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Objective: To assess the discriminative ability of the Risk Analysis Index-administrative 
(RAI-A) and its recalibrated version (RAI-Rev), compared to the 5-factor modified frailty 
index (mFI-5), in predicting postoperative outcomes in patients undergoing surgical inter-
vention for traumatic spine injuries (TSIs).
Methods: The Current Procedural Terminology (CPT) and International Classification of 
Disease-9 (ICD-9) and ICD-10 codes were used to identify patients ≥ 18 years who under-
went surgical intervention for TSI from National Surgical Quality Improvement Program 
(ACS-NSQIP) database 2015–2019 (n = 6,571). Multivariate analysis and receiver operat-
ing characteristic (ROC) curve analysis were conducted to evaluate the comparative discrimi-
native ability of RAI-Rev, RAI-A, and mFI-5 for 30-day postoperative outcomes.
Results: Multivariate regression analysis showed that with all 3 frailty scores, increasing frail-
ty tiers resulted in worse postoperative outcomes, and patients identified as frail and severe-
ly frail using RAI-Rev and RAI-A had the highest odds of poor outcomes. In the ROC curve/ 
C-statistics analysis for prediction of 30-day mortality and morbidity, both RAI-Rev and 
RAI-A outperformed mFI-5, and for many outcomes, RAI-Rev showed better discrimina-
tive performance compared to RAI-A, including mortality (p = 0.0043, DeLong test), ex-
tended length of stay (p = 0.0042), readmission (p < 0.0001), reoperation (p = 0.0175), and 
nonhome discharge (p < 0.0001).
Conclusion: Both RAI-Rev and RAI-A performed better than mFI-5, and RAI-Rev was su-
perior to RAI-A in predicting postoperative mortality and morbidity in TSI patients. RAI-
based frailty indices can be used in preoperative risk assessment of spinal trauma patients.

Keywords: Risk Analysis Index-administrative, Risk Analysis Index-revised, Modified frail-
ty index, Spinal trauma, Frailty

INTRODUCTION

Traumatic spinal injury (TSI) includes injuries to the spinal 
cord, nerve roots, osseous structures, and discoligamentous com-
ponents of the spinal column.1-3 The main cause for spinal inju-

ry is blunt trauma, most commonly caused by motor vehicle 
accidents, followed by falls and sport injuries.1-3 Spinal column 
injury can cause mechanical instability, impaired movements, 
and damage to neural structures can lead to partial or complete 
paralysis.1-3 Among TSI, traumatic spinal cord injury (tSCI) is a 
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subset, which leads to neurologic deficits secondary to traumat-
ic injury.4 The yearly incidence of TSI has been estimated to be 
54 cases per 1 million people in the United States or about 17,810 
new TSI cases each year.5 Irrespective of TSI type, these injuries 
are a major cause of disability, with significant socioeconomic 
consequences.1-3

While historically, TSI has been associated with average age 
in 40s and predominantly males, there has been a change in the 
epidemiological trends in recent years with an aging population, 
and the average of TSI continues to increase.1,5 6 It has been pre-
dicted that major proportion of new TSI will occur in patients 
above 70 years of age,7 with similar projections for overall TSI.1,3 
It is imperative to perform risk stratification and to identify prog-
nostic factors for TSI patients.8

Frailty, a measure of physiological reserve, broadly defined as 
the cumulative burden of baseline comorbid conditions and 
functional status impairment, has been associated with worse 
postoperative outcomes across surgical subspecialties.9-13 In re-
cent years, several studies have assessed the impact of baseline 
frailty status on postoperative outcomes in patients undergoing 
spine surgery,14 though its application to spine trauma and TSI 
has been limited to 2 studies.15,16 The lack of large scale, high 
quality, clinical studies on frailty and spine trauma has been 
emphasized before.17 Furthermore, majority of previous studies 
on frailty and spine surgery outcomes have employed the modi-
fied frailty index-11 (mFI-11), or its abridged version, modified 
frailty index-5 (mFI-5) for preoperative frailty status assess-
ment.14 While the mFI indices have been classically used for 
frailty assessment, however mFI are more a measure of comor-
bidity rather than frailty. Though functional status has been 
commonly associated with the definition of frailty, the variables 
of diabetes, chronic obstructive pulmonary disease (COPD), 
hypertension, and congestive heart failure (CHF) are more com-
monly defined as comorbidities.18,19

