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IMPORTANCE Carotid endarterectomy and carotid artery stenting are the leading approaches

to revascularization for carotid stenosis, yet contemporary data on trends in rates and

outcomes are limited.

OBJECTIVE To describe US national trends in performance and outcomes of carotid

endarterectomy and stenting amongMedicare beneficiaries from 1999 to 2014.

DESIGN, SETTING, ANDPARTICIPANTS Serial cross-sectional analysis ofMedicare fee-for-service

beneficiaries aged65 years or older from 1999 to 2014using theMedicare Inpatient and

Denominator files. Spatialmixedmodels adjusted for age, sex, and racewere fit to calculate

county-specific risk-standardized revascularization rates.Mixedmodelswere fit to assess trends

in outcomes after adjustment for demographics, comorbidities, and symptomatic status.

EXPOSURES Carotid endarterectomy and carotid artery stenting.

MAIN OUTCOMES ANDMEASURES Revascularization rates per 100000 beneficiary-years of

fee-for-service enrollment, in-hospital mortality, 30-day stroke or death, 30-day stroke,

myocardial infarction, or death, 30-day all-cause mortality, and 1-year stroke.

RESULTS During the study, 937 111 unique patients underwent carotid endarterectomy (mean

age, 75.8 years; 43%women) and 231 077 underwent carotid artery stenting (mean age, 75.4

years; 49%women). There were 81 306 patients who underwent endarterectomy in 1999

and 36 325 in 2014; national rates per 100000 beneficiary-years decreased from 298 in

1999-2000 to 128 in 2013-2014 (P < .001). The number of patients who underwent stenting

ranged from 10416 in 1999 to 22 865 in 2006 (an increase per 100000 beneficiary-years

from 40 in 1999-2000 to 75 in 2005-2006; P < .001); by 2014, there were 10 208 patients

who underwent stenting and the rate decreased to 38 per 100000 beneficiary-years

(P < .001). Outcomes improved over time despite increases in vascular risk factors

(eg, hypertension prevalence increased from 67% to 81% among patients who underwent

endarterectomy and from 61% to 70% among patients who underwent stenting) and the

proportion of symptomatic patients (all P < .001). There were adjusted annual decreases in

30-day ischemic stroke or death of 2.90% (95% CI, 2.63% to 3.18%) among patients who

underwent endarterectomy and 1.13% (95% CI, 0.71% to 1.54%) among patients who

underwent stenting; an absolute decrease from 1999 to 2014 was observed for

endarterectomy (1.4%; 95% CI, 1.2% to 1.5%) but not stenting (−0.1%; 95% CI, −0.5% to

0.4%). Rates for 1-year ischemic stroke decreased after endarterectomy (absolute decrease,

3.5% [95% CI, 3.2% to 3.7%]; adjusted annual decrease, 2.17% [95% CI, 2.00% to 2.34%])

and stenting (absolute decrease, 1.6% [95% CI, 1.2% to 2.1%]; adjusted annual decrease,

1.86% [95% CI, 1.45%-2.26%]). Additional improvements were noted for in-hospital

mortality, 30-day stroke, myocardial infarction, or death, and 30-day all-cause mortality as

well as within demographic subgroups.

CONCLUSIONS AND RELEVANCE Among fee-for-serviceMedicare beneficiaries,

the performance of carotid endarterectomy declined from 1999 to 2014, whereas the

performance of carotid artery stenting increased until 2006 and then declined from 2007

to 2014. Outcomes improved despite increases in vascular risk factors.
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C
arotidendarterectomyandcarotidarterystentingarethe

mostfrequentlyperformedrevascularizationprocedures

toprevent stroke.1Randomizedclinical trialshavedem-

onstratedthebenefitsofcarotidrevascularizationamongpatients

with recentminor strokeor transient ischemicattack ipsilateral

to the stenosis2,3 and for select patientswithno recent attribut-

able symptoms.4-6 In addition, new tools for themedicalman-

agement of vascular risk factors have emerged that may have

lessened the underlying burden of atherosclerotic disease.7-10

Contemporary information is limited for patients not enrolled

in clinical trials regarding national trends in the performance

andoutcomesof carotid revascularization in theUnited States,

particularly amongdemographic subgroups.11-14

Accordingly, for the 16-year period from 1999 to 2014,

trends in carotid endarterectomy and carotid artery stenting

and in-hospital, 30-day, and1-yearoutcomes forMedicareben-

eficiaries were assessed. Because of the paucity of informa-

tion regarding postdischarge outcomes for demographic sub-

groups, outcome trendswere also evaluated for age, sex, and

race subgroups. In addition, geographic patterns of carotid re-

vascularization were examined.

Methods

Study Population

In this serial cross-sectional analysis, US Centers for Medicare

& Medicaid Services (CMS) Medicare Denominator data were

used to identify beneficiaries aged65years or older enrolled in

fee-for-service Medicare for 1 month or longer between Janu-

ary 1999 and December 2014. We determined the number of

beneficiaries eachyear andcalculatedbeneficiary-yearsof fee-

for-service enrollment to account for new enrollment, disen-

rollment, or death. Data for beneficiary-years were linked to

Medicare Inpatient claims to identify patientswhounderwent

carotid endarterectomy (International Classification of Dis-

eases, Ninth Revision, Clinical Modification [ICD-9-CM] code

38.12) or carotid artery stenting (ICD-9-CM code 00.61, 00.63,

or00.64;or ICD-9-CMnoncoronarystentingcode39.50or39.90

with co-occurring cerebrovascular disease code433.10, 433.11,

433.1, 433.30, 433.31, or 435.9)15 in US acute care hospitals.

Amongpatientswithmultiplecarotidproceduresduringthe

study period, we selected the first procedure as the index ad-

mission. Patients could only contribute data for the calcula-

tion of procedure rates and outcomes for this first procedure.

We further quantified the number of patients who underwent

a second carotid revascularization procedure within 1 year.

Patientswereexcluded if theyunderwentbothcarotidend-

arterectomyand carotid artery stentingduring the indexhos-

pitalization or received any other concomitant major inter-

ventions (eg, coronaryarterybypassgrafting)during the index

admission. Institutional review boards at Rutgers University

andYaleUniversity approved the study andwaived informed

consent for these analyses.

Patient Characteristics

Patient demographic information (age, sex, and race/

ethnicity) was obtained from Medicare Denominator data,

whicharedrawnfromtheMedicareenrollmentdatabase.Race/

ethnicity was analyzed because prior studies have suggested

racial/ethnic status may modify the benefits and risks of ca-

rotid procedures.16,17 Clinical information and comorbidities

(a complete list appears ineTables 1-2 in theSupplement)were

extracted from the Medicare Inpatient data. Specifically, the

list of comorbidities is based on the secondary diagnoses at

the index admission and the diagnosis and procedure codes

from the 12-month preindex claims, according to Hierarchi-

cal Condition Category coding.18 Patients were considered

symptomatic if they had an ICD-9-CM principal discharge di-

agnosis code indicating occlusion or stenosis of the precere-

bral or cerebral arterieswith cerebral infarction (433.11, 433.31,

434.01, 434.11, or 434.91) or a secondary diagnosis code indi-

catingprior stroke (342.xxor438.xx), transient ischemicattack

(435.x or 781.4), or amaurosis fugax (362.34 or 368.12).15

Procedure Rates andOutcomes

Annual procedure rateswere calculated bydividing the num-

ber of unique patients who underwent carotid endarterec-

tomy or carotid artery stenting each year by the correspond-

ingnumberofbeneficiary-years thatyearwithin thesubgroups

of age, sex, and race.

Clinical outcomes included in-hospital mortality, 30-day

all-cause mortality, 30-day ischemic stroke or death, 30-day

ischemic stroke,myocardial infarction, ordeath, and 1-year is-

chemic stroke.19,20 We also assessed 1-year all-cause mortal-

ityandacompositemeasureof readmissionfor ischemicstroke,

transient ischemic attack, or a second carotid revasculariza-

tion procedure (either carotid endarterectomy or carotid ar-

tery stenting). Death and time to second procedure were de-

termined from the hospital admission date for the index

procedure (for 30-day all-causemortality and the 30-day and

1-year composites), and ischemic stroke (ICD-9-CM principal

discharge diagnosis code 433.xx, 434.xx, or 436.xx),myocar-

dial infarction (ICD-9-CMcode410.xxexcept410.x2), andtran-

sient ischemic attack (ICD-9-CM code 435.x) events were de-

termined from the discharge date.

Process of care outcomes included discharge disposition,

Medicare payment for the index hospitalization (adjusted for

inflationusing theconsumerprice index21with2014as the ref-

erence year), and length of hospital stay.

Key Points

Question Have there been changes in the performance and

outcomes of carotid endarterectomy and carotid artery stenting

between 1999 and 2014?

Findings In this serial cross-sectional analysis of fee-for-service

Medicare beneficiaries, the national annualized rate of carotid

endarterectomy per 100000 beneficiary-years decreased from

298 in 1999-2000 to 128 in 2013-2014, whereas the rate of

carotid artery stenting increased initially from 40 in 1999-2000

to 75 in 2005-2006 followed by a decline to 38 in 2013-2014.

Periprocedural and 1-year outcomes improved from 1999 to 2014.

Meaning Performance of carotid revascularization procedures

among fee-for-service Medicare patients decreased from 1999

to 2014.
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Statistical Analysis

A Poisson link function and county-specific random inter-

cepts were used to model the number of carotid endarterec-

tomy and carotid artery stenting procedures as a function of

patients’ age, sex, and race and accounting for geographic

differences between counties. A spherical covariate struc-

ture was included in the models to account for spatial auto-

correlation. County-level geographic differences were con-

sidered because factors such as lifestyle, access to care, and

local care practices vary across counties and may affect

receipt of procedures. Data were combined for 1999-2000

and 2013-2014 to increase the sample sizes at the county

level. Using these models, the annualized risk-standardized

procedure rates for each county for the 2 periods were

mapped and counties were shaded with a gradient from

green to red (lowest rates to highest). To further assess geo-

graphic variation over time, the weighted Pearson correla-

tion coefficient was calculated for county-specific procedure

rates in 1999-2000 and 2013-2014. The Mantel-Haenszel χ2

test was used to assess temporal changes in patient charac-

teristics and observed outcomes.

Wefitmixedmodelswitha logit link functionandhospital-

specific random intercepts to evaluate temporal trends in in-

hospital and 30-day all-cause mortality. To assess change in

rates of 30-day ischemic stroke or death, 30-day ischemic

stroke, myocardial infarction, or death, and 1-year ischemic

stroke,Coxproportionalhazardsmodelswereconstructedwith

censoring for death. Theproportional hazards assumption for

the Cox models was verified.

All models were adjusted for patient demographics, co-

morbidities, and symptomatic status and included an inter-

val time variable corresponding to each study year (1999

[time = 0] through 2014 [time = 15]) to represent the annual

change in outcome. Odds ratios were used for annual change

in in-hospital and 30-day mortality. Hazard ratios were used

for 30-day ischemic stroke or death, 30-day ischemic stroke,

myocardial infarction, or death, and 1-year ischemic stroke.

Estimates for the timevariablewere transformed to reflect the

percentage annual reduction in outcome by subtracting the

odds ratio or hazard ratio from thenull value of 1.0. To permit

complete follow-up, we restricted the 1-year analyses to dis-

charges through 2013 and the 30-day analyses to discharges

through November 30, 2014.

For the primary analyses, we fit separate models for

each procedure and repeated the models for prespecified

subgroups defined by age, sex, and race. Sensitivity analy-

ses were conducted to assess trends in outcomes by symp-

tomatic status and among patients who underwent carotid

artery stenting with an ICD-9-CM procedure code of 00.61,

00.63, or 00.64 (limited to 2005-2014 due to introduction

of the codes and CMS expansion of carotid artery stenting

reimbursement).

