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Development and Initial Validation of the Risk Analysis Index
for Measuring Frailty in Surgical Populations
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IMPORTANCE Growing consensus suggests that frailty-associated risks should inform shared
surgical decision making. However, it is not clear how best to screen for frailty in preoperative
surgical populations.

OBJECTIVE To develop and validate the Risk Analysis Index (RAI), a 14-item instrument used
to measure surgical frailty. It can be calculated prospectively (RAI-C), using a clinical
questionnaire, or retrospectively (RAI-A), using variables from the surgical quality
improvement databases (Veterans Affairs or American College of Surgeons National Surgical
Quality Improvement Projects).

DESIGN, SETTING, AND PARTICIPANTS Single-site, prospective cohort from July 2011 to
September 2015 at the Veterans Affairs Nebraska–Western Iowa Heath Care System, a Level
1b Veterans Affairs Medical Center. The study included all patients presenting to the medical
center for elective surgery.

EXPOSURES We assessed the RAI-C for all patients scheduled for surgery, linking these scores
to administrative and quality improvement data to calculate the RAI-A and the modified
Frailty Index.

MAIN OUTCOMES AND MEASURES Receiver operator characteristics and C statistics for each
measure predicting postoperative mortality and morbidity.

RESULTS Of the participants, the mean (SD) age was 60.7 (13.9) years and 249 participants
(3.6%) were women. We assessed the RAI-C 10 698 times, from which we linked 6856
unique patients to mortality data. The C statistic predicting 180-day mortality for the RAI-C
was 0.772. Of these 6856 unique patients, we linked 2785 to local Veterans Affairs Surgeons
National Surgical Quality Improvement Projects data and calculated the C statistic for both
the RAI-A (0.823) and RAI-C (0.824), along with the correlation between the 2 scores
(r = 0.478; P < .001). Of these 2785 patients, there were sufficient data to calculate the
modified Frailty Index for 1021, in which the C statistics were 0.865 (RAI-A), 0.797 (RAI-C),
and 0.811 (modified Frailty Index). The correlation between the RAI-A and RAI-C was 0.547,
and the correlations of the modified Frailty Index to the RAI-A and RAI-C were 0.301 and
0.269, respectively (all P < .001). A cutoff of RAI-C of at least 21 classified 18.3% patients as
“frail” with a sensitivity of 0.50 and specificity of 0.82, whereas the RAI-A was less sensitive
(0.25) and more specific (0.97), classifying only 3.7% as “frail.”

CONCLUSIONS AND RELEVANCE The RAI-C and RAI-A represent effective tools for measuring
frailty in surgical populations with predictive ability on par with other frailty tools. Moderate
correlation between the measures suggests convergent validity. The RAI-C offers the
advantage of prospective, preoperative assessment that is proved feasible for large-scale
screening in clinical practice. However, further efforts should be directed at determining the
optimal components of preoperative frailty assessment.
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F railty is a geriatric concept identifying those patients (re-
gardless of age) at increased risk of dying in 6 months to
5 years owing to a decline in physiologic reserve.1-6 This

decline in physiologic reserve has important implications for the
surgical patient because a diagnosis of frailty is associated with
markedly increased risks for postoperative mortality and mor-
bidity. For example, when compared with robust patients, frail
surgical patients are less likely to be discharged to home,7 more
likely to be readmitted within 30 days,8,9 and have substantially
increased rates of perioperative mortality and complications.9-13

Given these data, growing consensus suggests that frailty-
associated risks should inform shared decision making and lead
to discussions clarifying realistic goals of care.

Despite the clear clinical significance of frailty in surgical
populations, there is no consensus on how best to define or mea-
sure frailty, even within the geriatric literature.3 For example, an
international panel of experts gathered in 2011 agreed that frailty
is a multidimensional construct consisting of 6 domains (physi-
cal performance, gait speed, mobility, nutritional status, men-
talhealth,andcognition)thattogetherindicateahighriskofmor-
tality in 1 to 2 years, but they could not agree on a definition of
frailty.14 A diversity of measures exists to measure some or all
these domains by assessing a combination of grip strength, cog-
nition, walking speed, or the time to get out of a chair and walk
4 m, but only select research-focused tools have been validated
in surgical populations.7,11,15 These tools are sensitive, specific,
and well suited to research protocols, but they are too resource-
intensive for rapid, cost-effective, preoperative screening of en-
tire populations considering elective surgery.