To more precisely incorporate the multifactorial nature of 
frailty, Hall et al.20,21 developed the Risk Analysis Index (RAI) in 
2017 in an effort to provide an effective screening tool to assess 
the frailty of surgical patients. This frailty index including both 
the prospective clinical RAI and the retrospective administra-
tive RAI (RAI-A) could be easily calculated from variables cap-
tured by the Veterans Affairs Surgical Quality Improvement 
Program and the American College of Surgeons (ACS) Nation-
al Surgical Quality Improvement Program (NSQIP) databases 
includes both comorbidities and functional status variables that 
robustly measures baseline frailty status, and has recently been 
validated in a prospective, single-center spine surgery study,22 

and also by us in brain tumor resection patients.23 Since its de-
velopment the RAI has demonstrated significant utility in pre-
dicting 30-, 180-, and 365-day postoperative outcomes across 
multiple surgical subspecialties.20,21,24-28 Recently, Arya et al.24 
have recalibrated and improved the original RAI (RAI-Rev) in 
order to better discriminate 30-day mortality and morbidity. 
Presently, there is a gap within the literature demonstrating the 
predictive utility of RAI-A and RAI-Rev within spine surgery, 
and, more specifically, in patients undergoing surgery for spinal 
trauma. The present study was performed to assess the predic-
tive capability of RAI-A and RAI-Rev on 30-day postoperative 
outcomes in traumatic spine surgery patients utilizing large scale 
data from NSQIP. Based on the reported robustness of RAI-A 
and RAI-Rev in predicting postoperative outcomes in other 
surgical specialties, we hypothesized that RAI-A and RAI-Rev 
would be superior to the mFI-5 in predicting postoperative 30-
day mortality and morbidity in patients undergoing surgery for 
spinal trauma.

MATERIALS AND METHODS

1. Data Source
The NSQIP is a nationally validated, multi-institutional data-

base of over 700 participating hospitals with > 200 variables 
collected for pre-, intra-, and postoperative outcomes. Data are 
entered from each institution by ACS-trained surgical clinical 
reviewers to ensure consistency and reliability.29,30 Our data were 
extracted from the NSQIP database for the years 2015 to 2019. 
The present study was performed under the data user agree-
ment of the ACS with the University of New Mexico (UNM) 
and was approved by the Institutional Review Board of UNM 
School of Medicine (Study ID 21-315).

2. Patient Population and Baseline Characteristics
Current Procedural Terminology codes (Supplementary Ta-

ble 1) were used to identify all patients over 18 years old that 
had undergone spine surgery in the NSQIP dataset. Internation-
al Classification of Diseases (ICD)-9 and ICD-10 diagnostic 
codes were then used to identify spinal trauma patients (Sup-
plementary Table 2). Forty-six patients were removed due to 
primary diagnosis codes unrelated to spinal trauma, and an-
other 77 were excluded due to missing length of stay (LOS) du-
ration. The final sample size of patients who underwent surgery 
for spinal trauma was 6,571. The baseline study variables includ-
ed age, sex, body mass index (BMI), elective versus nonelective 
surgery type, LOS, transfer status, and operative time. The ana-
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lyzed medical comorbidities included diabetes mellitus, COPD, 
CHF, dyspnea, hypertension, disseminated cancer (defined as 
multiple metastases by NSQIP), open wound, steroid use, weight 
loss (substantial unintentional weight loss > 10%), bleeding dis-
orders, preoperative transfusion, transfer status, and preopera-
tive sepsis/septic shock/systemic inflammatory response (SIRS). 
Preoperative SIRS criteria are defined by NSQIP as the pres-
ence 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% immature (band) forms, or anion 
gap acidosis.23,29 Additional preoperative comorbidities extract-
ed included functional dependence (both complete and partial 
dependence) and smoking status.

