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carotid angioplasty Aims: To investigate long-term outcomes achieved in high-surgical-risk patients and other clinically-relevant

subgroups after carotid stenting with the NexStent and Filterwire EX/EZ devices.

Methods and results: CABERNET, a prospective, multicentre, single-arm trial, enrolled 454 patients with
extracranial internal carotid artery stenosis (symptomatic >50%, n=110; asymptomatic >60%, n=344).
Early outcomes at one year have been reported. The 3-year Kaplan-Meier estimated event rates were:
7.2%, all stroke; 2.8%, major stroke; 4.8%, ipsilateral stroke; 17.7%, all death; 7.1%, myocardial
infarction; 4.4%, target vessel revascularisation. Asymptomatic patients had significantly fewer major
strokes than symptomatic patients (1.9% vs. 5.7%, P=0.03) and patients <80 years had significantly fewer
ipsilateral strokes than those >80 years (3.2% vs. 10.7%, P=0.002). Stroke outcomes did not differ
significantly between patients with anatomical risk factors compared with those with comorbid medical risk
factors.

Conclusions: Long-term outcomes achieved in high-surgical-risk patients with the NexStent and Filterwire
EX/EZ devices are favourable. Outcomes may be better in asymptomatic patients or those younger than
80 years of age. These data will be helpful in estimating short-term risks of carotid stenting and balancing
these risks against the long-term benefit of stroke prevention.
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CABERNET 3-year results

Introduction

Stroke is a major cause of mortality and morbidity throughout the
world, and the medical, social, and economic consequences of
stroke are likely to increase given an ageing population'?. Large,
prospective, multicentre, randomised controlled trials have shown
that carotid endarterectomy (CEA) is superior to medical treatment
for stroke prevention in both symptomatic®® and asymptomatic’®
patients with significant extracranial internal carotid artery disease.
The strength of this evidence has helped to establish CEA as the
accepted gold standard for treating extracranial internal carotid
artery diseasel11,

The desire for less invasive therapies for extracranial internal carotid
artery disease has motivated the development of carotid artery
stenting (CAS) with distal embolic protection as a potential
alternative therapy. As patients at the highest risk of adverse events
from CEA may benefit most from CAS!1213) CAS has been studied
most widely in high-surgical-risk patients'4!°, for whom the short-
term perioperative risk of CEA might otherwise outweigh its potential
long-term benefit of stroke prevention! 1213,

Despite several randomised trials and a number of prospective non-
randomised studies, there is still considerable debate about the
relative safety and efficacy of CAS compared with CEA in a broader
patient population. The main goal of both CEA and CAS is the
prevention of stroke in the years following revascularisation and
comparison of the two treatment modalities depends critically on
the rates of stroke observed during long-term follow-up (not just the
periprocedural period). The possibility that some patients are better
suited to either procedure has also heightened interest in subgroup
analyses of clinical trial data.

Data on event rates beyond one year after surgery or CAS are very
limited. The SAPPHIRE ftrial is the only major randomised ftrial
comparing CEA and CAS in high-surgical-risk patients, and this
study showed no difference in the rate of stroke or other major
adverse events at one!® and three years'*. Subgroup analyses,
though of great interest to the medical community, were limited
by the relatively small sample size of the randomised population
of the SAPPHIRE study!4. Long-term outcomes have been
reported for two other randomised controlled trials comparing
CEA and CAS, although these trials were not confined to high-
surgical-risk patients. In the SPACE trial, there were no significant
differences between CEA and CAS in the rate of stroke or death at
two years?. In the EVA-3S trial, the risk of stroke or death at four
years was higher with CAS compared with CEA?l. These
differences were driven by an excess of events during
the periprocedural period, with no significant differences
between CEA and CAS in the rate of stroke or death from day 31
to four years.

We now report the 3-year results from the CABERNET study,
a large, prospective, multicentre, single-arm CAS trial designed to
evaluate the safety and efficacy of the NexStent used in
combination with the Filterwire EX/EZ distal protection system in
high-surgical-risk patients. We include results from subgroup
analyses that explored the potential influence of symptom status,
risk factor profile, and age on clinical outcomes. The 30-day and 1-
year results from this trial have been reported'®.
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Methods

Study design, population and methods

The CABERNET study design, subject inclusion criteria, and methods
have been described in detail'®, but will be briefly summarised here.
The study was approved for investigational device exemption by the
U.S. Food and Drug Administration, conducted in accordance with
the Declaration of Helsinki, and registered on the National Institutes
of Health clinical trial registry (ClinicalTrials.gov identifier:
NCT00600327). The study protocol was approved by the
Institutional Review Boards of the 19 participating study centres (15
in the USA, 3 in Germany, and 1 in Argentina). Before participating
in the study, all study investigators were required to have performed
at least 20 carotid stenting procedures with distal embolic
protection. In addition, each centre conducted a training session for
investigators on the combined use of the NexStent and FilterWire
devices before the study began.

