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Abstract

Background: Carotid artery stenting (CAS) has shown equivalent effectiveness and safety from major adverse events compared to carotid endarterectomy. However, the risk

of minor stroke remains higher with CAS. This may be related to the microemboli created during the CAS procedure itself, particularly during post stent dilation. To date, traditional

distal filter-based embolic protection strategies have not been able to completely mitigate the risk of minor stroke. The Paladin® balloon system with integrated embolic protection

(IEP) featuring a 40 Um pore filter was developed to address procedural microembolization.

Methods: A total of 33 patients underwent CAS. Paladin® IEP was used for post dilation per its instructions for use in all cases. To identify new ischemic lesions, diffusion weighted

magnetic resonance imaging (DW-MRI) was performed the same day pre-procedure (baseline) and post procedurally within 48 hours.

Results: Among 33 CAS patients, the mean age was 69.7 * 8.4 years and 84.8% were symptomatic. Mean baseline stenosis was 90.3% and mean lesion length was 16.8 mm.

CAS was performed on the internal carotid artery (63.6% right, 36.4% left) with carotid stents from 3 manufacturers. Procedure technical success was 100%. DW-MRI identified new

ischemic lesions in 7 (21.2%) patients (6 symptomatic at baseline) with a mean lesion volume of 0.044 +0.09 cm3.

Conclusions: Despite 84.8% of patients being symptomatic, the incidence of new cerebral lesions post-CAS detected by DW-MRI in this study was lower than has been

previously reported, suggesting that the Paladin® IEP System’s 40 Um pore size successfully captures smaller microemboli when compared to current filters, preventing these particles

from entering the cerebral circulation.

ABBREVIATIONS

CAS: Carotid Artery Stenting; CEA: Carotid
Endarterectomy; DW-MRI: Diffusion-Weighted Magnetic
Resonance imaging; EPD: Embolic Protection Device; MI:
Myocardial Infarction; NIHSS: National Institutes Of Health
Stroke Scale;

INTRODUCTION

Carotid artery stenting (CAS) is an effective treatment
for carotid artery revascularization on par with carotid
endarterectomy (CEA) in preventing major stroke, as
evidenced by key randomized trials [1-3]. However, the
risk of minor stroke during CAS, although numerically
low, remains higher in CAS vs. CEA [4-9]. This higher risk

is believed to be largely associated with the procedural
aspect of endovascular intervention, specifically during
the post dilation stage immediately following stent
deployment and expansion [10-14]. Studies have shown
that stent post dilation is associated with a higher risk of
peri-procedural stroke and mortality [15]. Post dilation
consists of a percutaneous transluminal angioplasty (PTA)
balloon inflating into the stent covering the atherosclerotic
plaque with high outward radial pressure in an attempt to
maximize luminal gain. However, the process of balloon
deflation and plaque extrusion through the stent struts
may inadvertently create atheromatous particles that
can be distally embolized to the brain. Currently, risk
mitigation is managed by the use of embolic protection
devices (EPDs), but all currently available distal filter
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based embolic protection devices have pore sizes =100
um and several studies have shown that 72% to 90% of
embolic debris released during stent post dilation is < 90
um [14,16,17]. Evidence from DW-MRI and transcranial
doppler have revealed microemboli do indeed reach the
middle cerebral artery in nearly every case even when an
EPD is used, showing a causal mechanistic explanation for
the higher risk for minor stroke with CAS compared to CEA
[18-21]. Although traditional EPDs have demonstrated
effectiveness in preventing large particles from entering
the cerebral circulation, these devices may not prevent all
microparticles from entering the brain [22,23]. EPD filter
malapposition may be one reason for an increased risk of
cerebral embolization if there is a size and shape mismatch
against the arterial wall allowing emboli to evade capture
at any time during the procedure, particularly in more
curved or tortuous carotid anatomies. Furthermore,
microparticles may travel uninhibited if they are smaller
thanthefilter pores[22,23]. Patient or operator movements
during the post-stent dilation might lead to transient
malapposition with distal EPDs [24]. To reduce this risk,
many practitioners have opted to obviate post-dilation
altogether unless absolutely necessary and “double-down”
with dual EPD filtration during CAS by using 2 distal filters
or 1 distal filter in tandem with 1 proximal occlusion
balloon [25-28]. The Paladin® Carotid Balloon System with
Integrated Embolic Protection (IEP; Contego Medical, Inc.,
Raleigh, NC) is a seamless 2-in-1 angioplasty balloon with
an integrated embolic protection filter with 40 pm pores
designed to reduce the number of particles reaching the
brain during the post dilation phase of CAS (Figure 1). In
2019, Langhoffetal., conducted a prospective, multicenter,
nonrandomized study of 106 CAS subjects in whom the
Paladin® IEP System was used and reported initial acute
safety outcomes [17]. The device captured particles in
every filter used, 90% of which were <100 um in size and

