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Abstract
Aims: The aim of this study was to identify the findings (by optical coherence tomography [OCT]) after
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Methods and results: Sixteen consecutive patients undergoing CAS with mesh-covered stents and high-
definition OCT image acquisition were enrolled in the study. Cross-sectional OCT images for the presence
of strut malapposition (SM) and plaque prolapse (PP) were evaluated using a proximal or distal embolic
protection device (EPD). CGuard stents were used in 11 patients (68.8%) and RoadSaver stents in five
(31.2%). With OCT analysis, the incidence of SM was 20.5% for CGuard vs. 26.8% for RoadSaver, p=0.26,
and the incidence of PP was 10.8% for CGuard vs. 20.7% for RoadSaver, p=0.05. No neurological compli-
cations (stroke/TIA) occurred during the procedural and post-procedural periods.

Conclusions: The OCT findings of two different types of mesh-covered stent after CAS were obtained
safely. Our work indicates that current mesh-covered carotid stents may show differences in SM and PP.
The effect of stent design and implantation technique on OCT findings post CAS, and their relation to long-
term clinical outcomes, require further evaluation.
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Abbreviations
CAS carotid artery stenting

CCA common carotid artery

ICA internal carotid artery

ocT optical coherence tomography
PP plaque prolapse

SM strut malapposition

TIA transient ischaemic attack

Introduction

Carotid artery stenting (CAS) has become an alternative therapy to
carotid endarterectomy (CEA)"2. With an improvement in embolic
protection devices, the incidence of procedural embolic events has
been dramatically reduced®®. Recently, plaque prolapse (PP) after
stent placement has been suggested as one of the major causes of
post-procedural ischaemic complications®’.

With intravascular imaging modalities, such as intravascular
ultrasound (IVUS) or optical coherence tomography (OCT), the
interaction between a plaque and stent strut can be evaluated. The
safety and feasibility of OCT applied to carotid arteries have been
reported recently with both an occlusive and a non-occlusive tech-
nique®®. We previously reported the incidence of SM and PP of
conventional carotid stents assessed by OCT®.

At present, several different types of new-generation mesh-covered
stent have been developed and are expected to have potential for reduc-
ing PP after stenting'*!!. Clinical reports have emerged that may indi-
cate the superiority of mesh-covered stents over conventional stents
after CAS'>!%, but any potential long-term clinical outcome differences
between particular mesh-covered stent designs remain unknown.
Recent work in non-consecutive RoadSaver™ (Terumo Corp., Tokyo,
Japan) stent implants evaluated with OCT indicated a relatively low
incidence of PP (7.7%)'. Nevertheless, the incidence of stent malap-
position (SM) and PP with different mesh-covered stent designs using
OCT assessment has not been systematically determined.

We performed an OCT assessment of two different types of
mesh-covered stent after CAS.

Editorial, see page 1266

Methods

STUDY DESIGN

This prospective study was performed at two centres (Department
of Cardiology, Mirano General Hospital, Mirano, Italy, and
Department of Surgery, Vascular and Endovascular Surgery
Unit, University of Siena, Siena, Italy), including 16 consecutive
patients undergoing CAS with OCT from October 2014 to July
2015. The study protocol was approved by the ethics commit-
tee of each hospital and written informed consent was obtained
from all patients. Inclusion criteria were either a >80% asymp-
tomatic internal carotid artery (ICA) stenosis or a >50% symp-
tomatic ICA stenosis (North American Symptomatic Carotid
Endarterectomy Trial [NASCET] criteria) in patients already
considered eligible for endovascular treatment. Demographic
variables, clinical figures, and intraoperative and follow-up data
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were prospectively collected by the operating team in a dedi-
cated database. Independent neurological examinations of all
patients were performed before the intervention, at discharge,
and at 30 days after the procedure. No routine post-procedural
cerebral imaging was performed; this was scheduled for poten-
tial cases with neurological complications only.

CAS TECHNIQUE

CAS was performed with either a proximal or a distal protec-
tion method. In patients in whom a proximal protection method
was employed, the Mo.Ma™ Ultra (Medtronic, Santa Rosa, CA,
USA) cerebral protection system was used. In patients in whom
a distal protection method was employed, either a Spider FX™
(Medtronic) (five cases) or a FilterWire EZ™ embolic protection
device (Boston Scientific, Marlborough, MA, USA) (two cases)
was used. Under embolic protection, OCT scans were performed
using either an occlusive or a non-occlusive flush. The stent dia-
meter was selected according to the common carotid artery (CCA)
diameter (mean oversize of 1 mm), while the stent length was cal-
culated to cover the entire carotid lesion (at least 0.5 cm below
and 0.5 cm above the target lesion). Residual stenosis <30% was

considered acceptable for technical success.