3. �Retrospective Risk Analysis Index Scoring (RAI-A and 
RAI-Rev)
Retrospective RAI-A and the recalibrated RAI-Rev scoring, 

adapted from Hall et al. and Arya et al. are shown in Supple-
mentary Table 3. RAI scoring system is based on 11 variables: 
sex, age, cancer diagnosis (excluding melanoma), weight loss 
defined as unintentional weight loss of 4.5 kg over 3 months, 
renal failure, CHF, poor appetite, shortness of breath at rest, 
residence defined as not independent living, cognitive deterio-
ration, and activities of daily living (ADL) defined as functional 
status. Age scoring is related to having a cancer diagnosis, which 
can be seen in Supplementary Tables 4 and 5 for RAI-A and 
RAI-Rev, respectively. Cognitive deterioration over the past 3 
months was originally included in Hall’s scoring method for 
RAI-A to be included with ADL scoring, however preoperative 
cognitive decline is not recorded in NSQIP and therefore was 
excluded from this study’s adaptation of Hall’s RAI-A scoring. 
Score stratification of RAI-A and RAI-Rev as they relate to frailty 
tiers is demonstrated in Supplementary Table 6 (nonfrail ≤ 10, 
prefrail 11–20, frail 21–30, and severely frail ≥ 31 RAI-A and 
RAI-Rev scores).

4. Modified Frailty Index-5 (mFI-5)
Although the modified frailty index was initially developed 

with 11 variables (mFI-11), in 2014, the NSQIP stopped man-
dating the reporting of some of the mFI-11 preoperative vari-
ables and as such the mFI-5 was adapted based on these 5 re-
maining variables: diabetes mellitus, hypertension, dependent 
functional status, COPD, and CHF (Supplementary Table 7). 
The presence of each mFI-5 variable receives one point. Thus, 

the mFI-5 scores range from 0 to 5, where a score of 0 is “non-
frail,” 1 is defined as “prefrail,” 2 as “frail,” and a score of 3 or more 
as “severely frail.”

5. Outcome Measures
The outcome measures included 30-day mortality, major com-

plications, Clavien-Dindo physical status (PS) classification grade 
IV complications, 30-day unplanned readmission, 30-day un-
planned reoperation, extended LOS (ELOS), and discharge des-
tination. Major complications consisted of presence of one of 
the following: prolonged intubation exceeding 48 hours, un-
planned reintubation, sepsis, septic shock, pneumonia, deep 
vein thrombosis/thrombophlebitis, pulmonary embolism (PE), 
acute cerebrovascular accident or stroke with neurological defi-
cit, acute renal failure, myocardial infarction (MI), cardiac ar-
rest requiring cardiopulmonary resuscitation, superficial surgi-
cal site infection (SSI), deep incisional SSI, organ space SSI, or 
wound disruption. Minor complication was defined as intra-/
postoperative blood transfusion, renal insufficiency, or urinary 
tract infection. Clavien-Dindo PS classification grade IV com-
plications were designated by the presence of life-threatening 
complications defined by single or multiple organ dysfunction 
requiring intensive care unit management. Clavien-Dindo PS 
classification grade IV complications included: sepsis or septic 
shock, acute renal failure, PE, MI, cardiac arrest requiring car-
diopulmonary resuscitation, ventilation >48 hours, and unplanned 
reintubation.31 ELOS was defined as > 75th percentile LOS of 
study population. The “nonhome discharge” location encom-
passed all patients discharged to any rehabilitation facility, skilled 
nursing facility, hospice care, and patients leaving against medi-
cal advice. Home or facility that is home are included in the 
“home destination.” Patients that expired were not included in 
either of these groups and only in mortality rate for the study.

6. Statistical Analysis
We conducted statistical analyses using IBM SPSS Statistics 

ver. 27.0 (IBM Co., Armonk, NY, USA), GraphPad Prism v 9.0 
(GraphPad Software Inc., La Jolla, CA, USA), MedCalc for Win-
dows, version 19.4 (MedCalc Software, Ostend, Belgium), and 
R statistical software version 3.5.3 (R Foundation for Statistical 
Computing, Vienna, Austria). Continuous variables with skewed 
distribution are reported as median with interquartile range 
(IQR). The normality of the data was determined by employing 
the D’Agostino-Pearson, Shapiro-Wilk, and Kolmogorov-Smirnov 
tests. We performed univariate and multivariate analyses (em-
ploying logistic regression) for mFI-5, RAI-A, and RAI-Rev for 
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the following outcomes: 30-day mortality, major complications, 
Clavien-Dindo PS classification IV complications, 30-day un-
planned reoperation, 30-day unplanned readmission, ELOS, 
and discharge to a nonhome destination. The effect sizes for di-
chotomous outcomes were summarized by odds ratio (OR) 
and associated 95% confidence intervals (CIs). We performed 
the receiver operating characteristic (ROC) curve analysis in-
cluding the area under the curve (AUC)/C-statistics calculations 
to discern the predictive ability of mFI-5, RAI-A, and RAI-Rev 
for outcomes after spine surgery. We used the DeLong test to 
compute the significance of C-statistic comparison between 
mFI-5, RAI-A, and RAI-Rev.32 For all purposes, p < 0.05 was 
considered statistically significant.

