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IMPORTANCE Frailty is an important risk factor for postoperative mortality. Whether the
association between frailty and mortality is consistent across all surgical specialties,
especially those predominantly performing lower stress procedures, remains unknown.

OBJECTIVE To examine the association between frailty and postoperative mortality across
surgical specialties.

DESIGN, SETTING, AND PARTICIPANTS A cohort study was conducted across 9 noncardiac
specialties in hospitals participating in the American College of Surgeons National Surgical
Quality Improvement Program (NSQIP) and Veterans Affairs Surgical Quality Improvement
Program (VASQIP) from January 1, 2010, through December 31, 2014, using multivariable
logistic regression to evaluate the association between frailty and postoperative mortality.
Data analysis was conducted from September 15, 2019, to April 30, 2020. Patients 18 years
or older undergoing noncardiac procedures were included.

EXPOSURES Risk Analysis Index measuring preoperative frailty categorized patients as robust
(Risk Analysis Index �20), normal (21-29), frail (30-39), or very frail (�40). Operative Stress
Score (OSS) categorized procedures as low (1-2), moderate (3), and high (4-5) stress.
Specialties were categorized by case-mix as predominantly low intensity (>75% OSS 1-2),
moderate intensity (50%-75%), or high intensity (<50%).

MAIN OUTCOMES AND MEASURES Thirty-day (both measures) and 180-day (VASQIP only)
postoperative mortality.

RESULTS Of the patients evaluated in NSQIP (n = 2 339 031), 1 309 795 were women (56.0%)
and mean (SD) age was 56.49 (16.4) years. Of the patients evaluated in VASQIP
(n = 426 578), 395 761 (92.78%) were men and mean (SD) age was 61.1 (12.9) years.
Overall, 30-day mortality was 1.2% in NSQIP and 1.0% in VASQIP, and 180-day mortality in
VASQIP was 3.4%. Frailty and OSS distributions differed substantially across the 9 specialties.
Patterns of 30-day mortality for frail and very frail patients were similar in NSQIP and VASQIP
for low-, moderate-, and high-intensity specialties. Frailty was a consistent, independent risk
factor for 30- and 180-day mortality across all specialties. For example, in NSQIP, for plastic
surgery, a low-intensity specialty, the odds of 30-day mortality in very frail (adjusted odds
ratio [aOR], 27.99; 95% CI, 14.67-53.39) and frail (aOR, 5.1; 95% CI, 3.03-8.58) patients were
statistically significantly higher than for normal patients. This was also true in neurosurgery, a
moderate-intensity specialty, for very frail (aOR, 9.8; 95% CI, 7.68-12.50) and frail (aOR, 4.18;
95% CI, 3.58-4.89) patients and in vascular surgery, a high-intensity specialty, for very frail
(aOR, 10.85; 95% CI, 9.83-11.96) and frail (aOR, 3.42; 95% CI, 3.19-3.67) patients.

CONCLUSIONS AND RELEVANCE In this study, frailty was associated with postoperative
mortality across all noncardiac surgical specialties regardless of case-mix. Preoperative frailty
assessment could be implemented across all specialties to facilitate risk stratification and
shared decision-making.
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F railty is increasingly recognized as an important risk fac-
tor for adverse postoperative outcomes.1 Frail patients
experience higher rates of adverse outcomes such as

complications, failure to rescue, nonhome discharge, and short-
and long-term mortality across multiple surgical specialties.2-9

Even following low-risk or ambulatory procedures, frailty is
an important risk factor for morbidity and mortality.10-12 Many
frailty measurement tools have been developed for use in re-
search studies, but the Risk Analysis Index (RAI) can be ap-
plied both to research and clinical practice.13-24 The RAI accu-
rately measures patient frailty, reliably estimates suboptimal
postoperative outcomes, and can be efficiently implemented
as a preoperative screening tool in surgical clinics in a variety
of practice settings.10,21-25 However, some questions remain re-
garding the utility of frailty screening in low-risk or ambula-
tory settings, which constitute a majority of US surgical pro-
cedures. The distribution of low- vs high-risk operations
performed varies among surgical specialties.26 Because some
specialties predominantly perform procedures that are con-
sidered low risk with low physiologic impact to patients, it is
unclear whether frailty screening is useful in all specialty clin-
ics/settings.

