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ABSTRACT

AIM: Carotid artery stenting (CAS) yields similar safety and efficacy
results in comparison to carotid endarterectomy. There is however
a plethora of devices for CAS, and selection remains problematic.
We hypothesized that operators proficient with a single embolic
protection device-stent combination can use it effectively for most
CAS cases.

METHODS: We collected data on all patients undergoing CAS at
our institutions, distinguishing patients undergoing revascularization
with or without the Angioguard-Precise embolic protection-stent
combo.The primary outcome was the risk ofmajor adverse events
(MAE), i.e. the composite of death, stroke, transient ischemic attack,
or myocardial infarction.

RESULTS: A total of 532 patients were treated on 562 lesions.
Angioguard-Precise could be used in 447 (84%) patients [471 (84%)
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lesions], whereas other approaches were used in 85 (16%) patients
[91 (16%) lesions]. The groups were similar for most characteristics,
but prior carotid revascularization, brachial/radial access, common
carotid target lesion, and predilation were less common in the single
combo group, whereas stenting and use of embolic protection were
less frequent in the other cases (all p < 0.05).Procedural success was
achieved in 462 (98%) of cases in the combo group and 89 (98%) in
the other group (p=0.695). No significant differences in MAE were
found in-hospital [respectively 7 (2%) vs 0, p = 0.604], at 30 days [8
(1.7%) vs 1 (1.2%), p = 1], or at long-term [44 (10%) vs 11 (13%), p
=0.294].

CONCLUSIONS: Operators proficient with a specific embolic
protection-stent combination can use it with favorable results in the
vast majority of patients.
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INTRODUCTION

Surgical carotid endarterectomy (CEA) is beneficial in patients with
significant carotid artery stenosis, especially when associated with
symptoms or signs of cerebral ischemia. Carotid artery stenting
(CAS) has recently emerged as a suitable alternative to surgery,
especially in patients at high risk of peri-procedural myocardial
infarction, given its lower invasiveness!'”). There is however
mounting debate on its comparative effectiveness and safety,
especially in light of the fact that the risk of stroke appears higher
after CAS than CEAM.



The dominating paradigm for CAS is that the choice of technique
and device is paramount to maximize the safety and efficacy of CAS,
with some techniques and devices potentially better than others in
specific lesion or patient subsets!"*). This may lead indeed to better
outcomes if the best device is used appropriately and expertly, but
may also be followed by unfavorable results if the plethora of devices
and techniques is not faced properly and instead overwhelms the
operator training and experience!".

Since the beginning of our percutaneous carotid revascularization
program, we have chosen in our practice not to dilute our experience
and skill among the many available devices for CAS, and instead
have relied on a single embolic protection-dedicated stent system
as routine approach for all our CAS procedures, leaving other
approaches only as bailout in every selected case. This is based on
the premise that safe and efficient use of a single embolic protection-
stent combo may be at least as safe and effective than adopting a
plethora of different devices and techniques for CAS.

We hereby report our experience with this approach spanning
several years of practice and several hundreds of cases to inform the
scholarly community on the risk-benefit profile of this strategy.

METHODS

This was a retrospective study stemming from our institutional
database. All patients provided written informed consent. The
competent ethics committees were notified of the study in keeping
with national regulations.

We identified from Cardioplanet (Ebit, Genova, Italy) all patients
undergoing percutaneous tranluminal angioplasty (PTA) with or
without stenting in the common or internal carotid artery at the two
institutions were our interventional team operates. No exclusion
criterion was enforced. All patients underwent preliminary carotid
angiography followed by PTA or CAS as appropriate. Specifically,
subjects without prior stroke or transient ischemic attack (TIA) were
treated if showing a diameter stenosis > 60%, whereas symptomatic
patients were treated if showing a diameter stenosis > 50% and one
or more high risk features for surgery!®”.