Patient characteristics andoutcomesare reported in2-year

intervals. Analyses were conducted using SAS version 9.4

(SAS Institute Inc). Statistical testsuseda2-sidedαof .05.Cor-

rections were not made for multiplicity of outcomes to ad-

dress the potential for type I error; therefore, the analyses

should be considered exploratory.

Results

Patient Characteristics

Therewere937 111uniquepatientswhounderwentcarotidend-

arterectomy (mean age, 75.8 years; 43%women) and 231077

uniquepatientswhounderwent carotid artery stenting (mean

age, 75.4 years; 49% women) during the 16-year study. The

number of patients who underwent carotid endarterectomy

ranged from 81 306 in 1999 to 36 325 in 2014. The number of

patients who underwent carotid artery stenting ranged from

10416 in 1999 to 22865 in 2006 to 10 208 in 2014 (Table 1,

Table 2, and Figure 1). For both procedures, there was an in-

crease in the proportion of symptomatic patients over time

(P < .001; Tables 1-2). For carotid artery stenting, the percent-

age of symptomatic patients varied from 14.4% in 1999-2000

to 25.9% in 2013-2014. The prevalence of several comorbidi-

ties and surgical risk factors (eg, hypertension, kidney fail-

ure, depression, and diabetes) increased from 1999 to 2014

(all P < .001; Tables 1-2).

The most frequent principal discharge diagnosis for pa-

tientswho underwent carotid endarterectomywas occlusion

andstenosisof theprecerebralarteries (ICD-9-CMcode433.xx),

comprising 90.8% of diagnoses in 1999 and 93.6% in 2014

(eFigure 1A in the Supplement). For patients who underwent

carotid artery stenting, occlusion and stenosis of the precere-

bral arteries and atherosclerosis (ICD-9-CM codes 433.xx and

440.xx)accountedfor37.7%of thediagnoses in1999and58.1%

in 2014 (eFigure 1B in the Supplement).

Procedure Rates

Carotid Endarterectomy

Thenational carotid endarterectomy ratedecreased from298

(95% CI, 297-300) per 100000 beneficiary-years in 1999-

2000 to 128 (95% CI, 127-129) per 100000 beneficiary-years

in 2013-2014 (P < .001; Table 1 and Figure 1). Although rates

varied across demographic subgroups, patterns were consis-

tent over time (eTable 3 and eFigure 2 in the Supplement).

Carotid endarterectomy was performed in 2527 hospitals in

1999 and in 1914 in 2014. The annual volume per hospital

ranged from a median of 18 (interquartile range [IQR], 6-45)

to 14 (IQR, 5-29) procedures over the 16-year study.

Procedure rates varied across the United States. In 1999-

2000, the annualized county-specific carotid endarterec-

tomy rates adjusted for age, sex, and race ranged from 77 to

735 per 100000 beneficiary-years (Figure 2A). Southern and

central US regions had the highest adjusted rates. Regional

variation persisted in 2013-2014,with rates from41 to 351 per

100000 beneficiary-years. The weighted Pearson correla-

tion between rates in 1999-2000 and 2013-2014 was 0.44

(P < .001), and therewas no change in rank over time for 52%

of counties in the lowest 2 rate quantiles in 1999-2000 and

53% of counties in the highest 2 rate quantiles.

Carotid Artery Stenting

National carotid artery stenting rates increasedbetween 1999-

2000 and 2005-2006 from40 to 75 per 100000 beneficiary-

years (P < .001) but laterdecreasedannually to 38per 100000
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Table 1. Patient Characteristics, Procedure Rates for Carotid Endarterectomy, andOutcomes From 1999-2014

1999-2000 2001-2002 2003-2004 2005-2006 2007-2008 2009-2010 2011-2012 2013-2014

Procedure Rates for Carotid Endarterectomy

No. of patients 158 816 154 943 145 290 123 236 106 095 93 576 81 091 74 064

Beneficiary-years 53 247 167 55 899 903 57 930 780 57 609 795 55 575 318 55 040 013 56 250 256 57 914 000

Rate per 100 000
beneficiary-years (95% CI)

298 (297-300) 277 (276-279) 251 (250-252) 214 (213-215) 191 (190-192) 170 (169-171) 144 (143-145) 128 (127-129)

Demographic Characteristics

Age, mean (SD), y 75.7 (5.9) 75.9 (6.1) 75.9 (6.2) 75.9 (6.3) 75.9 (6.4) 75.8 (6.6) 75.7 (6.6) 75.5 (6.6)

Women, No. (%) 69 539 (43.8) 67 165 (43.3) 62 244 (42.8) 52 576 (42.7) 44 681 (42.1) 39 522 (42.2) 34 153 (42.1) 30 614 (41.3)

Race, No. (%)

White 150 152 (94.5) 146 028 (94.2) 136 275 (93.8) 115 237 (93.5) 99 059 (93.4) 87 239 (93.2) 75 321 (92.9) 68 614 (92.6)

Black 4757 (3.0) 4868 (3.1) 4730 (3.3) 4284 (3.5) 3748 (3.5) 3442 (3.7) 3138 (3.9) 2916 (3.9)

Other 3907 (2.5) 4047 (2.6) 4285 (2.9) 3715 (3.0) 3288 (3.1) 2895 (3.1) 2632 (3.2) 2534 (3.4)

History and Comorbidities, No. (%)

Symptomatic carotid stenosis 22 092 (13.9) 19 996 (12.9) 17 542 (12.1) 14 983 (12.2) 12 557 (11.8) 11 803 (12.6) 11 578 (14.3) 11 472 (15.5)

Congestive heart failure 12 191 (7.7) 11 501 (7.4) 11 070 (7.6) 9204 (7.5) 7575 (7.1) 6458 (6.9) 5983 (7.4) 5269 (7.1)

Myocardial infarction (MI) 4103 (2.6) 4052 (2.6) 3727 (2.6) 2744 (2.2) 2532 (2.4) 2189 (2.3) 2053 (2.5) 1950 (2.6)

Chronic atherosclerosis 71 003 (44.7) 71 244 (46.0) 69 087 (47.6) 58 485 (47.5) 50 376 (47.5) 43 904 (46.9) 37 906 (46.7) 33 699 (45.5)

Hypertension 106 491 (67.1) 109 641 (70.8) 108 157 (74.4) 93 641 (76.0) 84 125 (79.3) 75 546 (80.7) 66 440 (81.9) 60 105 (81.2)

Stroke 15 359 (9.7) 14 603 (9.4) 13 276 (9.1) 11 376 (9.2) 9945 (9.4) 9355 (10.0) 8567 (10.6) 8238 (11.1)

Kidney failure 3432 (2.2) 3920 (2.5) 4393 (3.0) 5500 (4.5) 6974 (6.6) 7090 (7.6) 7365 (9.1) 6913 (9.3)

Peripheral vascular disease 12 731 (8.0) 12 655 (8.2) 12 014 (8.3) 9979 (8.1) 8171 (7.7) 7021 (7.5) 6292 (7.8) 5069 (6.8)

Depression 4092 (2.6) 4771 (3.1) 5635 (3.9) 5399 (4.4) 4998 (4.7) 4890 (5.2) 4959 (6.1) 4819 (6.5)

Diabetes 45 023 (28.3) 45 060 (29.1) 44 032 (30.3) 39 020 (31.7) 34 505 (32.5) 31 374 (33.5) 28 617 (35.3) 26 664 (36.0)

30-d Observed Outcomes, % (95% CI)a

Ischemic stroke or deathb,c 4.4 (4.3-4.5) 4.2 (4.1-4.3) 3.9 (3.8-4.0) 3.5 (3.4-3.6) 3.3 (3.2-3.4) 3.2 (3.1-3.3) 3.2 (3.1-3.3) 3.1 (2.9-3.2)

Ischemic stroke, MI,
or deathb,c

4.7 (4.6-4.8) 4.5 (4.4-4.6) 4.2 (4.1-4.3) 3.8 (3.7-3.9) 3.6 (3.4-3.7) 3.5 (3.3-3.6) 3.5 (3.3-3.6) 3.4 (3.2-3.5)

All-cause deathc 1.6 (1.6-1.7) 1.5 (1.4-1.5) 1.3 (1.2-1.4) 1.2 (1.1-1.2) 1.2 (1.1-1.2) 1.1 (1.0-1.2) 1.1 (1.1-1.2) 1.1 (1.1-1.2)

1-y Observed Outcomes, % (95% CI)a

Ischemic strokeb 11.9 (11.7-12.1) 11.4 (11.2-11.5) 11.0 (10.8-11.2) 10.4 (10.2-10.5) 9.8 (9.6-10.0) 10.1 (9.9-10.3) 10.1 (9.9-10.3) 8.3 (8.1-8.5)

Ischemic stroke, TIA,
or second carotid procedureb

13.8 (13.6-14.0) 13.1 (12.9-13.2) 12.6 (12.4-12.8) 11.9 (11.8-12.1) 11.1 (10.9-11.3) 11.3 (11.1-11.5) 11.3 (11.1-11.5) 9.3 (9.0-9.5)

All-cause deathc 6.0 (5.9-6.1) 5.8 (5.7-5.9) 5.4 (5.3-5.5) 5.0 (4.9-5.1) 4.8 (4.6-4.9) 4.7 (4.5-4.8) 4.7 (4.6-4.9) 4.3 (4.2-4.5)

Hospital Stay

Length, median (IQR), d 2 (1-3) 2 (1-3) 2 (1-2) 1 (1-2) 1 (1-2) 1 (1-2) 1 (1-2) 1 (1-2)

CMS payment, median (IQR), $d 8278 (7403-9886) 7957 (7121-9389) 8088 (6610-9968) 8317 (5800-9963) 7155 (5588-9143) 6448 (5306-9051) 6419 (5214-9118) 6779 (5340-9351)

(continued)
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beneficiary-years in2013-2014 (P < .001;Table2andFigure 1).

Therewasvariation amongdemographic subgroups, but tem-

poral patterns were generally consistent (eTable 4 and eFig-

ure 2 in the Supplement). Carotid artery stenting was per-

formed in 1738 hospitals in 1999, 1821 in 2006, and 1608 in

2014. There was amedian of 4 (IQR, 1-8) carotid artery stent-

ing procedures performed per hospital in 1999, 7 (IQR, 3-19)

in 2006, and 4 (IQR, 2-11) in 2014.

Annualized county-specific rates for carotid artery stent-

ing adjusted for age, sex, and race varied geographically from

11 to 263 per 100000 beneficiary-years in 1999-2000 to 15 to

209 per 100000 beneficiary-years in 2013-2014 (Figure 2B).

Rates in 1999-2000were highest in the southern and central

regions,with additional peaks inCalifornia and inparts of the

southwest. In2013-2014, rates remainedhighest for the south-

ern and central regions. TheweightedPearson correlationbe-

tween rates in 1999-2000 and 2013-2014was 0.20 (P < .001),

and there was no change in rank over time for 43% of coun-

ties in the lowest 2 quantiles in 1999-2000 and 42% of coun-

ties in the highest 2 quantiles.

Multiple Carotid Procedures

During the 16-year study period, 69 390 patients (7.4%) un-

derwent carotid endarterectomy as the index procedure and

14004 (6.1%) underwent carotid artery stenting as the index

procedure and then underwent a second carotid revascular-

ization procedure within 1 year of their index procedure. The

median time to the secondprocedurewas46 (IQR, 28-75)days

after carotidendarterectomyand53 (IQR,27-121)daysafter ca-

rotid artery stenting. A total of 817 patients (1.2%)whounder-

went carotid endarterectomy and 406 (2.9%) who under-

went carotid artery stenting were hospitalized for ischemic

stroke or transient ischemic attack between the first and sec-

ond procedures.

