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*A-clot retrteval systern for removing occlustve glot froan a blood vessel”

Field of the Invention

5 Thivnveniion relates to devices intended for removing acute blockeges fromy blood vessels,
Acute ohetructions may include clit, misplaced devices, migrated devives, farge embeli and the
fike, Thromboembolism occurs when part or all of a thrombus breaks awsy from the blood
vessal wall. This clot {novw called an snabolusy v then carrjed in the divection: of blaed flow. An
jschemie stroke may resuit i the clot fodges in the cerebral vaseulature. - A pulmonary smbolism

{t may resudt if the clot originates in the venous systent of b the ¢ g‘é‘}t side of the heart and lodges
i 2 pulmonary avtery o branch thereof,  Clots may abo develop and block vessels locally
without being released in the form of an embolus - this mechanisat is common in the formation
of covonary blockages.  The invention s particularhy suited to removing clot from cerebral
arteries in patients suffering acute ischemic sirske {ATS), from coronary native or graft vessels in

1§ patients suffering from myocardial infarction (M1}, and fromy pulmorary avteries in patients
suffering from pulmonary ssobolism (PE) and from other peripheral arterial and venous vessels

i wwhich clot is causing arcosclosio

ckeround
¢ Despite a wealth of information in the literature on the clotfing caseade and on the biochemistry
and ctiology of thrombus in bumans, remarksbly fitle information is available on the physical
and mechanical properties of this naterial. These propertis are very pertipestt (o the interaction
between thrombus and elot retrieval catheters and devicss and the surrounding vasculutare
during reechanical thrombectomy of vessels ovcluded by thrombus material. Through extensive
25 experimentation and research into thrombas material the lnventors have discovered aspecis ot the
properties and hehaviour of certaln clot/thrombus types that belp to explain why t clob types
can be particolarly challenging to retriove.  Some of these findings ave (iess:.ribed i’ owr

WO2012/1204904, the entire contents of which are hereln incorporated by referenice.

Clot is essentially a lving polymer, comprising 8 matrix of intertwined and cross linked fibrin
strands within which are situsted red and white biood cafls, platelets and mumsrous atber proteins
and components. The jnvertors bave discoverad that the mechanical properties of a clot are
strongly influenced by the relative percentages of fibrin and red blood cells, and that clots with a

high (and highly organised) fibrin content and Jow red blood cefl content tend to be much firmer
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and more cohesive than clots of a higher red cell content. Such elow have also been found 1o
have a higher coefficient of friction, or in other words to be “stickise

These firny and sticky
fots can be very challenging to remove from a vessel

5.8

Clots with a fow fibrin content and high red cell content have been found to be fess cohesive and
more friable and to bave a lower coefficient of friction than the more organised fibrin rich

v clots
previously described. These properties mean that such clots may be easier to dislodge from the
site of peclasion, bat may tend to fragment during the retrieval process, with the consequent risk

of fogs of elot fragments bto distal or new vascilar tertitories,

i Furthermorg, the lnventors have discovered that the fibrin matrix of the clot con reaidt i the oot
o material exhibiting viscoslastic behaviowr in cortain ciroumstanoss. A sertes of experiments
! were carrfed out i which arange of clots of varying Sbrin content were tested. The clot samples

were held ju a receptacle and an indentor was placed on the surface of the clot and sublect to a
15 fixed ndenting force. The depth of penetration of the inderttor iato the clot was measured as g
\ function of Ume for each clot type. Clots with a high fibrin content and low red blood el
content were found to exhibit the greatest viscoslastic effect, with the indentor effectively
"creeping” into the clot over a period of several minutes, whereas with low fibrin content
the indentor tended 1o almost fully penstrate

ciots
clots in & matter of seconds,

greater lovels of
organisation {and clot mannity) of the Obidn structure resud

st
<

ad in firmerclots

which wers
penetrated to amuoch lesser extent by the |

¢ indentor.

This bebaviour combined with the higher frictional propertiss of fibrin rich clots tend to make
these clot types partienlarly challenging to retrieve hy mechanical thrombectomy, Conventional
25 stent-retrievers may find 3t difficult 1o penetrate and goip these
friction they nwaintain with the vessel wall can result in a tendeney for the clot to roll and
LOWPress.

fiem clots, and the high level of

Attempis 1o aspirate such ooty nto a catheter

car also b very challenging as the clot must be
3¢ deformed in order to it into the catheter luwen, 4

wid the energy required tix deform such clots is
not easily attained by aspirat

an. The high frictional cosfficient of these clot types adds forther
to the challenge of aspirating them into the distal mouth of a catheter.  Bven maintaining a
so that they can be retracted to the salety of a more proximal guid
sheath js very difficulf, as thess

suction grip on such clols

firey clots do not tend to deform and reshape sasily and thus do
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not readily conformy to the shape of the catheter tip in trder to effect a seal and consequent

sgefion grip.

Stetements of the Inveption

sy

This invention solves the challenge of sepirating fbrin rich ¢lot material inte @ catheter by
addressing the key challenges of 1) the friction hetween the clot and the catheter and 2) the
energy/work required to deform these fimm clots zs they are aspirated into the catheter tip,
Conventiona! clot sepiraticn fnvolves inserting a catheter (sometimes refirred fo as an
10 intermediate catheter or aspiation catheter or distal access catheter} into the patient's vasculature
and advansing the cathieter up 1o the ocelusive clot. - A syringe or vacuwn pumy is then attashed
to the proximal end of the catheter and s vacuum applied to atteropt o suck the clot into the
catheter Hp and out through the catheter, The level of the vacuum applied san be controlled to a
very Hmited extent by the fowos applied to the syringe or by the pump setting, angd typically &
1§ faidy constant pressurg drop of S00mmbg to T6lmmHg (or "ull" vacuum) s applied. - The
difference in pressure between the blood vessel in which the clot is siated and the in erior of
the catheter creates  pressure gradient (which may exceed 760sunHg s the patient’s biood

pressure is higher than atmospheric pressure) which urges the clot into the catheier mouth:.

20 The diameter of the clot however is greater than the diameter of the catheter therefore for a clot
to he aspirated into a catheter the clot must deform and elongate e fit ko the catheter dpe The
energy to deforny the clot to fit into the catheter is effectively an extrusion erergy ax the catheter
tp acts as 3 form of extrusion die for the clet. This extrusion energy is related to the filwin
content of the clet with higher fibrin clots reguiving increased extrusion oergy o aspirate the

25 clot it the catheter, Current teshniques to aspirate the clot favolve applying a steady state
vacuum to the tip of the vatheter; however in many cases this doss not provide sofficient energy
to aspirate the clot fully into the catheter. Bubsequent retrieval of the catheter either does not
dislodge the clot or dislodges the partially retrieved clot and creates the riskof loshug the
partially exposed elot nfo a side branch or new vessel creating an ENT T {Embolization in New

33 Tercttory)

This invention tmproves the ability of a catheter to aspirate a clot fully, including clots which
have higher fibrin conteot - As stated above, vasuwn is applied 1o the catheler Up (o craate ¢

pressure differentinl betwean the catheter and the blood vesesl with the ainvof aspivating oy
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sucking the clot into the catheter and out of the vascalatwe,  When the apparatus detailed in this
invention is operating, the steady state vacuuwm normally appled at the tip of the catheter is
maodified to a pulsatile o wave configuration so that in one design contiguration, the pressare
differential between the catheter tip and the blood vessel plotted against time resembles a sine
§ wave. The application of the aspiration force to the clot in g wave or pulsatife conflguration
applies an ‘impact Joad' fo the clot which can deform the clot and overcome the resistance or
extrusfon energy rvequired to get the oot into the catheter more quickly and effectively than

applying a contimuous or steady sspiration foree.

10 In addition, when clot vecludes the distal tip of s aspiration catheter, part of the clot is tneide the
tip of the catheter. Testing hag shown that compression and manipulation of thrombus increases
the friction of the clot.  Therefore compression of the clot at the tip of the catheter further
increases the static friction hetween the clot anid the inside sarface of the catheter tip, The static
friction between the clot and the catheter needs (o be overcome to alfow the lot to be aspirated

fally into the catheter. The application of a pulsatile force to the clot can cause the clot to vibrate

oansk
&2

or move slightly preximally and distally, so that the interaction hetween the clot and the internal
surfave of the catheter changes from statie friction to & dynamic friction interaction.  Dynamic
fricton of clot has been shown in our festing to be fower than static Fiction therafore e rotal

fores 1o remove the olot is reduced when using the apparatus detailed in this invention,

3
The fibrin matris of a throrsbus is porous and red blood cells oan migrate and flow within the
mattix depending on pressure differentials and fibvin density.  Applying a pulsatile energy or
vaeuum at the catheter tip can promots this movement of elot elemants, allowing the red blood
cells to be aspirated out of the fibrin roatrix. The thrombus is then easier to sepirate as the red
25 blood cell content of the clot decreases faciiiating deforation of the fibrin matrix with reduse

This mventom is suitable for the aspivation of clots with varying fibrin content from 0% to
H36%, and is particolarly suited 1o the asphration of clot or thrombus which has fibrin content
30 greater than 30%. The nvention relates to the removal of a bloed clot rom the human vassoiar
system.  In particular #f more specifically selateg to the removal of a blood clot from the
neurovasculatiee including the anterber and posterior chrculation.  Technigques and means of
re;maving blood clots, or clotted blood particles in the form of emboli are already well known

and extablished in use. When the presence of a clot is identified in the body it may be treated by
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best medical treatment (RMT) in the form of mediontion o by swgleal interveation,

intervention can involve the use of mechanical means to dislodge and remove the clot. Blood

clots may also Be identified and referred to as eniboll. Surgieal infervention may be i the form
of mintmally invasive endovascular hntervention where by the clot or smbolism s aceessed
within the Tood vessel by the distal end of a catheter thut has been introduced within the anerial
system at a remote focation sech as the Conmon Hiae setery. This iswal known and refevant (o

the hackground of this invention.

