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MV 139318-584
ASSIGNMENT

WHEREAS, I/We, SHANNON MAGUIRE, JESSICA LIANG, WENDY GRACZYK
BEUTHIN, TIN LUONG-UHL and PETER SYOLIMAN, the ASSIGNOR(S) hercin, has/have
invented certain new and useful inventions disclosed in a Provisional application for United States

Letters Patent entitled Vessel Occluder filed ___June 10, 2016  as Application Serial

No. _62/348,729 ; a Nonprovisional application for United States Letters Patent entitled Vessel
Occluder filed _June 9, 2017 as Application Serial No. _15/619,296 ; and in an International

Patent Application entitled Vessel Occluder filed _June 9, 2017 as International Application
No. _PCT/US2017/036872 ; and
WHEREAS, TERUMO CORPORATION, a Corporation organized and existing under the

laws of Japan, having a place of business at 2-44-1 Hatagaya, Shibuya-ku, Tokyo, 151-0072 Japan,
the ASSIGNEE herein, desires to acquire the entire right, title and interest in and to said inventions,
applications and Letters Patent to be granted and issued thereon;

NOW, THEREFORE, for and in consideration of the sum of One Dollar ($1.00) by the
ASSIGNEE to me paid, and other valuable consideration, the receipt and legal sufficiency all of
which is hereby acknowledged, I/We, the said ASSIGNOR(S), has/have sold and do hereby sell,
assign, transfer and set over unto said ASSIGNEE, its successors and assigns, the entire right, title
and interest in and to said inventions and all improvements thereon, in and to said application for
Letters Patent thereon, in and to applications pertaining to or based upon said inventions and
applications, including divisional and continuing applications and continuations-in-part, and in and
to any and all Letters Patent which may be granted and issued on said inventions and applications,
or any of them, not only for, to and in the United States of America, its territories and possessions,
but for, to and in all countries foreign thereto, together with and including all priority rights based
upon any and all applications in the United States of America covered by this Assignment.

And for the above-named considerations, I/'We do hereby agree that I/'We will, at the
request of said ASSIGNEE, execute any and all applications for Letters Patent for said inventions
and any and all other papers and documents and do all other and further lawful acts that said
ASSIGNEE may deem necessary or desirable to obtain Letters Patent on said inventions, to secure
the grant of such Leliers Patent and to perfect and vest in the ASSIGNEE the entire right, title and

interest in the inventions, applications and Letters Patent.
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And for the above-named considerations, I/'We do hereby authorize and empower the
ASSIGNEE, its successors and assigns, to apply for and obtain, in its or their own names, Letters
Patent for the said inventions before competent International Authorities and in any and all
countries foreign to the United States in which applications for Letters Patent can be so made or

Letters Patent so obtained.

DATED at , this day of .20
(City, State)
Name: Shannon Maguire
DATED at Ahss Viejo . CA ,this 2/ dayof _ March 20 (8.
(City, State) e ' -
Cemea xﬁ;
Narne: 7 Jessica Liang ¥
DATED at Alise N wie B ,this 28 dayof March ,20 /8 .
(City, State) J 7
Name: Wen@Gra‘czyk Beuthin
DATED at 14'[:(39@ Welo CAa ,this 2/ dayof Mearc A , ZOC&
(City, State) i :
Name: TitM_uong-Uhl
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DATED at . tiis day of L2,

{City, Staley

Name: Peter Solinan
ACCEPTED BY:
DATED 2t Tekye Japan Jthis 7 dayof  Tuly , 2074
{City, State) ¢ d g

TERUMO CORPORATION
2-44-1 Hatagaya, Shibuya-ku

Tokyo, 151-0072
JTAPAN

By:

. Jegt
Titls: De T
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Invention Disclosure and Assignment

FOR LAW DEPARTMENT USE ONLY

tovention Record No. o™= ¢

Submifted by Date

Shannon Maguire 31772018

This form is for the reporting and assigning to MicroVention, Inc. any naw thing or idea which might be patentable for the purpose of securing legal
opinion or assistance in a legal proceeding. Plsase turn this form into the Legal depariment after completion.

