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troke is the fourth leading cause of death and a

leading cause of disability among adults in the US.!

Approximately 10 to 15% of ischemic strokes are at-
tributable to atherosclerosis of the internal carotid arter-
ies.? Carotid stenosis is categorized as either symptomatic
or asymptomatic. Patients with recent (less than 6 months)
ischemic stroke oritransientyischemic attack (TIA) in the
vascular distribution of a partially blocked carotid artery
are defined as having symptomatic carotid stenosis, and
patients who have not had either/a TIA or stroke in the
distribution of the 'stenotic artery are defined as having
asymptomatic carotid stenosis.’

Carotid endarterectomy (CEA) is the only surgical inter-
vention proven in randomized controlled trials (RCTs) to
reduce the risk of stroke.** Carotid artery stenting (CAS) is
a newer, less invasive, percutaneous procedure that involves
angioplasty of the carotid stenosis and placement of a stent
to open the stenotic area.'>!! For persons with symptomatic
severe (>70%) carotid stenosis, the absolute risk reduction for
CEA is 17% over 2 years (8.5% per year).!? This translates to an
annualized number-needed-to-treat (NNT) of about 12, among
the lowest annualized NNT reported for any secondary stroke
intervention. In other words, CEA is highly effective at reduc-
ing the risk of subsequent stroke and is recommended in the
management of patients with symptomatic severe carotid ste-
nosis. Carotid stenting has never been compared to medical
therapy. However, a large RCT that compared carotid stent-
ing to CEA showed that patients undergoing either procedure
had similar rates of a primary outcome consisting of stroke,
myocardial infarction, or death during the periprocedural pe-
riod, or ipsilateral stroke within 4 years of randomization.”> A
recent meta-analysis concluded that these procedures should
be considered “complementary rather than competing modes
of therapy” and patient selection may play a role in who would
benefit from either modality of intervention.'*

Although a number of studies have examined the appro-

priate use of CEA among patients who have received inter-
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Objectives

To examine the receipt of carotid intervention among eligible
patients post stroke in the Veterans Health Administration (VA).

Methods

We examined whether veterans admitted to a VA medical center
in 2007 with a diagnosis of stroke and who were eligible for inter-
vention, received carotid intervention in a period up to 6 months
after their index hospitalization. We also examined whether de-
mographics, comorbid conditions, stroke severity and availability
of vascular intervention services were independently associated
with receipt of intervention.

Results

Among the 5721 patients admitted, 253 ischemic stroke patients
had evidence of some carotid stenosis and had data on side of
stroke available. Among the 200 patients who had at least 50% to
99% stenosis of the carotid artery, 34 (17%) received intervention
(95% confidence interval [Cl], 11.79%-22.21%). In a multivariable
model, black race and past history of diabetes were significantly
associated with carotid intervention: An eligible black patient
was 6 times more likely to NOT receive intervention compared
to patients of other races (adjusted odds ratio [OR] = 6.54; 95%
Cl, 1.34-31.9), and a patient with diabetes was 3 times more likely
to NOT receive intervention (adjusted OR = 3.38; 95% Cl, 1.24-
9.24) compared to nondiabetics. Stroke severity and availability
of vascular surgery services was not associated with receipt of
intervention.

Conclusions

Few patients with symptomatic carotid stenosis who were admit-
ted with stroke to the VA received carotid intervention. Future
research should be directed at improving access to this procedure
among eligible patients in the VA.
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vention in the Medicare program >

very few studies have examined the
underuse of this procedure in patients
with stroke—those who stand to bene-
fit the most from revascularization. To hoalth.
our knowledge only 1 study, published
more than 15 years ago, examined the

use of carotid intervention in a cohort

Underuse of Carotid Interventions in VVeterans

Take-Away Points

Most national focus on performance measurement and quality reporting turn to simple
measures such as receipt of an aspirin, a beta-blocker, or a simple lab test. Although
more difficult to accurately measure, there is likely significant room for improvement
around decisions about more complex measures that are just as important to a patient’s

B Symptomatic carotid stenosis is uncommon among Veterans admitted to a VA hos-
pital for acute ischemic stroke.

