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IMPORTANCE Failure to rescue (FTR), or death after a potentially preventable complication, is
a nationally endorsed, publicly reported quality measure. However, little is known about the
impact of frailty on FTR, in particular after low-risk surgical procedures.

OBJECTIVE To assess the association of frailty with FTR in patients undergoing inpatient
surgery.

DESIGN, SETTING, AND PARTICIPANTS This study assessed a cohort of 984 550 patients
undergoing inpatient general, vascular, thoracic, cardiac, and orthopedic surgery in the
National Surgical Quality Improvement Program between January 1, 2005, and December 31,
2012. Frailty was assessed using the Risk Analysis Index (RAI), and patients were stratified
into 5 groups (RAI score, �10, 11-20, 21-30, 31-40, and >40). Procedures were categorized as
low mortality risk (�1%) or high mortality risk (>1%). The association between RAI scores, the
number of postoperative complications (0, 1, 2, or 3 or more), and FTR was evaluated using
hierarchical modeling.

MAIN OUTCOMES AND MEASURES The number of postoperative complications and inpatient
FTR.

RESULTS A total of 984 550 patients were included, with a mean (SD) age of 58.2 (17.1) years;
women were 549 281 (55.8%) of the cohort. For patients with RAI scores of 10 or less, major
complication rates after low-risk surgery were 3.2%; rates of those with RAI scores of 11 to 20,
21 to 30, 31 to 40, and more than 40 were 8.6%, 13.5%, 23.8%, and 36.4%, respectively.
After high-risk surgery, these rates were 13.5% for those with scores of 10 or less, 23.7% for
those with scores of 11 to 20, 31.1% for those with scores of 21 to 30, 42.5% for those with
scores of 31 to 40, and 54.4% for those with scores of more than 40. Stratifying by the
number of complications, significant increases in FTR were observed across RAI categories
after both low-risk and high-risk procedures. After a low-risk procedure, odds of FTR after 1
major complication for patients with RAI scores of 11 to 20 increased 5-fold over those with
RAI scores of 10 or less (odds ratio [OR], 5.3; 95% CI, 3.9-7.1). Odds ratios were 8.1 (95% CI,
5.6-11.7) for patients with RAI scores of 21 to 30; 22.3 (95% CI, 13.9-35.6) for patients with
scores of 31 to 40; and 43.9 (95% CI, 19-101.1) for patients with scores of more than 40. For
patients undergoing a high-risk procedure, the corresponding ORs were likewise consistently
elevated (RAI score 11-20: OR, 2.5; 95% CI, 2.3-2.7; vs RAI score 21-30: 5.1; 95% CI, 4.6-5.5; vs
RAI score 31-40: 8.9; 95% CI, 8.1-9.9; vs RAI score >40: 18.4; 95% CI, 15.7-21.4).

CONCLUSIONS AND RELEVANCE Frailty has a dose-response association with complications
and FTR, which is apparent after low-risk and high-risk inpatient surgery. Systematic
assessment of frailty in preoperative patients may help refine estimates of surgical risk that
could identify patients who might benefit from perioperative interventions designed to
enhance physiologic reserve and potentially mitigate aspects of procedural risk, and would
provide a framework for shared decision-making regarding the value of a given surgical
procedure.
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T he prevalence of frailty is estimated at 10% to 20% of
the United States population older than 65 years and as
many as 40% in those older than 80 years.1 (The popu-

lation older than 65 years currently accounts for 15% of the total
population and is projected to rise to 21% by 2030.1) Frailty is
a state of vulnerability to adverse health outcomes because of
stressors that result in disability, dependency, falls, need for
long-term care, and mortality.2 Although frailty can be de-
fined in many ways, an international panel of experts who con-
vened in 2011 agreed that it is a multidimensional construct
of 6 domains (physical performance, gait speed, mobility, nu-
tritional status, mental health, and cognition) that together can
indic ate inc reased risk of death, disabil ity, and
institutionalization.3 While frailty increases with age, not all
elderly patients are necessarily frail, and not all young pa-
tients are necessarily robust. As such, frailty can be concep-
tualized as a measure of physiologic reserve, which is de-
fined as the critical threshold at which external stressors
overwhelm the ability of the human body to adapt, resulting
in decompensation.4

Although frailty is widely reported in the medical litera-
ture, its role in adverse postoperative outcomes has been es-
tablished only recently.5-7 Failure to Rescue (FTR), defined as
death after a serious, potentially preventable complication, is
a nationally endorsed and publicly reported quality measure.8,9

However, the underlying mechanism by which this phenom-
enon occurs remains poorly understood. Frail patients may be
particularly vulnerable to FTR because their diminished physi-
ological reserve may contribute to occurrence of periopera-
tive complications and reduce their ability to recover when such
adverse events happen.

Although recently published data have demonstrated an
association between frailty and FTR in patients undergoing
trauma and vascular surgery, important but unanswered ques-
tions remain.10,11 Although frailty is associated with postop-
erative morbidity, the degree to which it is associated with pa-
tients’ risk of developing multiple complications (which have
been shown to have a dose-response effect on FTR) is unclear.12

In addition, few studies have evaluated whether frailty im-
pacts postoperative outcomes after lower-risk operations. To
explore these 2 issues, we applied the Risk Analysis Index (RAI),
a recently validated tool13 for screening large surgical popu-
lations, to data from the American College of Surgeons Na-
tional Surgical Quality Improvement Program (ACS-NSQIP). We
hypothesized that frailty was not only associated with the oc-
currence of multiple complications and FTR, but that this as-
sociation was apparent after both high-risk and low-risk in-
patient surgery.