All patients provided voluntary written informed consent before
participating in the study. Patients were enrolled between 20
February 2002 and 10 March 2004, and the 3-year follow-up
period was completed on 6 June 2007. Patients with internal
carotid artery stenosis (assessed by angiography: >50% for
symptomatic and >60% for asymptomatic patients), who were
considered to have a high risk of complications from CEA, were
eligible to participate. To be included, patients needed to meet at
least one anatomical or at least one Class | comorbid criterion, or at
least two Class Il comorbid criteria (Table 1).

Carotid duplex ultrasonography was performed within 30 days
before the procedure. Patients received the following antiplatelet
therapy before CAS: aspirin (325 mg daily, at least 72 h before) and
either clopidogrel (75 mg daily, 3 days before; or 150 mg daily,
2 days before; or 450 mg, at least 4 h before) or ticlopidine (250 mg
twice daily, 2 days before). Neurological assessments (National
Institutes of Health Stroke Scale [NIHSS], Barthel Index, and
Modified Rankin Scale) were performed by NIHSS-certified
neurologists within 24 hours before CAS.

Study devices and procedure

The CAS procedure, which has been described in detail'>, was
performed using a NexStent™ Carotid Stent and Delivery System
(Boston Scientific Corporation, Natick, MA, USA) and a FilterWire
EX®/EZ™ Embolic Protection System (Boston Scientific Corporation,
Natick, MA, USA). Following the stent procedure, patients were
instructed to take aspirin (325 mg daily, indefinitely), and either
clopidogrel (75 mg daily, for a minimum of 30 days) or ticlopidine
(250 mg twice daily, for a minimum of 30 days). Follow-up visits were
scheduled for 30 days, six months, and one, two, and three years
after the CAS procedure. At each follow-up visit, a standard
cardiopulmonary and neurological history was taken, a physical
examination was performed and NIHSS-certified neurologists
conducted neurological assessments.

Clinical outcomes

During the 3-year period after CAS, the main clinical outcomes of interest
were the overall rates of stroke (all; major; ipsilateral), death, myocardial



Table 1. Patient inclusion criteria.

Clinical research

General Anatomical Comorbid Class I
(one criterion required) (one criterion required)
- 218 years of age - Restenosis after endarterectomy - Unstable angina

- Lesion in the common/internal carotid artery - Bilateral stenosis

- Left ventricular ejection fraction <30%

(length <30 mm) - Contralateral carotid occlusion or laryngeal - Congestive heart failure
- Vessel diameter: nerve palsy - Planned coronary artery bypass or valve
- Target segment 4.0 to 9.0 mm - Previous radiation or surgery of the neck replacement
- Distal to lesion 3.5 to 5.5 mm - Lesion inaccessible by surgery - Renal failure

- Stenosis in the target vessel (determined by - Immobility of the neck
angiography): - Tracheostomy or tracheostoma

- Symptomatic patients* >50%
- Asymptomatic patients >60%

- Chronic obstructive pulmonary disease

Comorbid Class II
(two criteria required)

- >75 years of age
- Coronary artery disease with >70% stenosis
- Planned peripheral vascular surgery

- Myocardial infarction within 6 weeks prior to
the procedure

*History of stroke, transient ischaemic attack and/or amaurosis fugax in the hemisphere supplied by the target vessel within 180 days of the procedure.

infarction (MI), and the need for target vessel revascularisation (TVR).
Stent patency was assessed by measuring maximum peak systolic
velocity and end-diastolic velocity by duplex ultrasonography.

In addition to the clinical outcomes, all patients were assessed for
the relative rates of stroke, death, MI, and TVR for clinically-relevant
subgroups of patients. These subgroups were defined relative to: (i)
symptomatic status (asymptomatic vs. symptomatic); (ii) type of risk
factor (anatomic vs. comorbid); and (iii) age (<80 years vs.
>80 years of age).

Statistical analyses

Data were analysed on an intention-to-treat basis. The estimated
rates of all stroke (comprising major, minor, ipsilateral, and
contralateral stroke events), major stroke, ipsilateral stroke, all
death, MI, and TVR in all patients during the 3-year period were
determined by Kaplan-Meier (K-M) analyses. Post hoc analyses
were conducted to estimate the rates of the main clinical outcomes
of interest in the subgroups (asymptomatic vs. symptomatic;
anatomic vs. comorbid medical risk factors; <80 years vs. >80 years
of age). Patients who had both anatomical and comorbid medical
risk factors were included in the comorbid subgroup for analysis.
Differences between the subgroups were compared using a log-
rank test; P values <0.05 were considered statistically significant.
Statistical analyses were performed using the SAS software, Version
8 or later (SAS Institute Inc., Cary, NC, USA).