RESULTS

1. Study Population Characteristics
We identified 6,571 patients that underwent surgery for TSI 

and met our inclusion criteria. The median age of our cohort 
was 64 years (IQR, 52–75 years), 57.3% patients were male, and 
the median BMI was 27.7 kg/m2 (IQR, 24.2–32.2 kg/m2). Ma-
jority of the cases were nonelective (54.1%). Within the cohort 
the median LOS was 6 days (IQR, 3–10 days), and the median 
operation time was 160 minutes (IQR, 110–230 minutes). One 
point seven percent of the patient cohort expired, 5.5% were re-
turned to the operating room, and 8% were readmitted to the 
hospital, all within 30 days from their respective TSI surgery. 
The distribution for frailty tiers based on mFI-5 was as follows: 
not frail 40.7%, prefrail 36.3%, frail 19.3%, and severely frail 
4.2%. The distribution for frailty tiers based on RAI-A was as 
follows: not frail 69.6%, prefrail 25.1%, frail 4.5%, and severely 
frail 0.9%. The distribution for frailty tiers based on RAI-Rev 
was as follows: not frail 10.5%, prefrail 32.4%, frail 44.4%, and 
severely frail 13.1%. The most common comorbidities within 
our cohort were hypertension (52.4%), current smoking status 
(21.7%), and diabetes mellitus (20.2%). Thirteen point four per-
cent of the patient cohort experienced at least one or more ma-
jor postoperative complications and the most common were 
postoperative pneumonia (4.8%), prolonged intubation (3.7%), 
unplanned reintubation (2.4%), and sepsis (1.8%). Clavien-Din-
do PS classification grade IV complications occurred in 8.1% of 
the patient cohort and 44.2% of the cohort was transferred to a 
nonhome destination following surgery. All patient demograph-
ics and clinical characteristics are summarized in Table 1.

Table 1. Baseline demographic and clinical characteristics, 
30-day mortality, readmission, reoperation, major and minor 
complications, and discharge disposition of patients with spine 
trauma from NSQIP database 2015–2019 (n = 6,571)

Variable Value
Age (yr) 64 (52–75)
Sex, male:female 3,766 (57.3):2,805 (42.7)
Body mass index (kg/m2) 27.7 (24.2–32.2)
Surgery type

Elective 3,006 (45.7)
Nonelective 3,556 (54.1)

Length of stay (day) 6 (3–10)
Operative time (min) 160 (110–230)
Mortality 113 (1.7)

Reoperation 364 (5.5)
Readmission 527 (8)
mFI-5 frailty tiers

Not frail (mFI-5 = 0) 2,637 (40.1)

Prefrail (mFI-5 = 1) 2,387 (36.3)
Frail (mFI-5 = 2) 1,270 (19.3)
Severely frail (mFI-5 ≥ 3) 277 (4.2)

RAI-A frailty tiers 7 (5–13)
Not frail (RAI-A ≤ 10) 4,573 (69.6)
Prefrail (RAI-A = 11–20 1,647 (25.1)
Frail (RAI-A = 21–30) 293 (4.5)
Severely frail (RAI-A ≥ 31) 58 (0.9)

RAI-Rev frailty tiers 22 (16–27)
Not frail (RAI-A ≤ 10) 692 (10.5)
Prefrail (RAI-A = 11–20) 2,131 (32.4)
Frail (RAI-A = 21–30) 2,889 (44)
Severely Frail (RAI-A ≥ 31) 859 (13.1)

Preop clinical status/comorbidities
Functional status

Partially dependent 463 (7)
Totally dependent 75 (1.1)