NEW-GENERATION CAROTID STENTS: MESH STENTS

The CGuard™ Carotid Embolic Prevention System (InspireMD,
Tel Aviv, Israel) and the RoadSaver Carotid Artery Stent System
were used in the present study. Both new-generation mesh-cov-
ered stents have a different design from conventional stents as
they possess micro-mesh, but they differ from one another in
design details. The CGuard stent micro-mesh, made of polyethyl-
ene terephthalate (PET), is positioned outside the widely open-cell
design stent frame (free cell area of 21.66 mm?)'*"5, Its strut thick-
ness is 240+12 um. The fibre size and pore size of the PET mesh
are 20 pum and 165 pm, respectively. In contrast, the RoadSaver
stent has micro-mesh made of nitinol placed inside the closed-
cell design stent frame. The stent frame strut thickness is 180 pm,
while the metal mesh strut size and pore size are 42 pum and
375 um, respectively'’. The third current mesh-covered carotid
stent design, the Gore carotid stent (W.L. Gore & Associates,
Flagstaff, AZ, USA)!® was not available for our evaluation as its
use was limited to the US SCAFFOLD study.

THE OCT TECHNIQUE

Carotid OCT images were acquired following dilation of the
stent. The optical fibre of the LightLab FD-OCT system (St. Jude
Medical, St. Paul, MN, USA) used for the investigation was
encapsulated within a rotating torque wire (0.014-inch compatible)
built in a rapid-exchange 2.6 Fr catheter compatible with a 6 Fr
guiding catheter. It acquires 100 frames s™!, scanning a 55 mm
artery segment in 2.7 s (pullback speeds up to 20 mm s™). OCT
evaluation was performed both in patients receiving a distal filter
and in those with proximal protection in accordance with different
protocols which have been described elsewhere®”’.
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QUALITATIVE AND QUANTITATIVE ASSESSMENT OF OCT
IMAGES

All OCT frames were analysed off-line in a dedicated laboratory
by two independent physicians. OCT images were judged of good
quality according to a previously reported protocol based on the
accuracy of vessel wall identification'”. OCT images after stent place-
ment and dilation were specifically reviewed and analysed in each
patient. In particular, cross-sectional OCT images within the stented
segment of the ICA were evaluated at 1 mm intervals for the pres-
ence of both SM and PP (Figure 1). A strut was defined as “malap-
posed” when the distance between vessel wall and the strut surface
was >200 um (Figure 2). Malapposition was defined as at least five
malapposed struts in a single slice. PP after stenting was defined as
tissue prolapse more than 300 pm from the stent struts (Figure 3).

ENDPOINTS

The primary endpoints were the incidences of SM and PP as
detected by OCT, according to the implanted stent. Secondary end-
points included the presence of either stroke or death at 30 days

and any in-hospital adverse events.

STATISTICAL ANALYSIS

Continuous variables are presented as median (range) or
meantstandard deviation (SD), and Mann-Whitney and Student’s
t-tests were used as appropriate. Differences in categorical vari-
ables were assessed using the chi-square and Fisher’s exact tests
as appropriate. Throughout the analysis, a two-tailed level of 0.05

Slice # 1

Slice #6

Slice # 13

Slice # 18

Strut malapposition of RoadSaver

Figure 2. Jllustration of strut malapposition definition. A strut was
defined as malapposed when the distance from endoluminal strut
border to vessel surface measured was >200 pm.

was used as the threshold for determining statistical significance;
p-values were not adjusted for the various statistical tests con-
ducted. All statistical analyses were performed using the statistical
software package GraphPad Prism 7.0a for Mac OS X (GraphPad
Software Inc., San Diego, CA, USA).

Slice # 20

Slice # 24

Figure 1. Analysis of cross-sectional OCT images within the stented segment of the internal carotid artery evaluated at 1 mm intervals.



Plaque prolapse of CGuard

Figure 3. lllustration of plaque prolapse definition. PP was defined
as tissue prolapse more than 300 um from the stent strut level.