Stroke, Myocardial Infarction, andMortality

Carotid Endarterectomy

Thirty-day outcomes after carotid endarterectomy improved

during the study years. The composite of ischemic stroke or

deathdecreased from4.4% in 1999-2000 to 3.1% in 2013-2014

(absolutedecrease, 1.4%[95%CI, 1.2%-1.5%])andall-causemor-

talitydecreasedfrom1.6%to1.1%(absolutedecrease,0.5%[95%

CI, 0.4%-0.6%]; Table 1). These improvements were signifi-

cant inadjustedanalyses,withannual reductionsof2.90%(95%

CI,2.63%-3.18%) for30-day ischemicstrokeordeathand2.97%

(95%CI,2.56%-3.37%) for30-dayall-causemortality (Figure3A

and eTable 5 in the Supplement). Patterns were similar across

prespecifieddemographic subgroups,with theexceptionofall-

causemortality for those with race/ethnicity of other.

Therewere improvements between 1999-2000and2013-

2014 in in-hospital mortality (absolute decrease, 0.5% [95%

CI, 0.4%-0.5%]; adjusted annual reduction, 5.24% [95% CI,

4.69%-5.79%]), 30-day ischemic stroke, myocardial infarc-

tion, or death (absolute decrease, 1.4% [95% CI, 1.2%-1.6%];

adjustedannual reduction,2.73%[95%CI,2.46%-2.99%]), and

1-year ischemic stroke (absolutedecrease, 3.5%[95%CI, 3.2%-

3.7%]; adjusted annual reduction, 2.17% [95% CI, 2.00%-

2.34%]; Table 1, Figure 3A, and eTable 5 in the Supplement).T
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Table 2. Patient Characteristics, Procedure Rates for Carotid Artery Stenting, and Outcomes From 1999-2014

1999-2000 2001-2002 2003-2004 2005-2006 2007-2008 2009-2010 2011-2012 2013-2014

Procedure Rates for Carotid Artery Stenting

No. of patients 21 511 25 514 31 184 43 361 34 761 27 404 25 497 21 845

Beneficiary-years 53 247 167 55 899 903 57 930 780 57 609 795 55 575 318 55 040 013 56 250 256 57 914 000

Rate per 100 000
beneficiary-years (95% CI)

40 (40-41) 46 (45-46) 54 (53-54) 75 (75-76) 63 (62-63) 50 (49-50) 45 (45-46) 38 (37-38)

Demographic Characteristics

Age, mean (SD), y 75.0 (6.5) 75.2 (6.6) 75.3 (6.9) 75.6 (7.0) 75.7 (7.2) 75.6 (7.4) 75.3 (7.4) 75.2 (7.6)

Women, No. (%) 11 263 (52.4) 13 129 (51.5) 15 942 (51.1) 20 840 (48.1) 16 885 (48.6) 12 866 (46.9) 11 734 (46.0) 9942 (45.5)

Race

White 18 609 (86.5) 22 017 (86.3) 26 921 (86.3) 37 783 (87.1) 29 986 (86.3) 23 416 (85.4) 21 601 (84.7) 18 315 (83.8)

Black 2005 (9.3) 2393 (9.4) 2988 (9.6) 3742 (8.6) 3230 (9.3) 2641 (9.6) 2562 (10.0) 2329 (10.7)

Other 897 (4.2) 1104 (4.3) 1275 (4.1) 1836 (4.2) 1545 (4.4) 1347 (4.9) 1334 (5.2) 1201 (5.5)

History and Comorbities, No. (%)

Symptomatic carotid stenosis 3101 (14.4) 3400 (13.3) 4008 (12.9) 5182 (12.0) 5752 (16.5) 5929 (21.6) 6036 (23.7) 5655 (25.9)

Congestive heart failure 3784 (17.6) 4233 (16.6) 5068 (16.3) 6874 (15.9) 5474 (15.7) 4168 (15.2) 4139 (16.2) 3475 (15.9)

Myocardial infarction (MI) 916 (4.3) 1185 (4.6) 1447 (4.6) 1882 (4.3) 1585 (4.6) 1297 (4.7) 1174 (4.6) 987 (4.5)

Chronic atherosclerosis 11 011 (51.2) 13 381 (52.4) 17 011 (54.6) 24 454 (56.4) 19 106 (55.0) 14 588 (53.2) 13 655 (53.6) 10 824 (49.5)

Hypertension 13 220 (61.5) 16 404 (64.3) 21 154 (67.8) 30 179 (69.6) 25 207 (72.5) 19 711 (71.9) 18 618 (73.0) 15 344 (70.2)

Stroke 953 (4.4) 1144 (4.5) 1426 (4.6) 2386 (5.5) 2206 (6.3) 2119 (7.7) 2032 (8.0) 1922 (8.8)

Kidney failure 2442 (11.4) 2809 (11.0) 3328 (10.7) 5116 (11.8) 5421 (15.6) 4838 (17.7) 4880 (19.1) 4382 (20.1)

Peripheral vascular disease 5730 (26.6) 6434 (25.2) 7696 (24.7) 9808 (22.6) 7365 (21.2) 5233 (19.1) 4637 (18.2) 3743 (17.1)

Depression 787 (3.7) 1029 (4.0) 1476 (4.7) 2007 (4.6) 1778 (5.1) 1434 (5.2) 1498 (5.9) 1352 (6.2)

Diabetes 7936 (36.9) 9046 (35.5) 11 160 (35.8) 15 473 (35.7) 12 792 (36.8) 10 177 (37.1) 10 184 (39.9) 8725 (39.9)

30-d Observed Outcomes, % (95% CI)a

Ischemic stroke or deathb,c 7.0 (6.6-7.3) 6.3 (6.0-6.6) 5.5 (5.3-5.8) 4.8 (4.6-5.0) 5.5 (5.3-5.8) 6.5 (6.2-6.8) 6.8 (6.5-7.1) 7.0 (6.7-7.4)

Ischemic stroke, MI,
or deathb,c

7.4 (7.0-7.7) 6.7 (6.4-7.0) 5.9 (5.6-6.2) 5.1 (4.9-5.4) 5.9 (5.6-6.1) 6.8 (6.5-7.1) 7.2 (6.9-7.5) 7.4 (7.1-7.8)

All-cause deathc 4.7 (4.5-5.0) 4.2 (4.0-4.5) 3.6 (3.4-3.8) 2.9 (2.7-3.0) 3.4 (3.3-3.6) 4.2 (4.0-4.5) 4.4 (4.2-4.7) 4.8 (4.5-5.1)

1-y Observed Outcomes, % (95% CI)a

Ischemic strokeb 8.1 (7.7-8.5) 7.5 (7.2-7.9) 7.4 (7.1-7.7) 7.4 (7.1-7.6) 7.6 (7.3-7.9) 8.3 (7.9-8.6) 8.0 (7.6-8.3) 6.3 (5.9-6.6)

Ischemic stroke, TIA,
or second carotid procedureb

13.8 (13.3-14.3) 12.8 (12.4-13.3) 13.0 (12.6-13.4) 12.6 (12.2-12.9) 11.9 (11.5-12.2) 12.3 (11.9-12.7) 11.7 (11.3-12.1) 8.9 (8.5-9.3)

All-cause deathc 15.5 (15.0-16.0) 14.4 (14.0-14.9) 13.1 (12.7-13.5) 10.7 (10.4-11.0) 12.6 (12.2-12.9) 14.0 (13.5-14.4) 14.0 (13.6-14.4) 13.8 (13.4-14.3)

Hospital Stay

Length, median (IQR), d 2 (1-4) 2 (1-4) 1 (1-3) 1 (1-3) 1 (1-3) 1 (1-3) 1 (1-4) 2 (1-4)

CMS payment, median (IQR), $d 12 963
(9685-16 353)

13 019
(9285-16 336)

13 161
(9486-16 198)

12 177
(9037-15 896)

12 588
(10 214-16 977)

13 571
(10 185-19 383)

13 890
(10 329-19 836)

14 796
(10 820-20 938)
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These reductions were statistically significant across demo-

graphic subgroups.

Therewere statistically significant adjustedannual reduc-

tions in all outcomes among asymptomatic patients,whereas

among symptomatic patients, there were reductions for ev-

erything except 30-day all-cause mortality. The adjusted an-

nual reductions were larger among asymptomatic patients

comparedwith symptomatic patients (eTable 6 and eFigure 3

in the Supplement).

Carotid Artery Stenting

For carotid artery stenting, outcome patterns were more

complex (Table 2). Rates of 30-day ischemic stroke or death

decreased from 7.0% to 4.8% between 1999-2000 and 2005-

2006 and then increased to 7.0% by 2013-2014. The absolute

decrease in the rates of 30-day ischemic stroke or death

between 1999-2000 and 2013-2014 (−0.1%; 95% CI, −0.5% to

0.4%) was not statistically significant. Similar results were

observed for in-hospital mortality (absolute decrease, 0.5%;

95% CI, 0.2% to 0.8%), 30-day all-cause mortality (absolute

decrease, −0.1%; 95% CI, −0.5% to 0.3%), and 30-day ische-

mic stroke, myocardial infarction, or death (absolute de-

crease, −0.1%; 95% CI, −0.6% to 0.4%). One-year ischemic

stroke decreased during the study years from 8.1% to 6.3%

(absolute decrease, 1.6%; 95% CI, 1.2%-2.1%).

With adjustment, there were statistically significant

annual reductions of 2.78% (95% CI, 2.12%-3.43%) for

in-hospital mortality, 1.13% (95% CI, 0.71%-1.54%) for 30-day

ischemic stroke or death, 1.06% (95% CI, 0.66%-1.46%) for

30-day ischemic stroke, myocardial infarction, or death,

1.43% (95% CI, 0.92%-1.93%) for 30-day all-cause mortality,

and 1.86% (95% CI, 1.45%-2.26%) for 1-year ischemic stroke

(Figure 3B and eTable 5 in the Supplement). These reductions

remained significant across demographic subgroups with aT
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Figure 1. National Carotid Revascularization Rates Among

Fee-for-ServiceMedicare Beneficiaries per 100000Beneficiary-Years

From 1999 to 2014

360

300

240

180

120

60

420

0

C
ar

o
ti

d
 R

ev
as

cu
la

ri
za

ti
o

n
 R

at
e

p
e

r 
1

0
0

 0
0

0
 B

e
n

e
fi

ci
ar

y-
Y

e
ar

s

Year

1999 2001 2003 2005 2007 2009 2011 2013

Carotid endarterectomy or carotid artery stenting

Carotid endarterectomy

Carotid artery stenting

Annual procedure rates were calculated by dividing the number of unique

patients undergoing the specified carotid revascularization procedure in each

year by the corresponding number of beneficiary-years of fee-for-service

Medicare enrollment for all beneficiaries in that year within subgroups for age,

sex, and race. The shaded area represents the 95% CI. The lines were smoothed

using the LOESSmethod (local regression).
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few exceptions. There were no statistically significant reduc-

tions in the 30-day outcomes that included ischemic stroke

among black patients and those aged 85 years or older,

30-day all-cause mortality among those aged 75 to 84 years,

or 1-year ischemic stroke among those aged 85 years or older.

When stratified by symptomatic status, there were statis-

tically significant adjusted annual reductions, ranging from

1.58% to 2.66%, in all outcomes among asymptomatic

patients, but reductions only reached statistical significance

for in-hospital mortality and 1-year ischemic stroke among

symptomatic patients (eTable 7 and eFigure 3 in the Supple-

ment). In sensitivity analyses of patients who underwent

carotid artery stenting with an ICD-9-CM procedure code of

00.61, 00.63, or 00.64, the outcomes of observed ischemic

stroke, myocardial infarction, and mortality followed pat-

terns similar to the larger carotid artery stenting cohort; how-

ever, annual trends only reached statistical significance for

1-year ischemic stroke (eTable 8 in the Supplement).