While choice of technique and device were theoretically at the
operator’s discretion, since inception of our CAS program, in our
team we chose to mainly rely on a single embolic protection device-
stent combination as default strategy for all are suitable cases,
namely the Angioguard-Precise combination (Cordis, Miami, FL,
USA). This was based on the ease of use of these devices and
the wealth of supportive datal?. Whenever use of the Angioguard
could not be envisioned, we did not use embolic protection device
at all (e.g. in case of very tortuous distal vessels or subocclusive
stenoses). Accordingly, when the lesion was not suitable for Precise
implantation (e.g. in case of in-stent restenosis or when the reference
vessel diameter was too large), we used balloon-only angioplasty or
employed other types of stents®.. All devices were used according to
their instructions for use, unless in bailout conditions.

Carotid revascularization was typically performed using as default
approach site the right femoral artery, because of vessel size and
operator comfort. Other approaches were chosen when use of such
site was not feasible. Then, after diagnostic angiography, a 7 French
11 cm sheath was exchanged (Cordis) and a 7 French JR4 guiding
catheter was deployed tracking over an AmplatzSuperstiff 0.035”
guidewire (St. Jude Medical, Minneapolis, MN, USA) previously
deployed in the common carotid artery. Through the guiding catheter,
the Angioguard was deployed and used, sparingly and only when
deemed appropriate, for predilation with an undersized balloon
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(typically 3.0 x 20 mm). Specifically, predilation was used in case of
tight lesions which could not be crossed by the filter directly, or by
the stent. The Precise stent was then deployed, and always postdilated
with a slightly undersized balloon (typically 5.0 X 30 mm).

Antithrombotic therapy encompassed unfractioned heparin (70
1U/kg) plus further boluses depending on procedure duration and
provisional tirofiban IV bolus (at a dose % to 2 of the one approved
for percutaneous coronary intervention) in case of complex patient
or lesion features!'”!"!, Antiplatelet therapy consisted in aspirin
and a thienopyridine for at least 3 days before the procedure, with
clopidogrel 300 mg front-loading in those not pre-treated. After
PTA or CAS, all patients were prescribed aspirin 100 mg qd and
clopidogrel 75 mg qd for at least 1 month.

The primary outcome of interest of this work was the composite
of death, myocardial infarction (MI), stroke or TIA. Other outcomes
included the individual components of the composite endpoint, the
composite of death, myocardial infarction, or stroke, the composite
of death or stroke, hospital stay, and repeat revascularization. All
outcomes were adjudicated in-hospital and at long-term. Diagnosis
of TIA or stroke was based on clinical symptoms or signs suggestive
of neurologic disease, with imaging such as computed tomography or
magnetic resonance imaging performed only if clinically indicated.
Patients were followed by ambulatory visits and phone interviews,
every 3-6 months.

Continuous variables are reported as mean and categorical
variables as n (%). Continuous variables were compared with
unpaired Student t test and categorical variables with Fisher exact
test. Sensitivity analysis was performed with non-parsimonious
propensity score matching using the Stata teffects ps match
command, using as covariates age, female gender, hypertension,
diabetes, dyslipidemia, smoking, obesity, prior MI, prior percutaneous
coronary intervention, prior coronary artery bypass grafting, ejection
fraction, heart failure, renal failure, prior TIA, prior stroke, prior
carotid revascularization, access site, access side, lesion site, lesion
side, baseline diameter stenosis, lesion length, and calcification,
relying on a 0.001 propensity score caliper for 1:1 matching!?.
Statistical significance was set at the 2-tailed 0.05 level, with p values
unadjusted for multiplicity reported throughout. Computations were
performed with Stata 13 (Stata Corp, College Station, TX, USA).

RESULTS

A total of 532 patients underwent carotid revascularizations on 562
carotid lesions (Table 1). The Angioguard-Precise combo was used
in 447 (84%) patients [471 (84%) lesions], whereas other approaches
were used in 85 (16%) patients [91 (16%) lesions]. Comparison of
the Angioguard-Precise combo group versus the group with other
strategies showed that the two were largely similar for baseline
features, including age, prevalence of atherosclerotic risk factors, and
neurologic symptoms. However, a lower prevalence of prior carotid
revascularization was found in the Angioguard-Precise combo group
[3 (0.7%) vs 15 (17.7%) in the other approaches group, p < 0.001].

