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Abstract

Background—Carotid endarterectomy (CEA) for asymptomatic patients with limited life
expectancy may not be beneficial or cost-effective. The purpose of this study was to examine
relationships between survival, outcomes and costs within two years following CEA among
asymptomatic patients.

Methods—~Prospectively collected data from 3,097 patients undergoing CEA for asymptomatic
disease from Vascular Quality Initiative (VQI) Registry were linked to Medicare. Models were
used to identify predictors of 2-year mortality following CEA. Patients were classified as low,
medium or high risk of death based on this model. Next, we examined costs related to
cerebrovascular care, occurrence of stroke, rehospitalization and reintervention within 2 years
following CEA across risk strata.

Result—Overall 2-year mortality was 6.7%. Age, diabetes, smoking, CHF, COPD, renal
insufficiency, absence of statin use and contralateral internal carotid artery stenosis were
independently associated with a higher risk of death following CEA. In-hospital costs averaged
$7,500 among patients defined as low risk for death, and exceeded $10,800 among high risk
patients. While long-term costs related to cerebrovascular disease were two times higher in
patients deemed high risk for death compared to low-risk patents ($17,800 vs $8,800, P=.001),
high risk of death was not independently associated with a high probability of high cost. Predictors
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of high cost at 2-years were severe contralateral ICA stenosis, dialysis dependence, and ASA
Class 4. Both statin use and CHF were protective of high cost.

Conclusions—Greater than 90% of patients undergoing CEA live long enough to realize the
benefits of their procedure. Moreover, the long-term costs are supported by the effectiveness of
this procedure at all levels of patient risk.

INTRODUCTION

Controversy exists regarding the need for carotid revascularization in patients with
asymptomatic carotid stenosis 18, Asymptomatic patients have a much lower annual risk of
stroke than those who have experienced neurologic sequelae related to their carotid stenosis
-- approximately 3% per year in each year of the patient’s remaining life. This makes the
absolute benefit of revascularization uncertain for many patients, especially those who may
not live long enough to reap the prophylactic benefits of revascularization8. Decision-
making surrounding carotid revascularization must include consideration of the up-front
risks of a procedure, the long-term risk of stroke, and the patient’s life expectancy %11,
Further, patients, payers and policymakers alike are anxious to avoid “unnecessary”
procedures, as well as procedures where complications and their associated expense are
likely to occur without the potential to achieve a clinical benefit.

However, while avoiding unnecessary carotid revascularization seems simple and plausible,
two gaps in knowledge exist. First, despite several studies that describe factors associated
with short-term risks of stroke or death, it is difficult for physicians to recognize when
patients are likely to have poor long-term survival following carotid endarterectomy (CEA).
Second, while many have studied factors associated with adverse clinical outcomes
following CEA, little is known about the patient and procedural factors associated with
higher long-term costs after CEA for asymptomatic carotid stenosis.

Therefore, we use data from the Vascular Quality Initiative, linked to Medicare claims, to
examine relationships between survival, outcomes and costs related to cerebrovascular care
within the first two years following CEA among asymptomatic patients. Our primary aim
was to identify spending related to “unnecessary” carotid revascularization. We sought to
define a cohort of high-risk patients who were unlikely to survive two years following CEA
and to examine spending among this cohort of patients. We hypothesized that the majority of
excess spending in carotid revascularization was attributable to care provided to these high-
risk patients.

METHODS

Datasets and Cohort Construction

We identified all asymptomatic patients (those without prior stroke or transient ischemic
attack) who underwent CEA between January 15t, 2003 and December 315!, 2011 in each the
Vascular Quality Initiative (VQI) for the Society of Vascular Surgery Registry and in
Medicare claims datasets. Then, using date of surgery, location of surgery (zip code), and
gender the datasets were matched to one another on a patient level using a probabilistic
matching algorithm. This matching process was successful in matching 70% of patients.

Ann Vasc Surg. Author manuscript; available in PMC 2019 July 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wallaert et al. Page 3

Addition of the matched Medicare dataset allows long-term follow-up, as well as
examination of late outcomes that can be identified in Medicare claims. Further details
regarding the matched clinical-claims dataset can be found at vascularqualityinitiative.org.

