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Despite the variety in available carotid artery 

stents, developments and technical im-

provements are still occurring. In lesion-

specific carotid artery stenting (CAS), matching the 

suitable technology to each disease, the intervention-

alist can choose among an array of different stent de-

signs.1,2

Although CAS has been proven a minimally invasive 

alternative to endarterectomy, there are unsolved chal-

lenges, such as late thrombosis due to plaque prolapses. 

Approximately two-thirds of CAS-related stroke or 

transient ischemic attack (TIA) occurs post procedure, 

likely caused by late emboli through the struts of the 

stents.3 With increasing experience and technical skill 

ABSTRACT: Based on lesion location and vessel characteristics, various carotid artery stent designs 

are available with different attributes like flexibility, conformability, radial force, and plaque penetration, 

making carotid artery stenting an attractive option in the treatment of carotid artery disease. However, 

despite improvements in patient selection and endovascular set-up, the risk of late embolization remains. 

The purpose of this review is to evaluate the performance and effectiveness of micromesh dual-layer 

technology as a new option for stent-protected angioplasty and to present it as part of the portfolio of 

carotid artery stents. The micromesh carotid stent is characterized by an external self-expanding layer for 

scaffolding and an internal micromesh layer for plaque coverage, combining the advantage of an open- 

and closed-cell stent design. The currently available FDA-approved double-layer micromesh stent is the 

Roadsaver stent (Terumo Interventional Systems). This self-tapering stent is composed of two nitinol 

interwoven mesh layers, creating a flexible scaffold completed through an internal fine meshwork with 

an extremely small cell size (0.381 mm2), designed to prevent plaque prolapse. The CGuard Carotid 

Stent System (InspireMD) is built using MicroNet, a biostable mesh woven from a single strand of 20 μm 

polyethylene terephthalate. The Gore Carotid Stent (W. L. Gore & Associates) consists of an open-cell 

nitinol frame supplemented with an outer closed-cell 500 μ lattice, which is coated with hemocompatible 

heparin. Ongoing trials and preliminary results are discussed.
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of operators in high-volume centers regarding patient 

selection and pretreatment, there has been a shift from 

intra- to postprocedural complications.3,4 Lin et al de-

tected that operator experience increases the techni-

cal success rate after 50 CAS procedures. The 30-day 

stroke and death rate falls to 8% after 50 interventions, 

to 2% after 100 cases, and to 0% after 150 procedures 

(P<.05). Procedural success was also enhanced partly 

by endovascular device refinement and an improved 

anticoagulation regimen.5

IMPACT OF STENT DESIGN
Although there has been lively discussion about the 

impact of stent design, there exists no prospective ran-

domized study demonstrating the superiority of one 

specific cell design.6 Nevertheless, several studies have 

revealed that stent design can play an important role in 

preventing distal embolization.2,7 Current studies and 

subanalyses show a trend toward using a closed-cell 

design.8

Tailored stents may improve clinical outcomes.1,2,4

Whereas straight lesions may favor rigid stents, elon-

gated vessel anatomy may require stents offering more 

flexibility. On the other hand, soft plaques may result in 

greater tissue prolapse though the stent struts, requiring 

more wall coverage.

The ideal stent should combine attributes like flex-

ibility, conformability, bending stiffness, and radial 

force with wall adjustment to prevent plaque penetra-

tion. Due to the potential risk of stent collapse and 

low flexibility, balloon-expandable stents, first used in 

1995, were abandoned. Today, only self-expanding 

stents with different materials and underlying design 

are used for CAS.9 Depending on the density of the 

bridge connection between ring segments, stents are 

classified as having open-cell, closed-cell, or hybrid-

cell design, which is a combination of open-cell and 

closed-cell design.  

