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ABSTRACT

Introduction: A potential source of recanalization failure with stent retrieval devices is the
consistency of the occlusive material during mechanical thrombectomy/embolectomy for ultra-
acute stroke. The devices that are currently in use, have been evaluated pre-clinically using an
autologous blood clot model of stroke, which may not accurately reflect the subset of organized
and/or calcified emboli such as carotid plaque and ultra-hard cardiac thrombus or cardiac veg-
etations. The purpose of the study was to develop a porcine model of stroke using ethylene alco-
hol mixed with powder (Onyx® embolic agent) to model organized/calcified emboli.

Materials and methods: Twenty five total vascular occlusions were created in three pigs using
Onyx® 18 and 500, as well as autologous clot preparations. Onyx emboli with a diameter of 3mm
ranging in length of 5-12 mm were created. The non-deformable emboli were delivered to the
target vasculature using a novel carotid cutdown technique. The Solitaire FR® device and a
novel stent retrieval device were evaluated for efficacy.

Results: Onyx® 18 and 500 were reliably used to produce thrombolysis in cerebral infarction
0 occlusions in a variety of vascular locations. Onyx®-device interaction was easily visualized
because of tantalum within the ethylene-alcohol co-polymer. A clear difference in efficacy was
seen while comparing the devices with the hard occlusions. The Solitaire FR® failed to remove
Onyx® obstructions in five occlusions.

Conclusion: The use of Onyx® to model organized or calcified hard vascular occlusions pro-
vides a method to evaluate current and emerging technology regarding their ability to remove

these types of ultra-hard obstructions.

Keyworps: thrombectomy, embolectomy, ischemic stroke, clot retrieval, thrombectomy device.

INTRODUCTION

Multiple recent clinical trials have proven the
safety and efficacy of stent retriever thrombectomy
devices in the treatment of acute stroke [Berkhemer
O et al., 2015; Campbell B et al., 2015; Goyal M et
al., 2015]. The Multicenter Randomized Clinical
trial of Endovascular treatment for acute ischemic
stroke in the Netherlands study, with broad inclu-
sion criteria, closely resembles real world experi-
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ence in the use of these devices. It can be revealed
from the outcome data of the above-mentioned
study that there are existing areas of potential im-
provement with the currently available devices.
Thrombolysis in cerebral infarction 2b and 3 (TICI)
recanalization rate was 58.7% and the rate of em-
bolic events in new vascular territories — 9%
[Berkhemer O et al., 2015]. One possible explana-
tion for the treatment failures is the consistency of
the embolus with difficulty retrieving organized or
calcified ultra-hard thromboemboli. The efficacy of
the commercially available devices to remove au-
tologous blood clots in the animal models of stroke
has been conclusively proven [Brekenfeld C et al.,
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2008; Liebig T et al., 2008; Jahan R, 2010; Morda-
sini P et al., 2010; Mordasini P et al., 2011;
Nogueira R et al., 2012; Roth C et al., 2012; Yuki |
et al., 2012]. However, a not well described model
for organized or calcified emboli that would mimic
the embolization of ulcerated carotid plaque or
densely organized cardiac thrombus or vegetations
exists there. A method has been developed for the
modeling of organized or calcified emboli using
ethylene alcohol co-polymer mixed with tantalum
powder (Onyx® liquid embolic system, Medtronic,
Minneapolis, MN) in the standard pig model of
stroke. Using the new model and a standard clot
preparation model we report on the safety and effi-
cacy of a novel stent retrieval device designed to
remove standard and ultra-hard thromboemboli and
compare the FDA approved device most widely
used today, the Solitaire FR® stent retriever
(Medtronic, Minneapolis MN).

MATERIALS AND METHODS

Animal Care: All procedures were conducted
according to the Translational, Testing and Train-
ing Laboratories, Inc. — T3 Labs Standard Operat-
ing Procedures (SOPs) and ethical guidelines of
the Institutional Animal Care and Use Committee.
Three swine (weighing between 28-36 kg) were
used in present study. Animals were housed and
quarantined as per T3 labs SOP and given free ac-
cess to food and water until the night before the
endovascular procedure was performed, when food
was withheld. The animals received preoperatively
Atropine (Med-Pharmex Inc., Pomona, CA) 0.04
mg/kg 1M, to reduce vagal effect, Telazol (Zoetis
Inc., Kalamazoo, MI) 4 mg/kg IM in combination
with Xylazine (Akorn Inc., Marietta, GA) 0.5 mg/
kg IM for anesthesia induction and Buprenorphine
(Patterson Inc., Phoenix, AZ) 0.01 mg/kg IM, for
preoperative analgesia.