Figure 2. County-Level Risk-Standardized Carotid Revascularization Rates Among Fee-for-ServiceMedicare Beneficiaries

for 1999-2000 and 2013-2014

Carotid endarterectomyA

1999-2000 2013-2014

Carotid artery stentingB

1999-2000 2013-2014

77-236 237-269 270-295 296-331 332-380 381-735 Not calculable

Rate per 100 000 beneficiary-years (6 quantiles)

41-101 102-115 116-125 126-140 141-161 162-351 Not calculable

Rate per 100 000 beneficiary-years (6 quantiles)

11-29 30-34 35-37 38-43 44-53 54-263 Not calculable

Rate per 100 000 beneficiary-years (6 quantiles)

15-29 30-33 34-35 36-39 40-47 48-209 Not calculable

Rate per 100 000 beneficiary-years (6 quantiles)

A spatial mixedmodel with a Poisson link function and adjustment for age, sex,

and race was fit for each period to calculate andmap annualized county-specific

risk-standardized rates for carotid endarterectomy and carotid artery stenting.

The US counties are shaded from green (lowest rate) to red (highest rate)

according to the carotid revascularization rate per 100000 beneficiary-years.

The scales are specific to the procedure and period, and they reflect 6 equal

quantiles based on the data. The carotid endarterectomy rates ranged from 77

to 735 per 100000 beneficiary-years for 1999-2000 and from 41 to 351 per

100000 beneficiary-years for 2013-2014. The carotid artery stenting rates

ranged from 11 to 263 per 100000 beneficiary-years in 1999-2000 and from 15

to 209 per 100000 beneficiary-years for 2013-2014. Areas shaded white

indicate insufficient data that precluded rate calculations (not calculable).

Data from Puerto Rico were used to estimate the national county-level carotid

revascularization rates, but they are not included in themaps. For Puerto Rico,

themedian risk-standardized annual procedure rate for carotid endarterectomy

was 195 (interquartile range [IQR], 170-240) per 100000 beneficiary-years in

1999-2000 and 121 (IQR, 110-132) per 100000 beneficiary-years in 2013-2014

vs 38 (IQR, 33-49) per 100000 beneficiary-years in 1999-2000 and 42 (IQR,

40-46) per 100000 beneficiary-years in 2013-2014 for carotid artery stenting.
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Hospital Length of Stay, Medicare Payment,

and Discharge Disposition

Between1999-2000and2013-2014, themedianhospital length

of stay for the index hospitalization decreased from 2 days to

1 day among patients who underwent carotid endarterec-

tomy (Table 1). Among patients who underwent carotid ar-

tery stenting, themedian lengthof staydecreased from2days

to 1 day between 1999-2000 and 2011-2012 but then returned

to 2 days by 2013-2014 (Table 2). The inflation-adjusted me-

dian Medicare payment for the index hospitalization de-

creased during the study years from $8278 to $6779 for ca-

rotid endarterectomy (Table 1) but increased from $12963 to

$14 796 for carotid artery stenting (Table 2). For both proce-

dures, the rates of discharge to homedecreased,whereas dis-

charge to home care and skilled nursing or intermediate care

facilities increased (Tables 1-2). Results stratified by sympto-

matic status appear in eTables 6-7 in the Supplement.

Discussion

In this nationwide 16-year study of fee-for-service Medicare

beneficiaries, therewas a reduction in the performance of ca-

rotid revascularizationandimprovement inpostprocedureout-

comes.Carotidendarterectomyratesdecreasedannually from

1999 to 2014, whereas carotid artery stenting rates increased

from1999 to2006and thendecreased from2007 to2014.De-

spite lower hospital procedure volume over time, there were

annual improvements in mortality and ischemic stroke out-

comes for both procedures after accounting for demographic

characteristics, comorbidities, and symptomatic status. Re-

ductions in adverse outcomes were observed for both sexes

and within most age and race subgroups.

The reasons for the temporal changes in the performance

of carotid endarterectomy and carotid artery stenting merit

Figure 3. Adjusted Annual Percentage Reduction in Carotid Endarterectomy and Carotid Artery Stenting Outcomes Among Fee-for-Service

Medicare Beneficiaries Overall and by Patient Demographic Subgroups From 1999 to 2014

Carotid endarterectomyA

–1 7654321
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Outcome From 1999-2014, %

Sex

Women
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Other
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65-74

75-84

≥85

Overall

0

In-hospital mortality

–1 7654321

Adjusted Annual Reduction in
Outcome From 1999-2014, %

0

30-d Ischemic

stroke or death

–1 7654321

Adjusted Annual Reduction in
Outcome From 1999-2014, %

0

30-d Ischemic stroke,

myocardial infarction, or death

–1 7654321

Adjusted Annual Reduction in
Outcome From 1999-2014, %

0

30-d All-cause mortality

–1 7654321

Adjusted Annual Reduction in
Outcome From 1999-2014, %

0

1-y Ischemic stroke

Carotid artery stentingB

–1–2–3 7 8654321

Adjusted Annual Reduction in
Outcome From 1999-2014, %
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Race

White

Black

Other

Age, y

65-74

75-84

≥85

Overall

0

In-hospital mortality

–1–2–3 7 8654321

Adjusted Annual Reduction in
Outcome From 1999-2014, %

0

30-d Ischemic

stroke or death

–1–2–3 7 8654321

Adjusted Annual Reduction in
Outcome From 1999-2014, %

0

30-d Ischemic stroke,

myocardial infarction, or death

–1–2–3 7 8654321

Adjusted Annual Reduction in
Outcome From 1999-2014, %

0

30-d All-cause mortality

–1–2–3 7 8654321

Adjusted Annual Reduction in
Outcome From 1999-2014, %

0

1-y Ischemic stroke

Mixedmodels with hospital-specific random intercepts, an interval

time variable, and adjustment for demographic characteristics, comorbid

conditions, and symptomatic status were used to calculate adjusted odds

ratios (for in-hospital mortality and 30-day all-causemortality) and hazard

ratios (for 30-day ischemic stroke or death, 30-day ischemic stroke, myocardial

infarction, or death, and 1-year ischemic stroke) representing annual change in

outcomes after carotid endarterectomy and carotid artery stenting. The time

variable was transformed to reflect the percentage annual reduction in

outcome by subtracting the odds ratio or hazard ratio from the null value of 1.0;

a positive number indicates a decline in the adverse outcome. The forest plots

summarize these annual percentage reductions and corresponding 95% CIs for

the overall carotid endarterectomy and stenting procedure populations and

for subgroups defined by sex, race, and age (the data marker and 95% CI values

appear in eTable 5 in the Supplement).
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consideration. Carotid artery stenting availability may have

contributed to the reduction in carotid endarterectomy dur-

ing early years of the study. Consistent with prior work, ca-

rotid artery stenting rates increased through 2006,13,22 pre-

sumablybecauseof theexpansionofMedicare reimbursement

and the publication of clinical trial results.14,23 A study from

Ontario, Canada, found that overall use of carotid revascular-

ization from 2002 to 2014 among patients aged 40 years or

olderdecreased from6.0 to4.3proceduresper 100000popu-

lation, largely driven by the decrease in carotid endarterec-

tomy from 5.6 to 3.6 procedures per 100000; carotid artery

stenting increased from 0.39 to 0.67 per 100000.14

In the current study, carotid artery stenting rates

increased from 1999 to 2006 but subsequently declined,

falling to baseline levels by 2014. The overall reduction in

revascularization suggests that the availability of carotid

artery stenting is not solely responsible for the decline in

carotid endarterectomy. Likewise, the decline of 1.6% in the

proportion of asymptomatic patients during the study

period is not a feasible explanation for the decline of 57% in

the rate of carotid endarterectomy (from 298 to 128 per

100000 beneficiary-years).

Better clinical management of vascular risk factors could

have affected the performance of carotid revascularization

via biological and medical practice mechanisms. Even

though hypertension prevalence among adults has remained

unchanged from 1999 to 2008, US data show age-adjusted

relative increases of 16% for hypertension awareness, 21% for

reported treatment, and 53% for blood pressure control

(<140 mm Hg for systolic and <90 mm Hg for diastolic blood

pressure).10 Increased treatment and control of dyslipidemia,

particularly with statins, also has been reported.7,9 The esti-

mated number of adults reporting prescription statin use

increased from an average of 17.6 million annually in 2000-

2001 to 40.8million in 2010-2011, according to the nationally

representative Medicare Expenditure Panel Survey.9 In addi-

tion, health behaviors have improved, with increases in exer-

cise frequency and decreases in smoking.7,24 These advances

may have reduced the population-level prevalence of carotid

stenosis that typically warrants revascularization. A decline

in the atherosclerotic burden is also supported by the 28%

decline in the age-adjusted US stroke rate from 54.6 per

100000 in 2003 to 39.1 per 100000 in 2010.25

Because of advances in medical therapy, physicians

may less frequently recommend revascularization for pa-

tients with asymptomatic carotid disease. Asymptomatic

patients represent the majority of those undergoing revascu-

larization. If their stroke risk is low, the perceived need to

intervene by referring physicians could have been affected.

Recent observational studies suggested an annual stroke risk

of 1% or less for asymptomatic patients,26,27 which is about

half the risk rate reported in clinical trials initiated in the

1980s and 1990s.4,6

Changes in surgical reimbursement policies over time

may have also contributed to the reported patterns.23,28 As

carotid endarterectomy rates declined from 1999 to 2014,

CMS reimbursement also decreased. Performance of carotid

artery stenting increased from 1999 to 2006 and then

decreased annually through 2014. Prior to 2005, the CMS did

not reimburse carotid artery stenting when patients were

treated outside approved clinical trials and postapproval

studies.23 In March 2005, the CMS determined that carotid

artery stenting coverage could be provided for symptomatic

patients with 70% or greater stenosis whowere at high risk to

undergo carotid endarterectomy.28 Thereafter, the CMS has

not reimbursed the costs of carotid artery stenting for symp-

tomatic patients meeting the conventional risk profile nor

asymptomatic patients with conventional or high risk treated

outside an approved clinical trial or postapproval study.

These restrictions for asymptomatic patients may have

played a role in the decreasing proportion of asymptomatic

patients undergoing carotid artery stenting, and the higher

proportion of symptomatic patients could have attenuated

outcome improvements.

From 2008 to 2010, reports from 4 large randomized

trials comparing carotid endarterectomy vs carotid artery

stenting were published.20,29-31 These trials showed a safety

advantage for carotid endarterectomy with regard to peripro-

cedural 30-day stroke risk, and subsequent treatment guide-

lines have favored carotid endarterectomy for most sympto-

matic and asymptomatic patients.32

Annual improvements in carotid endarterectomy and

carotid artery stenting outcomes within demographic sub-

groups suggest improved safety for older individuals (aged

≥65 years). The adjusted annual percentage reductions in

30-day outcomes after carotid endarterectomy were similar

across age groups. Annual reductions were comparable

across sexes and race/ethnicity for both procedures, with the

exception of black patients who underwent carotid artery

stenting and had no significant annual reduction in the

30-day composite outcomes that included stroke. These find-

ings extend prior research that compared overall outcomes

by demographic characteristics16,17,33,34 by assessing whether

improvements were seen within subgroups over time.

Clinical trial results completed during an overlapping

period confirm steady declines in revascularization compli-

cations but provide limited information on patterns by

demographic characteristics.20,29-31,35,36 A systematic review

of carotid endarterectomy perioperative safety, which

included trials and community registries, found an overall

decrease in postoperative stroke or death for asymptomatic

patients over a 30-year period but did not assess patterns

within demographic subgroups.8 Analyses from administra-

tive data sets confirm an overall decline for in-hospital,

30-day, and 1-year mortality, but these analyses do not report

data stratified by demographic characteristics.1,11,15 Assessing

safety and outcomes in the oldest old (aged ≥85 years) is

important given the aging demographics of individuals in the

United States, which will increase the population at risk for

atherosclerotic disease.37

The mechanisms mediating improved outcomes follow-

ing revascularization are not clear. Criteria for case selection

mayhavechanged, favoringprocedures for individualsat lower

risk for adverse outcomes (ie, thosewho are younger, asymp-

tomatic, andhavea lowercomorbidityburden).However, there

was an overall increase in the proportion of patients with
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symptomaticdisease, hypertension,diabetes, andkidney fail-

ure. Higher case volume has been associated with improved

postprocedural outcomes,38,39 but there was a decline in the

average number of procedures performed at hospitals during

the study period.

