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Carotid artery stenting (CAS) has been established as an effective
and safe procedural treatment for carotid stenosis, with similar rates of
efficacy compared to carotid endarterectomy.1 However, CAS confers a
higher risk of periprocedural stroke.1 To mitigate this risk, along with
adequate patient selection, embolic protection devices (EPD) were
introduced, reducing periprocedural stroke risk by ~ 40% in observa-
tional studies.2 Despite guideline recommendations for the use of
EPD,3 CAS without EPD still occurs.4 However, variability and factors
associated with these practices have yet to be explored. We aim to
examine the variability across operators and centers and factors asso-
ciated with CAS without EPD.

We included patients aged �18 years who underwent CAS be-
tween 2015 to 2019 from the Vascular Quality Initiative registry. Pa-
tients were excluded if: (1) procedure was performed at center with
high missing rates (defined as third quartile þ 1.5 � interquartile); (2)
missing identifier for providers or center; (3) procedure was unable to
proceed as planned; (4) undergoing CAS as part of intracranial treat-
ment; (5) missing data for EPD use; (6) any of the covariates missing
among those included in modeling, and (7) undergoing CAS with
transcarotid artery revascularization, as EPD is intrinsic of the pro-
cedure. Approval for the study was granted by the Vascular Quality
Initiative Research Advisory Committee and the Yale Institutional Re-
view Board.

No EPD use by the operator and center was calculated as the
number of CAS without EPD used divided by total CAS procedures.
The volume of CAS procedures was assessed by dividing into
quartiles operators and centers. A multilevel mixed-effects logistic
regression adjusted for demographics, medical comorbidities,
preoperative evaluation, and lesion characteristics was performed
and the median odds ratio (MOR) was calculated. The MOR mea-
sures the median odds of not using EPD during CAS when
comparing patients with similar traits treated by randomly chosen
operators and centers. It reflects the probability of not using EPD
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associated with unmeasured operator and center characteristics.
We included 3 multilevel logistic regression models, each varying
by the specific random effect applied: one model included a
random effect for the operator, another included a random effect
for the center, and a third model included 2 random effects for the
operator nested within the center. In a separate analysis, the model
with the operator nested within the center as a random effect was
replicated to explore the association of the volume of operators
and centers and CAS without EPD. All analyses were performed on
8 imputed data sets by chained equations and results were pooled
using Rubin’s rule.5 All tests were 2-tailed, with a significance level
set at a P value <.05.

A total of 19,476 patients, 1581 providers, and 414 centers were
included (Supplemental Table S1). EPD were used in 88.7% of CAS
procedures. Patients in whom CAS without EPD was used were more
likely to be younger (66.0 � 13.0 vs 70.1 � 9.7 years; standard
difference [SDiff], –0.360), female (41.9% vs 35.5%; SDiff, 0.132),
non-White (86.7% vs 89.3%; SDiff, 0.132), not insured by Medicare
or Medicaid (45.0% vs 36.7%; SDiff, 0.206), have fewer medical
comorbidities, and undergoing urgent or emergent procedures
(39.6% vs 22.4%; SDiff, 0.38). Patients in the CAS without EPD group
were also less likely to have atherosclerotic (67.6% vs 80.3%; SDiff,
0.306) and restenotic (11.7% vs 17.3%; SDiff, 0.158) lesions, while
dissection and trauma/fibromuscular dysplasia/other etiologies were
more common (12.1% vs 1.1%; SDiff, 0.453 and 10.2% vs 1.5%;
SDiff, 0.380, respectively). All differences were statistically significant
(P < .001).

The variability for centers and operators was minimal (Figure 1).
Adjusted MOR for operator and center were 2.09 (95% CI, 1.75-2.50)
and 1.25 (95% CI, 0.92-1.72), respectively. The MOR in the model
including the operator nested within the center as random effect were
1.25 (95% CI, 0.91-1.72) for the center and 0.94 (95% CI, 0.71-1.24)
for the operator nested within the center (Supplemental Table S2).
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Figure 1.
Variability of carotid artery stenting (CAS) without the use of embolic protection devices (EPD) by operator (A). (B) Shows factors significantly associated with EPD use using the
multilevel mixed-effects logistic regression with operator nested within the center as random effects. The model was adjusted for age, race, ethnicity, primary insurer, living at home,
body mass index, hypertension, diabetes, smoking, chronic obstructive pulmonary disease, coronary artery disease, previous stroke or TIA, prior carotid endarterectomy or stenting,
GDMT, high-risk carotid endarterectomy, preoperative duplex, preoperative CT or MRI, preoperative angiography, the urgency of the procedure, number of lesions, atherosclerotic
lesion, restenotic lesion, dissection, other types of lesions, side of lesion, lesion at the bifurcation, lesion at the common carotid artery, and year of surgery. FMD, fibromuscular
dysplasia; GDMT, guideline-directed medical therapy; mOR, median odds ratio; Q1-Q3; interquartile range; TIA, transient ischemic attack.
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Factors significantly associated without EPD used are shown in
Figure 1. When assessing operator volume (using the fourth quartile as
a reference of high-volume operators), procedures by operators in the
third, second, and first quartile were associated without EPD used,
with an OR of 1.27 (95% CI, 1.02-1.59; P ¼ .035), 2.08 (95% CI, 1.60-
2.72; P < .001), and 3.86 (95% CI, 2.79-5.33; P < .001), respectively
(Supplemental Table S3). Similarly, when assessing center volume
quartiles in a separate model and using the fourth quartile as refer-
ence (high-volume centers), the first quartile was significantly associ-
ated with CAS without EPD used, with an OR of 2.50 (95% CI, 1.48-
4.21; P ¼ .001) (Supplemental Table S4).

CAS without EPD is still performed in modern practice,4 and in this
observational data set, 1 in 10 patients underwent CAS without having
an EPD attempted. In addition, CAS without EPD was associated with
younger, female, and healthier patients, as well as with urgent or
emergent scenarios and lower-volume centers and operators. All pre-
cautions should be taken to mitigate the risk of periprocedural stroke.
Because a clinical trial for EPD seems unlikely, it is necessary to adhere
to current guidelines and available data. Moreover, with the recent
Medicare expansion for CAS, routine use of EPD in CAS should be a
priority. Future work to understand potential explanations as to why
certain subpopulations may be at risk of not receiving these devices
should be integrated into national quality improvement efforts targeted
at improving the quality of overall CAS care.
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