After endotracheal intubation, anesthesia was
maintained with 2% to 2.5% Isoflurane (Abbott
Labs, Chicago, IL) in Oxygen throughout all pro-
cedures. After procedure was completed and still
under anesthesia, euthanasia was induced with
KCI (Hospira Inc. Lake Forest IL) 1 mEqg/kg IV.
The procedures were completed over three non-
contiguous days. The procedures were performed
on a fixed single plane angiography system (Sie-
mens, Munich Germany) and a second mobile

C-arm (GE, Fairfield, CT) with road mapping and
angiographic capabilities to provide bi-plane visu-
alization when necessary.

Legacy™ Thrombectomy Device: The Leg-
acy™ (Nashville, TN) thrombectomy device was
designed for the removal of occlusive thrombus in
the setting of acute stroke. The device occurs in
two sizes designed for site specific deployment.
The Carotid T device has a total length of 56 mm
with a 40 mm working distance and a proximal and
distal taper. The device is designed to be used for
carotid T occlusions, proximal M1 main carotid ar-
tery (MCA) occlusions and mid basilar occlusions
where the distal landing zone is either the M1
MCA or basilar artery. The expanded outer diame-
ter (OD) is 4.5 mm and the device can be deployed
in vessels ranging in diameter of 2.5-4.5 mm. The
M1 device variation has a total length of 46 mm
with a working distance of 34 mm. The M1 device
is intended for more distal deployments or smaller
proximal anatomy. The OD of the M1 device is 4
mm and is intended for the use in vessels ranging
in size of 2-4 mm. There are three distinct areas of
thrombus engagement moving proximal to distal
along the device (Fig. 1). Proximally the device
functions as a standard stent retriever, expanding
and compressing the thrombus against the vessel
wall and re-establishing flow across the occlusion
(Fig. 2C, 6C). The flow restoration area measures
9.5 and 12 mm in length for the M1 and Carotid T
devices, respectively. The second area is com-
prised of drop zones, which are oriented 90 de-
grees, offset relative to each other. The offset drop
zones provide 360 degree vessel coverage and are
designed to facilitate thrombus incorporation and
as a means to capture ultra-hard emboli within the
device (Fig. 1, 6D, F). The enlarged drop zones
measure 12 x 4.5 mm and 10 x 4 mm in the Carotid
T and M1 devices. In addition, due to their con-
figuration, the drop zones have a third dimension
of depth which further encourages clot integration
(Fig. 1C). Tandem x-ray markers are oriented on
either side of the device and at the leading edge of
both drop zones providing enhanced feedback to
the operator (Fig. 1 B and D). The drop zone mark-
ers dictate the optimal site of deployment relative
to the distal site of the occlusion and give real-time
feedback regarding device interaction with throm-
bus as the device is being withdrawn (Fig. 1, 2D
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A. Proximal landing zone, flow restoration area.
. This portion functions as a typical stent retrieval de-
vice. Optimal deployment is when the distal edge of the
occlusion is just proximal to the first set of tandem
markers. B. Proximal tandem markers designate the
leading edge of the first drop zone. C. First drop zone.
The third dimension of depth. D. Second set of tandem
markers at the leading edge of the second drop zone.
The ninety degree offset compared with first set of tan-
dem markers. The offset tandem markers provide feed-
back during retrieval with regard to clot location and
orientation to device. E. Second drop zone. F. Closed
ended distal capture basket.

Ficure 1. Legacy™ Thrombectomy Device.

