, and corresponding 
area under the curve (AUC) was depicted with 95% CI. For all 
purposes, p-value of < 0.05 was considered as statistically sig-
nificant.

RESULTS

1. Study Population Characteristics
We identified and extracted data for a total of 4,662 spinal 

cord tumor patients who met our inclusion criteria. Median age 
of the study population was 59 years (IQR, 47–68 years); 53% 
were males with a median BMI of 19 kg/m2 (IQR, 16.3–22 kg/
m2). The age distribution analysis showed the highest propor-
tion of spinal tumor patients to be 61–70 years (25.7%), fol-
lowed by 51–60 (23.4%) and 71–80 years (15.7%). Detailed 
study population characteristics are summarized in Table 3. 
Tumor location distribution was as follows: 46.7% extradural, 
41.1% intradural extramedullary, and 12.2% intramedullary. 
Primary spinal cord tumors accounted for 37.6% whereas 
43.3% were secondary/metastatic tumors; the tumor type was 
unknown in 19% patients. Hypertension was the most fre-
quently observed comorbidity (41.7%), followed by dissemi-
nated cancer (28.8%) and DM (13.7%). Additionally, 7.3% of 
patients were functionally dependent (partially or completely) 
at initial presentation. The frailty distribution analysis showed 
that 50.4% were not frail, 34.8% were prefrail, 13.2% were frail, 
and 1.9% were severely frail. The median hospital LOS was 5 
days (IQR, 3–9 days), and the median operative time was 187 
minutes (IQR, 133–261 minutes). Postoperative 30-day mortal-
ity was 1.6%. Readmission occurred in 9.3% of patients, while 
5.1% of patients required reoperation. Major and minor post-
operative complications were observed in 10.6% and 15.6% of 
patients, respectively. The most common postoperative compli-
cation was perioperative blood transfusion (12.6%), followed 
by UTI (3.5%) and pneumonia (2.3%). Finally, 64.4% of pa-
tients were discharged home whereas the remaining were non-
routine discharges or mortality. The highest incidence of mor-
tality and presence of major complication were noted in the 
“severely frail” group (Fig. 1; 13.5% and 23.6%, respectively).

Table 2. NSQIP clinical variables matched to mFI-5

NSQIP variable mFI-5 score*

Non-independent functional status† 1

Diabetes mellitus with oral agents or insulin 1

Chronic obstructive pulmonary disease 1

Hypertension requiring medication 1

Congestive heart failure 1

Maximum score 5

NSQIP, National Surgical Quality Improvement Project; mFI-5, 
modified frailty index-5.
*The mFI-5 calculated using the 5 NSQIP variables results in an in-
dex ranging from 0 (least frail) to 5 (most frail), with a score of 1 as 
“prefrail,” 2 as “frail,” and 3 or more as “severely frail” as categorical 
variables. †Includes both partial and complete dependance.
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2.  Univariate Analysis of Age and Frailty Status on Surgical 
Outcomes
Univariate analysis demonstrated that frailty status (based 

on mFI-5 score) was a better predictor than age of 30-day 
mortality, presence of major complication, unplanned read-
mission, unplanned reoperation, hospital LOS, and discharge 
to nonhome destination (Table 4). Based on the analysis of 
frailty categories, increasing frailty was significantly associated 

Table 3. Baseline demographic and clinical characteristics 
and outcomes of patients undergoing surgery for spinal tu-
mors from the NSQIP database 2015–2019 (n = 4,662)

Variable Value

Age (yr)† 59 (47–68)
Age groups (yr)†

18–20 46 (0.98)
21–30 304 (6.5)
31–40 457 (9.8)
41–50 630 (13.5)
51–60 1,092 (23.4)
61–70 1,200 (25.7)
71–80 731 (15.7)
> 80 185 (4)

Sex, male:female 2,470 (53):2,192 (47)
Body mass index (kg/m2) 18.99 (16.26–22.05)
Tumor location

Extradural 2,177 (46.7)
Intradural extramedullary 1,918 (41.1)
Intramedullary 567 (12.2)

Tumor type
Primary 1,755 (37.6)
Secondary 2,020 (43.3)
Unknown 887 (19)

Distribution of frailty
Not frail (mFI-5 = 0) 2,351 (50.4)
Prefrail (mFI-5 = 1) 1,608 (34.8)
Frail (mFI-5 = 2) 614 (13.2)
Severely frail (mFI-5 ≥ 3) 89 (1.9)