Identifying Factors Associated with 2-Year Survival

First, we sought to define patient characteristics associated with reduced 2-year survival. To
do this, we identified patients who died from any cause within two years following CEA.
Next, Kaplan-Meier survival analyses with logrank test (for categorical variables) and Cox
proportional hazard regression (for continuous variables) were used to examine univariate
associations between 2-year mortality and a variety of patient-related characteristics. All
variables that were associated with mortality with p<0.2 were entered into a multivariate
model and backwards stepwise Cox proportional hazard regression with nested likelihood
ratios was performed to generate a final model for predicting mortality at 2 years. Following
this, we created three risk strata for mortality -- low, medium and high. To do this, scores to
predict risk-of-death within two years were assigned to each patient in our cohort. These
scores were calculated by summing the beta coefficients for each covariate in our Cox model
for each individual. Cut-points for defining patients as low, medium or high risk were
selected based on the distribution of risk scores. CEA in high-risk patients was deemed
potentially “unnecessary”, as these patients are most likely to die before experiencing the
potential benefit of CEA. The 2-year timeframe was chosen based on recent national
guidelines and multispecialty society expert recommendations 10 12-14

Identifying Factors Associated with High Cost (highest 10t percentile of costs, >$18,000)

To examine in-hospital and 2-year costs for patients undergoing CEA we used price-adjusted
Medicare spending beginning on the date of CEA. Price-adjusted Medicare spending is a
regionally and inflation-adjusted measure of actual Medicare payments (not Medicare
charges). Further information about price-adjustment has been reported in prior work 15,
Reported costs include the cost of the index procedure as well as any costs related to
readmission, re-intervention, or subsequent admission for stroke. Readmission was deemed
to be related to the index procedure if it occurred within 30 days of discharge. Re-
intervention was defined as a revisional procedure (either CEA or carotid artery stent) or
progression of contralateral carotid stenosis requiring revascularization (CEA or CAS), and
was determined using CPT codes for these interventions. Due to limitations within the
dataset, we are unable to further delineate what proportion represent ipsilateral revision or
contralateral primary interventions. However, prior work suggests a 20% ipsilateral re-
intervention rate8. Subsequent admissions for stroke were determined by examining
discharge ICD-9 codes indicative of stroke in Medicare claims (Supplemental Table 1). Each
of these events occurred in the period after the individual index operation, and therefore can
represent ipsilateral or contralateral events.

Once we understood the distribution of each in-hospital and 2-year costs we defined high-
cost as the highest 10t percentile of cost, or greater than $18,000. We then used backwards
stepwise logistic regression to examine patient, operative and hospital level characteristics
associated with high-cost.
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Outcomes by Risk Strata for Mortality within 2 years

Once we established low, medium and high-risk strata for mortality at 2 years we then
examined the following outcomes across these risk strata: stroke, need for re-intervention,
in-hospital costs, and overall costs at two years. Stroke outcomes were established using
both variables indicative of stroke within the VQI dataset, as well as variables indicative of a
post-operative hospitalization where ICD-9 codes for stroke were identified in Medicare
claims (Supplemental Table 1). Determination of need for re-intervention, in-hospital and 2-
year costs are described above. Events measured at 2 years were reported using life table
analysis.

Outcomes by Cost Strata

RESULTS

In a similar fashion, using life table analysis, we also examined the following outcomes
across low and high cost strata: in-hospital death, 2-year mortality, stroke and need for re-
intervention. Operational definitions for each of these outcomes are described above.

All analyses were performed using SAS (Cary, NC) and STATA 12 MP (College Station,
TX). Dartmouth’s Committee for the Protection of Human Subjects approved our research
protocol and approved the waiver of need for informed consent.

We studied 3,097 patients who underwent CEA for asymptomatic disease within the linked
dataset between January 1, 2003 and December 31, 2011. Overall two-year mortality was
6.7%. Mean spending at 2 years following CEA was $9,375 (SD $8,817), however it ranged
greatly, from $5,539 to $232,099.

Factors Associated with Reduced 2-year Survival

Overall two-year mortality was 6.7%. The strongest predictors of death at 2 years were age
>80 years (HR 2.9), congestive heart failure (CHF, HR 2.2), dialysis dependence (HR 4.0)
and occluded contralateral internal carotid artery (HR 2.2) (Table 1). Additional risk factors
included insulin-requiring diabetes, smoking, COPD, renal insufficiency, and lack of statin
use (Table 1).