OPEN-CELL STENTS 
Open-cell stents are characterized by a larger free cell 

area between struts, which offers a high flexibility and 

conformability in tortuous vessels. The RX Acculink 

Carotid Stent System (Abbott Vascular) has the larg-

est free cell area (11.48 mm2) of all open-cell stents.6 

This self-expanding nitinol stent consists of a nested 

ring design with three longitudinal spins. In descending 

order in respect to free cell area, Protege RX Carotid 

Stent System (Covidien; 10.71 mm2), Exponent RX 

Self-Expanding Carotid Stent (Medtronic; 6.51 mm2) 

and Precise Pro RX Nitinol Stent System (Cordis; 5.89 

mm2) are mentioned.10 The main criticism is the risk of 

Table 1: Available Carotid Stents
Manufacturer Device name Free cell area (mm2) Cell size (µm) Delivery 

system
Materials

Terumo Interven-
tional Systems

Roadsaver 0.38 375-500 5 Fr Nitinol/nitinol

InspireMD CGuard 0.15 150-180 6 Fr Polyethylene terephthal-
ate MicroNet/nitinol 

W. L. Gore &
Associates

Gore Carotid 
Stent

0.44 500 5 Fr Polytetrafluoroethylene  
mesh (heparin coated)/
nitinol
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higher plaque penetration increasing with greater cell 

size and fish scaling at the concave surface.11 

CLOSED-CELL STENTS 
Closed-cell stents have fewer bridge interconnec-

tions, which offer smaller free cell areas. The prototype 

of the closed-cell design, the Wallstent endoprosthesis 

(Boston Scientific), is characterized by higher bending 

stiffness (291.1 N/mm2) and higher collapse pressure 

(0.48 bar).9 Further benefit is derived from more plaque 

coverage, which minimizes plaque protrusion. The 

mechanical break-up of arteriosclerotic plaque material 

is one of the main risk factors during a CAS procedure. 

Plaque coverage characterizes how tight the stent cells 

cover the plaque material within the stenosis, protect-

ing it from dislodging. One of the potential problems 

with handling closed-cell stents applied in vessels with 

tortuosity is the risk of displacing the curves to the end 

of the struts, leading to distal kinking.

Tietke et al retrospectively analyzed 358 unprotected 

CAS procedures and demonstrated that unprotected 

CAS with small-cell stents results in a very low pro-

cedural overall peri-interventional complication rate 

(0.8%, 3/358). Only 20% (3/15) of all complications 

Figure 1. Symptomatic left carotid artery stenosis in an 83-year-old man. Common carotid artery angiogram (45° 
oblique view) shows a symptomatic high-grade stenosis of the left internal carotid artery (A). Post carotid artery 
stenting, final view after stent placement (7 mm x 18 mm Roadsaver stent; Terumo Interventional Systems) and 
postdilatation with a 5 mm x 30 mm angioplasty balloon (B-D). 
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occurred peri-interventionally. They concluded that 

the use of a protection device is dispensable.8 

HYBRID TECHNOLOGY
Hybrid technologies have recently been developed, 

including the Cristallo Ideale stent (Medtronic) and 

the cylindrical and conical Sinus Carotid RX stent 

(Optimed) with a closed-cell design in the middle seg-

ments combined with open-cell design in the proximal 

and distal segments. In an in-vitro experiment of stent 

design, Müller-Hülsbeck et al described the lowest 

particle penetration (1.5 mm) for the Cristallo Ideale 

stent compared to the open- and closed-cell stents.11 

In another experimental investigation, Wissgott et al 

found that the Sinus Carotid RX and the Cristallo Ideale 

stent had the best wall adjustment, with comparable 

radial force and high flexibility compared to open- or 

closed-cell designs.9 Cremonesi et al, in a prospective 

multicenter study of 124 patients, reported no tech-

nical failure in CAS procedures with Cristallo Ideale 

stents and a rate of 1.6% device- and procedure-related 

TIAs within 30 days of follow-up.4 Despite promising 

results, hybrid technology has not become a standard 

CAS therapy.

