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Objective: Rapid and objective preoperative assessment of patients undergoing carotid endarterectomy (CEA) remains
problematic. Preoperative variables correlate with increased morbidity and mortality, yet no easily implemented tool
exists to stratify patients. We determined the relationship between our fully implemented frailty-based bedside Risk
Analysis Index (RAI) and complications after CEA.
Methods: Patients undergoing CEA in the American College of Surgeons National Surgical Quality Improvement Program
(NSQIP) database from 2005 to 2011 were included. Variables of frailty RAI were matched to preoperative NSQIP
variables, and outcomes including stroke, mortality, myocardial infarction (MI), and length of stay were analyzed. We
further analyzed patients who were symptomatic and asymptomatic before CEA.
Results:With use of the NSQIP database, 44,832 patients undergoing CEA were analyzed (17,696 [39.5%] symptomatic;
27,136 [60.5%] asymptomatic). Increasing frailty RAI score correlated with increasing stroke, death, and MI (P < .0001)
as well as with length of stay. RAI demonstrated increasing risk of stroke and death on the basis of risk stratification (low
risk [0-10], 2.1%; high risk [>10], 5.0%). Among patients undergoing CEA, 88% scored low (<10) on the RAI. In
symptomatic patients, the risk of stroke and death for patients with a score of #10 is 2.9%, whereas if the RAI score is 11
to 15, it is 5.0%; 16 to 20, 6.9%; and >21, 8.6%. In asymptomatic patients, the risk of stroke and death for patients with a
score of #10 is 1.6%, whereas if the RAI score is 11 to 15, it is 2.9%; 16 to 20, 5.2%; and >21, 6.2%.
Conclusions: Frailty is a predictor of increased stroke, mortality, MI, and length of stay after CEA. An easily implemented
RAI holds the potential to identify a limited subset of patients who are at higher risk for postoperative complications and
may not benefit from CEA. (J Vasc Surg 2015;61:683-9.)

Randomized controlled trials have demonstrated sig-
nificant reduction in stroke with carotid endarterectomy
(CEA) compared with medical treatment alone for patients
with symptomatic1-3 and asymptomatic4-6 carotid stenosis.
Guidelines have been established defining appropriate
candidates and acceptable outcomes for CEA.7 Despite
clear benefit of CEA in these trials, CEA, particularly in
asymptomatic patients, is under increased scrutiny.

Practicing in a cost-constrained environment where the
value of operative intervention is dictated by outcomes,

attempts to further improve the outcomes of CEA are para-
mount.8 Research and quality improvement activities have
focused on multivariate regression analyses in an effort to
identify preoperative risk factors predictive of poor postop-
erative outcomes of CEA. Although individual physiologic
characteristics alone have been identified, there has been no
validated and implemented assessment tool to risk stratify
preoperative patients. In addition, the analyses available
have not incorporated frailty and geriatric risk factors,
such as cognitive, functional, social, and nutritional mea-
sures, despite these being recognized as strong predictors
of postoperative outcomes.9

Frailty is a syndrome that reflects decreased physiologic
reserves and an accumulation of comorbid conditions.10,11

In simpler terms, frailty is the objective assessment for what
many have come to know as the “eyeball test.” Research
has validated multiple assessments that are able to identify
frail patients. It is now well established that frailty is a
strong predictor of complications and mortality in surgical
patients.12 Unfortunately, initial studies using these time-
intensive assessment tools preclude implementation in a
busy clinical setting.

Knowing the significance of frailty and outcomes,
we implemented, as part of a quality improvement proj-
ect, an easily performed frailty screening process in
the clinical setting. We developed the Risk Analysis
Index (RAI), which is a simplification of the Porock
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6-month mortality index (Fig 1). It was validated retro-
spectively and prospectively in unpublished quality data
at our institution and demonstrated a correlation with
increased RAI score and postoperative complications.

It is now used as a screening mechanism to identify
high-risk surgical patients at our institution.13-15 With
this evidence, we applied our RAI to patients undergoing
CEA in a large prospective national database.

5-7 ADL score +1 16-20 = 11% 56-60 = 89%8-9 ADL score +2 21-25 = 17% 61-65 = 90%10-11 ADL score +3 26-30 = 27% 66-70 = 93%12-13 ADL score +4 31-35 = 36% 71-75 = 100%14-16 ADL score +5
Fig 1. Risk Analysis Index (RAI) form. ADL, Activities of daily living.
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