Scores for predicting risk of death at 2 years following CEA were calculated for each
individual in the cohort and ranged from 0 to 20. Based on the distribution of assigned risk
scores (Figure 1) 1,894 patients were classified as low risk of death at 2 years (score <6),
1,164 patients were designated medium risk of death (score 6—12) and an additional 39 were
high-risk (score >12). Two-year mortality for low-risk patients was 4% (N=75). Medium
risk patients had an average 2-year mortality of 10% (N=116), and 44% (N=17) of patients
designated as high-risk were dead within 2 years following CEA. Patient characteristics for
each risk strata are shown in Table 2. As expected, low risk patients were, on average,
younger with fewer comorbidities such as hypertension, coronary artery disease (CAD),
CHF, diabetes and COPD when compared to medium and high risk patients.
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Factors Associated with High Cost (highest 10% of costs, >$18,000)

We examined all spending in the two year period following CEA, including spending on the
operative procedure, as well as spending on post-operative admissions related to
reinterventions or stroke. Costs related to admissions for other diagnoses (such as for
management of CAD, CHF, etc) were not included in this analysis. Overall costs averaged a
mean of $9,375 (SD $8,817), and ranged from $5,539 to $232,099. The rate of readmission
for stroke within 2 years following CEA was 11.9%. The incidence of reintervention by
CEA or carotid artery stenting was generally low, with a mean of 6.3%.

Patients were designated as high cost if they were within the highest 10% of costs (>
$18,000). Compared to those patients designated as low cost, these high cost patients were
significantly more likely to smoke and to have comorbidities such as CAD, CHF, renal
insufficiency and contralateral ICA stenosis. These patients were also, on average, classified
as more ill based on ASA scoring and were less likely to be taking a statin (Table 3). After
adjusting for differences in baseline comorbidities, our multivariate model indicated several
independent predictors of high-cost at 2 years including degree of contralateral ICA stenosis
(OR for >80% stenosis 19.5) and dialysis dependence (OR 33.4, Table 4). Increasing ASA
Class was protective of high cost (compared to ASA Class I, OR for Class 2, 3 and 4 were
0.23, 0.37 and 1.0 respectively). Likewise, statin use and CHF were each protective of high
cost (OR 0.7 each). However, this was not statistically significant (Table 4).

Relationships between risk of death, high costs, and outcomes

We examined the relationships between patient-level risk of death within two years
following CEA and costs. The results are shown in Table 5. Overall, in-hospital price
adjusted Medicare spending was similar among all patients regardless of their risk of death
(low risk $7,500; medium risk $8,276; high risk $10,868). However, long-term costs were
markedly different across risk strata. Costs accrued by high risk patients were, on average,
two times those of low risk patients at 2 years ($17,815 vs $8,801, P=.001). Further, while
only 9.5% of low risk patients were designated high cost, nearly one quarter (24.6%) of high
risk patients met our criteria for high cost.

Lastly, we examined incidence of readmission for stroke or reintervention by risk strata for
death at 2 years (Table 5). Overall, the rate of readmission for stroke within 2 years
following CEA was 11.9%. This was not strongly associated with increasing risk strata for
mortality (low risk 10.2%, medium 14.4%, and high risk 12.8%). The incidence of
reintervention by CEA or carotid artery stenting was generally low, with a mean of 6.3%.
Unlike rehospitalization for stoke, however, rates of reintervention increased by risk strata,
with high risk patients more likely to undergo reintervention than medium or low-risk
patients (7.7% vs 7.0% and 5.8%, respectively).

DISCUSSION

Carotid revascularization is a major cost for Medicare patients. Many have examined the
cost-effectiveness of carotid revascularization /-1 and undoubtedly improved patient
selection for CEA could result in significant savings for healthcare payers. In our analysis of
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more than 3,000 patients undergoing carotid revascularization in the VQI, more than 90%
were still alive within two years after surgery, suggesting that most patients selected for
carotid revascularization by surgeons in the VQI have been chosen appropriately. However,
approximately 8% of patients died within 2 years of surgery, suggesting that these patients
may not have benefited from the procedure, which intends to protect against future stroke.
Monies spent on these procedures, and subsequent related expenses, may represent costs that
are better spent elsewhere.

Factors associated with poor survival following carotid revascularization

The current study established several risk factors for poor long-term survival following
carotid revascularization. Specifically, age, diabetes, smoking, CHF, COPD, renal
insufficiency, lack of statin therapy, and contralateral ICA stenosis all impact survival among
patients undergoing CEA. These findings echo those of our prior work examining 5-year
survival following CEA among those registered in the Vascular Study Group of New
England 20, and are similar to those of previous studies. For example, Kragsterman et a/
examined outcomes following over 6,000 CEAs performed for asymptomatic disease in a
population based study using the Swedish Vascular Registry and identified four major
predictors of decreased 5-year survival: prior vascular surgery (OR 1.8), cardiac disease (OR
1.7), diabetes (OR 2.3), and age (OR 1.5 per 10 years) 2. Other studies also suggest that
diabetes 2022, cardiac disease 2022 and widespread arterial disease (as indicated by
claudication 22, contralateral ICA stenosis 2%: 22, and intracranial obstructive lesions 23)
affect long-term survival in those patients undergoing CEA.