B Among those with symptomatic carotid stenosis, a minority of patients received

carotid revascularization within 6 months after stroke.

of veterans which demonstrated unde-
ruse of CEA in both symptomatic and
asymptomatic populations.’® Given

the large and well-accepted clinical benefit in stroke reduc-
tion, the appropriate receipt of revascularization in this
high-risk population is particularly of interest.

In this study, we examined the use of carotid interven-
tion among patients with an acute ischemic stroke in the
Veterans Health Administration (VA) and determined
factors associated with receipt of intervention. We specifi-
cally hypothesized that access to vascular surgery services
at the VA medical center (VAMC) where patients were
admitted for the management of their stroke may be as-

sociated with receipt of intervention.

METHODS

Data Sources

As part of the VA Stroke Special Study conducted in
2007, a multidisciplinary team with members drawn from
the VA Office of Quality and Performance, the VA Stroke
Quality Enhancement Research Initiative (QUERI), the VA
Office of Patient Care Services, and the VA Office of Nursing
Services was assembled to develop stroke quality measure
specifications and to develop the data collection methodol-
ogy.'”?! Data from the VA Stroke Special Study pertaining
to carotid imaging use was used in this study. Data on avail-
ability of carotid intervention services (CEA or CAS) was
obtained from the National VA SAS databases. Data on re-
ceipt of carotid intervention in the Medicare program was
obtained from the Medpar and physician supplier files. We
examined whether any eligible veteran received CEA using
International Classification of Diseases, Ninth Revision, Clini-
cal Modification (ICD-9-CM) code 38.12 from the Medpar
file and CPT code 35301 from outpatient data. Similarly,
we identified patients who received CAS using ICD-9-CM
codes 00.61 and 00.63 and CPT codes 37215 and 37216 6

months post stroke in the Medicare program.>*

Data Collection
A national cohort of all veterans (N = 5721) admitted
to a VAMC between October 1, 2006, and September

B Availability of local vascular intervention services was not associated with receiving
carotid revascularization.

30, 2007, with a primary discharge diagnosis of ischemic
stroke were identified from VA administrative data using
a modified high specificity algorithm of ICD-9-CM.? A
sample of 5000 medical records was obtained by includ-
ing all veterans at small-volume centers (<55 patients in
fiscal year 2007) and an 80% random sample of veterans
at high-volume centers (>55 patients in fiscal year 2007).
Trained nurse abstractors confirmed a diagnosis of isch-
emic stroke in 3987 patients and then proceeded with a
chart review of 307 data elements among the confirmed
patients. Data elements especially relevant to this study
from chart review include results of carotid studies, re-
ceipt of carotid intervention, comorbid conditions, code
status, and stroke characteristics. Inter-rater reliability

was greater than 70% for over 90% of data elements.

Study Population

Among the 3987 patients, 3014 received at least 1 ca-
rotid imaging test (Figure). We excluded the following
patients: those with a code status of do not resuscitate/
do not intubate (N = 338) or who were discharged to hos-
pice (N = 20), because these patients would likely be too ill
to receive CEA or CAS; patients with posterior circula-
tion stroke (N = 926) because the carotid stenosis would
be classified as asymptomatic (see assessing side of stroke,
below); patients who had atrial fibrillation (N = 280) be-
cause the original randomized controlled trials excluded
such patients; and patients with missing data on carotid
stenosis (N = 2). That left 1717 patients for the analyses.

