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Commentary

Design is not just what it looks like and feels like. Design is 
how it works.

—Steve Jobs1

Bare Facts

A stent is typically defined today as a metallic endoprosthe-
sis aimed at providing mechanical support to cylindrically 
shaped anatomic structures. The etymology is complex, as 
this word may refer to Charles Thomas Stent, a dentist prac-
ticing in London, United Kingdom, in the 19th century, who 
developed a compound for dental use that was later exten-
sively applied to support wound repair in World War I.2 On 
the other hand, dictionaries suggest that the term stent is 
much older and may have been used in the 14th century to 
mean extend, set, or stretch out.

Indeed, stents have been used extensively in many vas-
cular and nonvascular settings since the 1980s. Their carotid 
application has followed suit, with initial attempts focusing 
on both balloon-expandable and self-expanding devices. 
Klaus Mathias, who pioneered the field of carotid angio-
plasty and embolic protection, is credited with the first case 
of carotid artery stenting using a Wallstent (Boston 
Scientific, Marlborough, MA, USA) in 1989.3 Other endo-
vascular specialists at the time preferred balloon-expand-
able devices, such as the Palmaz (Cordis, Miami Lakes, FL, 
USA) or Strecker (Boston Scientific) stents.4,5

There is a key difference here. Whereas balloon-expand-
able stents are the preferred type in the coronary setting, 
given the possibility of acute positioning and the height-
ened radial support, self-expanding devices have become 
the main player in the carotid and femoral districts, as they 
can better accommodate the variable anatomy of these ves-
sels while reducing the risk of plaque embolization and 
postprocedural compression. Indeed, since the seminal 
report by Mathur et al6 of stent collapse in 16% of appar-
ently successful carotid Palmaz stent implantations, most 
endovascular procedures for carotid artery disease have 

been performed with self-expanding devices. Concomitantly, 
with the notable exclusion of the Wallstent, there has been a 
progressive and steady shift from stainless steel or other 
metals and alloys to nitinol (nickel-titanium alloy), given its 
unique shape memory and superelasticity that make it per-
fect for self-expanding devices.

Form vs Function

Defining a stent as being self-expanding and made of stain-
less steel or nitinol might seem adequate, but there is much 
more room for detail. Thanks to the ingenuity of many 
inventors, several different properties of a stent in general, 
and also of a carotid stent in particular, can be highlighted 
(Table 1).7,8 First, the expansion pattern deals with the spe-
cific means of deploying the stent in situ, whereas the mate-
rial identifies the substance used to manufacture the stent. 
Beyond these, the specific fabrication process might impact 
the final product, as well as form, geometry, cell type, thick-
ness, additions, and activity. Moreover, ongoing refine-
ments are expected; for instance, it is conceivable that 15 to 
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20 years from now all carotid stents will be drug eluting, 
whereas we may hope that in the same period of time biore-
sorbable polymers could have challenged the many favor-
able but permanent properties of nitinol.

Notwithstanding such wishful thinking, there has been 
intense debate on the most appropriate cell design for carotid 
stenting. A closed-cell pattern describes a shape character-
ized by all internal inflection points of the structural members 
of a stent being connected by bridging members. An open-
cell design is based instead on the fact that some or all of the 
internal inflection points of the structural members are not 
connected by bridging elements. Typically, open-cell devices 
are more flexible than closed-cell stents but have lower and 
less even radial support. For instance, cell areas may range 
between 1 and 4 mm2 in closed-cell stents in comparison 
with cell areas of up to 15 mm2 in open-cell or mixed-cell 
devices. This may impact the risk of plaque prolapse or 
embolization, still a hot topic in the carotid stenting arena.

In keeping with these premises, several endovascular 
specialists prefer open-cell devices as they are more flexi-
ble and thus may better adapt to the tapering peculiarities of 
the carotid bifurcation and often tortuous internal carotid 
artery, whereas other colleagues maintain that closed-cell 
stents ensure better support to the atherosclerotic plaque 
that may reduce the risk of cerebral embolization. The quest 
for the optimal stent design moving accordingly from form 
to function has come a long way over the years. We even 
have access to mixed-cell stents, which combine the flexi-
bility of open-cell devices with the theoretically superior 
lesion support of closed-cell stents. The jury is still out, 
however, on which cell design is best for carotid stenting, as 
no single study has been capable of addressing this issue in 
a definitive fashion.9

