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IMPORTANCE Carotid endarterectomy (CEA) among asymptomatic patients involves a
trade-off between a higher short-term perioperative risk in exchange for a lower long-term
risk of stroke. The clinical benefit observed in randomized clinical trials (RCTs) may not extend
to real-world practice.

OBJECTIVE To examine whether early intervention (CEA) was superior to initial medical
therapy in real-world practice in preventing fatal and nonfatal strokes among patients with
asymptomatic carotid stenosis.

DESIGN, SETTING, AND PARTICIPANTS This comparative effectiveness study was conducted
from August 28, 2018, to March 2, 2020, using the Corporate Data Warehouse, Suicide Data
Repository, and other databases of the US Department of Veterans Affairs. Data analyzed
were those of veterans of the US Armed Forces aged 65 years or older who received carotid
imaging between January 1, 2005, and December 31, 2009. Patients without a carotid
imaging report, those with carotid stenosis of less than 50% or hemodynamically
insignificant stenosis, and those with a history of stroke or transient ischemic attack in the 6
months before index imaging were excluded. A cohort of patients who received initial
medical therapy and a cohort of similar patients who received CEA were constructed and
followed up for 5 years. The target trial method was used to compute weighted Kaplan-Meier
curves and estimate the risk of fatal and nonfatal strokes in each cohort in the pragmatic
sample across 5 years of follow-up. This analysis was repeated after restricting the sample to
patients who met RCT inclusion criteria. Cumulative incidence functions for fatal and nonfatal
strokes were estimated, accounting for nonstroke deaths as competing risks in both the
pragmatic and RCT-like samples.

EXPOSURES Receipt of CEA vs initial medical therapy.
MAIN OUTCOMES AND MEASURES Fatal and nonfatal strokes.

RESULTS Of the total 5221 patients, 2712 (51.9%; mean [SD] age, 73.6 [6.0] years; 2678 men
[98.8%]) received CEA and 2509 (48.1%; mean [SD] age, 73.6 [6.0] years; 2479 men
[98.8%]) received initial medical therapy within 1year after the index carotid imaging. The
observed rate of stroke or death (perioperative complications) within 30 days in the CEA
cohort was 2.5% (95% Cl, 2.0%-3.1%). The 5-year risk of fatal and nonfatal strokes was lower
among patients randomized to CEA compared with patients randomized to initial medical
therapy (5.6% vs 7.8%; risk difference, —2.3%; 95% Cl, -4.0% to —0.3%). In an analysis that
incorporated the competing risk of death, the risk difference between the 2 cohorts was
lower and not statistically significant (risk difference, -0.8%; 95% Cl, -2.1% to 0.5%). Among
patients who met RCT inclusion criteria, the 5-year risk of fatal and nonfatal strokes was 5.5%
(95% Cl, 4.5%-6.5%) among patients randomized to CEA and was 7.6% (95% Cl, 5.7%-9.5%)
among those randomized to initial medical therapy (risk difference, -2.1%; 95% Cl, -4.4% to
-0.2%). Accounting for competing risks resulted in a risk difference of —0.9% (95% Cl, -2.9%
to 0.7%) that was not statistically significant.

CONCLUSIONS AND RELEVANCE This study found that the absolute reduction in the risk of fatal
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andomized clinical trials (RCTs) have established that

carotid endarterectomy (CEA) is beneficial in prevent-

ing stroke in both asymptomatic’ and symptomatic
patients®> with carotid stenosis. However, the most recent of
the 3 trials that established the clinical benefit of CEA com-
pared with medical therapy in asymptomatic patients was ini-
tiated 25 years ago.! In the intervening period, new pharma-
cological advances, such as high-potency statins®° and
improved antiplatelet regimens,'" as well as quality improve-
mentsin the treatment of blood pressure>!® and diabetes'* may
be associated with the reduced stroke rate among patients with
asymptomatic carotid stenosis. Empirical evidence in sup-
port of a reduction in stroke risk among patients with asymp-
tomatic carotid stenosis has been provided by a systematic re-
view of several studies.” If the decrease in stroke rate among
patients with carotid artery stenosis is associated with im-
provements in primary stroke prevention, revascularization
may no longer be the preferred treatment strategy.

Since the first RCT was published that demonstrated the
superiority of CEA compared with medical therapy for
patients with asymptomatic carotid stenosis, concerns have
emerged that the outcomes seen in a clinical trial setting
may not be reproducible in non-RCT settings because of
demonstrated less optimal surgical outcomes,'®!® higher
complication rates in low-volume hospitals,?°-?? and poor
patient selection.?*24 The risk to benefit ratio of interven-
tions may be less favorable outside of RCTs. In addition,
although a much larger clinical benefit has been observed in
treating patients with symptomatic carotid stenosis, most
interventions have been performed on patients with asymp-
tomatic carotid stenosis.?>-28 Furthermore, substantial inter-
national variation exists in using revascularization for the
treatment of asymptomatic carotid stenosis, suggesting
changing attitudes about the use of CEA. These changing
practice patterns indicate a need to improve understanding
of the long-term clinical benefit of this procedure outside of
an RCT.

In this study, we used data from the US Department of
Veterans Affairs (VA) and Medicare to mimic the design and
analysis methods of an RCT and to examine whether early
intervention (CEA) was superior to initial medical therapy in
real-world practice. We hypothesized that the clinical superi-
ority once observed in patients who received CEA has dimin-
ished, making medical therapy a more favorable treatment
strategy in comparison. We also hypothesized that among
carefully selected patients, CEA may still be superior to
medical therapy.

Methods

The institutional review board of the University of California
San Francisco approved this study and waived the need for pa-
tient consent because the research involved no more than mini-
mal risk to participants. This study was conducted from Au-
gust 28, 2018, to March 2, 2020. We followed the International
Society for Pharmacoeconomics and Outcomes Research
(ISPOR) reporting guideline.
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Key Points

Question Among patients with asymptomatic carotid stenosis, is
carotid endarterectomy superior to initial medical therapy in
preventing fatal and nonfatal stroke within 5 years of follow-up in
real-world practice?

Findings In this comparative effectiveness study of 5221 patients
with asymptomatic carotid stenosis, the absolute reduction in the
risk of fatal and nonfatal strokes associated with early carotid
endarterectomy treatment was less than half the reduction
observed in trials initiated more than 2 decades ago. The decrease
was not statistically significant when the competing risk of
nonstroke deaths was accounted for in the analysis.

Meaning Results of this study suggest that, given the up-front
perioperative risks associated with carotid endarterectomy and
the reduced benefit derived from revascularization, initial medical
therapy may be an acceptable treatment strategy for the
management of asymptomatic carotid stenosis.

Study Population, Data Sources, and Preliminary Screening
Using VA national data, we identified 219 979 veterans of the
US Armed Forces aged 65 years or older with at least 1 visit to
a VA facility for primary care (eg, general medicine, women
clinic) or subspecialty care (eg, geriatrics, cardiology, endo-
crine, pulmonary, or neurology) who received diagnostic ca-
rotid imaging (ie, carotid ultrasonography, computed tomog-
raphy angiography, or magnetic resonance angiography)
between January 1, 2005, and December 31, 2009, as indi-
cated by Current Procedural Terminology (CPT) and Interna-
tional Classification of Diseases, Ninth Revision (ICD-9) codes
(eTable 1in the Supplement). To create a cohort of patients with
asymptomatic carotid stenosis, we excluded all patients with
carotid imaging test results who had any form of stroke or tran-
sientischemic attack (TTA) in the 6 months before the imaging
test using a highly sensitive algorithm based on ICD-9 codes?®;
we modified the algorithm for this study to also exclude reti-
nal strokes and TIAs (eTable 2 in the Supplement).