The American Academy of Neurology recommends
CEA for severe (709%-99%) symptomatic stenosis and con-
siders CEA as only moderately useful for symptomatic pa-
tients with 50%-69% stenosis."””? Current guidelines do not
recommend surgery for patients with less than 50% steno-
sis.!? Similarly, the American Heart Association and the
American Stroke Association guideline recommends carot-
id intervention for patients at average or low surgical risk
who experience nondisabling ischemic stroke or transient

cerebral ischemic symptoms, within 6 months of the event,
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B Figure. Analytic Sample
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if the stenosis of the lumen of the ipsilateral internal carot-
id artery is more than 70% as documented by noninvasive
imaging or more than 50% as documented by catheter an-
giography, and the anticipated rate of perioperative stroke
or mortality is less than 6%.1° We considered patients ap-
propriate for intervention if they had documented carotid
stenosis between 50% and 99% and had had a stroke in the
distribution of the carotid artery. Among the 1717 patients
with data on carotid imaging, 388 had stenosis of 50%-99%
in at least 1 artery. However, we only had data on side of
stroke for 253 (65%) of these patients and could not con-
clusively evaluate underuse of carotid intervention in pa-
tients without data on the side of stroke. Therefore, the
main sample for the analyses included 253 patients with
documented severe carotid stenosis and a stroke in the dis-

tribution of the carotid artery (Figure).

Variables
The key outcome measure was not receiving guideline-
recommended carotid intervention within 6 months of

hospital discharge for acute ischemic stroke for patients

= contralateral to stenosis
N=2

with severe symptomatic carotid stenosis. The main in-
dependent variables included age, race, stroke severity
based on the retrospective National Institutes of Health
(NIH) Stroke Scale, comorbid conditions, and availability
of vascular surgery at the VAMC where the patient was
admitted for stroke. Among the 130 hospitals in the VA,

84 hospitals have vascular surgery services.

Analyses

Because the vast majority of patients (>76%) in the VA re-
ceive CEA as the method for carotid revascularization, and
because a recent meta-analysis suggested CEA and CAS are
comparable!®, we examined the combined receipt of carotid
intervention rather than these procedures separately. First,
we determined the proportion of eligible patients who re-
ceived carotid intervention in the VA. We also examined
receipt of carotid intervention up to 6 months post stroke in
the Medicare program for patients aged =65 years.

We then examined factors associated with guideline-
recommended receipt of carotid intervention, defined as

a patient with significant stenosis on the same side as his
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or her stroke. Because the guidelines more strongly recom-
mend receipt of intervention for those with severe steno-
sis (70%-99%),"! we limited the multivariable analyses to
these patients. We ran bivariate tests between not having
a CEA or stent and various explanatory factors. For con-
tinuous measures, we used 2 sample t-tests or Wilcoxon’s
non-parametric 2-sample test. For binary factors, we used
Fisher’s exact or %’ square tests. Factors which were statisti-
cally significant at the 0.05 level were entered into a multi-
variable logistic regression model. We also included factors
deemed clinically important such as age >75 years, severity
on the NIH stroke scale?*, Charlson comorbidity score, and
whether or not the hospital of the patient’s stroke admis-
sion had access to a vascular surgeon. The logistic model
was fit using generalized estimating equations techniques?
to accommodate the clustering of patients within hospitals.

In a sensitivity analysis, we included patients for whom
side of stroke data were missing, to examine whether factors
associated with underuse of imaging were consistent across
this larger sample. Analyses were conducted using SAS for
Windows version 9.1 (SAS Institute, Cary, North Carolina).

RESULTS

Receipt of Carotid Intervention among
Eligible Patients

Among the 253 ischemic stroke patients who had carot-
id stenosis and had data on side of stroke available (Figure),
202 patients had 50%-99% stenosis of the carotid artery
and were eligible to receive carotid intervention. Two pa-
tients who received CEA had symptoms to the stenosis
(i.e. a symptomatic stenosis) and were excluded from the
analyses. Among the remaining 200 patients with carotid
stenosis, 34 (17%) received intervention (95% CI, 11.79%-
22.21%). In other words, 83% of eligible patients with 50%-
99% stenosis did not receive appropriate intervention.