Results
Demographics and subject disposition

The demographics and baseline clinical characteristics of the
patients enrolled in this study have been described in detail'®. In
brief, the mean age (+ standard deviation) of patients was 72.5+8.6
years, 65.4% (n=297/454) were men, and 33.0% (n=150/454) had
diabetes mellitus. In terms of the subgroups, 75.8% (n=344/454) of
patients were asymptomatic, 63.4% (n=288/454) had anatomical
risk factors, and 77.8% (n=353/454) were <80 years of age.

At the time of the CAS procedure, the mean lesion length was
15.0+6.8 mm, the mean reference vessel diameter was 5.61+1.0 mm,
and the mean extent of stenosis was 83.7+9.8%. The stent was
successfully implanted in 98% (n=443/454) of patients.

During the 3-year study period, the follow-up rate was 95.9%
(n=398/415) at one year, 86.2% (n=343/398) at two years, and
83.7% (n=309/369) at three years.

Clinical outcomes: all patients

The K-M estimate of all stroke events was 3.5% at 30 days and,
thereafter, increased in a relatively stable linear fashion to 7.2% at
three years (Figure 1A). The annualised hazard rate for all stroke
from 30 days to three years (AHR 30 days to three years) was 1.3%
per year. A similar pattern was observed for major stroke and
ipsilateral stroke, with approximately half of all events occurring in
the periprocedural period (Figure 1A). The K-M estimate for major
stroke was 1.3% at 30 days and 2.8% at three years (AHR 30 days
to three years=0.5% per year), and for ipsilateral stroke was 2.9% at
30 days and 4.8% at three years (AHR 30 days to three
years=0.7% per year; Figure 1A). The K-M estimate for
contralateral stroke was 0.7% at 30 days and 2.6% at three years
(AHR 30 days to three years =0.7% per year), thus approximating
the annualised risk of ipsilateral stroke in the stented vessel after
30 days. The K-M estimate of all death increased steadily during the
follow-up period to 17.7% at three years (AHR 30 days to three
years=5.9% per year; Figure 1B), reflecting the high-surgical-risk
patient population. Few deaths, however, were from neurological or
cerebrovascular events (1.3% at three years); the major causes of
death were cardiac-related events (31.5% of all deaths; n=23/73)
and carcinoma (15.1% of all deaths; n=11/73). The K-M estimate
of Ml was 0.4% at 30 days during the periprocedural period and
increased to 7.1% at three years during the follow-up period (AHR
30 days to three years=2.3% per year; Figure 1C).

The mean maximum peak systolic velocity within the internal
carotid artery remained low during the follow-up period, indicating
continued stent patency and minimal restenosis (Figure 2). As
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Figure 1. Kaplan-Meier curves depicting the 3-year cumulative event rates of stroke (all stroke [major, minor, contralateral and ipsilateral strokel,
solid line; major stroke, dotted line; and ipsilateral stroke, dashed line) (panel A), all death (panel B), myocardial infarction (panel C), and target
vessel revascularisation (panel D). Error bars represent the standard error of the event. The number of patients who were event-free and still at risk
during each year and the Kaplan-Meier estimate for each year are presented below each graph.

duplex ultrasound was optional at the 2- and 3-year study visits, the
number of patients at these time points was lower than that at the 1-
year study visit. However, in support of the findings of low mean
maximum peak systolic velocity, the estimated rates of TVR were
low and constant during the study; the 3-year K-M estimate was
4.4% (AHR 30 days to three years=1.5% per year; Figure 1D).

Clinical outcomes: subgroups

The 3-year K-M estimate of major stroke was significantly lower in
asymptomatic patients than in symptomatic patients (1.9% vs. 5.7%,
log-rank P=0.03; Table 2). The K-M estimates of all stroke
(asymptomatic 6.2% vs. symptomatic 10.5%, P=0.09), ipsilateral
stroke (4.0% vs. 7.6%, P=0.09; Figure 3A), and neurological death
(0.7% vs. 3.1%, P=0.06) also trended lower in asymptomatic patients,
although these differences did not achieve statistical significance (Table
2). Rates of all death, non-neurological death, MI, and TVR were similar
between asymptomatic and symptomatic patients (Table 2).

The 3-year K-M estimate of stroke did not differ significantly
between patients who were deemed high risk because of
anatomical versus comorbid medical risk factors (Table 3; Figure
3B). However, the 3-year K-M estimate of all death was significantly
lower for patients with anatomical risk factors, compared with
patients with comorbid medical risk factors (14.0% vs. 24.3%,
P=0.01; Table 3). This difference in the all death rate was driven by
a difference in the rate of non-neurological death (Table 3). Patients
with comorbid medical risk factors also had a higher rate of Ml
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Figure 2. The mean (+ standard deviation) maximum peak systolic velocity
within the internal carotid artery before and during the study. As duplex
ultrasound was optional at the 2- and 3-year study visits, the number of
patients at these time points was lower than that at the 1-year study visit.