Referring to an endovascular intervention described berain one of the means used 1o effect the
removal of a clot through surgleal endovascolar intervention, s to use what is comonty

referrad fo as ‘as ¢ of the clot mass through a catheter, Aspiration is a technique wheveby

negative pressure of suction exn be applied 1o the clot mass within the bloed vessel through the

distal and of a catheter, the watheter being conmected at the prosimal end 1o 8 vaciuny soures.

it is well known that there are clots which cannot be moved o vemeved even with the maximam
intermity of vaspum or aspiration being applied to themt. The presont brvention relates to bt {5
not Hmited to thiy sitation and to the remuoval of these types of arduons blood clots. This
invention presents and deserthes a pethod of

energy comprising of & seguence of altem

e, eommonly referred do as fegquency

lowed by negs

can be deseribed mathematically in general bat not Himitad 10 a sinusoidal funetion.

It is known that the aspiration function applies a negative foree fn the forre of negative pressare

of spproximately 500 - 760 millimetres of mereury (mum Hg) at the tip of the catheter creating a

Sow from the distal to the proximal end of the catheter and recovering the content of thi

a coptainer wWhish is part of the cienit sod-Jovated close 1o the vacuum sowe
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W setforps wid xE‘ represent the swué:*}‘

2 Prossures cons "‘;m

iﬂ\f\.ﬁii\’& S

it s well known that there are clots which cannot be moved or removed by the fevel of aspiration

§ heing applied to them. The present invention relates 1o the remaval of these types of clots. The

favention describes in method of applying puisstile force through a cathsier at the distal tip 1o the

clot which bas the effect of aspivating the clot in one or more pleces and retrieving it into the

cathetar, The pubsatile foree s in the form of a sequence of pulses applied o the clot over a

perind of time,  Bach puise comprises of a sequental positive and negative volumeiric

- displacernent of fluid at the catheter distal Hp or varying negative volwende displacoments

This poriod eyele of varying negative prassure can be deseribed mathematioatly in general fug

H has alse

nventive step tha

20 desoribed for this purpose s having four components 1o it which me equal in frequency and

amplitads by i the first paet of the wave is an inereasing pressue

fnduged by the forward motion of a piston the the second part will he a negative pressure

caused by areverse motion of the piston, The piston i driven by a shafl or connecting red that fs

i thus directing the piston in 8 forward sad

oy

Hayy ¢

-

rotated in g eycle along the length of the st

25 reverse motion. | terms of the since wave deseribing this mastion the first part of the cnrve

indicating the ncreasing preasure is reforred 1o as the vise Hme. The next part of the curve which

otion of the piston and resufts in negative pressure at the catheter

FOPTRSENS & TeVerse m ip, thig

te roferred to as the fune or the decay Ume.  The awve hasé

1 a sequence of cveles constituting @ sequence of pulses, the time

¢ trom peak to peak is the same in a sine wave. The peak of a sine wave can be said to have no
daration as the intensity o amplitede of the wave is changing continnously even as It transitions

from positive (o negative,
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:

The present invention desceibes wave profifes applied at the eatheter tip which can i'se b variaﬁce

i‘o & pure sing wave in the following m

decay me. The rise time may be longer ot shorter duration that the fall time duration. Sepondly

anner, {ine is that the risetinme may mr he aqualto tiu

the peaic of the wave may have a duration or a dwell time. The purpose of the dwell time is w0

5 gliow fluid or blood some time to $ilf into the space in the piston chamber or time to pass through
the orifice at the end of the chamber.
The natwre of the pulse applied to dislndge and retrieve the Blood clot can be defined by the
foflowing variables or control aspeets:
i} Reciprocation
Frequeney
| Amplitade
Rise time
Dwatl time
15 :‘ Decay / Fall thne
While the spplication of the reciprocal wmiion of both positive and negative displacement in
sequence is not well known, there are a samber of methods avatlable that are well known for
reciprocal motion as described.
20
One s & purely mechanical cyelieal drive system whereby the movi
is gonnegted to cragk s Zafl or the outer radius of a disk which 15 mtax&i so s to detes the piston
to and fro. This to axi inr'o distance is known ag the stroke length, [t is well known 10 use this
method in positive displacerent pumps but not positive and negative displacemant in segquence.
28
Ancther well known method of genseating reciprocal motion is by el
gsing electromagnetie induction whereby a magnetic field is inchues ’d in a soil o.i’ wire o
alternately in two cotls of wire for more control over different forces in gach divection to create
the forces nacessary 1o move the\giston to and fro inthe chamber

The source of the power can bean mcm rent and voltage or a direst current whereby the

shing mode control cireuit, |

pasitive and negative cycles are ci\.h cwd by sw
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Ax mentioned beretofors the cyalical motion which resulis in a symmetrical sinesoidal wave

form of positive and negative pressure ie the simplest. 1t may be desirable to alter the s hape of

the wave form so that the pegative pressurs is greater than the positive pressurs or so that the rate

e i

of increase n prossurs is greater

imxt: oft the peak and the trough of the wave form

alfows time for the flaid {:fis;a‘mcetm ¢ to take place on both the positive and negative parte of

each cyele. This i more relevant and fmportant as the frequency of the oyeles increases.

According to the fnvention there is provided a system for removing scclusive clot fom a blosd

vesse! comypwiaing 2 vacuum sowres and collection chamber; 4 cathater to communicate the

vegative pressure 1o the location of the clot, and an dy state vaoum,

provided by a vactuan soures to 2 series of pulses or a wavaform configuration. fn one Heration

g piston within & flaid

this apparats containy & mecharical drive sysiem whesehy 8 mov

chamber is connected o crand shaft or the ouler vadius of 1 disk which is rotated so as te drive

b one iteration the reciprocal motion to ereate the positive and negative fluid displacernent is

gonetated by electromenhanicsd means using ale >'_;aiic imi ctiorwhereby g mapnetie Seld

wire o alternately m twey cotls of wire for more control over different

G piston 1 and fro in the fluid

forces i each <iif'e-:.tioz-. 10 ¢ : the forces noosssary 1o mo we

chamber,
fn ancther Heration the floid displacement s dng the piston ing other

echanival means such as the

I angdher fteration the fuid displacement is generated using other mechanica! menans sush as s

preumatic drive,
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In one configuratinn of the jnvention, the apparatis to create the palsatile or waveform pressure

13 the vacuum purmp and chamber and is conuected through tubing and

differential 1s separate

connectors. in afm’{i or fteration the apparatus of the invention and the vacoum pump are

;mewamd na single ubit.

o maia}; and distally m-ihs ca;.hmtes through & Hoear connection tiv a drives system located at

the proximal end of the catheter. Alternatively the piston 1s moved in the eatheter through

10 electronic means positisned within the catheter,

In one configuration of the favention, the apparatus to ereata the fluid displacement to produce a
waveform prassure differential contains a single piston in a fhuid chamber which is muoved
forward snd back using a mechanical or electromechanical drive, In a different configuration of
15 the apparatus nmln;w flaid chambers with pistons are connected - @ facilitate - conplex
waveforms,  The displacement output of the apparatus can thert be a summation of the

displacernents of each piston which can be programmed {o operate independently.

I one jteration of the device the piston used to create the fluid displacement ia similar 10 &
3 syringe with a moving seal between the piston an s the fluid chanber. in anothet figration other
known hydranfic eylinder configurations are use . to prochice different wavetiorm configurations.

wm’ is \'E§ 'eé bv slectromechanics]

In another iteration of the inveniion th' tp Gf it

means to raduce the friction between tm, s ihetcx smi the s.iu mef help overcome the extrasion or
deformation enerzy requined to aspirate the clot, The catheter tip vibratiest can be conbined with
a large aspiration lumen with 2 cross sectfonal area greater or equivalent (o & ¢.036" dinmeter

fumen and in the preferred embodiment has a oroes sectiona] area greater or equivalent to a

0.040" diameter tumen.  The catheter with the v bratm‘r tip may be used b a steady state

ttial as desmbeci clsewherg in the

aspnai;(m vacuum ar wsti; ﬁxe vavciozm prusuw d; ot

30 patent T he fscquemv oi ti 1o i‘tp wim.tson may rage from 3 He to uizmaom{ req ieﬂu S of

greater han "O (00 He,

NS
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Adso according to the invention there is provided a met md of removing osclusive clot from a
blood vessel comprising the steps ofi-

providing a ;.mdc catheter or sheath and i diate catheter, the intermediate catheter

having a m\m muuth and being cmixgm‘*d such that it is advancable within the lamen of the
guide catheter;

inserting the guide catheter into a first vesse! proximal of an oeclusion;

connecting the proximal end of the intermediate catheter to an aspiration source which consists

of a vacuum purp, a collection chamber and the apparatus of the imfentkm;

\zd\f mmﬂ Efi’“ miemacdmu c&thm: through the

Imtxilalu athu:u exiends d stal of the guide catheter inti 8 vessel adjacerzt to the ooechusion;

3

applying steady state aspiration to the proximal end of the intermediate cathiete ;

the intermadiate catheter being configured to direct \m\i aspiration through the distal hunen of.

< &

catl i er tn aspirale the ¢lot into the mouth of said intermediate catheter,

?nf

the inermedi

13 M the clot iy not aspirsted switeh on the apparatus of the javention to provids a waveform
pressure differential between the satheter and the blond pressure surrotnding the clot.  The
wavetorm pressure differential overcomes the extrasion energy of the clot and reduces friction
between the clot and the catheter so that the clot can be aspirated through the intermediate

atheter into the collection chamber and out of the vasculature,

20
fn one embodiment of the invention, this wavefirm resembies a4 sine wave with a Hxed
frequency and amplitude, and equal rise and degay times.
b another embuodiment of the fuvention, the frequency or time between peaks of the waveform
23 miay vary and increase or decroass with time, A repeating freguency pattern may also be utilised
such as multiple high frequency pulses followed by 3 number of low frequency pulses.
Suuiiarly in another embodiment the amplitude of the waveform may vary with time and cousist
of increasing or decressing amplitudes or a combination of different amplitude pulses:
36

In another embodiment the rise and decay Hmes of the waveform may vary such that the decay
firae is shorter than the vise time or vice versa, or a combination of different rise and decay times

may be beneficial in aspirating the clot, for example, & saw tooth wavefor.
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Another wave patterty wilised e an embodbnent of the invention ix a trancated ovaguars. wavs

pattern where a divell thoe s ncorporatad inte the wave eycle at the perk or rough of the wave
or at both thmes. A dwsll tiree may also be brorporated (ot 3 wave pattern at any point in the

oycle, for example, produging a stop wave pattern.