Diabetes mellitus 1,328 (20.2)
COPD 395 (6)
CHF 97 (1.5)
Current smoker 1424 (21.7)
Dyspnea 345 (5.3)
Hypertension 3,444 (52.4)
Disseminated cancer 271 (4.1)
Open wound 222 (3.4)
Steroid use 317 (4.8)
Weight loss 92 (1.4)
Bleeding disorders 353 (5.4)
Preop transfusion 85 (1.3)
Transfer status 1,626 (24.7)

(Continued)
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Variable Value
Major postoperative complications 879 (13.4)

Prolonged intubation ( ≥ 48 hr) 244 (3.7)
Unplanned reintubation 157 (2.4)
Sepsis 118 (1.8)
Septic shock 49 (0.7)
Pneumonia 313 (4.8)
DVT/thrombophlebitis 109 (1.7)
Pulmonary embolism 62 (0.9)
CVA/stroke with neurological deficit 36 (0.5)
Acute renal failure 19 (0.3)
Myocardial infarction 53 (0.8)
Cardiac arrest requiring CPR 48 (0.7)
Superficial SSI 90 (1.4)
Deep incisional SSI 51 (0.8)
Organ space SSI 60 (0.9)
Wound disruption 45 (0.7)

Clavien-Dindo grade IV 531 (8.1)
Minor postoperative complications

Intra-/postoperative blood transfusion 792 (12.1)
Renal insufficiency 20 (0.3)
Urinary tract infection 185 (2.8)

 Discharge destination
Home 3,601 (55.8)
Nonroutine (Rehab, SNF, and Hospice,  
   AMA)

2,857 (44.2)

Values are presented as median (interquartile range) or number (%).
NSQIP, National Surgical Quality Improvement Program; mFI-5, 
5-factor modified frailty index; RAI-A, Risk Analysis Index-admin-
istrative; RAI-Rev, Risk Analysis Index recalibrated version; COPD, 
chronic obstructive pulmonary disease; CHF, congestive heart fail-
ure; DVT, deep vein thrombosis; CVA, cerebrovascular accident; CPR, 
cardiopulmonary resuscitation; SSI, surgical site infection; SIRS, sys-
temic inflammatory response syndrome; SNF, skilled nursing facili-
ty; AMA, against medical advice. 
Patients considered to have major complications experienced one or 
more of the following postoperative adverse events: prolonged intu-
bation of 48 hours or more, unplanned reintubation, sepsis/septic 
shock, DVT/thrombophlebitis, pulmonary embolism (PE), coma, 
CVA/stroke with neurological deficit(s), myocardial infarction (MI)/
cardiac arrest requiring CPR, SSI (superficial/deep/organ space), wound 
disruption/dehiscence, acute renal failure, and pneumonia. Patients 
considered to have Clavien-Dindo physical status classification grade 
IV complications by the presence of a life-threatening complication, 
defined by single or multiple organ system dysfunction requiring in-
tensive care unit management. Clavien-Dindo physical status classi-
fication grade IV complications include the following: sepsis or sep-
tic shock, acute renal failure, PE, MI, cardiac arrest requiring CPR, 
ventilation > 48 hours, and unplanned reintubation.

Table 1. Baseline demographic and clinical characteristics, 
30-day mortality, readmission, reoperation, major and minor 
complications, and discharge disposition of patients with spine 
trauma from NSQIP database 2015–2019 (n=6,571) (Continued)

2. �Univariate Analysis of mFI-5, RAI-A, and RAI-Rev on 
Surgical Outcomes
While univariate analysis of frailty tiers by all 3 scoring sys-

tems showed that increasing frailty tiers were associated with 
poor postoperative outcomes, patients identified as frail and se-
verely frail using RAI-A and RAI-Rev had the highest odds of 
worse outcomes (Table 2). In the RAI-A and RAI-Rev univari-
ate analysis, each frailty index was the most predictive of 30-day 
mortality and discharge to a nonhome destination. For 30-day 
postoperative mortality, the severely frail group for RAI-A dem-
onstrated OR of 20.78 (95% CI, 8.73–49.49; p< 0.001) and the 
severely frail group for RAI-Rev showed OR of 48.12 (95% CI, 
6.64–348.52; p < 0.001). For discharge to a nonhome destina-
tion the severely frail group for RAI-A had OR of 9.27 (95% CI, 
4.68–18.37; p< 0.001) and RAI-Rev had OR of 18.08 (95% CI, 
13.70–23.84; p< 0.001). The mFI-5-based severely frail group 
demonstrated OR of 4.79 (95% CI, 2.50–9.17; p< 0.001) for 30-
day mortality and 6.83 (95% CI, 5.18–9.02; p< 0.001) for non-
home discharge.