(comorbid 10.3% vs. anatomical 5.4%, P=0.05), but had a lower
rate of TVR (0.7% vs. 6.3%, P=0.01; Table 3).

The 3-year K-M estimate of ipsilateral stroke was significantly lower in
patients <80 years of age than in patients >80 years of age (3.2% vs.
10.7%, P=0.002; Figure 3C). The 3-year K-M estimate of all death
was also significantly lower in patients <80 years of age than in patients
>80 years of age (14.8% vs. 28.0%, P=0.006; Table 4). The 3-year K-
M estimates of MI and TVR were similar in the two age groups
(Table 4).
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Table 2. Major adverse events during the 3-year study period in symptomatic and asymptomatic patients.

Events Symptomatic (N=110) Asymptomatic (N=344) P Value
Event rate AHRY Event rate AHRY
n (%)* 30 days to 3 years n (%)* 30 days to 3 years
Stroke 11 (10.5%) 1.4% 19 (6.2%) 1.2% 0.09
Major 6 (5.7%) 0.7% 6 (1.9%) 0.4% 0.03
Minor 6 (5.8%) 1.1% 14 (4.7%) 0.9% 0.53
Ipsilateral 8 (7.6%) 0.7% 12 (4.0%) 0.7% 0.09
Contralateral 3 (2.9%) 0.7% 8 (2.5%) 0.7% 0.80
All death 18 (17.8%) 6.1% 55 (17.7%) 5.9% 0.89
Neurological cause 3 (3.1%) 1.1% 2 (0.7%) 0.2% 0.06
Non-neurological cause 15 (15.1%) 5.2% 53 (17.1%) 5.7% 0.71
Myocardial infarction 5 (4.9%) 1.7% 24 (7.8%) 2.5% 0.38
Q-wave 0 (0%) 0.0% 1 (0.3%) 0.1% 0.57
Non-Q-wave 4 (4.0%) 1.4% 17 (5.7%) 1.9% 0.58
Target-vessel revascularisation 4 (4.3%) 1.5% 13 (4.4%) 1.5% 0.96
*% as estimated by Kaplan-Meier analysis; TAHR: annualised hazard risk
Table 3. Major adverse events during the 3-year study period in patients who had anatomical or comorbid medical risk factors.
Events Anatomic (N=288) Comorbid (N=166) P Value
Event rate AHRY Event rate AHRY
n (%)* 30 days to 3 years n (%)* 30 days to 3 years
Stroke 21 (8.0%) 1.4% 9 (5.9%) 1.0% 0.50
Major 8 (2.9%) 0.5% 4 (2.7%) 0.5% 0.85
Minor 15 (5.8%) 1.2% 5 (3.2%) 0.5% 0.32
Ipsilateral 13 (5.0%) 0.8% 7 (4.4%) 0.5% 0.95
Contralateral 9 (3.3%) 0.8% 2 (1.5%) 0.5% 0.22
All death 37 (14.0%) 4.8% 36 (24.3%) 7.9% 0.007
Neurological cause 3 (1.2%) 0.4% 2 (1.5%) 0.5% 0.79
Non-neurological cause 34 (12.9%) 4.4% 34 (23.2%) 7.5% 0.006
Myocardial infarction 14 (5.4%) 1.9% 15 (10.3%) 3.1% 0.05
Q-wave 1 (0.4%) 0.1% 0 (0.0%) 0.0% 0.46
Non-Q-wave 9 (3.6%) 1.2% 12 (8.4%) 2.7% 0.03
Target-vessel revascularisation 16 (6.3%) 2.2% 1 (0.7%) 0.2% 0.01
*% as estimated by Kaplan-Meier analysis; 9AHR: annualised hazard risk
Table 4. Major adverse events during the 3-year study period in patients who were <80 or >80 years of age.
Events <80 years of age (N=353) >80 years of age (N=101) P Value
Event rate AHRY Event rate AHRY
n (%)* 30 days to 3 years n (%)* 30 days to 3 years
Stroke 20 (6.3%) 1.3% 10 (10.4%)% 1.1% 0.11
Major 8 (2.4%) 0.4% 4 (4.3%) 0.8% 0.33
Minor 13 (4.3%) 1.0% 7 (7.2%) 0.7% 0.13
Ipsilateral 10 (3.2%) 0.4% 10 (10.7%)% 1.6% 0.002
Contralateral 9 (2.8%) 0.8% 2 (2.1%) 0.4% 0.77
All death 48 (14.8%) 5.0% 25 (28.0%) 9.3% 0.006
Neurological cause 2 (0.6%) 0.2% 3 (3.8%) 1.3% 0.04
Non-neurological cause 46 (14.3%) 4.8% 22 (25.1%) 8.3% 0.02
Myocardial infarction 23 (7.3%) 2.4% 6 (6.5%) 1.9% 0.88
Q-wave 1 (0.3%) 0.1% 0 (0.0%) 0.0% 0.60
Non-Q-wave 17 (5.5%) 1.9% 4 (4.5%) 1.2% 0.77
Target-vessel revascularisation 13 (4.3%) 1.5% 4 (4.5%) 1.5% 0.83

