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Safety and Risk Factors of Carotid

Artery Stenting with Simple Distal Filter
Protection: A Single-Center Retrospective
Study

Wataru Shimohigoshi,” Taisuke Akimoto,"? So Ozaki,"? Shuto Fushimi,"? Ryosuke Takagi," Takafumi Kawasaki,’
Koichi Uramaru,’? Junya Tatezuki,” Hiroshi Manaka,” Yasunobu Nakai,? Katsumi Sakata,” and Tetsuya Yamamoto?

Objective: Carotid artery stenting embolic protection devices offer various options, among which distal filter protection
is the simplest and easiest to handle. However, compared to balloon protection systems, distal filter protection has more
embolic complications. Therefore, we explored the risk factors of distal filter protection, intending to achieve a safer
carotid artery stenting. This retrospective study was conducted to identify prognostic factors following carotid artery
stenting with only distal filter protection from July 2010 to June 2021.

Methods: Information on patient background, procedures and devices, and complications was collected using medical
records. The data pertaining to 187 patients were analyzed after excluding the data of patients in whom other protection
devices (8 cases) were used. We used FilterWire EZ as the first choice for embolic protection device and SpiderFX when
the patients had difficult-to-cross lesions.

Results: The patients' mean age was 71.9 + 6.9 years, and 72 (38.5%) were symptomatic. Symptomatic (odds ratio:
2.02, p = 0.035) and difficult-to-cross lesions (odds ratio: 3.63, p = 0.0013) were factors independently associated with
symptomatic complications.

Conclusion: This retrospective single-center study established independent prognostic factors for carotid artery stenting
with distal filter protection. For patients with symptomatic lesions and severe stenosis or bends that are difficult to pass

through, it is necessary to be careful when performing carotid artery stenting with distal filter protection.

Keywords

| Introduction

Recently, protection devices for carotid artery stenting
(CAS) are becoming more complex with several options
available. No device is clearly the best, and randomized
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clinical trials have not shown a clear advantage of any of
the available devices.” Two main types of embolic pro-
tection devices (EPD) are available: distal filter protection
(DFP) and balloon protection system (BPS). Of these,
DFP (41.4%) is the predominantly employed EPD in the
recent Japanese Nationwide Retrospective Multi-Center
Registries study, potentially owing to its ease of maneu-
verability.? However, it has been reported that embolic
complications occur more frequently with DFP than with
BPS,® and various techniques with BPS have been found
useful, especially for patients with unstable plaques.>” In
theory, intricate protection systems are expected to yield
fewer embolic complications. Nevertheless, the complex-
ity of such systems introduces additional procedural steps,
potentially leading to an increased risk of complications.®
Therefore, it is important to understand the risks involved
in simple CAS with DFP and to select target patients care-
fully to ensure adequate safety with a simple procedure.

Journal of Neuroendovascular Therapy Vol. 18, No. 6 (2024) ‘ 155 ‘



Shimohigoshi W, et al.

Furthermore, more complicated systems lead to higher
costs. In Japan, the FilterWire EZ (Boston Scientific,
Natick, Massachusetts, USA; hereafter referred to as Filter-
Wire) was approved for national health insurance coverage
for use in CAS in 2010, and the SpiderFX (Medtronic,
Minneapolis, MN, USA) was approved in 2012.

Since then, DFP has been consistently employed as the
EPD in almost all CAS procedures conducted at our insti-
tution, including those involving unstable plaques. In the
future, various types of DFP are expected to see increased
utilization. The objective of this retrospective study was
to pinpoint the risk factors influencing the outcomes and
complications linked to DFP usage in CAS for patients
with carotid artery stenosis, as well as to investigate secure
indications for CAS with DFP.