Among the 200 eligible patients, 84 had stenosis of 70%
or greater and 26 (30.95%) of these patients received inter-
vention appropriately. Among the 116 with 50%-69% carotid
stenosis, 8 (6.9%; 95% CI, 2.29%-11.51%) received interven-
tion appropriately. Of note, our review of Medicare data
suggested that none of the eligible patients aged 65 and older
received carotid intervention in the Medicare program in
the 6-month period post discharge; therefore, all of the inter-

ventions for these veterans occurred within the VA system.

Characteristics of Eligible Patients as a Function
of Intervention

In bivariate analyses, patients who did not receive

intervention were on average older than patients who

Underuse of Carotid Interventions in VVeterans

received intervention although this difference was not
statistically significant (67.8 years vs 63.5 years; P = .09)
(Table 1). A higher proportion of black patients were in
the group of patients who did not receive intervention
compared to those who did receive intervention (24.1%
vs 4.0%; P = .008). A higher proportion of patients with
diabetes were also in the group of patients who did not
receive intervention (51.7% vs 23.19%; P = .01).

In a multivariable model, we examined lack of receipt
of appropriate carotid intervention as a function of age
greater than 75 years, black race, stroke severity (based
on the retrospective NIH Stroke Scale), past history of
diabetes, and presence of onsite vascular surgery service
at the VAMC where the patient was treated for stroke.
Although onsite vascular surgery was not significantly
associated with receipt of carotid intervention in univar-
iate analyses, we retained this variable in the final model
because we had hypothesized that this variable is impor-
tant to receipt of appropriate intervention. Black race
and past history of diabetes were significantly associated
with carotid intervention: An eligible black patient was
6 times more likely to NOT receive intervention com-
pared to patients of other races (adjusted odds ratio [OR]
= 0.54; 95% CI, 1.34-31.9), and a patient with diabetes
was 3 times more likely to NOT receive intervention (ad-
justed OR = 3.38;95% CI, 1.24-9.24) compared to nondia-
betics. Availability of vascular surgery services was not
associated with receipt of intervention (Table 1).

The sensitivity analyses which included patients with
side of stroke missing (147 total patients) demonstrated
findings similar to those of the main analysis, in which
black patients and those with diabetes were less likely to
receive intervention (Table 2).

DISCUSSION

In this national study of veterans with recent stroke,
we found substantial underuse of proven effective revas-
cularization. Fewer than 1 in 5 (17%) patients for whom
national guidelines recommend CEA or CAS had a pro-
cedure within 6 months of their stroke. In the setting of
considerable underuse, those patients with severe (>70%-
99%) carotid stenosis were more likely to be revascular-
ized, compared with those with more moderate stenosis
(50%-69%). Those results should be expected because the
RCTs show that there is a greater efficacy of carotid revas-
cularization among patients with tighter carotid stenosis.

We did not find an association between access to vas-
cular surgery services and receipt of intervention, but this

may be a consequence of the very low rate at which stroke
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H Table 1. Characteristics of Eligible Patients Who Received Intervention Among Patients With 70% or Greater

Symptomatic Carotid Stenosis

Side of Stroke Known

(n = 84)
Received Did Not Receive
CEA/CAS CEA/CAS

Demographics
Age :Mean (SD) 63.5 (10.9), 678 (10.1)
Male 26 (100%) 58 (100%)
Race

White (%) 20 (80.0%) 43 (74.1%)

Black (%) 1(4.0%) 14 (24.1%)

Other (%) 4 (16.0%) 1(1.7%)
Clinical Characteristics
NIHSS Mean (SD) 0(3.3) 5(3.2)
Hypertension 3 (88.5%) 0 (86.2%)
Hyperlipidemia 6 (61.5%) 2 (55.2%)
Diabetes Mellitus 6 (23.1%) 0 (51.7%)
Coronary Artery Disease 7(26.9%) 3(39.7%)
Depression 2 (7.7%) 9 (15.5%)
COPD/asthma 2 (7.7%) 8(13.8%)
Congestive heart failure 0 (0.0%) 4 (6.9%)
Peripheral vascular disease 2 (77%) 7 (12.1%)
Cancer 0(0.0%) 1(1.7%)
Dementia 2 (77%) 5 (8.6%)
Charlson Comorbidity Index 1(0,6) 1(0,7)
(median, range)
Availability of Vascular 21 (80.8%) 47 (81.0%)