All patient demographic information, administrative data
(eg, comorbid conditions, utilization), vital signs, laboratory
data, and pharmacy data were retrieved from the VA Corpo-
rate Data Warehouse and Medicare data.>° Text clinical notes
for carotid image reports were identified from the VA Corpo-
rate Data Warehouse. Data on carotid revascularization were
retrieved from the VA Corporate Data Warehouse using the
ICD-9 code for CEA (38.12), ICD-9 codes for carotid artery stent-
ing (CAS) (00.61and 00.63), CPT code for CEA (35301), and CPT
codes for CAS (37215 and 37216). Death and cause of death were
obtained from the Suicide Data Repository, which is jointly ad-
ministered by the US Department of Defense and the VA. The
Suicide Data Repository, created to track deaths by suicide
among military personnel, contains comprehensive cause-of-
death data for all US veterans.*

Using a previously developed natural language process-
ing algorithm,3? we excluded all carotid imaging results show-
ing stenosis of less than 50% or hemodynamically insignifi-
cant stenosis (Figure 1). We imported all text reports for patients
with at least 1 carotid imaging showing stenosis of 50% or
greater (n = 71839) into a database for human screening. In this
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Figure 1. Carotid Cohort Construction
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2012 Received CEA
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RCT-like sample
1890 Received initial medical therapy

CAS indicates carotid artery stenting; CEA, carotid endarterectomy; RCT, randomized clinical trial; and TIA, transient ischemic attack.

preliminary screening process, we identified all patients who
had carotid imaging text reports indicating greater than 70%
carotid stenosis or a qualitative description of near occlu-
sion, critical stenosis, or severe stenosis. Subsequent medi-
cal record review was used to confirm stenosis. We identified
13371 potentially eligible patients with stenosis of 70% or
greater (Figure 1).

Patient Matching

Administrative data on baseline characteristics demon-
strated that patients who received CEA were different from
those who received initial medical therapy. For example, pa-
tients in the CEA cohort compared with patients in the initial
medical therapy cohort were younger and experienced less co-
morbidity (eg, coronary artery disease, chronic obstructive pul-
monary disease, and chronic kidney disease) (eTable 3 in the
Supplement).
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The first step in our analytical strategy was to construct a
sample of patients in the initial medical therapy cohort who
were similar to those in the CEA cohort. We used propensity
score matching to identify these similar patients. Specifi-
cally, we fit a generalized boosted model for treatment (CEA
vs initial medical therapy) as a function of covariates.>® Using
the estimated propensity scores, we used a nearest neighbor
match (with a caliper that varied between 0.2 and 0.8) to se-
lect patients from the initial medical therapy cohort who were
similar to patients in the CEA cohort on the basis of measured
covariates. At this stage, we retained all patients matched ac-
cording to measured covariates because we expected some pa-
tients might be excluded during the medical record review
phase.

This first step in the analytical strategy created a cohort
of potentially eligible patients who were similar in measured
baseline covariates. To examine the degree to which this
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patient matching was successful, we examined the risk of pneu-
monia (a tracer outcome) between the 2 matched samples (CEA
vs initial medical therapy) within 1 year of the index carotid
imaging. We found no difference in the risk of pneumonia, sug-
gesting that matching was successful.

Medical Record Review

Next, we reviewed the medical record of each potentially eli-
gible patient to confirm both carotid stenosis level and symp-
tom status (hemorrhagic or ischemic stroke or TIA in the 6
months before index imaging). We excluded patients with a
history of stroke or TIA in the 6 months before index imaging.
Patients with carotid stenosis levels between 50% and 70%
were also excluded because recent trials have included pa-
tients with a higher threshold of stenosis, and practice pat-
terns have moved toward revascularization of patients with
greater stenosis who are perceived at higher risk of stroke.>*
We also collected from the medical record data on disease se-
verity (eg, ejection fraction, pulmonary function) that were not
available in national VA data; data on receipt of aspirin at base-
line because aspirin is an over-the-counter medication that may
not be dispensed by VA pharmacies; and data on whether the
patient underwent a CEA or CAS and whether the patient had
a history of remote stroke or TIA more than 6 months before
index carotid imaging. Details on the abstraction and quality
assurance protocols during the medical abstraction phase are
provided in eTable 4 in the Supplement.

Among the 3795 patients designated as the CEA cohort and
the 3888 propensity-matched patients in the initial medical
therapy cohort, 823 patients were excluded because of a pre-
vious stroke or TIA and 872 patients were excluded because
they did not meet stenosis criteria. Also excluded were 139 pa-
tients with an ambiguous group classification because the
medical record review suggested they had received a proce-
dure from an outside hospital; however, we were unable to
verify the procedure in the VA or Medicare databases. More-
over, we excluded 77 patients from the initial medical therapy
cohort when a clinician specifically documented in the medi-
cal record that the patient was not a surgical candidate.

After application of the exclusion criteria, the total co-
hort comprised 2712 patients who received CEA, 551 who re-
ceived CAS, and 2509 who received initial medical therapy
(Figure 1). Because too few patients who received CAS were
included, this study focused on the comparative effective-
ness of CEA vs initial medical therapy, and patients who un-
derwent CAS were excluded from all subsequent analyses.

Emulation of Previous Trials

We emulated the analyses used in the Asymptomatic Carotid
Surgery Trial (ACST),? the last published RCT to estimate the
comparative effectiveness of CEA vsinitial medical therapy in
preventing fatal and nonfatal strokes. The analytical plan for
the present trial emulation was to mimic not only the ACST but
also clinical practice in that a clinician might choose initial
medical therapy for a patient but may later adopt a more ag-
gressive course, such as CEA, if the patient’s condition or ca-
rotid stenosis worsens. Because of delays in receiving treat-
ment after carotid imaging and the possibility that patients in
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the initial medical therapy cohort may develop an indication
(ie, stroke or TIA) to switch to CEA or CAS,>we, asin the ACST,
operationally defined the intervention cohort as follows: re-
ceipt of intervention (CEA) within the first year after carotid
imaging. We also defined the initial medical therapy cohort as
follows, similar to that in the ACST: absence of intervention
inthe year after index carotid imaging (initial medical therapy).
Thus, the target trial was of early intervention (within 1 year)
vs initial medical therapy (=1 year after).

We constructed 2 alternative samples to emulate 2 varia-
tions in trials. First, we emulated an RCT with few inclusion
criteria (ie, a pragmatic RCT reflecting real-world practice). Sec-
ond, we emulated a trial that mimicked the strict inclusion and
exclusion criteria of carotid intervention trials.>3” For the
pragmatic RCT emulation, all eligible asymptomatic
patients were included in the analyses (pragmatic sample),
whereas for the strict criteria emulation, the analytical sample
was restricted to those who met carotid trial inclusion
and exclusion criteria (RCT-like sample) (eTable 5 in the
Supplement).3-34:36

Outcome Measure and Follow-up
We considered time zero (baseline) to be the time of the first
carotid image demonstrating stenosis. As in the ACST, the com-
bined end point of fatal and nonfatal strokes (all territorial
strokes) was chosen as the primary outcome. Stroke that oc-
curred during the follow-up period was assessed using the
Tirschwell high-specificity algorithm.3®

All patients were followed up for as long as 5 years from
the date of the first carotid image exhibiting stenosis of 70%
or greater. We were unable to incorporate into the analysis the
perioperative complication of death associated with CEA.
Unlike in a trial in which randomization to surgical interven-
tion occurs quite rapidly, in real-world practice the delay be-
tween index carotid imaging and receipt of CEA (treatment ran-
domization) may be longer. Therefore, we were unable to create
a meaningful time frame for examining the comparable 30-
day risk of death in the initial medical therapy cohort.

Statistical Analysis

In each of the 2 analytic samples (pragmatic and RCT-like), we
conducted 3 different statistical analyses: (1) estimation of
crude 5-year stroke risk, (2) emulation of the ACST using tar-
get trial methods, and (3) emulation of the ACST using target
trial methods and accounting for the competing risk of death.
A total of 6 analyses were performed.

First, we computed Kaplan-Meier estimates of a 5-year
stroke risk from the date of index imaging to allow compari-
sons of fatal and nonfatal stroke risk in this sample to risk in
other populations. Second, we used an analytical approach,
the target trial method, that allows for the assessment of ob-
servational data in a manner that emulates the analysis of an
RCT in which the active intervention can be applied at vary-
ing times after baseline.***! To minimize the immortal time
bias that can arise in an RCT when the intervention may be re-
ceived some time after baseline, we randomized each patient
at baseline to one of the 2 treatment cohorts (CEA or initial
medical therapy), possibly contrary to the treatment that the

jamaneurology.com


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2020.1427?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2020.1427?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427

Carotid Endarterectomy vs Initial Medical Therapy in Asymptomatic Carotid Stenosis

patient actually received (see the Discussion for further de-
tail on the target trial method).