Methods
Data
Data from ACS-NSQIP were used to conduct a retrospective co-
hort study of patients undergoing inpatient general, vascu-
lar, thoracic, cardiac, and orthopedic operations between Janu-
ary 1, 2005, to December 31, 2012. The database contains
prospectively collected clinical and surgical information for all

major inpatient and outpatient surgical procedures per-
formed at more than 600 participating hospitals. This study
was granted exempt status by the Roswell Park Cancer Insti-
tute institutional review board per institutional guidelines be-
cause of the deidentified nature of the data.

Patients
The cohort was restricted to patients who underwent an op-
eration from January 1, 2005, to December 31, 2012, because
the variables necessary to calculate the RAI score were only
available in ACS-NSQIP in these years. In subsequent years, sev-
eral of the necessary data points were omitted from abstrac-
tion. We excluded patients who underwent outpatient proce-
dures because they had a very low mortality rate (0.09%).
Within this data set, 2 395 937 patients underwent an inpa-
tient surgical procedure for 1 of the included specialties. Any
patient with an incomplete set of the data needed to calcu-
late the RAI score was excluded (n = 1 403 218). Patients
younger than 18 years were also excluded (n = 1687). The fi-
nal analytic data set included 984 550 patients.

Variables
The RAI score for each patient was calculated. The RAI was
adapted from the Minimum Data Set (MDS) Mortality Risk In-
dex–Revised (MMRI-R).14,15 The MMRI-R consists of demo-
graphic and clinical variables in addition to assessing activi-
ties of daily living. The RAI was validated prospectively in the
outpatient surgery clinics at the Veterans Affairs Nebraska–
Western Iowa Health Care System and retrospectively using
variables from ACS-NSQIP and the Veterans Affairs Surgical
Quality Improvement Program.13 The RAI score predicts post-
operative mortality and morbidity with as good or better pre-
dictive ability than other existing measures of frailty, such as
the MMRI-R and the modified Frailty Index (mFI).16

The variables used to calculate the RAI score of each pa-
tient were age, sex, diagnosis of cancer (a composite of dis-
seminated cancer, preoperative chemotherapy, and preopera-
tive radiation therapy scores), weight loss, renal failure,

Key Points
Question What is the association of patient frailty with
postoperative complications and failure to rescue after low-risk
and high-risk inpatient surgery?

Findings In this cohort study of the American College of Surgeons
National Surgical Quality Improvement Program, there was a
dose-response association between increasing patient frailty, the
number of postoperative complications, and failure to rescue.
These associations were apparent after low-risk and high-risk
inpatient surgical procedures.

Meaning Patient frailty should be considered an important
component of the preoperative assessment because it may help
identify patients who might benefit from perioperative
interventions designed to enhance physiologic reserve and could
provide a framework for shared decision making on initiating
surgical care.
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congestive heart failure, shortness of breath, chronic care fa-
cility status, presence of cognitive deterioration, and func-
tional status. Patients were then stratified into 5 groups per
their RAI score (≤10 points, 11-20 points, 21-30 points, 31-40
points, and >40 points), in which larger scores indicated poorer
overall health status. Days from operation to each complica-
tion were used to separately identify complications that oc-
curred during the postoperative inpatient stay and those that
occurred after discharge. Major complications included deep
infection, organ-space infection, acute renal failure, postop-
erative bleeding requiring transfusion, myocardial infarc-
tion, pneumonia, pulmonary embolism, stroke, unplanned in-
tubation, prolonged mechanical ventilation, or septic shock.17

The number of postoperative complications were calculated
and then categorized as 0, 1, 2, and 3 or more.12 A procedure-
specific risk categorization was also created. Current Proce-
dural Terminology codes were used to identify individual pro-
cedures, and procedure-specific 30-day mortality rates were
calculated. Procedures were then categorized as low-risk (30-
day mortality rate, ≤1%) or high-risk (30-day mortality rate,
>1%).17 A list of the 10 most common high-risk and low-risk pro-
cedures in the data set are provided in eAppendix 1 in the
Supplement.

Statistical Analysis
Standard descriptive statistics were used to evaluate the dis-
tribution of variables across RAI categories. The Cochrane-
Armitage test was used to evaluate for statistically significant
trends in complication and FTR rates across RAI categories. We
chose to use the Agency for Healthcare Research and Quality
FTR definition for our primary outcome (inpatient FTR, de-
fined as an inpatient death after an inpatient complication).18

However, the National Quality Forum also endorses a quality
indicator using 30-day FTR, not just inpatient mortality.8 As
such, we also chose to conduct a sensitivity analysis using this
alternative definition for FTR. Additional sensitivity analyses
were conducted among patients who only underwent elec-
tive (rather than emergent) surgical procedures. The results of
all analyses were similar.