The Operative Stress Score (OSS) was recently developed
to explore the associations between procedural physiologic
stress and postoperative outcomes, categorizing surgeries
according to the associated physiologic stress.10 Using the OSS,
30-day postoperative mortality rates for frail vs very frail pa-
tients were 1.6% vs 10.3% for patients undergoing a low-
stress procedure, such as a cystoscopy, and 5.1% vs 18.7% for
those undergoing a moderate-stress procedure, such as a lapa-
roscopic cholecystectomy.10 Both of these rates exceed the
1% mortality rate previously used to indicate high-risk surgi-
cal procedures.12,26 This finding suggests that there is no such
thing as a low-risk procedure for frail patients.

Although prior work has described the association of frailty
and patient-level outcomes, it is unclear how this association
translates to populations of patients treated by different spe-
cialties. Given the known differences in procedural risk dis-
tribution and case-mix across specialties, the degree to which
frailty screening would be useful for perioperative risk strati-
fication and the prevalence of frailty in each surgical spe-
cialty is unknown. We sought to describe the association be-
tween frailty and mortality at the specialty level by examining
individual surgical procedures of varying levels of physi-
ologic stress and surgical risk. We hypothesized that frailty is
a significant risk factor for 30-day and 180-day mortality in all
surgical specialties.

Methods
Patient Population and Measures
This national cohort study used data from the American Col-
lege of Surgeons National Surgical Quality Improvement
Program (NSQIP)27 and the Veterans Affairs Surgical Qua-
lity Improvement Program (VASQIP).28 We followed the
Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) reporting guideline. The Stanford

University Institutional Review Board, Stanford, California, and
the Veterans Affairs Pittsburgh Healthcare System Institutional
Review Board, Pittsburgh, Pennsylvania, deemed this study
to be exempt from review because deidentified NSQIP and
VASQIP data were used.

We included all NSQIP and VASQIP records for patients 18
years or older who underwent noncardiac surgical proce-
dures between January 1, 2010, and December 31, 2014, with
available information on 30-day mortality for both measures
and 180-day mortality for VASQIP only. Analysis through 2014
allowed for the most parity between data sets as NSQIP elimi-
nated several RAI-relevant variables in 2015. Noncardiac sur-
gical specialties included in the analysis were general, gyne-
cologic, neurologic, orthopedic, otolaryngologic, plastic,
thoracic, urologic, and vascular surgery. Data analysis was con-
ducted from September 15, 2019, to April 30, 2020. Details re-
garding cohort creation are available in the eFigure in the
Supplement.

Patient frailty was assessed using the RAI, which is a vali-
dated tool for measuring frailty in surgical and nonsurgical
populations that is based on the accumulation of deficits model
of frailty.22-25 Details of the RAI scoring have been previously
described and are included in eTable 1 in the Supplement.23

Higher RAI scores indicate greater frailty; patients are catego-
rized as robust (RAI≤20), normal (21-29), frail (30-39), and very
frail (≥40).23

The OSS was previously developed using modified Del-
phi consensus methods to rate 565 surgical procedures
according to associated physiologic stress (1 indicates least
stress and 5 indicates greatest stress to the patient) across
multiple specialties.10 We elected to use a 3-level OSS cat-
egorization of operative stress owing to the small number of
cases categorized as OSS 1 and OSS 5 in several of the surgical
specialties, and we experienced difficulty achieving multi-
variable model convergence. The final OSS categories were
defined as low stress (OSS 1-2), moderate stress (OSS 3), and
high stress (OSS 4-5).

Using the OSS categorization, each specialty was also cat-
egorized into 1 of 3 groups based on the proportion of Current
Procedural Terminology codes performed by the specialty that
qualified as low stress (OSS 1-2): (1) low-intensity specialty with

Key Points
Question Is the association between frailty and postoperative
mortality consistent across noncardiac surgical specialties?

Findings In this cohort study of over 2.7 million unique patients
from 2 large, national data sets, frailty was associated with
postoperative mortality across all noncardiac surgical specialties
independent of operative stress. Frail patients in all surgical
specialties had high mortality rates following low- and
moderate-stress procedures.

Meaning This study suggests that preoperative frailty assessment
should be implemented across all specialties, regardless of
case-mix, to facilitate risk stratification and shared
decision-making.
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greater than 75% low-stress cases, (2) moderate-intensity spe-
cialty with 50% to 75% low-stress cases, and (3) high-
intensity specialty with less than 50% low-stress cases.

Patients with missing data on variables necessary to cal-
culate an RAI score were excluded from the analysis. Patients
undergoing procedures not defined by the OSS or a proce-
dure defined by a Current Procedural Terminology code with
less than 99 occurrences in the data set were excluded. A de-
scription of characteristics of included and excluded patients
is provided in eTable 2 in the Supplement.