L8y

i anothee embodiment of the device the amphitude of the preossure differentiad 13 such that

ot of the nvention the waveforrn is a combination of a munber of the

10 I one sobodin

waveforms or featiwes desoribed elsewhere in this patent. fn another erabodiment, the invention
may be programmable to apply specific pressure differential waveforms to the catheter tip whic
may be optimised for different clot types, for exanple, & pre~programimed optinized waveforn

et 1o the waveform optirnized for sn

may be apphied for a filvin rich clot which would be it

rieh clot.

ook
285

gryihrodyt

Also provided are additonal varlants of this reethod, Jodluding
A& method ss deseribed sbove in which the wavetonm pris differsmind s applied to the

intermadiate catheter as it approaches the ocelusion for the first time.

{he wavaorn pressu

catheter at the same thne

The wavaform or pubatile pressure differential appiled to the intermediate catheter desortbed in
this patens can alse be ussd when the intenmediate catheter fs used W co qunction with a
stentriever device, The wavelrm pressure differential reduees the friction between the clot and

the catheter and helps to deform the clot, Phis gives additional henefits of reducing the shear

30 forces seting on the clot as it fs retvieved Into the intermediate catheter by the stentriever device,
According to the fnvention there is provided a system for removing oeslusive clot from a blosd
veasel comprising:-

a cathetery and
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an apparatus for generating a pulsatile vacuom force to pulse the pressure gradient at a

distal end of the catheter.

I ong case the apparatus comprise a vasuum pump and a pulse generator,

“h

n ong embodiment the pulse generator s integral with the vacuoum pump.
in another embodiment the pulse generator is separate from the vacuum pamp,

10 The pulse generator in one case may be located between the vacuum pamp and the proximal end

of the catheter.

There may be a flexible tubing between the vacuum pump and the proximal end of the catheter.
15 In one embodiment the pulse gencreator is applied to the flexible tubing.

The pulse gensrator in one case comprises a reciprovating plunger,

The pulse generator in ancther case comprises @ votatable cam.

20
The cam may comprise an outer bearing to minimise drag oo the tubing. The outer bearing may
comprise a sliding outer layer
i one case the Hexible tublng is uniforny eross section along the length thereof.
25
i one embadiment the Hexible tublng is of variable cross section along the length thereof,
The system may comprise a controller for controfling the apparates for generating a pulsatile
vacuum source. The voutroller may be adapted or contigired to vary the pressure over thue in a
M wavetorm.
by one case the waveform has a fixed frequency and amplitude, and squal rise and decay Hmes.
In anather case the waveform bas a viwying frequency with tme.
38

The waveform may bave varying amplitude with time.

The wavetorm may have a different vise and decay time,
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In one case the waveform rise and decay thmes change with time,

i some cases the waveform is a trancated o square waveform incorporating a dwell tme at the

pesk and trough of cach wave,

The waveform may incorporate one or more dwell times within each wave produsing a stepped

wave configuration.

The invention also provides a method for removing occhisive clot from a bleod vessel
comprising the steps ofis

delivering a catheter to a Jocation adjacent to an occlusive elot; and

applying a pulsatile vacuom to the olot using the catheter.
The method in some cases comprises the step of varying the pressure over time in a wavetorny,

The waveform may have a fixed frequency and smplitude, and equal rise and decay times.

The waveform may have a varying fraquency with time.

The wavelorm may have varying amplitude with time,
The waveform may have a different rise and decay time
The waveform rise and decay Umes may change with time.

The waveform may be a troncated or squave waveforr incorporating a dwell time at the peak

gnd frough of eacl wave.

The wavefornt may incorporate one or more dwell times within each wave producing a stepped

wave configuration.

In one embodiment the system comprises a canister which is configured to rocefve aspirated

¥

blood of maleriad,
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fn one case the system coz‘nprises a vacuum pump which iy connected to the canister. The

vacuuin may be drawn through the canister

3 1o one embodiment the system comprises a Hrst vacumm pulse generator. in one cass the aystem

comprises @ second vacuum palse gensrator. The vacuum pulse generators may he configured to

operate sepavately, ab the same time, or at different times to vary the vacuum palse gensrated.

1

ed to engage a fexible tube. The second vacuum

pulse gengrator may comprise a»:gcnzi_ta{*s_i‘g_gafp;

I3 In another case the first vacuum pulse generator gomprises a pump.  The system may further

comprise non-rglurn valves focated on both sides of the pump.

In a further case the system comprises a canister configuted. to receive ammmted blood wr

matecdal and the fisst pulse generstor comprises an_obturator which is movable through the

20
Sried Desoription of the Drawings

The ipvention will be wore clearly understood from the following deseription of some
& embodiments thersof, given by way of e example only, with reference to the accompanying

dmwing&, in which

Fig. 1is a view of a elot lodged in a representation of a similar cerebral vaseular tabdar
network 1o the network in the brafn for the purposes of deseribing the invention;

30

Fig. 2 Mlustrates by way of esample only that the source of the aspivation or continuous
pegative sustion and the sowrce of the pulsatile pressure gradient are both combingd to

sommon effect through the catheter;
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e 3 shows the complete circult interfacing with the eircclation systant in schanatic
Fig. 3 shows the complete uit interfacing the eircalation systent in §

v

farmr onbyl

Figs. 44 1o 4C show by way of example only & means of gengration cyclival motion

5.4

which will generats the pressure differential wavaform at the catheter distal iy

Figs, SA to SE illustrate 2 number of possible wave form profiles representing positive

tve pressurs pulses that ave possible 1o generate with the reciprocation drive;

0 Fig. & is one example of 3 motorised reciprocal drive with variable apeed;

Fig. 7 shows the distal tip of a eatheter touchiog or abut ting a blood clot that is lodged in

a circuit representing cerebal vascudar complexity;

5 Fig, 8 shows the distal Up of & catheter firply sngaged fn & blaod clot thats lodged g

cirouit representing corebral vasoular o ~ this i¢ a3 a vesult of aspiration or

sugton at @ mie of S50U mm Hyg

Fig. § shews that the clot in Fig. & has bean aspirated into the catheter following a small

it nuber of reciprocation pulses {310 3}

Plos. 104 ~ D are schematic Hlustrations of a clot baing aspirated into a catheter inside a

blond vessel;

25 Pig. 11 s & graph of pressure differential againat Ume for a steady state vacuany
Fig. 12 v graph of pressure differential against time for & pulsatile pressure differential
waveform generated by the hnvention;

34

Fig. 14 is a pressure differcntial wavelforn with varving frequency;

v
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Fig. 15 is a pressure differential waveform with different deeay and rise times;
Fig. 16 is 3 pressure difforential waveform with varving amplitude;

- 17 ts apressure diffgrential wavetbron with a trancated wave;

54
a3
s

%

Fig. 18 shows a pressure differential wavedorm with a dwell tima within the Wave;
Fig. 19 is adiagram of 2 clot removal system of the invention;
10
Figs. 20A and 208 illustrate a pision type pulsatile vacnum generator;
Fig. 200 jliustrates a cao type pulsatile vacium generator;
15 Fig. 21 is aview of another pulsatile vacuum generator;

Figs. 22A and 228 fllusivate another cam type pulsatile vacuum gensrator

Fig, 23A jllustrates a pulsatile aspiration system;

Q
Figs. 23B and 23C illustrate an element of the pulsatife aspiration system of ¥ e 234
Figs. 244 and 248 show pubsatife pressure wavelorma;

28 Fig. 25 is a schematic of another pulsatile aspivation system of this invention;

Fig. 26 is a schematic of & pottion of ancther pulsatile aspiration system of this invention;
Figs. 27A and 27B are views of o ane way vabve;
Fig. 28A iHustrates « portion of & pulsatife aspiration system of this invention; and

Figs. 288 - 28D iltustrate various states of an element of the pulsatile aspirstion system

of Fig. 284,
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Diatailed deseription of the drawings

Specific embodiments of the present invention are now described in detail with reforsnce to the

Figures, wherein identical refivence numbers indivate identical or functionality similar elements,

W

The terms “distal” or "proximal® are used in the following desoription with respect 1o & position
or divection relative to the treating physiclan, "Distal” or “distally” are a posivon distant from or

¥

in o divection away from the physician,  "Progimal” o Mproximally” or "proximate™ are @

position near o in a direction toward the physician,
16
Acuessing cerehral, coropary and pulmonary vessels involves the use of & number of
commercially available products and conventional procedural steps.  Access products such as
guidewires, guide catheters, sngiographic catheters and microcatheters are deseribed slsewhere
and are regularty wsed in cath lab provedures. It is assomed in the descriptions below - that these
i3 products and methods are emiployed in conjunction with the device and methods of this invention

and do notneed to berdeseribed o detall

The following detailed description is merely exemplary in nature and is not intended to fimit the
invention or the application and usex of the invention.  Although the description of the ivention
20 isin many cases in the context of treatment of intracranial arteries, the invention may also be

used in other body passageways aspraviously described.

Fig. 1; Reference numeral 1 jllustrates an example only of a fumen netwenk: similar in
complexity to cerebral vasculature, Reference numeral 2 is an fHustration representing a clot that
2% s Jodged in the cevebral vasculature network.  Reference numeral 3 shows where the blood

entors the netwark and reference numeral 4 shows where the blood exits the network,

Fig. 2 ilhustrates g schematic representation of the steady state vacuum purnp combined-inlo a
clreuit with the pulse gensration system. This circuit is then connected to the prosimal end of a
30 catheter. A vacuum pump 11 for ereating aspiration suction represented by the approved
standard drafiing symbol. A cyclical reciprocation machine 12 is shown with a plunger 16 that
swoves to and fro dn 2 piston chamber: A fluid eollection container 13 within the aspiration
civeuit cotlects alf the content aspirated from the body. Tubing 14 in the aspiration clrout is

joined to the catheter proximal end at the same point whers the reciprocation connects o the
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catheter proximal end.  This is achieved using a Y junction coupector. A connscior 13 is
provided for connection to the catheter proximal end.  The satheter then passes through a
haemostasis valve to enter the vaseular system, wsually at the common iliac artery (not shown

3

here).