MAGNIFICATION
40 pm pores

Figure 1 The Paladin® IEP System 2-in-1 (semi-compliant balloon with nitinol-
based 40 pm embolic protection filter)

demonstrated greater capture efficiency of microparticles
that might have otherwise traveled through filters with
pore sizes of >100 pum, thus ostensibly reducing the risk
of stroke. This current observational series was conducted
in our center to further demonstrate the protective nature
of the integrated 40 pm embolic protection filter against
periprocedural minor stroke and clinically silent new
ischemic lesions on DW-MRI following CAS.

MATERIALS AND METHODS
Study Device

The Paladin® IEP System is a rapid exchange catheter
that uniquely consists of a semi-compliant balloon and a
nitinol-based 40 pm embolic protection filter deployed
in a single step aimed at intercepting debris during
CAS (Figure 2). To facilitate clear identification under
fluoroscopy, radiopaque markers are incorporated on to
both the balloon and filter. The filter can be adjusted in
vivo up to a diameter of 7 mm to customize to individual
patient anatomies.

Carotid Artery Stenting

A total of 33 patients with either a symptomatic carotid
artery stenosis of at least 50% or an asymptomatic carotid
artery stenosis of atleast 70% were included. Twenty eight
(72.4%), patients were symptomatic or had experienced a
neurological event within the 6 months prior to the CAS
procedure. Written informed consent was obtained from
all patients. DW-MRI was obtained the morning before
CAS. The procedure was performed under local anesthesia
with femoral artery access in all patients. Patients were
administered dual antiplatelet therapy with aspirin 100
mg per day and clopidogrel 75 mg per day for at least 5
days prior to the procedure, or they had received a loading
dose of aspirin 500 mg and/or clopidogrel 600 mg by
mouth immediately prior to the procedure. Intravenous
unfractionated heparin was administered during the CAS
to a target activated clotting time (ACT) greater than 250
seconds. A 6F Flexor® Shuttle® Guiding Sheath (Cook
Medical LLC, Bloomington, IN) was advanced into the

Single-step Deplo!

ment and Removal

Close/remove filter
No retrieval catheter

Open filter Post-dilate stent Capture emboli

No filter preparation

Figure 2 Deployment and removal of the Paladin® IEP System.
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common carotid artery using standard interventional
techniques. An Emboshield NAV6™ filter device (Abbott
Cardiovascular, Abbott Park, IL) was placed distal to the
lesion in the extracranial segment of the internal carotid
artery (ICA). Pre-dilation of the lesion was performed at
the discretion of the operator along with the choice of
carotid stent. Post-dilatation was then performed using
the Paladin® IEP System. The operator was directed to
place the balloon entirely within the stented segment so
the filter was immediately distal to the stent while the
balloon was entirely positioned within. The integrated 40
um filter was then expanded in place and wall apposition
was confirmed with fluoroscopy. After balloon dilatation
and deflation, the filter was collapsed, and the Paladin®
IEP System was removed. Patients were discharged with
clopidogrel 75 mg per day for 30 days and aspirin 100 mg
per day indefinitely.

DW-MRI

Within 48 hours post-CAS, brain DW-MRI was
performed to evaluate for the presence of new ischemic
lesions compared to the pre-procedure imaging. MR
images included T1, T2, and DW MRI, using a 1.5-T scanner
(Magnetom Sonata, Siemens, Erlangen, Germany), and
were evaluated by an independent radiologist without
knowledge of the patients’ symptom status. Each set of
images was analyzed for the number, volume, and location
of new ischemic lesions (post-procedure as compared
with baseline). The location of a lesion was defined as
ipsilateral if it was in the vascular territory of the target
carotid artery, otherwise it was defined as contralateral.
Lesion volume was calculated using a method described by
Sims et al. [29].

