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Abstract

Background: There is a high rate of cerebral microemboli during invasive left-sided cardiac procedures. Cerebral protection may be useful to re-
duce risks. However, intravascular catheters may have risk for forming clot. We sought to evaluate effect of a novel antithrombogenic coating on clot
formation on cerebral protection devices.

Method: Two different types of novel antithrombogenic coated filter materials (A- and S-coated) were evaluated in 3 canines and compared against
uncoated devices. Brain MRIs prior to and after the procedure were done. Catheters were left in the left or right carotid arteries until occluded or for
up to 4.5 hours. Antegrade cerebral blood flow was evaluated and clot occupation rate as a percentage of filter surface area was calculated.

Result: 4 non-coated, 3 A-coated, and 6 S-coated devices were evaluated. 3/4 non-coated catheters occluded over average 20 minutes (min) while
one remained patent for 4.25 hours. 1/3 A-coated catheters occluded due to arterial spasm within 32 min while 2 remained patent over an average
3.5 hours. 3/6 S-coated catheters occluded after an average 29 mins while 3/6 remained patent over an average 4.1 hours. Average clot occupation
was greater in non-coated (53+6%) than S-coated (38+11%) or A-coated (24+19%) catheters (p<0.05). No animals exhibited MRI evidence of mi-
croemboli on post-procedural MRIs.

Conclusion: Cerebral protection devices may be at risk of impeding antegrade flow due to clot deposition, arterial spasm, or mis-sizing. Clot deposi-

tion on filter material used for cerebral protection devices is a risk and novel antithrombogenic materials may reduce this risk.

Keywords: Stroke; Anticoagulation; Interventional cardiology; Microemboli; Thrombus

Introduction

Left-sided electrophysiology procedures, including pulmonary
vein isolation and ventricular tachycardia ablation, are associated
with a 20-40% risk of asymptomatic cerebral microemboli and
as high as a 1-2% risk of transient ischemic attack or stroke [1-
4]. While initially asymptomatic, cerebral microemboli have
been suggested to carry neuropsychologic sequelae in patients
undergoing left-sided ablation procedures (2). Given the increasing

numbers of ablations done for atrial fibrillation and ventricular

@ @ This work is licensed under Creative Commons Attribution 4.0 License | O0JCRR.MS.ID.000640.

tachycardia, approaches to reduce embolic risk have become
of particular interest. One method for achieving this is cerebral
protection devices, which generally consist of a catheter placed in
either the aortic arch or carotid arteries with a deployable mesh-
like filter that can capture any material that may embolize.

The risks of cerebral protection devices, however, includes
potential for impeding antegrade cerebral blood flow, particularly
if the pores in the mesh occlude with clot or other substances. In
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addition, there is a risk of thrombus formation on long-dwelling
intravascular catheters [5, 6]. As a result, novel materials that may
limit thrombus formation to further reduce embolic risk or vascular
occlusion may be useful. We sought to evaluate the feasibility of
using a novel biologically compatible material coating for such
cerebral protection devices.

Material and Method

According to an IACUC approved protocol, three canines were
prospectively evaluated at Mayo Clinic in Rochester, MN.

Procedural protocol

Two different types of novel antithrombogenic coated filter
materials (A-coated and S-coated) were evaluated in canines and
compared against uncoated devices. All canines had brain MRIs
prior to and after the procedure. Catheters were left in the left or
right carotid arteries until occluded or for up to 4.5 hours while
subjects were heparinized to maintain an ACT>300 seconds.
Periodic contrast injections were performed to evaluate antegrade
cerebral blood flow and, after removal of catheters, clot occupation
rate as a percentage of the filter surface area was calculated.

Catheter design and material modifications

The novel filter material consists of a nickel-titanium frame

with a polyester mesh (Figure 1). The filter itself is composed of a
polyester mesh with a novel antithrombogenic polymer coating that
inhibits both enzymatic activity of thrombin and platelet adhesion
(Toray Industries, Inc., Tokyo). Specifically, two different coatings
were used - A-coated and S-coated - which were characterized
by different investigative polymers both capable of inhibiting
thrombin activity and platelet adhesion. Each pore in the polyester
mesh was 100 pm in length on one side. The polyester yarn is 27
um in diameter. The mesh filter is mounted on a self-expandable
nickel-titanium frame to allow the filter to conform to the interior
diameter of each branch artery. The diameter of the frame ring is
4 to 6 mm. The frame ring is connected to a stainless-steel shaft
(0.2mm in diameter) with four polyester threads. A slidable tube
which consists of a polyimide tube (distal part) and stainless-steel
pipe (proximal part) is set over the core shaft. The filter ring can
close when the operator pushes the slidable tube along the core
shaft. The soft tip made from the polyether block amide is then
attached to the distal end of the care shaft. The filter is delivered to
the carotid artery via the femoral artery using a 6 French guiding
catheter. Three different types of mesh were used - 1 non-coated,
and two with the afore-mentioned antithrombogenic coating.
A-coated devices again had a different anti-thrombogenic polymer
than the S-coated devices.
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Figure 1: Design and construction of cerebral occlusion device.
N J