[ Materials and Methods

Study design and patient population

This single-center retrospective cohort study explored the
potential risk factors associated with the use of DFP during
CAS. The medical records of patients with carotid artery ste-
nosis who underwent CAS at our Medical Center between
July 2010 and June 2021 were reviewed. All patients who
underwent treatment at the facility during the study period
were included in the study. After excluding eight cases in
which CAS was performed with non-DFP devices, 187
patients were analyzed. Analyzed data included demo-
graphic, clinical, radiological, and treatment-related infor-
mation, including sex, age, comorbidities (diabetes mellitus,
hypertension, hyperlipidemia, and current smoker), symp-
tomatic, stenosis diameter, plaque length, stenosis rate (the
North American Symptomatic Carotid Endarterectomy Trial
criteria [NASCET]), unstable plaque, and complication. We
used preoperative cervical ultrasound examinations to ana-
lyze the plaque structure of all patients. An unstable plaque
is considered dangerous; however, the choice of treatment
method was based on the stenosis rate. We also analyzed
procedural factors (i.e., protection device and stent type)
and complications (i.e., new high-intensity signal on diffu-
sion-weighted imaging [DWI], stroke event, puncture site
hematoma or adverse event, hyperperfusion syndrome, and
systemic complications). The protection device and type of
stent were selected by the Vice Director. Among complica-
tions, stroke was defined as major stroke if it affected mod-
ified Rankin scale (mRS) and minor stroke if it did not, and
new DWI high-intensity signals were classified as a compli-
cation, even if the patient was asymptomatic.
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The study protocol was reviewed and approved by the
Ethics Committee of Yokohama City University Medical
Center, approval number B201100018. Because of the ret-
rospective study design, the Ethics Committee of our Med-
ical Center waived the requirement for written informed
consent, offering participants an opt-out option, as per
the Personal Information Protection Law and National
Research Ethics Guidelines in Japan. The study procedures
adhered to the ethical standards outlined in the 1964 Decla-
ration of Helsinki and its subsequent amendments.

CAS procedure

All CAS procedures were performed under the supervi-
sion of instructors, and the devices were selected by the
instructors. Antiplatelet therapy was initiated more than 7
days prior to the procedure, involving the use of two of
the following agents: clopidogrel 75 mg, aspirin 100 mg,
cilostazol 200 mg, prasugrel 5 mg, and ticlopidine 100
mg. CAS was performed with the patient under local
anesthesia. An 8-Fr guiding catheter was inserted. The
activated clotting time was maintained at approximately
280-300 s with intravenous heparin injection. The guide-
wire and EPD were advanced beyond the lesion, as neces-
sary. FilterWire was the first choice for EPD. If the lesion
was difficult to traverse and required preliminary expan-
sion, SpiderFX was used. The Difficult cross to lesion was
defined as cases with near total occlusion of the stenotic
lesion, complicated ulcerative lesions, cases in which it
was expected that FilterWire could not be guided suffi-
ciently distally due to vascular flexion or in which Filter-
Wire was difficult to guide. These were also determined
by preoperative cerebral angiography or intraoperatively.
The stent was retained after the pre-expansion of the
lesion. Post-expansion was performed for each patient.
The balloon diameter was set at 80% of the diameter
of the internal carotid artery distal to the lesion. Subse-
quently, all inserted devices were extracted, and the punc-
ture site was sealed through compression hemostasis or
hemostatic devices. MRI encompassing DWI, was con-
ducted within 24 h following CAS to assess the treated
lesions. Furthermore, rigorous blood pressure control
measures were implemented post CAS.

Postoperative MRI

Patients underwent preprocedural MRI before CAS, fol-
lowed by a postprocedural MRI within 24 hours after CAS.
All imaging protocols incorporated DWI sequences to
illustrate areas of acute brain ischemia.



Procedural outcomes measures

Complications associated with CAS occurring up to 30
days postoperatively were evaluated; those related to CAS
were categorized as symptomatic or asymptomatic isch-
emia, which was detected by a high signal intensity on
DWI sequences of MRI, intracranial hemorrhage, hyper-
perfusion syndrome (HPS), and systemic complications
(e.g., acute myocardial infarction, acute exacerbation of
chronic kidney dysfunction).

After CAS procedure, optimal medical therapy to
prevent stroke included smoking cessation, blood pres-
sure control, and drugs (i.e., dual-antiplatelets-therapy
[DAPT] and statins). All patients were administered
DAPT for 90 days, with no criteria with regard to specific
antiplatelet drugs to be used; after 90 days on DAPT, the
medication was switched to single-antiplatelet-therapy
(SAPT).