Statistical Analysis
The primary outcome was postoperative mortality ascer-
tained at 30 days (NSQIP and VASQIP) and 180 days (VASQIP).
Mean RAI was compared using 1-way analysis of variance.
Thirty-day and 180-day mortality for the 3 specialty intensity
categories were calculated after stratifying by frailty status and
OSS. We also performed multivariable logistic regression to
evaluate the association between frailty and mortality (30 and
180 days), adjusting for the surgical stress of the procedure
measured by the OSS and whether the procedure was classi-
fied as an emergency. Similar to previous work,12,25 the mod-
els included only these 3 variables because many of the co-
variates that typically would be included in the model were
already used in calculating the RAI and would be collinear.
Separate regression models were built for 30-day mortality
within the NSQIP and VASQIP cohorts. A third model was cre-
ated for 180-day mortality in VASQIP. Stratified regression mod-
els were used to evaluate each outcome in each of the 9 sur-
gical specialties within both data sets.

Statistical models were built using Stata Statistical Soft-
ware, release 16 (StataCorp LLC). Descriptive statistics were
generated with Stata, release 16 and SAS, version 9.4 (SAS In-
stitute Inc).

Results
The cohort included a total of 2 339 031 patients in NSQIP and
426 578 patients in VASQIP who underwent noncardiac sur-

gery during the 5-year study period. A total of 1 029 236 pa-
tients (44.0%) in NSQIP were men and 1 309 795 were women
(56.0%); mean (SD) age was 56.49 (16.4) years. In the VASQIP
cohort, 395 761 patients (92.8%) were men and 30 817 were
women (7.2%); mean (SD) age was 61.1 (12.9) years. Other demo-
graphic characteristics, exposures, and outcomes for the over-
all cohorts and each of the surgical specialties are provided in
eTable 3 in the Supplement for NSQIP and eTable 4 in the
Supplement for VASQIP. Patients in NSQIP were younger vs
those in VASQIP (mean [SD], 56.5 [16.4] vs 61.1 [12.9] years;
P < .001) with more sex parity compared with VASQIP (44.0%
vs 92.2% men, P < .001). The mean (SD) RAI score was statis-
tically significantly higher in VASQIP compared with NSQIP
(21.3 [7.3] vs 18.0 [7.9]; P < .001). There was also a greater per-
centage of frail and very frail patients in VASQIP (frail, 8.4%;
very frail, 2.1%) compared with NSQIP (frail, 5.3%; very frail,
0.8%) (P < .001). In both data sets, OSS 2 procedures were the
most commonly performed (NSQIP, 47.3%; VASQIP, 52.4%)
followed by OSS 3 (NSQIP, 41.7%; VASQIP, 30.2%). The NSQIP
data set had double the proportion of emergent procedures
compared with VASQIP (10.4% vs 5.1%, P < .001). Overall, 30-
day mortality was 1.2% (27 938 patients) in NSQIP and 1.0%
(4415 patients) in VASQIP (P < .001). In VASQIP, 14 382 pa-
tients (3.4%) had died at 180 days (mortality beyond 30 days
is not available in NSQIP).

The distribution of frailty and OSS differed significantly
across 9 specialties (general, gynecologic, neurologic, ortho-
pedic, otolaryngologic, plastic, thoracic, urologic, and vascu-
lar surgery) in both NSQIP and VASQIP. Some specialties
were classified in different intensity categories between
the databases (Table 1). Low-intensity specialties were oto-
laryngology and plastic surgery in NSQIP and otolaryngol-
ogy, plastic surgery, orthopedic surgery, and urology in
VASQIP. Moderate-intensity specialties in NSQIP included
neurosurgery, orthopedic surgery, and urology, but only
neurosurgery and general surgery in VASQIP. In NSQIP,
general surgery was considered a high-intensity specialty
along with gynecology, thoracic surgery, and vascular sur-
gery, but only the latter 3 were the high-intensity specialties
in VASQIP.

Table 1. Categorization of Surgical Specialties (Intensity) Based on Percentage of Low-Stress (OSS 1-2) Cases Performeda

Specialty

NSQIP VASQIP

% OSS 1-2 cases Intensity category % Frail % Very frail % OSS 1-2 cases Intensity category % Frail % Very frail
Plastic surgery 92.5 Low 1.6 0.2 89.9 Low 7.2 1.2