We therefore sought to develop a frailty index that could
function as an effective screening tool for all patients consider-
ing elective surgery. We reasoned the tool should effectively dis-
tinguish between frail and robust patients in terms of increased
risk for mortality and complication. It should also be easy and
efficient to incorporate into the existing workflow of preopera-
tive evaluation without causing delays or stressing existing re-
sources. It should thus be assessable by medical personnel at
varying levels of training (eg, medical assistant, medical student,
licensed practical nurse, resident, and attending surgeon). Ide-
ally, the risk should be calculable both prospectively from patient
questionnaires and retrospectively from administrative data.

To address this need, we report the development and initial
validation of the Risk Analysis Index (RAI), a novel frailty index
for use in surgical populations. The clinical RAI (RAI-C) uses a
questionnaire to calculate the risk index based on answers pro-
vided by the patient or surrogate, and it is intended for prospec-
tivescreeningofpatientsconsideringoperativeintervention.The
administrativeRAI(RAI-A)canbecalculatedretrospectivelyusing
frailty-associated variables from the Veterans Affairs or Ameri-
can College of Surgeons National Surgical Quality Improvement
Projects (VASQIP/ACS-NSQIP) data sets.

Methods
Development of the Mortality Risk Index–Revised
The RAI-C and RAI-A are both adaptations of the Minimum Data
Set (MDS) Mortality Risk Index–Revised (MMRI-R).16,17 From

a set of 50 frailty-related variables included in the MDS, the
developers of the MMRI-R used stepwise logistic regression to
select the 12 variables that most consistently predicted 6-month
mortality. They then developed a 15-item survey to measure
these variables (4 items to assess activities of daily living and
1 item for each of the other 11 variables from the MDS). The sur-
vey relies exclusively on the report of the patient (or surro-
gate) and can be easily administered by nursing personnel. It
requires neither functional assessment of patient perfor-
mance nor medical record review, but when each item is scored
with weights derived from the validated model, it reliably pre-
dicts 6-month mortality at the time of admission to a nursing
home (C statistic = 0.76).17

Development and Implementation of the RAI-C
As part of a quality improvement initiative at the Veterans Af-
fairs Nebraska–Western Iowa Heath Care System, we adapted
the MMRI-R for use in surgical populations. We eliminated the
single survey item assessing current or recent dehydration be-
cause we thought that this question would be difficult to as-
sess and interpret in the preoperative population. We also
modified the item probing admission to a nursing home in the
past 3 months to capture anyone living in a setting other than
independent living. We thought this would more expansively
capture the range of nonindependent living situations preva-
lent among surgical populations that might indicate frailty-
associated risk. The RAI-C questionnaire includes 14 ques-
tions assessing 11 variables and 2 statistical interactions with
scores ranging from 0 to 81 (eFigure in the Supplement). The
survey is administered by clinical staff based on patient his-
tory and report and scored using parameters developed for the
MMRI in an MDS sample of nursing home residents.

Pilot testing demonstrated the feasibility of this abbrevi-
ated survey. Because most of the questions were already
part of standard nursing interviews, it took clinical staff less
than 2 minutes to complete and was easily incorporated into
the standard intake procedures at surgical clinics. Based on
these findings, on July 1, 2011, we began measuring the
RAI-C for every patient presenting to outpatient surgery clin-
ics at the Veterans Affairs Nebraska–Western Iowa Health
Care System, requiring the score as a precondition for sched-
uling any elective surgery.

Key Points
Question Can frailty be measured rapidly, accurately, and reliably
enough to inform surgical decision making?

Findings In this cohort study, the novel Risk Analysis Index (RAI)
measures frailty prospectively (RAI-C) using a questionnaire or
retrospectively (RAI-A) using variables from Veterans Affairs or
American College of Surgeons National Surgical Quality
Improvement Projects. The RAI-C proved feasible for systemwide
screening with good predictive power and subsample
demonstrated similar predictive power between the RAI-C, RAI-A,
and modified Frailty Index.