Surgery at VA Medical
Center

Includes Patients With Missing Side of Stroke

(n=147)
Received Did Not Receive
P CEA/CAS CEA/CAS P

.09 64.8 (10.7) 68.7 (10.4) 0.04

41 (100%) 105 (99.1%) 0.99
.008 34 (85.0%) 83 (78.3%) 0.04

2 (5.0%) 19 (17.9%)
4 (10.0%) 4 (3.8%)

.39 3.6 (3.3) 3.7 (3.4) 0.85
.99 33 (80.5%) 90 (84.9%) 0.52
.59 22 (63.7%) 60 (56.6%) 0.75
.01 10 (24.4%) 49 (46.2%) 0.02
26 13 (31.7%) 43 (40.6%) 0.32
49 6 (14.6%) 20 (18.9%) 0.55
72 5(12.2%) 15 (14.2%) 0.76
.31 1(2.4%) 13 (12.3%) 0.1
71 7 (17.1%) 14 (13.2%) 0.55
.99 0 (0.0%) 2 (1.9%) 0.99
.99 2 (4.9%) 9(8.5%) 0.73
.08 1(0,6) 1(0,7) 0.08
.99 35 (85.4%) 83 (78.3%) 0.33

Boldfaced numbers are statistically significant. CAS indicates carotid artery stenting; CEA, carotid endarterectomy; COPD, chronic obstructive pulmo-

nary disease; NHSS, National Institutes of Health Stroke Scale.

patients received carotid intervention and the small sample.
In addition, eligible black patients with symptomatic carotid
stenosis were significantly less likely to receive intervention.
Prior VA research has also demonstrated this disparity, but
found that it was due to patient preferences and black pa-
tients being less likely to opt for intervention.?* However, in
this same dataset we previously reported that blacks were
less likely to have a carotid imaging test post stroke, and that
this difference was largely dependent on overall low rates
of post stroke carotid imaging in both blacks and whites in
just a few hospitals.”” Taken together, these findings do sug-
gest that further study of possible reasons for the observed
disparities in imaging and intervention should be explored.

This paper demonstrates that underuse of CEA persists
in the VA. Our results are particularly concerning in the
context of both the efficacy of this procedure in symp-
tomatic and asymptomatic populations and the use of

this procedure nationally. For persons with symptomatic

severe (>70%) carotid stenosis, CEA is highly effective at
reducing the risk of subsequent stroke (annualized num-
ber needed to treat of about 12).2 However, the benefit of
CEA for persons with asymptomatic carotid stenosis is
much more modest. A meta-analysis of the 2 largest RCTs
showed that CEA for asymptomatic carotid stenosis re-
duces the risk of stroke or death from about 2% to 1% per
year, translating to an annualized NNT of about 100.
Although the clinical benefit for the treatment of ca-
rotid stenosis is strongest among patients with symptom-
atic disease, the majority of CEAs performed in the United
States are performed on patients with asymptomatic ca-
rotid artery stenosis.>>!” Data from the New York Carotid
Artery Study, a cohort study of Medicare patients who
received CEA, suggests that about 72.5% of surgeries are
performed on asymptomatic patients.’ The use of CAS has
demonstrated a fourfold increase between 1997 and 2008,
growing from 0.1 to 0.6 procedures per 1000 Medicare ben-
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M Table 2. Adjusted Odds Ratio of NOT Receiving Carotid Intervention Among Eligible Patients with Severe