To check the treated lesion, the patients underwent ultra-
sound and MRI on day 30 and 90 after CAS. Thereafter, we
set regular outpatient follow-ups at 6-month intervals.

Statistical analysis

Results are presented as the mean, standard deviation, and
frequency for normally distributed data. For comparisons
between groups, Pearson’s x> and Wilcoxon tests were per-
formed. A log-rank regression model was used to deter-
mine significant differences in clinical variables and CAS
procedural factors between the complication and no com-
plication groups with multivariate analysis. Odds ratios
(OR) and 95% confidence intervals (CIs) were calculated.
A p-value <0.05 was considered statistically significant,
and statistical analysis was performed using JMP Pro 15
(SAS Institute Inc., Cary, NC, USA).

[ Results

Patient characteristics

From July 2010 to June 2021, 195 patients underwent
CAS; eight were excluded due to the use of a different
device in their CAS. Hence, 187 consecutive patients were
enrolled in this study. The mean (£SD) participant age was
71.9 + 6.9 years, and 163 (87.1%) were male. Seventy-two
patients (38.5%) had symptomatic internal carotid stenosis.
The mean diameter of ICA stenosis was 1.33 £ 0.76 mm,
and the mean NASCET was 72.7 + 14.9%. Prior to the
procedure, all patients took >2 antiplatelet agents or anti-
coagulant combinations, and 127 (67.9%) took statins.
Their comorbidities were as follows: hypertension in

Risk and Safety Factors of CSA with Simple DFP

Table 1 Baseline clinical characteristics of patients

Total number of

Characteristics patients (n = 187)

Age (years), mean + SD 71.9+6.9
Sex, male (%) 163 (87.1)
Symptomatic 72 (38.5)
Stenosis diameter (mm), mean + SD 1.33+0.76
Plaque length (mm), mean + SD 15.7 + 6.7
NASCET (%), mean + SD 72.7 +14.9
Hypertension 154 (82.3)
Hyperlipidemia 135 (72.2)
Diabetes mellitus 58 (31.0)
Current smoker 48 (25.7)
Medication

DAPT 170 (91.0)

DAPT + anti-coagulation therapy 17 (9.0)

Statin 127 (67.9)
EPD
Filter type

SpiderFX 10 (5.9)

FilterWire 177 (94.7)
Proximal occlusion (Optimo) 42.1)
Stent

Carotid WALLSTENT 20 (10.7)

CASPER 2(1.1)

Precise 122 (65.2)

Protégé 43 (23.0)

DAPT: dual antiplatelet therapy; EPD: embolic protection device; NASCET:
North American Symptomatic Carotid Endarterectomy Trial; SD: standard
deviation

154 (82.3%), hyperlipidemia in 135 (72.2%), diabetes in
58 (31.0%), and current smoking in 48 (25.7%) patients
(Table 1).

CAS procedures and complications

No patients were treated in the acute phase (i.e., within 14
days after ischemic stroke) and no staged CAS was per-
formed. First, the right femoral artery was punctured; in
11 (5.9%) cases, the brachial artery was considered a more
appropriate access route and was punctured instead.

In all cases, the EPD was DFP, and proximal balloon
protection was used in four cases. The DFP devices used
were FilterWire (177 cases, 94.7%) and SpiderFX (10
cases, 5.3%). A total of 10 cases were identified to have a
difficult cross to lesion. In all cases, the lesions were suc-
cessfully passed using SpiderFX (Table 2). In 9 of these
cases, SpiderFX was used for EPD from the beginning of
the procedure. In one case, FilterWire could not be guided
sufficiently distally due to distal bending of the stenosis.
Therefore, a change to SpiderFX was made intraopera-
tively and the lesion was allowed to pass. The CAS pro-
cedure was performed using an open-cell stent (165 cases,
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Table 2 Difficult to cross the lesion (use SpiderFX)

Case No How to use SpiderFX
1 Used from the beginning
2 Used from the beginning
3 Used from the beginning
4 Used from the beginning
5 Used from the beginning
6 Used from the beginning
7 Used from the beginning
8 Used from the beginning
9 Used from the beginning
10 Initially FilterWire, but changed to SpiderFX