DUAL-LAYER MICROMESH TECHNOLOGY
Based on the idea of sustained embolic protection, a 

new concept of stent-protected angioplasty has been 

established. Embolic protection starts with implanta-

tion of the stent into the lesion and continues with 

the process of neointimalization.12 The prototype of 

a membrane stent (MembraX) consists of a self-ex-

pandable nitinol stent with a membrane bonded to the 

inner side of the stent. The porous membrane is made 

of a biocompatible silicone-polyurethane copolymer 

Elast-Eon (AorTech Biomaterials)12 The MembraX 

Figure 2. Symptomatic left carotid artery stenosis in a 72-year-old female patient. Initial digital subtraction 
angiography of the left common carotid artery, oblique view, reveals high-grade stenosis of the internal carotid 
artery and proximal kinking (A). Final digital subtraction angiography shows the Roadsaver stent (Terumo 
Interventional Systems; 7 mm x 25 mm) covering the whole lesion (B-E). 
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Figure 3. Wake-up stroke with a score of 20 on the National Institutes of Health Stroke Scale in an 81-year-old 
female patient. Digital subtraction angiography with injection of the left common carotid artery shows proximal 
occlusion of the left internal carotid artery (A). Digital subtraction angiography performed during recanalization, 
stent placement, and balloon angioplasty (B, C). Final angiogram (45° oblique view) confirms internal carotid artery 
completely opened (6 mm x 25 mm Roadsaver stent; Terumo Interventional Systems) (D, E). Digital subtraction 
angiography of the left middle cerebral artery reveals embolic occlusion of the proximal M1 segment (F). Final 
angiogram (town projection) after mechanical thrombectomy shows complete recanalization (Thrombolysis in 
Cerebral Infarction scale grade 3) (G). The stent retriever together with the whole thrombus is removed (H). 
Postinterventional computed tomography scan demonstrates a small ischemia in the left basal ganglia (I).

6x25%mm%,%NIHSS%20%wake%up,%%CASle681%year%old%
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stent system has not yet been studied in vivo and has 

not received the CE Mark for use in treating carotid 

artery disease.

However, the new double-layer micromesh design 

is characterized by an external self-expanding nitinol 

layer for scaffolding and an internal micromesh layer 

for plaque coverage, combining the advantage of 

both open- and closed-cell stent designs. The three 

available double-layer mesh stents are detailed in 

Table 1.

MICROMESH STENT DESIGN OVERVIEW AND STUDY DATA
ROADSAVER 

The Roadsaver stent (Terumo Interventional Sys-

tems) currently is the only FDA-approved, CE-marked, 

commercially available double-layer micromesh stent. 

This self-tapering stent is composed of two nitinol 

(nickel titanium) interwoven mesh layers, creating a 

flexible scaffold. The inner mesh has an extremely small 

cell size (0.381 mm2), which is designed to prevent 

release of emboli. The internal fine meshwork should 

prevent plaque prolapse.17 A number of micromesh 

cells fit into one macromesh cell, acting like a metallic 

covered stent.

Data from the manufacturer show that the stent tapers 

according to the anatomy, without overstretching the 

vessel wall. The radial force decreases with decreased 

pressure, so that no tapered version should be needed.

The device is compatible with a 5 Fr sheath or 6 Fr 

guiding catheter. Up to the point of 50% deployment, 

the push-and-pull stent delivery system is full resheath-

able and repositionable. The low profile (5 Fr) enhances 

the crossability for primary stenting. The double-layer 

micromesh scaffold should enable sustained embolic 

protection by tight plaque coverage. The feasibility, 

efficacy, and safety of performing carotid angioplasty 

and stenting with the Roadsaver stent has been dem-

onstrated in two studies.15,16 Kedev et al used transradial 

slender 5 Fr techniques to implant the Roadsaver stent 

in the left and right carotid arteries with promising 

results.16

Patient enrollment for the prospective, multicenter 

CLEAR-ROAD trial (Physician-Initiated Carotid 

TriaL Investigating the Efficacy of Endovascular 

Treatment of Carotid ARterial Disease with the 

multilayer ROADsaver stent) closed in February 

2016. The primary endpoint, major adverse events 

(MAEs) at 30 days, was defined as the cumulative 

incidence of any periprocedural (≤30 days post pro-

cedure) death, stroke, or myocardial infarction (MI). 

Of all patients, 31% were symptomatic, and in 58% 

of the patients embolic protection devices were used. 