Updated Evidence Base

Decision making should always be based on a thoughtful bal-
ance between expertise, values, and evidence. While general-
izations on expertise and values are always challenging and 
necessarily beyond our present scope, this issue of the JEVT 
provides an updated and comprehensive appraisal of the evi-
dence on the impact of carotid stent design on short-term 
clinical outcomes.10 We are thankful to the authors, as a sys-
tematic review and meta-analysis often proves helpful in 
summarizing an apparently conflicting evidence base and 
highlighting novel avenues for further research.11

Specifically, Kouvelos and colleagues10 focused on 
searching, selecting, appraising, and pooling data from 9 
studies including 8018 patients undergoing 8028 stenting 
procedures (50% with closed-cell design and 50% with 
open-cell design). In particular, among the closed-cell stents 
were NexStent (Boston Scientific), Wallstent (Boston 
Scientific), and Xact (Abbott Vascular, Santa Clara, CA, 
USA) with cell areas ranging from 1.1 to 4.1 mm2; the 
open-cell stents were Acculink (Abbott Vascular), Exponent 
(Medtronic, Minneapolis, MN, USA), Precise (Cordis), 
Protégé (Medtronic), and Zilver (Cook, Bloomington, IN, 
USA) with cell areas ranging from 5.9 to 11.5 mm2. They 
found that, despite several important premises on the impor-
tance of closed- vs open-cell design, clinical outcomes were 
similar irrespective of the type of stent used. In particular, 
30-day stroke occurred in 61 (1.5%) of 4010 procedures 
using closed-cell devices and in 87 (2.2%) of 4018 cases 
completed with open-cell devices (p=0.37), with similar 
non-significant differences for the 30-day composite of 
death, stroke, or transient ischemic attack [163 (4.1%) vs 
198 (4.9%), respectively, p=0.98]. Accordingly, the authors 
aptly concluded that the current evidence base does not sup-
port the hypothesis that closed-cell stents are superior to 
open-cell stents for carotid artery disease.

From Evidence to Action

The meta-analysis by Kouvelos and colleagues10 is carefully 
conducted, but it cannot overcome the limitations of the 
shortlisted studies, most observational and retrospective, 
with only 2 small randomized trials.12,13 In addition, opera-
tors involved in these procedures were often very expert, and 
thus the conclusions of the meta-analysis cannot be readily 
applied to less experienced endovascular specialists.

Last, but most important, the pragmatic analytic approach 
used by Kouvelos et al10 relies on unadjusted risk estimates 
and thus does not address the issue of residual confounding, 
which could have played out in different and unpredictable 
directions. For instance, even the 2 included randomized tri-
als are at odds and cannot be exploited to clarify our com-
parative hypothesis. Park et al13 suggests that the Precise 
stent is associated with a higher risk of cerebral embolization 

Table 1. Key Design Features of Stents.

Property Alternativesa

Expansion 
pattern

Balloon-expandable, self-expanding

Material Cobalt alloy, iron alloy, nitinol, magnesium alloy, 
platinum iridium, polymer, stainless steel, 
tantalum

Fabrication Braiding, electrical discharge machining, knitting, 
laser cutting, photochemical etching, vapor 
deposition, water jet

Form Ribbon, sheet, tube, wire
Geometry Coil, helical spiral, individual rings, sequential rings, 

woven
Cell type Closed, mixed, open
Thickness Thin, thick
Coating Carbon, ceramic, drug, gold, polymer
Additions Radiopaque marker
Activity Drug-eluting, radioactive

aMost common alternatives are italicized.
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at diffusion-weighted magnetic resonance imaging (DWMRI) 
in comparison with the Wallstent (51% vs 27%, respectively; 
p=0.020), and Timaran and colleagues12 report similar rates 
of embolization at DWMRI with Acculink or Xact (53% vs 
47%, respectively; p=1).

Accordingly, we still encourage the community of endo-
vascular specialists to conduct an adequately powered ran-
domized trial comparing different stent designs for carotid 
stenting, focusing on clinically relevant endpoints rather 
than on DWMRI. In the meanwhile, however, we may ten-
tatively suggest a tailored approach based on the use of 
closed-cell devices when the main issue is lesion coverage 
and prevention of embolization (eg, in the presence of 
ulcerated plaques) and the choice of open-cell devices when 
anatomical features (eg, tortuosity or significant tapering) 
clearly play a stronger role in decision making.
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