RESULTS

Baseline patient demographicand lesion characteristics
are reported in Table 1. All patients included in this
imaging study were identified with de novo atherosclerotic
carotid arteries requiring CAS intervention. The mean
age was 69.7 + 8.4 years. The majority of patients were
male (60.6%), 84.8% were symptomatic, and more than
90% of all patients had hyperlipidemia (90.9%) and/or
hypertension (93.9%) that required pharmacotherapy.
Procedure characteristics are reported in Table 2. All
target lesions were located in the internal carotid artery
(ICA; 63.6% right, 36.4% left), which was accessed by a 6F
guiding sheath into the CCA in all cases. 6 (18.2%) patients
presented with severe contralateral carotid stenosis.
Mean lesion length was 16.8 + 5.1 mm. Pre procedure
angiography revealed mean vessel stenosis of 90.3% +*
4.6%. Three different carotid stent systems were used
(Table 2). Pre dilation was performed in 4 cases (12.1%).

Table 1: Demographic and lesion characteristics (n=33).

Characteristic Mean % SD or % (n)
Age, years 69.7 + 8.4
Male 60.6 (20)
Symptomatic 84.8 (28)
Current smoker 9.1(3)
Contralateral stenosis 18.2 (6)
Dyslipidemia requiring medication 90.9 (30)
Hypertension requiring medication 93.9 (31)
Diabetes requiring medication 27.3(9)
Target vessel was ICA 100 (33)
Right ICA 63.6 (21)
Left ICA 36.4 (12)
Stenosis (%) 90.3 £4.6
Lesion length (mm) 168 +5.1
Calcification 30.3(10)
Ulceration 15.2 (5)
Thrombi 0.03 (1)

Values are % (n), n, or mean * SD; Internal carotid artery (ICA)

Table 2: Procedure characteristics.

Characteristic (N=33) % (n) or mean * SD
Stent type
Cristallo Ideale™ (Medtronic, Santa Rosa, CA) 6.1(2)
Protégé” RX (Medtronic, Santa Rosa, CA) 6.1(2)
Xact® (Abbott, Abbott Park, IL) 87.8 (29)
Treatment technical success 100 (33)
Fluoroscopy (n=32)
Time (minutes + SD) 7.3+28
Dose (mean * SD) 10.6 £5.1
Values are % (n) or mean % SD.
Table 3: DW-MRI analysis (n=33).
All Lesions
Subjects with new ischemic lesions 21.2% (7)
Total number of new ischemic lesions 9
Mean lesion volume, cm? 0.044 +0.091
Lesion volume characteristics, cm®
Minimum lesion volume 0.1
Median lesion volume 0.22
Maximum lesion volume 0.29

Values are % (n), n, or mean * SD.

The Paladin® IEP System was used for post-dilation in
100% of patients. The balloon was inflated at a maximum
pressure of roughly 9 atmospheres (atm) averaging 8.8 +
3.8 seconds. Technical success was achieved in all cases
with a mean time under fluoroscopy (FT) of 7.3 * 2.8
minutes at a mean radiation dose of 10.6 + 5.1 cumulative
air kerma (CAK).

MRI-identified New Ischemic Lesions

DW-MRIwasperformed within 48 hours postprocedure
as compared to baseline (Table 3). New ischemic lesions
were identified in 7 (21.2%) patients. All new lesions
were identified in patients who underwent CAS without
contralateral disease. A total of 5 of those 7 patients were
identified with 1 new ischemic lesion; 2 of the 7 had 2 new
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ischemic lesions. Of the 28 symptomatic patients, imaging
revealed new ischemic lesions in 6 of these, whereas
the other 2 patients with new ischemic lesions were
asymptomatic at baseline. Mean lesion volume per patient
was assessed to be 0.044 +0.09 cm3. Clinical symptoms
were not present in any of the 7 patients with new lesions
post-CAS.

DISCUSSION

Although the clinical outcomes of carotid
revascularization are excellent, procedure-related sub
clinical embolization is common, ranging up to 87.1% [30-
32]. The embolic risk during CAS is highest during the stent
deployment and post-dilation phases of the procedure,
with post dilation associated with the highest risk [10-14].
The embolization during post-dilation can be detected by
transcranial Doppler or DW-MRI sequencing. Prior studies
show 72% to 90% of particles released during the CAS
procedure are <100 pm and are smaller than pores sizes
of all currently available distal filters and cell sizes of all
stent types [14,16,17]. It is thus not surprising that all
previous randomized trials comparing CAS to CEA have
demonstrated a higher risk of minor stroke during CAS,
regardless of the combination of distal filter and stent
used [1,2,7,33]. Available filter-based embolic protection
devices (EPDs) used during CAS procedures are beneficial
in preventing large embolic particles from reaching the
brain, but they do not capture all microemboli [22,23].
Highly sensitive transcranial Doppler has shown that
embolic particles reach the middle cerebral artery during
CAS despite the use of filter-based embolic protection
[20]. Embolic particles that are smaller than 100 um might
be most likely to reach the cerebral circulation despite
the use of distal filters (as a result of malapposition or
through the pores of the filter) and may contribute to
the higher risk of procedural minor stroke seen with CAS
[17]. This is supported by Langhoff et al. in 2019, who
reported their initial experience of utilizing integrated
embolic protection with the Paladin® IEP System 40 pm
pores that demonstrated a 30 day death, stroke, or MI
rate of 1% [17]. By design, the Paladin® IEP System 40
um filter captures microemboli less than 100 pum in size,
as validated by histopathology analysis performed by
Langhoff et al. [17]. Furthermore, the filter size can be
dynamically adjusted to an individual patient’s anatomy
to ensure a complete sealing against the carotid artery
lumen, effectively maximizing capture efficiency and
preventing subsequent embolization. Despite 84.8% of
patients being symptomatic, DW-MRI data in the present
study indicate the incidence of new lesions when CAS
was performed with the 40 um integrated filter occurred
in 21.2% of subjects (7 of 33), which is comparable with