Otolaryngology 87.2 Low 3.0 0.3 78.3 Low 7.7 1.6

Orthopedic surgery 64.0 Moderate 4.0 0.5 75.6 Low 5.0 1.5

Urology 57.1 Moderate 7.5 0.7 75.6 Low 11.8 1.3

Neurosurgery 53.6 Moderate 5.8 0.7 53.6 Moderate 8.6 2.4

General surgery 47.5 High 5.0 0.9 57.2 Moderate 6.5 1.6

Gynecology 29.2 High 1.3 0.1 49.0 High 0.4 0.0

Vascular surgery 32.6 High 11.2 1.9 27.0 High 15.6 4.4

Thoracic surgery 11.8 High 14.1 1.4 19.9 High 13.5 4.7

Abbreviations: NSQIP, National Surgical Quality Improvement Program; OSS, Operative Stress Score; VASQIP, Veterans Affairs Surgical Quality Improvement
Program.
a Percentage frail and very frail indicate the proportion of the within-specialty records with Risk Analysis Index 30 to 39 (frail) and greater than or equal to 40

(very frail). Differences in proportions of frail and very frail patients among specialties were all significant at P < .001.
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The 3 surgical specialty intensity categories were stratified
byfrailtyandOSSstatusfor30-daymortality(Figure1).Highmor-
tality rates were observed in frail patients, even after low-stress
procedures and even in predominantly low-intensity specialties.
For example, in NSQIP (Figure 1A), the 30-day mortality rate
in very frail patients was 14.6% after low-stress procedures
performed in low-intensity specialties, which was similar to
moderate-intensity (13.1%) and high-intensity (18.6%) special-
ties.AsimilarpatternwasseeninVASQIP(Figure1B):30-daymor-
talityratesinveryfrailpatientsundergoinglow-stressprocedures
were 9.6% for low-intensity, 10.9% for moderate-intensity, and
11.4% for high-intensity specialties. For very frail patients, 30-
day mortality rates were greater than 10% following moderate-
stress procedures (OSS 3) in all specialty intensity categories. For
the highest stress procedures (OSS 4-5), 30-day mortality rates
were 5% to 10% in frail patients and 10% to 30% in very frail pa-
tients in both data sets, regardless of the specialty intensity. Ro-
bust and normal patients had uniformly low 30-day mortality
rates following low- and moderate-stress procedures and less
than5%mortalityfollowinghigh-stressproceduresinallspecialty
intensity categories.

The 180-day mortality rates for very frail patients in VASQIP
were greater than 25% following any level OSS procedure, re-
gardless of specialty intensity (Figure 2). Frail patients in all
specialty categories had 15% to 18% mortality following OSS 3
procedures and 7% to 17% mortality after OSS 1-2 procedures.
Counterintuitively, high-intensity specialties had lower mor-
tality than moderate-intensity specialties following moderate-

and high-stress (OSS 3 and 4-5, respectively) procedures per-
formed in frail and very frail patients.

After adjusting for OSS and emergency status, frailty was a
consistent, independent risk factor for 30- and 180-day mortal-
ity in the overall cohort in both data sets, similar to what has been
demonstrated in prior work (eTable 5 in the Supplement).10 The
patterns in the overall VASQIP and NSQIP cohorts in the multi-
variable models were representative of the patterns within each
specialty:frailandveryfrailpatientshadsignificantlyhigherodds
of 30- and 180-day mortality compared with normal patients in
all specialties (Table 2). We used plastic surgery for an example
of a low-intensity specialty, neurosurgery for moderate intensity,
and vascular surgery for high intensity in both the NSQIP and
VASQIP data sets. For plastic surgery in NSQIP, the odds of 30-
day mortality in very frail (adjusted odds ratio [aOR], 27.99;
95% CI, 14.67-53.39) and frail patients (aOR, 5.1; 95% CI, 3.03-
8.58) were statistically significantly higher than for normal pa-
tients. The association between frailty and 30-day mortality was
also observed for neurosurgery in very frail (aOR, 9.8; 95% CI,
7.68-12.50) and frail patients (aOR, 4.18; 95% CI, 3.58-4.89), and
for vascular surgery in very frail (aOR, 10.85; 95% CI, 9.83-11.96)
and frail patients (aOR, 3.42; 95% CI, 3.19-3.67). In VASQIP, an
association with 30-day mortality was noted in very frail (aOR,
14.15; 95% CI, 4.19-47.77) and frail patients (aOR, 3.68; 95% CI,
1.21-11.21)afterplasticsurgery,veryfrail (aOR,32.1;95%CI,20.95-
49.16) and frail patients (aOR, 5.22; 95% CI, 3.43-7.96) after neu-
rosurgery, and very frail (aOR, 12.66; 95% CI, 10.31-15.55) and frail
patients (aOR, 4.23; 95% CI, 3.51-5.10) after vascular surgery.