Symptomatic Carotid Stenosis

Side of Stroke Known

(n =84)
Adjusted
Odds Ratio 95% Cl
Age >75 2.24 (0.72, 6.90)
Black 6.54 (1.34, 31.99)
NIHSS 0.99 (0.86, 1.14)
Diabetes 3.38 (1.24, 9.24)
Vascular Surgeon at VAMC 0.75 (0.19, 2.96)

Includes Patients With Missing Side of Stroke

(n =147)
Adjusted
P Odds Ratio 95% CI P
.16 2.23 (0.90, 5.50) .08
.02 4.67 (1.13, 19.27) .03
.92 0.97 (0.87, 1.08) .69
.02 2.64 (1.06, 6.60) .04
.68 0.54 (0.20, 1.51) 24

Boldfaced numbers are statistically significant. NHSS indicates National Institutes of Health Stroke Scale.

eficiaries’?, with over two-thirds of procedures performed
on patients who are asymptomatic.’®? Similarly, in the
VA, 60% of procedures are performed on patients who are
asymptomatic. Why so few patients with symptomatic dis-
ease and especially stroke receive intervention despite its
superior efficacy in this population is of particular concern.

Qur results may also be of interest to settings beyond
the VA. In this era of quality improvement, most national
focus on performance measurement and quality report-
ing turns to simple measures such as receipt of an aspirin,
a beta-blocker, or a simple lab test (eg, glycolated hemo-
globin and lipids). Collecting data on procedures is more
complex and requires multiple variables. The VA has been
a leader in evaluating the appropriate use (both underuse
and overuse) of interventions partly because its incentive
structure is different and has a primary mission of improv-
ing the quality of care delivered to veterans. The national
VA commitment to improving quality is evidenced by the
development of the Health Services Research and Devel-
opment Quality Enhancement Research Initiative, which
focuses on improving the quality of care delivered in mul-
tiple areas, including diabetes, mental health, substance
abuse, stroke, ischemic heart disease, and heart failure.
Other health systems have much less incentive to focus on
improving care in areas that are not the focus of national
performance metrics. There needs to be a collective invest-
ment in developing measures around the underuse and
overuse of procedures and services that cost the health
system significant resources and have a higher impact on
morbidity and mortality. Without a national investment
in developing measures and public reporting, it is doubtful
that quality improvement, as often seen in the VA, will

move into these more complex and costly areas.

Limitations
This study has a number of limitations that deserve
comment. We did not have side of stroke on 35% of the

sample. To address this limitation, in our multivariable
analyses we conducted a sensitivity analysis which in-
cluded patients with missing side of stroke but who were
eligible for intervention based on presence of symptomatic
severe stenosis. Inclusion of this larger sample confirmed
our main findings. In addition, this study was a medical
record abstraction and therefore we do not have data on
patient preferences for intervention. However, we did col-
lect some data on documented reasons for not performing
the procedure. Physicians documented that 3 patients who
were eligible refused intervention and that another 28 had
specific reasons for not wanting the procedure performed
(data on type of reason were not available). If these patients
had been excluded from the set of eligible patients, the rate
of underuse would still approach 80%, which confirms the
underuse of this procedure in the population. However, it
is still possible that many reasons were not documented
and our estimates represent an overestimate of underuse
in the VA. In addition, some veterans under age 65 could
have received intervention in a non-VA hospital and we
were unable to capture information on non-VA sources
for this procedure. Finally, we hypothesized that lack of
availability of vascular surgery services are associated with
underuse of intervention. The 84 eligible patients with se-
vere stenosis in our sample were seen in 53 hospitals. The
number of eligible patients within each hospital ranged
from 1 to 5 with 35 (66.04%) hospitals having only 1 pa-
tient. A larger sample consisting of more patients within
hospitals would be required to more fully investigate
patient-level vs institution-level factors. More research is
necessary before fully dismissing access to vascular surgery
services as a potential explanatory factor for the underuse
of this procedure.

In conclusion, few stroke patients with symptomatic
carotid stenosis in the VA received carotid intervention.
Future research should be directed at improving access to

this procedure among eligible patients.
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