Meaning The RAI may measure frailty with predictive ability on
par with other frailty tools.
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Responses to each item of the RAI-C were recorded
along with patient identifiers. As described elsewhere,
patients with an RAI-C score of at least 21 were subjected to
administrative review aimed at improving perioperative
decision making and outcomes.18 In some cases, this admin-
istrative review led to repeated calculation of the RAI-C,
often informed by more detailed medical histories. As such,
the database includes sequential measurements of the RAI-C
on some patients, but for the purposes of this analysis, we
used the single RAI-C measurement for each patient that
was closest to and antecedent from the date of surgery.

Development and Calculation of the RAI-A
In addition to measuring the RAI-C prospectively, we sought
to develop a version of the RAI that could be calculated from
variables captured by the VASQIP/ACS-NSQIP. We therefore
scrutinized the list of VASQIP variables to identify those that
best approximated the 11 variables assessed by the questions
in the RAI-C. When definitional clarity was required, we re-
ferred back to the definitions of the MDS variables from which
the RAI-C and MMRI-R were derived. See the eAppendix in the
Supplement for a complete rationale for variable selection. We
then developed a scoring convention to calculate the RAI-A
score from the identified VASQIP variables (eTable 1 in the
Supplement).

Data Linkage and Analysis
To construct our database for analysis, we began with the
database recording all responses to the RAI-C survey, check-
ing each item for out-of-range values and missing data, cor-
recting errors when possible by reference to the electronic
medical record. We then used each patient’s last name and a
portion of his or her social security number to link the RAI-C
score to vital status and date of death from the vital statistics
file. We then used the patient identifiers and the date of the
proposed surgery (recorded on the RAI-C survey) to search
the electronic medical record and link records to a specific
surgery, recording the surgery’s unique identifier to permit
later linkage to VASQIP data. If no surgery was identified for
the specific patient and date, we searched the patient’s elec-
tronic medical record for any surgery performed within 90
days after the date of RAI-C evaluation, linking the patient’s
record to the first surgery (if any) identified in this time
frame. The Nebraska–Western Iowa Veterans Affairs Medical
Center institutional review board determined these proce-
dures to be “operations activities not constituting research”
according to Veterans Affairs Handbook 1058.05, and thus,
per VHA Policy, the information presented in this article
does not require informed consent or institutional review
board approval.

The primary outcome was survival, calculated from the
date of surgery to the date of death for those who died and to
the last recorded death date (July 24, 2015) for those who sur-
vived, excluding all surgeries performed after this date. Di-
chotomous variables for 30-day, 180-day, and 365-day mor-
tality were calculated, excluding those whose follow-up from
date of surgery to July 24, 2015, was less than the specified 30
days, 180 days or 365 days.

We then used each surgery’s unique identifier to link rec-
ords to local VASQIP data. Not all surgeries were included in
VASQIP, but for those that were, we calculated the RAI-A as de-
scribed in previous paragraphs and the modified Frailty In-
dex (mFI) as described by Adams et al,10 Karam et al,19 Tsiouris
et al,20 and Velanovich et al.21 We also calculated 2 dichoto-
mous composite variables for postoperative complications, in-
dicating the occurrence of (1) any VASQIP-measured compli-
cation except urinary tract and superficial wound infections
and (2) Clavien-Dindo level IV complications, defined as any
VASQIP variable for septic shock, postoperative dialysis, pul-
monary embolus, myocardial infarction, cardiac arrest, pro-
longed ventilation, reintubation, coma, stroke, or return to the
operating room.

Statistical analyses began with summary descriptions of
the cohort, including rates of mortality and morbidity. We then
estimated receiver operating characteristics with nonpara-
metric 95% confidence intervals, C statistics, sensitivity, and
specificity. We also plotted Kaplan-Meier curves stratified by
frailty scores. Correlation between frailty measures was esti-
mated with nonparametric methods (Spearman ρ). All analy-
ses were made using SPSS, version 23 (IBM Corp).