Figure 1. Thirty-Day Mortality After Surgery in 9 Noncardiac Surgical Specialties Stratified by Frailty Status (Risk Analysis Index)
and Operative Stress Score (OSS)
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Specialties were categorized for the American College of Surgeons (ACS) National Surgical Quality Improvement Program (NSQIP) (A) and the Veterans Affairs
Surgical Quality Improvement Program (VASQIP) (B) by the percentage of low-stress (OSS 1 and 2) procedures performed. Frail and very frail patients experienced
high mortality rates following low- and moderate-stress procedures in all specialties. Error bars represent the SEs.
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The association between frailty and mortality persisted at
180 days for every specialty. Using the same specialties as ex-
amples, compared with normal patients, the aOR of 180-day
mortality after plastic surgery was greater in very frail (aOR,
24.77; 95% CI, 13.38-45.88) and frail patients (aOR, 7.13;
95% CI, 4.35-11.69). The odds of 180-day mortality were also
significantly increased for very frail (aOR, 30.54; 95% CI, 23.34-
39.97) and frail (aOR, 6.82; 95% CI, 5.53-8.39) patients who un-
derwent neurosurgery and for very frail patients (aOR, 12.76;
95% CI, 11.25-14.48) and frail patients (aOR, 4.2; 95% CI, 3.79-
4.65) who underwent vascular surgery.

Discussion
In this retrospective study of more than 2.7 million patients,
frailty status was associated with 30- and 180-day mortality
in all 9 specialties in 2 large, national surgical cohorts. Al-
though the distribution of frailty and OSS differed substan-
tially across surgical specialties, the patterns of mortality for
frail and very frail patients were similar for low-, moderate-,
and high-intensity specialties in NSQIP and VASQIP. More spe-
cifically, very frail patients experienced greater than 10% 30-
day mortality and 30% 180-day mortality after undergoing a
low-stress procedure in all 3 specialty intensity categories. De-
spite the varying case-mix, frailty appeared to be a consis-
tent, independent risk factor for 30- and 180-day mortality in
all surgical specialties.

Most procedures performed at hospitals are categorized as
low stress, and frailty is associated with adverse outcomes even
after these commonly performed ambulatory surgeries.10,12

Surgeons in specialties routinely performing low-stress pro-
cedures may not consider frailty in their treatment algo-
rithm. However, the fact that approximately 1 of 10 frail patients
and 1 of 3 very frail patients die 6 months following low-, mod-
erate-, and high-stress procedures in all specialties merits
thoughtful consideration. Prior work that analyzed data at the
patient and procedural stress level described how the pres-
ence of frailty may contribute to the outcomes of patients un-
dergoing both major and minor procedures.10,23-25 In the

present study, we conducted a specialty-level analysis and
added 2.3 million patients from the NSQIP database to im-
prove the generalizability of the results. We found a statisti-
cally significant difference among specialties regarding the per-
centage of frail and very frail patients treated. Low- or
moderate-intensity specialties saw, on average, 1.3% to 8.8%
frail and 0.1% to 1.6% very frail patients; high-intensity spe-
cialties included, on average, 5.6% to 13.6% frail and 0.9% to
4.1% very frail patients. Low- and moderate-intensity special-
ties may not be as attuned to recognizing frailty compared with
high-intensity specialties that operate on a greater propor-
tion of frail/high-risk patients. Subjective assessments by sur-
gical clinicians misclassify up to 50% of frail patients and usu-
ally identify disability rather than frailty.29,30 In the
Cardiovascular Health Study, 27% of frail older adults in the
community did not have major comorbidities or evident
disability.17 We contend that these data are sufficiently impor-
tant to warrant implementation of universal, objective preop-
erative frailty screening in all surgical specialty clinics, regard-
less of the planned procedure or care setting. We suggest that
these results be used by specialties that perform predomi-
nantly low-stress surgeries, as no specialty is exempt from the
deleterious effects of frailty on surgical outcomes.

The RAI’s predictive power is similar to that of other
published frailty indexes; however, these indexes have been
used primarily in either retrospective studies or in a con-
trolled research setting and have not proven to be feasible
for universal point-of-care testing in predominantly robust
populations.15,17,20 In contrast, clinician- and patient-
reported versions of the RAI require no special equipment
and can be calculated in less than 60 seconds without dis-
rupting the workflow of busy outpatient clinics.24 As such,
the RAI is intended to provide point-of-care risk stratifica-
tion in real time.21,22 In the setting of the surgical clinic, a
diagnosis of frailty in the face of life-limiting illness may
shift a patient’s priorities away from surgery and toward ear-
lier implementation of palliative care measures, a transition
that has repeatedly been associated with improvements in
quality of life, decreased health care expenditures, and
increased satisfaction with care.31-36 The rapid questionnaire