Results

PROCEDURAL RESULTS

CAS with OCT image acquisitions was performed in all 16 patients.
Completed angiograms revealed successful revascularisation and
<30% residual stenosis in each case. The CGuard stent was used
in 11 procedures (68.7%) and the RoadSaver stent in five (31.3%).
Table 1 summarises the patients’ demographic data, neurologi-
cal histories, and carotid plaque characteristics. The lesion char-
acteristics of both stents are shown in Table 2. No technical or

Table 1. Patient characteristics.

OCT assessment of mesh-covered stents after CAS

Table 2. Lesion characteristics by quantitative angiography.
Total

. RoadSaver
population (n=5) p-value

(n=16) =
% stenosis 81+14 81+16 815 0.98
Contralateral o o o
occlusion 2 (13%) 2 (18%) 0 (0%) 1
mi”ima' e 14406 | 15408 | 1.4+04 | 0.8

lameter

Lesion length, mm | 22.0£5.8 | 22.3+6.6 | 20.0+3.3 | 0.48
Proximal reference,| 90,08 | 8.0:08 | 81:0.7 | 0.78
Distal reference, | 51,09 | 52:¢1.0 | 5.0:04 | 0.69

mm

Continuous data are presented as mean+standard deviation; categorical
data are given as counts (percentage).

neurological complications occurred during OCT pullbacks. Table 3
shows the characteristics of the stent procedures. Technical success
was achieved in all patients. No major procedural or post-proce-
dural complications occurred in the study population (any TIA/
stroke/death 0% at 30 days and at six months). The OCT images
acquired after stent placement and dilation were judged in all cases
to be of appropriate quality to allow the qualitative and quantitative
assessment of the primary endpoints of the study.

OCT ANALYSIS

OCT analysis within the stented segment of the ICA at 1 mm inter-
vals produced a mean of 16+4 slices for each patient (Figure 1).
A total of 248 cross-sectional OCT images (166 images for CGuard
and 82 for RoadSaver) were analysed to assess the incidence of

Table 3. Procedure characteristics.

po;t?lt:tlion CGuard | RoadSaver pvalue popTl?It:tlion CGuard |RoadSaver pvalue

(n=16) (n=11) (n=5) (n=16) (n=11) (n=5)
Male 15(94%) | 10(91%) | 5(100%) | 1 Introducer | 8 Fr 5(31.3%) 0(0%) 5(100%) i
Age, years 75+7.5 76x7.7 73+6.9 0.72 9Fr 11(68.8%) | 11(100%) 0(0%)
Symptomatic lesion| 3 (19%) 3(27%) | 0(0%) 0.51 Protection | Proximal 9 (56.3%) 9(81.8%) 0(0%) -
Hypertension 11 (69%) 9(82%) | 2 (40%) 0.24 Distal 7(43.8%) | 2(18.2%) 5(100%)
Diabetes mellitus 6 (37.5%)| 3(27%) | 3 (60%) 0.3 Predilatation 4(25%) 4 (36.4%) 0(0%) 0.24
Smoker 2(12.5%)| 2(18%) | 0(0%) 1 Balloon diameter, mm 3.5+0.0 3.5+0 - -
Dyslipidaemia 10 (62.5%)| 8(73%) | 2(40%) 0.3 Balloon length, mm 16.3+2.2 16.3+2.5 - -
CAD 6 (37.5%)| 3(27%) | 3 (60%) 0.3 Stent nominal diameter, mm |  8.2+0.8 8.1+0.9 8.3+0.5 1
Renal failure 2(12.5%)| 1(9%) 1 (20%) 1 Nominal stent length, mm 32.4+6.2 35+5.2 27.5+2.9* 0.02
gie;r;ggsral arterial 1 (6%) 1(9%) 0 (0%) 1 Post—dilatlation 16 (100%) | 11(100%) | 5(100%) 1

Balloon diameter, mm 5.3+0.4 5404 5+0 0.21

lse'ggr?f(fé;‘g'd 6 (37.5%)| 4(36%) | 2(40%) | 1 Balloon length, mm 209436 | 215447 | 200 | 089
e ERier 0 0%) 0 0%) 0 0%) ) Procedural time, min 61+24.9 66.5+28.0 41.3+4.8 0.04
CEA Contrast, mL 82.8+34.1 93.5+38.7 55+13 0.13

Continuous data are presented as mean+standard deviation; categorical
data are given as counts (percentage). CAD: coronary artery disease;