3. �Multivariate Analysis of mFI-5, RAI-A, and RAI-Rev on 
Surgical Outcomes
Multivariate regression analysis of frailty scores for patients 

undergoing surgery for spinal trauma (adjusting for BMI, emer-
gent surgery status, operative time, race, and ethnicity) demon-
strated results similar to univariate analysis with all 3 frailty 
scores showing that increasing frailty tiers result in poor post-
operative outcomes, and patients identified as frail and severely 
frail using RAI-A and RAI-Rev had the highest odds of poor 
outcomes (Table 3). The likelihood of an adverse event was mark-
edly high in severely frail cohorts of both RAI-A and RAI-Rev 
scoring systems, however OR of mortality, major complication, 
Clavien-Dindo PS classification grade IV complication, read-
mission, ELOS, and nonroutine discharge show RAI-Rev’s su-
periority in its ability to predict adverse outcomes. RAI-Rev frail 
populations have an OR of mortality of 10.35 OR (95% CI, 1.27– 
78.03; p= 0.02) and severely frail had OR 28.77 (95% CI, 3.69–
224.54; p= 0.001), whereas RAI-A frail had OR 2.22 (95% CI, 
1.02–4.84; p=0.04) and severely frail had OR 4.64 (95% CI, 1.59– 
13.59; p = 0.005) for mortality (Table 3). Surprisingly, mFI-5 
frailty tiers demonstrated decreased risk of mortality across all 
frailty types which might indicate conservative management of 
comorbid individuals or the inability of mFI-5 to truly capture 
frailty phenotype.
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4. ROC Curve Analysis and C-Statistics
The ROC analysis was conducted to assess the comparative 

predictive value of the mFI-5, RAI-A, and RAI-Rev for postop-
erative morbidity and mortality (Fig. 1). In the analysis for pre-
diction of 30-day mortality, C-statistics indicated significantly 

better performance of RAI-Rev compared to mFI-5 (C-statis-
tic = 0.819, 95% CI, 0.810–0.829 for RAI-Rev vs. C-statistic =  
0.622, 95% CI, 0.610–0.634 for mFI-5, p< 0.0001, DeLong test). 
Similarly, for mortality, RAI-A performed better compared to 
mFI-5 (C-statistic= 0.768, 95% CI, 0.758–0.779 for RAI-A vs. 

Fig. 1. Receiver operating characteristic (ROC)/area under the curve (A-G) and ROC/C-statistics analysis (H) for the relative 
predictive abilities of the mFI-5 and RAI on mortality (A), major complication (B), Clavien-Dindo physical status classification 
IV complication (C), ELOS (D), nonhome discharge (E), readmission (F), and reoperation (G) in patients who underwent surgi-
cal intervention for traumatic spinal injury from NSQIP database 2015–2019. mFI-5, 5-factor modified frailty index; RAI-A, 
Risk Analysis Index-administrative; RAI-Rev, Risk Analysis Index recalibrated version; ELOS, extended length of stay; NSQIP, 
National Surgical Quality Improvement Program.
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C-statistic = 0.622, 95% CI, 0.610–0.634 for mFI-5, p < 0.001, 
DeLong test). Interestingly, RAI-Rev performed better than RAI-
A in predicting postoperative mortality (C-statistic= 0.819, 95% 
CI, 0.810–0.829 for RAI-Rev vs. C-statistic=0.768, 95% CI, 0.758– 
0.779 for RAI-A, p = 0.0043, DeLong test). For most of other 
outcome variables, both RAI-Rev and RAI-A outperformed 
mFI-5, and for many outcomes, RAI-Rev showed better dis-
criminative performance compared to RAI-A, including ELOS 
(p= 0.0042), readmission (p< 0.0001), reoperation (p= 0.0175), 
and nonhome discharge (p< 0.0001).