Pre-operatively identifying patients who will be more costly in the period after surgery

Our data suggest that progression of cerebrovascular disease, especially contralateral
stenosis is a central opportunity for reducing complications and cost. These findings also
echo those of previous researchers, who have noted significantly higher risks of stroke or
death among asymptomatic patients with contralateral stenosis undergoing CEA or CAS.
For example, Bennet ef a/used NSQIP data to show that contralateral ICA stenosis was an
independent predictor of stroke or death (OR 3.1) in patients undergoing CEA for
asymptomatic disease 24 Our own findings have noted contralateral internal carotid artery
stenosis independently associated with restenosis, leading to reintervention or stroke.
Notably, this association holds true even in high risk populations: Salomon du Mont in his
analysis of 118 octogenarians undergoing CEA noted that even within this high risk
population, contralateral ICA stenosis imparted a near five-fold risk of stroke or death (20%
Vs 4.88%) 25,

Further, one might assume that characteristics that make a patient high risk for death
following carotid revascularization, such as CHF, would be associated with higher cost.
However, the current study found that CHF and higher ASA class were actually protective of
high cost. While these findings are limited by a small number of observations in the high-
cost cohort, they may potentially represent the fact that patients with advanced
comorbidities, such as advanced CHF, did not live long enough to accrue a significant cost
burden.
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Pathways forward

Limitations

Which option is likely to help health systems be most cost-effective in caring for patients
with carotid artery disease: avoiding surgery in patients unlikely to survive in the long term
after surgery, or avoiding surgery in patients likely to suffer recurrent disease and incur high
costs? Our results suggest that better patient selection — at least in terms of survival - is not
likely to result in dramatic cost savings, for two reasons. First, only a small proportion — less
than 10% - of carotid revascularizations were performed in patients who did not live long
enough to benefit from revascularization. Eliminating the costs of these procedures is
unlikely to dramatically impact the overall spending on carotid revascularization among
Medicare patients. Second, the highest differences in costs were not evident at the time of
the initial operation, but instead accumulated later in follow-up, where certain patients’
higher costs were driven by late events such as the need for revisional surgery or treatment
for subsequent stroke. These findings suggest that cost savings are likely to be best achieved
by better long-term management of risk factors for stroke, rather than eliminating
“unnecessary” carotid revascularization.

Given the poor clinical outcomes and high cost associated with patients who have bilateral
disease undergoing carotid revascularization, our findings suggest that risk factor
modification is central to both primary and secondary prevention of stroke, in both the short
and long-term. In a recent review, Constantinou et a/ summed up the evidence in favor for
combination medication therapy with antiplatelet, antihypertensive and anti-diabetic
medication, together with smoking cessation to reduce stroke rates among patients with
carotid stenosis 26 These findings have been echoed in medical best practice guidelines by
several professional organizations. The SAMMPRIS trial (examined patients with
intracranial artery stenosis) systematically implemented strict medical guidelines in high-
risk symptomatic patients to show superiority of medical therapy alone to carotid artery
stenting 27, and it is likely that future trials may show similar benefit among asymptomatic
patients.

These findings can help health systems prioritize both medical and surgical treatments for
patients with carotid atherosclerosis. Many have hypothesized that eliminating “overuse” of
asymptomatic carotid artery surgery in elderly patients who are unlikely to benefit from
surgery would result in significant cost savings. While this may be true, our study suggests
that optimal medical management of all patients at risk for primary or recurrent carotid
artery disease may offer similar, if not greater, savings for health care systems.