Figure 1. Cohort of Patients

10 460 With valid RAI-C and adequate 
follow-up

9778 With vital statistics, RAI-C, and 
adequate follow-up

7457 With date of surgery, vital statistics, 
RAI-C, and adequate follow-up

6856 Unique patients with RAI-C and 
known length postoperative survival

2785 With RAI-A, RAI-C, and known 
length of postoperative survival

1021 With modified Frailty Index, RAI-A,
RAI-C, and known length of 
postoperative survival

45
193

Invalid RAI-C score
Surgery after July 24, 2015

682 Unable to link to vital statistics

2321 Unable to link to surgery date

601 Duplicate assessments of RAI-C

4071 Not included in Veterans Affairs 
Surgical Quality Improvement Project

1764 With insufficient data to 
calculate modified Frailty Index

10 698 Records in database

RAI-A indicates administrative Risk Analysis Index and RAI-C indicates clinical
Risk Analysis Index.
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Results

From July 2011 to September 2015, we assessed the RAI-C
10 698 times in 6856 unique patients with known length of
postoperative survival (Figure 1). Of these, 6803, 6419, and
5959 patients were followed up for 30 days, 180 days, and 365
days, respectively. A subsample of 2785 patients were further
linked to VASQIP data, from which we calculated the RAI-A.
Of these, only 1021 had VASQIP data sufficient to calculate mFI
because several mFI variables were phased into VASQIP dur-
ing our sampling frame.

The demographic characteristics of each sample were simi-
lar with regard to age, sex, race/ethnicity, American Society of
Anesthesiologists classification, and RAI-C score (eTable 2 in
the Supplement). Administrative RAI scores were somewhat
lower than RAI-C scores, and this likely reflects the stringent
rules for abstracting the VASQIP variables from which the RAI-A
is calculated. This sensitivity is apparent when comparing the
individual components of the RAI score. For example, the RAI-C
questionnaire elucidated a history of heart failure from 3%
(n = 90 of 2785) to 4% (n = 274 of 6856) of patients, but only
0.1% (n = 3 of 2785) to 0.2% (n = 2 of 1021) of patients had
VASQIP variables indicating a history of congestive heart fail-
ure. Similar discrepancies in sensitivity were evident for short-
ness of breath and cancer (eTable 2 in the Supplement).

Ratesofmortalityandpostoperativecomplicationsincreased
with frailty (Table 1). For example, 180-day mortality rates for
RAI-C and RAI-A scores of 15 or less were 0.9% and 0.8%, respec-
tively, but increased to 17.3% and 10.0%, respectively, for scores
of at least 36. For each strata of frailty, mortality increased dra-
matically with lengthening time horizons. For example, the 4.9%
30-day mortality associated with RAI-C scores of at least 36 grew
to a staggering 26.8% at 1 year. However, most of even the frail-
est patients (60%-70%) experienced long-term survival that sta-
bilized 2 to 3 years after the operation (Figure 2).

Complication rates at 30 days were higher than the rates
of mortality, ranging from 4.6% to 25% for any complication
other than urinary tract or superficial wound infections and
2.5% to 15% for life-threatening Clavien-Dindo level IV com-
plications (Table 1). Similar patterns of outcomes were ob-
served for the mFI.

The C statistics of the RAI-C, RAI-A, and mFI were fairly con-
sistent across the 3 cohorts for both mortality and complications
as presented in Table 2. Depending on the cohort or time hori-
zon, the RAI-C predicted mortality with C statistics between
0.704 and 0.824. The RAI-A and mFI were similar, with some-
what higher C statistics ranging from 0.739 to 0.979. In general,
sensitivity and specificity of predicting 180-day mortality were
maximized at the lower end of the range of frailty scores where
a cut point of RAI-C of at least 11 was 72% sensitive and 73% spe-
cific (eTable 3 in the Supplement).

Table 1. Prevalence of Frailty and Associated Outcomes as Measured by the RAI-C, RAI-A, and mFI

Outcomea 0-15 16-25 26-35 ≥36 Overall
RAI-C score

No. in cohort 5250 1178 293 82 6803

Proportion of cohort, % 77.2 17.3 4.3 1.2 100

Mortality, No. (%)

30-d (n = 6803) 14 (0.3) 6 (0.5) 5 (1.7) 4 (4.9) 29 (0.4)

180-d (n = 6419) 43 (0.9) 35 (3.3) 23 (8.4) 13 (17.3) 114 (1.8)

365-d (n = 5959) 74 (1.6) 71 (7.3) 43 (17.1) 19 (26.8) 207 (3.5)

RAI-A score

No. in cohort 2438 267 60 20 2785

Proportion of cohort, % 87.5 9.6 2.2 0.7 100

Mortality, No. %

30-d 3 (0.1) 3 (1.1) 0 1 (5.0) 7 (0.3)