For carotid endarterectomy, improvements in proce-

dural technique, perioperative care, implementation of

quality-control audits, and surgical and anesthesia creden-

tialing may have contributed to improved outcomes.8 In

contrast, carotid artery stenting was an evolving procedure

during the study, and improved outcomes could reflect new

stent designs, acceptance of embolic protection devices,

and technological improvements.40 Hospital length of stay

decreased and a greater proportion of patients were dis-

charged to nursing facilities or home health care during the

study, potentially confirming a greater emphasis on postdis-

charge care. In addition, patients may have been at lower

postsurgical risk in more recent years, given improved risk

factor management.7,9,10

Limitations

This study has several limitations. First, analyses of Medi-

care data are subject to coding errors, changes in coding pat-

terns over time, and lack of detailed clinical information on

the procedure, anatomical details (eg, stroke etiology, ipsi-

lateral vs contralateral location), intraprocedural practices,

chronology of events during the hospitalization, and patient

preferences. Second, available comorbidity data may not

adequately characterize the medical complexity of patients;

however, the performance of models using administrative

databases was comparable with that of models using medi-

cal records for short-term outcomes in prior work.18 Third,

compared with other patients who underwent carotid

revascularization and met CMS criteria, patients who under-

went carotid artery stenting while enrolled in industry-

sponsored registries during the study may have had more

extensive postprocedure assessment of outcomes. Fourth,

outpatient and observation stay revascularization proce-

dures, which may have increased during the latter study

years, could not be assessed. Fifth, analyses were limited to

fee-for-service beneficiaries aged 65 years or older, and

results may not generalize to those with Medicare Advan-

tage or to younger patients. However, fee-for-service Medi-

care provides the largest national database with rates of

hospitalization and postdischarge outcomes. Sixth, our

analyses included a large number of comparisons, and cor-

rections were not made for multiplicity to address the

potential for type I error; accordingly, the analyses should

be considered exploratory.

Conclusions

Among fee-for-service Medicare beneficiaries, the perfor-

manceof carotid endarterectomydeclined from1999 to2014,

whereas the performance of carotid artery stenting increased

until 2006 and then declined from 2007 to 2014. Outcomes

improved despite increases in vascular risk factors.
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eTable 1. Patient Comorbid Conditions and Medical History Variables Included in Risk-Adjustment Models for Outcomes After 
Carotid Endarterectomy, 1999-2014
Comorbid conditions and 
medical history, n (%) 1999-2000 2001-2002 2003-2004 2005-2006 2007-2008 2009-2010 2011-2012 2013-2014

Symptomatic carotid stenosis 22092 (13.9) 19996 (12.9) 17542 (12.1) 14983 (12.2) 12557 (11.8) 11803 (12.6) 11578 (14.3) 11472 (15.5)
Congestive heart failure 12191 (7.7) 11501 (7.4) 11070 (7.6)   9204 (7.5)   7575 (7.1)   6458 (6.9)   5983 (7.4)   5269 (7.1)
Prior myocardial infarction   4103 (2.6)   4052 (2.6)   3727 (2.6)  2744 (2.2)   2532 (2.4)   2189 (2.3)   2053 (2.5)   1950 (2.6)
Unstable angina   7442 (4.7)   6245 (4.0)   5003 (3.4)   3512 (2.8)   2465 (2.3)   1869 (2.0)   1520 (1.9)   1287 (1.7)
Chronic atherosclerosis 71003 (44.7) 71244 (46.0) 69087 (47.6) 58485 (47.5) 50376 (47.5) 43904 (46.9) 37906 (46.7) 33699 (45.5)
Respiratory failure   2129 (1.3)   2017 (1.3)   2121 (1.5)   2012 (1.6)   2415 (2.3)   2390 (2.6)   2282 (2.8)   2174 (2.9)
Hypertension 106491 (67.1) 109641 (70.8) 108157 (74.4) 93641 (76.0) 84125 (79.3) 75546 (80.7) 66440 (81.9) 60105 (81.2)
Prior stroke 15359 (9.7) 14603 (9.4) 13276 (9.1) 11376 (9.2)   9945 (9.4)   9355 (10.0)   8567 (10.6)   8238 (11.1)
Cerebrovascular disease 26842 (16.9) 25131 (16.2) 23636 (16.3) 19025 (15.4) 15906 (15.0) 14005 (15.0) 12652 (15.6) 11004 (14.9)
Kidney failure   3432 (2.2)   3920 (2.5)   4393 (3.0)   5500 (4.5)   6974 (6.6)   7090 (7.6)   7365 (9.1)   6913 (9.3)
COPD 29748 (18.7) 30636 (19.8) 30677 (21.1) 27442 (22.3) 22754 (21.4) 19040 (20.3) 16833 (20.8) 15183 (20.5)
Pneumonia   5883 (3.7)   5509 (3.6)   5502 (3.8)   4875 (4.0)   4279 (4.0)   3940 (4.2)   3530 (4.4)   3119 (4.2)
Protein-calorie malnutrition   1044 (0.7)    956 (0.6)    968 (0.7)    960 (0.8)   1126 (1.1)   1275 (1.4)   1252 (1.5)   1292 (1.7)
Dementia   3186 (2.0)   3533 (2.3)   4037 (2.8)   3627 (2.9)   3452 (3.3)   3336 (3.6)   2496 (3.1)   1448 (2.0)
Functional disability   6082 (3.8)   5825 (3.8)   5201 (3.6)   4145 (3.4)   3850 (3.6)   3898 (4.2)   3931 (4.8)   3840 (5.2)
Peripheral vascular disease 12731 (8.0) 12655 (8.2) 12014 (8.3)   9979 (8.1)   8171 (7.7)   7021 (7.5)   6292 (7.8)   5069 (6.8)
Cancer   6724 (4.2)   6608 (4.3)   6236 (4.3)   5208 (4.2)   4566 (4.3)   3837 (4.1)   3273 (4.0)   3017 (4.1)
Trauma   4330 (2.7)   4581 (3.0)   4925 (3.4)   4392 (3.6)   3619 (3.4)   2901 (3.1)   2662 (3.3)   2140 (2.9)
Psychiatric disorder   1194 (0.8)   1245 (0.8)   1229 (0.8)    981 (0.8)   1013 (1.0)   1024 (1.1)   1061 (1.3)    975 (1.3)
Liver disease    475 (0.3)    526 (0.3)    556 (0.4)    475 (0.4)    416 (0.4)    407 (0.4)    385 (0.5)    401 (0.5)
Depression   4092 (2.6)   4771 (3.1)   5635 (3.9)   5399 (4.4)   4998 (4.7)   4890 (5.2)   4959 (6.1)   4819 (6.5)
Diabetes 45023 (28.3) 45060 (29.1) 44032 (30.3) 39020 (31.7) 34505 (32.5) 31374 (33.5) 28617 (35.3) 26664 (36.0)
Abbreviations: COPD, chronic obstructive pulmonary disease.
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eTable 2. Patient Comorbid Conditions and Medical History Variables Included in Risk-Adjustment Models for Outcomes After 
Carotid Artery Stenting, 1999-2014
Comorbid conditions and 
medical history, n (%) 1999-2000 2001-2002 2003-2004 2005-2006 2007-2008 2009-2010 2011-2012 2013-2014

Symptomatic carotid stenosis 3101 (14.4) 3400 (13.3) 4008 (12.9) 5182 (12.0) 5752 (16.5) 5929 (21.6) 6036 (23.7) 5655 (25.9)
Congestive heart failure   3784 (17.6)   4233 (16.6)   5068 (16.3)   6874 (15.9)   5474 (15.7)   4168 (15.2)   4139 (16.2)   3475 (15.9)
Prior myocardial infarction    916 (4.3)   1185 (4.6)   1447 (4.6)  1882 (4.3)   1585 (4.6)   1297 (4.7)   1174 (4.6)    987 (4.5)
Unstable angina   1573 (7.3)   1631 (6.4)   1684 (5.4)   2020 (4.7)   1327 (3.8)    944 (3.4)    791 (3.1)    587 (2.7)
Chronic atherosclerosis 11011 (51.2) 13381 (52.4) 17011 (54.6) 24454 (56.4) 19106 (55.0) 14588 (53.2) 13655 (53.6) 10824 (49.5)
Respiratory failure    651 (3.0)    761 (3.0)    882 (2.8)   1452 (3.3)   1644 (4.7)   1474 (5.4)   1536 (6.0)   1409 (6.4)
Hypertension 13220 (61.5) 16404 (64.3) 21154 (67.8) 30179 (69.6) 25207 (72.5) 19711 (71.9) 18618 (73.0) 15344 (70.2)
Prior stroke    953 (4.4)   1144 (4.5)   1426 (4.6)   2386 (5.5)   2206 (6.3)   2119 (7.7)   2032 (8.0)   1922 (8.8)
Cerebrovascular disease   3542 (16.5)   3899 (15.3)   4605 (14.8)   6681 (15.4)   5610 (16.1)   4885 (17.8)   4543 (17.8)   3712 (17.0)
Kidney failure   2442 (11.4)   2809 (11.0)   3328 (10.7)   5116 (11.8)   5421 (15.6)   4838 (17.7)   4880 (19.1)   4382 (20.1)
COPD   4964 (23.1)   6142 (24.1)   7887 (25.3) 11051 (25.5)   8587 (24.7)   6145 (22.4)   5964 (23.4)   5060 (23.2)
Pneumonia   1463 (6.8)   1697 (6.7)   2073 (6.6)   2873 (6.6)   2526 (7.3)   2452 (8.9)   2340 (9.2)   2038 (9.3)
Protein-calorie malnutrition    497 (2.3)    508 (2.0)    680 (2.2)    917 (2.1)   1001 (2.9)   1251 (4.6)   1381 (5.4)   1348 (6.2)
Dementia    895 (4.2)   1094 (4.3)   1385 (4.4)   1940 (4.5)   1830 (5.3)   1753 (6.4)   1494 (5.9)    848 (3.9)
Functional disability   1280 (6.0)   1376 (5.4)   1557 (5.0)   1977 (4.6)   1994 (5.7)   2129 (7.8)   2120 (8.3)   1950 (8.9)
Peripheral vascular disease   5730 (26.6)   6434 (25.2)   7696 (24.7)   9808 (22.6)   7365 (21.2)   5233 (19.1)   4637 (18.2)   3743 (17.1)
Cancer   1137 (5.3)   1401 (5.5)   1737 (5.6)   2193 (5.1)   1830 (5.3)   1475 (5.4)   1488 (5.8)   1211 (5.5)
Trauma    935 (4.3)   1198 (4.7)   1659 (5.3)   2275 (5.2)   1874 (5.4)   1380 (5.0)   1424 (5.6)   1109 (5.1)
Psychiatric disorder    256 (1.2)    313 (1.2)    351 (1.1)  459 (1.1)    441 (1.3)    411 (1.5)    455 (1.8)    432 (2.0)
Liver disease    112 (0.5)    161 (0.6)    248 (0.8)    269 (0.6)    206 (0.6)    175 (0.6)    192 (0.8)    213 (1.0)
Depression    787 (3.7)   1029 (4.0)   1476 (4.7)   2007 (4.6)   1778 (5.1)   1434 (5.2)   1498 (5.9)   1352 (6.2)
Diabetes   7936 (36.9)   9046 (35.5) 11160 (35.8) 15473 (35.7) 12792 (36.8) 10177 (37.1) 10184 (39.9)   8725 (39.9)
Abbreviations: COPD, chronic obstructive pulmonary disease.
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eTable 3. National Carotid Endarterectomy Rates by Sex, Race, and Age, 1999-2014
1999-2000 2001-2002 2003-2004 2005-2006 2007-2008 2009-2010 2011-2012 2013-2014