Because this study was not truly an RCT, patients whose
actual treatment did not match the randomized treatment were
censored on the date they received their actual treatment (ie,
the date on which the patient diverged from the randomized
treatment). Patients were followed up after baseline using the
observational data until the first of 4 events occurred: (1) fa-
tal or nonfatal stroke (outcome), (2) end of the study period
(administrative censoring 5 years after baseline), (3) treat-
ment status became inconsistent with the randomized treat-
ment status (treatment switching), or (4) enrollment in Medi-
care Advantage (health maintenance organization) between
baseline and 1 year (censored because procedures and diag-
noses recorded under those plans were not available).*? Thus,
patients who were randomized to the initial medical therapy
cohort and who subsequently underwent CEA within 1 year
would be censored because of treatment switching on the date
they underwent CEA; once they underwent CEA (within 1year),
their current treatment was no longer consistent with the co-
hort to which they were randomized (initial medical therapy).
Similarly, patients who were randomized to the CEA cohort and
who had not undergone CEA within 1 year would be censored
after1year (because their treatment at 1 year was, at that point,
no longer consistent with the cohort to which they were ran-
domized). Patients who received concurrent CAS and CEA,
coronary artery bypass graft concurrent with CEA, or aortic
valve replacement concurrent with CEA were also censored be-
cause their treatment was not consistent with the cohort to
which they were randomized. We considered a concurrent pro-
cedure to be one that occurred within 1 day of the CEA.

Because the actual choice of treatment (CEA vs initial
medical therapy) may have depended on patients’ baseline
and postbaseline risk and prognostic factors, we accounted
for informative censoring due to treatment switching by
incorporating inverse probability of censoring weights
(IPCW) in the analysis. We estimated the IPCW using a Cox
proportional hazards regression model that included mea-
sured baseline (time invariant) and time-varying covariates
(the full list of variables included in the censoring model is
provided in eTable 6 in the Supplement). We then fit a Cox
proportional hazards regression model for the outcome (fa-
tal and nonfatal strokes) as a function of an indicator vari-
able for the randomized treatment cohort (CEA vs initial
medical therapy) and incorporated the time-varying IPCW.
Similar to what was observed in the ACST, regression diag-
nostics in this study revealed violations of the proportional
hazards regression assumption (including crossing CEA and
initial medical therapy survival curves); thus, we focused on
estimating and reporting 5-year fatal and nonfatal stroke
risk. Specifically, we estimated the 5-year risk of fatal and
nonfatal strokes in the CEA and initial medical therapy
cohorts incorporating the IPCW, and then we computed the
risk difference by comparing the CEA cohort with the initial
medical therapy cohort. We computed the end point and
95% CI estimate of the 5-year risk and risk difference from
the 50th, 2.5th, and 97.5th percentiles of the bootstrap dis-
tribution for the risks and risk difference.
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Third, since the publication of the ACST in 2004, account-
ing for competing risks has become standard in survival analy-
ses. To reflect current statistical practice in survival analysis,
we accounted for competing risks (deaths due to causes other
than stroke) and repeated the target trial analyses described
earlier.** To do so, we estimated the cumulative incidence func-
tions for fatal and nonfatal strokes in the CEA and initial medi-
cal therapy cohorts, accounting for nonstroke deaths as com-
peting risks. These cumulative incidence functions were
weighted by the time-varying IPCW.

Statistical significance at the a = .05 level was inferred on
the basis of the bootstrapped CI for the cumulative incidence
function curves. Analyses were performed using SAS Enter-
prise Guide, version 7.1 (SAS Institute Inc) and R, version 3.6.1
(R Foundation for Statistical Computing).

.|
Results

Baseline Characteristics

Of'the total 5221 patients, 2712 (51.9%; mean [SD] age, 73.6 [6.0]
years; 2678 men [98.8%]) received CEA and 2509 (48.1%; mean
[SD] age, 73.6 [6.0] years; 2479 men [98.8%]) received initial
medical therapy within 1 year after the index carotid imaging.
Table 1 provides baseline characteristics of the propensity-
matched sample comparing patients in the CEA cohort with
those in the initial medical therapy cohort. The baseline so-
ciodemographic characteristics of the patients were similar,
with no difference in mean age, race/ethnicity, marital sta-
tus, and Medicaid enrollment. Standardized differences among
58 baseline variables were less than 0.1 except in 2 variables
(remote stroke and enrollment in Medicare Managed Care). The
prevalence of remote stroke was less common among the CEA
cohort compared with the initial medical therapy cohort (22.0%
[n = 597] vs 27.1% [n = 681]; standardized difference, -0.11).
In addition, patients in the CEA cohort were less commonly
enrolled in Medicare managed care at baseline (283 [10.4%] vs
406 [16.2%]; standardized difference, —0.17) (Table 1).

Pragmatic Sample

Observed Risk of Stroke and Death per Actual Treatment Received
The observed risk of stroke or death (perioperative complica-
tions) within 30 days in the CEA cohort was 2.5% (95% CI, 2.0%-
3.1%) in the pragmatic sample. The observed 5-year risk of fa-
tal or nonfatal stroke among patients with carotid stenosis in
the pragmatic sample was 7.5% (95% CI, 6.5%-8.7%) in the CEA
cohort and 6.9% (95% CI, 5.8%-8.1%) in the initial medical
therapy cohort (Table 2). Five-year survival in the pragmatic
sample was 73.3% (95% CI, 71.6%-74.9%) for the CEA cohort
and 66.9% (95% CI, 65.0%-68.7%) for the initial medical
therapy cohort.

Target Trial Results

The baseline postrandomization characteristics for patients
randomized to the 2 strategies (as part of the target trial) are
provided in eTable 7 in the Supplement. After adjusting for
baseline characteristics and incorporating the IPCW, the 5-year
risk of fatal and nonfatal strokes was lower among patients
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Table 1. Baseline Characteristics of Patients in Both Treatment Cohorts

No. (%)
Initial medical
CEA cohort therapy cohort Standardized
Characteristic (n=2712) (n =2509) difference
Age, mean (SD), y 73.6 (6.0) 73.6 (6.0) -0.043
Race/ethnicity
White 2577 (95.0) 2368 (94.4) 0.029
Black 107 (4.0) 111 (4.4) -0.024
Other 28(1.0) 30(1.2) -0.016
Hispanic 94 (3.5) 93 (3.7) -0.013
Men 2678 (98.8) 2479 (98.8) -0.005
Married 1594 (58.8) 1460 (58.2)
Veteran priority score
High 2178(80.3) 2013 (80.2) 0.002
Low 509 (18.8) 463 (18.5) 0.008
Unknown/missing 25(0.9) 33(1.3) -0.037
Enrolled in Medicaid 133 (4.9) 111 (4.4) 0.023
Enrolled in Medicare HMO 283 (10.4) 406 (16.2) -0.170
Comorbid conditions
Hypertension 2400 (88.5) 2224 (88.6) -0.005
Hyperlipidemia 2352 (86.7) 2187 (87.2) -0.013
Diabetes 1061 (39.1) 985 (39.3) -0.003
Ischemic heart disease 1264 (46.6) 1146 (45.7) 0.019
Remote stroke or TIA (>6 mo prior) 597 (22.0) 681 (27.1) -0.119
Hemiplegia or other paralytic syndrome 51(1.9) 51(2.0) -0.011
Peripheral vascular disease 655 (24.2) 630 (25.1) -0.022
Abdominal aortic aneurysm 146 (5.4) 143 (5.7) -0.014
Atrial fibrillation 258 (9.5) 190 (7.6) -0.070
Arrhythmia other than atrial fibrillation 148 (5.5) 128 (5.1) 0.016
Valvular heart disease 206 (7.6) 174 (6.9) 0.026
DVT or PE 25(0.9) 19 (0.8) 0.018
Hepatitis 32(1.2) 19 (0.8) 0.043
Rheumatoid arthritis 31(1.1) 29(1.2) -0.001
Pulmonary fibrosis 14 (0.5) 17 (0.7) -0.021
Prostate cancer 158 (5.8) 111 (4.4) 0.064
Congestive heart failure
Severe (EF <35%) 110 (4.1) 118 (4.7) -0.032
Mild (EF 235%) 1218 (44.9) 1123 (44.8) 0.003
Missing EF 37 (1.4) 29 (1.2) 0.006
No congestive heart failure 1347 (49.7) 1239 (49.4) 0.006
Chronic obstructive pulmonary disease
Moderate/severe 211(7.8) 219(8.7) -0.035
Mild 227 (8.4) 192 (7.7) 0.026
Unknown severity 229 (8.4) 208 (8.3) 0.006
No chronic obstructive pulmonary disease 2045 (75.4) 1890 (75.3) 0.002
Chronic kidney disease
Severe (GFR <30) 160 (5.9) 149 (5.9) -0.002
Mild (GFR 230) 1104 (40.7) 1026 (40.9) -0.004
No chronic kidney disease 1448 (53.4) 1334 (53.2) 0.005
(continued)
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Table 1. Baseline Characteristics of Patients in Both Treatment Cohorts (continued)