To address the fact that procedures across different spe-
cialties could have similar risk profiles, 2-level, hierarchical re-
gression models (that clustered patients within specialties)
were used. The association between the number of complica-
tions and RAI was evaluated using multinomial regression. The
association between RAI score and FTR rate (or, more simply,
mortality for those who had no complications) was evaluated
using logistic regression. Because our main variable of inter-
est, RAI score, is a composite variable combining many of the
covariates we would have normally selected for inclusion in a
multivariable model, no covariates were included to avoid col-
linearity issues. The exception was the logistic model evalu-
ating FTR, which included an interaction between RAI score
and the number of complications. All model assumptions were
verified graphically using diagnostic plots as appropriate. A me-
diation analysis was performed to evaluate how RAI score was
associated with FTR per the number of complications .19,20 To
formally test how RAI scores mediated the number of compli-
cations, we applied the method of Baron and Kenny,21 which

establishes partial or full mediation when (1) separate models
demonstrate a significant association between the indepen-
dent variable and the mediating variable and between the me-
diating variable and the dependent variable and (2) the asso-
ciation between the independent and dependent variable is
significantly reduced after a mediating variable is added to the
model.21

All analyses were completed in SAS version 9.4 (SAS In-
stitute, Inc). A P value of .05 was used to denote statistical sig-
nificance. Analyses were performed from February 2017 to July
2017.

Results
A total of 984 550 patients were included in our analysis. The
mean (SD) age of the overall cohort was 58.2 (17.1) years; women
constituted 549 281 (55.8%) of the cohort. A total of 715 443 pa-
tients (72.7%) underwent general surgery, 159 432 (16.2%) had
vascular surgery, 11 727 (1.2%) had thoracic surgery, 12 310
(1.3%) had cardiac surgery, and 85 638 (8.7%) had orthopedic
surgery.

Table 1 summarizes the demographic, clinical, morbidity,
and mortality characteristics of the 5 RAI groups. Of the full
study cohort, 131 775 (13.4%) had any complication, with
102 270 patients (10.4%) having a major complication. A total
of 59 684 of 811 043 patients (7.4%) with RAI scores of 10 or
less experienced major complications, as did 21 457 of 108 635
patients (19.8%) with RAI scores of 11 to 20, 13 505 of 47 304
patients (28.5%) with RAI scores of 21 to 30, 5897 of 14 348 pa-
tients (41.1%) with RAI scores of 31 to 40, and 1727 of 3220 pa-
tients (53.6%) with RAI scores of more than 40. The rates of
any complication varied significantly between groups (RAI
score ≤10: 79 880 of 811 043 [9.8%]; RAI scores 11-20: 26 917
of 108 635 [24.8%]; RAI scores 21-30: 16 320 of 47 304 [34.5%];
RAI scores 31-40: 6761 of 14 348 [47.1%]; and RAI scores ≥40:
1897 of 3220 [58.9%]; P < .001 across all groups).

For those who underwent low-risk surgery, rates of major
complication rates varied more than 10-fold (RAI scores ≤10:
15 551 of 483 286 [3.2%]; RAI scores 11-20: 2445 of 28 352
[8.6%]; RAI scores 21-30: 920 of 6820 [13.5%]; RAI scores 31-
40: 262 of 1103 [23.8%]; RAI scores ≥40: 51 of 140 [36.4%];
P < .001 across all groups). For patients undergoing high-risk
surgery, major complications occurred in 44 133 of 327 757 pa-
tients (13.5%) with RAI scores of 10 or less, 19 012 of 80 283 pa-
tients (23.7%) with RAI scores between 11 and 20, 12 585 of
40 484 patients (31.1%) with RAI scores between 21 and 30, 5635
of 13 245 patients (42.5%) with RAI scores between 31 and 40,
and 1676 of 3080 patients (54.4%) with scores of more than
40 (P < .001 across all groups).

This trend was also observed for any complications. Indi-
viduals undergoing low-risk surgery with high RAI scores ex-
perienced rates of any complication that were much higher
than individuals with lower RAI scores (RAI scores ≤10: 21 184
of 483 286 [4.4%]; RAI scores 11-20: 3176 of 28 352 [11.2%]; RAI
scores 21-30: 1194 of 6820 [17.5%]; RAI scores 31-40: 314 of 1103
[28.5%]; RAI scores ≥40: 60 of 140 [42.9%]; P < .001 across all
groups). A similar pattern was seen in those patients under-
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Table 1. Demographic and Clinical Variables Stratified by Risk Analysis Index Score

Characteristic

RAI Score, No. (%)

≤10 11-20 21-30 31-40 >40
Total 811 043 (82.4) 108 635 (11.0) 47 304 (4.8) 14 348 (1.5) 3220 (0.3)

Age, mean/median (SD) 56.3/58.0 (16.7) 67.4/70.0 (16.4) 66.4/67.0 (15.1) 67.4/69.0 (14.8) 66.6/68.0 (14.3)

Age, y

≤ 55 368 515 (45.4) 25 986 (23.9) 11 034 (23.3) 3007 (21.0) 665 (20.7)

56-65 177 826 (21.9) 19 811 (18.2) 10 603 (22.4) 3061 (21.3) 763 (23.7)

66-75 154 235 (19.0) 22 667 (20.9) 10 784 (22.8) 3387 (23.6) 821 (25.5)

>75 110 467 (13.6) 40 171 (37.0) 14 883 (31.5) 4893 (34.1) 971 (30.2)