Reason for using SpiderFX
Nearly total occlusion
Nearly total occlusion
Nearly total occlusion
Nearly total occlusion
Nearly total occlusion
Nearly total occlusion
Nearly total occlusion
Possibility of inability to guide FilterWire
sufficiently distal
Complicated ulcerative lesions
Inability to guide FilterWire sufficiently distal

Table 3 Perioperative complications and adverse events within 30 days of CAS

Number (%) of patients

Asymptomatic lesion Symptomatic lesion

Event (n=187) (n=115) (n=72)
New high-intensity lesion on DWI 37 (19.8) 23 (20.0) 14 (19.4)
Major stroke* 7 (3.7) 1(0.9 6 (8.3)
Hyperperfusion syndrome 6(3.2) 2(1.7) 4 (5.6)
Minor stroke 3(1.6) 1(0.9) 2(2.8)
Slow/StopFlow 3(1.6) 1(0.9 2 (2.8)
TIA 2(1.1) 1(0.9) 1(1.4)
Puncture site hematoma or adverse event 2(1.1) 1(0.9 1(1.4)
Death 2(1.1) 1(0.9) 1(1.4)
Acute myocardial infarction 1(0.5) 1(0.9 0
Acute exacerbation of chronic kidney dysfunction 1(0.5) 0 1(1.4)
Total symptomatic complication 15 (8.0) 5(4.4) 10 (13.9)

*Included cerebral infarction and hemorrhage due to hyperperfusion syndrome. CAS: carotid artery stenting; DWI: diffusion-weighted imaging; TIA: transit

ischemic attack

88.2%: Precise, 65.2%; Protégé, 23.0%) and a closed-cell
stent (22 cases, 11.8%: Carotid WALLSTENT, 10.7%;
CASPER, 1.1%) (Table 1).

We achieved stenosis expansion for all CAS cases;
major adverse events (exacerbated neurological symptoms)
occurred in 15 (8.0%) cases. The overall stroke rate was
3.7%; all occurred within 3 days post CAS. One patient
experienced myocardial infarction, and two died due to HPS.
Cerebral infarction (CI) occurred in five patients (2.7%: two
major CI, three minor CI), intracranial hemorrhage in five
patients (in all patients due to HPS, 2.7%) and TIA or minor
stroke in two patients (1.1%). DWI after CAS revealed a
high-intensity area in 37 (19.8%) of 187 procedures.

Among the 115 asymptomatic patients, one patient
experienced intracranial hemorrhage because of HPS, one
experienced minor CI (0.9%) because of subacute in-stent
thrombosis, one experienced TIA (0.9%) within 30 days
after CAS, and DWI obtained 24 h after CAS revealed a
high-intensity area in 23 procedures (20.0%). Among the
72 symptomatic patients, two patients encountered major
CI (2.8%) because of thromboembolic complications; four
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patients experienced intracranial hemorrhages because
of HPS; one experienced TIA (1.4%) within 30 days
after CAS; and DWI obtained 24 h after CAS revealed a
high-intensity area in 14 (19.4%) procedures (Table 3).

Univariate and multivariate analysis of
symptomatic complication risk factor for CAS
with filter-type distal embolic protection

The results of the univariate and multivariate analyses of
symptomatic complications after CAS are presented in
Table 4. Overall, 15 patients had symptomatic complica-
tions after CAS. Symptomatic lesions (complication vs. no
complication; 66.7% vs. 36.0%; p = 0.019), plaque length
(complication vs. no complication; 18.1 +£9.1 vs. 15.5+ 6.4
mm; p = 0.016), and difficult-to-cross lesion (complication
vs. no complication; 26.7% vs. 3.5%; p <0.001) were asso-
ciated with symptomatic complications. In the multivariate
logistic analysis, symptomatic lesion (OR, 2.02; 95% CI,
1.08—4.11; p=0.035) and difficult-to-cross lesion (OR, 3.63;
95% CI, 1.62-8.16; p = 0.0013) were independently asso-
ciated with symptomatic complication of CAS with DFP.
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Table 4 Univariate and multivariate analysis of symptomatic complication risk factors for CAS with filter-type distal embolic protection