DISCUSSION

The goal of this study was to do a comparative analysis of 
discriminative ability of mFI-5, RAI-A, and RAI-Rev on post-
operative outcomes of TSI based on large scale multicenter data 
from NSQIP. To the best of our knowledge, this is the first study 
evaluating RAI in spine trauma patients. Based on AUC/C-sta-
tistics analyses, both RAI-Rev and RAI-A outperformed mFI-5 
in predicting worse postoperative outcomes, and among the 2 
versions, the recalibrated RAI-Rev performed better than RAI-
A for majority of outcomes. While RAI-Rev was a statistically 
significant predictor of worse postoperative outcomes, it per-
formed the best for mortality, which is expected based on the 
fact that RAI-based frailty scales were originally developed us-
ing variables in the instrument that correlate the best with mor-
tality.20,33 The present study data provide evidence for the usage 
of RAI-based frailty scales in preoperative risk stratification of 
this patient population.

Frailty in spine trauma outcomes is a new topic, with only 2 
previously published studies on the topic, utilizing mFI scores.15,16 
RAI-A, a recently developed frailty index, and its recalibrated 
version, RAI-Rev, have not previously been evaluated in TSI pa-
tients, however RAI has recently been reported to possess supe-
rior predictive ability in spine procedures and brain tumor re-
section patients.22,23 RAI-based frailty scores comprise a 14-item 
scoring system as compared to mFI-5 which is based on 5 items, 
and additionally the 14 items in RAI are more relevant to func-
tional status of the patient as compared to mFI scores, and are 
thus both conceptually and mathematically superior to mFI.20,33 
The present study data validates this in spine trauma patients. 
Previous studies have also demonstrated that how mFI-5 acts 
less as a metric of frailty and more as a comorbidity score.20,34-37 
This is corroborated by the data from the present study where 
in multivariate analysis for mortality, mFI-5 yielded unexpect-
edly low OR with decreased risk across all frailty tiers.

As individuals age, frailty becomes more prevalent, and with 
an increase in frailty comes an increased risk for falls and trau-
matic injury to the spine and spinal cord.38,39 Not only does in-
creased frailty predispose patients to the risk of TSI, but also in-
dividuals injured at older ages have an increased risk for mor-
tality and morbidity.40 The management and clinical decision 
making involving these patients provides a significant challenge 
to surgeons when considering surgical intervention. Because of 
this, it is important to have robust frailty tools for preoperative 
risk stratification of these patients. Both RAI-Rev and RAI-A 
come out as robust predictors of postoperative outcomes of TSI, 
and the present study advocates for their usage in clinical prac-
tice for prognostication of these patients, and to counsel them 
and their families regarding the expected outcomes.

The primary limitations of this study are those inherent to 
performing analysis using a national multicenter large database, 
understanding the limits of the recorded variables and ability to 
interpret results of their analysis. NSQIP variable limitations 
required modification of the RAI-A and RAI-Rev scores to ex-
clude preoperative cognitive status. Additionally, weight loss 
and poor appetite are both captured in NSQIP under the same 
weight loss variable, “WTLOSS,” and therefore they cannot be 
differentiated within our adapted scoring. Despite these limita-
tions, the NSQIP variables-based modifications of RAI scoring 
were in line with previous studies which demonstrated dis-
criminative ability of this frailty measure.20,24,25 In addition to 
NSQIP’s limitations impacting our RAI scoring, another limita-
tion, particularly with reference to studying TSI, NSQIP also 
fails to provide an injury severity variable. Without an injury 
severity marker, we feel this study should be validated using a 
database such as the Trauma Quality Improvement Program 
which includes such variables. Lastly, as this study was only able 
to evaluate 30-day outcomes recorded in NSQIP, further analy-
sis in long-term prospective studies is needed to further evalu-
ate RAI’s ability to predict 90- and 180-day or further long-term 
outcomes.

CONCLUSION

Both RAI-A and RAI-Rev outperform mFI-5 in predicting 
postoperative worse outcomes following surgical intervention 
for TSI. Increasing RAI-Rev score was more discriminative than 
its former iteration, RAI-A, and mFI-5, in predicting likelihood 
of mortality, ELOS, readmission, reoperation, and nonhome 
discharge. Our analysis demonstrates that RAI-Rev may pro-
vide better preoperative risk assessment than these prior indices 
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and should be included in preoperative risk stratification of TSI 
patients.

