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Effect of frailty syndrome on the outcomes of patients

with carotid stenosis
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ABSTRACT
Background: Frailty syndrome confers a greater risk of morbidity and mortality after operative interventions. The aim of
the present study was to assess the effect of frailty on the outcomes after carotid interventions, including both carotid
endarterectomy (CEA) and carotid artery stenting (CAS).

Methods: We performed an 8-year (2005-2012) retrospective analysis of the National Surgery Quality and Improvement
Program database, including patients who had undergone CEA or CAS for carotid artery stenosis. A modified frailty index
score was calculated. Frail status was defined as a modified frailty index score of $0.27. The outcome measures were
inpatient complications, mortality, failure to rescue (FTR), hospital length of stay, and 30-day readmissions. Multivariable
regression analysis was performed to study the association between frailty and the perioperative outcomes.

Results: The data from 37,875 patients were included. Of the 37,875 patients, 95.7% had undergone CEA, and 27.3% of the
patients were frail (27% of the CEA and 26% of the CAS groups had qualified as frail). Overall, 11.7% of the patients had
experienced complications, 2.2% had died, and 6.7% had been readmitted after discharge. On regression analysis, after
controlling for age, gender, albumin level, type of surgery, and American Society of Anesthesiologists class, frail status was
an independent predictor of complications (23.5% vs 7.2%; P < .001), mortality (5.2% vs 1.1%; P ¼ .02), FTR (12.1% vs 4.7%;
P ¼ .02), and 30-day readmissions (14.9% vs 3.7%; P ¼ .03). On subanalysis of the patients who had undergone CAS, no
association was found between frail status and the occurrence of complications (odds ratio [OR], 1.5; 95% confidence
interval [CI], 0.8-3.2), mortality (OR, 1.2; 95% CI, 0.6-2.7), FTR (OR, 0.9; 95% CI, 0.4-2.3), and 30-day readmission rate (OR, 1.1;
95% CI, 0.5-3.1).

Conclusions: Frailty syndrome was associated with morbidity and mortality among patients undergoing surgical in-
terventions for carotid stenosis. In the present study, frailty was associated with significant mortality and morbidity for
those who had undergone CEA but not for those who had undergone CAS. However, the present study was not designed
to determine the optimal treatment of frail patients. Incorporating frailty status into the treatment algorithm (CEA vs
CAS) might provide a more accurate risk assessment and improve patient outcomes. (J Vasc Surg 2020;71:1595-600.)
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Although the formal measurement of frailty and its
consequences is fairly new to the reported surgical
data, it is not a new concept in surgeons’ decision-
making. Formally, frailty has been defined as a decreased
reserve with deregulation of physiologic systems.1 How-
ever, surgeons will refer to a frail patient, specifically
one who will not survive surgery or will experience
more complications as a result, as someone who does
not pass the “eyeball test.” Although frailty has been diffi-
cult to define in symptoms, a few attributes have been
verified as contributors. Fried et al2 identified uninten-
tional weight loss, exhaustion, weakness, slow walking
speed, and low physical activity as indicators of frailty.
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Great interest in frailty has ensued because it has a prog-
nostic value for a variety of surgical procedures. It has been
shown that surgical patients with increased frailty will
experience more adverse events, from wound infection to
mortality.3 Frail patients are 2 to 3 times more likely to
have cardiovascular disease (coronary artery disease), and
frailty is a predictor for mortality for patients with coronary
artery disease, regardless of age.4 Frailty has also been
shown tobepredictive of postoperativemortality, a greater
predictor than age alone.3 When examined separately
from other surgery patients, the same has been true for
vascular surgery patients. It has been estimated that
39% to59.8%of patientswhowill undergo vascular surgery
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ARTICLE HIGHLIGHTS
d Type of Research: Retrospective review of prospec-
tively collected National Surgery Quality and
Improvement Program data

d Key Findings: Among 37,875 patients undergoing
carotid intervention, frail patients had a greater
complication rate (23.5% vs 7.2%) and greater mor-
tality (5.2% vs 1.1%) compared with the nonfrail pa-
tients. Frailty did not affect the incidence of
complications and mortality after carotid artery
stenting.