Sex

Male 334 015 (41.2) 55 707 (51.3) 32 865 (69.5) 10 248 (71.4) 2434 (75.6)

Female 477 028 (58.8) 52 928 (48.7) 14 439 (30.5) 4100 (28.6) 786 (24.4)

Race/Ethnicity

White 609 279 (83.7) 80 816 (81.6) 35 129 (81.6) 10 268 (78.5) 2242 (76.2)

Black 80 617 (11.1) 13 686 (13.8) 5997 (13.9) 2250 (17.2) 560 (19.0)

Asian 18 961 (2.6) 2418 (2.4) 1057 (2.5 295 (2.3 75 (2.6

Hispanic 12 980 (1.8) 1443 (1.5) 565 (1.3) 187 (1.4) 43 (1.5)

Native American 5968 (0.8) 716 (0.7) 303 (0.7) 86 (0.7) 21 (0.7)

BMI, mean (SD) 30.9 (12.9) 27.3 (7.6) 27.4 (7.4) 26.9 (7.9) 29.9 (7.3)

ASA level

1 54 355 (6.7) 944 (0.9) 217 (0.5) 23 (0.2) 1 (0.0)

2 339 649 (41.9) 19 036 (17.5) 6386 (13.5) 813 (5.7) 54 (1.7)

3 363 771 (44.9) 62 554 (57.7) 24 448 (51.8) 5790 (40.4) 919 (28.6)

4/5 52 184 (6.4) 25 947 (23.9) 16 188 (34.3) 7699 (53.7) 2242 (69.7)

Current smoker (within 1 y) 173 032 (21.3) 22 297 (20.5) 9473 (20.0) 3067 (21.4) 784 (24.3)

Functional status

Independent 802 653 (99.0) 69 876 (64.3) 20 687 (43.7) 2976 (20.7) 61 (1.9)

Partial dependent 8390 (1.0) 36 182 (33.3) 15 181 (32.1) 3016 (21.0) 656 (20.4)

Total dependent 0 2577 (2.4) 11 436 (24.2) 8356 (58.2) 2503 (77.7)

Diabetes

None 673 992 (83.1) 81 622 (75.1) 34 796 (73.6) 9975 (69.5) 2204 (68.4)

Noninsulin 36 114 (4.5) 4944 (4.6) 1901 (4.0) 462 (3.2) 105 (3.3)

Oral medication 49 266 (6.1) 7662 (7.1) 3285 (6.9) 1051 (7.3) 237 (7.4)

Insulin 51 671 (6.4) 14 407 (13.3) 7322 (15.5) 2860 (19.9) 674 (20.9)

Congestive heart failure 2331 (0.3) 6117 (5.6) 3519 (7.4) 2034 (14.2) 830 (25.8)

Dyspnea

None 720 144 (88.8) 86 148 (79.3) 37 110 (78.5) 8618 (60.1) 1160 (36.0)

Moderate exertion 88 591 (10.9 15 763 (14.5) 5829 (12.3) 1534 (10.7) 259 (8.0)

At rest 2308 (0.3) 6724 (6.2) 4365 (9.2) 4196 (29.2) 1801 (55.9)

Chronic obstructive pulmonary disease 41 824 (5.2) 12 577 (11.6) 5826 (12.3) 2432 (17.0) 692 (21.5)

Preoperative pneumonia 2103 (0.3) 1973 (1.8) 2164 (4.6) 1652 (11.5) 668 (20.7)

Preoperative ventilator 1698 (0.2) 2155 (2.0) 4874 (10.3) 3603 (25.1) 1250 (38.8)

Preoperative coma 59 (0.0) 44 (0.0) 269 (0.6) 340 (2.4) 139 (4.3)

Impaired sensorium 2093 (0.3) 2165 (2.0) 2993 (6.3) 2529 (17.6) 1100 (34.2)

Transient ischemic attack 27 841 (3.4) 6358 (5.9) 2252 (4.8) 725 (5.1) 185 (5.7)

Stroke

None 776 006 (95.7) 97 270 (89.5) 41 137 (87.0) 11 411 (79.5) 2540 (78.9)

Without deficit 17 466 (2.2) 5219 (4.8) 2224 (4.7) 677 (4.7) 152 (4.7)

With deficit 17 493 (2.2) 6138 (5.7) 3938 (8.3) 2260 (15.8) 528 (16.4)

Ascites 6086 (0.8) 3030 (2.8) 2500 (5.3) 1464 (10.2) 570 (17.7)

Bleeding disorder 50 312 (6.2) 16 138 (14.9) 8331 (17.6) 3436 (23.9) 1002 (31.1)

Disseminated cancer 0 10 397 (9.6) 12 777 (27.0) 3416 (23.8) 1247 (38.7)

(continued)
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going high-risk surgery (RAI scores ≤10: 58 696 of 327 757
[17.9%]; RAI scores 11-20: 23 741 of 80 283 [29.6%]; RAI scores
21-30: 15 126 of 40 484 [37.4%]; RAI scores 31-40: 6447 of 13 245
[48.7%]; and RAI scores ≥40: 1837 of 3080 [59.6%]; P < .001
across all groups). Figure 1 shows the number of major and any
complication across RAI groups, stratified by procedural risk.