Fig. 3 s a full schematic of the entire system inchuding the vascular and cerebral eirculation
systems. The apparatus of the invention is shown in schematic form 30 and contains a steady
state vacuum pamnp 32 and a pulsatile flow generstor 31. The output of these pumps 1s combined
and conected fo the proximal end of a catheter 34 at the connesior 51, The catheter is
10 introduced into the vasculabure at the bastostasis valve 40 and forwarded to the target location

of the clot 41, When the catheter Gip 35 approaches the clot 41, steady state vacmsm from the

y

~

pump 32 can be applied at the catheter tip. If the aspirate flow s blocked by the clot the pulsatile
flow generator 3 1 cay be engaged to produce a pressure differential waveform @t the catherer tip

to aspivate the clot 41,

Figs. 4 A to C are illustrations of a pulsatile flow generator that produces & pressure output which
matehes a sine wave configuration, A piston 63 is driven backwards and forwards by a rotating
wheal 61 which containg a drive pin 63, This drive pin 63 e¢ogages in a slot of component 62,
which is constrained so that it can ouly move in a3 linesr direction.  Therefore the rotational
20 moverpent of wheel 8 1 is vonverted into finear motion of piston 65 which travels in the divection

~

66 as shown, as the wheel rotates. The fuid pressure output at 68 matches a sine wave,

Fig. 5§ illustrates a wmumber of possible wave form profiles representing positive and negative

pressure pulses that are possible to generate with the reciprocation drive which have varving
28 fregaency.

Fig. 6 is one example of a motorised reciprocal drive 83 with variable speed.  In this

configuration the reciprocal drive shaft (not ¢ bown} is conneted to the plunger of syrings &5

The drive is actoated using trigger 84 and moves the piston 8 backwards and forwards creating

30 apulsatle pressure output at the tip of syeinge 85.

Fig. 7 shows the distal tip of a catheter touching or abutting a blood clot that is lodged in a civeuit
representing cerebral vaseular complexity.  Fig, 8 shows the distal iip of the catheter firmiy

engaged in a blood clut that is siifl lodged in the circuit. fn this example 500mm Hg vacoum was
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apphiad fo the catheoter to gsplraty the olol, howsver the applicstion of this steady state aspiration

energy was not salficient to aspivate theclot Fig shows that the clotin Figo 8 has been fully
aspirated into the cathetsr after a8 small pusdber of reciprocation pulsss (3 18 had been applied
at the tip of the cathete

Pl 104 shows a schematic Hustration of an occhusive elot 201 Jodged in a blood vegsed 208,

Catheter 2073 has been fntroducsd b the vasculstre and the dp 202 iy approaching the et Fig,

103 iflustrates the eatheter 210 io conact with the clot 214, & povtion of the clot 212 has besn
aapirated fnte the catheter Bp 231 blocking the tipand sealing the end of the catheder 210, Asthe
cathieter i» blocked the pressure-inthe vatheter pats different to the prssuwre in the blood vessal

£8, The pressure differcntial scting across the clot is a function of (¥R ~ Paj and this urges the

clot 1o defornt and flow orextrude dnto the catheter Applving & palsatile prexsars differential

increases the energy appled to the clot and helps the clovto deform and flew. - Figl 100

&

Hlusiratzs that when a pulsatile prassure differential is applied o the elot 220 it cxo deform al the
intertace 223 where the clot entars the mcuh of the catheter 221 1o facilitaie full aspistion. The

friction Between the olot 224 and the dnnge sirface of the cathster 222 v also roduced by the

application of the pdsatile pressure differential frotlitaring Hdl asplration of the clotw Fig. 10D

(ol

N3y

shows the olot 232 approaching full aspiration into the cathe

Figs. 11 1o 18 sve a series of graphs of the presswre differential sgajnst thme for @ range of
saveforms.  The pressure differential AP is the pressure acting across the clot as shown o Fig,
108 and is related to the differsnce batwaen the blood pressure o the vessel and the pressure in

the catheter Hp when the tp is ovcluded by the dlet

Fig. 13 shows @ graph of pressure difforentinl agrinst time for g steady state vacuum, In this
eraph, the pressure differential inereases 300 after the vaowun pump is switched o antil #

reaches & platean 301 when steady state-corulitions are ashioved.

Fig. 12 shows a graph of pressure differential againat thme for a pulsatile pressure ditferential

waveforme gengeated by the nventionn  The graph 320 is sindlar to 8 sine wave with a fised

fregueney (Fandramplitads (Ax

Penumbra, Inc., Ex. 1031, Page 425 of 776
Penumbra, Inc. v. RapidPulse, Inc.



10

18

]
£%23

30

WO I9IB/A1982Y PCTERIBITO68TES

Fig, 14 shows a pressure differential wavetorm with varving frequency where frequency Fi s

differant toF2and is changing with time,

Fig. 13 shows a pressure differential waveform with different decay and rise times. It the

example shown the decay time 11 s shorter thay the rise thne 2 producing a saw tooth waveforn.

Fig. 16 shows g pressure differenttal wavefteny with varying anplitade.  The absolote values of
the amplitude can change with thne as shown here where A1, &2, and & ¥ are all different.  The

maximunn. and minboun values of the anplitude can also changs with tow.

Fig. 17 iustrates apressure ifferential waveform with a trurcated wave, This waveform alfows

for dwell times 400 and 401 at the point of minimum and seaginaum pressare differential.

Fig. 18 .shows a prassuce differential waveform where a dwell time has been Intreduced within
the wave. Maltiple dwell thoes can be introduced in the cycle suoeh as 4530 and 451, or a stogle

dwell ime as shown 452,

Fig, 9 is an iustration of anotber configueation 300 of the invention. o this schematie a pulse
generator (301} 1s a separate apparatus to 8 vacuum pump 502, This pulse generator $01 can
produce a pressure differential waveform at the tp of the cathieter 303 as desoribed slsewhers in

this patent but is non blood contacting.  The pulse geverator S01 creates the W@vemm} b\’

Qeiﬂctz ve wmpusswn m connector u.hmﬁ, 504, This creates the bengfit of not baving to stor'thse

paf't of ti,\ apparatus prior to use, as the convector tubing 504 {s disposable and single use only.
The methed of use is the same ae that deseribed befiwe with the vaguum. puap 502 and pulse
gengrator 301 connected to-the provhmal end of the catheter 383 st & convector 505 with 2
proximal valve / aeal 806, The cathetor 503 is introduced theough the vasculature to the target
focation in a vessel 307 of the clot 08, Tn this case a stentrlever type olt capture device 508 §s

alss shown,

Fig. 20A shows internal details of a pulse generator S50 such as that ilustrated in Fig. 19, Inthis
configuration g .recipmca:{iﬂg plonger 551 san compress the tubing 352 creating a pressiws wave,
The tubing 552 is slaste and recovers s shape as soon as the plunger moves ap. The stroke of

the plunger 560 showsn in Fig. 208 can vary and different plonger widths or nultiple phamgers
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Restation of the cam provides a pulse geaeration capabibity.

Fig, 21 shows an adventageous design’ of the pulse generator \x‘nda mmamu

RE

2]

P

28

.
L7

series. The cam 62 nearest the vacumn punp san t

and may

To redure friction betwesn the canvand the flexible tubing, eact
layer as shown in Rigs. 224 and B. The carn 631 rolates on the seoentric mde 630 compressing

the tabing 653, To reduce the friction the cam Has ¢ low fiiction sitding outsr ring 6352 which

on i rotated

does not rotate relative 1o thevtabing, ?"g, 228 ilustratas how the sara 870 post

relative toFig. 224 but the suter ring 672 has not rotated relative 10 1he adhing wall 673,

Fig. 23 ilusteates an apparates 700 of this fnvention, comprising a vaewun pump 714 and a

\

pulse generating systemn Fige 234 shows a sore detatied  view of the pulse generating

components of the systern,  The vacuunt pumip 714 oy cemprise wdiapluagn. of Yang or pistop

wwontive presewre differenual. This
vacuum pump is c.mmec‘i;ed by mhe 735 {0 @ reception canister 707, which is configured o
recsive aspirated blood or material. A safty valve may be provided within: the eatiister W

pm\-'em‘ flaid o material onfe Tuhe 706 conndcty the

or {notishiown)}
that is jnserted within the patient, and doss
connector or rotating haemostasis valve or similar, Tobe 708 iy be id i plase by clips 709, which

S

ave conflpred so that the assenibly of tube 708, rotating valve 7

oo

oand wwhe TOT can be easily
assembled to or detached from the system (o that they may be disposable slements of the
systern). When olipped into place tubg 708 sita between 3 rotatudle cam 710 and 2 support plats
712, fu ose the System is capable of supplying # steady stote vasuurn by means of the vacwum
pumnp T4 snes awiteh 701 is moved to the "ON" pesition. The vacuuyt pump evacuaies the
canjster TO7 via tube 705, and thus # suction or aspiration foree is wanemitted through tubes 706

and 708 {once rotating valve 711 and camt 710 are in the open position).
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Fig. 235 and Fig. 23¢ llustrate the operation of the palse generating aystem, Rotating valve 711

(xv
~D

comprises & housing 715 with inlet and outlet tube comreciors 717 and 718, and an internal
rotating element 713, When rotating slemert 713 covers the mouth of either connector 717 or

716 the valve ie closed and tube 708 is no longer exposed to the vacuum within canister 707,

R

Thas by rotating or oscillating element 713 5 vacuum pofse may be defiversd through tabe 708,
and this may be beneficlal for the retvieval of stubborn clot material sa praviously deseribed,

However the nature and condition of the materiad bty aapirated may affest the waveform of the

pulse goaceated i tube 708 and ransmitted to the treatment catheter and thus o the patisat, Fig.
24h Hlustates a representative pulse generated by & vacuum pump with a strople onfoff valve
10 such av rotating valve TEHL The vertical axis 851 denotes pressuce and the hovixontal sxis 850

denotes Hme, Prior 1o fnitlating any pulse 2 relatively steady state vacuum level 853 § i prosvided

be 708, Closure of valve 711 disconnects the tube from the vecwsm soures. In a case ¢ {case

3 where the tube 708 is conneoted 10 a catheter which is aspieating Hauid Blood or very soft clot

R

the closure of valve 711 will cause the vacaum in the catheter to decay guiskly, mnd angle 857

o
R

will be steep, allowing the vacuwrn {o deeay quickly from level 854 to 855, Onoe valvs 711 s

opened the vaouum 15 restored and the vaseunt level in the catheter quickly returms 1o original
level H93. I @ case {oase 2) where the tube 708 is connected to a cathster which is aspiriting a
resistant material sueh as fibrin sich thrombos the slosre of valve 711 will cause the vacuum in
the satheter to decay move stowly than in the provisus sese, and augie 337 will be more shatiow,
20 e that the rate of deeny of the veouum is significantly reduced. A rate of change of vacuum
fevel of greater than ¥)Cmmbg / second is necassary in order to sreate an effective pulse it the
catheter. A rate of change of greater than 200mmiy / second is preferred, and a rate of change

er than 400mmHg ¢ second s more preferred, while  rate of

hange of groater than

SOty / scennd i raost preferred.