Figure 2. Veterans Affairs Surgical Quality Improvement Program (VASQIP) 180-Day Mortality Following Surgery in 9 Noncardiac Surgical Specialties
Stratified by Frailty Status (Risk Analysis Index) and Operative Stress Score (OSS)
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Specialties were categorized by the percentage of low-stress (OSS 1 and 2) procedures performed. Frail and very frail patients experienced high mortality rates
following low- and moderate-stress procedures in all specialties. Error bars represent the SEs.
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Table 2. Multivariable Logistic Regression Models Evaluating the Association Between Frailty and Mortality
Stratified by Specialtya

Specialty Model

aOR (95% CI)

NSQIP, 30-d mortality VASQIP, 30-d mortality VASQIP, 180-d mortality

General RAI robust 0.17 (0.16-0.18) 0.33 (0.28-0.40) 0.31 (0.28-0.34)

RAI normal 1 [Reference] 1 [Reference] 1 [Reference]

RAI frail 3.41 (3.29-3.55) 4.15 (3.67-4.71) 4.32 (4.02-4.65)

RAI very frail 10.3 (9.77-10.86) 15.48 (13.63-17.59) 15.86 (14.53-17.31)

OSS 1-2 1 [Reference] 1 [Reference] 1 [Reference]

OSS 3 3.91 (3.71-4.12) 4.32 (3.72-5.02) 2.82 (2.62-3.05)

OSS 4-5 6.42 (6.07-6.79) 5.76 (4.89-6.78) 3.8 (3.47-4.15)

Emergency 5.6 (5.42-5.78) 3.6 (3.27-3.98) 2.61 (2.44-2.80)

Gynecologyb RAI robust 0.07 (0.05-0.10)

RAI normal 1 [Reference] 1 [Reference] 1 [Reference]

RAI frail 3.8 (2.47-5.86)

RAI very frail 18.29 (9.92-33.74)

OSS 1-2 1 [Reference] 1 [Reference] 1 [Reference]

OSS 3 1.63 (1.06-2.50) 0.98 (0.06-16.06) 0.96 (0.19-4.78)

OSS 4-5 4.72 (2.55-8.73)

Emergency 4.25 (2.36-7.66) 185.6 (11.26-3058.58) 37.08 (4.17-329.93)

Neurosurgery RAI robust 0.36 (0.30-0.43) 0.29 (0.16-0.49) 0.34 (0.26-0.43)

RAI normal 1 [Reference] 1 [Reference] 1 [Reference]

RAI frail 4.18 (3.58-4.89) 5.22 (3.43-7.96) 6.82 (5.53-8.39)

RAI very frail 9.8 (7.68-12.50) 32.1 (20.95-49.16) 30.54 (23.34-39.97)

OSS 1-2 1 [Reference] 1 [Reference] 1 [Reference]

OSS 3 4.46 (3.59-5.52) 1.28 (0.88-1.86) 1.93 (1.58-2.35)

OSS 4-5 18.21 (13.77-24.09) 2.48 (1.37-4.51) 1.86 (1.23-2.80)

Emergency 3.73 (3.11-4.47) 1.58 (1.01-2.48) 1.12 (0.83-1.51)

Orthopedicb RAI robust 0.2 (0.17-0.23) 0.27 (0.20-0.38) 0.31 (0.27-0.36)

RAI normal 1 [Reference] 1 [Reference] 1 [Reference]

RAI frail 7.12 (6.49-7.82) 8.84 (7.12-11.00) 9.06 (8.05-10.20)

RAI very frail 20.31 (17.79-23.18) 33.94 (27.12-42.46) 36.8 (32.18-42.07)

OSS 1-2 1 [Reference] 1 [Reference] 1 [Reference]

OSS 3 3.41 (3.05-3.81) 2.28 (1.89-2.75) 2.35 (2.12-2.61)

OSS 4-5 39.66 (10.54-149.19)

Emergency 2.46 (2.23-2.71) 1.79 (1.44-2.23) 1.7 (1.46-1.97)

ENT RAI robust 0.21 (0.12-0.34) 0.3 (0.12-0.74) 0.38 (0.28-0.52)

RAI normal 1 [Reference] 1 [Reference] 1 [Reference]

RAI frail 3.83 (2.37-6.21) 5.3 (2.89-9.69) 3.33 (2.58-4.30)

RAI very frail 15.74 (8.35-29.68) 7.81 (3.44-17.73) 6.27 (4.33-9.07)

OSS 1-2 1 [Reference] 1 [Reference] 1 [Reference]