Our study has several limitations. First, our matching algorithms successfully matched 70%
of patients to their respective Medicare claims, meaning that 30% of eligible VQI patients
were not matched to their respective Medicare claims. While this match success rate is
similar to other efforts, future efforts will seek to increase the success of matching
algorithms using identifiers within the structure of our patient safety organization. Second,
our long-term outcomes suffer from the ability to discern laterality - whether a late event
refers to a second carotid intervention on the same side as the original revascularization, or
whether it represents a second procedure on the contralateral side. While ICD-10 coding
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changes, which incorporate laterality, will help eliminate this limitation in future work 29,
our estimates here describing patients with recurrent disease represent a heterogeneous
population that includes both recurrence (about 20% of all endarterectomies from previous
estimates 16) and progression of contralateral disease. While these are obviously different
events, their final result — contribution to the cost of caring for patients with aggressive
cerebrovascular disease — is similar in that they both raise the total costs in our cohort. Along
these same lines, the current study is limited by inability to account for underlying etiology
of stroke following CEA, recognizing that 87% of strokes are ischemic in origin, and
roughly 20% are due to extracranial carotid artery disease3°. Finally, our study considers
costs in Medicare patients alone, although this is a commonly used proxy for overall costs of
care 15,

More than 90% of patients selected for carotid revascularization live well beyond 2 years
after surgery, although factors associated with poor survival can be used to improve patient
selection and limit unnecessary carotid revascularization. While eliminating these
procedures is important to keep patients from undergoing unneeded treatments, our work
suggests that policymakers interested in achieving cost savings are more likely to reach this
goal by focusing on better long-term management of risk factors for stroke rather than
focusing on eliminating “unnecessary” carotid revascularization.
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2 Year Mortality Risk Scores
for Asymptomatic Patients Undergoing CEA

25 Low Risk Medium Risk High Risk

20

Number of 15
Patients

10

0 5 10 15 20

Risk Score

Figure 1:
Distribution of risk scores for predicting 2 year mortality among asymptomatic patients

undergoing carotid endarterectomy (CEA).
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Cox Model for predicting death at 2 years following carotid endarterectomy in asymptomatic patients.

Variable HR 95% CI  P-Value
Age

<70 Reference - -

70-79 15 1.2-1.9 <0.001

>80 2.9 2.2-3.8 <0.001
Insulin Requiring Diabetes 17 1.3-2.2 <0.001
Past or Current Smoking 1.3 1.02-1.7 0.037
Congestive Heart Failure 2.2 1.7-2.8 <0.001
corD ™ 18 15-23  <0.001
Renal Function (%)

¢GFR f260 Reference - -

eGFR<60 15 1.2-1.9 <0.001

Dialysis Dependent 4.0 22-7.2 <0.001
Contralateral ICAistenosis

<50% Reference - -

250% 14 1.2-1.7 0.001

Occluded 2.2 15-31 <0.001
Lack of Statin 13 1.05-16  0.019

*
COPD, chronic obstructive pulmonary disease

feGFR, estimated glomerular filtration rate

’tICA, internal carotid artery
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Table 2.

Page 13

Patient characteristics by risk strata for death (low, medium, high) at 2 years following carotid endarterectomy.

Low Risk of Death at 2Y
(riskscore <6) (n=1894)

Medium Risk of Death at
2Y (riskscore 6-12)

High Risk of Death at 2Y
(riskscore >12) (n=39)

(n=1164) P-Value

Age (mean in years (SD)) 72.2 (4.9) 77.4 (6.1) 78.8 (5.7) <0.0001
Female (%) 43.0 43.9 385 0.74
Past or Current Smoking (%) 69.2 83.4 94.9 <0.0001
Race (%) 0.25

White 97.3 97.4 100.0

Black 0.9 15 0.0

Other 18 11 0.0
Hypertension (%) 89.2 90.8 94.9 0.2
Coronary Artery Disease (%) 25.0 38.3 66.7 <0.0001
Congestive Heart Failure (%) 11 175 79.5 <0.0001
Diabetes (%) 27.4 35.8 61.5 <0.0001
COPD* (%) 117 320 74.4 <0.0001
Renal Function (%) <0.0001

¢GER 7260 68.3 30.7 12.8

eGFR<60 317 68.3 718

Dialysis Dependent 0.0 1.0 15.4
Statin (%) 74.3 88.4 94.9 <0.0001
Contralateral ICA’fStenosis (%) <0.0001

<50% 65.9 39.6 385

51-79% 27.8 44.8 359

2 80% 4.8 58 12.8

Occluded 15 9.8 12.8
ASA§cIass (%) <0.0001

Class 1 0.7 0.2 3.7

Class 2 133 7.7 0.0

Class 3 78.9 78.0 55.6

Class 4 7.2 14.1 40.7
Stress test (%) 0.017

None Performed 59.6 60.5 59.0

Normal 311 28.6 17.9

Abnormal 9.3 10.9 231
Use of Shunt (%) 485 49.5 51.3 0.83

*
COPD, chronic obstructive pulmonary disease

feGFR, estimated glomerular filtration rate

’tICA, internal carotid artery
§

ASA, American Society for Anesthesia
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Table 3.