Preoperative clinical status/comorbidities
Functionally dependent 340 (7.3)
Diabetes mellitus 639 (13.7)
COPD 171 (3.7)
CHF 18 (0.4)
Current smoker 793 (17)
Dyspnea 177 (3.8)
Hypertension 1,944 (41.7)
Disseminated cancer 1,344 (28.8)
Open wound 63 (1.4)
Steroid use 459 (9.8)
Weight loss 136 (2.9)
Bleeding disorders 164 (3.5)
Preoperative transfusion 50 (1.1)
Preop SIRS 180 (3.9)
Operative time (hr) 187 (133–261)
Length of stay (day) 5 (3–9)
Mortality 53 (1.6)
Readmission 435 (9.3)
Reoperation 239 (5.1)

Variable Value

Major postoperative complications 495 (10.6)

Prolonged intubation ( ≥ 48 hr) 5 (0.1)

Unplanned reintubation 57 (1.2)

Sepsis 91 (2)

Septic shock 30 (0.6)

Pneumonia 107 (2.3)

DVT/thrombophlebitis 94 (2)

Pulmonary embolism 63 (1.4)

CVA/stroke with neurological deficit 21 (0.5)

Acute renal failure 9 (0.2)

Myocardial infarction 18 (0.4)

Cardiac arrest requiring CPR 17 (0.4)

Superficial SSI 63 (1.4)

Deep incisional SSI 31 (0.7)

Organ space SSI 52 (1.1)

Wound disruption 28 (0.6)

Minor postoperative complications 726 (15.6)

Intra-/postoperative blood transfusion 588 (12.6)

Renal insufficiency 9 (0.2)

Urinary tract infection 163 (3.5)

Discharge destination

Home 3,000 (64.4)

Nonroutine (including expired, rehab, 
      SNF, and others)

1,624 (34.8)

Unknown 38 (0.8)

Values are presented as median (interquartile range) or number (%).
NSQIP, National Surgical Quality Improvement Project; mFI-5, 
modified frailty index-5; COPD, chronic obstructive pulmonary dis-
ease; CHF, congestive heart failure; SIRS, systemic inflammatory re-
sponse syndrome; DVT, deep venous thrombosis; CVA, cerebrovas-
cular accident; CPR, cardiopulmonary resuscitation; SSI, surgical site 
infection; SNF, skilled nursing facility.
†Age data was missing for 17 patients.

Table 3. Baseline demographic and clinical characteristics 
and outcomes of patients undergoing surgery for spinal tu-
mors from the NSQIP database 2015–2019 (n = 4,662) (con-
tinued)

(continued)
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with all outcome variables as evidenced by increasing effect 
size (Table 4).

3.  Multivariate Analysis of Age and Frailty Status on 
Surgical Outcomes
Multivariable regression analysis (adjusting for sex, BMI, tu-

mor location, tumor type, and operative time) confirmed that, 
with higher effect size, frailty status was a better predictor of 
adverse surgical outcomes (Table 5). Based on categorical anal-
ysis of frailty tiers, increasing frailty was significantly associated 
with increased risk of all adverse outcomes, with ‘severely frail’ 
patients demonstrating an OR of 16.4 (95% CI, 11.21–35.4) for 
30-day mortality and an OR of 3.02 (95% CI, 1.97–4.56) for 
presence of a major complication (Table 5).

4. ROC Curve Analysis of Age and mFI-5 for Mortality
The ROC curve analysis showed superior discrimination of 

frailty (mFI-5) for mortality (AUC=0.743; 95% CI 0.661–0.825; 
p<0.001) in comparison with age (AUC=0.594; 95% CI, 0.512–
0.667; p=0.043) (Fig. 2).

DISCUSSION

Resection of spinal tumors is performed to improve func-
tional (ambulatory) status, reduce pain, and in certain cases, to 
improve survival chances. However, the associated mortality 
with the surgical intervention is well documented in both sin-
gle-center and large national database studies.3,5,6,8,11,32-34 Thus, it 
is critical to identify and validate prognostic predictors for pre-
operative risk stratification of spinal tumor patients. The cur-
rent study reports that baseline frailty status (as measured by 
mFI-5) is a more robust predictor than chronological age of 
postoperative complications, i.e., 30-day mortality, major com-
plication, unplanned readmission, unplanned reoperation, hos-
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Fig. 1. The percent incidence of mortality (A) and presence of major complication (B) across different age groups and frailty sta-
tus are depicted.

Table 4. Univariate analysis for age and frailty status (mFI-5 score) on outcomes after surgery in patients with spinal tumors 
from NSQIP database 2015–2019†

Variable Mortality Major  
complication

Unplanned  
readmission Reoperation Hospital LOS

Discharge to  
nonhome  

destination

Age 1.02 (0.99–1.04)* 1.03 (1.00–1.04)* 0.99 (0.99–1.03) 0.99 (0.98–1.00)* 0.02 (0.01–0.03)* 1.03 (1.02–1.03)*

Frailty status (mFI-5)

Prefrail 1.38 (0.71–2.7)* 1.58 (0.92–2.72)* 1.29 (1.03–1.62)* 1.39 (1.04–1.84)* 1.24 (1.09–1.67)* 1.56 (1.36–1.79)*