CEA: carotid endarterectomy

Continuous data are presented as meanzstandard deviation; categorical data are given as
counts (percentage). *Wissgott et al'®. Total contrast use and total time for the CAS
procedure itself and imaging are provided.
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SM and PP. Mean number of per-stent OCT images was 15.1+4.3
for CGuard and 16.4+1.9 for RoadSaver. Figure 4 shows the
incidence of SM after stenting with the CGuard and RoadSaver
stents. The incidence of SM was 20.5% for CGuard vs. 26.8%
for RoadSaver, p=0.26. Figure 5 shows the incidence of PP after
stenting with the CGuard and RoadSaver stents. The incidence
of PP was 10.8% for CGuard vs. 20.7% for RoadSaver, p=0.05.
Representative OCT images of SM and PP in both stents are
shown in Figure 6.

The incidence of strut malapposition
% 40—
p=0.26

30 26.8

20.5
20

10

CGuard stent ~ RoadSaver stent

Figure 4. The incidence of SM in the CGuard and RoadSaver stents.

/

Strut malapposifion‘in CGuard

The incidence of plaque prolapse
% 40

p=0.05

30

20

CGuard stent  RoadSaver stent

Figure 5. The incidence of PP in the CGuard and RoadSaver stents.

Discussion
This is the first study using OCT to assess systematically different
types of mesh-covered carotid stent. This study using OCT was
performed without any procedural or post-procedural complica-
tions. We provide novel observations with regard to strut malappo-
sition and plaque prolapse in different mesh-covered stent designs.
With the OCT assessment after CAS, we performed a detailed
analysis of SM and PP in mesh-covered stents. There are some

Pla-i{e prolapse of CGuard

Figure 6. Examples of strut malapposition and plaque prolapse in the RoadSaver and CGuard stents. A) SM in the RoadSaver stent, B) PP in
the RoadSaver stent, C) SM in the CGuard stent, D) PP in the CGuard stent.



reports evaluating conventional carotid stents by intravascular
modalities after stenting'®?!. Now, the number of studies using
OCT is increasing because this newer light-based modality can
deliver resolution to 10 to 15 um, giving it the highest imaging res-
olution of any currently available vascular imaging modality®!72>25,
Yoshimura et al reported that OCT can detect a PP after CAS
which is difficult to view even by IVUS?. Shindo et al presented
a single case report about OCT imaging of a mesh-covered stent?’.
Therefore, in this study we also used OCT for assessment of the
findings after CAS. We show the safety and feasibility of assess-
ing the stent-vessel interaction of mesh-covered stents as compar-
able to that reported for conventional carotid stents®. Unexpectedly,
we found that PP occurred even with mesh-covered stents. This
may be expected because mesh-covered stents are not “fully cov-
ered” stents. Plaque can prolapse through the pores of the mesh
at a range of 165-375 pum. PP is induced by many factors. One
of the reasons for PP with mesh-covered stents can be attributed
to plaque morphology. Soft and vulnerable plaque easily protrudes
through the strut and mesh??. Other reasons may be related to
stent implantation technique, including use (vs. no use) of a post-
dilatation balloon, its size and maximal inflation pressure.

Embolic complications after CAS were seen not only in the
post-procedural period but also in the procedural period’.
Thrombus formation in the stent induced by either an insufficient
antiplatelet effect or SM can be the reason for post-procedural
embolic complications. Hashimura et al successfully showed that
PP can occur even after the procedure in cases with conventional
carotid stents®'. This “late PP can also be the cause of post-pro-
cedural embolic complications. Because no evaluation by either
ultrasound or CT angiography was carried out in the post-proce-
dural period in our study, it is still unknown whether the late PP
problem will occur even with mesh-covered stents. However, with
the images obtained in our study which showed prolapsed plaque
remaining between the double layer (Figure 7), the plaque sealing
effect of the mesh can be expected to persist not only in the proce-
dural period but also in the post-procedural period.