Symptomatic Univariate Multivariate
complications analysis analysis
Yes =15 (%) No=172 (%) p-Value Odds ratio (95% Cl) p-Value
Age 73.8+2.6 71.0+0.8 0.340 0.94 (0.85-1.02) 0.171
Sex (male) 13 (86.7) 150 (87.2) 0.951
Comorbidity
Hypertension 15 (100) 139 (80.8) 0.062
Hyperlipidemia 13 (86.7) 122 (70.9) 0.192
Diabetes mellitus 3(20.0) 55 (32.0) 0.336
Current smoker 3 (20.0) 45 (26.2) 0.600
DAPT + anti-coagulation therapy 1(6.7) 16 (9.3) 0.733
Statin 11 (73.3) 116 (67.4) 0.639
Lesion condition
Symptomatic 10 (66.7) 62 (36.0) 0.019 2.02 (1.08-4.11) 0.035
Left side lesion 10 (66.7) 88 (51.2) 0.249
Stenosis diameter, mean = SD (mm) 1.26 £ 0.20 1.33 £ 0.06 0.214
Plague length, mean + SD (mm) 18.1 £ 9.1 155+ 6.4 0.016 0.94 (0.87-1.02)* 0.102
NASCET, mean + SD (%) 75.1 +15.3 725+1.1 0.449
Unstable plaque 6 (40.0) 79 (45.9) 0.959
Treatment
Open cell stent 8 (53.3) 157 (91.3) 0.40
Stent size, mean + SD (mm) 8.4+0.8 8.8+ 1.1 0.236
Stent length, mean + SD (mm) 352+6.4 37.7+51 0.070 1.06 (0.94-1.18)* 0.320
Post-stenting balloon size, median (range) 3.5 (3.0-5.0) 4.0 (2.0-5.0) 0.065 2.18 (0.67-7.32)* 0.197
Difficult-to-cross the lesion (use SpiderFX) 4 (26.7) 6 (3.5) 0.0001 3.63 (1.62-8.16) 0.0013
Catch debris in filter 5(33.3) 71 (41.3) 0.548
Slow/StopFlow 0 3(1.7) 0.606

*Unit odd ratio. p-values less than 0.05 are shown in boldface. CAS: carotid artery stenting; DAPT: dual antiplatelet therapy; NASCET: North American Symp-

tomatic Carotid Endarterectomy Trial; SD: standard deviation.

After excluding the cases with difficult lesion crossing, the
complication rate decreased to 6.2% (11/177). Three patients
with asymptomatic lesions had worsening neurologic symp-
toms by one month, two of whom had HPS, and both cases
required a microwire and microcatheter to cross the lesion.

lllustrative case

An 80-year-old man had an asymptomatic right internal
carotid artery stenosis (NASECT: 81.4%) (Fig. 1A). The
microguidewire and microcatheter were passed through
the lesion and replaced with a SpiderFX (Fig. 1B). We
deployed SpiderFX distal to the lesion just before predila-
tation and maintained the embolic protection device until
the end of the procedure. We performed predilatation with
a 3 x 40-mm PTA balloon. After deployment of Protégé
8 x 4 mm, postdilatation of the lesion was performed with a
3.5 x 20 mm PTA balloon (Fig. 1C). Postoperative angio-
gram (Fig. 1D and 1E) showed dilatation of the stenotic
lesion and intracranial blood flow was unaffected. A few
hours after surgery, the patient became unconscious, and
CT showed intracranial hemorrhage (Fig. 1F).

| Discussion

We investigated the perioperative outcomes in patients
undergoing CAS with DFP, which was FilterWire or Spi-
derFX. We used FilterWire as the first choice for EPD and
SpiderFX when the patients had lesions that were difficult
to cross. Our major finding was that CAS with DFP did
not increase the rate of major adverse events at 30 days,
although it was an independent predictor for complications
in difficulty for FilterWire use.