Table 2 provides lesion and procedural details. Specifically,
significant differences in lesion and procedural features included a
lower prevalence of brachial or radial access for the Angioguard-
Precise combo [5 (1.1%) vs 4 (4.4%), p = 0.042], of common carotid
artery target lesions [7 (1.5%) vs 8 (8.8%), p = 0.001], and a lower
prevalence of prior ipsilateral PTA or CEA [3 (0.6%) vs 15 (16.5%),
p <0.001]. Conversely, other lesion features were similar in the two
groups, including baseline diameter stenosis, lesion length, and extent
of calcification.
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Predilation was required less often in the Angioguard-Precise group
[53 (11.3%) vs 31 (34.1%), p < 0.001], whereas stents were used
more commonly and extensively in the Angioguard-Precise group
(total stent length 37.3 £ 5.7 mm vs 35.8 + 6.2 mm, p = 0.020), but
minimum stent diameter was not significantly different. As expected,
embolic protection devices were used in only 5 (5.5%) of cases not
belonging to the Angioguard-Precise combo group, whereas balloon-
expandable stents were required only in 3 (3.3%) cases. Despite these
differences, final diameter stenosis and procedural success rate were
similarly favorable in the two groups [respectively 1.2 + 0.5% vs 1.2
+0.6%, p =0.998, and 462 (98.1%) vs 89 (97.8%), p = 0.695].

Clinical outcomes were also similar in the two groups, with the in-
hospital composite of death, MI, stroke or TIA occurring in 7 (1.6%)
patients in the Angioguard-Precise combo group versus 0 in the other
approaches group (p = 0.604) (Table 3). Similar results in the two
groups were also obtained for individual in-hospital rates of death,
M1, stroke, TIA, the composite of death, myocardial infarction, or
stroke, the composite of death or stroke, and total hospital stay. These
findings were confirmed at 1-month follow-up. Long-term follow-
up, after 19.3 = 20.8 months, also showed similar results for the

Angioguard-Precise combo and the other approaches group in terms
of death, M1, stroke, TIA, or their composite, as well as for the risk of
repeat carotid revascularization, which was required in only 1 patient
per group (0.2% vs 1.2%, p = 0.249).

Sensitivity analysis based on propensity score also showed that the
Angioguard-Precise combination was associated with a similar long-
term rate of death, MI, stroke or TIA even at adjusted analysis [odds
ratio=0.98 (0.91-1.06), p = 0.668].

DISCUSSION

Our findings, stemming from a consistent series of real-world
patients undergoing carotid revascularization, support the routine use
of an embolic protection-stent combination such as the Angioguard-
Precise for most percutaneous carotid revascularization procedures.
Rather than simply implying that an expert operator can safely
and effectively use a single embolic protection-stent combination,
we believe our results may suggest that operators proficient with
a specific embolic protection-stent combination can use it with
favorable results in most of their carotid revascularization cases.

Characteristics Angioguard-Precise combo (N=447) Other approaches (N=85)  Total (N=532) P value
Age (years) 70.7+8.5 70.9+9.4 70.8+8.6 0.834
Obesity 51 (11.4%) 9 (10.6%) 60 (11.3%) 1
Hypertension 384 (85.9%) 74 (87.1%) 458 (86.1%) 0.866
Dyslipidemia 208 (46.5%) 38 (44.7%) 246 (46.2%) 0.813
Diabetes 0.124

No 262 (58.6%) 60 (70.6%) 322 (60.5%)

Non-insulin-dependent 132 (29.5%) 19 (22.4%) 151 (28.4%)

Insulin-dependent 53 (11.9%) 6 (7.1%) 59 (11.1%)
Smoking status 0.839

Never 310 (69.4%) 61 (71.8%) 371 (69.7%)