d Take Home Message: Frailty status is a significant
predictor of adverse outcomes for patients with ca-
rotid stenosis undergoing surgery but not for those
undergoing stenting. Early identification of frailty
will help to direct preoperative patient optimization
and provide more accurate perioperative risk
assessments.
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will be frail.5-7 This might be because of the presence of
multiple comorbidities, increasedage, anddeconditioning
in the vascular surgery patient population.
Carotid revascularization procedures, including carotid

endarterectomy (CEA) and carotid artery stenting (CAS),
have generally been associated with minimal mortality
and morbidity. CAS will often be offered to patients
who are poor surgical risks. The aim of the present study
was to assess the effect of frailty on the outcomes after
carotid invention, including both CEA and CAS. The pre-
sent study was not designed to examine the optimal
management (CAS vs CEA vs medical therapy) of carotid
artery stenosis in frail patients.

METHODS
Data source. We retrospectively queried the National

Surgical Quality and Improvement Program (NSQIP) data-
base from2005 to 2012. TheNSQIPdatabase reportsw290
individual variables, including preoperative patient factors,
details of the procedure performed, and 30-day outcomes
(eg, postoperative mortality and morbidity) for patients
undergoing both inpatient and outpatient surgical pro-
cedures aggregated from>250 surgical centers across the
United States.8 The integrity and accuracy of the reported
dataand thedata’s valueasa surgicalquality improvement
tool has been previously evaluated.9 For the present study,
the use of the NSQIP database conformed to the data-use
agreement. The University of Arizona institutional review
board reviewedour studyprotocol anddetermined it to be
exempt from the need for approval.

Patient population. Patients with carotid stenosis
(code I65.21-29) undergoing surgical interventions were
identified from the NSQIP database using the American
Medical Association current procedural terminology
(CPT) codes and the International Characteristics of Dis-
ease, 10th revision, codes. Surgical intervention included
CEA (CPT code, 35301) or CAS (CPT code, 37215). Patients
with missing information, transferred patients, those who
had undergone emergency procedures, and those who
had undergone transcervical stenting procedures were
excluded.

Data points collected. The following data points were
retrieved from the NSQIP database: demographic char-
acteristics (ie, age, gender, comorbidities, race); American
Society of Anesthesiologists (ASA) score, body mass in-
dex, albumin, functional status, operative details (ie,
time of procedure, type of procedure), complications,
hospital and intensive care unit lengths of stay, readmis-
sion rate, and mortality. Symptomatic status was defined
as patients with a diagnosis code of a previous transient
ischemic attack, amaurosis fugax, blindness, or stroke.

Frailty index. We calculated the modified frailty index
(mFI) score, a frailty index based on the Canadian Study
of Health and Aging Frailty Index10 and validated in the
ACS-NSQIP database. The Canadian Study of Health
and Aging Frailty Index includes 70 variables concern-
ing functional status, medical history, and physical
examination. The mFI consists of 11 variables, including
a history of diabetes mellitus, congestive heart failure,
hypertension requiring medication, transient ischemic
attack or stroke, myocardial infarction, peripheral
vascular disease or pain at rest, stroke with a neurologic
deficit, chronic obstructive pulmonary disease or
pneumonia, previous percutaneous coronary interven-
tion or angina, impaired sensorium, and dependent
functional status. The mFI for each patient was calcu-
lated as a ratio of the presence of each of the 11 vari-
ables divided by 11. A higher mFI score represented a
greater likelihood of a frail state. Frail status was defined
as an mFI score of $0.27.

Outcome measure. The primary outcome measures
were in-hospital complications and in-hospital mortal-
ity. The secondary outcome measures were failure to
rescue (FTR), hospital and intensive care unit lengths of
stay, and 30-day readmissions. In-hospital complications
were defined as surgical site infections, anastomotic leak,
urinary tract infection, pneumonia, deep venous throm-
bosis, and pulmonary embolism, cardiac, renal, and
neurologic complications. These were also recorded
using the diagnosis codes. FTR was defined as death
after a major complication, defined as pulmonary
embolism and cardiac or neurologic complications. A
subanalysis was performed to assess the role of frailty in
patients undergoing CAS.