We chose FilterWire as our first choice. The SpiderFX
was used in cases where cerebral angiography showed that
the stenosis was a difficult cross to lesion. FilterWire and
SpiderFX are filter-type distal embolic protection devices.
The FilterWire is a 0.014-inch filtered guidewire that is
inserted into the vessel and temporarily implanted dis-
tal to the target lesion. On the other hand, the SpiderFX
is a protection device that is a separate system from the
wire. Compatible wires are 0.014—0.018 inch. The filter is
guided after the guidewire has passed through the lesion
first. Even in cases with lesion bends or severe stenosis, the
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Fig. 1
atic severe stenosis of right internal carotid artery. The microguidewire and microcatheter were passed through the lesion and replaced with a
SpiderFX (B). We deployed SpiderFX distal to the lesion just before predilatation and maintained the embolic protection device until the end of
the procedure. After deployment of Protégé 8 x 40 mm, postdilatation of the lesion was performed (C). Postoperative angiogram (D, E) showed
dilatation of the stenotic lesion and intracranial blood flow was normalized. A few hours after CAS, the patient became unconscious and CT
imaging showed cerebral hemorrhage (F). CAS: carotid artery stenting; HPS: hyperperfusion syndrome

features of the SpiderFX allow delicate wire manipulation
and help to pass the lesion. Furthermore it is also very use-
ful in cases of pseudo-obstruction. In these cases, balloon
dilatation may be required for passage of the EPD. This is
not an option with the FilterWire.

In this study, the treatment results were limited to two
types of filter devices to prevent distal embolism. Distal
emboli cause ischemic complications including MRID-
Wi-positive lesions in carotid artery stenting. The DWI
positive rate and ischemic complications in this study
were comparable compared with previous reports. A vari-
ety of EPDs are available, and no superiority in terms of
anti-ischemic efficacy has been demonstrated.!*'? Theo-
retically, Protection system using balloon device should
be superior in preventing distal embolism than using filter
device. But some reports comparing distal filter protection
and distal balloon protection found that distal filter pro-
tection had a lower DWI positive rate.'® A protection sys-
tem using flow reversal or flow stasis, with occlusion of
the ECA and CCA, has been proposed.'#'® Furthermore,
Goto et al. reported a method to further enhance the isch-
emic prevention effect by combining this method with a
filter device.” They emphasized that the method is a safe
technique and applicable to all patients undergoing CAS.®
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lllustrative case using a SpiderFX protection device and resulting in postoperative HPS. Preoperative angiogram (A) shows asymptom-

However, it is questionable whether strict protection is
necessary in all cases, and in our study, many cases could
be treated without complication with simple filter protec-
tion. Hence, CAS might be conducted with an acceptable
level of safety using simple filter protection, provided that
cases presenting evident risks, such as unstable plaques
and challenging lesion crossings, are consciously avoided,
and meticulous case selection is exercised.

A trial comparing carotid endarterectomy and stenting
showed no significant difference in the risk of the composite
primary outcome of stroke, myocardial infarction, or death
between the carotid endarterectomy and CAS groups.'”
However, CAS was associated with a higher risk of stroke
in the perioperative period. Careful patient selection (i.e.,
not performing CAS on high-risk patients) minimizes this
risk. Even when experts perform CAS, embolism remains
the most serious complication.'*'> On the other hand,
cerebral HPS is also a serious complication after CAS.!%19
HPS develops within a few days after carotid revascular-
ization due to an excessive increase in cerebral blood flow
above the metabolic demands of the brain tissue. It occa-
sionally results in intracranial hemorrhage (ICH) with sig-
nificant neurological sequelae.?’?» However, the rates of
HPS (1.1%) and ICH (0.7%) were lower after CAS in the



Japanese Society for Treatment at Neck in Cerebrovascular
Disease (JASTNEC) Study.? Iwata et al.>® reported HPS
and ICH rates of 14.1% and 4.7%, respectively, among 64
patients who underwent CAS. Hayakawa et al.?> reported
HPS and ICH rates of 10.5% and 5.3%, respectively,
among 419 patients who underwent CAS in a multi-center
study. In their study, multivariate analysis showed that
age and use of SpiderFX were significantly associated
with HPS-causing ICH, and they suggested that in elderly
patients with difficult-to-cross lesions, interventions such
as staged CAS may be considered to prevent HPS.?® In
our study, six patients developed HPS. SpiderFX was
used in two of these cases. (i.e., hyperperfusion occurred
in patients with severe stenosis or highly tortuous lesions
that were difficult to cross). This included both symptom-
atic and asymptomatic carotid stenosis, with no significant
differences. Thus, the risk of complications and HPS was
higher in cases requiring the use of SpiderFX.