Former 65 (14.5%) 10 (11.8%) 75 (14.1%)

Current 72 (16.1%) 14 (16.5%) 86 (16.2%)
Prior stroke or transient ischemic attack (TIA) 61 (13.7%) 12 (14.1%) 73 (13.7%) 0.865
Prior carotid revascularization 3(0.7%) 15 (17.7%) 18 (3.4%) <0.001
Prior myocardial infarction 76 (17.0%) 13 (15.3%) 76 (17.0%) 0.874
Prior percutaneous coronaryintervention 117 (26.2%) 22 (25.9%) 139 (26.1%) 1
Prior coronary artery bypass grafting 57 (12.8%) 12 (14.1%) 69 (13.0%) 0.726
Symptomatic heart failure 4(0.9%) 1(1.2%) 5(0.9%) 0.583
Left ventricular ejection fraction (%) 49.5+2.9 49.2+4.2 49.5+2.9 0.329
Renal failure 50 (11.2%) 8 (9.4%) 58 (10.9%) 0.708
Features Angioguard-Precise combo (N=471) Other approaches (N=91) Total (N=562) P value
Brachial or radial access 5 (1.1%) 4(4.4%) 9 (1.6%) 0.042
Lesion site 0.001

Common carotid artery 7 (1.5%) 8 (8.8%) 15 (2.7%)

Internal carotid artery 464 (98.5%) 83 (91.2%) 547 (97.3%)
Lesion side 0.732

Right 238 (50.5%) 44 (48.4%) 282 (50.2%)

Left 233 (49.5%) 47 (51.7%) 280 (49.8%)
Prior ipsilateral carotid revascularization 3(0.6%) 15 (16.5%) 18 (3.2%) <0.001
Moderate or severe calcification 49 (10.4%) 11 (12.1%) 60 (10.7%) 0.583
Baseline diameter stenosis (%) 80.5+8.5 82.2+412.3 80.8+12.3 0.123
Lesionlength (mm) 23.9+6.7 23.4£7.5 23.846.9 0.501
Predilation 53 (11.3%) 31 (34.1%) 84 (15.0%) <0.001
Stents implanted 0.001

None 0 4 (4.4%) 4(0.7%)

One 466 (98.9%) 87 (95.6%) 553 (98.4%)

Two 5(1.1%) 0 5(0.9%)
Minimum stent diameter (mm) 7.0£0.6 6.9+0.8 7.0£0.7 0.074
Total stent length (mm) 37.3+5.7 35.846.2 37.145.8 0.020
Embolic protection device 471 (100%) 5(5.5%) 476 (84.7%) <0.001
Balloon-expandable stent 0 3(3.3%) 3(0.5%) 0.004
Final diameter stenosis (%) 1.240.5 1.2+0.6 1.2+£0.6 0.998
Procedural success 462 (98.1%) 89 (97.8%) 551 (98.0%) 0.695




Carotid artery disease is a relatively common cause of neurologic
disability!""). Surgical CEA has been showed in several seminal
trials beneficial in selected symptomatic and asymptomatic patients
with significant carotid stenosis!'®l. Due to its relative invasiveness,
other approaches for carotid revascularization have been sought.
Carotid angioplasty and stenting have been revolutionized by the
development of embolic protection devices'?, which have clearly
proved beneficial to minimize thromboembolic complications
occurring during angioplasty of lesions at high risk!'*. Indeed, in
the seminal trial by Yadav et al/ comparing CEA versus CAS with
Angioguard and Precise in patients at high surgical risk, CAS
prove at least equivalent in safety and effectiveness to surgery, with
similarly favorable results subsequently reported in other trials,
among others (Table 4; Figure 1)23!520,

Yet, over the years a plethora of devices have been introduced
into the interventionist’s armamentarium, with ensuing uncertainty
on which device is best in general or in specific patient subsets. The
common paradigm is that no single device is better than the other,
but that each device may have its pros and cons, and a specific niche
where it has a particularly favorable risk-benefit balance!'). Another
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important issue is the optimal choice of the embolic protection
device. Proximal embolic protection devices have been particularly
advocated in specific cases at higher risk of thromboembolic
complications instead of distal protection devices such as the
Angioguard device!'*!),