OSS 3 2.36 (1.51-3.68) 2.82 (1.58-5.02) 2.95 (2.31-3.76)

OSS 4-5 5.15 (2.92-9.09) 3.04 (1.42-6.51) 5.38 (4.03-7.17)

Emergency 7.89 (3.94-15.83) 4.25 (1.79-10.05) 3.62 (2.27-5.77)

Plastic RAI robust 0.09 (0.05-0.16) 0.52 (0.16-1.63) 0.36 (0.20-0.64)

RAI normal 1 [Reference] 1 [Reference] 1 [Reference]

RAI frail 5.1 (3.03-8.58) 3.68 (1.21-11.21) 7.13 (4.35-11.69)

RAI very frail 27.99 (14.67-53.39) 14.15 (4.19-47.77) 24.77 (13.38-45.88)

OSS 1-2 1 [Reference] 1 [Reference] 1 [Reference]

OSS 3 1.53 (0.96-2.42) 2.53 (1.01-6.29) 1.46 (0.94-2.27)

OSS 4-5 24.94 (6.13-101.45) 9.02 (1.02-79.89) 6.58 (1.56-27.77)

Emergency 7.44 (4.10-13.51) 3.33 (0.93-11.91) 0.91 (0.35-2.41)

(continued)
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screening is especially useful for low- and moderate-
intensity specialties that treat patients with a low prevalence
of frailty, because comprehensive geriatric assessments
require a trained geriatrician to spend 60 to 90 minutes to
complete and may not be feasible in such specialty clinics.
Prior work demonstrates not only the RAI’s validity in esti-
mating outcomes after surgery in a number of settings (high-
risk, low-risk, inpatient, and ambulatory surgery), but also
feasibility for pragmatic, system-wide implementation for a
wide range of surgical specialties and referral to more spe-
cialized services, such as geriatrics, palliative care, or multi-
disciplinary perioperative surgical homes.10,23-25

There are several potential benefits of including frailty
screening as part of routine surgical risk assessment in all sur-
gical specialties. Frailty assessment helps surgeons to appro-
priately risk stratify patients and counsel frail patients regard-
ing the increased risk of adverse outcomes following even
relatively minor, low-stress procedures. Clinicians and frail pa-
tients can make informed, patient-centered, collaborative de-
cisions about the utility of invasive procedures, balancing risks
vs potential improvements in quality of life in the setting of a
limited life span. By assessing how the planned intervention
is consistent with a patient’s overarching goals, surgeons can
adjust their operative plans to better align with the hopes, fears,
and expectations of patients and their care partners. Frailty is
also associated with higher health care costs after surgery.37

Routine frailty screening decreases health care costs and use
by identifying patients who would benefit most from re-
source allocation.38

In addition, we found a nonstepwise association: pa-
tients of moderate-intensity specialties experienced higher
mortality following moderate- and high-stress procedures than
patients of high-intensity specialties. We propose a 2-fold hy-
pothesis for this observation. First, as described earlier, there
may be a lack of recognizing frailty or at-risk patients without
standardized screening by low- and moderate-intensity spe-
cialties because they treat a low volume of frail and very frail
patients. Second, the phenomenon of failure to rescue may con-
tribute to this association at the hospital and service-line level.
For high-intensity specialties there may be greater vigilance
by the medical staff and standard protocols in place that may
aid in swiftly identifying complications and promoting res-
cue in patients undergoing high operative stress procedures.
The same caution may not be automatically observed follow-
ing low- or moderate-stress procedures. Early awareness of pa-
tient frailty can help surgeons and members of the care team
implement mitigation strategies to prevent and rescue pa-
tients from surgical complications associated with frailty.39-41

For example, low- and moderate-intensity specialties could
choose to offer inpatient or observation stays to frail patients
for otherwise outpatient, low-stress procedures, or admit pa-
tients to a higher level of care for inpatient surgery. Early

Table 2. Multivariable Logistic Regression Models Evaluating the Association Between Frailty and Mortality
Stratified by Specialtya (continued)

Specialty Model

aOR (95% CI)

NSQIP, 30-d mortality VASQIP, 30-d mortality VASQIP, 180-d mortality

Thoracic RAI robust 0.3 (0.23-0.37) 0.5 (0.33-0.75) 0.54 (0.44-0.65)

RAI normal 1 [Reference] 1 [Reference] 1 [Reference]

RAI frail 2.05 (1.71-2.45) 2.87 (2.14-3.84) 2.88 (2.45-3.38)

RAI very frail 9.98 (7.63-13.05) 9.48 (6.96-12.92) 6.42 (5.19-7.93)

OSS 1-2 1 [Reference] 1 [Reference] 1 [Reference]