*% as estimated by Kaplan-Meier analysis; 9AHR: annualised hazard risk; tThe same number of patients aged >80 years experienced ipsilateral stroke (n=10) and
all stroke (n=10). However, one patient experienced a major contralateral stroke on day 0, then experienced a major ipsilateral stroke on day 880. Consequently,
the Kaplan-Meier estimate of ipsilateral stroke at three years was slightly higher than the estimate of all stroke at three years (10.7% vs. 10.4%).

Discussion

Although carotid revascularisation is associated with a higher risk of
periprocedural events than medical therapy, in exchange it is
expected to decrease the long-term risk of stroke. The overall
evaluation of carotid revascularisation, therefore, must balance any
short-term risks of periprocedural events with the anticipated long-

term benefits of a decreased risk of stroke over time. We have
published data regarding the incidence of periprocedural and 1-
year events after CAS with embolic protection®, and now report the
long-term follow-up data from CABERNET, a large, prospective,
multicentre, single-arm CAS trial. These results indicate a relatively
low incidence of ipsilateral stroke from 30 days to three years after
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Figure 3. Kaplan-Meier curves depicting the 3-year cumulative event
rates of ipsilateral stroke for symptomatic (solid line) or asymptomatic
(dotted line) patients (panel A), for patients who had anatomical risk
factors (solid line) or comorbid medical risk factors (dotted line) (panel
B), and for patients who were <80 years old (solid line) or >80 years old
(dotted line) (panel C). Error bars represent the standard error of the
event. P values were calculated using the log-rank test and are presented
for the difference in event rates through three years. The number of
patients who were event-free and still at risk during each year and the
Kaplan-Meier estimate for each year are presented below each graph.

CAS (0.7% per year). Notably, this incidence is very similar to the
incidence of stroke in the contralateral carotid artery (also 0.7% per
year). Based on post hoc subgroup analyses, our results further
suggest that the annualised risk of stroke may be lower in
asymptomatic patients and patients younger than 80 years of age.
Our data on the long-term outcomes of CAS may help clinicians
estimate the short- and long-term risks after CAS with the known
risks of CEA, and balance the potential long-term benefits of a
decreased risk of stroke over time with either form of
revascularisation, compared with medical therapy alone.

There are few published reports from prospective studies on the long-
term stroke outcomes after CAS with embolic protection in high-
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surgical-risk patients. The results from the SAPPHIRE trial are of
particular interest as this randomised trial compared CAS with CEA in
high-surgical-risk patients and long-term follow-up data from this trial
have been reported'®. Notably, although our study included almost
three times as many CAS patients as those in the SAPPHIRE trial
(n=454 vs. n=167)", the 3-year stroke outcomes in our study (e.g.,
all stroke 7.2%) were lower than those reported for either the CAS (all
stroke 10.1%) or the CEA (all stroke 10.7%) arms of the SAPPHIRE
trial*. In terms of other clinically important outcomes, the 3-year rates
for all death, MI, and TVR in CABERNET were within the expected
ranges for this high-risk population (i.e., given the influence of
generalised atherosclerosis on the rates of death and MI), and were
also similar to the rates reported from the SAPPHIRE trial'“.
Consistent with the results from SAPPHIRE, the highest incidence of
stroke events in CABERNET occurred during the immediate (30-
day) postprocedural period. Our finding of a low and stable long-term
stroke rate with CAS thereafter is indirectly supported by the long-
term results from large randomised controlled trials that have
compared CAS with CEA in conventional-risk patients. The 2-year
results from the SPACE trial® and the 4-year results from the EVA-3S
trial’! indicate that there are no significant differences in stroke
outcomes between CAS and CEA beyond the periprocedural period;
the long-term stroke rates for both CAS and CEA were relatively low
and stable. Further refinement of our understanding of the expected
long-term stroke outcomes after CAS with an embolic protection
device, particularly for high-surgical-risk patients, should be possible
when the long-term results from a number of ongoing carotid registry
studies are published®??. The low ongoing annualised risk of
ipsilateral stroke (AHR 30 days to three years =0.7% per year) and
contralateral stroke (AHR 30 days to three years =0.7% per year)
suggest that the important improvements will be made in reducing
adverse outcomes within the first 30 days after the procedure.