Women
   Number of CEA patients 69539 67165 62244 52576 44681 39522 34153 30614
   Denominator, BY 31619350 32843676 33733948 33295397 31810731 31226221 31609881 32143234
   Rate per 100,000 BY (95% CI) 220 (218-222) 204 (203-206) 185 (183-186) 158 (157-159) 140 (139-142) 127 (125-128) 108 (107-109) 95 (94-96)
Men
   Number of CEA patients 89277 87778 83046 70660 61414 54054 46938 43450
   Denominator, BY 21627816 23056227 24196832 24314398 23764588 23813792 24640375 25770767
   Rate per 100,000 BY (95% CI) 413 (410-415) 381 (378-383) 343 (341-346) 291 (288-293) 258 (256-260) 227 (225-229) 190 (189-192) 169 (167-170)

White race
   Number of CEA patients 150152 146028 136275 115237 99059 87239 75321 68614
   Denominator, BY 46342676 48614620 50172816 49781107 47953027 47191840 47907621 48970750
   Rate per 100,000 BY (95% CI) 324 (322-326) 300 (299-302) 272 (270-273) 231 (230-233) 207 (205-208) 185 (184-186) 157 (156-158) 140 (139-141)
Black race
   Number of CEA patients 4757 4868 4730 4284 3748 3442 3138 2916
   Denominator, BY 4146767 4444811 4642581 4574902 4306206 4348396 4510146 4616211
   Rate per 100,000 BY (95% CI) 115 (111-118) 110 (106-113) 102 (99-105) 94 (91-96) 87 (84-90) 79 (77-82) 70 (67-72) 63 (61-65)
Other race/ethnicity
   Number of CEA patients 3907 4047 4285 3715 3288 2895 2632 2534
   Denominator, BY 2757723 2840472 3115382 3253786 3316085 3499777 3832489 4327039
   Rate per 100,000 BY (95% CI) 142 (137-146) 142 (138-147) 138 (133-142) 114 (111-118) 99 (96-103) 83 (80-86) 69 (66-71) 59 (56-61)

Age 65-74y
   Number of CEA patients 71072 67919 63391 54105 47230 42983 38234 35735
   Denominator, BY 28074148 29332254 30318946 30174207 29352055 29737609 31089992 33229245
   Rate per 100,000 BY (95% CI) 253 (251-255) 232 (230-233) 209 (207-211) 179 (178-181) 161 (159-162) 145 (143-146) 123 (122-124) 108 (106-109)
Age 75-84y
   Number of CEA patients 74427 73171 68098 56796 47623 40216 33891 30370
   Denominator, BY 18709151 19786263 20525335 20175426 18836202 17755926 17407862 16950411
   Rate per 100,000 BY (95% CI) 398 (395-401) 370 (367-372) 332 (329-334) 282 (279-284) 253 (251-255) 226 (224-229) 195 (193-197) 179 (177-181)
Age 85+y
   Number of CEA patients 13317 13853 13801 12335 11242 10377 8966 7959
   Denominator, BY 6463868 6781386 7086499 7260161 7387061 7546477 7752402 7734345
   Rate per 100,000 BY (95% CI) 206 (203-210) 204 (201-208) 195 (192-198) 170 (167-173) 152 (149-155) 138 (135-140) 116 (113-118) 103 (101-105)
Abbreviations: BY, beneficiary-years; CEA, carotid endarterectomy; CI, confidence interval.



© 2017 American Medical Association. All rights reserved.

eTable 4. National Carotid Artery Stenting Rates by Sex, Race, and Age, 1999-2014
1999-2000 2001-2002 2003-2004 2005-2006 2007-2008 2009-2010 2011-2012 2013-2014

Women
   Number of CAS patients 11263 13129 15942 20840 16885 12866 11734 9942
   Denominator, BY 31619350 32843676 33733948 33295397 31810731 31226221 31609881 32143234
   Rate per 100,000 BY (95% CI) 36 (35-36) 40 (39-41) 47 (47-48) 63 (62-63) 53 (52-54) 41 (40-42) 37 (36-38) 31 (30-32)
Men
   Number of CAS patients 10248 12385 15242 22521 17876 14538 13763 11903
   Denominator, BY 21627816 23056227 24196832 24314398 23764588 23813792 24640375 25770767
   Rate per 100,000 BY (95% CI) 47 (46-48) 54 (53-55) 63 (62-64) 93 (91-94) 75 (74-76) 61 (60-62) 56 (55-57) 46 (45-47)

White race
   Number of CAS patients 18609 22017 26921 37783 29986 23416 21601 18315
   Denominator, BY 46342676 48614620 50172816 49781107 47953027 47191840 47907621 48970750
   Rate per 100,000 BY (95% CI) 40 (40-41) 45 (45-46) 54 (53-54) 76 (75-77) 63 (62-63) 50 (49-50) 45 (44-46) 37 (37-38)
Black race
   Number of CAS patients 2005 2393 2988 3742 3230 2641 2562 2329
   Denominator, BY 4146767 4444811 4642581 4574902 4306206 4348396 4510146 4616211
   Rate per 100,000 BY (95% CI) 48 (46-50) 54 (52-56) 64 (62-67) 82 (79-84) 75 (72-78) 61 (58-63) 57 (55-59) 50 (48-53)
Other race/ethnicity
   Number of CAS patients 897 1104 1275 1836 1545 1347 1334 1201
   Denominator, BY 2757723 2840472 3115382 3253786 3316085 3499777 3832489 4327039
   Rate per 100,000 BY (95% CI) 33 (30-35) 39 (37-41) 41 (39-43) 56 (54-59) 47 (44-49) 38 (36-41) 35 (33-37) 28 (26-29)

Age 65-74y 
   Number of CAS patients 10762 12313 15013 20259 16210 13244 12789 11289
   Denominator, BY 28074148 29332254 30318946 30174207 29352055 29737609 31089992 33229245
   Rate per 100,000 BY (95% CI) 38 (38-39) 42 (41-43) 50 (49-50) 67 (66-68) 55 (54-56) 45 (44-45) 41 (40-42) 34 (33-35)
Age 75-84y
   Number of CAS patients 8921 10812 12930 17955 14031 10431 9334 7567
   Denominator, BY 18709151 19786263 20525335 20175426 18836202 17755926 17407862 16950411
   Rate per 100,000 BY (95% CI) 48 (47-49) 55 (54-56) 63 (62-64) 89 (88-90) 74 (73-76) 59 (58-60) 54 (53-55) 45 (44-46)
Age 85+y
   Number of CAS patients 1828 2389 3241 5147 4520 3729 3374 2989
   Denominator, BY 6463868 6781386 7086499 7260161 7387061 7546477 7752402 7734345
   Rate per 100,000 BY (95% CI) 28 (27-30) 35 (34-37) 46 (44-47) 71 (69-73) 61 (59-63) 49 (48-51) 44 (42-45) 39 (37-40)
Abbreviations: BY, beneficiary-years; CEA, carotid endarterectomy; CI, confidence interval.
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eTable 5. Adjusted Annual Percentage Reductions and 95% Confidence Intervals for Outcomes After Carotid 
Revascularization: Overall and by Patient Demographic Subgroups, 1999-2014a,b

Subgroup In-hospital 
mortality

30-day ischemic 
stroke or deathc,d

30-day ischemic 
stroke, MI, or deathc,d

30-day all-cause 
mortalityd

1-year ischemic 
strokec

CEA, % reduction (95% CI)
Overall 5.24 (4.69-5.79) 2.90 (2.63-3.18) 2.73 (2.46-2.99) 2.97 (2.56-3.37) 2.17 (2.00-2.34)
Women 5.20 (4.38-6.01) 2.71 (2.29-3.13) 2.49 (2.09-2.90) 3.11 (2.49-3.72) 1.98 (1.72-2.24)
Men 5.28 (4.58-5.98) 3.04 (2.68-3.40) 2.89 (2.54-3.23) 2.86 (2.33-3.39) 2.33 (2.10-2.56)
White 5.39 (4.81-5.97) 2.92 (2.63-3.20) 2.73 (2.46-3.00) 3.02 (2.59-3.44) 2.15 (1.98-2.33)
Black 4.58 (2.96-6.17) 2.64 (1.31-3.96) 2.91 (1.63-4.17) 3.03 (1.53-4.52) 2.20 (1.27-3.13)
Other race/ethnicity NC 2.95 (1.37-4.51) 2.46 (0.95-3.95) 1.47 (-0.11-3.03) 2.36 (1.32-3.39)
Age 65-74y 5.36 (4.50-6.22) 2.76 (2.34-3.18) 2.56 (2.16-2.96) 2.72 (2.06-3.37) 2.08 (1.83-2.33)
Age 75-84y 5.40 (4.62-6.18) 3.19 (2.77-3.60) 3.01 (2.61-3.40) 3.34 (2.75-3.93) 2.16 (1.89-2.42)
Age 85+y 4.93 (3.76-6.07) 2.93 (2.17-3.68) 2.82 (2.10-3.54) 3.06 (2.12-4.00) 2.60 (2.02-3.18)

CAS, % reduction  (95% CI)
Overall 2.78 (2.12-3.43) 1.13 (0.71-1.54) 1.06 (0.66-1.46) 1.43 (0.92-1.93) 1.86 (1.45-2.26)
Women 2.22 (1.35-3.08) 0.97 (0.40-1.54) 0.94 (0.38-1.49) 0.93 (0.25-1.60) 2.15 (1.57-2.73)
Men 3.43 (2.48-4.37) 1.33 (0.73-1.93) 1.22 (0.64-1.80) 2.02 (1.29-2.75) 1.61 (1.05-2.17)
White 2.34 (1.61-3.07) 1.09 (0.64-1.55) 1.04 (0.60-1.48) 1.23 (0.67-1.78) 1.78 (1.35-2.21)
Black 4.50 (2.81-6.16) 0.54 (-0.67-1.73) 0.43 (-0.75-1.58) 2.10 (0.67-3.50) 1.98 (0.56-3.38)
Other race/ethnicity 5.37 (3.16-7.52) 2.66 (0.85-4.43) 2.50 (0.75-4.21) 2.56 (0.69-4.39) 3.48 (1.53-5.39)
Age 65-74y 3.93 (2.99-4.86) 1.68 (1.06-2.29) 1.48 (0.88-2.07) 2.48 (1.74-3.21) 1.83 (1.27-2.40)
Age 75-84y 1.75 (0.70-2.78) 0.85 (0.17-1.52) 0.93 (0.27-1.58) 0.63 (-0.19-1.44) 1.85 (1.21-2.50)
Age 85+y 2.41 (1.01-3.79) 0.82 (-0.17-1.81) 0.80 (-0.17-1.77) 1.35 (0.21-2.48) 1.14 (-0.24-2.49)
Abbreviations: CAS, carotid artery stenting; CEA, carotid endarterectomy; CI, confidence interval; MI, myocardial infarction; NC, not calculable. 
aTo permit complete follow-up, the 1-year outcome analyses were restricted to discharges through 2013 and the 30-day outcome analyses to discharges through November 30, 
2014.
bAnnual percentage reduction was calculated by subtracting the odds ratio (for in-hospital mortality and 30-day all-cause mortality) or hazard ratio (for 30-day ischemic stroke or 
death; 30-day ischemic stroke, MI, or death; and 1-year ischemic stroke) for the annual change in outcome from the null value of 1.0; a positive number indicates a decline in the 
adverse outcome.
cIschemic stroke and myocardial infarction events were determined from the date of hospital discharge for the index carotid procedure.
dDeath was determined from the date of hospital admission for the index carotid procedure.
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eTable 6. Observed Outcomes After Carotid Endarterectomy by Symptomatic Status, 1999-2014 (continued)
Outcome, % (95% CI) 1999-2000 2001-2002 2003-2004 2005-2006 2007-2008 2009-2010 2011-2012 2013-2014a