Our study represents in our opinion a unique opportunity to
reflect on the best approach to CAS. Given our ongoing strategy
to use the Angioguard-Precise combo as default strategy for most
of our cases, and the reassuringly favorable results obtained so
far, notwithstanding the high prevalence of asymptomatic carotid
disease, we may speculate on how to best choose and adopt a
specific set of devices. Indeed, we were able to use a single embolic
protection-stent combination in 84% of our 532 cases of carotid
revascularization, reserving other approaches and devices to only
a minority of patients and lesions. Yet, our choice in favor of the
Angioguard-Precise combo does not imply that this is necessarily
the best one. Other operators confident with other specific combos
(e.g. Epifilter-Wallstent, Boston Scientific, Natick, MA, USA, just
to name one among the many available ones) are likely to achieve
similarly satisfactory results as those hereby reported with the

Outcomes Angioguard-Precise combo (N=447) Other approaches (N=85) Total (N=532) P value
In-hospital follow-up
Hospital stay (days) 2.0£1.2 2.0£1.0 2.0£1.2 0.766
Death 1(0.2%) 0 1(0.2%) 1
MI 0 0 0 1
Stroke 5 (1.1%) 0 5(0.9%) 1
TIA 2 (0.5%) 0 2(0.4%) 1
Death, MI, stroke or TIA 7 (1.6%) 0 7 (1.3%) 0.604
Death, MI, or stroke 6 (1.3%) 0 6 (1.1%) 0.596
Death or stroke 6 (1.3%) 0 6 (1.1%) 0.596
Cumulative 1-month follow-up
Death 3 (0.7%) 1(1.2%) 4(0.8%) 0.503
MI 0 0 0 1
Stroke 5 (1.1%) 0 5(0.9%) 1
TIA 2 (0.5%) 0 2(0.4%) 1
Death, MI, stroke or TIA 10 (2.2%) 1(1.2%) 11 (2.1%) 1
Death, MI, or stroke 8 (1.7%) 1(1.2%) 9 (1.7%) 1
Death or stroke 8 (1.7%) 1(1.2%) 9 (1.7%) 1
Cumulative follow-up
Follow-up duration (months) 18.9+20.7 21.3+24.5 19.3+£20.8 0.351
Death 31 (6.9%) 10 (11.8%) 41 (7.7%) 0.125
MI 17 (3.8%) 2 (2.4%) 17 (3.8%) 0.752
Stroke 15 (3.4%) 1(1.2%) 16 (3.0%) 0.488
TIA 2(0.5%) 1(1.2%) 3(0.6%) 0.407
Death, MI, stroke or TIA 44 (9.8%) 11 (12.9%) 55 (10.3%) 0.436
Death, MI, or stroke 44 (9.8%) 10 (11.8%) 54 (10.2%) 0.560
Death or stroke 43 (9.6%) 10 (11.8%) 53 (10.0%) 0.554
Repeat carotid revascularization 1(0.2%) 1(1.2%) 2(0.4%) 0.294
MI: myocardial infarction; TIA: transient ischemic attack.
Study SAPPHIRE EVA-3S  SPACE ICSS CREST EPIC EMPiRE PROTECT Giordano et al
Year 2004 2006 2006 2010 2010 2010 2011 2012 2015
Patients with carotid PTA 167 261 599 853 1262 237 245 220 532
Age (years) 73 70 68 70 69 74 70 73 71
Symptomatic carotid disease ~ 58% 100% 100% 100% 53% 20% 32% 13% 14%
Embolic protection 100% 92% 27% 72% 100% 100% 100% 100% 85%
Death 1.2% 1.2% 0.7% 2.3% 0.7% 0.4% 0.8% 0.5% 0.8%
Myocardial infarction (MI) 2.4% 0.8% - - 1.1% 0.8% 0.8% 0.5% 0
Stroke 3.6% 3.5% 7.5% 7.7% 4.1% 2.1% 2.9% 1.8% 0.9%
Death, M, or stroke 4.8% 4.7% = 8.5% 5.2% 3.0% 3.7% 23% 1.7%
Death or stroke 5.5% 3.9% 7.7% 8.5% 44% 25% 2.9% 1.8% 1.7%