180-d 19 (0.8) 15 (5.6) 4 (6.7) 2 (10.0) 40 (1.4)

365-d 46 (1.9) 24 (9.0) 10 (16.7) 3 (15.0) 83 (3.0)

Complications, No. (%)

Any except SSI and UTI 112 (4.6) 30 (11.2) 8 (13.3) 5 (25.0) 155 (5.6)

Clavien-Dindo IV 60 (2.5) 15 (5.6) 2 (3.3) 3 (15.0) 80 (2.9)

mFI score <0.19 0.27 0.36 >0.37 Overall

No. in cohort 705 207 77 32 1021

Proportion of cohort, % 69.0 20.3 7.5 3.1 100.0

Mortality, No. (%)

30-d 0 0 1 (1.3) 1 (3.1) 2 (0.2)

180-d 4 (0.6) 4 (1.9) 2 (2.6) 6 (18.8) 16 (1.6)

365-d 10 (1.4) 12 (5.8) 3 (3.9) 7 (21.9) 32 (3.1)

Complications, %

Any except SSI and UTI 33 (4.7) 13 (6.3) 12 (15.6) 8 (25.0) 66 (6.5)

Clavien-Dindo IV 26 (3.7) 7 (3.4) 8 (10.4) 7 (21.9) 48 (4.7)

Abbreviations: mFI, Modified Frailty
Index; RAI, Risk Analysis Index;
RAI-A, Administrative Risk Analysis
Index; RAI-C, Clinical Risk Analysis
Index; SSI, superficial site infection;
UTI, urinary tract infection.
a Outcome data were complete for all

patients with RAI-A and mFI scores.
Mortality data for 180 and 365 days
for the RAI-C cohort were
somewhat smaller owing to length
of follow-up with 6419 and 5959
patients, respectively.
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Tables 1 and 2 report only those cases linked to a specific
date of surgery. To explore the possibility that the excluded
cases biased results, we analyzed data from all 9778 patients
with known vital status (Figure 1). For cases without a spe-
cific date of surgery, we calculated the length of survival from

the date of RAI-C assessment. Mortality rates and C statistics
for this larger sample (eTable 4 in the Supplement) were simi-
lar to those reported in Tables 1 and 2, suggesting that our in-
ability to link patients did not bias our findings among the 6856
patients reported here.

Figure 2. Survival Curves for Clinical Risk Analysis Index (RAI-C), Administrative Risk Analysis Index (RAI-A), and Modified Frailty Index (mFI)
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A, n = 6856. Overall difference between 4 curves significant at P < .001 (log
rank); pairwise comparisons significant at P < .001 for all comparisons except
between 26 and 35 and 36 or higher. B, Overall difference between 4 curves
significant at P < .001 (log rank); pairwise comparisons significant at P < .001
between 15 or less and the other 3 strata; and at P = .04 between 16 and 25 and
26 and 35. No significant difference between 26 and 35 and 36 or higher or

between 16 and 25 and 36 or higher. C, Overall difference between 4 curves
significant at P < .001 (log rank); pairwise comparisons significant at P < .001
between 15 or less and the other 3 strata; at P = .003 between 0.27 and 0.37 or
higher; and at P = .03 between 0.26 and 0.37 or higher. No significant
difference between 0.27 and 0.36.
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The RAI-A, RAI-C, and mFI were significantly correlated
with each other (Table 2). The strength of the correlation be-
tween the RAI-A and RAI-C was moderate (Spearman ρ = .547;
P <.001, n = 1021), whereas the correlations between the mFI
and the RAI-C (Spearman ρ = .269; P <.001) and RAI-A
(Spearman ρ = .269; P <.001) were weaker. The Venn diagram
in Figure 3 further illustrates these correlations demonstrating
the partial overlap between the different frailty measures.