As anticipated, baseline symptom status appears to influence the
long-term stroke outcomes after CAS. Consistent with the
CABERNET results at 30 days and one year'®, we found that the
estimated rate of major stroke at three years was still significantly
lower in asymptomatic patients, compared with symptomatic
patients. A more favourable outcome after CAS for asymptomatic
patients has been a consistent finding in short-term studies of CAS®.
Long-term outcomes in CABERNET also compare favourably with
the long-term stroke outcomes from a number of large, randomised
controlled trials that studied the effects of CAS, CEA, or medical
management on conventional-risk symptomatic patients. For
example, the 3-year estimated rate of ipsilateral stroke in
symptomatic CABERNET patients (7.6%) is similar to, or lower than,
the long-term ipsilateral stroke rates in the CAS and CEA arms of the
SPACE? or the EVA-35?! trials (9.5% with CAS and 8.8% with CEA at
two years in SPACE and 11.1% with CAS and 6.2% with CEA at four
years in EVA-3S). The rate of ipsilateral stroke in symptomatic
patients in CABERNET is also substantially lower than the rates seen
with medical management in similar patients (e.g., symptomatic with
moderate-to-severe stenosis) in the North American Symptomatic
Carotid Endarterectomy Trial® (26.0% at two years) or the European
Carotid Surgery Trial® (21.4% at approximately six years) trials. Long-
term results for asymptomatic patients in CABERNET (3-year



ipsilateral stroke rate 4.0%) are also consistent with results from the
randomised ftrials, such as Asymptomatic Carotid Artery Study
(ipsilateral stroke through five years plus perioperative stroke and
death was 5.1% in the CEA arm and 11.0% in the medical therapy
arm)’ and Asymptomatic Carotid Surgery Trial (5-year stroke rate
was 6.4% in the CEA arm and 11.8% in the medical therapy arm)?.
These randomised trials studied conventional risk, asymptomatic
patients, as opposed to the high-surgical-risk patients studied in
CABERNET. Although we recognise the challenges of making
indirect comparisons with previous studies, our results suggest that
in high-surgical-risk patients, long-term CAS outcomes may be
similar to those of CEA, and potentially better than the outcomes with
ongoing medical management.

We also anticipated that age might influence long-term stroke
outcomes after CAS. Similar to our finding of an age-related effect
on the rate of ipsilateral stroke at one year'®, we found that the
estimated rate of ipsilateral stroke at three years was lower in
patients aged younger than 80 years. Whether the age-related
results apparent in our study are due to age per se, or whether the
effect of advanced age is confounded by other factors that might
affect CAS outcomes?, is unclear. This is clinically relevant because
in some centres, at least 25% of patients requiring carotid
revascularisation are older than 80 years of age®®. Careful selection
of patients, however, may allow experienced operators to perform
CAS successfully in patients older than 80 years of age?+2°.
Contrary to what might have been anticipated, we did not detect
worse stroke outcomes in patients with comorbid medical risk
factors, compared with patients who had anatomical risk factors.
Although the rates of all death and MI were significantly higher in
the comorbid group, the annualised rate of stroke did not differ
significantly between the two groups.

This study had several limitations. As we did not include either
medical management or CEA in our single-arm study design, we do
not know exactly how our long-term results with CAS would have
compared with results obtained with other treatment options. In
terms of generalisability, our results in high-surgical-risk patients may
not be applicable to patients who have a low or moderate risk of
complications from CEA. Furthermore, we realise that treatment with
NexStent and/or Filterwire is not suitable for all lesion types. Patients
with lesions incompatible with use of the stent system or distal
protection device were excluded from the CABERNET study, and
data are not available regarding the number of patients who were
screened, but not enrolled, for this reason. Another limitation is that
our sub-group analyses were not pre-specified in the original
protocol and should, therefore, be viewed as hypothesis-generating
rather than conclusive analyses. We also recognise that extrapolating
the long-term results achieved with the NexStent and Filterwire
EX/EZ devices to other CAS and distal embolic protection devices
should be done with caution. Finally, we note that the version of the
NexStent that we studied was removed from the market, subsequent
to completion of enrolment in CABERNET, because of problems with
the delivery catheter. Nevertheless, these results can help us
understand the long-term clinical experience achieved with carotid
stenting as well as help define expectations with future generations
of the NexStent (e.g., the Adapt™ Carotid Stent).

Clinical research

In conclusion, we have shown that the early favourable clinical
outcomes achieved with the NexStent and Filterwire EX/EZ embolic
protection device in high-surgical-risk patients are durable out to three
years of follow-up. The rates of stroke events after the periprocedural
period were low and relatively stable. Post hoc analyses suggested that
the rate of major stroke may be lower in asymptomatic patients and the
rate of ipsilateral stroke may be lower in patients younger than 80 years
of age. The results from this large, prospective, multicentre trial will
help define the long-term outcomes that clinicians can expect when
employing CAS with an embolic protection device in high-surgical-risk
patients. In particular, our data should help clinicians balance the
short-term periprocedural risks of CAS with the potential long-term
benefits of a decreased risk of subsequent stroke.
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Appendix

Participating institutions (study sites):