Symptomatic
Number of patients, n 22092 19996 17542 14983 12557 11803 11578 11472
30-day ischemic stroke 
or deathb,c 6.0 (5.68-6.31) 5.6 (5.32-5.96) 5.4 (5.02-5.69) 5.1 (4.72-5.42) 4.9 (4.55-5.31) 5.2 (4.83-5.63) 5.3 (4.85-5.67) 5.2 (4.78-5.59)
30-day ischemic stroke, 
MI, or deathb,c 6.4 (6.03-6.67) 6.0 (5.62-6.27) 5.7 (5.31-6.00) 5.4 (5.02-5.74) 5.2 (4.83-5.61) 5.5 (5.05-5.87) 5.6 (5.16-6.00) 5.5 (5.07-5.90)
30-day all-cause deathc 2.7 (2.49-2.92) 2.5 (2.25-2.69) 2.3 (2.10-2.55) 2.3 (2.07-2.56) 2.3 (2.03-2.56) 2.3 (2.08-2.64) 2.6 (2.35-2.94) 2.5 (2.24-2.82)
1-year ischemic strokeb 13.0 (12.5-13.4) 12.2 (11.8-12.7) 12.1 (11.6-12.6) 11.5 (11.0-12.0) 10.7 (10.1-11.2) 11.3 (10.7-11.9) 11.4 (10.8-12.0) 9.3 (8.76-9.85)
1-year all-cause deathc 8.5 (8.12-8.86) 8.3 (7.88-8.65) 8.2 (7.83-8.65) 7.6 (7.14-8.00) 7.5 (7.02-7.94) 8.0 (7.53-8.52) 7.6 (7.09-8.06) 7.5 (6.98-7.95)
Median length of stay 
(Q1-Q3), d 2 (2-4) 2 (1-4) 2 (1-4) 2 (1-3) 2 (1-4) 2 (1-4) 2 (1-4) 2 (1-3)
Median CMS payment 
(Q1-Q3), $d

8458
(7537-10147)

8144
(7263-9634)

8494
(6952-10273)

8744
(6390-10327)

8537
(6795-10710)

9074
(7030-13239)

9038
(6995-12802)

9121
(7224-13317)

Discharge disposition
   In-hospital death 1.5 (1.32-1.64) 1.2 (1.09-1.40) 1.1 (0.95-1.27) 1.1 (0.93-1.27) 1.2 (1.00-1.38) 1.0 (0.86-1.23) 1.0 (0.85-1.23) 1.1 (0.92-1.32)
   Home 71.9 (71.3-72.5) 71.8 (71.2-72.4) 70.6 (69.9-71.3) 69.0 (68.2-69.7) 66.2 (65.4-67.1) 62.4 (61.5-63.2) 61.1 (60.2-62.0) 59.3 (58.4-60.2)
   Home care 7.8 (7.48-8.19) 7.7 (7.37-8.11) 9.0 (8.57-9.42) 10.2 (9.72-10.7) 11.0 (10.5-11.6) 12.1 (11.5-12.7) 11.9 (11.3-12.5) 13.0 (12.4-13.6)
   SNF or ICF 9.2 (8.84-9.61) 9.2 (8.77-9.57) 9.3 (8.89-9.76) 9.6 (9.16-10.1) 10.1 (9.62-10.7) 11.6 (11.0-12.2) 11.8 (11.3-12.4) 12.1 (11.5-12.7)
   Hospice 0.0 (0.01-0.06) 0.1 (0.04-0.12) 0.2 (0.14-0.28) 0.2 (0.17-0.33) 0.4 (0.28-0.50) 0.4 (0.32-0.57) 0.5 (0.34-0.60) 0.4 (0.33-0.58)
   Transferred 0.8 (0.65-0.88) 0.9 (0.77-1.04) 0.5 (0.43-0.66) 0.5 (0.38-0.60) 0.3 (0.17-0.36) 0.4 (0.31-0.56) 0.6 (0.43-0.71) 0.4 (0.33-0.58)

Asymptomatic
Number of patients, n 136724 134947 127748 108253 93538 81773 69513 62592
30-day ischemic stroke 
or deathb,c 4.2 (4.08-4.29) 3.9 (3.84-4.05) 3.7 (3.59-3.79) 3.3 (3.18-3.39) 3.1 (2.95-3.17) 2.9 (2.79-3.02) 2.8 (2.70-2.94) 2.7 (2.54-2.79)
30-day ischemic stroke, 
MI, or deathb,c 4.5 (4.36-4.58) 4.2 (4.13-4.35) 4.0 (3.89-4.11) 3.6 (3.46-3.69) 3.3 (3.21-3.44) 3.2 (3.04-3.28) 3.1 (2.97-3.23) 3.0 (2.82-3.09)
30-day all-cause deathc 1.4 (1.37-1.49) 1.3 (1.25-1.37) 1.2 (1.10-1.21) 1.0 (0.96-1.09) 1.0 (0.94-1.07) 0.9 (0.84-0.97) 0.9 (0.83-0.97) 0.9 (0.79-0.94)
1-year ischemic strokeb 11.7 (11.6-11.9) 11.2 (11.0-11.4) 10.9 (10.7-11.0) 10.2 (10.0-10.4) 9.7 (9.48-9.86) 9.9 (9.70-10.1) 9.9 (9.68-10.1) 8.2 (7.93-8.37)
1-year all-cause deathc 5.6 (5.46-5.71) 5.4 (5.32-5.56) 5.0 (4.92-5.16) 4.6 (4.50-4.75) 4.4 (4.28-4.54) 4.2 (4.05-4.33) 4.2 (4.07-4.37) 3.7 (3.57-3.87)
Median length of stay 
(Q1-Q3), d 2 (1-3) 2 (1-2) 1 (1-2) 1 (1-2) 1 (1-2) 1 (1-2) 1 (1-2) 1 (1-2)
Median CMS payment 
(Q1-Q3), $d

8250
(7387-9846)

7927
(7109-9356)

8032
(6579-9918)

8245
(5750-9904)

6928
(5523-8937)

6213
(5236-8526)

6145
(5136-8519)

6361
(5231-8733)

Discharge disposition
   In-hospital death 0.8 (0.78-0.87) 0.7 (0.68-0.78) 0.6 (0.58-0.66) 0.5 (0.47-0.56) 0.4 (0.40-0.49) 0.4 (0.34-0.43) 0.3 (0.30-0.39) 0.3 (0.27-0.36)
   Home 88.1 (87.9-88.3) 88.3 (88.1-88.5) 87.2 (87.1-87.4) 86.8 (86.6-87.0) 86.8 (86.5-87.0) 86.4 (86.1-86.6) 86.1 (85.8-86.3) 86.0 (85.8-86.3)
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eTable 6. Observed Outcomes After Carotid Endarterectomy by Symptomatic Status, 1999-2014 (continued)
Outcome, % (95% CI) 1999-2000 2001-2002 2003-2004 2005-2006 2007-2008 2009-2010 2011-2012 2013-2014a

   Home care 5.6 (5.51-5.76) 5.4 (5.31-5.55) 6.5 (6.34-6.61) 7.1 (6.95-7.26) 7.5 (7.32-7.66) 7.9 (7.70-8.07) 7.9 (7.68-8.09) 8.1 (7.86-8.29)
   SNF or ICF 3.3 (3.18-3.37) 3.2 (3.06-3.25) 3.3 (3.21-3.40) 3.5 (3.34-3.56) 3.4 (3.24-3.48) 3.5 (3.34-3.59) 3.6 (3.48-3.76) 3.5 (3.31-3.60)
   Hospice 0.0 (0.01-0.02) 0.0 (0.01-0.03) 0.1 (0.04-0.07) 0.1 (0.07-0.11) 0.1 (0.05-0.08) 0.1 (0.06-0.09) 0.1 (0.06-0.11) 0.1 (0.06-0.10)
   Transferred 0.3 (0.32-0.38) 0.4 (0.33-0.39) 0.3 (0.26-0.32) 0.2 (0.21-0.27) 0.2 (0.19-0.25) 0.2 (0.16-0.22) 0.2 (0.18-0.25) 0.2 (0.18-0.25)
Abbreviations: CI, confidence interval; CMS, Centers for Medicare and Medicaid Services; ICF, intermediate care facility; MI, myocardial infarction; Q1, quartile 1; Q3, quartile 3; SNF, skilled nursing facility.
aTo permit complete follow-up, the 1-year outcome analyses were restricted to discharges through 2013 and the 30-day outcome analyses to discharges through November 30, 2014. 
bIschemic stroke and myocardial infarction events were determined from the date of hospital discharge for the index carotid procedure.
cDeath was determined from the date of hospital admission for the index carotid procedure.
dAdjusted for inflation using the annual Consumer Price Index with 2014 as the referent year.
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eTable 7. Observed Outcomes After Carotid Artery Stenting by Symptomatic Status, 1999-2014 (continued)
Outcome, % 95% (CI) 1999-2000 2001-2002 2003-2004 2005-2006 2007-2008 2009-2010 2011-2012 2013-2014a

Symptomatic
Number of patients, n 3101 3400 4008 5182 5752 5929 6036 5655
30-day ischemic stroke 
or deathb,c 11.0 (9.86-12.1) 10.7 (9.61-11.7) 10.8 (9.79-11.7) 8.5 (7.71-9.23) 9.9 (9.17-10.7) 12.0 (11.2-12.8) 11.9 (11.1-12.7) 10.8 (9.98-11.6)
30-day ischemic stroke, 
MI, or deathb,c 11.4 (10.3-12.5) 11.1 (10.1-12.2) 11.2 (10.2-12.1) 8.8 (8.01-9.55) 10.3 (9.51-11.1) 12.4 (11.6-13.3) 12.3 (11.4-13.1) 11.3 (10.4-12.1)
30-day all-cause deathc 8.7 (7.71-9.72) 7.9 (7.03-8.87) 8.1 (7.23-8.94) 5.6 (4.99-6.26) 7.2 (6.58-7.93) 9.1 (8.35-9.83) 9.0 (8.32-9.78) 8.0 (7.28-8.71)
1-year ischemic strokeb 9.6 (8.45-10.7) 9.6 (8.56-10.7) 9.3 (8.36-10.3) 9.3 (8.45-10.1) 8.0 (7.27-8.79) 9.0 (8.20-9.80) 7.8 (7.06-8.53) 7.2 (6.48-7.92)
1-year all-cause deathc 23.9 (22.4-25.4) 23.1 (21.7-24.5) 22.3 (21.0-23.6) 17.2 (16.2-18.3) 21.2 (20.2-22.3) 24.4 (23.3-25.5) 23.0 (22.0-24.1) 20.6 (19.6-21.7)
Median length of stay 
(Q1-Q3), d 3 (1-6) 3 (1-6) 2 (1-6) 2 (1-5) 2 (1-5) 3 (1-6) 3 (1-6) 3 (1-6)
Median CMS payment 
(Q1-Q3), $d

13478 
(10483-17552)

13265 
(9418-16929)

13220 
(9784-16390)

12196 
(9253-16239)

14618 
(11394-19774)

17835 
(13232-24198)

17639 
(13385-24326)

17917 
(13573-24814)