Statistical analysis. Data are reported as the mean 6

standard deviation for continuous descriptive variables,
the median and range for ordinal descriptive variables,



Table I. Demographic and admission characteristics of
both study groups

Characteristic
Nonfrail group
(n ¼ 27,535)

Frail group
(n ¼ 10,340)

P
value

Mean age 6SD, years 74.2 6 8 73.5 6 7.5 .54

Male gender, % 67.5 67.9 .56

White race, % 86 74 .01

Albumin, % .01

$3.5 g/dL 81.7 67.3

<3.5 g/dL 19.3 33.4

ASA class, % .03

>3 21 31

#3 79 69

Comorbidities, %

CAD 12.8 16.7 .01

Diabetes 69.8 73.4 .01

CHF 2.4 4.8 .01

COPD 8.7 9.5 .13

HTN 82.7 85.4 .01

Stroke/TIA 39.5 43.5 .01

PVD 8.9 11.3 .02

Impaired sensorium 0.3 0.9 .14

>10% Weight loss 2.2 7.3 .01

Symptomatic carotid
disease

31 30.4 .26

Functional status, % .01

Independent 97.2 90.6

Partially dependent 2.5 8.5

Totally dependent 0.2 0.8

Surgical management .24

CEA 96.1 95.4

CAS 3.9 4.6

ASA, American Society of Anesthesiologists; BMI, body mass index;
CAD, coronary artery disease; CAS, carotid artery stenting; CEA, carotid
endarterectomy; CHF, chronic heart failure; COPD, chronic obstructive
pulmonary disease; HTN, hypertension; PVD, peripheral vascular dis-
ease; SD, standard deviation; TIA, transient ischemic attack.

Table II. Primary and secondary outcome measures

Outcome

Nonfrail
group

(n ¼ 27,535)
Frail group
(n ¼ 10,340)

P
value

Complications 7.2 23.5 <.01

MI 1.5 3.1 <.01

TIA/stroke 2.5 2.8 .1

Postoperative intubation 0.2 2.5 .001

Pneumonia 0.2 3.76 .001

SSI 0.9 2.8 .01

Hematoma 0.6 2.7 .01

Nerve injury 0.7 1.5 .02

Othera 0.6 4.3 .01

Hospital length of stay, days 1 (1-2) 3 (2-3) .02

ICU admission 7 12 .03

ICU length of stay, days 1 (1-3) 1 (1-2) .51

Mortality 1.1 5.2 .02

Cardiac 0.4 2

Neurologic 0.3 1.5

Pulmonary 0.2 1.3

Infectious 0.1 0.4

FTR 4.7 12.1 .02

30-Day readmission 3.7 14.9 .03

FTR, Failure to rescue; ICU, intensive care unit; MI, myocardial infarction;
SSI, surgical site infection; TIA, transient ischemic attack.
Data are presented as % or mean (range).
aUrinary tract infection, deep venous thrombosis, renal insufficiency.
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and the proportion for categorical variables. We used the
Mann-Whitney U test and the Student t test to explore
for differences for continuous variables. We used the c2

test to identify differences in outcomes between the frail
and nonfrail patients for the categorical variables. Multi-
variable regression analysis was performed to study the
association between frailty and perioperative outcomes.
For our study, we considered P < .05 to indicate statisti-
cal significance. For patients who had undergone CAS,
we performed a power analysis to determine the num-
ber of patients required for each group (frail and nonfrail)
to detect differences. The sample size was estimated
from a review of previous studies. All statistical analyses
were performed using the SPSS, version 20 (IBM Corp,
Armonk, NY).
RESULTS
A total of 37,875 patients were included in the present

study. Their mean age was 74.9 6 6.3 years. Of the 37,875
patients, 95.4% had undergone CEA and 4.6% had under-
gone CAS. Of the 37,875 patients, 10,340 (27.3%) were frail,
including 9864 patients (27.3%) who had undergone CEA
and 476 (26%) who had undergone CAS. Nonfrail patients
were more likely to be white, more functionally indepen-
dent, and to have higher albumin and ASA class<3. No dif-
ferences were found in the frailty status of clinically
symptomaticpatients. Thedemographicsof thestudypop-
ulationstratifiedby frailty statusarepresented inTable I. The
outcomes of the study population are listed in Table II. The
combined risk of stroke/transient ischemic attack, death,
and myocardial infarction was 5.1% in the nonfrail and
11.1% in the frail patients. The overall complication rate was
11.7%; 2.2% of the patients had died and 6.7% had been
readmitted within 30 days after discharge. At 30 days, frail
patients had had a greater complication rate (23.5% vs
7.2%; P < .001), greater mortality (5.2% vs 1.1%; P ¼ .02),
greater FTR (12.1% vs 4.7%; P ¼ .02), longer hospital length
of stay (median, 3 days; range, 2-3 days; vs median, 1; range,
1-2 days; P ¼ .02), and a greater 30-day readmission rate
(14.9% vs 3.7%; P¼ .03) comparedwith the nonfrail patients.
On regression analysis after controlling for age, gender,