CEA (17%) [34], and significantly lower when compared
to a single distal filter protection (87.1%) [32], proximal
protection (45.2%) [39], or mesh covered stents (48%)
[35]. The mean lesion volume per patient of 0.044 + 0.09
cm3 was 10-fold lower compared to patients with single
distal filter protection (0.47 cm3) [32]. In addition to
enhanced procedural embolic protection, the integrated
semi-compliant angioplasty balloon reduces the number
of catheter exchanges, further reducing procedural time
and risk. In 2023, safety and effectiveness data were
reported in the PERFORMANCE II study that evaluated
the Neuroguard IEP® 3-in-1 System (Contego Medical, Inc.,
Raleigh, NC). Neuroguard IEP® is composed of a carotid
stent, post-dilation balloon, and an integrated EPD, the
same 40um filter featured in Paladin® IEP System [36].
This prospective, multicenter, single arm study evaluated
outcomes in 305 patients who were at elevated risk for
adverse events (composite of death, stroke, and MI)
enrolled across 32 centers in the US and Europe. The
study found the rate of all stroke to 30 days plus ipsilateral
stroke from day 31 to 12 months post-index procedure
was 1.8%, which is the lowest stroke rate ever reported
among any type of revascularization (CAS, TCAR, or CEA)
[36]. There is a growing body of evidence suggesting that
microembolization during CAS may have a negative impact
on neurocognitive function. To this end, Hitchner et al.
reported in 2016 that microembolization predicted short
term transient cognitive decline in a population of both CAS
and CEA patients (40 patients per group) [31]. The impact
on longer-term cognitive and executive functioning has
been unclear. To address this, Zhou et al. [37], conducted a
study to determine if silent brain infarct (SBI) volume was
associated with long-term cognitive changes. This study
prospectively recruited 119 patients who underwent
clinically indicated carotid revascularization for severe
asymptomatic and symptomatic stenosis and evaluated
them with rigorous brain DW-MRI pre and postoperatively,
along with cognitive battery tests at pre-op, 1-, 6-, and
12-month post-CAS. They found that when the size of SBIs
was correlated to memory function, patients with medium
and high infarct volumes showed significant memory
deterioration, whereas those with lower SBI volume did
not experience the same extent of cognitive impairment
[37].

Study Limitations

There are several limitations worth noting. This was a
single-arm, nonrandomized study with no active control
group. While the Paladin filter and a primary filter were
used in all cases, a variety of stents were employed from
different manufacturers (all nitinol bare stents), hence an
analysis of stent-specific differences was not undertaken.

Ann Vasc Med Res 12(1): 1187 (2025)

4/6



@SCiMedCentra]

Brinkmann C, et al. (2025)

Radiographs were read by a radiologist blinded to
patient and surgical details, and was later reviewed by
the surgeon, however interrater agreement was not
implemented in the study protocol. Cognitive impairment
and other neurofunctional testing were not implemented
in the protocol. DW MRI has been the imaging modality of
choice to detect ischemia in patients undergoing carotid
procedures and demonstrated sensitivity and specificity
in identifying procedure-related microemboli, even if
used intraoperatively, however, its limitations have been
documented [38-40].

CONCLUSION

In this study, the use of the novel Paladin® IEP System
demonstrated a low number of new ischemic cerebral
lesions post-CAS on DW MRI and compres favorably
to historic TCAR and CEA MRI studies [30,32,41,42].
These findings suggests that the Paladin® IEP System
with its integrated 40 pm filter reduces the number of
microembolic particles reaching the brain during CAS.
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