This multicentre research study was conducted at 19 sites. The
participating institutions included SUNY-Millard Gates Hospital,
Buffalo, NY, USA; Hoag Memorial Hospital, Newport Beach, CA,
USA,; Siegburg Heart Center, Siegburg, Germany; The Sanger Clinic,
Charlotte, NC, USA; Leipzig Heart Center, Leipzig, Germany; Albany
Medical Center, Albany, NY, USA; Columbia/NY Presbyterian, New
York, NY, USA; Union Memorial, Baltimore, MD, USA; Harrisburg
Hospital, Harrisburg, PA, USA; St. Francis/Allegheny General
Hospital, Pittsburgh, PA, USA; Swedish Medical Center, Seattle, WA,
USA; St. Luke’s/St. Joseph'’s Hospital, Phoenix, AZ, USA; Lenox Hill
Hospital, New York, NY, USA; Ochsner Clinic, New Orleans, LA,
USA; EI Camino Hospital, Mountain View, CA, USA; Favaloro
Institute, Buenos Aires, Argentina; Bethanian/St. Katarinen,
Frankfurt, Germany; UPMC-Shadyside Hospital, Pittsburgh, PA,
USA; Cleveland Clinic Foundation, Cleveland, OH, USA.

References

1. Higashida RT, Meyers PM, Phatouros CC, Connors JJ, 3rd, Barr JD,
Sacks D. Reporting standards for carotid artery angioplasty and stent
placement. J Vasc Interv Radiol 2004;15:421-422.

2. Kolominsky-Rabas PL, Heuschmann PU, Marschall D, Emmert M,
Baltzer N, Neundorfer B, Schoffski O, Krobot KJ. Lifetime cost of ischemic
stroke in Germany: results and national projections from a population-
based stroke registry: the Erlangen Stroke Project. Stroke 2006;37:1179-
1183.

-923 -

monline



CABERNET 3-year results

3. Barnett HJ, Taylor DW, Eliasziw M, Fox AJ, Ferguson GG, Haynes
RB, Rankin RN, Clagett GP, Hachinski VC, Sackett DL, Thorpe KE,
Meldrum HE, Spence JD. Benefit of carotid endarterectomy in patients
with symptomatic moderate or severe stenosis. North American
Symptomatic Carotid Endarterectomy Trial Collaborators. N Engl J Med
1998;339:1415-1425.

4. 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;337:1235-1243.

5. European Carotid Surgery Trialists’ Collaborative Group.
Randomised trial of endarterectomy for recently symptomatic carotid
stenosis: final results of the MRC European Carotid Surgery Trial (ECST).
Lancet 1998;351:1379-1387.

6. 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;325:445-453.

7. Executive Committee for the Asymptomatic Carotid Atherosclerosis
Study. Endarterectomy for asymptomatic carotid artery stenosis. JAMA
1995;273:1421-1428.

8. Halliday A, Mansfield A, Marro J, Peto C, Peto R, Potter J, Thomas D.
Prevention of disabling and fatal strokes by successful carotid endarterec-
tomy in patients without recent neurological symptoms: randomised con-
trolled trial. Lancet 2004;363:1491-1502.

9. Bates ER, Babb JD, Casey DE, Jr., Cates CU, Duckwiler GR,
Feldman TE, Gray WA, Ouriel K, Peterson ED, Rosenfield K, Rundback JH,
Safian RD, Sloan MA, White CJ. ACCF/SCAI/SVMB/SIR/ASITN 2007 clin-
ical expert consensus document on carotid stenting: a report of the
American College of Cardiology Foundation Task Force on Clinical Expert
Consensus Documents (ACCF/SCAI/SVMB/SIR/ASITN Clinical Expert
Consensus Document Committee on Carotid Stenting). J Am Coll Cardiol
2007;49:126-170.

10. Coward LJ, Featherstone RL, Brown MM. Safety and efficacy of
endovascular treatment of carotid artery stenosis compared with carotid
endarterectomy: a Cochrane systematic review of the randomized evi-
dence. Stroke 2005;36:905-911.

11. Goldstein LB, Adams R, Alberts MJ, Appel LJ, Brass LM, Bushnell CD,
Culebras A, DeGraba TJ, Gorelick PB, Guyton JR, Hart RG, Howard G, Kelly-
Hayes M, Nixon JV, Sacco RL. Primary prevention of ischemic stroke: a
guideline from the American Heart Association/American Stroke
Association Stroke Council: cosponsored by the Atherosclerotic Peripheral
Vascular Disease Interdisciplinary Working Group; Cardiovascular Nursing
Council; Clinical Cardiology Council; Nutrition, Physical Activity, and
Metabolism Council; and the Quality of Care and Outcomes Research
Interdisciplinary Working Group. Circulation 2006;113:6873-923.