A. Right external carotid artery branch TICI
0 occlusion. B. Legacy device as seen during
retrieval. C. A different occlusion of a separate
external carotid artery branch. Flow restora-
tion through device after deployment. D. De-
ployment with proximal tandem markers at dis-
tal edge of occlusion. Markers are compressed
together as a single point due to the location of
thrombus outside of device. E. After allowing
device to sit and withdrawing a few millimeters,
the tandem markers open up and are visualized
as two distinct points denoting full expansion
and incorporation into the device.

s - & s B
Ficure 2. Autologous blood clot model.
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and E). The third component is a distal capture
basket which is closed ended and is designed to
reduce distal embolization during retrieval (Fig. 6
D and F). The distal tip has an incorporated X-ray
marker. The devices are mounted on a 180 cm niti-
nol core wire which is .018 proximally and tapers
to a distal 23 cm long hyper flexible core-coil wire.

Standard Thrombus Model: Standard autologous
whole blood was used to create two consistencies of
thrombus. A “soft” clot version was created by com-
bining 1 gram of Barium sulfate, 25 IU of bovine
thrombin and 10 ml of autologous whole blood and
incubated at room temperature for 60 min in silicone
tubing (Clinico Medical, Miekinia, Poland) with an
ID of 4 mm [Gralla J et al., 2006]. A “firm” clot prep-
aration was performed by combining 20 ml of whole
blood with 2 grams of barium sulfate and incubating
at room temperature for 120 minutes in 4 mm silicone
tubing [Kan | et al., 2010]. The placement of the
whole blood into silicone tubing is a modification of
the standard clot preparation which was performed to
standardize clot burden by precisely controlling the
diameter of thrombus (Fig. 3).

Organized and/or Calcified Thromboembolic
Model: Ultra-hard emboli were modeled using
Onyx® 18 and Onyx® 500. Onyx® is an ethylene
vinyl alcohol copolymer dissolved in dimethyl sulf-
oxide that was approved by the US FDA in July 2005
as an embolic agent for brain arteriovenous malfor-
mations. The viscosity units are compared to water,
where the Onyx® 18 is 18 times more viscous than
water and the 500 variety is 500 times more than the
viscosity of water [Ayad M et al., 2006]. Onyx® em-
boli were prepared as follows; Onyx® 18 and 500
were agitated on a shaker per manufacturer’s guide-

Ot

lines for 30-45 minutes prior to preparation of the
emboli. Using an 18 gauge needle the Onyx® was
aspirated into a one cc syringe. Silicone tubing with
an inner diameter of 4 mm was prepared by cutting to
a length of 10 cm, filling with saline, placing a cap
tightly on one end and attaching 3 cc syringe of saline
via a connector to the other end. The Onyx® was
then injected into the midpoint of the tubing through
an 18 gauge needle while maintaining turgor pressure
through the attached syringe. The Onyx® was al-
lowed to set at room temperature within the silicone
tubing with physiologic saline for 60 minutes prior to
extraction. The Onyx® casts were then removed
from the tubing by removing the cap and injecting
saline through the syringe. The Onyx® emboli were
then prepared by cutting the cast using an 11 blade
scalpel (Fig. 3).

Thrombus delivery: Two methods were used for
the delivery of clot or Onyx® to the distal vascula-
ture. The first method is the previously described
method of clot delivery through a guide. The autolo-
gous clots were cut into sections ranging from 10-15
mm in length with a diameter of 4 mm, aspirated
into a syringe and injected through the guide cathe-
ter with 2-3 cc of saline and allowed to embolize
distally [Brekenfeld C et al., 2008; Liebig T et al.,
2008; Jahan R, 2010; Mordasini P et al., 2010;
Mordasini P et al., 2011; Nogueira R et al., 2012;
Roth C et al., 2012; Yuki I et al., 2012]. A second
method for embolus delivery was developed to ac-
commodate the non-compressible Onyx® emboli. A
carotid cutdown was performed to expose the com-
mon carotid artery and direct access was used to
place a 12 French sheath into the common carotid
artery (Fig. 4). A ten French introducer sheath with
an ID of 3.3 mm (Cook Medical, Bloomington, IN)
was trimmed distally and used to inject Onyx®
casts and clot directly into the sheath and native
blood flow then carried the embolus distally (Fig.
4A). The Onyx® casts were cut into lengths of 5, 7
and 12 mm, trimmed externally until they fit into the
distal end of the 10 French introducer and injected

Standard autologous clot embedded with Barium
for visualization (white streak) and Onyx® casts
(dark grey) were used to produce vascular occlu-
sions in the study. The relative uniformity of both
the Onyx® and autologous clot due to their forma-
tion in silicone tubing.