No. (%)
Initial medical
CEA cohort therapy cohort Standardized
Characteristic (n=2712) (n =2509) difference
Vital signs
Systolic BP
Normal (<120) 427 (15.7) 391 (15.6) 0.004
Prehypertension (120-139) 1271 (46.9) 1142 (45.5) 0.027
High BP stage 1 (140-159) 663 (24.5) 657 (26.2) -0.04
High BP stage 2 (2160) 338(12.5) 303 (12.1) 0.012
Unknown 13 (0.5) 16 (0.6) -0.021
Diastolic BP
Normal (<80) 2130(78.5) 1983 (79.0) -0.012
Prehypertension (80-89) 437 (16.1) 414 (16.5) -0.011
High BP stage 1 (90-99) 113 (4.2) 83(3.3) 0.045
High BP stage 2 (2100) 19 (0.7) 13 (0.5) 0.023
Unknown 13 (0.5) 16 (0.6) -0.212
Body mass index
Underweight 24 (0.9) 24 (1.0) -0.008
Normal or healthy weight 645 (23.8) 639 (25.5) -0.039
Overweight 1203 (44.4) 1094 (43.6) 0.015
Obese 810(29.9) 715 (28.5) 0.031
Unknown 30(1.1) 37 (1.5) -0.033
Procedure
Defibrillator 18(0.7) 27 (1.1) -0.044
Pacemaker 40 (1.5) 36 (1.4) 0.003
Mental health in past year
Posttraumatic stress disorder 73 (2.7) 60 (2.4) 0.019
Depression 26 (1.0) 14 (0.6) 0.046
Anxiety 78(2.9) 58(2.3) 0.036
Psychosis 84 (3.1) 72 (2.9) 0.013
Social and behavioral risk factors
Current smoker 855 (31.5) 827 (33.0) -0.031
Alcohol abuse in past year 204 (7.5) 178 (7.1) 0.016
Drug abuse in past year 32(1.2) 31(1.2) -0.005
Utilization
21 Intensive care unit visit 0.071
>1 Hospital admission 520(19.2) 426 (17.0) 0.057
Functional status
Nursing home in past year 17 (0.6) 21(0.8) -0.025
Medication
Antiplatelet 2322 (85.6) 2129 (84.9) 0.022
Antiarrhythmic 39(1.4) 32(1.3) 0.014
Corticosteroid 233(8.6) 204 (8.1) 0.017
Benzodiazepine 232(8.6) 250 (10.0) -0.049
Opioid 181 (6.7) 152 (6.1) 0.025
Antianginal 519 (19.1) 543 (21.6) -0.062
Disease-modifying antirheumatic drug 33(1.2) 25(1.0) 0.021
Anticoagulant 27 (1.0) 22(0.9) 0.012
(continued)
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Table 1. Baseline Characteristics of Patients in Both Treatment Cohorts (continued)

No. (%)
Initial medical
CEA cohort therapy cohort Standardized
Characteristic (n=2712) (n =2509) difference
Adherence
Adherence to antihypertension medication
Yes 1839 (67.8) 1725 (68.8) -0.020
No 561 (20.7) 499 (19.9) 0.020
Not hypertensive 312 (11.5) 285 (11.4) 0.005
Adherence to statin therapy
Yes 1255 (46.3) 1184 (47.2) -0.018
No 819 (30.2) 765 (30.5) -0.006
L. . Abbreviations: BP, blood pressure;
Not receiving statin therapy 638 (23.5) 560 (22.3) 0.029 CABG, coronary artery bypass graft;
Trial exclusion CEA, carotid endarterectomy;
Acute myocardial infarction in past 30 d 25 (0.9) 18(0.7) 0.023 DV, deep vein thrombosis;
EF, ejection fraction; GFR, glomerular
PCl or CABG in past 30 d 10(0.4) 9(0.4) 0.017 filtration rate; HbA,, hemoglobin A,
Troponin level elevation in past year? 120 (4.4) 114 (4.5) -0.006 HMO,_hea_Ith maintenance
— organization; PCI, percutaneous
Unstable angina in past year 26 (1.0) 26 (1.0) -0.008 coronary intervention; PE, pulmonary
Severe CHF diagnosis® 75 (2.8) 69 (2.8) 0.001 embolism; TIA, transient ischemic
attack.
Severe COPD diagnosis® 155 (5.7) 143 (5.7) 0.001 . .

— @ Troponin level elevation was not a
Dialysis 16 (0.6) 14 (0.6) 0.004 formal trial exclusion criterion; we
Poorly controlled diabetes (HbA, >9) 137 (5.1) 110 (4.4) 0.032 used it to identify patients at higher

- - - cardiovascular risk. Severe
Gastrointestinal bleed in past 3 mo 33(1.2) 21(0.8) 0.037 congestive heart failure included
Cancer diagnosis or treatment in past year 221(8.2) 181(7.2) 0.035 patients with EF less than 35%;
D 5 80 (3.0 95 (3.8 0.046 severe chronic obstructive

BRI G0 3.8) - pulmonary disease included
Coagulopathy 41 (1.5) 46 (1.8) -0.025 patients with a forced expiratory
Platelet count <100 000/pL 26 (1.0) 14 (0.6) 0.046 volume in the first second of

expiration less than 30% predicted.

Table 2. Five-Year Stroke Risks in the Pragmatic and Randomized Clinical Trial-like Samples

% (95% Cl)

Perioperative
complications (stroke
or death risk at 30 d)

CEA cohort

Sample 5-y stroke risk

Initial medical
therapy cohort

5-y stroke risk Risk difference

Pragmatic sample
Actual treatment received? 2.5(2.0t03.1)
Emulation of ACST NA

After accounting NA
for competing risks

7.5(6.5t08.7)
5.6 (4.6t06.5)
5.4 (4.7t06.2)

6.9(5.8t08.1) NA
7.8(6.3t09.3) -2.3(-4.0t0-0.3)

6.2(5.7t09.5) -0.8(-2.1t00.5)
Abbreviations: ACST, Asymptomatic

RCT-like sample
Actual treatment received? 2.4(1.8t03.2)
Emulation of ACST NA

6.7 (5.6 t0 8.0)
5.5 (4.5t06.5)

After accounting NA 5.3(4.5t06.2)

for competing risks

Carotid Surgery Trial®; CEA, carotid
NA endarterectomy; NA, not applicable;
RCT, randomized clinical trial.

2 Obtained from the unadjusted
Kaplan-Meier survivor function
estimates.

6.2(5.1t07.6)
7.6 (5.7 t09.5)
6.2 (4.7t08.1)

-2.1(-4.4t0-0.2)
-0.9(-2.9t00.7)

randomized to the CEA treatment compared with those ran-
domized to initial medical therapy (5.6% vs 7.8%; risk differ-
ence, —-2.3% [95% CI, -4.0% to -0.3%]) (Figure 2, Table 2). A
5-year risk difference of 2.3% corresponded to an annualized
stroke risk difference of 0.46% and a number needed to treat
(NNT) of 43 over 5 years.

The 5-year cumulative incidence function, accounting
for competing risks for patients in the CEA cohort and those
in the initial medical therapy cohort in the pragmatic
sample, is seen in Figure 3. The stroke risk at 5 years of
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follow-up was 5.4% (95% CI, 4.7%-6.2%) in the CEA cohort
and 6.2% (95% CI, 5.7%-9.5%) in the initial medical therapy
cohort (Table 2). The risk difference between the 2 cohorts
when the competing risk of death was taken into consider-
ation was smaller than previously observed and not statisti-
cally significant at the a = .05 level (risk difference, -0.8%;
95% CI, -2.1% to 0.5%). This finding suggests that little to no
difference existed between CEA and initial medical therapy
when the competing risk of nonstroke death was incorpo-
rated into the analysis.
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Figure 2. Survival Probability for Fatal and Nonfatal Strokes
in the Pragmatic Sample
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Figure 3. Cumulative Incidence Function of Fatal and Nonfatal Stroke
in the Pragmatic Sample
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RCT-like Sample

Observed Risk of Stroke and Death per Actual Treatment Received
Among the 5221 total patients in the CEA and initial medical
therapy cohorts in the pragmatic sample, 1319 (25.3%) were ex-
cluded because of baseline comorbidities inconsistent with RCT
inclusion criteria. Thus, the RCT-like sample comprised 3902
patients (1890 in the CEA cohort and 2012 in the initial medi-
cal therapy cohort).