The second-generation FilterWire Embolic Protection
System has an efficient debris capture potential due to a
110-pm pore filter that permits continuous antegrade blood
flow while maintaining efficient debris capture.'® The
pore size of FilterWire is smaller than that of SpiderFX
(200 pm). Nii et al.?® compared FilterWire and SpiderFX;
they reported that new emboli were found in 29.1% of the
FilterWire group and 40.4% of the SpiderFX group, but this
difference was not statistically significant. The SpiderFX
can follow the micro guidewire after it has passed through
the lesion. Therefore, when a stenotic lesion is too severe for
FilterWire or an anterior dilatation balloon to traverse, the
micro guidewire can be passed through the lesion to allow
the anterior dilatation balloon to pass through and then be
followed by the anterior dilatation balloon or SpiderFX.
Although the degree of stenosis alone was not significantly
associated with complications, CAS in highly stenotic
lesions requires particular attention with regard to the devel-
opment of HPS. Furthermore, in this study, all deaths were
due to HPS. Therefore, CAS should be considered more
carefully in patients with severe stenosis in whom lesion
crossing is difficult. Staged CAS and measures to avoid
over-dilatation of the occluded vessel are also necessary.

Various complex protection methods reportedly avoid
distal migration of plaque fragments, such as a new protec-
tion system using flow reversal or stagnation by occluding
the ECA and CCA and universal protection methods using
a combination of CCA balloon, ECA balloon, and ICA
filter.> 727 However, the costs for these devices are higher;
complex protection costs approximately three times more

Risk and Safety Factors of CSA with Simple DFP

than the CAS method used by us.® Hence, a pertinent query
arises regarding the universal applicability of employing
complex protection measures in all instances, particularly
when considering cost-effectiveness. Herein, we chose a
simple and inexpensive method that resulted in a major
stroke rate of 3.7% and a minor stroke rate of 1.6%. The
BEACH study investigated the outcomes of CAS with dis-
tal EPD using Carotid Wallstent and FilterWire EX/EZ in
patients at high surgical risk for Carotid endarterectomy
(CEA); among 747 patients, the complications were death
(1.5%), stroke (4.4%), and myocardial infarction (1.0%).?®
The CABERNET trial also evaluated outcomes with Nex-
Stent and FilterWire EX/EZ in patients at high operative
risk undergoing CAS; among 454 patients, complications
were stroke (5%), death (4.3%), and myocardial infarction
(4.1%).2 Since the rate of stroke occurrence in our study
was not significantly different from those reported in previ-
ous studies (stroke; 4.4%—5.0%2%?) and the rates of other
complications were also slightly lower in our study, we
believe our treatment was relatively safe.

Our study has several limitations. First, the design was
that of a single-center retrospective study rather than that
of a case-controlled study. Second, we used closed-cell
stents in 22 patients (11.8%) and open-cell stents in 165
patients (88.2%) but did not omit posterior dilatation by
using open-cell stents. Due to the strong stent type bias, we
were not able to examine the differences in complications
between stent types. Third, this analysis could be improved
by a longer radiological and clinical follow-up period to
further evaluate the clinical significance. Finally, there is
a strong device selection bias in using SpiderFX for cases
where lesion crossing is difficult and microcatheters and
micro guidewires are needed to traverse the lesion. Further
study is needed to determine whether staged CAS or CEA
should be used. In past cases, cerebral blood flow assess-
ment by single-photon emission computed tomography
was not always done preoperatively and the study included
cases with inadequate risk assessment for hyperperfusion.

| Conclusion

We believed that CAS could be performed safely with a
simple DFP, although we must take great care for patient
selection. According to our results, while some cases
require complex protection, there are also cases in which
CAS can be performed safely with simple protection.
Thus, we need to make a clear distinction between the two.
Particularly in patients with nearly total occlusion lesions
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or in whom it is difficult to deploy an EPD distal to the
lesion, treatment selection might require careful attention
owing to the risk of HPS.
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