Ficure 3. Clot Preparation.
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FiGure 4. Clot injection technique.

into the 12 French carotid sheath with 2-3 cc of sa-
line. Twenty and 40 mm long autologous emboli
were likewise injected through the 12 French ca-
rotid sheath using the 10 French introducer sheath.

Thrombectomy Technique: Technique for the
Solitaire FR® device followed manufacturer’s in-
dications for use and an identical technique was
used for the Legacy™ device. A Cello™ 8 French
balloon guide catheter (Medtronic, Minneapolis
MN) was positioned distally in the common ca-
rotid artery. A Marksman™ .027 microcatheter
(Medtronic, Minneapolis MN) was delivered
across the occlusion using a Transcend™ floppy
.014 microwire (Stryker Kalamazoo, MI) and a mi-
crocatheter angiogram was performed. After de-
ployment, an angiogram was performed through
the balloon guide catheter to evaluate for the flow
restoration. The device was left in a place for seven
minutes at which time the balloon guide catheter
was inflated to occlude proximal flow. At this
point, aspiration was performed through the bal-
loon guide catheter using a 60 cc syringe and the
device and microcatheter were removed in tandem
through the guide catheter. Immediately following
removal, an additional 10-20 cc of blood was aspi-
rated through the balloon guide catheter prior to
reconnecting to heparinized flush and performing
a follow up angiogram to evaluate reperfusion, va-
sospasm and to identify complications.

Selection criteria, grading scales, device selec-
tion, study endpoints: Selection criteria for device
evaluation included a treatable vessel diameter
(>2mm), complete vessel occlusion (TICI 0) and dis-
tal vasculature beyond the occlusion which allowed
ideal deployment of either the Solitaire FR® or Leg-
acy™ device. Recanalization was graded using a

To accommodate the hard non-deformable Onyx®
clots a new method of clot delivery was developed. A. A
ten French introducer sheath was used to load the Onyx®
clots into a 12 French common carotid sheath. The inner
diameter of the introducer is 3.3 mm. B. Access via a
combined femoral and direct carotid access allowed for
standard clot delivery, delivery of ultra-hard emboli as
well as proximal and distal angiography.

modified thrombolysis in cerebral ischemia (TICI)
grading scale as follows; TICI 0 = no flow; TICI 2a =
less than fifty percent filling; TICI 2b= >50% filling
or complete filling, slow flow and TICI 3 = complete
filling, normal flow [Higashida R et al., 2003; Noser E
et al., 2005]. Vasospasm was graded as mild (< 25%),
moderate (25-50%) or severe (>50%) [Grandin C et
al., 2000]. Solitaire FR® device selection was per
manufacturer’s recommendation. The Solitaire FR®
retrievals were performed by an interventionist (RLF)
without financial ties to the Legacy device who has
extensive clinical experience using the device to treat
patients in the clinical setting of acute stroke. Study
endpoints included final TICI score, number of at-
tempts, presence and degree of vasospasm, presence
of angiographic complications (dissection, perfora-
tion) and distal embolization.

RESuULTS

Onyx® ultra-hard clot model: Onyx® 18 and
500 were successfully used to produce ultra-hard
emboli. There were no difficulties in producing
relatively uniform Onyx® casts of 4 mm diameter
silicone tubing (Fig. 3). The Onyx® was easily re-
moved from the tubing with the injection of saline
and the extruded casts were easily cut into sections
using an 11 blade scalpel. The Onyx® 18 casts
were softer and more pliable than the HD 500
casts. The presence of the tantalum powder within
the Onyx® provided excellent visualization of the
entire Onyx® embolus throughout the thrombec-
tomy procedure (Fig. 6B and D).

Direct carotid access embolus delivery: There
were no complications related to the direct carotid
cutdown and access with a 12 French sheath. Im-
mediately after the placement of sheath in both
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Ficure 5. Onyx® embolization via direct carotid access.

animals, there was significant near occlusive local-
ized vasospasm that rapidly cleared with no treat-
ment in one instance and with topical application
of dilute “Papaverine” in the second (Fig. 5A and
B). The technique was allowed for the delivery of
ultra-hard, non-deformable obstructions (Onyx®
500) as well as intact, non-deformed autologous
clots. The placement into the distal common ca-
rotid artery provided a variety of distal occlusion
sites which were localized to internal and external
carotid artery branches (Fig. 5B). A total of eight
and seven occlusions were performed on each of
the sides using this technique.