The observed risk of stroke or death (perioperative com-
plications) within 30 days in the CEA cohort was 2.4% (95%
CI, 1.8%-3.2%) in the RCT-like sample (Table 2). The observed
5-year risk of fatal or nonfatal stroke among patients with ca-
rotid stenosis in the RCT-like sample was 6.7% (95% CI, 5.6%-
8.0%) in the CEA cohort and was 6.2% (95% CI, 5.1%-7.6%) in
the initial medical therapy cohort. In the RCT-like sample, the
5-year survival was 77.3% (95% CI, 75.4%-79.1%) in the CEA
cohort and 71.9% (95% CI, 69.8%-73.9%) in the initial medi-
cal therapy cohort.

Target Trial Results

The baseline characteristics of the propensity-matched sample
comparing the CEA cohort with the initial medical therapy co-
hort before and after randomization are provided in eTables 8
and 9 in the Supplement. After adjusting for baseline charac-
teristics and incorporating the IPCW among patients who met
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trial inclusion criteria in the RCT-like sample, the results were
similar to those observed in the pragmatic sample (Table 2).
The 5-year risk of fatal and nonfatal strokes was 5.5% (95% ClI,
4.5%-6.5%) among patients randomized to early CEA treat-
ment and was 7.6% (95% CI, 5.7%-9.5%) for those who re-
ceived initial medical therapy, with a risk difference of -2.1%
(95% CI, —4.4% to —0.2%) (Table 2 and eFigure 1in the Supple-
ment). A 5-year risk difference of 2.1% corresponded to an NNT
of 47.

The 5-year cumulative incidence function, accounting for
competing risks among patients randomized to the CEA treat-
ment or to the initial medical therapy in the RCT-like sample,
is provided in eFigure 2 in the Supplement. The stroke risk at
5years of follow-up was 5.3% (95% CI, 4.5%-6.2%) in the CEA
cohort and 6.2% (95% CI, 4.7%-8.1%) in the initial medical
therapy cohort. Similar to the pragmatic sample, the risk dif-
ference in the RCT-like sample between the 2 cohorts when the
competing risk of nonstroke death was taken into consider-
ation was not statistically significant at the a = .05 level (risk
difference, -0.9%; 95% CI, -2.9% to 0.7%) (Table 2).

Sensitivity Analysis

We examined the implication for the estimated stroke risk dif-
ference of excluding patients with either of the 2 baseline char-
acteristics that had a standardized difference greater than 0.1
(enrollment in a health maintenance organization and his-
tory of remote stroke) (eTable 10 in the Supplement). After ex-
cluding these patients, the risk difference remained -2.2% (95%
CI, -4.4% to 0.1%). We also conducted a sensitivity analysis
in which we excluded anyone enrolled in a health mainte-
nance organization at baseline and during follow-up. Again,
we found minimal association with the stroke risk when com-
paring the CEA cohort with the initial medical therapy cohort
(risk difference, -2.1%; 95% CI, -4.2% to —0.1%) (eTable 10 in
the Supplement).

|
Discussion

We used national VA and Medicare data to mimic a carotid trial
similar in design and analysis to the ACST, the most recent pub-
lished trial that compared CEA with initial medical therapy
among patients with asymptomatic carotid stenosis.? Similar
to the ACST, the survival curves in the pragmatic sample
crossed within 2 years of follow-up, and, as in the ACST, higher
stroke-free survival was found among patients who received
CEA. However, the fatal and nonfatal stroke risk difference at
5 years between patients who were randomized to early CEA
and those randomized to initial medical therapy was 2.3% and
was less than the stroke risk difference of 5.4% (any stroke and
perioperative death) reported in the ACST.? This risk differ-
ence corresponded to an annualized net benefit in stroke re-
duction of only 0.46% per year and an NNT of 43 at 5 years. In
other words, 43 patients needed to be revascularized within 1
year to avoid a single fatal or nonfatal stroke within 5 years.
In contrast, in the ACST, the NNT was approximately 18.3
Furthermore, to test the robustness of this result to the com-
peting risk of nonstroke death, we estimated cumulative

JAMA Neurology Published online June 1,2020

E9


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2020.1427?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2020.1427?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2020.1427?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2020.1427?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2020.1427?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2020.1427?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427

E10

Research Original Investigation

incidence functions for fatal and nonfatal strokes in the CEA
and initial medical therapy cohorts, accounting for the com-
peting risk of death associated with other causes. This analy-
sis suggested that little to no difference existed between the
2 treatment strategies after accounting for competing causes
of death. These analyses, when taken together, suggest that
in real-world practice medical therapy may be an equally ac-
ceptable treatment strategy for patients with asymptomatic ca-
rotid stenosis.

We repeated the analysis in the RCT-like sample and found
similar results, which was contrary to our initial expecta-
tions. We hypothesized that the benefit of CEA could be ob-
served more readily in patients who met trial inclusion crite-
ria because these patients may live longer, accrue more stroke
reduction, and have fewer perioperative complications. The
analysis confirmed that patients who met the inclusion crite-
ria were healthier and were more likely to survive 5 years. How-
ever, the perioperative complication (stroke or death) risk ob-
served in the CEA cohort of the RCT-like sample was not
statistically significantly lower than the perioperative com-
plication rate in the pragmatic sample and was only some-
what lower than that observed in the ACST.? The decreased
stroke risk in patients with carotid artery stenosis, the persis-
tent up-front perioperative risks, and the small difference in
stroke risk between the 2 treatment strategies suggest that pa-
tients treated with CEA would now require a longer time to ac-
crue enough stroke reduction benefit to justify the up-front
risks of the surgical procedure.

This study confirmed the observation that the stroke risk
among patients with carotid stenosis has decreased.' In the
past decade, stroke has dropped from the third to the fifth lead-
ing cause of death in the US.** This improvement has been at-
tributed to several factors, including more aggressive diabe-
tes and hypertension control and advances in medical therapy
(eg, statins). The decrease in stroke risk in the initial medical
therapy cohort in the present study was likely associated with
more effective control of atheroscleroticrisk factorsin the VA.
However, medical therapy could be improved in both the CEA
and initial medical therapy cohorts. Over the past 2 decades,
the VA has been tracking blood pressure, glycemic, and lipid
targets and has achieved substantial improvements in cardio-
vascular risk factor control.*” In addition, the stroke risk esti-
mated in the 2 cohorts preceded the publication of the
SAMMPRIS (Stenting and Aggressive Medical Management for
Preventing Recurrent Stroke in Intracranial Stenosis) trial,
which likely focused even more attention on improving the de-
livery of medical care. It is possible that, with the use of high-
potency statins, the stroke risk has decreased even further.*®

The analytic method used and the 2 alternative ap-
proaches considered in this comparative effectiveness study
deserve some discussion.??-*° The intervention (CEA) can be
applied at any time after carotid imaging, and thus a success-
ful analytical strategy accounts for and avoids immortal time
bias. First, we considered the landmark analysis, in which pa-
tients would be followed up from 1 year after the first carotid
image (the landmark date equals the image date plus 365
days).*”-*8 Patients for whom an event occurred between the
imaging date and the landmark date would be excluded. Treat-
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ment status would have been based on what occurred be-
tween the imaging date and the landmark date. Although the
landmark analysis approach would avoid immortal time bias
and allow for a clearly defined exposure, it would exclude all
of the early events. Consequently, the landmark analysis ap-
proach would artificially make the CEA look safer because the
early perioperative stroke events would be removed. Further-
more, this approach would provide limited information to in-
form clinical decision-making because all information on early
complications would be excluded.

Second, we considered the Cox proportional hazards regres-
sion modelin the full sample, treating the intervention as a time-
varying covariate and reporting the association between CEA and
the outcome using a hazard ratio. Patients would have been clas-
sified in the initial medical therapy cohort until they underwent
CEA, at which time they would have been classified as belong-
ingin the CEA cohort. Although the Cox approach would avoid
immortal time bias and would be analytically simple to conduct,
it has a primary limitation. This approach would resultin an es-
timation of a relative hazard ratio and would not allow the esti-
mation of absolute treatment outcomes.

Using the target trial method, we were able to estimate the
absolute reduction in the risk of the outcome and hence the
NNTs or numbers needed to harm, which are important quan-
tities for medical decision-making. In contrast, the Cox pro-
portional hazards regression model would only allow for the
estimation of relative changes in the hazard of the outcome.
We have reported only absolute risks, risk differences, and
NNTSs, none of which can be derived from the Cox approach
with time-varying covariates. Therefore, we chose the target
trial method to enable the analysis to both mimic an RCT, al-
lowing for comparisons with previously published trial re-
sults, and to account for immortal time bias and time-varying
confounding between the index imaging date and the treat-
ment randomization date.