Technical success was achieved in all cases. The 30-

day MAE rate was 2.1% (one patient experienced 

MI followed by death; another patient experienced 

a stroke within the first 30 days after the procedure), 

making the Roadsaver stent safe and effective for 

endovascular treatment of subjects at high risk for 

carotid endarterectomy.17

In addition to these first clinical data and experience 

with the Roadsaver stent, it is necessary to clarify that a 

certain learning curve for safe and accurate stent place-

ment is warranted. This is because experience is needed 

to predict the stent length. It is highly recommended 

to start with larger diameters or longer stent lengths in 

order to achieve good lesion covering. In Figures 1-3 

the Roadsaver stent is shown in 3 different anatomical 

locations.
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CGUARD 
The CGuard stent (InspireMD) is composed of Mi-

croNet, which is a biostable mesh woven from a sin-

gle strand of 20 μm polyethylene terephthalate. The 

MicroNet is sutured to both the distal and proximal 

crowns of the stent platform. Predilatation is required. 

The CGuard Stent seems to have flexible structure with 

minimal foreign body reaction.

The CARENET Trial (Carotid Embolic Protection 

Using MicroNet) compared postinterventional mag-

netic resonance imaging (MRI) of lesions treated with 

CGuard implantation to published diffusion-weighted 

MRI data of non-mesh-covered carotid stents. The 

incidence of new detected ischemic lesions in MRI was 

reduced by almost 50% and the average lesion volume 

per patient was 10 times smaller.14

GORE CAROTID STENT 
The Gore Carotid Stent (W. L. Gore & Associates) 

consists of an open-cell NiTi (nitinol) frame supple-

mented with an outside closed-cell 500 μm lattice of 

NiTi frame that is covered with Carmeda BioActive 

Surface Heparin Surface (CBAS; W. L. Gore & Asso-

ciates). The CBAS surface is a heparin-based surface-

modification technology designed to enhance the he-

mocompatibility of devices for use in contact with 

blood. Products for which the CBAS technology has 

been licensed include vascular grafts, heart-lung ma-

chines, ventricular assist devices, coronary stents, and 

hemodialysis catheters. The delivery system (135 cm) 

of the Gore Carotid Stent is single handed, and it is 

available in 5 Fr and 6 Fr (hypotube design).

The first-in-human implantation of the Gore Carotid 

Stent was published by Schönholz and colleagues in 

the Journal of Endovascular Therapy in 2014.7 They 

presented initial clinical experience within a case re-

port as part of the company-sponsored Carotid Stent 

Clinical Study for the Treatment of Carotid Artery 

Stenosis in Patients at Increased Risk for Events From 

Carotid Endarterectomy (SCAFFOLD).7 The case re-

port revealed the easy handling and safety implantation 

of a 6 mm/8 mm x 40 mm Gore Carotid Stent under 

cerebral protection using a Gore Carotid Filter. They 

reported conformability to the wall, protection against 

embolization, and stent patency with normal flow ve-

locities 6 month after the procedure. 

The SCAFFOLD trial is a prospective, multicenter, 

single-arm clinical study that enrolled 312 subjects in 

up to 50 investigative sites in the United States, Europe, 

and Japan with a limit of 40 subjects per site.7 Patients 

were included who were at least 18 years of age, had ei-

ther a single de novo atherosclerotic or post-endarterec-

tomy restenotic lesions in the internal carotid artery or at 

the carotid bifurcation, and had either ≥50% stenosis by 

angiography if symptomatic (stroke, TIA, or transient 

monocular blindness within 180 days of procedure), or 

≥80% stenosis by angiography if asymptomatic. Patients

were also required to have either anatomic or medical

comorbidities that placed them at high perioperative

risk for carotid endarterectomy.

CONCLUSION: SWITCHING FROM SINGLE-LAYER TO 
DUAL-LAYER STENT

Although the ideal stent has not yet been developed, 

new stent designs may be able to close the gap for 

sustained protection. It remains to be demonstrated 

whether this promising concept will translate into a 

reduction of neurologic events associated with CAS. 
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Differences in clinical outcome need to be demon-

strated and trial data are still pending. In addition to 

the impact of stent design, operators must consider ap-

propriate patient selection, anatomic criteria, stenosis 

morphology (lesion-specific CAS), as well as opera-

tor experience. And considering the use of new stent 

designs, such as hybrid stents or stents with dynamic 

tapering, the role of embolic protection devices may 

need to be re-evaluated. n
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