CREST: CarotidRevascularization Endarterectomy Versus Stenting Trial; EMPiRE: Embolic Protection with Reverse Flow; EPIC: FiberNet Embolic
Protection System in Carotid Artery Stenting Trial; EVA-3S: EndarterectomyVersus Angioplasty in Patients With Symptomatic Severe Carotid Stenosis;
ICSS: International Carotid Stenting Study; PROTECT: Protected Carotid Artery Stenting in Patients at High Risk for Carotid Endarterectomy; PTA:
percutaneous transluminal angioplasty; SAPPHIRE: Stenting and Angioplasty with Protection in Patients at High Risk for Endarterectomy; SPACE: Stent-
Supported Percutaneous Angioplasty of the Carotid Artery versus Endarterectomy.
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ESAPPHIRE B EVA-35

ESPACE BICSS BECREST BEEPIC EEMPIRE EPROTECT OGiordanoetal

10,0%

7,5%

5,0%

Incidence

2,5%

1,2% 1,2%

0,0% -

Death

85%

Stroke Death or stroke

Figure 1 Comparative 1-month results of key clinical trials on carotid stenting. CREST: Carotid Revascularization Endarterectomy Versus Stenting
Trial; EMPiRE: Embolic Protection with Reverse Flow; EPIC: FiberNet Embolic Protection System in Carotid Artery Stenting Trial; EVA-3S:
EndarterectomyVersus Angioplasty in Patients With Symptomatic Severe Carotid Stenosis; ICSS: International Carotid Stenting Study; PROTECT:
Protected Carotid Artery Stenting in Patients at High Risk for Carotid Endarterectomy; PTA: percutaneous transluminal angioplasty; SAPPHIRE: Stenting
and Angioplasty with Protection in Patients at High Risk for Endarterectomy; SPACE: Stent-Supported Percutaneous Angioplasty of the Carotid Artery

versus Endarterectomy

Angioguard-Precise combination?"’. Notably, prices of devices for
carotid revascularization have plummeted recently, at least in Italy,
making the choice of a single protection device-stent from the same
vendor very appealing in terms of costs in comparison to less obvious
combinations or vascular surgery.

This work has several limitations and should be regarded mainly
as hypothesis generating, with the ensuing need for external
confirmation from observational and, hopefully, randomized
studies. In particular, this is a retrospective, observational and
pragmatic study involving two centers with extensive experience in
endovascular procedures. In addition, the administrative database
registry design bears by definition the risk of selection, information,
attrition, and adjudication bias, especially for small infarctions or
strokes!"*\. Indeed, the main take home message of our study is not
that the the AngioGuard-Precise combination is better than other
devices or strategies. The main result is instead that a default strategy
of routinely using the AngioGuard-Precise combination for most
cases of carotid artery stenting, with other approaches reserved to
unsuitable cases, is feasible, and seems associated with favorable
clinical results in terms of safety and efficacy. Moreover, being this a
non-randomized study, there are obvious differences between groups.
For instance, the ‘other approaches’ group includes more restenotic
cases, which are known to have a lower risk of complications.
Accordingly, our routine combo approach seems feasible, safe
and effective in most routine cases, reserving other approaches to
selected patients and lesions. Finally, we did not extract in detail all
medications data. However, all patients were pretreated with aspirin
and loaded with clopidogrel as appropriate.

In conclusion, operators who are proficient with a specific embolic
protection-stent combination can use it with favorable results in the
vast majority of patients with an indication to percutaneous carotid
revascularization.
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