Discussion
In this study, we developed and validated 2 new frailty indi-
ces for use in surgical populations, finding that the RAI-C and
RAI-A predict postoperative mortality and morbidity with as
good or better predictive ability than other existing measures
of frailty. For example, the C statistics for the RAI-C and RAI-A
predicting 180-day mortality were 0.797 and 0.865, respec-
tively, which is a moderate improvement over the MMRI-R from
which they are derived (C = 0.760) and similar to the mFI
(C = 0.811). Although our methods do not permit direct com-
parison, these data demonstrate similar predictive ability to
frailty measures based on physiological performance such as
the Hopkins Frail Scale11 and the Timed Up-and-Go.22

To our knowledge, the RAI-C is the first frailty index used ex-
plicitly for systemwide screening of surgical populations, taking
only 1 to 2 minutes to complete as part of the standard intake in-
terview and now prospectively validated in cohort of 6856 pa-
tients. Makary et al11 used the Hopkins Frail Scale to measure pre-
operative frailty in 594 elective surgical patients aged 65 years
or older, showing strong associations with surgical outcomes.

Robinson et al23 demonstrated the association between frailty
and surgical outcomes in cohorts of more than 200 patients by
measuring preoperative frailty with a combination of measures
including Katz score, Timed Up-and-Go, Charlson Index, Mini-
Cog, hemoglobin, and falls reported in the last 6 months. How-
ever, the time required to assess frailty with these research-
focused tools precludes systemwide screening. In this study, we
demonstrated the feasibility of systemwide screening in routine
clinical practice with the RAI-C, validating its predictive power
in what is, to our knowledge, the single largest cohort of surgi-
cal patients published to date.

Similar to the mFI, the RAI-A, is calculated from VASQIP vari-
ables and thus suitable for secondary data analyses exploring the
associations of frailty and surgical outcomes. Although the over-
all performance of the 2 tools was similar, the RAI-A generates
a wider range of scores, and this may permit more precise selec-
tion of cut points for a variety of applications.

The RAI-A and mFI are somewhat more specific than the
RAI-C. This is likely owing to the different methods of assess-
ing frailty-associated risk. The RAI-C relies on the clinical judg-
ment of the personnel administering the questionnaire. For this
study, clinicians were instructed to use their best judgment in
scoring the RAI-C, and as such, it is likely that the presence of
specific risk factors was interpreted more liberally than the
stringent coding rules required by VASQIP for the variables on
which the RAI-A and mFI are based. However, these methods
are well-suited to the purposes of the 2 instruments. To the
extent that the RAI-C is intended for screening, its sensitivity
is an advantage, and to the extent that the RAI-A is used to test
associations between frailty and surgical outcomes, its speci-
ficity may provide benefit.

Table 2. Predictive Ability of the RAI-C, RAI-A, and mFIa

Outcome

6856 Patients With Mortality 2785 Patients With RAI-A 1021 Patients With mFI

C statistic (95% CI) C statistic (95% CI) C statistic (95% CI)
RAI-Cb

Mortality

30-d 0.704 (0.594-0.814) 0.744 (0.588-0.899) 0.823 (0.590-1.000)

180-d 0.772 (0.726-0.817) 0.824 (0.767-0.881) 0.797 (0.707-0.887)

365-d 0.781 (0.748-0.814) 0.814 (0.770-0.859) 0.811 (0.741-0.882)

Any except SSI and UTI NA 0.646 (0.599-0.693) 0.643 (0.573-0.713)

Clavien-Dindo IV NA 0.656 (0.595-0.717) 0.615 (0.533-0.696)

RAI-A

Mortality

30-d NA 0.901 (0.861-0.940) 0.979 (0.952-1.000)

180-d NA 0.823 (0.763-0.883) 0.865 (0.769-0.961)

365-d NA 0.797 (0.750-0.843) 0.846 (0.772-0.920)

Any except SSI and UTI NA 0.618 (0.570-0.667) 0.614 (0.539-0.689)

Clavien-Dindo IV NA 0.577 (0.510-0.644) 0.586 (0.499-0.674)

mFIc

Mortality

30-d NA NA 0.957 (0.915-0.999)

180-d NA NA 0.811 (0.708-0.914)

365-d NA NA 0.739 (0.652-0.825)

Any except SSI and UTI NA NA 0.662 (0.594-0.731)

Clavien-Dindo IV NA NA 0.642 (0.559-0.725)

Abbreviations: mFI, Modified Frailty
Index; NA, not available; RAI, Risk
Analysis Index; RAI-A, Administrative
Risk Analysis Index; RAI-C, Clinical
Risk Analysis Index; SSI, superficial
site infection; UTI, urinary tract
infection.
a Table reports the area under the

receiver operating characteristic
(C statistic) for multiple models
predicting either mortality or
complications. Separate models for
30-day, 180-day and 365-day
mortality were computed for each
cohort. The 2 composite
complication outcomes included
either (1) severe, Clavien-Dindo level
IV complications or (2) any
complication except SSI or UTI.
Outcome data were complete for
the 2785 and 1021 patients with
RAI-A and mFI scores, respectively.
Of the 6856 patients with RAI-C
scores, 6803, 6419, and 5959 were
followed up for 30, 180 and 365
days, respectively.