Efficacy and safety of Legacy™ device and
comparison to Solitaire® FR

Standard clot preparation: A total of 15 autolo-
gous blood clot vascular occlusions were created, 14
were treated with the new Legacy™ device and 1
was treated with the Solitaire FR® device (Table 1).

From the 14 occlusions treated with the Legacy™
device 5 were “soft” autologous clots and 9 were
“firm” autologous clot preparations. The Legacy™
Device achieved complete revascularization from
TICIO0to TICI 3 in one pass in 5/5 “soft” clots in both
10 mm length and 15 mm length. The Legacy™ De-
vice achieved complete revascularization (TICI 0 to
TICI 3) in 7 out of 9 “firm” clots (78%) and near
complete revascularization (TICI 0 to TICI 2b) in the
remaining 2 out of 9 “firm” clots (22%). The two
TICI 2b outcomes with near complete revasculariza-
tion were extra-long clots (40 mm), and these very
long clots were prone to break apart during the embo-
lization/injection of clots and tended to occlude side
branches and embolized to branch points even before

A. Just distal to the 12 French sheath, immediately
after placement of the sheath into the left common ca-
rotid artery, significant vasospasm occurred in both
instances of access. B. The vasospasm was rapidly dis-
sipated and normal distal blood flow was observed
after the application of topical “Papaverine” (in this
case) and spontaneously in another case.

mechanical thrombectomy was attempted. The single
treatment with the Solitaire FR® device was using a
“firm” 20 mm clot and it achieved complete revascu-
larization (TICI 0 to TICI 3). There were no instances
of angiographic complications such as dissection or
perforation. These results suggest that the Legacy™
Device is similar to Solitaire FR® while treating
“soft” and “firm” autologous clots.

Onyx® ultra-hard emboli: Ten total vascular oc-
clusions were produced using either Onyx® 18 or
500 through a direct common carotid artery access
technique (Table 2). All occlusive emboli were ap-
proximately 3 mm in diameter and varied in length
between 5, 7 and 12 mm. The Legacy™ device was
tested in 7 vascular occlusions. In three occlusions
using 5 mm long Onyx® casts the Legacy™ device
produced a TICI 3 recanalization result after a single
pass. In three occlusions produced with 7 mm long
Onyx® casts a TICI 3 result was obtain after a single
pass in one case, after four passes in a second case
and a TICI 2b result was obtained after a single pass
in a third occlusion. In the case of a single 12 mm
long Onyx® embolus a TICI one result was obtained
after three passes. The drop zones and tandem mark-
ers along the length of the device functioned as in-
tended. The Onyx® emboli were visualized dragging
along the external surface of the landing zone, com-
pressing the tandem markers at the leading edge of
the drop zone and falling into the device through the
drop zones (Fig. 6D, E, F). Mild vasospasm was
noted in four of seven treated vessels. There were no
observed angiographic complications such as dye ex-
travasation, perforation or dissection. Overall a TICI
3 result was accomplished in 5 of 7 Onyx® occlu-

o1



OFFICIAL PUBLICATION OF THE YEREVAN STATE MEDICAL UNIVERSITY

Urm A.J. et al. THE NEW ARMENIAN MEDICAL JoUrNAL, VOI.9 (2015), No 4, p.46-55
T4BLE 1.
The summary of results: Autologous clot preparation

Device Il?/feetcﬁgodn %gz (rsrizrr?) TICI pre ELE]I D al\;gés Vasospasm e?rist;tg:i Complications
Legacy Standard  Soft  10x4 0 3 1 Mild No None
Legacy Standard ~ Soft  10x4 0 1 None No None
Legacy Standard  Soft  10x4 0 3 1 None No None
Legacy Standard ~ Soft  15x4 0 3 1 Moderate No None
Legacy Standard  Soft  15x4 0 3 1 None No None
Legacy Standard Firm  15x4 0 3 1 None No None
Legacy Standard  Firm  15x4 0 3 2 Mild No None
Legacy Standard  Firm  10x4 0 3 1 None No None
Legacy Standard Firm  10x4 0 3 1 Mild No None
Legacy Standard Firm  10x4 0 3 1 None No None
Legacy Cs:ﬁgz?k? Firm  20x4 0 3 1 Mild No None
Legacy Csﬁggiir? Firm 20x4 0 3 1 None No None
Legacy C;ﬁg;iw Firm  40x4 0 2b 1 Moderate Yes None
Legacy Csﬁgg?ﬁ Firm  40x4 0 2b 1 Mild Yes None
Solitaire FR Eﬁggﬂ? Firm  20x4 0 3 1 Moderate Yes None