albumin level, type of surgery, and ASA class, frailty status
was an independent predictor of complications, mortality,



Table III. Multivariate regression analysis

Frailty OR 95% CI P value

Complications 3.2 2.1-4.8 .01

Mortality 2.1 1.6-3.7 .01

FTR 2.9 2.2-4.9 .01

30-Day readmission 1.9 1.6-3.9 .01

CI, Confidence interval; FTR, failure to rescue; OR, odds ratio.

Table IV. Subanalysis of patients undergoing carotid
artery stenting

Frailty status OR 95% CI P value

Complications 1.5 0.8-3.2 .12

Mortality 1.2 0.6-2.7 .34

FTR 0.9 0.4-2.3 .22

30-Day readmission 1.1 0.5-3.1 .15

CI, Confidence interval; FTR, failure to rescue; OR, odds ratio.

Table V. Primary and secondary outcome measures
stratified by procedure

Outcomes
CEA

(n ¼ 36,247)
CAS

(n ¼ 1628)
P

value

Nonfrail (n ¼ 27,535)

Complications 5.2 6 .15

Hospital length of stay,
days

1 (1-2) 1 (1-2) .81

ICU length of stay, days 1 (1-2) 1(1-2) .74

Mortality 0.8 0.9 .65

30-Day readmission 2.6 3 .32

Frail (n ¼ 10,340)

Complications 6.4 7 .33

Hospital length of stay,
days

2 (2-3) 2 (2-3) .91

ICU length of stay, days 2 (1-2) 2 (1-2) .86

Mortality 1.4 2 .09

30-Day readmission 4 4.7 .16

CAS, Carotid artery stenting; CEA, carotid endarterectomy; FTR, failure
to rescue; ICU, intensive care unit.
Data are presented as % or mean (range).
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FTR, and 30-day readmissions. The regression analysis
results for each outcome measure after controlling for all
factors and the odds ratio (OR) and 95% confidence
intervals (CIs) for frailty and each outcome are presented
in Table III. A subanalysis of the patients who had under-
gone CAS found no association between frailty status
and complications,mortality, FTR, and the 30-day readmis-
sion rates. The results of the regression analysis including
only patients who had undergone CAS for each outcome
measure after controlling for all factors and the odds ratio
and 95% CI for frailty and each outcome are presented in
Table IV. Outcome measures were stratified by procedure
in each frailty group, which is demonstrated by Table V.
In both frail and nonfrail patient populations, there was
no difference in primary and secondary outcome mea-
sures based on procedure performed.
Weperformeda subanalysis of all frail patients (n¼ 10,340)

and compared the frail symptomatic (n ¼ 3143) and frail
asymptomatic patients (n¼ 7197) usingmultivariable logis-
tic regressionanalysis.On regressionanalysis, the symptom-
atic frail patients had a greater risk of complications (OR,
1.95; 95% CI, 1.71-3.26; P ¼ .01), mortality (OR, 1.10; 95% CI,
1.03-2.09; P ¼ .04), FTR (OR, 1.38; 95% CI, 1.18-2.49; P ¼ .02),
and 30-day readmission (OR, 1.22; 95% CI, 1.15-2.11; P ¼ .02).