Title:
Self-Flattening Internal Single Wire Mesh Occluder

Inventor(s) (attach additional pages as necessary)

Name Employee

No.
Shannon Maguire 2011
Residence Citizenship
503 Alabama St Huntington Beach CA 92648 USA
Name Employee

o 2123
Peter Seliman
Residence Citizeniship
11 Via Qlorosa, Rancho Santa Margarita CA 92688 USA
Name Employee

No.
Residence Citizenship
Name Employes

’ No.

Residerice Citizenship
jame Employes

No.
Residence Citizenship

Identify any previously filed Invention Records, by the same or other inventors, that directly relate to the present invention:
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invention Disclosure and Assignment

DETAILED DESCRIPTION OF INVENTION: Provide a description of the idea and any possible variants. Include
drawings, sketches, or photographs with a complete explanation. For chemical or process ideas give examples in
sufficient detail to carry out the process or reaction. Attach any relevant tast data, test racords, drawings, or other
data. Indicate the notebook number and pages where data is recorded and attach photocoples of the relevant pages.

Background:

Peripheral Occlusion devices function as a means to stop blow flow with one single device. These
devices are used for indication ranging from trauma to GDA embolization. Occlusion devices can be
put in both high and low flow areas and therefore must have sufficient radial force. Many of these
indications require to get very distal in the vasculature and therefore may require use of a
microcatheter. Expected occlusion time is preferred by Physicians for under 2 minutes.

Competitions:

Competitors on the marker, such as St. Jude's Amplatzer plugs, have been known to have less than
optimal occlusion time. These devices consist of a single or double mesh layer of Nitinol heat set in
different orientations. These specific devices have also been known to be categorized as too stiff
during tracking through a catheter. They are also only compatible with 4F and above. Another
competitor, MVP by Reverse Medical, has taken over a large portion of the marker share. This
specific occlude is composed of a laser cut nitinol cage covered in ePTFE. The comments about this
device are that its occlusion time ranges from immediate to 7 minutes plus. 1t has the ability to be
microcatheter compatible, but has minimal sizes. This device has also been known to migrate when
put into high flow areas.

Proposed Design:

In this claim Nitinol wire will be used to create a heat-set shape, which will fold down on itself during
deployment (see picture below). A thicker mesh braid will be used in a specified containing shape
{see image below) to cage the nitinol heat-shape member so that a short landing zone is achieved.
The Nitinol shaped internal member will have certain areas of stress, which will cause it fo
consistently fold in the same orientation. This stress can be applied by the following techniques:
rofling so the wire becomes flat, selectively etching the wire to a smaller diameter, or heat setling the
wire to form {o the shape. The intemal single wire shape will be covered in a type of mambrane
{(eptfe, silicone, polyurethane, etc) which will provide a barrier to blood in the vessel and therefore
cause blood stasis and eventually occlusion. The internal member will be set inside the heat shaped
mesh and secured by two radiopaque markers on each end. This entire implant will be attached to
the V-trak detachment system.
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invention Disclosure and Assignment

FOR LAW DEPARTMENT USE ONLY

invention Record No.

Submitted by Date

Shannon Maguire 9/29/2015

This form is for the teporting and assigning to MicroVention, Inc. any new thing or idea which might be patentable for the purpose of securing legal
opinion or assisiance in a legal proceeding. Please tum this form inio the Legal department after completion.

Title:
Thin Film Nitinol Mesh Occluder

inventor{s) {attach additional pages as necessary)

Name Employee
No.
Shannon Maguire 2011
Residernice Citizenship
503 Alabama St Huntington Beach CA 92848 USA
Name Employee
Wendy Graczyk (’/\ i vol. Iy A,ﬁ:(v&..ﬁ.\«.-.,. L«
Residence J t A4 Citizenship
L‘? "&\(\ Via \‘} Ak v o K_':,&c-\, Ci\myua.‘jﬁ C# T2l USA
Narne Employse
No.
Residence Citizenship
Name Employee
No.
Residence Citizenship
Name Employee
No.
Residence Citizenship

identify any previously filed Invention Records, by the same or otherinventors, that directly relate to the present inventior:
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invention Disclosure and Assignment

DETAILED DESCRIPTION OF INVENTION: Provide a description of the idea and any possible variants.  Include
drawings, sketchas, or photographs with a complete explanation, For chemical or process ideas give examples in
sufficient detaill to carry out the process or reaction. Attach any refevant test data, {est records, drawings, or ather
data, Indicate the notebook number and pages where data is recorded and attach photocopies of the relevant pages.