TABLE 2.
The summary of results: Onyx emboli

Oovie__iection Typeof S TICT 1T Mo, Vasspasm DR compiators
Legacy Eﬁ(rec;ttLd 18 5x3 0 3 1 None No None
Legacy gﬁg‘:t'hd 18 73 0 3 1 Mild No None
Legacy Sﬁggttihd 18  12x3 0 1 3 Moderate No None
Legacy Eﬁg[ihd 500 5x3 0 3 1 None No None
Legacy Eﬁgtlr? 500 5x3 0 3 1 None No None
Legacy caotd 500 7x3 0 3 4 Mild No None
Legacy %ﬁ;gﬂ? 500 7x3 0 2b 1 Mild Yes None
Solitaire FR Csﬁg;i'r? 18 53 0 0 1 Mild Yes None
Solitaire FR ~ C&0Ud g 73 0 0 1 Mild Yes None

sheath

Solitaire FR Sﬁg[ir? 500 7x3 0 0 3 Moderate Yes None
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sions, a TICI 2b —in one of 7and a TICI 1 —in one of
7. The average number of passes per occlusion was
1.7 to achieve the result (Table 2).

As a comparison, the Solitaire FR® device was
used in three Onyx® occlusions (Table 2). The Soli-
taire FR® device failed to remove any of the three
occlusions. In two occlusions a single pass was at-
tempted and in one occlusion three passes were com-
pleted. The Solitaire FR® was able to “drag” the
Onyx® along the vessel wall on three of five occa-
sions, even down to the level of the guide catheter in
one instance, but could not incorporate or deliver the
Onyx® embolus into the guide catheter resulting in re-
embolization and re-occlusion of the vessel (Table 2).

DiscussioN

Multiple randomized clinical trials have proven

FiGure 6. Onyx® retrieval by the Legacy™ thrombectomy device.

A. TICI 0 occlu-
sion of a left sided
| external carotid ar-
~ tery branch. B. De-
~ ployment of the Leg-
acy device with off-
set drop zones (de-
noted by internal
markers) distal to
the occlusion. C.
Flow restoration
after the deployment
of the device. D.
Onyx® cast captured
_ within the device
P and at this point lo-
' cated within the dis-
tal capture basket.
- E. Follow up angio-
gram demonstrating
a TICI 3 result. F.
i Onyx® captured
within the device
after the removal
from the balloon
guide catheter.