Across RAI scores, there were monotonic increases in the
proportion of patients who had a specific number of major com-
plications and any complications, regardless of level of pro-
cedural risk. For instance, the rate of any 1 complication in pa-
tients who underwent a low-risk procedure (RAI scores ≤10:
13 008 of 483 286 [2.7%]; RAI scores 11 to 20: 1785 of 28 352
[6.3%]; RAI scores 21-30: 595 of 6820 [8.7%]; RAI scores 31-
40: 154 of 1103 [14.0%]; RAI scores ≥40: 29 of 140 [20.7%]) was
uniformly lower in each score group than the rate of any 1 com-
plication in patients in the same score group who underwent
a high-risk procedure (RAI scores ≤10: 30 832 of 327 757 [9.4%];
RAI scores 11-20: 11 772 of 80 283 [14.7%]; RAI scores 21-30:
7026 of 40 484 [17.4%]; RAI scores 31-40: 2810 of 13 245
[21.2%]; RAI scores ≥40: 779 of 3080 [25.3%]).

Regardless of procedural risk level, increasing RAI score
was also associated with an incremental increase in the like-
lihood of a given number of complications relative to pa-
tients who had no complications (Table 2). For instance, rela-
tive to patients who had no complications, the relative risk
ratios (RR) of developing 1 major complication after a low-
risk procedure were 2.2 (95% CI, 1.6-2.9) among patients with
RAI scores of 11-20, 3.2 (95% CI, 2.3-4.5) among those with RAI
scores of 21 to 30, 5.4 (95% CI, 3.7-7.8) among those with RAI
scores of 31 to 40, and 9.4 (95% CI, 5.4-16.5) among those who
scored more than 40.

Figure 2 presents FTR as a function of RAI score. For high-
risk procedures, there were significant increases in FTR rates
across RAI categories, stratified by the number of complica-
tions. For patients undergoing a high-risk procedure who ex-
perienced 1 major complication, FTR occurred in 1187 of 30 832
patients with RAI scores of 10 or less (3.8%; reference); 1076
of 11 772 patients (9.1%) with RAI scores of 11 to 20 (OR, 2.5;
95% CI, 2.3-2.7); 1184 of 7026 patients (16.9%) with RAI scores
of 21 to 30 (OR, 5.1; 95% CI, 4.6-5.5); 744 of 2810 patients
(26.5%) with RAI scores of 31 to 40 (OR, 9.0; 95% CI, 8.1-
10.0); and 330 of 779 patients (42.4%) with RAI scores of more
than 40 (OR, 18.4; 95% CI, 15.7-21.4). Rates of FTR increased
in patients who had high-risk procedures followed by 2 major
complications (RAI score ≤10: 1013 of 6787 [14.9%]; vs RAI score
11-20: 884 of 3610 [24.5%]; OR, 1.8; 95% CI, 1.7-2.0; vs RAI score
21-30: 853 of 2835 [30.1%]; OR, 2.4; 95% CI, 2.2-2.7; vs RAI score
31-40: 515 of 1438 [35.8%]; OR, 3.2; 95% CI, 2.8-3.6; vs RAI score
≥40: 223 of 493 [45.2%]; OR, 4.7; 95% CI, 3.9-5.7; P < .001) and
3 or more major complications (RAI score ≤10: 1552 of 6514
[23.8%]; vs RAI score 11-20: 1146 of 3630 [31.6%]; OR, 1.5; 95%
CI, 1.3-1.6; vs RAI score 21-30: 975 of 2724 [35.8%]; OR, 1.8; 95%
CI, 1.6-2.0; RAI score 31-40: 552 of 1387 [39.8%]; OR, 2.1; 95%
CI, 1.9-2.4; RAI score ≥40: 187 of 404 [46.3%]; OR, 2.7; 95% CI,
2.2-3.4; P < .001 for all comparisons; Table 3). The findings were
similar for any complications.

This same trend was observed after low-risk procedures,
although absolute event rates were lower. Increasing RAI scores
were associated with a higher odds of FTR (or perioperative
mortality for those who had no complications). The odds of
FTR after 1 major complication for patients undergoing a low
risk procedure increased as RAI scores rose (RAI score ≤10: 112

Table 1. Demographic and Clinical Variables Stratified by Risk Analysis Index Score (continued)

Characteristic

RAI Score, No. (%)

≤10 11-20 21-30 31-40 >40
Chemotherapy 0 7587 (7.0) 7047 (14.9) 1783 (12.4) 644 (20.0)

Radiotherapy 0 3474 (3.2) 5588 (11.8) 1279 (8.9) 318 (9.9)

Steroids 27 641 (3.4) 7021 (6.5) 3345 (7.1) 1353 (9.4) 466 (14.5)

Transfusion 4762 (0.6 2985 (2.7 2375 (5.0 1173 (8.2 383 (11.9)

Weight loss 139 (0.0) 19 795 (18.2) 5039 (10.7) 4241 (29.6) 1186 (36.8)

Open/infected wound 32 324 (4.0) 16 166 (14.9) 9951 (21.0) 4358 (30.4) 1129 (35.1)

Dialysis 5121 (0.6) 10 408 (9.6) 5194 (11.0) 2155 (15.0) 749 (23.3)

Preoperative renal failure 1162 (0.1) 3093 (2.8) 2055 (4.3) 1321 (9.2) 666 (20.7)