25
The rotatable cam 714 and support plate 712 provide a msans of inereasing the rate of decay of

the vacuom i tube 708 and any catheter ty which it is connected, parttcalarly in the scenmto in

which tube 708 is cornnected « as fi

Hrating a tal such

rich thramb

&

care ynay be timed ©

o closure ¢

fater tha

Penumbra; Inc., Ex. 1031, Page 428 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO ORI PETIERMTTOWRTAS
23

70% before, sinudiancously or after the opering of valve 7110 The fmpact of this system on the

The vertical axiy 751 denotes pressure and the borirontal axis 750 devotes tme.  Priof 10

585

initiating any pulse a relatively steady state vacuuny Jevel 733 s provided in wabe 708 Closurs
of valve 711 disconnects the tube from the vacomn soarce, In acase {vase 3) where the tube 708
is connected to a catheter which is sapirating a resistant material such as fibrin vieh thrombas the

closure nfvalve 71 will cause the vacuum v the catheter to stas to decay slowly at a fiest rate

Rotation of cam 710 o nonpress

10 tube 708 causss the rate of decay of the vacuum to be sigaificanily norcased, Hlustra sted by the

line betwesn poims 755 and 756, A dwsll perlod may be provided batween points 756 and 7

aller which cam 719 is rotated to remove the compression from tube 708 and valve TIT i

£ed
7
z

opened, allowing the vacuom Jevel in tube 708 wrdbop quickly from point 757 fo polat 738,

Again z dwell peviod may be provided at vacwan level 733 before additional polses are

P
a0

provvided.

Sl

Fig 25 is a schematie drasving of another pulsatife aspiration pump systemn 200 of this ivention

comfizured to provide pulses with a rapid rate of changs of vacuum fevel. Catheter 301 is ghown

in the process of aspirating thrombus 907, This aspiration is crmsed by a pressure chifferantial

20 henween the mediors in which the thrombus &s loeated outside the catheter and that of the internal
formen of the catheter. - An sapiration force ie provided 1o the catheter through ntbe 903, whish is
i tarn connected 6 tobe YO8, which s lself conrected to canister 904, Canister 804 {3

evacuated by pump 905 A second "purap® 90T is located betwesn tubes 303 and 908 and

consists vty embodin

it of a piston pamp, similar to a syringe. A pair of one way valves 906

25 and 909 are positioned either side of pision pump 902, so that when the piston moves downwards
{o tubs 903 and henge to catheter 901 before the
valve 906 closes, This cauges ¢ hin the cathster 961
Conversely when the piston moves upward the aysi pirate preferentially  from the
catheter rather than the canister, creatinegapid increase fo the vaenum fovel within the catheter
38

Fig, 26 is @ schematie drawing of snother pulsatile aspiration punp system 850 o this fnvertion

very sintilar vo systern 800, An aspiration force is provided through nube 983, w hich is in

commected to tibe 958 which 1¢ et connected 't Canlater 934, Canistar 854 i evacuated by

ptrmp 955, A second "pumyp” 852 iy Jocated between tubey 953 and 958, Pump 952 consists in
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this embodiment of an oscillating diaphragm assembly 963, which is supporied by compression
spring 960 and actuated by the counteracting forces of this spring 960 and eam 961, Cam 951
may be operated by many means, inchiding the gear assembi_y 962 iustrated herein. A pabr of
one way vaives 956 and 959 are positioned either side of pump 952, so that when the diaphragm
moves downwards @ small but limited positive pressure is applied to tube 953 before the valve
956 closes.  This causes a rapid rate of ch.ang,e in the vacuum. level within the catheter 951,
Conversely when the dlapbragm moves upward the system will aspirate prefeventially. from the

catheter rather than the canister, creating a rapid increase in the vacoum level within the catheter.

Figs, 27a snd 27b are schematics of a simple one way valve 1000 of this invention, They are
contigured 1o open easily to allow flow in ope direction, and close quickly and automatically
once the direction of the pressure gradient {and hence the direction of flow) across the valve
changes. Valve 1000 comprises a body sectfon 1001 with a pair of tube connectors 1002 and
1003 at cither end. The body 1001 has a generslly square or rectangular section, so that flap
1004 can be hinged at an vuter edge snd move fresly from an open 1o 1 clossd pasition. - A stop
1003 ix provided so that the flap is prevented from reaching a fully open position where a change
in flow divectfon would not cause it to close, A second astop 1006 prevents the flap from moviog

beyond the fully closed position once the pressure gradient s reversed.

Fig. 28 is a schematic of a portion of & pulsatile pump system 1050 of this invention. Canister
1031 s vonnested to @ vatuum pump (ot shown) by connscting tube 1052, and 1o a treatment
catheter (not shown) by conmacting tube 1053, In use a vacuum, is generated within the canister
by the vacuum pump and thus blood and theombus are aapirated shrough a treatment catheter and
through tube 1083 fnto the canister. A pulsatile waveform as described in refation to Fig, 24b
can be geoerated by oscillation back and forth of obtgator 1085, which s guided through the
capister by guide port 1086, and enters the mouth of tube 1053 on the other side of the canister.
The obturator can be moved back and forth by a simple gear mechanism as shown or by any of
the other means of reciprocation well known in the art. Figs. 28b-d show the obturator of Fig.
28 in varius different positions, and also show a corrupated element 1056 which may be used

to ensure that movement of the obturator does not create feakage into the canistar,

Fig. 28b (and Fig. 28) show tin abturator in the open position whete only the narrow guide

AN

portion 10587 is pommneé within the mouth of tube 1053,

3

_m ﬂ}is position a steady state vaguum

sy be maintained with fittle or no restrietion from the obturator. Fig. 28¢ shows the obtarator
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in the closed position where the tapeved portion 1058 of the obiusator s fully within the mouth of
tuhe 1053, In this position tube 1053 i no longer subject fo the vacman within the canister and
the vacmmn level within the tube {and commestad catheter) will start to decay. The rale of decay
of this vacuum can be significantly accelerated by firther advancerent of the obturator to the
§ position shows in Fig. 28d, which provides a postitve displacernent to the fluid (or gas) within
tube 1053, having a similar effect to the piston and diaphragm movements deseribed in systems

700, 900 and 938,

it will be apparest from the foregoing description that while panicular embodiments of the
10} present invention have been illustrated and described, vavious modifications can be made without
departing from the spirit and scope of the investion.  For example, while the embodinents
describad hereln refer to particular features, the ivention includes embodiments baving different
combinations of features, The nvention also inchudes embodiments that do not include alt of the
specific festures described,
15
The invention is not Hmited to the embodiments hereinbefore described which miay be vatied in

construction and detail,

A
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A system for removing ocelusive clot from a blood vessel comprising~
a cathetery and
an apparates for generating a pudsatile vacuum foree 1o pulse the pressure gradient

at 2 distal end of the catheter

A system as claimed in claim wherein the apparatus comprise a vasuum pump and

pulse genersior.

A system as claimed in claim 2 wherein the pulse generator ic integral with the vacuem

pump.

A systenas clalmed in clain 2 whereln the pulse generator is separate from the vacuan

pump,

A system as claimed fn claim 4 whereeln the pulse generator is located between the

varuum pump and the proximal end of the catheter

A system as claimed fn clabm 4 or § comprising a flexible tubing between the vacuum

punp and the proximal end of the catheter.

A system as claimed in claim 6 whereln the pulse generator is appliad to the flexible

A systam as claimed in claim 7 wherein the pulse generator comprises a reciprocating

plungsr,
A system as claimed in claim 7 wherein the pulse generator comprises a rotatable cam,

A system as chamad in claim 9 whereln the cam comprises an outer bearing to minimise

drag on the tubing,
A systerns as clabmed in claim 10 wherein the outer bearing conyprises a sliding nuter laver

A system as claimed in any of claims 7 to 11 wherein the flexible tabing is of uniform

cross seetion along the length thereof.
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A systern as claimed in any of claims 7 to 11 wherein the flexible tubing is of variable

gross saction along the length thereof.

A system as claimed in any of claims 1to 13 comprising & contraifer for controtling the

apparatus for generating a pulsatile vacoum source.

A svstem as clatmed i claim 14 wherein the controller is adapted to vary the pressure

sver time in a wavefirm,

A system as claimed in claim 3 whereln the waveform has a fixed fregusncy and

amplitude, and equal rige and decay times.

A system as claimed in claim 15 whereln the waveform bas a varying frequency with

time,

A systent as claimed in claim (5 whersin the waveform has varyiog ampibude with tme,

A system as claimed in caim 15 wherein the waveform has different rise and deeay

innes.

A system as claimed in claim 15 wherein the waveform sise and deeay times chaoge with

time.

A sostem as claimed in claim 15 whereln the waveform s a francated of square

waveform incorporating a dwell tme al the peak and trough of each wave.

A systers as claimed in claim 15 wharein the waveform incorporates one or mmore dwell

thmes within sach wave producing a stepped wave contiguration.

A method for removing ovehisive clot from a blood vessel comprising the steps oft-
deliveting a catheter to a location adjacent to an occlusive elot; and

applying a pulsatile vacaem to the clot using the catheter,

A method as claimed in claim 23 comprising the step of varying the pressure over time in

a waveform.
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A method as claimed in claim 24 wherein the waveforms hes a fixed frequency and

amplitude, and equal rise and decay tmes,

A method as claimed in claim 24 wherein the waveform has a varving frequency with

time.