Background:

Peripheral Qcclusion devices function as a means fo stop blow flow with one single device. These
devices are used for indication ranging from trauma to GDA embolization. Occlusion devices can be
pul in both high and low flow areas and therefore must have sufficient radial force. Many of these
indications require to get very distal in the vasculature and therefore may require use of a
microcatheter. Expected occlusion time is preferred by Physicians for under 2 minutes.

Competitions:

Competitors on the marker, such as St. Jude’s Amplatzer plugs, have been known to have less than
optimal occlusion fime. These devices consist of a single or double mesh layer of Nitinol heat set in
different orientations. These specific devices have also been known to be categorized as oo stiff
during tracking through a catheter. They are also only compatible with 4F and above. Another
competitor, MVP by Reverse Medical, has taken over a large portion of the marker share. This
specific occlude is composed of a laser cut nitinol cage covered in ePTFE. The comments about this
device are that its occlusion time ranges from immediate to 7 minutes plus. It has the ability to be
microcatheter compatible, but has minimal sizes. This device has also been known to migrate when
put into high flow areas.

Proposed Design:

In this claim a thin film Nitinol structure (see image below) will be created by an outside vendor to be
placed in a mesh cage. The thin film nitinol structure will serve as the main occlusive power of the
device. The nitinol membrane will consist of a 2.5 dimensional shape which will sit in the cross
sectional area of the vessel and occlude blood flow. The nitinol membrane is § microns thick with
mesh pores ranging from 10-20 microns thick. Different thickness of the nitinol will aid in the
collapsibility of the device. The thin film will be sputtered onto a mask in layers by a third part vendor.
The think film member will be placed inside of a braid and enclosed on both ends with marker bands.
The mesh member will be heat set in a shape which will allow for a small landing zone as well as high
radial force.

. - § (..\ o L ¢
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invention Disclosure and Assignment

FOR LAW DEPARTMENT USE ONLY

invention Record No.

Submitted by Date

Shannon Maguire 9/29/2015

This form is for the reporting and assigning lo MicroVention, Inc. any new thing or idea which might be pateniable for the purpuse of securing lagat
opinion or assistance in a legal proceeding. Please turn this form into the Legal deparntiment after completion.
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Inventor{s} {aftach add!txmai pages as necessary)

Name Employee
Na.
Shannon Maguire 2011
Residence Citizenship
503 Alabama St Huntington Beach CA 92648 USA
Name Employee
No.
Residence Citizenship
Nams Empioyes
Nao.
Residence Citizenship
Name Employee
No.
Residence Citizenship
Name Employee
No.
Residence Citizenship

identify any previously fited Invention Records, by the same or other inventors, that divectly relate to the present invention:
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Signature of inventor Date
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Invention Disclosure and Assignment

DETAILED RDESCRIPTION OF INVENTION: Provide a description of the idea and any possible variants. Include
drawings, sketches, or photographs with a complate explanation. For chemical or pracess ideas give examples in
sufficient detail to carry out the process or reaction. Attach any relevant tast data, test records, drawings, or other
data. Indicate the notebook number and pages where data is recorded and attach photocopies of the ralevant pages.

Background:

Peripheral Occlusion devices function as a means to stop blow flow with one single device. These
devices are used for indication ranging from trauma to GDA embolization. Occlusion devices can be
put in both high and low flow areas and therefore must have sufficient radial force. Many of these
indications require to get very distal in the vasculature and therefore may require use of a
microcatheter. Expected occlusion time is preferred by Physicians for under 2 minutes.

