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Results

Abstract

From 2007 to 2012, 169 patients underwent either
CEA or CAS at one of the institutions selected for
the study. The two groups had similar baseline
characteristics with the exception of symptomatic
presentation and previous stroke or TIA. Lesion
characteristics between the two groups differed
significantly in terms of the presence of a thrombus,
≥ 80% stenosis, and length of lesion ≥ 2cm.

Despite the somewhat higher risk profile of the CEA
patients, the CAS patients experienced significantly
more cerebrovascular events (stroke and TIA
combined). Additionally, qualitative analysis reveals
that the three patients who suffered strokes with
CAS were all >80 years-old, asymptomatic with high-
grade stenosis. It appears that asymptomatic, elderly
patients may be at higher risk for strokes with CAS.
Hemodynamic instability occurred frequently with
CAS and was related to technical challenges.

Study limitations include:
• Despite inclusion of 169 patients, sample size

continue to be small to correct for potential
type-II error

Methods
A cohort of 169 patients undergoing either CEA or CAS, post-
CMS approval, at two institutions with large experience was
retrospectively analyzed for outcomes and their determinants. A
major adverse event is defined as a stroke, myocardial infarction
or any death within 30-days post-operatively. Minor adverse
events can occur during the procedure or post-operatively in-
hospital and are defined as events that do not qualify as a major
event.

Introduction

Stroke is the fourth most common cause of death
and the leading cause of adult disability in the United
States. CEA is the most frequently performed
procedure to prevent stroke and is the standard to
which new technologies are compared. Stenting was
introduced in the mid-1990’s as a less-invasive
treatment for carotid stenosis and has proven to be a
valuable treatment for carotid stenosis in high-risk
surgical candidates. As of 2005, CMS approves CAS
for patients who meet the following criteria:
• Patients who are at high risk for CEA and who

also have symptomatic carotid artery stenosis >
70% by angiography.

• Patients who are at high risk for CEA and have
symptomatic carotid artery stenosis between
50% and 70% under a clinical trial or involved in
a post-approval study.

• Patients who are at high risk for CEA and have
asymptomatic carotid artery stenosis > 80%
under a clinical trial or involved in a post-
approval study.

Our study is designed to evaluate the outcomes of
stenting following the expanded use of CAS in a
real-world setting.
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CEA (%) CAS (%) p
Total patients 70 99

Age ≥ 80 17 (24.3) 25 (25.3) 0.468
Male 40 (57.1) 65 (65.7) 0.266

Symptomatic 39 (55.7) 17 (17.2) < 0.001

BMI ≥ 25 36 (72.0) 72 (75.9) 0.690

Past Medical History:

Stroke or TIA 50 (72.5) 39 (39.4) < 0.001

Stroke 27 (39.1) 21 (21.2) 0.015

TIA 27 (39.7) 23 (23.2) 0.026

Amaurosis fugax 5 (7.4) 5 (5.1) 0.53

MI 16 (23.2) 22 (22.7) 1.000

CAD 41 (60.3) 72 (74.2) 0.063

Cardiac arrhythmia 7 (10.1) 19 (19.4) 0.131

CHF 10 (14.3) 20 (20.4) 0.414

HTN 70 (100.0) 94 (95.0) 0.077

PVD 29 (50.0) 42 (43.3) 0.505

COPD 14 (20.3) 21 (21.4) 1.000

Renal insufficiency 13 (21.7) 28 (28.6) 0.357

DM 28 (40.6) 42 (42.4) 0.874

Hyperlipidemia 62 (91.2) 91 (93.8) 0.554

Current smoker 14 (22.2) 11 (12.2) 0.121

Table 1: Baseline Patient Characteristics

Major Adverse Events
Four out of five patients who suffered a major
adverse event following CAS had an ipsliateral
stroke. One of the patients was diagnosed with
Takayasu arteritis post-operatively and is excluded
from further analysis. The remaining three patients
who suffered a stroke following CAS were: >80
years-old, asymptomatic, and had ≥ 80% stenosis.
Two of these three patients died following their
strokes. No patients in the CEA group suffered a
major adverse event.

Minor Adverse Events
Asymptomatic CAS patients with ≥ 80% stenosis
had more hemodynamic instability (p < 0.001)
compared to matched CEA patients. Hemodynamic
instability in CAS procedures correlated with embolic
protection device performance issues (p = 0.004),
successful stent placement (p = 0.018), and post-
stenting dilation (p < 0.001).

Table 3: Major and Minor Outcomes

CEA (%) CAS (%) p

Right-sided lesion 36 (51.4) 45 (45.5) 0.532

Thrombus present 9 (16.07) 2 (2.02) 0.002

Stenosis ≥ 80% 48 (69.6) 94 (95.0) < 0.001

Length of lesion 

(mm ± std dev)
6.08 ± 13.04 11.50 ± 10.03 -

Length of lesion ≥ 1cm 17 (100.0) 59 (75.6) 0.020

Length of lesion ≥ 2cm 12 (70.6) 19 (24.4) < 0.001

CEA (%) CAS (%) p

Total patients 70 99

Duration of hospital stay 

(days ± std dev)
1.72 ± 1.60 1.77 ± 1.98 -

Major AE 0 (0.0) 5 (5.1) 0.077

Stroke + TIA 1 (1.4) 12 (12.1) 0.016

Patients with minor AE 5 (7.1) 49 (49.5) < 0.001

Types of minor AE:

Hemodynamic instability 1 (1.4) 41 (41.4) < 0.001

Neurological changes 1 (1.4) 8 (8.1) 0.082

Infection 0 (0.0) 1 (1.0) 1.000

Access Complications 1 (1.4) 3 (3.03) 0.643

Other 2 (2.9) 7 (7.1) 0.309 Conclusions

Post-market, real-world utilization of CAS results in
higher cerebrovascular events and hemodynamic
instability. However, overall stroke rate was
comparable to that reported in pre-marketing FDA
approval trials. CEA or CAS can be offered with a
stroke rate ≤3% at institutions with large experience.
CEA should remain the procedure of choice for
asymptomatic carotid stenosis, particularly in elderly
patients. Hemodynamic instability is a minor, but
important, adverse event associated with CAS and
should be further investigated.

• Carotid endarterectomy (CEA) is standard of care
for the treatment of carotid stenosis.

• In 2005, Centers for Medicare & Medicaid
Services (CMS) approved expanded, selective
use carotid artery stenting (CAS) as an
alternative to CEA.

• The goal of this study is to examine the outcomes
of wider utilization of CAS and the sustainability
of favorable outcomes reported in pre-marketing
FDA approval trials.

• We retrospectively examined a cohort of patients
to analyze outcomes and their determinants.

• The stroke rate for CAS patients was 3.03% in
this study. Major adverse events were higher in
the CAS group (CAS 5/99 vs. CEA 0/70;
p=0.077). However, cerebrovascular events were
significantly higher with stenting (p<0.001). Peri-
procedural hemodynamic instability was
statistically higher with CAS.

• CEA continues to show superiority over CAS in
post-market, real-world practice.

Discussion

Table 2: Baseline Lesion Characteristics

Figure 1: (left) pre-stent; (right) post-stent