Frail 5.73 (3.12–10.52)* 2.14 (1.27–3.61)* 1.77 (1.33–2.34)* 1.10 (0.73–1.68) 1.89 (1.32–2.13)* 2.52 (2.10–3.02)*

Severely frail 20.2 (9.40–43.4)* 3.09 (1.86–5.16)* 1.78 (0.92–3.4)* 2.13 (1.01–4.53)* 3.01 (2.15–4.35)* 2.00 (1.30–3.07)*

mFI-5, modified frailty index-5; NSQIP, National Surgical Quality Improvement Project; LOS, length of stay.
*p < 0.05, statistical significance (for all comparisons). †The effect of age and mFI-5 were each analyzed by univariate analyses using simple lo-
gistic regression for dichotomous outcomes or linear regression for continuous outcomes. Effect sizes were summarized by odds ratio (dichot-
omous outcomes) or beta coefficients (continuous outcomes) and associated 95% confidence intervals (95% confidence interval).
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Table 5. Multivariate analysis for age and frailty status (mFI-5 score) on outcome after surgery in patients with spinal tumors 
from NSQIP database 2015–2019†

Variable Mortality Major 
complication

Unplanned 
readmission Reoperation Hospital LOS

Discharge to 
nonhome 

destination

Age 1.01 (0.91–1.020)* 1.00 (0.96–1.011)* 1.00 (0.976–1.012)* 0.91 (0.85–0.96)* 0.02 (0.01–0.03)* 1.02 (0.98–1.03)*

mFI-5

Prefrail 1.31 (0.85–2.15)* 1.62 (0.98–2.23)* 1.23 (1.01–1.59)* 1.32 (1.01–1.82)* 1.21 (1.01–1.39)* 1.52 (1.33–1.75)*

Frail 4.01 (3.34–9.12)* 2.20 (1.43–3.32)* 1.74 (1.21–2.04)* 1.06 (0.83–1.54) 1.91 (1.42–2.19)* 2.48 (2.15–2.98)*

Severely frail 16.4 (11.21–35.44)* 3.02 (1.97–4.56)* 1.76 (0.88–3.7)* 2.07 (1.00–4.17)* 2.94 (2.32–4.21)* 1.91 (1.25–2.88)*

mFI-5, modified frailty index-5; NSQIP, National Surgical Quality Improvement Project; LOS, length of stay.
*p < 0.05, statistical significance (for all comparisons). †The multivariate model was controlled for covariates: sex, body mass index, tumor loca-
tion, tumor type, and operative time. The effect of age and mFI-5 were evaluated in a multivariate model using simple logistic regression for 
dichotomous outcomes or linear regression for continuous outcomes. Effect sizes were summarized by odds ratio (dichotomous outcomes) or 
beta coefficients (continuous outcomes) and associated 95% confidence intervals.

Fig. 2. (A) Receiver operating characteristic (ROC) curve 
analysis. (B) Comparison of areas under the curve (AUC) of 
mFI-5 and age for mortality. mFI-5, modified frailty index-5; 
CI, confidence interval.
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pital LOS, and discharge to nonhome destination in spinal tu-
mor patients. Our findings demonstrate the importance of 
frailty status assessment rather than just chronological age in 
preoperative risk stratification of spinal tumor cases.

Previously, the 30-day mortality rate after surgical interven-
tion for spinal tumor was reported as 4.5% in a 2008–2014 
NSQIP study,8 3.3% in 2011–2014 NSQIP data, 0.55% in 1993– 
2002 Nationwide Inpatient Sample (NIS) data,11 and 0.46% in 
NIS data from 2003–2010.3 In the present NSQIP study utiliz-
ing data from 2015–2019, we found the 30-day mortality rate 
after spinal tumors surgery to be 1.6%. Among all the postop-
erative outcome variables studied, baseline frailty status (mFI-5 
score) had the strongest association, as evidenced by the larger 
effect sizes with postoperative mortality. Previously, mFI-5 was 
reported to be an effective predictor of postoperative mortality 
in brain tumor surgery patients.35 Another study found mFI-5 
to be the best predictor of mortality after spine surgery for de-
generative cervical myelopathy as compared with age, mFI-11, 
modified Charleston comorbidity index, and American Society 
of Anesthesiologists physical status classification.20 Our study 
data show that mFI-5 is an effective predictor of mortality after 
surgery for spinal tumors.