Competitions:

Competitors on the marker, such as 8. Jude’s Amplatzer plugs, have been known to have less than
optimal occlusion time. These devices consist of a single or double mesh layer of Nitinol heat set in
different orientations. These specific devices have also been known to be categorized as too stiff
during tracking through a catheter. They are also anly compatible with 4F and above. Ancther
competitor, MVP by Reverse Medical, has taken over a large portion of the marker share. This
specific acclude is composed of a laser cul nitinol cage covered in ePTFE. The comments about this
device are that ifs occlusion time ranges from immediate {o 7 minutes plus. It has the ability to be
microcatheter compatible, but has minimal sizes. This device has also been known o migrate when

put into high flow areas.
Proposed Desigm

In this claim a thin membrane collapsible structure, such as thin film Niti or ePTFE (see image below)
will be used to bunch inside a mesh cage. The thin film nitinol structure will serve as the main
occlusive power of the device. The thin membrane will be atlached to a spring, which will be aftached
to either end of the finished device (compacted inside of the end marker bands). There will be
multiple layers of the thin membrane along the length of the spring. When the device is stretched
down {o be loaded into the catheter the thin membranes will collapse sequentially. When the device
exits the catheter the spring will snap back into its relaxed state bringing the thin films along with it to
layer upon each other. The thin layers will provide a membrane which will serve as the occlusive
aspect of the design. The mesh braid which captures the entire spring subassembly will serve fo
provide wall apposition and radial force as well as shape determination. The twe marker bands on
either side of the finished device will capture the spring.
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REEL: 046637 FRAME: 0745




5\0?'?‘03 d&ﬁ\é‘h @ceiudsg S

e T
[

taesh de8ly (NGO COMe te "

o bad / n CS}'\
SETCHHE R ""7_”‘:?'7’
10000 007 2.2 09 00T
&  Jjenap e
pAce e

evaal s pomg

Cx0ss QeOne

{ OX\«Q‘ /

,\V\ \\O
A
P"‘V}f
@i;g@/ é\% et

/1

J«‘ﬂi"‘

oo
>0Y"'K, N@;\%ﬂ/{f‘é

“gned dodce,

WNoafis

Hatn W s youne, g_@_{\g,\,)

N ‘\'\f‘g 7
/EEQYT_L\,}NO\)/‘H (\0\-"
7;7 I \ £or SQ(\r\d

- IV/—\\( ,

PATENT
REEL: 046637 FRAME: 0746




5P desig @@wﬂ
R ——

Mest He3Yy

0000 00g 1 200 90
& jonapf
back

Neyaad s privg

! Hipstoror”
S0 S S

gz/; ¥ ‘\;\Q/S\f\

fliny

o nig
v
) W
i#]

INSOL  COHAe 58

W

—3

Vi, ()ﬁ'ﬁ(y
e
i o

exnore
N\ngg)ls

ovyady/ \’QKC\K@.CQ«‘

&

o i) Oy

&

Haln Wabyoung @D@

EBT—\& A”"’ Ynrpign NOL
LAY W

PATENT

Waa/ls B

REEL: 046637 FRAME: 0747




eenan

2 - N NN b
SN N }\\\\-‘

Invention Disclosure and Assignment

FOR LAW DEPARTMENT USE ONLY

Invention Record No. S T A

N N
N

Submitted by Date

Shannon Maguire 6/11/2015

This form is for the reporiing and assigning fo MicroVention, Inc. any new thing or idea which might be patentable for the purpose of secuwring legal
opinion or assistance in a legal proceeding.. Please turn this form into the Legal department after complefion.
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Inventor(s} (attach additional pages as necessary)

Na\me Employee
Shounemeny Magoice Noo 2oy
Residence ) Citizenship
503 adoouma &y Vunhrgoneacn O 2% U3A
Name ¢ ! ' Employee

Na.
Residence Citizenship
Name Employee

No.
Residence Citizenship
Name Employee

No.
Residence Citizenship
Name Employes

No.
Rasidence Citizenship

identify any praviously filed Invention Records, by the same or other inventors, that directly refate to the present invention:
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Invention Disclosure and Assignment

DETAILED DESCRIPTION OF INVENTION: Provide a description of the idea and any possible variants. Include
drawings, sketches, or photographs with a complete explanation. For chemical or process ideas give examples in
sufficient detall to carry out the process or reaction. Attach any relevant test data, test records, drawings, or other
data. Indicate the notebook number and pages where data is recorded and attach photocopies of the relevant pages.