Hypertension requiring medications 407 460 (50.2) 71 080 (65.4) 29 665 (62.7) 9434 (65.8) 2124 (66.0)

Type of operation

General 599 503 (73.9) 70 003 (64.4) 33 325 (70.4) 10 183 (71.0) 2429 (75.4)

Vascular 120 128 (14.8) 26 096 (24.0) 9557 (20.2) 3056 (21.3) 595 (18.5)

Thoracic 8179 (1.0) 1939 (1.8) 1197 (2.5) 325 (2.3) 87 (2.7)

Cardiac 9301 (1.1) 2203 (2.0) 572 (1.2) 200 (1.4) 34 (1.1)

Orthopedic 73 932 (9.1) 8394 (7.7) 2653 (5.6) 584 (4.1) 75 (2.3)

Length of stay, d, Mean/Median (SD) 4.4/3 (6.1) 8.5/6 (10.7) 11.3/7 (13.9) 14/9 (16.9) 15.4/10 (17.8)

Emergency operation 133 137 (16.4) 22 071 (20.3) 12 523 (26.5) 5737 (40.0) 1733 (53.8)

Procedural mortality risk

<1% (low) 483 286 (59.6) 28 352 (26.1) 6820 (14.4) 1103 (7.7) 140 (4.3)

>1% (high) 327 757 (40.4) 80 283 (73.9) 40 484 (85.6) 13 245 (92.3) 3080 (95.7)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared).
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of 13 008 [0.9%]; RAI score 11-20: 78 of 1785 [4.4%]; OR, 5.3;
95% CI, 3.9-7.1; vs RAI score 21-30: 39 of 595 [6.6%]; OR, 8.1;
95% CI, 5.6-11.7; vs RAI score 31-40: 25 of 154 [16.2%]; OR, 22.3;
95% CI, 13.9-35.6; vs RAI score ≥40: 8 of 29 [27.6%]; OR, 43.9;
95% CI, 19-101.1; P < .001). Notably, the relative impact of in-
creasing RAI score was attenuated as the number of compli-
cations increased after low-risk and high-risk procedures, sug-
gesting that the number of complications mediates the effect
of RAI score on FTR.

Having established the association between RAI and mor-
tality and RAI and complications, we confirmed the associa-
tion between complications and mortality with separate mod-
els, satisfying the assumptions of mediation analysis
(eAppendix 2 in the Supplement). The magnitude of the di-
rect effect of RAI on mortality (β = .143 and .097 for low-risk
and high-risk cohorts) was reduced when complications were
added to the model (β = .088 and .076 for low-risk and high-

risk cohorts, respectively, with major complications, and
β = .083 and .076 for low-risk and high-risk cohorts, respec-
tively, with any complication). These differences between the
direct and mediated effects of RAI score on mortality were sig-
nificant (Sobel test of mediation, P < .001 in all models where
RAI scores were treated as a continuous variable with integer
increments), suggesting that the effect of RAI on mortality is
partially mediated through postoperative complications in both
low-risk and high-risk cohorts.

Figure 1. Complication Rates, Stratified by Procedural Risk and RAI Score
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RAI, Risk Analysis Index. Procedural risk was defined as low if mortality was less
than 1% and high if mortality was more than 1%.

Table 2. Association Between RAI Score and Number of Complications
Stratified by Procedural Risk

RAI Scorea,b

Relative Risk (95% CI)

Major Complication Any Complication
Low-risk, 1
complication

11-20 2.19 (1.60-2.98) 2.12 (1.57-2.85)

21-30 3.23 (2.32-4.50) 2.88 (2.10-3.96)

31-40 5.35 (3.65-7.84) 4.32 (2.98-6.24)

>40 9.44 (5.42-16.45) 6.47 (3.73-11.20)

Low-risk, 2
complications

11-20 4.18 (3.71-4.72) 3.09 (2.81-3.40)

21-30 9.23 (7.86-10.84) 6.32 (5.53-7.21)

31-40 19.66 (15.00-25.76) 10.52 (8.16-13.56)

>40 42.95 (25.05-73.64) 24.59 (14.96-40.41)

Low-risk, ≥3
complications

11-20 4.42 (2.79-7.01) 4.33 (2.78-6.72)

21-30 8.32 (5.20-13.32) 8.74 (5.62-13.58)

31-40 17.82 (10.88-29.16) 20.67 (13.02-32.84)

>40 19.46 (8.45-44.77) 26.68 (13.87-51.31)

High-risk, 1
complication

11-20 1.40 (0.96-2.06) 1.36 (1.00-1.86)

21-30 1.62 (1.10-2.38) 1.46 (1.06-1.99)

31-40 1.88 (1.27-2.77) 1.60 (1.16-2.20)

>40 2.31 (1.52-3.52) 1.95 (1.38-2.77)

High-risk, 2
complications

11-20 2.27 (2.18-2.37) 1.93 (1.87-2.00)

21-30 3.63 (3.47-3.80) 2.76 (2.65-2.87)

31-40 5.81 (5.48-6.17) 4.02 (3.80-4.25)

>40 8.99 (8.14-9.93) 5.50 (4.99-6.07)

High-risk, ≥3
complications

11-20 2.06 (1.66-2.56) 2.09 (1.74-2.50)