Clot deposition evaluation

The mesh filter was removed from the nickel-titanium flame
of each catheter, and all mesh filter samples were fixed by 10%

formalin solution. We observed all fixed samples by our method
(Figure 2) and calculated clot occupation rate by the following
equation.
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Figure 2: Shown is the construction of the device to visualize the filter mesh and ultimately calculate the clot occupation rate.

Clot occupation rate (%) = the area of clot adhesion/ the overall
area of the filter mesh x 100

Evaluation of the amount of adsorbed fibrinogen in vitro

Briefly, 5mm X 5mm meshes were immersed in human plasma
for 24 hours at 370C and then rinsed with PBS-T (0.05%Tween20/
PBS) 3 times. After immersion in blocking solution for an hour
at 370C and then rinsing with PBS-T 3 times, the samples were
next immersed into PBS-T containing a monoclonal mouse anti-
fibrinogen antibody for an hour at room temperature, rinsed with
PBS-T 3 times, and then immersed into PBS-T containing anti-IgG
mouse goat polyclonal HRP for an hour at room temperature. After
rinsing with PBS-T 3 times, the samples were immersed into TMB
One solution for 5 minutes at room temperature. The reaction
was stopped by the addition of 1N HCI and optical density (OD,

450/595nm) was measured by the plate reader.
Statistical analysis

Categorical variables were compared using a Fisher exact test
given the small number of examples.

Result

A total of three canines were included. There were no acute
complications with vascular access. The sequence of catheter
exchanges between non-coated, A-coated, and S-coated devices
and clot deposition rates are summarized in (Table 1). All canines
maintain an ACT > 300 sec throughout the procedure from initial
catheter deployment to final removal, with average ACT being
321+21.
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Table 1
. ™
Carotid ) . . . . s
artery Coating |Ring size |Patency result and time Clot occupation rate (%)
Right Nan 4mm © 4h and 15min 454
Canine 1
Left S 4 mm O 4h and 15min 343
Right Nan 6mm = 20min 550
Canine 2 |Right A Gmm O :3h and 35min 298
Left S Emm © 4h and 30min 264
Right Nan Bmm x 10min 559
Right A Gmm % :33min 392
Right ) 4mm x 30min 536
Right A 4 mm O 3h and 30min 30
Canine 3
Left 3 Emm = 23min 258
Left S Gmm % :31min 46.0
Left Nan 4mm = 20min 507
Left S 4mm ( 3h and 30min 439
N J

A total of 4 non-coated, 3 A-coated, and 6 S-coated devices other 2 remained patent over 3.5 hours. Of note, in the case of the
were evaluated (Table 2) summarizes time to occlusion of each in 1 A-coated device occlusion, on review of angiography it appeared
each canine.) 3/4 (75%) non-coated catheters occluded based on that there was vasospasm of the carotid artery that was relieved
angiography over an average 20 minutes after deployment with  with nitroglycerin injection. 3/6 (50%) S-coated catheters occluded
the fourth remaining patent for 4.25 hours. 1/3 (33%) A-coated over an average 29 mins after deployment while the remaining 3/6
devices occluded over 32 minutes after deployment while the remained patent over 4.1 hours.
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Table 2

No. Coating pa.tency carotid artery diame- | Ring diameter Coating pa.tency c.arotld artery Ring diameter
time ter (mm) (mm) time diameter (mm) (mm)

Ca’i“‘e Non 4h15min 3.8 4 S 4h15min 3.8 4

Canine Non 34min 16 6 S 4h30min 5.1 6

2 A 3h30min ' 6 - - - -

Non 10min 6 S 26min 6

: A 32min 6 30min 6
Canine 46 46

3 30min 4 Non 20min 4

A 3h30min 4 S 3h30min 4

2/6 S-coated catheters were felt to have occluded due to mis-
sizing of the device while 1/6 had heavy clot deposition. Average
clot occupation rate was greater in coated (53+6%) than S-coated
(38+11%) or A-coated (24+19%) catheters (p<0.05). There was no
significant difference in clot coverage rate between S- and A-coated
catheters. No animals exhibited MRI evidence of microemboli or
other pathology on post-procedural MRIs.