DISCUSSION
Overall, interest in frailty has been increasing across mul-

tiple surgical specialties owing to the evidenceof increased
complications and mortality in frail patients.3,11 To the best
of our knowledge, no clinical trials haveexaminedpreoper-
ative interventions to improve the surgical risk for frail
patients; thus, thebenefits of thepreoperative frailty assess-
ment are in patient selection and clinical decision-mak-
ing.12 Although CEA has been associated with minimal
complications, our study showed that frailty plays a signif-
icant role in perioperativemortality andmorbidity. Howev-
er, frailty did not affect the complication rate with CAS.
Overall, the results of patients undergoing a variety of
vascular surgery interventions have suggested increased
complicationsandmortality for frailpatients, usingavariety
of frailtymeasures. Arya et al6 demonstrated a dramatic in-
crease in 30-day morbidity and mortality after abdominal
aortic aneurysm intervention in the highest tertile of frailty
(mFI>0.45).Karametal13 also showed that frail patientsun-
dergoing carotid endarterectomy, leg revascularization,
and open or endovascular abdominal aortic aneurysm
repair had increasedmortality, complications, andmyocar-
dial infarction. Another study using the NSQIP database
showed that frail patients undergoing endovascular and
open infrainguinal revascularization had increased 30-day
mortality and major complications and that frailty further
increased the disparity in outcomes between male and
female patients.7 Frailty has also been associated with
delirium, increased length of stay, andnonhomedischarge
in postoperative vascular surgery patients.14-16

Carotid revascularization, including CEA and CAS, has
often accounted for a major aspect of a vascular practice.
However, the effect of frailty on the outcome of carotid
revascularization has rarely been examined individually.
Previous studies have examined frailty and outcomes
after CEA and showed an increased incidence of stroke,
myocardial infarction, and death with an increasing frailty
score. Similar to our results, frailtywas an independent pre-
dictor of perioperative mortality for those undergoing
CEA.13,17 However, patients undergoing CAS had been
excluded from these studies. We have shown that frailty
plays an important role in the outcomes of carotid revascu-
larization procedures. Additionally, we analyzed the effect
of frailty on FTR and 30-day readmission. FTR is an impor-
tant quality metric for hospitals, and it was thought previ-
ously that hospital-related factors were affecting this
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quality metric. In our study, we found that the patient-
related factor, frailty, has a significant effect on FTR.
The adverse effects of frailty are not limited to just the im-
mediate postoperative period but, rather, have long-term
effects on complications and readmissions. The greater
rates of 30-day readmission for frail patients translate into
greater hospital expenditures. Identifying the high-risk frail
patients in the preoperative period and at rehabilitation
might decrease the health care burden.
However, frailty was not associated with perioperative

mortality and morbidities, FTR, or readmission in the
CAS cohort. We postulated that the use of anesthesia
might contribute to frailty-related outcomes. It is reason-
able to conclude that identifying frail patients preopera-
tively could help to optimize their condition before
surgery, which might help improve the postoperative
outcomes. In addition, understanding of the frailty status
can help in the discussions with the family preoperatively
to help them understand the postoperative outcomes in
terms of the complications, discharge disposition, and
risk of mortality. However, our data should not be used
draw conclusions regarding the treatment of frail
patients requiring carotid revascularization.
It is possible that the number of patients in the CAS

cohort was too small. However, we believe that, although
small, the CAS cohort size was adequate for our study.
We performed a 2-sided power analysis for a statistical
power of 80% and an a of 5% and calculated a sample
size of 340 patients per group. In our analysis of CAS,
476 patients were in the frail group, suggesting an
adequate sample size to avoid a type II error in the CAS
subanalysis. Nonetheless, given the evolving stenting
technology during the study period and relatively small
percentage of CAS cohort, it would be premature to
recommend specific interventions for frail patients.
Admittedly, the present study was limited by the retro-

spective nature of the NSQIP database, the small per-
centage of patients undergoing CAS in the cohort, and
the limited follow-up data that only tracked morbidity
and mortality for 30 days after the procedure. Despite
these limitations, our study has highlighted that the out-
comes of CAS might not be related to patient frailty.
Further studies are needed to assist with patient selec-
tion for carotid interventions, especially when consid-
ering endarterectomy versus stenting.

CONCLUSIONS
Frailty status is a significant predictor of adverse

outcomes for patients with carotid stenosis undergoing
surgical intervention. Frailty has been associated with
an increase in morbidity, mortality, and readmission after
carotid intervention. Frailty status did not affect the
outcomes in patients undergoing CAS. Incorporating
the frailty status in the treatment algorithm (CEA vs
CAS) might help improve patient outcomes and provide
a more accurate risk assessment.
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