A method as claimed in claim 24 whersin the w&vcimm has varying smpliude with time,

A method as claimed in claim 24 wherein the wavefurm has a diffe vent rise and decay

e,

A moethod as claimed in claim 24 wherein the waveform rise and deeay times change with

thne,

A method ax claimed in claim 24 wherein the waveform Is a troncated or sguare

waveform incorparating a dwell time at the pesk and trongh of sach wave.

A method as claimed in clain 24 whereln the waveform incorporates one or more dwell

times within each wave producing a stepped wave configuration.

A systern for removing occtusive clot from a hlood vessel comprising:-
a catheter for applying a vacuuy 1o an occlusive cloty and

artapparatus for generating an additional energy to be applied to the clot.

A system as clatmed Tn claim 32 wherein the apparatus {s adapted to apply a variable

pressare 1o the ol at the distal tip of the catheter.

A system as claimed In claim 32 or 33 wherein the variable pressure applied by the
apparitus is adapted to produce a varfable pressure differential hetween the catheter and

the blood pressure arcund the cfet

A systetn as claimed I olaim 34 wherein the vasiahle pressure differential is adapted to
provide additional energy to the clot to overcome the extrusion energy required to deform

and aspivate the slot,
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36, A systery as claimed in claim 34 whereln applyiog a variable pressure differential to the
clat is adapted to changs the friction between the clot and the catheter from static 1o

dynamic friction reducing the total frivtion and fueilitating aspiration into the catheter,

3
37, A system as claimed in claime 34 wherein applying & variable pressure differential to the
clot is adapted to increase the porosity of the clot reducing the deformation force reguired
to aspirate the clot
10 3% A systent as clairoed in claim 34 wherein o plot of pressure differential against time
produces a waveform,
39, A system as claimed ju claim 38 wherein the pressure differential wavefonn is simifar to
a sine wave with fixed frequency and ampiitude, and equal rise and deeay times.
1%
40, A system ag claimed in clain 38 wherein the pressure differential waveform has a
varying frequency with die.
41, A system ay claimed in claim 38 whereln the pressure differential waveiorm has varying
20 amaphitede with time.
42, A systeny as claimed in claim 38 wherein the pressure dif¥erential waveform has different
vise and decay Hmes.
25 43 A system av claimed in claim 38 wherein the pressure differential wavelorm rise and
decay times change with me.
44, A system as claimed in claim 38 wherein the pressure differential waveform is 8
froncated or sguare waveform incorporating a dwell time at the peak and trough of each
33 WavE,

45 A system as claimed o claim 38 wherein the pressure differential wavelorm incorporates

one or more dwell tmes within each wave producing a stepped wave condiguration.
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A systom as claimed in clalm 34 and 3% whevein the pressure in the catheter tip is always

less than the surrounding blood pressuce,

A system as claimed inclsinm 34 and 38 wherein the pressure io the catheter tip is greater

than. the surmnunding blood pressure for a fracton of the waveform,

A systeon as clatmed dn claim 38 wherein the pressure differential  waveform is 3

combination of some or all the wavelorms detatied i claims 39 to 45,

& sysiem as olaimed in clalm 48 wherein the pressare differential waveform is pres

pregrammed in the apparatus

A systent as clabmed in claim 49 whersis the pre-programment pressuve - differeatial

wavelorm is optintized for a partiowdar clot type,

A systen as clabmed in claim 38 whevein the pressure differential waveform {s produeced

in the apparatus by moving one or more pistons in a fhuid chamber shnilar to o syringe,

A systent as clajoed fo clain $1 where the piston 15 driven by a rotating mechanical drive

sysiam

A system as claimed iy claim 31 where the piston is deiven by a electromechanical means

such a5 a finesy drive system
A systern a6 claimed i claim 51 where the piston s driven by pieznelentric means,
A system as claimed in claim 51 where the piston is driven by a preumatic ovlinder.

A system as claimed in any of clabms 32 1o 5§ wherein the apparatus - for generating an

additional energy is separate from the catheter

A system as clabmad i sy of claios 32 to 56 wherein the apparatus for generating an

addivional energy is integral with the catheter.
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A svstem as clatmed inclaim 37 whereln the catheter containg a piston,

A system as clabmed n claim 58 wherein the piston is actoated by 3 drive systent external

to the catheter.

A systern as claimed in any of elaims 32 to 39 wherein the addittional energy applied 1o

the clot-comprises a vilwation forge,

A systent as claimed in claim 60 wherein the catheter incorporates 3 vibrating tip.

A system as claimed in claim 60 wherein the froquency of the vibrating tip is variable

from S Hz to greater thay 20,800 He.

A syster as claimed in claim 6 1 wherein the vibrating tp gontais pné or more aspiration

Jumens with a total cross sectional area greater than §.78mm?,

A system as claimed b claim 34 wherein the appatates corsprises a steady state vacuom

ganerator and a pulsatile flow generator,

A method for removing an ocelusive clot from a blood vessel comprising the steps of
delivering a catheter to 8 location adjacent to an veclusive clots
applying 2 vacuum to the clot using the cathetee; and

applying o additional eneegy to the el

A method as claimed in claim 65 wherein the additional energy is applied to the clot via

the cathster.

A method as claimed in claim 66 wherein the additional energy is apphied to the clot via

the catheler as the catheter approaches the clot.

A method as claimed in claim 66 whersin the additional encegy is applied to the clot via

the catheter only after the vatheter fails to aspirate the elot with steady state vaguum.,
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A method as claimed in claim 65 wherein the additional energy is applied v a guide

catheter or sheath positioned proximal of the clot in the vasculature.

A method as claimed in claim 65 wherein the additional encrgy is applied to a guide

catheter or sheath and an intermediate catheter simulianeoust L.

A methed as claimed in claim 65 wherein the additional snergy is applied to the clot via

the catheter In conjunction with the use of a steniriever devige.

A method w5 claimed in claim 65 whereln the additional snergy is applied to the clot

shrough the catheter,

A methed as claimed in any of claims 65 10 72 comyprising:
- defivering the auxiliary apparatus to a location adiacent to the slot: and

b. applying the additional energy directly to the clot,

A method as claimed e claim 73 comprising defivering the catheter and the maxifiary
apparatus stnultaneously,
A system as clabmed tn any of claims 110 22 or 32 (o 64 comprising a capister which ig

configured to receive aspirated bload or material,

A systern ag claimed in claim 75 whereln the system compriges a vacuum pump which is

connected {o the canister,
A system as claimed iy claim 76 whereln the vacuun ts deawn through the canister.

¥

A system as claimed in any of claims 110 22, 32 to 64, or 78 o 77 comprising a first

vacuum pulse generator.
A system as claimed in claim 78 comprising a second vacuum pulse generaion

A system as claimed o claim 79 wherein the vacuum pulse generators are configured to
operate separately, at the same time, o at different times to vary the vacuam pulse

fenerated.
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A system as claimed iniany of claims 78 1o 80 wherein the first pulse generator comprises
a valve having a housing and an element which is rotatable and/or os sillatable fn the

housing.

A system as claimed in any of claims 78 to §1 wherein the second pulse generator is

adapted to engage a flexible tube.

A system as claimed in olaim 82 wherein the second vacuum pulse generator comprises a

rotatable sam.

A system as claimed o claim 78 wherein the fivst vacuum pulse generator comprises 8

purmp.

A sestem as clairoed i claim 84 fwther comprising non-returm valves located on both

aldes of the pump.

A systent as clabmed tn claim 78 comprising # canister configured to receive aspirated
Kood or material and the frst pulse generator comprises an obturator which i movable

through the canister:
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as a function of catheter length is configured to provide enhanced distal flexibility while maintaining high backup support.
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ENHANCED FLEXIBILITY NEUROVASCULAR CATHETER

Cross-reference to Related Applications

This application claims the benefit of U.S. Provisional Application No. 62/299,418,
filed February 24, 2016, and U.S. Provisional Application No. 62/443,595, filed January 6,
2017, the entirety of these applications are hereby incorporated by reference herein.

BACKGROUND OF THE INVENTION

Stroke is the third most common cause of death in the United States and the most
disabling neurologic disorder. Approximately 700,000 patients suffer from stroke annually.
Stroke is a syndrome characterized by the acute onset of a neurological deficit that persists
for at least 24 hours, reflecting focal involvement of the central nervous system, and is the
result of a disturbance of the cerebral circulation. Its incidence increases with age. Risk
factors for stroke include systolic or diastolic hypertension, hypercholesterolemia, cigarette
smoking, heavy alcohol consumption, and oral contraceptive use.

Hemorrhagic stroke accounts for 20% of the annual stroke population. Hemorrhagic
stroke often occurs due to rupture of an aneurysm or arteriovenous malformation bleeding
into the brain tissue, resulting in cerebral infarction. The remaining 80% of the stroke
population are ischemic strokes and are caused by occluded vessels that deprive the brain of
oxygen-carrying blood. Ischemic strokes are often caused by emboli or pieces of thrombotic
tissue that have dislodged from other body sites or from the cerebral vessels themselves to
occlude in the narrow cerebral arteries more distally. When a patient presents with
neurological symptoms and signs which resolve completely within 1 hour, the term transient
ischemic attack (TIA) is used. Etiologically, TIA and stroke share the same pathophysiologic
mechanisms and thus represent a continuum based on persistence of symptoms and extent of
ischemic insult.

Emboli occasionally form around the valves of the heart or in the left atrial appendage
during periods of irregular heart rhythm and then are dislodged and follow the blood flow
into the distal regions of the body. Those emboli can pass to the brain and cause an embolic
stroke. As will be discussed below, many such occlusions occur in the middle cerebral artery

(MCA), although such is not the only site where emboli come to rest.
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When a patient presents with neurological deficit, a diagnostic hypothesis for the
cause of stroke can be generated based on the patient's history, a review of stroke risk factors,
and a neurologic examination. If an ischemic event is suspected, a clinician can tentatively
assess whether the patient has a cardiogenic source of emboli, large artery extracranial or
intracranial disease, small artery intraparenchymal disease, or a hematologic or other
systemic disorder. A head CT scan is often performed to determine whether the patient has
suffered an ischemic or hemorrhagic insult. Blood would be present on the CT scan in
subarachnoid hemorrhage, intraparenchymal hematoma, or intraventricular hemorrhage.