To elucidate the different performance between A-coating
and S-coating, the amount of adsorbed fibrinogen on non-coated,
A-coated or S-coated mesh was evaluated in vitro (Figure 3). There
was no significant difference in the amount of adsorbed fibrinogen
between non-coated and S-coated mesh. On the other hand, about
45% lower adsorbed fibrinogen as compared to non-coated mesh
was observed in A-coated mesh (p<0.05).
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Figure 3: Shown is the amount of adsorbed fibrinogen on non-coated (control), A-coated or S-coated mesh evaluated in vitro.
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Discussion safe. However, any indwelling catheter may carry risk of developing

Development of cerebral protection devices to facilitate invasive
left-sided interventional and electrophysiologic procedures is of
increasing interest given the findings of a significant frequency of
both symptomatic and asymptomatic embolic events [1-4]. These
events may occur irrespective of anticoagulation status either
prior to or during the procedure. As a result, identifying novel
ways to protect against cerebral events during invasive left-sided
procedures may be important.

There are limited studies to date on cerebral protection devices
[7-9]. Devices assessed thus far in small clinical studies appear

thrombus over a surface exposed to the vasculature. Furthermore,
whether deployed in the carotids or the aortic arch, if the mesh or
catch device used to protect against embolic material reaching the
brain occludes, this may result in reduced cerebral perfusion and
potentially watershed or ischemic infarcts due to lack of antegrade
flow. Thus, identifying approaches to protect against these
complications may be useful.

We demonstrate that a novel biocompatible anti-thrombogenic
coating can reduce the rate of clot deposition on catheter surfaces
and permit longer duration of patency in an animal model. Despite
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clot deposition on the mesh material of almost all catheters, no
cerebral embolic events were seen, suggesting that the device itself
was successful in preventing distal embolization. Additionally,
according to the comparison between S-coated catheters and
A-coated catheters, these results suggested that A-coating showed
a better anti-thrombogenic performance than S-coating, probably
due to the ability of A-coating to prevent the fibrinogen adsorption
on the mesh. This is likely directly related to the unique enzymatic
inhibitors used.

One interesting finding from our study was the frequency of
vascular occlusion attributable to events other than occlusion of the
mesh of the deployed catheter. In one out of four catheters that were

coated with antithrombogenic material, the mechanism of vascular

occlusion appeared to be vascular spasm. In two of the remaining
four, it was hypothesized that the mechanism of vascular occlusion
was due to mis-sizing of the device relative to the size of the carotid
artery. A less likely explanation was vascular spasm given the lack of
such apparent findings on angiography. A third possibility was that
contents (eg, thrombus) occluding the mesh may have embolized
during removal of the device and thus were not obvious upon
device removal. However, this is unlikely given the absence of MRI
findings of cerebral emboli. While the post-hoc evaluation of the
non-coated devices suggested that extensive clot deposition likely
led to vascular occlusion, the absence of significant clot burden on
the S-coated devices suggested against this as a cause. In (Figure 4),
we propose one mechanism by which device mis-sizing may have

contributed to apparent vascular occlusion.
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Figure 4: Evaluation of how device mis-sizing may contribute to vascular occlusion. Note the different geometry of the filter mesh within the
smaller vessel which could lead to different flow characteristics past the mesh and potentially also contribute to increased risk of thrombus
formation.
_ J

One thing that is unknown is whether evidence of vascular
occlusion had or would have had any significant neurologic
consequences as neurologic assessments on the canines were not
performed pre-euthanasia. Thus, the incremental clinical benefit
of such devices remains to be seen. However, with increasing
research into subclinical cerebral microemboli during intracardiac
procedures, consideration of novel devices to prevent these events
may prove useful. Furthermore, whether use of anti-thrombogenic
coatings may confer benefit for other indwelling devices, such
as pacing and defibrillator leads, left atrial appendage occlusion
devices or ventricular assist device cannulate, remains to be seen.

Limitations

The most significant limitation of our study lies in the small
number of animals evaluated. Whether similar outcomes would
have borne out amongst a larger number of animals is unclear.
Another limitation is the potential for embolization of material
during device removal which may have resulted in underestimation
of clot deposition on the device surface. This is unlikely given the
lack of apparent embolic events on post-procedural MRI. However,
itis possible that some material may have embolized and dissolved
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thus making assessment of clot deposition inconsistent. In addition,
effects on the carotid intima were not specifically studied, and thus
whether deployment of such catheters could lead to intimal damage
that could, in turn, also serve as a nidus for thrombus formation,
was not studied. Finally, neurologic effects of catheter use in the
carotids - particularly as it relates to transient vascular occlusion -

were not specifically evaluated.
Conclusion

Cerebral protection devices may help protect against
embolism of material during invasive cardiac procedures. Novel
antithrombogenic coatings may allow for a lower rate of occlusion
of the exposed mesh or catchment device while preventing
additional thrombus formation on exposed surfaces. Future
research is required to evaluate the utility of these devices during
cardiac ablation or other procedures in which thromboembolic

events may occur.
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