Research Original Investigation Risk Analysis Index and Measuring Frailty in Surgical Populations

180 JAMA Surgery February 2017 Volume 152, Number 2 (Reprinted) jamasurgery.com

Copyright 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/26/2022

http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2016.4202


Copyright 2017 American Medical Association. All rights reserved.

As with any imperfect test, the cut point to rule frailty in
or out involves a tradeoff between sensitivity and specificity.
The advantage of a granular scale, such as the RAI, is that cut-
offs could be chosen based on the health care setting, level of
precision required, and planned interventions for frail pa-
tients. For example, an RAI-C value of 11 is 72% sensitive and
73% specific (eTable 3 in the Supplement), but because 29%
of the population would rule in for frailty at this cut point, it
is insufficiently specific for use in busy surgical clinics. Cut
points between 16 and 21 may strike a more pragmatic bal-
ance, identifying 18% to 21% of the population as frail with 52%
to 61% sensitivity and 80% to 83% specificity. Cutoffs such as
these could rapidly identify most potentially frail patients in
the first stage of a 2-stage screening paradigm. If greater speci-
ficity is required, the second stage could confirm suspected
frailty using 1 or more of the functional measures of frailty that
are too labor intensive for screening all patients in predomi-
nantly robust populations.

The correlation between RAI-A and RAI-C suggests mod-
erate convergent validity. Correlations with the mFI are weaker
and may illustrate the enduring lack of consensus regarding
the definition of frailty.14 However, the weak correlation is in
line with other research that demonstrates only limited over-
lap between different frailty measures,24 suggesting that the
overarching syndrome of frailty is larger than any single
measure captures.25 As such, we suggest that frailty is best mea-
sured with multiple modalities. Screening can be accom-
plished efficiently with the RAI-C, selecting a cutoff with the
desired sensitivity and specificity; those identified as poten-
tially frail can then complete a battery of more time-
intensive tests similar to the work by Robinson et al7,15 that cap-
ture multiple domains including functional performance and
serological biomarkers.

Although most frail patients live at least 2 to 3 years after
their surgery, the risk of mortality increases dramatically with
increasing frailty. Because the RAI-C can be calculated in ad-
vance of surgery, and because these data provide estimates of
the mortality risk, it is now possible to provide risk estimates
to patients based solely on their frailty. Whereas the ACS and
VA NSQIP risk calculators focus on the immediate periopera-
tive period of 30 days, the RAI-C extends risk estimates out to
6 months and 12 months. As such, the RAI-C may help place
traditional 30-day risk estimates into the context of the over-
arching trajectory of the patient’s life, thus informing the de-
cision-making process shared by patients and surgeons.

Limitations
Our findings are limited in several ways. First, our data are lim-
ited to a single VA medical center and may not generalize to
the broader VA or US populations. Second, we were not able

to find mortality or surgical data on some of the patients as-
sessed with the RAI-C, and as such, these missing data may
represent a source of bias. Third, mortality and morbidity may
not be the outcomes of greatest importance for frail patients.
Future work should assess the association of frailty with pa-
tient-centered outcomes such as independent living, dis-
charge to home, or patient centeredness of care.

Conclusions
The RAI-C and RAI-A represent effective tools for measuring
frailty in surgical populations, with predictive abilities on
par with other published measures of frailty. The RAI-C
offers the additional advantage of assessing frailty-
associated risk preoperatively and prospectively, thus pre-
senting an opportunity for feasible, large-scale screening of
surgical populations in clinical practice. Its 6- to 12-month
time horizon may also help place traditional 30-day risk esti-
mates into the wider context of patients’ lives. However, fur-
ther efforts are needed to determine the optimal compo-
nents of preoperative frailty assessment, and future work
could more definitively validate the RAI-C and RAI-A in non-
veteran, community populations and by comparing their
performance with some of the functional measures of frailty.
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