Discharge disposition
   In-hospital death 5.5 (4.71-6.34) 4.6 (3.96-5.41) 4.5 (3.92-5.23) 2.8 (2.35-3.26) 3.6 (3.10-4.08) 4.3 (3.77-4.81) 4.3 (3.78-4.82) 3.8 (3.32-4.33)
   Home 53.7 (51.9-55.5) 54.0 (52.3-55.7) 52.3 (50.7-53.9) 57.1 (55.8-58.5) 48.9 (47.6-50.2) 40.7 (39.4-41.9) 38.6 (37.3-39.8) 37.6 (36.3-38.8)
   Home care 9.9 (8.84-11.0) 9.2 (8.23-10.2) 10.5 (9.52-11.4) 10.1 (9.29-11.0) 12.4 (11.5-13.2) 13.0 (12.2-13.9) 13.2 (12.4-14.1) 13.3 (12.4-14.2)
   SNF or ICF 20.3 (18.9-21.7) 19.6 (18.3-21.0) 19.2 (18.0-20.4) 17.7 (16.7-18.8) 20.8 (19.8-21.9) 25.0 (23.9-26.1) 24.3 (23.3-25.4) 25.8 (24.7-26.9)
   Hospice 0.1 (0.02-0.28) 0.2 (0.10-0.46) 0.7 (0.49-1.04) 0.7 (0.50-0.98) 1.3 (1.04-1.65) 2.0 (1.63-2.36) 1.9 (1.61-2.32) 2.2 (1.81-2.59)
   Transferred 1.7 (1.25-2.19) 1.4 (1.02-1.83) 1.3 (0.97-1.70) 0.9 (0.63-1.16) 0.8 (0.59-1.07) 1.0 (0.74-1.26) 0.8 (0.62-1.09) 1.1 (0.89-1.46)

Asymptomatic
Number of patients, n 18410 22114 27176 38179 29009 21475 19461 16190
30-day ischemic stroke 
or deathb,c 6.3 (5.93-6.63) 5.7 (5.37-5.98) 4.7 (4.48-4.98) 4.3 (4.08-4.49) 4.7 (4.41-4.90) 5.0 (4.71-5.29) 5.2 (4.88-5.51) 5.7 (5.33-6.05)
30-day ischemic stroke, 
MI, or deathb,c 6.7 (6.30-7.02) 6.0 (5.72-6.35) 5.1 (4.85-5.37) 4.6 (4.43-4.86) 5.0 (4.77-5.27) 5.3 (4.99-5.59) 5.6 (5.26-5.91) 6.1 (5.75-6.48)
30-day all-cause deathc 4.1 (3.79-4.37) 3.6 (3.40-3.90) 3.0 (2.77-3.17) 2.5 (2.34-2.65) 2.7 (2.51-2.89) 2.9 (2.67-3.12) 3.0 (2.75-3.23) 3.7 (3.40-3.98)
1-year ischemic strokeb 7.9 (7.48-8.30) 7.2 (6.88-7.59) 7.1 (6.76-7.39) 7.1 (6.84-7.38) 7.5 (7.13-7.76) 8.1 (7.70-8.45) 8.0 (7.60-8.39) 6.0 (5.59-6.35)
1-year all-cause deathc 14.1 (13.6-14.6) 13.1 (12.6-13.5) 11.7 (11.4-12.1) 9.8 (9.53-10.1) 10.8 (10.5-11.2) 11.1 (10.7-11.5) 11.2 (10.8-11.7) 11.4 (11.0-11.9)
Median length of stay 
(Q1-Q3), d 2 (1-4) 1 (1-4) 1 (1-3) 1 (1-2) 1 (1-3) 1 (1-3) 1 (1-3) 1 (1-3)
Median CMS payment 
(Q1-Q3), $d

12872 
(9549-16136)

12988 
(9256-16247)

13151 
(9436-16179)

12173 
(8996-15848)

12303 
(10041-16410)

12571
(9766-17905)

12800 
(9813-18233)

13679 
(10254-19405)

Discharge disposition
   In-hospital death 2.3 (2.13-2.57) 2.0 (1.82-2.19) 1.4 (1.29-1.58) 1.2 (1.05-1.27) 1.2 (1.12-1.38) 1.4 (1.27-1.59) 1.5 (1.36-1.71) 1.7 (1.55-1.96)
   Home 77.3 (76.7-78.0) 78.8 (78.3-79.4) 78.9 (78.4-79.4) 80.8 (80.4-81.2) 79.7 (79.3-80.2) 77.9 (77.4-78.5) 76.0 (75.4-76.6) 72.1 (71.4-72.8)
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eTable 7. Observed Outcomes After Carotid Artery Stenting by Symptomatic Status, 1999-2014 (continued)
Outcome, % 95% (CI) 1999-2000 2001-2002 2003-2004 2005-2006 2007-2008 2009-2010 2011-2012 2013-2014a

   Home care 7.7 (7.32-8.09) 7.2 (6.88-7.57) 8.2 (7.89-8.55) 7.8 (7.50-8.04) 7.9 (7.57-8.19) 8.9 (8.54-9.31) 9.6 (9.23-10.1) 11.0 (10.5-11.5)
   SNF or ICF 8.6 (8.23-9.05) 7.7 (7.39-8.10) 7.4 (7.06-7.68) 6.8 (6.56-7.07) 7.5 (7.23-7.84) 7.7 (7.33-8.04) 8.5 (8.10-8.88) 9.9 (9.45-10.4)
   Hospice 0.0 (0.01-0.07) 0.1 (0.06-0.15) 0.2 (0.16-0.28) 0.2 (0.18-0.28) 0.4 (0.31-0.46) 0.5 (0.43-0.63) 0.6 (0.48-0.70) 0.7 (0.59-0.85)
   Transferred 0.9 (0.77-1.04) 0.8 (0.73-0.98) 0.7 (0.60-0.80) 0.6 (0.48-0.64) 0.5 (0.43-0.60) 0.5 (0.37-0.56) 0.4 (0.33-0.51) 0.5 (0.41-0.64)
Abbreviations: CI, confidence interval; CMS, Centers for Medicare and Medicaid Services; ICF, intermediate care facility; MI, myocardial infarction; Q1, quartile 1; Q2, quartile 2; SNF, skilled nursing facility.
aTo permit complete follow-up, the 1-year outcome analyses were restricted to discharges through 2013 and the 30-day outcome analyses to discharges through November 30, 2014. 
bIschemic stroke and myocardial infarction admissions were determined from the date of hospital discharge for the index carotid procedure.
cDeath was determined from the date of hospital admission for the index carotid procedure.
dAdjusted for inflation using the annual Consumer Price Index with 2014 as the referent year.
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eTable 8. Carotid Artery Stenting Outcomes for Patients Identified by International Classification of Diseases, 
Ninth Revision, Clinical Modification Procedure Codes 00.61, 00.63, and 00.64, 2005-2014a

In-hospital 
mortality

30-day ischemic 
stroke or 
deathb,c

30-day ischemic 
stroke, MI, or 

deathb,c

30-day all-cause 
mortalityc

1-year ischemic 
strokeb

Observed outcomes by year, % (95% CI)
2005-2006 (n=14127) 1.0 (0.85-1.18) 4.6 (4.28-4.97) 5.0 (4.60-5.32) 2.0 (1.79-2.26) 9.7 (9.15-10.2)
2007-2008 (n=13571) 1.2 (1.02-1.40) 4.7 (4.34-5.05) 5.0 (4.66-5.40) 2.4 (2.17-2.70) 9.5 (8.99-10.0)
2009-2010 (n=13368) 1.6 (1.37-1.80) 5.4 (5.04-5.81) 5.7 (5.29-6.07) 3.0 (2.69-3.27) 10.0 (9.43-10.5)
2011-2012 (n=12763) 1.4 (1.25-1.67) 5.6 (5.19-5.98) 6.0 (5.56-6.38) 2.8 (2.50-3.07) 10.1 (9.52-10.6)
2013-2014 (n=10767)d 1.4 (1.23-1.69) 5.4 (5.01-5.87) 5.8 (5.35-6.24) 2.9 (2.58-3.22) 8.3 (7.73-8.79)

Adjusted annual percentage reduction, 
% reduction (95% CI)e 0.33 (-1.91-2.52) -0.85 (-2.17-0.46) -0.83 (-2.11-0.43) -0.54 (-2.31-1.21) 1.63 (0.61-2.63)
Abbreviations: CI, confidence interval; MI, myocardial infarction.
aAnalyses were restricted to patients with procedure codes 00.61, 00.63, and 00.64 between 2005 and 2014 because of the introduction of the codes in late 2014 and the early 2005 
CMS expansion of carotid artery stenting coverage to u{orvqocvke"rcvkgpvu"ykvj"œ92'"uvgnosis who were at high risk for carotid endarterectomy.    
bIschemic stroke and myocardial infarction events were determined from the date of hospital discharge for the index carotid procedure.
cDeath was determined from the date of hospital admission for the index carotid procedure.
dTo permit complete follow-up, the 1-year outcome analyses were restricted to discharges through 2013 and the 30-day outcome analyses to discharges through November 30, 
2014.
eAnnual percentage reduction was calculated by subtracting the odds ratio (for in-hospital mortality and 30-day all-cause mortality) or hazard ratio (for 30-day ischemic stroke or 
death; 30-day ischemic stroke, MI, or death; and 1-year ischemic stroke) for the annual change in outcome from the null value of 1.0; a positive number indicates a decline in the 
adverse outcome.
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eFigure 1. Top Five International Classification of Diseases, Ninth Revision, 
Clinical Modification Principal Discharge Diagnosis Codes for Patients 
Undergoing Carotid Revascularization in 1999 and 2014 

The color of the lines connecting the top five diagnoses in 1999 and 2014 indicates the change in ordinal rank of the 
diagnoses for patients undergoing carotid endarterectomy (A) and carotid artery stenting (B): green indicates a decrease in 
rank (e.g., from 5th to 2nd; diagnosis became more common), red indicates an increase in rank (diagnosis became less 
common), and black indicates no change in rank. The numbers in parentheses correspond to the International Classification 
of Diseases, Ninth Revision, Clinical Modification principal discharge diagnosis codes, and the percentages reflect the 
percentage of patients with the code within the specified year (1999 or 2014).  
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eFigure 2. National Carotid Revascularization Rates per 100,000 Beneficiary-Years 
by Sex, Race, and Age, 1999-2014

Annual procedure rates were calculated by dividing the number of unique patients undergoing the specified carotid 
revascularization procedure in each year by the corresponding number of beneficiary-years of fee-for-service Medicare enrollment 
for all beneficiaries in that year within the specified subgroups. Circles, squares, and triangles denote observed values, and lines 
represent trend over time; the shaded area represents the 95% confidence interval. Lines were smoothed using the loess method
(local regression). See eTables 3 and 4 for the annual numbers of carotid revascularization patients, beneficiary-years, and rates 
per 100,000 beneficiary years and 95% confidence intervals by procedure type and patient subgroup.  
Abbreviations: CAS, carotid artery stenting; CEA, carotid endarterectomy.
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eFigure 3. Adjusted Annual Percentage Reductions and 95% Confidence Intervals for Outcomes After Carotid 
Revascularization by Symptomatic Status, 1999-2014

Mixed models with hospital-specific random intercepts, an interval time variable, and adjustment for demographic characteristics and comorbid conditions were used to calculate 
adjusted odds ratios (for in-hospital mortality and 30-day all-cause mortality) and hazard ratios (for 30-day ischemic stroke or death; 30-day ischemic stroke, MI, or death; and 1-year 
ischemic stroke) representing annual change in outcomes after carotid endarterectomy and carotid artery stenting. The time variable was transformed to reflect the percentage annual 
reduction in outcome by subtracting the odds ratio or hazard ratio from the null value of 1.0; a positive number indicates a decline in the adverse outcome. The forest plot summarizes 
these percentage reductions and corresponding 95% confidence intervals for the carotid endarterectomy and stenting procedure samples, stratified by symptomatic status.   
Abbreviations: CAS, carotid artery stenting; CEA, carotid endarterectomy; MI, myocardial infarction.
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