In this study, the incidence of PP was 10.5% for CGuard vs.
20.7% for RoadSaver, p=0.05. As the designs of these two stents
are completely different, some of the differences found with OCT
are likely to be stent design-dependent. What appears as “PP”
with CGuard could be a MicroNet™-covered “PP”. This might be
different from the RoadSaver, particularly when the plaque goes
through the inner nitinol mesh, which is uncovered “PP”. It is
not easy to confirm this hypothesis because of OCT resolution
(10-15 pm). The MicroNet fibres (20 um) of CGuard cannot be
detected clearly in contrast to the nitinol inner mesh layer struts
(42 pm) in the RoadSaver. Indeed, histology images suggest that
elastic, non-metallic, mesh fibres may be present inside the PP,
providing a cover to the PP inside the lumen'. Other reasons for
the differences may be the implantation technique or OCT imag-
ing under a distal vs. a proximal embolic protection device (EPD).
It appears that it may be more difficult to remove the blood com-
pletely under the proximal EPD and thus this method may be more

OCT assessment of mesh-covered stents after CAS

MicroNet mesh preventing prolapse

Figure 7. The plaque prolapse appears to be covered with MicroNet
adapting its position between the metallic stent struts to the
prolapsing plaque (white arrows).

prone to artefact. The incidence of SM was 20.5% for CGuard vs.
26.8% for RoadSaver, p=0.26. SM would probably be influenced
by stent design, vessel tortuosity and implantation technique'®!*!5,

Recently, Nerla et al reported a low rate of PP in patients treated
with the RoadSaver stent detected by OCT™. The incidence of PP
in our work (20.7%) was higher compared with their data (7.7%).
This might be explained by the difference of analysis method
(slice-based analysis vs. patient-based analysis).

As the structure of mesh-covered stents is completely differ-
ent from that of conventional stents, the required duration of dual
antiplatelet therapy (DAPT) is still unclear®?. Mesh-covered stents
have an additional material, structure of PET or nitinol, so the
patients may require a longer period of DAPT. Long-term clini-
cal and duplex ultrasound data on different mesh-covered stent
designs are needed to determine the incidence of any clinically
relevant thrombosis or restenosis.

We also compared these data of mesh-covered stents with the
data of conventional stents as published in our previous study®. In
the previous study, closed-cell design (CC) stents were used in 17
procedures, open-cell design (OC) stents in 13, and hybrid design
(Hyb) stents in 10. A significant difference was noted in the inci-
dence of SM among the five stent types (p<0.001). The incidence of
SM in mesh-covered stents was intermediate between CC (29.8%)
and OC and Hyb (13.2% and 14.8%, respectively). A significant
difference was also noted in the incidence of PP among the five
stents (p<0.001). PP was more frequent in OC (68.6%). Recently,
Lin R et al reported an incidence of PP after CAS with conventional
stents ranging from 49.1% to 65.5%%. Thus, mesh-covered stents
clearly appear to show less frequent PP than any of the conventional
stents. Some clinical studies using mesh-covered stents have shown
better clinical outcomes as compared with those in reports using
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conventional stents'>"*. The results from our work provide some
mechanistic explanation as to why mesh-covered stent use might
be associated with improved clinical outcomes compared with those
seen with conventional carotid stents.

Limitations

The present study has several limitations. First, this is an obser-
vational study with a small number of patients, and stent selec-
tion depended on physician discretion. We could evaluate limited
consecutive cases depending on the availability of OCT imaging
catheters in a non-sponsored study. Moreover, imbalanced com-
parison between 11 CGuard stents and five RoadSaver stents may
have affected the statistics. Second, the clinical implications of
SM and PP detected by OCT are still unknown. As no adverse
clinical events occurred in the perioperative period, after 30 days,
and at six months, on the basis of our small clinical cohort we can-
not comment on the clinical significance of our findings. Recently,
the CARENET study demonstrated the effectiveness of per-pro-
tocol diffusion-weighted magnetic resonance imaging (DW-MRI)
in detecting the incidence and lesion volume with clinically silent
minor periprocedural cerebral embolisation and near elimination
of cerebral embolisation during stent healing up to 30 days'.
Although DW-MRI imaging at 30 days would be the final demon-
strator of the relevance of OCT-detected PP, we were not able to
perform DW-MRI in our study cohort.

Conclusions

In conclusion, this study demonstrated detailed OCT findings in
different mesh-covered carotid stent designs, indicating potential
differences in SM and PP. Though the clinical relevance of OCT-
detected SM and PP is unclear and longer-term follow-up will
be needed, the present findings, taken in aggregate with our ear-
lier work®, indicate that mesh-covered stents have the potential to
minimise plaque protrusion — a pathologic finding the presence of
which is related to the risk of periprocedural and post-procedural
adverse neurologic events®.

Impact on daily practice

The use of mesh-covered carotid stents can reduce the incidence
of PP after CAS compared with conventional stents. This pro-
vides one important mechanism in the potential of these devices
to prevent embolic complications during CAS and throughout
the stent healing period.
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