12. Lanzino G, Couture D, Andreoli A, Guterman LR, Hopkins LN.
Carotid endarterectomy: can we select surgical candidates at high risk for
stroke and low risk for perioperative complications? Neurosurgery
2001;49:913-923; discussion 923-924.

13. van der Vaart MG, Meerwaldt R, Reijnen MM, Tio RA, Zeebregts CJ.
Endarterectomy or carotid artery stenting: the quest continues. Am J Surg
2008;195:259-269.

14. Gurm HS, Yadav JS, Fayad P, Katzen BT, Mishkel GJ, Bajwa TK,
Ansel G, Strickman NE, Wang H, Cohen SA, Massaro JM, Cutlip DE.

-924 -

monline

Long-term results of carotid stenting versus endarterectomy in high-risk
patients. N Engl J Med 2008;358:1572-1579.

15. Hopkins LN, Myla S, Grube E, Wehman JC, Levy El, Bersin RM,
Joye JD, Allocco DJ, Kelley L, Baim DS. Carotid artery revascularization in
high surgical risk patients with the NexStent and the Filterwire EX/EZ: 1-
year results in the CABERNET trial. Catheter Cardiovasc Interv
2008;71:950-960.

16. Yadav JS, Wholey MH, Kuntz RE, Fayad P, Katzen BT, Mishkel GJ,
Bajwa TK, Whitlow P, Strickman NE, Jaff MR, Popma JJ, Snead DB, Cutlip
DE, Firth BG, Ouriel K. Protected carotid-artery stenting versus
endarterectomy in high-risk patients. N Engl J Med 2004;351:1493-
1501.

17. lyer SS, White CJ, Hopkins LN, Katzen BT, Safian R, Wholey MH,
Gray WA, Ciocca R, Bachinsky WB, Ansel G, Joye JD, Russell ME. Carotid
artery revascularization in high-surgical-risk patients using the Carotid
WALLSTENT and FilterWire EX/EZ: 1-year outcomes in the BEACH Pivotal
Group. J Am Coll Cardiol 2008;51:427-434.

18. Gray WA, Hopkins LN, Yadav S, Davis T, Wholey M, Atkinson R,
Cremonesi A, Fairman R, Walker G, Verta P, Popma J, Virmani R, Cohen
DJ. Protected carotid stenting in high-surgical-risk patients: the ARCHeR
results. J Vasc Surg 2006;44:258-268.

19. White CJ, lyer SS, Hopkins LN, Katzen BT, Russell ME. Carotid
stenting with distal protection in high surgical risk patients: the BEACH
trial 30 day results. Catheter Cardiovasc Interv 2006;67:503-512.

20. Eckstein HH, Ringleb P, Allenberg JR, Berger J, Fraedrich G,
Hacke W, Hennerici M, Stingele R, Fiehler J, Zeumer H, Jansen O.
Results of the Stent-Protected Angioplasty versus Carotid Endarterectomy
(SPACE) study to treat symptomatic stenoses at 2 years: a multinational,
prospective, randomised trial. Lancet Neurol 2008;7:893-902.

21. Mas JL, Trinquart L, Leys D, Albucher JF, Rousseau H, Viguier A,
Bossavy JP, Denis B, Piquet P, Garnier P, Viader F, Touze E, Julia P, Giroud M,
Krause D, Hosseini H, Becquemin JP, Hinzelin G, Houdart E, Henon H,
Neau JP, Bracard S, Onnient Y, Padovani R, Chatellier G. Endarterectomy
Versus Angioplasty in Patients with Symptomatic Severe Carotid Stenosis
(EVA-3S) trial: results up to 4 years from a randomised, multicentre trial.
Lancet Neurol 2008;7:885-892.

22. Levy El, Mocco J, Samuelson RM, Ecker RD, Jahromi BS, Hopkins LN.
Optimal treatment of carotid artery disease. J Am Coll Cardiol
2008;51:979-985.

23. Mohammed N, Anand SS. Prevention of disabling and fatal strokes
by successful carotid endarterectomy in patients without recent neurolog-
ical symptoms: randomized controlled trial. MRC asymptomatic carotid
surgery trial (ACST) collaborative group. Lancet 2004; 363: 1491-502.
Vasc Med 2005;10:77-78.

24. Chiam PT, Roubin GS, lyer SS, Green RM, Soffer DE, Brennan C,
Vitek JJ. Carotid artery stenting in elderly patients: importance of case
selection. Catheter Cardiovasc Interv 2008;72:318-324.

25. Henry M, Henry |, Polydorou A, Hugel M. Carotid angioplasty and
stenting in octogenarians: is it safe? Catheter Cardiovasc Interv
2008;72:309-317.

26. Velez CA, White CJ, Reilly JP, Jenkins JS, Collins TJ, Grise MA,
McMullan PW, Ramee SR. Carotid artery stent placement is safe in the
very elderly (>80 years). Catheter Cardiovasc Interv 2008;72:303-308.