the efficacy and safety of mechanical thrombectomy
using stent retrieval devices [Berkhemer O et al.,
2015, Campbell B et al., 2015; Goyal M et al., 2015].
Two devices are currently approved for the use in the
United States and several more are approved in the
European Union. All devices pass through animal
model testing during the development and approval
process. The pig model of vascular occlusion is
widely used [Gralla J et al., 2006; Brekenfeld C et
al., 2009]. The models described to date primarily
consist of autologous clot preparation and the consis-
tency, size of clot burden, and preparation affect the
efficacy of the devices [Grandin C et al., 2000; Hi-
gashida R et al., 2003; Ringer A et al., 2004; Ayad M
et al., 2006; Kan | et al., 2010]. Thrombectomy suc-
cess is generally defined as a TICI 2b or 3 revascular-
ization [Berkhemer O et al., 2015; Campbell B et al.,
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2015; Goyal M et al., 2015]. Recanalization failures
seen in recent trials, greater than 40% in the Multi-
center Randomized Clinical trial of Endovascular
treatment for acute ischemic stroke in the Nether-
lands trial are possibly related to the consistency of
the thrombus [Berkhemer O et al., 2015]. All cur-
rently approved devices have demonstrated a high
degree of success in pre-clinical animal trials using
various methods of autologous clot generation [Brek-
enfeld C et al., 2008; Liebig T et al., 2008; Jahan R,
2010; Mordasini P et al., 2010; Mordasini P et al.,
2011; Nogueira R et al., 2012; Roth C et al., 2012;
Yuki | et al., 2012]. A novel stent retrieval device was
designed based on the assumption that device failures
were related to the presence of hard, cohesive, non-
deformable obstructions such as organized and/or
calcified thromboemboli. The Legacy™ thrombec-
tomy device has two large offset drop zones oriented
ninety degrees relative to each other which are de-
signed to allow hard occlusions to fall within the de-
vice as the device is withdrawn along the obstruction
(Fig. 1C, 1E, 2, 6D and F). The distal portion of the
device has a closed end to capture the obstruction
once inside the device (Fig. 6D and F). A new clot
model was developed in order to evaluate the effi-
cacy of the Legacy™ device to remove ultra-hard
obstructions. The aim was to develop a clot model in
which the obstruction is hard and cohesive to simu-
late the embolization of cholesterol plaque and
densely organized cardiac thrombus. Onyx® was
chosen due to the inherent radio-opacity provided by
the embedded tantalum powder, the ubiquitous pres-
ence and familiarity within the interventional com-
munity and the ability to adjust the consistency based
on the viscosity of the Onyx® used. A novel method
of direct carotid access using a 12 French sheath and
a 10 French embolus injector was developed in order
to deliver the non-deformable Onyx® emboli which
allowed for the repeated delivery of uniform 3 mm
diameter Onyx® emboli of varying length (Fig. 4, 5,
6). Autologous clot was also delivered using this
method. In the previously described models for clot
delivery, the clot is introduced through a guide cath-
eter into the target vessel. In effect, a thrombus with
a 4 mm diameter prior to injection is compressed to
the inner diameter of the delivery catheter prior to
reaching the distal vasculature. This compression
during delivery has the potential to deform the throm-
bus and does not match the in vivo mechanism in

which emboli travel from larger diameter vessels to
smaller diameter vessels and become lodged due to
native blood flow.

The recanalization rates obtained using the
Legacy™ device for autologous clot mirror the ex-
cellent results obtained previously with the use of
multiple other thrombectomy devices (4-15) in
present study. ATICI 2b/3 result was obtained in14
of 14 autologous occlusion. However, a clear dif-
ference in efficacy was seen while using the Leg-
acy™ device to treat hard Onyx® emboli as com-
pared to autologous clot occlusions. Although the
ultimate TICI 2b/3 results were similar (12/14
TICI 3 autologous versus 5/7 TICI 3 Onyx®), the
removal of the Onyx® emboli required on average
1.7 passes versus 1.1 passes for the autologous clot
(Table 1 and 2). In addition, the 12 mm Onyx® ob-
struction could not be removed. The drop zones on
the Legacy™ device were functioned as intended,
allowing the hard onyx emboli to enter the inside
of the device (Fig. 6F). However, the failure to de-
liver the 12 mm onyx obstruction was likely due to
the size limitations of the drop zones relative to the
size of the hard obstruction. An even larger differ-
ence in efficacy was identified while comparing
the Legacy™ device and the Solitaire FR® device
using Onyx® emboli. In contrast to the Legacy™
device, the Solitaire FR® failed to capture and re-
move any of Onyx® obstructions.

The inability of current stent-retriever devices to
efficiently capture and remove the subset of ultra-
hard emboli might be the reason behind a signifi-
cant number of revascularization failures seen in the
recently published trials. The Onyx® model of vas-
cular occlusion in the swine model of stroke pro-
vides a method to evaluate emerging technology for
the ability to remove these types of obstructions.

Thus, a model of organized and/or calcified
hard thromboemboli is described for the first time
in literature. This model clearly differentiated the
ability of two different devices to remove hard, or-
ganized and/or calcified thrombemboli. The Leg-
acy™ device achieved TICI 2B/3 recanalization in
6 out of 7 hard occlusions (86%), and the only not
revascularized case was a very long 12 mm hard
onyx mass. The Solitaire FR® device achieved
TICI 2B/3 recanalization in 0 out of 3 occlusions,
even though none of longer more difficult occlu-
sions were attempted with Solitaire FR®.
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