Strengths and Limitations

This study has several strengths. First, the study used com-
prehensive data for US veterans. The VA provides access to lon-
gitudinal data, Medicare data, the Corporate Data Ware-
house, and the Suicide Data Repository; few comparable data
sources are available to researchers. Second, the sample size
was larger than the ACST, allowing us to detect smaller differ-
ences in stroke risk. Third, even though the goal of the ongo-
ing CREST-2 (Carotid Revascularization Endarterectomy
Versus Stenting 2) trial®>* is to examine the efficacy of CEA com-
pared with initial medical therapy in the era of modern medi-
cal therapy, the results of the present study are informative and
provide insights into the risks and benefits of carotid revas-
cularization in real-world settings in which patients may have
greater perioperative complications and/or poor risk factor con-
trol compared with patients enrolled in RCTs. In community
settings in which the competing risk of death is not trivial, it
appears that CEA may offer no benefit.

This study has several limitations. First, although peri-
operative strokes were accounted for in the outcome of fatal
and nonfatal strokes across 5 years of follow-up, we were
unable to incorporate into the analysis the perioperative com-
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plication of death associated with CEA. Second, we used data
from the Suicide Data Repository to assess fatal stroke out-
comes. It is possible that, despite using standard, established
methods for assessing stroke in the administrative data, we may
have missed stroke deaths that were not coded.?°-*® Third, this
study involved predominantly older male veterans. As such,
the findings may not be generalizable to the entire popula-
tion of patients who receive carotid intervention for asymp-
tomatic carotid stenosis. However, the results should be rel-
evant to older men in the Medicare population, which is the
cohort receiving most of the revascularizations in the US.*°
Fourth, the implementation of the analytical strategy re-
quired censoring patients when their actual treatment be-
came discordant with the treatment to which they were ran-
domized per the target trial methods. This informative
censoring was accounted for using model-based IPCWs, and,
as with most methods used for analyzing observational stud-
ies, its success depended in part on the assumption that we

Original Investigation Research

have measured an adequate set of variables to account for the
censoring. Although we had access to detailed clinical notes
and records, it is possible that patients’ actual treatment be-
came discordant with their randomized treatment for rea-
sons that we were unable to capture.

.|
Conclusions

The absolute reduction in the risk of fatal and nonfatal strokes
associated with early CEA intervention found in this study ap-
peared to be less than half the risk difference observed in trials
initiated more than 2 decades ago. This reduction was no lon-
ger statistically significant when the competing risk of non-
stroke deaths were accounted for in the analysis. Given the up-
front perioperative risks associated with CEA, initial medical
therapy may be an equally acceptable treatment strategy for the
management of patients with asymptomatic carotid stenosis.

ARTICLE INFORMATION
Accepted for Publication: March 6, 2020.

Published Online: June 1, 2020.
doi:10.1001/jamaneurol.2020.1427

Open Access: This is an open access article
distributed under the terms of the CC-BY License.
© 2020 Keyhani S et al. JAMA Neurology.

Author Affiliations: Division of General Internal
Medicine, Department of Medicine, University of
California San Francisco, San Francisco (Keyhani,
Hoggatt): San Francisco Veterans Affairs (VA)
Medical Center, San Francisco, California (Keyhani,
Hoggatt, Naseri); Department of Neurology, UCLA
(University of California Los Angeles), Los Angeles
(Cheng); VA Greater Los Angeles Healthcare
System, Los Angeles, California (Cheng); Institute of
Health Policy, Management and Evaluation,
University of Toronto, Toronto, Ontario, Canada
(Austin); Northern California Institute of Research
and Education, San Francisco (Madden); University
of Washington, Seattle (Hebert); Puget Sound VA,
Seattle, Washington (Hebert); Department of
Internal Medicine, University of Texas
Southwestern Medical Center, Dallas (Halm);
Department of Population, University of Texas
Southwestern Medical Center, Dallas (Halm);
Department of Data Science, University of Texas
Southwestern Medical Center, Dallas (Halm);
Department of Ophthalmology, University of
California San Francisco, San Francisco (Naseri);
Department of Surgery, University of Nebraska,
Omaha (Johanning); Omaha VA Medical Center,
Omaha, Nebraska (Johanning); Biomedical
Informatics, University of Utah, Salt Lake City
(Mowery); Salt Lake City VA Health Care System,
Salt Lake City, Utah (Mowery); Now with
Department of Biostatistics, Epidemiology, &
Informatics, University of Pennsylvania,
Philadelphia (Mowery); University of Melbourne,
Melbourne, Victoria, Australia (Chapman);
Department of Medicine, Indiana University School
of Medicine, Indianapolis (Bravata); Department of
Neurology, Indiana University School of Medicine,
Indianapolis (Bravata); Richard L. Roudebush VA
Medical Center, Indianapolis, Indiana (Bravata).

Author Contributions: Dr Keyhani had full access
to all of the data in the study and takes

jamaneurology.com

Downloaded From: https://jamanetwork.com/ on 07/08/2020

responsibility for the integrity of the data and the
accuracy of the data analysis.

Concept and design: Keyhani, Cheng, Hebert,
Johanning, Chapman, Bravata.

Acquisition, analysis, or interpretation of data:
Keyhani, Cheng, Hoggatt, Austin, Madden, Hebert,
Halm, Naseri, Johanning, Mowery, Bravata.
Drafting of the manuscript: Keyhani, Hoggatt,
Madden, Naseri.

Critical revision of the manuscript for important
intellectual content: Keyhani, Cheng, Austin, Hebert,
Halm, Johanning, Mowery, Chapman, Bravata.
Statistical analysis: Keyhani, Cheng, Hoggatt,
Madden, Hebert, Bravata.

Obtained funding: Keyhani, Cheng, Hebert.
Administrative, technical, or material support:
Keyhani, Johanning.

Supervision: Keyhani, Naseri, Chapman.
Developed and evaluated natural language
processing solution: Mowery.

Conflict of Interest Disclosures: Dr Cheng
reported receiving grants from the National Heart,
Lung, and Blood Institute of the National Institutes
of Health (NIH) during the conduct of the study.

Dr Johanning reported holding a licensed patent to
FUTUREASSURE LLC. No other disclosures were
reported.

Funding/Support: This study was funded by grant
RO1HL114563-01A1 from the NIH (Dr Keyhani).

Role of the Funder/Sponsor: The funder had

no role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Additional Contributions: The following
individuals contributed to this project over the past
5 years: Ann Abraham, BS, Northern California
Institute of Research and Education; Rosa Ahn, BS,
Oregon Health Sciences School of Medicine;
Mehrnaz Ghasemiesfe, MD, Advocate Illinois
Masonic Medical Center; Susan Saba, BS, MPH,
Center for Clinical Research, Stanford; Marzieh Vali,
MS, Northern California Institute of Research and
Education; Alexandra Woodbridge, BS, Tulane

University School of Medicine; Alysandra Zhang, BS,

Department of Counseling and Clinical Psychology;

and Josh Senyak, Quick Silver Consulting. These
individuals received payment from the study grant
for their contributions.

REFERENCES

1. Hobson RW II, Weiss DG, Fields WS, et al;
Veterans Affairs Cooperative Study Group. Efficacy
of carotid endarterectomy for asymptomatic
carotid stenosis. N Engl J Med. 1993;328(4):221-227.
doi:10.1056/NEJM199301283280401

2. Executive Committee for the Asymptomatic
Carotid Atherosclerosis Study. Endarterectomy for
asymptomatic carotid artery stenosis. JAMA.
1995;273(18):1421-1428. doi:10.1001/jama.1995.
03520420037035

3. Halliday A, Mansfield A, Marro J, et al; MRC
Asymptomatic Carotid Surgery Trial (ACST)
Collaborative Group. Prevention of disabling and
fatal strokes by successful carotid endarterectomy
in patients without recent neurological symptoms:
randomised controlled trial. Lancet. 2004;363
(9420):1491-1502. doi:10.1016/S0140-6736(04)
16146-1

4. Barnett HJM, Taylor DW, Haynes RB, et al; North
American Symptomatic Carotid Endarterectomy
Trial Collaborators. Beneficial effect of carotid
endarterectomy in symptomatic patients with
high-grade carotid stenosis. N Engl J Med. 1991;325
(7):445-453. doi:10.1056/NEJM199108153250701

5. European Carotid Surgery Trialists' Collaborative
Group. MRC European Carotid Surgery Trial: interim
results for symptomatic patients with severe
(70-99%) or with mild (0-29%) carotid stenosis.
Lancet. 1991;337(8752):1235-1243. doi:10.1016/0140-
6736(91)92916-P

6. Hebert PR, Evans D, Schneider WR,
Rodriquez-Paz E, Hennekens CH. The need for
increased utilization of statins after occlusive
stroke. J Cardiovasc Pharmacol Ther. 2011;16(3-4):
364-367. doi:10.1177/1074248410390368

7. Gresser U, Gathof BS. Atorvastatin: gold
standard for prophylaxis of myocardial ischemia
and stroke—comparison of the clinical benefit of
statins on the basis of randomized controlled
endpoint studies. Eur J Med Res. 2004;9(1):1-17.