Page 14

Patient characteristics by cost strata at 2 years following carotid endarterectomy (CEA). High cost is defined
as >90th percentile of cost ($>18,000).

Not High Cost (<$18,000) at 2Y (n=2749)

High Cost (>$18,000) at 2Y (n=348)

P-Value

Age (mean in years (SD))
Female (%)
Any Smoke (%)
Race (%)
White
Black
Other
Hypertension (%)
Coronary Artery Disease (%)
Congestive Heart Failure (%)
Diabetes (%)
COPD ™ (%)
Renal Function (%)
€GFR7>60
eGFR<60
Dialysis Dependent
Statin (%)
t

Contralateral ICA™ Stenosis (%)

< 50%
51-79%
> 80%
Occluded

ASA§cIass (%)
Class 1
Class 2
Class 3
Class 4
Stress test (%)
None Performed
Normal
Abnormal
CEA type (%)
Conventional
Eversion

Use of Shunt (%)

74.3 (6.0)
433
743

97.5
11
15

89.6

29.7
7.5

30.6

19.7

45.8
0.1
80.4

58.5
33.9
2.8
4.8

0.5
11.8
79.1

8.5

60.3
30.0
9.7

88.3
11.7
48.4

74.0 (5.9)
437
79.8

96.8
1.4
17

92.0

37.4

141

345

23.6

48.9

471
4.0
75.6

33.3
37.4
24.7
4.6

0.7
5.7
72.3
21.3

57.3
30.0
12.7

88.8
11.2
52.9

0.38
0.88
0.024
0.77

0.17
0.003
<0.0001
0.14
0.089

<0.0001

0.03
<0.0001

<0.0001

0.21

0.78

0.12

*
COPD, chronic obstructive pulmonary disease

feGFR, estimated glomerular filtration rate

Ann Vasc Surg. Author manuscript; available in PMC 2019 July 09.



1duosnuepy Joyiny 1duosnue Joyiny 1duosnuepy Joyiny

1duosnue Joyiny

Wallaert et al.

ilCA, internal carotid arterys

§ASA, American Society for Anesthesia
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Multivariate model for predicting high cost (>$18,000) at 2 years following carotid endarterectomy.
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Variable OR 95% CI P-Value
Contralateral ICA * Stenosis (%) <0.0001

<50% Reference

51-79% 2.2 1.6-2.9

> 80% 19.5 13.2-28.8
Occluded 18 1.04-3.3 -
AsA Class <0.0001

Class | Reference

Class 2 0.23 0.04-1.2

Class 3 0.37 0.1-1.7

Class 4 1.0 0.2-4.9 -
Renal Function (%)

eGFR’tzGO Reference <0.0001

eGFR<60 1.2 0.9-1.5

Dialysis Dependent 334 10.1-110.6 -
Statin 0.7 0.6-1.0 0.0546
Congestive Heart Failure 0.7 0.5-1.0 0.0514

C-index 0.77, H-L goodness of fit: 0.79
*

ICA, internal carotid artery
fASA, American Society for Anesthesia

feGFR, estimated glomerular filtration rate
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Page 17

Incidence of in-hospital death, death at 2 years, stroke at 2 years and reintervention at 2 years, as well as in-
hospital and longterm costs for asymptomatic patients undergoing carotid endarterectomy stratified by risk of

death.
Low Risk of Death at 2Y Medium Risk of Death at 2Y High Risk of Death at 2Y
(riskscore <6) (riskscore 6-12) (riskscore >12)

MORTALITY
In-Hospital Death (n (%)) 2 (0.1%) 4 (0.3%) 1(2.6%
Death at 2 years (n (%)) 75 (4%) 116 (10%) 17 (43.6%)
COST
Mean In-Hospital Cost (SD) $7,500 (5,654) $8,276 (6,583) $10,868 (7,685)
Mean Cost at 2 years (SD) $8,801 (7,550) $10,025 (8,252) $17,815 (36,113)
Low Cost, <$18,000 (n (% in risk strata)) 1715 (90.5%) 1005 (86.3%) 29 (74.4%)
High Cost, >$18,000 (n (% in risk strata)) 179 (9.5%) 159 (13.7%) 10 (24.6%)
STROKE AND RE-INTERVENTION at 2 YEARS
Rehospitalization for Stroke (n (%)) 194 (10.2%) 168 (14.4%) 5 (12.8%)
Re-Intervention (n (%)) 109 (5.8%) 82 (7.0%) 3(7.7%)
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