In our study, the major and minor postoperative complica-
tion rates were 10.6% and 15.6%, respectively. This is compara-
ble to previously reported major and minor postoperative com-
plication rates of 11.5% and 19.8% in 2008–2014 NSQIP spinal 
tumor data,8 major complication rate of 14.4% in 2011–2014 
NSQIP spinal tumor cases,6 and total complication rate of 17.5% 
from NIS data from 1993–2002.11 The presence of high postop-
erative morbidity in our large national data set and other previ-
ously published reports emphasizes the importance of identify-
ing risk factors for postoperative complications. While age was 
a predictor of postoperative complications, we found that it was 
frailty status (mFI-5 score) which highly effective in predicting 
the presence of major postoperative complications, suggesting 
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that mFI-5 can be used for preoperative risk stratification in 
this patient population. Although mFI-5 was previously report-
ed to be an effective predictor of postoperative outcomes in 
brain tumor patients,36 to the best of our knowledge, the pres-
ent study is the first to document baseline mFI-5 score as a ro-
bust predictor of postoperative complications in spinal tumor 
patients in a large national database.

LOS was previously reported to be a driver of hospitalization 
cost in spine surgery patients, and increased LOS was associat-
ed with a higher risk of postoperative complications such as in-
fectious and adverse thromboembolic events.37-39 Previously, 
mFI-11 and CCI were reported to be associated with extended 
LOS in spinal surgery patients based on 2008–2014 NSQIP 
data. Based on both univariate and multivariate analyses, we 
also report an association of higher mFI-5 score with increased 
LOS, and thus an indirect measure of increased cost of hospi-
talization due to increasing frailty status of the patients. More-
over, we found higher effects sizes of increasing frailty tiers for 
unplanned readmission and reoperation within 30 days of spi-
nal tumor surgery. Our belief is that this can be explained by 
the fact that in spine surgery patients, the most common indi-
cations for early reoperation and readmission are compressing 
hematoma, SSI, and hardware failure, and patients with higher 
mFI-5 scores are more likely to develop postoperative SSIs and 
carry a higher risk of osteopenia/osteoporosis.20 Previously, a 
systematic review of frailty and spine surgery outcomes report-
ed that higher frailty scores were associated with nonhome dis-
charge.40 The present study data employing mFI-5 frailty score 
further corroborate these findings in spinal tumors patients.

There are a few limitations of the present study, mainly ones 
inherent to any analysis based on a large national database, and 
therefore the results need to be interpreted in a prudent man-
ner. Firstly, the NSQIP data only records postoperative out-
comes within the initial 30 days of the surgery. As a result, it is 
impossible to gauge long-term outcomes and survival in spinal 
tumor patients. Secondly, NSQIP data does not include tumor 
size, intraoperative complications, and postoperative neurologi-
cal outcomes, variables relevant to spine tumors patients. Thirdly, 
the present study is a retrospective analysis of a prospectively 
collected national dataset and therefore may be subject to in-
herent selection bias. Despite these limitations, the current 
study represents the largest series of spinal tumors patients ana-
lyzing the effect of baseline frailty status in comparison with 
age on surgical outcomes. The large sample size provides the 
necessary statistical power to recognize mFI-5 frailty score as a 
robust predictor of postoperative outcomes in spinal tumors 

patients. Furthermore, given that our study is based on a large 
national data set, it therefore carries significant generalizability 
beyond single-center data.

CONCLUSION

In conclusion, our study represents one of the most detailed 
analyses with a large sample size of postoperative outcomes in 
spinal tumor patients and is the first to report a direct compari-
son of age and frailty status employing mFI-5 score. Baseline 
frailty status is increasingly being used in preoperative risk strati-
fication of neurosurgical patient populations and is emerging as 
a better predictor of outcomes than chronological age across 
multiple neurosurgical procedures.19,20,40 Based on multivariate 
analysis, we determined that “severely frail” status was associat-
ed with the highest effect sizes for 30-day mortality, presence of 
major complication, unplanned readmission, reoperation, and 
higher LOS. The results of this work show that frailty status (i.e., 
a measure of physiological reserve) influences postoperative 
outcomes more significantly than increased chronological age. 
Future large-scale multicenter prospective studies are warrant-
ed to validate these findings. The greatest clinical significance 
of present study is the improvement in preoperative risk strati-
fication and subsequent preoperative patient counseling regard-
ing the risks and benefits of proposed surgical intervention. 
Surgeons can use the knowledge that frailty is more significant 
than age in predicting outcomes after spinal tumors surgery to 
more accurately judge whether a patient would do well with 
spinal tumor surgery. Furthermore, this provides support to the 
conclusion that there are some severely frail spinal tumor pa-
tients that should not be offered a surgical resection. It is im-
portant to assess potential surgical patients with significant frail-
ty to help determine whether their frailty phenotype is amena-
ble to better outcome with individualized pre- and periopera-
tive specialized care. In other fields, the use of prehabililation 
prior to surgery has been gaining traction. We believe this is 
worthy of investigation, but we believe that studies like the pres-
ent one are important as critical first steps to identify whether 
worse outcomes are expected for specific neurosurgical diseases 
based on frailty.
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