21-30 3.46 (2.77-4.31) 3.60 (3.00-4.34)

31-40 5.25 (4.14-6.65) 5.34 (4.38-6.52)

>40 6.23 (4.72-8.23) 6.98 (5.53-8.80)

Abbreviation: RAI, Risk Analysis Index.
a All comparisons are vs the group with RAI scores of 10 or less.
b Low-risk procedures were defines as having a postoperative mortality rate of

less than 1%, and high-risk procedures were defined as having a postoperative
mortality rate of 1% or higher.
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Discussion

Surgery induces substantial physiologic stress in even healthy
patients. Recent studies suggest the early postoperative pe-
riod is a time of particularly elevated risk for frail patients.10,11,22

There are 2 different conceptualizations of frailty: pheno-
typic frailty is conceptualized as a clinical syndrome driven by
age associated with biologic changes, and deficit accumula-
tion frailty is thought to be driven by the accumulation of medi-
cal, functional, and social deficits.23 The RAI score is a simple,
clinically relevant tool that uses deficit accumulation to esti-
mate the degree of phenotypic frailty in a given preoperative
patient. Although this analysis used a form of the RAI score
calculated from NSQIP variables, a survey version of the RAI

score can be calculated prospectively in approximately 90 sec-
onds to guide real-time decisions.13

The impact of frailty in surgical patients in relation to FTR
is currently not well-characterized. In this regard, our study
supports several novel and important conclusions. First, our
data suggest there is a dose-response association between in-
creasing frailty and both the number of postoperative com-
plications and FTR. Second, these associations are observed
after both low-mortality and high-mortality risk surgical pro-
cedures. Finally, the association between increasing frailty and
FTR is partially mediated by the occurrence of complications
(eg, frailty leads to complications that in turn lead to FTR). How-
ever, because the association between frailty and FTR per-
sisted in our mediation analysis, this suggests frailty itself (and

Figure 2. Mortality Rates Associated With Major or Overall Complications, Stratified By Procedural Risk and RAI
Score
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not simply the occurrence of complications in frail patients)
has a clear impact on adverse postoperative outcomes.

Consistent with previously published work, our findings
indicate that frailty is associated with incremental increases
in the occurrence of postoperative complications.6,16,24-26 The
fact that this has been a consistent finding across studies that
used a variety of different models for measuring frailty not only
emphasizes its importance as a perioperative risk factor, but
also suggests a causal association. Furthermore, our findings
suggest frailty is not only associated with an increasing num-
ber of postoperative complications, but that it also increases
the risk of perioperative adverse events even after low-risk sur-
gical procedures. This emphasizes the importance of frailty as-
sessment for perioperative counseling before for procedures
considered minor or low-risk by health care professionals pro-
viding surgery and anesthesia.

Failure to rescue was first described by Silber et al27 in the
early 1990s. It has since been adopted as a quality indicator
by both AHRQ and was endorsed by the National Quality Fo-
rum in 2010.8,18 Since then, significant interest has devel-
oped in understanding what factors influence FTR in postop-
erative patients.28 Several macrosystem hospital factors have
been associated with FTR, including hospital size, occu-
pancy, teaching status, hospital technology, nurse-to-patient
ratio, and presence of more than 20 intensive care unit
beds.29-34 Microsystem factors such as intensive care unit staff-
ing, physician coverage, rapid response teams, attitudes of
clinical staff with regards to a culture of safety, and specific
behaviors have also been identified.35 While many of these
health care structural factors are relatively immutable, frailty
is believed to be a potentially modifiable patient-level risk fac-
tor. For example, in a recent randomized clinical trial evalu-
ating a trimodal prehabilitation program (consisting of mod-
erate-intensity physical exercise, nutritional counseling,
protein supplementation, and anxiety reduction strategies),
more than 80% of patients in the prehabilitation arm re-
turned to preoperative functional capacity within 8 weeks,
while only 40% of those in the control group regained their
baseline level of functioning.36

Quality initiatives directed at identification and prehabili-
tation of frail patients are intended to inform shared decision
making and mitigate perioperative surgical risk. This is par-
ticularly relevant when focusing on FTR, because it has been
proposed that the inability to arrest a sequence of complica-
tions may underlie its occurrence.37 This is also significant given
that higher FTR rates are seen with multiple complications and
sequential complications.12 Because our findings demon-
strate frailty is not only associated with the occurrence of com-
plications, but also the number of complications, greater fo-
cus, and broader implementation of such efforts may help
hospitals and health care professionals to identify at-risk pa-
tients and apply preoperative interventions to improve the pa-
tient’s physiologic reserve, decrease their perioperative risk,
or improve early detection and intervention on postopera-
tive complications. Efforts can also be developed to identify
those patients who, after learning of their frailty-associated
risks, may opt for a less invasive surgery or a nonsurgical op-
tion. This is particularly important given the fact that exist-

Table 3. Association Between RAI Score and 30-day In-Hospital
Mortality, Stratified by Number of Complications and Procedural Risk

RAI Scorea,b

Odds Ratiosc (95% CI)

Major Complications Any Complication
Low-risk, 0
complications

11-20 8.42 (6.10-11.63) 8.31 (5.51-12.53)

21-30 35.15 (25.26-48.91) 43.04 (29.05-63.75)