Peripheral embolization plugs are intended to block the rate of blood flow in high flow peripheral
vessels with one device. The indications of this product can range anywhere from trauma to total
vessel occlusion. The design in this disclosure is intended to have a quick occlusion time by using a
fine pored mesh inner technology covered by a “cage-like” outer technology, which will use polymer
{zigheres fo assist in occlusion time as well as neointimal growth. In the past, Nitinol has been used to
v mesh-like plugs; however the corrosion factor of the Nitinol and the gel would require multiple
post processing steps. Therefore, PEEK or another polymer with heat-shaping technology would be
used to create this design. Polymer spheres will be threaded along the outer cage polymer bands,
which will swell in the presence of the pH of blood. Both layers of the device would be pulled together
and held down at each end with marker bands. This claim will also include covering the inner pored
mesh with PET to create more surface area covered and therefore a quicker occlusion time,
Drawings of the devices can be seen below.
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FOR LAW DEPARTMENT USE ONLY

invention Record No. {5 3% &

Submitted by Date

Shunnen Maguicc 8/21/205

This form is for the reporiing and assigning to MicroVention, Inc. any new thing or idea which might be patentable for the purpose of securing legal
opinion ar assistance in a legal proceedirg Please turn this form into the Legaz department after comp!eilon

inventor(s) (attach additional pages as necessary)

Name Employee .
NN Mﬁﬁmw‘& Noo T 2OV
Residence Citizenship
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DETAILED DESCRIPTION OF INVENTION: Provide a description of the idea and any possibie variants. Include
drawings, sketches, or photographs with a complete explanation. For chemical or process ideas give examples in
sufficient detail to carry out the process or reaction. Attach any relevant test data, test records, drawings, or other
data. Indicate the notebook number and pages where data is recorded and aitach photacopies of the relevant pages.

Peripheral embolic plugs are designed to be deployed within a blood vessel and prohibit blood flow.
These devices are intended {o be single use and occlude the target vessel with a single device. The
intended indications for this device range from trauma applications to total vessel occlusion such as in
PAVMs (pulmonary arteriovenous malformation). Compstitors, such as EV3, use a laser cut nitinol
basket coated in ePTFE to stop blood flow. Another competitor, St. Jude, uses different Nitinol mesh
designs to prohibit blood flow through the device. The designs in this disclosure will use a nitinol wire
formed structure as an interal structure as well as a mesh outer structure. The internal member will
be coated in a material to add occlusive properties to the device. This design will address current
issues of migration and sheared coating. The internal member will be used to increase radial force as
well while the cuter member will protect the coating from shearing. This will be a single device and
will have its own detachment system.

A) Claim - Internal Laser Cut

a. An internal laser cut nitinol structure will be used to provide radial force to the overall
device. A coating, in this case ePTFE, is added to the internal structure to provide a
pocket where blood will pool and clot within the body. Other materials such as polyester,
bioweb, and polyurethane will also been captured within this claim. The mesh structure
will be heat set in a specific shape {sphere, cylinder, or hourglass) to provide betier
stability in the vessel. This device will be fully retractable and be attached to Virak (or a
similar) detachment system. See Image 1 for more detail of the device.

B) Claim lI- Internal Clover Design

a. The internal structure of the device will be developed using wires of nitinol (or another
heat shape memory material) to provide radial force as well as a structure to coat (see
Image 2). The clover will be developaed by using 4 individual wires, which will be laser
welded together at the tip in a marker band. These 4 wires will then be heat set fo
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make the flat, open face clover design. This structure will be coated in polyester,
ePTFE, or aslike materials (see Image 3). The coated clover member will then be
inserted into a mesh structure (Images 4 and 5), which will be heat set priorinto a
specific shape. The two structures will be secured together at both ends with marker
bands. This device will be full retractable and attached to Virak {(or a similar)
detachment system. See Images 2, 3 and 4 for more detail of the device.

images 4 and 5
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