8. Fuentes B, Martinez-Sanchez P, Diez-Tejedor E.
Lipid-lowering drugs in ischemic stroke prevention
and their influence on acute stroke outcome.

JAMA Neurology Published online June 1,2020

EN


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2020.1427?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427
https://jamanetwork.com/journals/jamaneurology/pages/instructions-for-authors?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427#SecOpenAccess
https://dx.doi.org/10.1056/NEJM199301283280401
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.1995.03520420037035?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.1995.03520420037035?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427
https://dx.doi.org/10.1016/S0140-6736(04)16146-1
https://dx.doi.org/10.1016/S0140-6736(04)16146-1
https://dx.doi.org/10.1056/NEJM199108153250701
https://dx.doi.org/10.1016/0140-6736(91)92916-P
https://dx.doi.org/10.1016/0140-6736(91)92916-P
https://dx.doi.org/10.1177/1074248410390368
https://www.ncbi.nlm.nih.gov/pubmed/14766335
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427

E12

Carotid Endarterectomy vs Initial Medical Therapy in Asymptomatic Carotid Stenosis

Research Original Investigation

Cerebrovasc Dis. 2009;27(suppl 1):126-133. doi:10.
1159/000200450

9. Goldstein LB, Bushnell CD, Adams RJ, et al;
American Heart Association Stroke Council; Council
on Cardiovascular Nursing; Council on Epidemiology
and Prevention; Council for High Blood Pressure
Research; Council on Peripheral Vascular Disease;
Interdisciplinary Council on Quality of Care and
Outcomes Research. Guidelines for the primary
prevention of stroke: a guideline for healthcare
professionals from the American Heart Association/
American Stroke Association. Stroke. 2011;42(2):517-
584. doi:10.1161/STR.0b013e3181fcb238

10. Kirshner HS. Prevention of secondary stroke
and transient ischaemic attack with antiplatelet
therapy: the role of the primary care physician. Int J
Clin Pract. 2007;61(10):1739-1748. Published
correction appears in Int J Clin Pract. 2007;61(11):1957.
doi:10.1111/j.1742-1241.2007.01515.x

11. Hong KS, Yegiaian S, Lee M, Lee J, Saver JL.
Declining stroke and vascular event recurrence
rates in secondary prevention trials over the past
50 years and consequences for current trial design.
Circulation. 2011;123(19):2111-2119. doi:10.1161/
CIRCULATIONAHA.109.934786

12. Prospective Studies Collaboration. Cholesterol,
diastolic blood pressure, and stroke: 13,000 strokes
in 450,000 people in 45 prospective cohorts. Lancet.
1995;346(8991-8992):1647-1653. doi:10.1016/
S0140-6736(95)92836-7

13. Egan BM, Zhao Y, Axon RN. US trends in
prevalence, awareness, treatment, and control of
hypertension, 1988-2008. JAMA. 2010;303(20):
2043-2050. doi:10.1001/jama.2010.650

14. Saaddine JB, Cadwell B, Gregg EW, et al.
Improvements in diabetes processes of care and
intermediate outcomes: United States, 1988-2002.
Ann Intern Med. 2006;144(7):465-474.
doi:10.7326/0003-4819-144-7-200604040-
00005

15. Abbott AL. Medical (nonsurgical) intervention
alone is now best for prevention of stroke
associated with asymptomatic severe carotid
stenosis: results of a systematic review and
analysis. Stroke. 2009;40(10):e573-e583.
doi:10.1161/STROKEAHA.109.556068

16. Mattos MA, Modi JR, Mansour AM, et al.
Evolution of carotid endarterectomy in two
community hospitals: Springfield
revisited—seventeen years and 2243 operations
later. J Vasc Surg. 1995;21(5):719-726. doi:10.1016/
S0741-5214(05)80003-5

17. Matchar DB, Oddone EZ, McCrory DC, et al;
Appropriateness Project Investigators of the
Academic Medical Center Consortium. Influence of
projected complication rates on estimated
appropriate use rates for carotid endarterectomy.
Health Serv Res. 1997;32(3):325-342.

18. Tu JV, Hannan EL, Anderson GM, et al. The fall
and rise of carotid endarterectomy in the United
States and Canada. N Engl J Med. 1998;339(20):
1441-1447. doi:10.1056/NEJM199811123392006

19. Kresowik TF, Bratzler D, Karp HR, et al.
Multistate utilization, processes, and outcomes of
carotid endarterectomy. J Vasc Surg. 2001;33(2):
227-234. doi:10.1067/mva.2001.111881

20. Holt PJ, Poloniecki JD, Loftus IM, Thompson
MM. The relationship between hospital case
volume and outcome from carotid endartectomy in
England from 2000 to 2005. Eur J Vasc Endovasc
Surg. 2007:34(6):646-654. doi:10.1016/j.ejvs.
2007.07.021

JAMA Neurology Published online June 1,2020

Downloaded From: https://jamanetwork.com/ on 07/08/2020

21. Wennberg DE, Lucas FL, Birkmeyer JD,
Bredenberg CE, Fisher ES. Variation in carotid
endarterectomy mortality in the Medicare
population: trial hospitals, volume, and patient
characteristics. JAMA. 1998;279(16):1278-1281.
doi:10.1001/jama.279.16.1278

22. Cebul RD, Snow RJ, Pine R, Hertzer NR, Norris
DG. Indications, outcomes, and provider volumes
for carotid endarterectomy. JAMA. 1998;279(16):

1282-1287. doi:10.1001/jama.279.16.1282

23. Marcinczyk MJ, Nicholas GG, Reed JF I, Nastasee
SA. Asymptomatic carotid endarterectomy: patient
and surgeon selection. Stroke. 1997;28(2):291-296.
doi:10.1161/01.5TR.28.2.291

24. Golledge J, Cuming R, Beattie DK, Davies AH,
Greenhalgh RM. Influence of patient-related
variables on the outcome of carotid
endarterectomy. J Vasc Surg. 1996;24(1):120-126.
doi:10.1016/S0741-5214(96)70152-0

25. Gray WA, Chaturvedi S, Verta P; Investigators
and the Executive Committees. Thirty-day
outcomes for carotid artery stenting in 6320
patients from 2 prospective, multicenter,
high-surgical-risk registries. Circ Cardiovasc Interv.
2009;2(3):159-166. doi:10.1161/
CIRCINTERVENTIONS.108.823013

26. Halm EA, Chassin MR, Tuhrim S, et al. Revisiting
the appropriateness of carotid endarterectomy.
Stroke. 2003;34(6):1464-1471. doi:10.1161/01.5TR.
0000072514.79745.7D

27. Halm EA, Tuhrim S, Wang JJ, Rojas M, Hannan
EL, Chassin MR. Has evidence changed practice?
appropriateness of carotid endarterectomy after
the clinical trials. Neurology. 2007;68(3):187-194.
doi:10.1212/01.wnl.0000251197.98197.e9

28. Karp HR, Flanders WD, Shipp CC, Taylor B,
Martin D. Carotid endarterectomy among Medicare
beneficiaries: a statewide evaluation of
appropriateness and outcome. Stroke. 1998;29(1):
46-52.doi:10.1161/01.STR.29.1.46

29. Reker DM, Hamilton BB, Duncan PW, Yeh SC,
Rosen A. Stroke: who's counting what? J Rehabil
Res Dev.2001;38(2):281-289.