Traditionally, emergent management of acute ischemic stroke consisted mainly of
general supportive care, e.g. hydration, monitoring neurological status, blood pressure
control, and/or anti-platelet or anti-coagulation therapy. In 1996, the Food and Drug
Administration approved the use of Genentech Inc.'s thrombolytic drug, tissue plasminogen
activator (t-PA) or Activase®, for treating acute stroke. A randomized, double-blind trial, the
National Institute of Neurological Disorders and t-PA Stroke Study, revealed a statistically
significant improvement in stoke scale scores at 24 hours in the group of patients receiving
intravenous t-PA within 3 hours of the onset of an ischemic stroke. Since the approval of t-
PA, an emergency room physician could, for the first time, offer a stroke patient an effective
treatment besides supportive care.

However, treatment with systemic t-PA is associated with increased risk of
intracerebral hemorrhage and other hemorrhagic complications. Patients treated with t-PA
were more likely to sustain a symptomatic intracerebral hemorrhage during the first 36 hours
of treatment. The frequency of symptomatic hemorrhage increases when t-PA is administered
beyond 3 hours from the onset of a stroke. Besides the time constraint in using t-PA in acute
ischemic stroke, other contraindications include the following: if the patient has had a
previous stroke or serious head trauma in the preceding 3 months, if the patient has a systolic
blood pressure above 185 mm Hg or diastolic blood pressure above 110 mmHg, if the patient
requires aggressive treatment to reduce the blood pressure to the specified limits, if the
patient is taking anticoagulants or has a propensity to hemorrhage, and/or if the patient has
had a recent invasive surgical procedure. Therefore, only a small percentage of selected

stroke patients are qualified to receive t-PA.
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Obstructive emboli have also been mechanically removed from various sites in the
vasculature for years. Mechanical therapies have involved capturing and removing the clot,
dissolving the clot, disrupting and suctioning the clot, and/or creating a flow channel through
the clot. One of the first mechanical devices developed for stroke treatment is the MERCI
Retriever System (Concentric Medical, Redwood City, Calif.). A balloon-tipped guide
catheter is used to access the internal carotid artery (ICA) from the femoral artery. A
microcatheter is placed through the guide catheter and used to deliver the coil-tipped retriever
across the clot and is then pulled back to deploy the retriever around the clot. The
microcatheter and retriever are then pulled back, with the goal of pulling the clot, into the
balloon guide catheter while the balloon is inflated and a syringe is connected to the balloon
guide catheter to aspirate the guide catheter during clot retrieval. This device has had initially
positive results as compared to thrombolytic therapy alone.

Other thrombectomy devices utilize expandable cages, baskets, or snares to capture
and retrieve clot. Temporary stents, sometimes referred to as stentrievers or revascularization
devices, are utilized to remove or retrieve clot as well as restore flow to the vessel. A series
of devices using active laser or ultrasound energy to break up the clot have also been utilized.
Other active energy devices have been used in conjunction with intra-arterial thrombolytic
infusion to accelerate the dissolution of the thrombus. Many of these devices are used in
conjunction with aspiration to aid in the removal of the clot and reduce the risk of emboli.
Suctioning of the clot has also been used with single-lumen catheters and syringes or
aspiration pumps, with or without adjunct disruption of the clot. Devices which apply
powered fluid vortices in combination with suction have been utilized to improve the efficacy
of this method of thrombectomy. Finally, balloons or stents have been used to create a patent
lumen through the clot when clot removal or dissolution was not possible.

Notwithstanding the foregoing, there remains a need for new devices and methods for
treating vasculature occlusions in the body, including acute ischemic stroke and occlusive

cerebrovascular disease.

SUMMARY OF THE INVENTION
There is provided in according with one aspect, a telescoping catheter, comprising: an

elongate, flexible tubular body, comprising a proximal section having at least one lumen and
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a distal section axially movably positioned within the lumen; and a control for advancing the
distal section from a first, proximally retracted position within the proximal section to a
second, extended position, extending distally beyond the proximal section; and an active tip
on the distal end of the distal section, comprising a distal opening that is movable between a
smaller and a larger configuration.

In one aspect of present disclosure, the control comprises a pull wire extending
through the proximal section. In another aspect of present disclosure, the distal section is
distally advanceable to extend beyond the proximal section for a distance of at least about 10
cm. In yet another aspect of present disclosure, the distal section is distally advanceable to
extend beyond the proximal section for a distance of at least about 25 cm.

In one aspect of present disclosure, the distal opening is movable in response to
movement of a control wire. In another aspect of present disclosure, the distal opening is
movable between a smaller and a larger configuration in response to application of vacuum to
the lumen. In yet another aspect of present disclosure, the size of the distal opening is
changed by lateral movement of a side wall on the distal section. In yet another aspect of
present disclosure, the distal opening comprises at least one movable jaw. In another aspect
of present disclosure, the distal end of the distal section comprises a duck bill valve
configuration.

In one aspect of present disclosure, the telescoping catheter may further comprise a
controller for applying intermittent vacuum to the lumen. The controller may be configured
to apply pulses of vacuum to the lumen spaced apart by spaces of neutral pressure. The
controller may be configured to alternate between applying pulses of higher negative pressure
and lower negative pressure. The distal tip of the catheter may axially reciprocate in response
to application of pulses of vacuum to the lumen.

In accordance with one aspect, there is provided a system for aspirating a vascular
occlusion from a remote site, comprising: an elongate, flexible tubular body, comprising at
least one central lumen extending along its longitudinal length; an agitator extendable
through the central lumen of the tubular body to position a distal end of the agitator near a

distal end of the tubular body; a driver connectable to a proximal end of the agitator and

Penumbra, Inc., Ex. 1031, Page 469 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453

configured to actuate the agitator; and a vacuum port near the proximal end of the tubular
body and in fluid communication with the central lumen of the tubular body.

In one aspect of present disclosure, the agitator comprises an elongate tube. The
agitator may comprise a wire extending through the elongate tube and having at least one
bend near its distal end. In another aspect of present disclosure, the agitator comprises a
proximal end, a distal end, and a loop at the distal end. In yet another aspect of present
disclosure, the driver is configured to rotate the agitator cyclically in alternating directions.

In one aspect of present disclosure, the agitator comprises: at least one lumen along its
longitudinal length, an influent port near its proximal end configured to allow fluid
communication between the lumen of the agitator and a source of media, and at least one
effluent port configured to allow fluid communication between the lumen of the agitator and
the central lumen of the tubular body. The system for aspirating a vascular occlusion may
further comprise a control, for expressing media from the effluent port of the agitator into the
central lumen of the tubular body. The distal portion of the tubular body may be configured
to vibrate in a transverse direction in response to the injection of media.

In one aspect of present disclosure, the system for aspirating a vascular occlusion
further comprises a controller for applying a pulsatile vacuum cycle to the central lumen. In
another aspect of present disclosure, the system for aspirating a vascular occlusion further
comprises a rotating hemostasis valve coupled to the proximal end of the tubular body, the
rotating hemostasis valve comprising: at least one main lumen along its longitudinal length,
through which the proximal portion of the agitator is configured to pass, and an aspiration
lumen bifurcating from the main lumen and provided with a vacuum port. In yet another
aspect of present disclosure, the system further comprises a proximal drive assembly coupled
to the proximal end of the tubular body, the proximal drive assembly comprising: at least one
main lumen along its longitudinal length for receiving the agitator; a media injection port,
into which media is injected, in fluid communication with the central lumen of the tubular
body, and a proximal drive connection at the proximal end, which operably connects between
the agitator and the driver.

In accordance with one aspect, there is provided an enhanced flexibility neurovascular

catheter, comprising: an elongate flexible body, having a proximal end, a distal end and a
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side wall defining a central lumen, a distal zone of the side wall comprising: a tubular inner
liner; a soft tie layer separated from the lumen by the inner liner; a helical coil surrounding
the tie layer, adjacent windings of the coil spaced progressively further apart in the distal
direction; and an outer jacket surrounding the helical coil, the outer jacket formed from a
plurality of tubular segments positioned coaxially about the coil; wherein a proximal one of
the tubular segments has a durometer of at least about 60D and a distal one of the tubular
segments has a durometer of no more than about 35D. In one aspect of present disclosure,
the tubular liner is formed by dip coating a removable mandrel. In another aspect of present
disclosure, the tubular liner comprises PTFE.

In yet another aspect of present disclosure, the tie layer comprises polyurethane. The
tie layer may have a wall thickness of no more than about 0.005 inches and may extend along
at least the most distal 20 cm of the flexible body. In one aspect of present disclosure, the
coil comprises a shape memory material. The coil may comprise Nitinol, and the Nitinol
may comprise an Austenite state at body temperature.

In one aspect of present disclosure, the outer jacket is formed from at least five
discrete tubular segments. The outer jacket may be formed from at least nine discrete tubular
segments. The difference in durometer between a proximal one of the tubular segments and
a distal one of the tubular segments may be at least about 20D. The difference in durometer
between a proximal one of the tubular segments and a distal one of the tubular segments may
be at least about 30D.

In another aspect of present disclosure, the enhanced flexibility neurovascular
catheter, further comprises a tension support for increasing the tension resistance in the distal
zone. The tension support may comprise a filament and may comprise an axially extending
filament. The axially extending filament may be carried between the inner liner and the
helical coil. The axially extending filament may increase the tensile strength to at least about
5 pounds.

In accordance with one aspect, there is provided an enhanced flexibility neurovascular
catheter, comprising: an elongate flexible body, having a proximal end, a distal end and a
side wall defining a central lumen, a distal zone of the side wall comprising: an outer jacket

surrounding a helical coil, the outer jacket formed from a plurality of tubular segments
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positioned coaxially about the coil; wherein a proximal one of the tubular segments has a
durometer of at least about 60D and a distal one of the tubular segments has a durometer of
no more than about 35D; and an axially extending filament within the side wall, extending at
least about the most distal 10 cm of the length of the catheter. The filament may extend at
least about the most distal 15 cm of the length of the catheter. The filament may extend at
least about the most distal 20 cm of the length of the catheter. The filament may comprise
multiple fibers and may extend axially in between the coil and the inner liner.