OSS 3 1.35 (1.00-1.81) 1.48 (1.00-2.20) 0.8 (0.66-0.97)

OSS 4-5 1.36 (1.03-1.80) 1.36 (0.96-1.93) 0.65 (0.44-0.76)

Emergency 3.65 (2.79-4.79) 1.4 (0.93-2.10) 1.16 (0.87-1.55)

Urology RAI robust 0.33 (0.25-0.43) 0.36 (0.23-0.56) 0.39 (0.33-0.47)

RAI normal 1 [Reference] 1 [Reference] 1 [Reference]

RAI frail 6.14 (5.20-7.24) 4.35 (3.33-5.70) 5.01 (4.50-5.58)

RAI very frail 27.41 (21.56-34.85) 30.47 (22.56-41.15) 23.07 (19.52-27.27)

OSS 1-2 1 [Reference] 1 [Reference] 1 [Reference]

OSS 3 0.95 (0.78-1.15) 1.53 (1.09-2.15) 0.8 (0.66-0.96)

OSS 4-5 2.63 (2.21-3.13) 3.13 (2.34-4.18) 1.51 (1.31-1.76)

Emergency 4.28 (3.27-5.60) 6.46 (4.43-9.42) 3.41 (2.65-4.40)

Vascular RAI robust 0.41 (0.37-0.45) 0.52 (0.38-0.71) 0.5 (0.42-0.59)

RAI normal 1 [Reference] 1 [Reference] 1 [Reference]

RAI frail 3.42 (3.19-3.67) 4.23 (3.51-5.10) 4.2 (3.79-4.65)

RAI very frail 10.85 (9.83-11.96) 12.66 (10.31-15.55) 12.76 (11.25-14.48)

OSS 1-2 1 [Reference] 1 [Reference] 1 [Reference]

OSS 3 1.18 (1.10-1.26) 1.3 (1.07-1.57) 1.06 (0.95-1.17)

OSS 4-5 3.25 (2.91-3.64) 3.46 (2.59-4.63) 1.45 (1.19-1.78)

Emergency 5.83 (5.46-6.23) 3.35 (2.78-4.04) 2.33 (2.05-2.64)

Abbreviations: aOR, adjusted odds
ratio; ENT, ear, nose, and throat;
NSQIP, National Surgical Quality
Improvement Program;
OSS, Operative Stress Score;
RAI, Risk Analysis Index;
VASQIP, Veterans Affairs Surgical
Quality Improvement Program.
a Frailty was measured with the RAI,

which uses 14 variables from the
registry data set to generate scores
ranging from 0 to 81, with higher
scores indicating more frailty. There
are 4 levels: robust (�20), normal
(21-29), frail (30-39), and very frail
(�40); the reference group is
normal. The OSS categories are 1 to
2 (low stress), 3 (moderate stress),
and 4 to 5 (high stress); reference
group is OSS 1 to 2. Emergency was
categorized as yes or no and
emergent or nonemergent;
reference group was nonemergent.

b Empty cells indicate that the factors
could not be estimated in the
model.
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follow-up or home-based check-ins could be additionally
implemented for frail patients to reduce readmissions and miti-
gate the consequences of postoperative complications.

Limitations
This study has limitations. The underlying data were deiden-
tified at the case level, thereby preventing analysis at the pa-
tient level. The NSQIP is limited to 30-day outcomes; caution
is indicated before generalizing VASQIP outcomes to the gen-
eral population, especially given VASQIP’s predominantly male
composition. However, it is unlikely that findings would be sub-
stantially different with more balanced cohorts, especially con-
sidering the longer-term outcomes associated with RAI ob-
served in a private sector hospital system representative of the
general population.24,25 The VASQIP and NSQIP also do not dis-
tinguish between all-cause mortality and deaths directly re-
lated to the surgical procedure. However, we contend that the
cause of frailty-related mortality is less important than the

awareness that mortality risks of any cause are substantial and
thus relevant to setting realistic goals of care, especially in cir-
cumstances when patient frailty may preclude living long
enough to garner the expected benefits of surgery.

Conclusions
This study supported the hypothesis that frailty is univer-
sally associated with survival outcomes across surgical spe-
cialties with varying case-mix, independent of operative stress
and emergency status. A strength of this study is its ability to
look beyond 30-day outcomes to 6-month results, and there
was greater than 10% 180-day mortality for frail patients fol-
lowing even low-stress procedures in low-intensity special-
ties. Thus, preoperative frailty assessment should be imple-
mented for all specialties regardless of the planned procedure
to facilitate risk stratification and shared decision-making.
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