31-40 98.20 (60.80-158.62) 139.37 (81.83-237.37)

>40 291.41 (124.76-680.66) 513.74 (216.83-
1217.23)

Low-risk, 1
complication

11-20 5.26 (3.92-7.06) 6.00 (4.27-8.42)

21-30 8.08 (5.56-11.74) 10.19 (6.70-15.49)

31-40 22.31 (13.99-35.59) 26.09 (15.23-44.69)

>40 43.86 (19.03-101.13) 47.11 (17.40-127.55)

Low-risk, 2
complications

11-20 2.15 (1.55-2.98) 3.62 (2.62-5.01)

21-30 2.52 (1.69-3.77) 3.57 (2.34-5.44)

31-40 5.89 (3.38-10.28) 11.04 (6.31-19.33)

>40 3.26 (1.02-10.39) 4.97 (1.42-17.42)

Low-risk, ≥3
complications

11-20 1.93 (1.46-2.57) 1.90 (1.51-2.39)

21-30 1.58 (1.06-2.35) 1.87 (1.38-2.55)

31-40 2.53 (1.38-4.63) 3.03 (1.92-4.78)

>40 0.82 (0.10-6.83) 2.93 (0.99-8.63)

High-risk, 0
complications

11-20 5.24 (4.81-5.71) 5.83 (5.27-6.44)

21-30 14.43 (13.28-15.68) 16.67 (15.14-18.35)

31-40 41.38 (37.75-45.35) 51.14 (46.07-56.77)

>40 105.68 (92.52-120.73) 137.40 (118.72-
159.03)

High-risk, 1
complication

11-20 2.51 (2.31-2.74) 2.88 (2.62-3.17)

21-30 5.06 (4.65-5.51) 6.53 (5.94-7.17)

31-40 8.99 (8.12-9.96) 13.01 (11.65-14.54)

>40 18.35 (15.74-21.40) 28.99 (24.59-34.19)

High-risk, 2
complications

11-20 1.85 (1.67-2.04) 2.20 (1.99-2.43)

21-30 2.45 (2.21-2.72) 3.43 (3.10-3.80)

31-40 3.18 (2.80-3.61) 4.71 (4.16-5.34)

>40 4.71 (3.89-5.69) 7.75 (6.41-9.36)

High-risk, ≥3
complications

11-20 1.47 (1.35-1.61) 1.56 (1.45-1.68)

21-30 1.78 (1.62-1.96) 1.90 (1.76-2.06)

31-40 2.11 (1.87-2.39) 2.39 (2.17-2.64)

>40 2.75 (2.25-3.38) 3.19 (2.71-3.75)

Abbreviation: RAI, Risk Analysis Index.
a All comparisons are vs the group with RAI scores of 10 or less.
b Low-risk procedures were defines as having a postoperative mortality rate of

less than 1%, and high-risk procedures were defined as having a postoperative
mortality rate of 1% or higher.

c Odds ratios are for 30-day in-hospital mortality.
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ing FTR methodology cannot disambiguate rescued patients
who return to baseline function and those who experience per-
manent and dramatic disability that some have called rescue
to failure.38

Thoroughly assessing of a level of preoperative frailty in
a given patient and using this information to direct conversa-
tions around the goals of surgical care in the context of the at-
tendant risks and desired outcome could provide valuable in-
formation in operative planning or could influence choices
regarding the indication for a planned procedure. In this re-
gard, 1 notable finding from our work was the impact of frailty
after low-risk surgical procedures. Before the introduction of
risk calculators and scoring systems to predict perioperative
outcomes, surgical decisions were often based on the gut feel-
ing of the operating surgeon. However, clinicians often do a
poor job of estimating perioperative risk.39-41 The wide-
spread development and implementation of objective risk pre-
diction tools reflects the shift from traditional approaches of
risk estimation and have become an integral decision sup-
port tool in the preoperative setting.

Limitations
There are several limitations to our study. The ACS-NSQIP was
not specifically designed to assess frailty. However, we used
a recently validated tool developed for use with this data set
to estimate the degree of preoperative frailty. The ACS-NSQIP
Participant User File does not provide a hospital identifier that
would have allowed for adjustment of patients clustering

within hospitals, and the data do not include information re-
garding clinician-level or hospital-level factors that could po-
tentially impact FTR. Also, although the ACS-NSQIP captures
data on the occurrence of several commonly occurring com-
plications, this list is neither exhaustive nor inclusive of pro-
cedure-specific complications. Finally, there is no estab-
lished RAI threshold as yet that can be used to clearly
distinguish a patient as frail, although it is widely recognized
that frailty exists on a continuum rather than a category, be it
categorical or ordinal.

Conclusions
Preoperative patient frailty appears to be an important risk fac-
tor for postoperative complications and FTR, even after low-
risk surgical procedures. Frailty assessment should be inte-
grated into quality improvement efforts and preoperative
informed consent conversations. Future work should focus on
establishing clear definitions of frailty using the various mea-
surement tools that would then enable clinicians to quickly
identify patients who might either benefit from strategies di-
rected at preoperative optimization or a more thorough dis-
cussion of the attendant risks of a given procedure and/or the
goals of surgical care. In the meantime, our data suggest the
risk-benefit ratio of performing even minor elective proce-
dures needs to be carefully considered in individuals who are
considered frail.
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