NOTES
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Supplementary Table 1. Current Procedural Terminology 
(CPT) codes used to identify patients undergoing spine sur-
gery from National Surgical Quality Improvement Program 
database 2015–2019

Description CPT

22010-22855 Spinal instrumentation

62380-63707 Spinal procedures 
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Supplementary Table 2. Most abundant International Classification of Diseases (ICD)-9 and ICD-10 codes among the spine 
trauma cohort, n = 6,571, from National Surgical Quality Improvement Program 2015–2019

Description ICD-9 N = 713/762 Description ICD-10 N = 4,427/5,809

Fracture of vertebrae without spinal cord injury 805 387 Fracture of cervical vertebrae S12 1,750

Osteoporosis 733 195 Injury of nerves at cervical level S14 717

Spinal cord injury without bony injury 952 70 Fracture of thoracic vertebrae S22 842

Fracture of vertebrae with spinal cord injury 806 61 Fracture of lumbar spine/pelvis S32 1,118
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Supplementary Table 3. RAI-A and RAI-Rev scoring adapted from Hall and colleagues, 2017 and Arya and colleagues, 2020 
respectively

RAI variable NSQIP variable RAI-A scoring RAI-A Rev scoring

Sex SEX +5 if male +3 if male

Age AGE + score with cancer 
(Supplementary Table 4)

+ score with cancer 
(Supplementary Table 5)

Cancer diagnosis (excluding skin cancer,  
except melanoma)

DISCANCER +1 Variable only relevant 
through age

Weight loss (unintentional weight loss  
> 4.5 kg over 3 months)

WTLOSS +5 +4

Renal failure (or dialysis) DIALYSIS or RENAFAIL +6 if either yes +8

Congestive heart failure HXCHF +4 +5

Poor appetite WTLOSS +4 +4

Shortness of breath at rest DYSPNEA +8 +3

Residence other than independent living 
(transferred from nonhome or intermediate 
care unit)

TRANST +8 +1

Cognitive deterioration (over past 3 months) N/A  

Activities of daily living FNSTATUS2 Without cognitive decline
+16 = totally dependent
+8 = partially dependent
+0 = independent

Without cognitive decline
+14 = totally dependent
+7 = partially dependent
+0 = independent

RAI-A, Risk Analysis Index-administrative; RAI-Rev, Risk Analysis Index recalibrated version; NSQIP, National Surgical Quality Improvement 
Program; N/A, not applicable.
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Supplementary Table 4. Age and cancer diagnosis table scor-
ing adapted from Hall and colleagues, 2017 for RAI-A scoring

Age (yr) Score with cancer Score without cancer

≤ 69 20 2

70–74 19 3

75–79 18 4

80–84 17 5

85–89 16 6
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Supplementary Table 5. Age and cancer diagnosis table of 
scoring, adapted from Arya and colleagues, 2020, for RAI-Rev

Age (yr) Score with cancer Score without cancer

≤ 19 28   0

20–24 29   1

25–29 29   4

30–34 30   6

35–39 30   8

40–44 31 10

45–49 31 12

50–54 32 14

55–59 32 16

60–64 33 18

65–69 34 20

70–74 34 22

75–79 35 24

80–84 35 26

85–89 36 28
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Supplementary Table 6. RAI-A and RAI-Rev scores stratified 
into frailty group status

Frailty description RAI-A score range RAI-Rev score range

Nonfrail ≤ 10 ≤ 10

Prefrail 11–20 11–20

Frail 21–30 21–30

Severely frail ≥ 31 ≥ 31

RAI-A, Risk Analysis Index-administrative; RAI-Rev, Risk Analysis 
Index recalibrated version.
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Supplementary Table 7. NSQIP clinical variables matched to 
mFI-5

mFI-5 Maximum score = 5

Nonindependent functional status* 1

Diabetes mellitus with oral agents or insulin 1

COPD 1

Hypertension requiring medication 1

Congestive heart failure 1

The mFI-5 calculated using the 5 NSQIP variables resulted 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.
NSQIP, National Surgical Quality Improvement Program; mFI-5, 
5-factor modified frailty index; COPD, chronic obstructive pulmo-
nary disease.
*Includes both partial and complete dependence.