30. US Department of Veterans Affairs. VA
Information Resource Center. Updated April 7,
2020. Accessed September 19, 2011. https://www.
virec.research.va.gov/

31. Defense Suicide Prevention Office. Suicide Data
Repository. Accessed September 18, 2018. https://
www.dspo.mil/About-Suicide/Suicide-Data-
Repository/

32. Mowery DL, Chapman BE, Conway M, et al.
Extracting a stroke phenotype risk factor from
Veteran Health Administration clinical reports: an
information content analysis. J Biomed Semantics.
2016;7:26. doi:10.1186/513326-016-0065-1

33. McCaffrey DF, Griffin BA, Almirall D, Slaughter
ME, Ramchand R, Burgette LF. A tutorial on
propensity score estimation for multiple treatments
using generalized boosted models. Stat Med. 2013;
32(19):3388-3414. doi:10.1002/sim.5753

34. Howard VJ, Meschia JF, Lal BK, et al; CREST-2
study investigators. Carotid revascularization and
medical management for asymptomatic carotid
stenosis: protocol of the CREST-2 clinical trials. Int J
Stroke. 2017;12(7):770-778. doi:10.1177/
1747493017706238

35. Brott TG, Hobson RW II, Howard G, et al; CREST
Investigators. Stenting versus endarterectomy for
treatment of carotid-artery stenosis. N Engl J Med.
2010;363(1):11-23. doi:10.1056/NEJM0a0912321

36. Sheffet AJ, Roubin G, Howard G, et al. Design
of the Carotid Revascularization Endarterectomy
vs. Stenting Trial (CREST). Int J Stroke. 2010;5(1):

40-46. doi:10.1111/j.1747-4949.2009.00405.x

37. Carotid revascularization and medical
management for asymptomatic carotid stenosis
trial (CREST-2). ClinicalTrials.gov identifier:
NCT02089217. Updated March 30, 2020. Accessed
September 18, 2018. https://clinicaltrials.gov/ct2/
show/NCT02089217

38. Tirschwell DL, Longstreth WT Jr. Validating
administrative data in stroke research. Stroke.
2002;33(10):2465-2470. doi:10.1161/01.STR.
0000032240.28636.BD

39. Hernan MA, Robins JM. Using big data to
emulate a target trial when a randomized trial is not
available. Am J Epidemiol. 2016;183(8):758-764.
doi:10.1093/aje/kwv254

40. Hernan MA, Sauer BC, Hernandez-Diaz S, Platt
R, Shrier . Specifying a target trial prevents
immortal time bias and other self-inflicted injuries
in observational analyses. J Clin Epidemiol. 2016;79:
70-75. doi:10.1016/j.jclinepi.2016.04.014

41. Emilsson L, Garcia-Albéniz X, Logan RW,
Caniglia EC, Kalager M, Hernan MA. Examining bias
in studies of statin treatment and survival in
patients with cancer. JAMA Oncol. 2018;4(1):63-70.
doi:10.1001/jamaoncol.2017.2752

42. ShenY, Hendricks A, Li D, Gardner J, Kazis L.
VA-Medicare dual beneficiaries’ enrollment in
Medicare HMOs: access to VA, availability of HMOs,
and favorable selection. Med Care Res Rev. 2005;
62(4):479-495. doi:10.1177/1077558705277396

43. Austin PC, Lee DS, Fine JP. Introduction to the
analysis of survival data in the presence of
competing risks. Circulation. 2016;133(6):601-609.
doi:10.1161/CIRCULATIONAHA 115.017719

44. Mozaffarian D, Benjamin EJ, Go AS, et al;
American Heart Association Statistics Committee;
Stroke Statistics Subcommittee. Heart disease and
stroke statistics—2016 update: a report from the
American Heart Association. Circulation. 2016;133
(4):e38-e360. doi:10.1161/CIR.
0000000000000350

45. Asch SM, McGlynn EA, Hogan MM, et al.
Comparison of quality of care for patients in the
Veterans Health Administration and patients in a
national sample. Ann Intern Med. 2004;141(12):938-
945. doi:10.7326/0003-4819-141-12-200412210-
00010

46. Derdeyn CP, Chimowitz MI, Lynn MJ, et al;
Stenting and Aggressive Medical Management for
Preventing Recurrent Stroke in Intracranial Stenosis
Trial Investigators. Aggressive medical treatment with
or without stenting in high-risk patients with
intracranial artery stenosis (SAMMPRIS): the final
results of arandomised trial. Lancet. 2014;383(9914):
333-341.doi:10.1016/S0140-6736(13)62038-3

47. Normand SL. Evaluating the optimal timing of
angiography: landmark or off the mark? Circulation.
2007;116(23):2656-2657. doi:10.1161/
CIRCULATIONAHA107.741132

48. DafniU. Landmark analysis at the 25-year
landmark point. Circ Cardiovasc Qual Outcomes.
2011;4(3):363-371. doi:10.1161/CIRCOUTCOMES.110.
957951

49. Lichtman JH, Jones MR, Leifheit EC, et al.
Carotid endarterectomy and carotid artery stenting
in the US Medicare population, 1999-2014. JAMA.
2017;318(11):1035-1046. doi:10.1001/jama.2017.12882

jamaneurology.com


https://dx.doi.org/10.1159/000200450
https://dx.doi.org/10.1159/000200450
https://dx.doi.org/10.1161/STR.0b013e3181fcb238
https://dx.doi.org/10.1111/j.1742-1241.2007.01515.x
https://dx.doi.org/10.1161/CIRCULATIONAHA.109.934786
https://dx.doi.org/10.1161/CIRCULATIONAHA.109.934786
https://dx.doi.org/10.1016/S0140-6736(95)92836-7
https://dx.doi.org/10.1016/S0140-6736(95)92836-7
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2010.650?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427
https://dx.doi.org/10.7326/0003-4819-144-7-200604040-00005
https://dx.doi.org/10.7326/0003-4819-144-7-200604040-00005
https://dx.doi.org/10.1161/STROKEAHA.109.556068
https://dx.doi.org/10.1016/S0741-5214(05)80003-5
https://dx.doi.org/10.1016/S0741-5214(05)80003-5
https://www.ncbi.nlm.nih.gov/pubmed/9240284
https://dx.doi.org/10.1056/NEJM199811123392006
https://dx.doi.org/10.1067/mva.2001.111881
https://dx.doi.org/10.1016/j.ejvs.2007.07.021
https://dx.doi.org/10.1016/j.ejvs.2007.07.021
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.279.16.1278?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.279.16.1282?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427
https://dx.doi.org/10.1161/01.STR.28.2.291
https://dx.doi.org/10.1016/S0741-5214(96)70152-0
https://dx.doi.org/10.1161/CIRCINTERVENTIONS.108.823013
https://dx.doi.org/10.1161/CIRCINTERVENTIONS.108.823013
https://dx.doi.org/10.1161/01.STR.0000072514.79745.7D
https://dx.doi.org/10.1161/01.STR.0000072514.79745.7D
https://dx.doi.org/10.1212/01.wnl.0000251197.98197.e9
https://dx.doi.org/10.1161/01.STR.29.1.46
https://www.ncbi.nlm.nih.gov/pubmed/11392661
https://www.ncbi.nlm.nih.gov/pubmed/11392661
https://www.virec.research.va.gov/
https://www.virec.research.va.gov/
https://www.dspo.mil/About-Suicide/Suicide-Data-Repository/
https://www.dspo.mil/About-Suicide/Suicide-Data-Repository/
https://www.dspo.mil/About-Suicide/Suicide-Data-Repository/
https://dx.doi.org/10.1186/s13326-016-0065-1
https://dx.doi.org/10.1002/sim.5753
https://dx.doi.org/10.1177/1747493017706238
https://dx.doi.org/10.1177/1747493017706238
https://dx.doi.org/10.1056/NEJMoa0912321
https://dx.doi.org/10.1111/j.1747-4949.2009.00405.x
https://clinicaltrials.gov/ct2/show/NCT02089217
https://clinicaltrials.gov/ct2/show/NCT02089217
https://dx.doi.org/10.1161/01.STR.0000032240.28636.BD
https://dx.doi.org/10.1161/01.STR.0000032240.28636.BD
https://dx.doi.org/10.1093/aje/kwv254
https://dx.doi.org/10.1016/j.jclinepi.2016.04.014
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2017.2752?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427
https://dx.doi.org/10.1177/1077558705277396
https://dx.doi.org/10.1161/CIRCULATIONAHA.115.017719
https://dx.doi.org/10.1161/CIR.0000000000000350
https://dx.doi.org/10.1161/CIR.0000000000000350
https://dx.doi.org/10.7326/0003-4819-141-12-200412210-00010
https://dx.doi.org/10.7326/0003-4819-141-12-200412210-00010
https://dx.doi.org/10.1016/S0140-6736(13)62038-3
https://dx.doi.org/10.1161/CIRCULATIONAHA.107.741132
https://dx.doi.org/10.1161/CIRCULATIONAHA.107.741132
https://dx.doi.org/10.1161/CIRCOUTCOMES.110.957951
https://dx.doi.org/10.1161/CIRCOUTCOMES.110.957951
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2017.12882?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2020.1427