In one aspect of present disclosure, the side wall further comprises: a tubular inner
liner; a soft tie layer separated from the lumen by the inner liner; wherein the helical coil
surrounds the tie layer, and adjacent windings of the coil are spaced progressively further
apart in the distal direction. The tubular liner may be formed by dip coating a removable
mandrel and may comprise PTFE. The tie layer may comprise polyurethane and may have a
wall thickness of no more than about 0.005 inches. The tie layer may extend along at least
the most distal 20 cm of the flexible body. The coil may comprise a shape memory material
and may comprise Nitinol. The Nitinol may comprise an Austenite state at body temperature.

In one aspect of present disclosure, the outer jacket may be formed from at least five
discrete tubular segments. In another aspect of present disclosure, the outer jacket may be
formed from at least nine discrete tubular segments. The difference in durometer between a
proximal one of the tubular segments and a distal one of the tubular segments may be at least
about 20D. The difference in durometer between a proximal one of the tubular segments and
a distal one of the tubular segments may be at least about 30D. In another aspect of present
disclosure, the catheter can withstand at least about 3.5 pounds tension before failure. In yet
another aspect, the catheter can withstand at least about 5 pounds tension before failure.

In accordance with one aspect, there is provided a method of making a high flexibility
distal zone on a neurovascular catheter, comprising the steps of: dip coating a removable
mandrel to form a tubular inner layer on the mandrel; coating the tubular inner layer with a
soft tie layer; applying a helical coil to the outside of the tie layer; positioning a plurality of
tubular segments on the helical coil; the plurality of segments having durometers that
decrease in a distal direction; heating the tubular segments to form the high flexibility distal

zone on the neurovascular catheter; and removing the mandrel. In one aspect of present
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disclosure, removing the mandrel step includes axially elongating the mandrel. In another
aspect of present disclosure, the method of making a high flexibility distal zone on a
neurovascular catheter comprises positioning at least seven segments on the helical coil. In
yet another aspect of present disclosure, the method of making a high flexibility distal zone
on a neurovascular catheter comprises positioning at least nine segments on the helical coil.

In one aspect of present disclosure, the difference in durometer between a proximal
one of the tubular segments and a distal one of the tubular segments is at least about 20D.
The difference in durometer between a proximal one of the tubular segments and a distal one
of the tubular segments may be at least about 30D. The tubular inner layer may comprise
PTFE. In another aspect of present disclosure, the tie layer comprises polyurethane. The tie
layer may have a wall thickness of no more than about 0.005 inches. The tie layer may
extend along at least the most distal 20 cm of the flexible body.

In one aspect of present disclosure, the coil comprises a shape memory material. The
coil may comprise Nitinol. The Nitinol may comprise an Austenite state at body temperature.
In another aspect of present disclosure, the method of making a high flexibility distal zone on
a neurovascular catheter further comprises the step of positioning at least one tensile strength
enhancing filament in between the coil and the tie layer prior to heat shrinking the tubular
segments. The filament may extend along at least about the most distal 15 cm of the length
of the catheter. The filament may extend along at least about the most distal 20 cm of the
length of the catheter. The filament may comprise multiple fibers. In yet another aspect of
present disclosure, the method of making a high flexibility distal zone on a neurovascular
catheter further comprises the step of positioning at least one tensile strength enhancing
filament over the tie layer before the applying a helical coil step.

In accordance with one aspect, there is provided a neurovascular catheter, comprising:
an elongate flexible tubular body, having a proximal end, a distal end and a side wall defining
a central lumen, a distal zone of the tubular body comprising: a tubular inner liner; a tie layer
separated from the lumen by the inner liner; a helical coil surrounding the tie layer, adjacent
windings of the coil spaced progressively further apart in the distal direction; an outer jacket
surrounding the helical coil, and an opening at the distal end which is enlargeable from a first

inside diameter for transluminal navigation to a second, larger inside diameter to facilitate
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aspiration of thrombus into the lumen. In one aspect of present disclosure, the distal opening
is enlargeable in response to exposure to blood. In another aspect of present disclosure, the
distal opening is enlargeable in response to exposure to body temperature. In yet another
aspect of present disclosure, the distal opening is enlargeable in response to removal of a
constraint. The constraint may comprise a polymer having a structural integrity that
decreases in the intravascular environment.

In one aspect of present disclosure, the catheter body adjacent the distal opening
comprises a radially outwardly biased embedded support. The catheter body adjacent the
distal opening may comprise an embedded Nitinol frame. The support may comprise a wire
mesh. The support may comprise a stent. In another aspect of present disclosure, the
catheter body adjacent the distal opening comprises a hydrophilic blend. In yet another
aspect of present disclosure, the tubular liner is formed by dip coating a removable mandrel.
The tubular liner may comprise PTFE.

In one aspect of present disclosure, the tie layer comprises polyurethane. The tie layer
may have a wall thickness of no more than about 0.005 inches. The tie layer may extend
along at least the most distal 20 cm of the flexible body. In another aspect of present
disclosure, the coil comprises a shape memory material. The coil may comprise Nitinol. The
Nitinol may comprise an Austenite state at body temperature. In one aspect of present
disclosure, the outer jacket is formed from at least five discrete tubular segments. The outer
jacket may be formed from at least nine discrete tubular segments. The difference in
durometer between a proximal one of the tubular segments and a distal one of the tubular
segments may be at least about 20D. The difference in durometer between a proximal one of
the tubular segments and a distal one of the tubular segments may be at least about 30D.

In accordance with one aspect, there is provided a neurovascular catheter extension
segment, comprising:an elongate flexible control wire, having a proximal end and a distal
end; a tubular extension segment having a side wall defining a central lumen carried by the
distal end of the control wire, the side wall comprising: a tubular inner liner; a tie layer
separated from the lumen by the inner liner; a helical coil surrounding the tie layer; and an
outer jacket surrounding the helical coil. In one aspect of present disclosure, the outer jacket

is formed from a plurality of tubular segments positioned coaxially about the coil. A
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proximal one of the tubular segments may have a durometer of at least about 60D, and a
distal one of the tubular segments may have a durometer of no more than about 35D.

In another aspect of present disclosure, the tubular liner is formed by dip coating a
removable mandrel. The tubular liner may comprise PTFE. In yet another aspect of present
disclosure, the tie layer comprises polyurethane. The tie layer may have a wall thickness of
no more than about 0.005 inches. The tie layer may extend along at least the most distal 20
cm of the tubular extension segment. In one aspect of present disclosure, the coil comprises a
shape memory material. The coil may comprise Nitinol. The Nitinol may comprise an
Austenite state at body temperature.

In one aspect of present disclosure, the outer jacket is formed from at least five
discrete tubular segments. The outer jacket may be formed from at least nine discrete tubular
segments. The difference in durometer between a proximal one of the tubular segments and a
distal one of the tubular segments may be at least about 20D. The difference in durometer
between a proximal one of the tubular segments and a distal one of the tubular segments may
be at least about 30D. In another aspect of present disclosure, the control wire comprises a
central lumen. The control wire central lumen may be in communication with the central
lumen of the tubular extension segment. In yet another aspect of present disclosure, the
inside diameter of the neurovascular catheter extension segment is at least 2X the inside
diameter of the control wire central lumen. The inside diameter of the neurovascular catheter
extension segment may be at least 3X the inside diameter of the control wire central lumen.

In accordance with another aspect, there is provided a neurovascular catheter
extension segment system, comprising the neurovascular catheter extension segment
described above and an agitator configured to extend through the control wire central lumen
and into the central lumen of the tubular extension segment.

Any feature, structure, or step disclosed herein can be replaced with or combined with
any other feature, structure, or step disclosed herein, or omitted. Further, for purposes of
summarizing the disclosure, certain aspects, advantages, and features of the embodiments
have been described herein. It is to be understood that not necessarily any or all such
advantages are achieved in accordance with any particular embodiment disclosed herein. No

individual aspects of this disclosure are essential or indispensable. Further features and
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advantages of the embodiments will become apparent to those of skill in the art in view of the
Detailed Description which follows when considered together with the attached drawings and

claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational schematic view of an intracranial aspiration catheter in
accordance with the present invention, with a distal segment in a proximally retracted
configuration.

FIG. 2 is a side elevational view as in FIG. 1, with the distal segment in a distally
extended configuration.

FIGS. 3A-3B are cross-sectional elevational views of a distal end of catheter 10, with
the distal section 34 fully extended.

FIGS. 4A—4C schematically illustrate different cutting tip configurations.

FIGS. 4D—4E and 4J-4K schematically illustrate a distal dynamic funnel tip
configuration.

FIGS. 4F—-4G illustrate a dynamic flared tip having a first restraint system.

FIGS. 4H—4I illustrate a dynamic flared tip having an alternative restraint system.

FIG. 5 depicts cerebral arterial vasculature including the Circle of Willis, and an
access catheter positioned at an occlusion in the left carotid siphon artery.

FIGS. 6 through 9 show a sequence of steps involved in positioning of the catheter
and aspirating obstructive material from the middle cerebral artery.

FIG. 10 illustrates removal of the catheter following aspiration of obstructive
material.

FIGS. 11A-11F depict a sequence of steps to access a neurovascular occlusion for
aspiration.

FIGS. 12A—12F depict an alternative sequence of steps in accordance with an aspect
of the present invention involved in accessing a neurovascular occlusion for aspiration.

FIG. 13 illustrates an aspiration system configured to apply pulsatile negative pressure

through the aspiration catheter.
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FIG. 14 illustrates an alternative aspiration system configured to apply pulsatile
negative pressure through the aspiration catheter.

FIG. 15 illustrates a further alternative aspiration system configured to apply
mechanical vibration through the aspiration catheter.

FIGS. 16 and 17 illustrate a further alternative aspiration system configured to apply
mechanical vibration through the aspiration catheter.

FIG. 18 illustrates a further alternative aspiration system having an agitator
configured to apply mechanical vibration at a vibration zone on the aspiration catheter.

FIG. 19 depicts a simplified agitator such as a hypo tube supported wire placed in a
catheter to create a vibration zone.

FIGS. 20A-20C depict agitators with various distal tip configurations.

FIGS. 20D-20E depict an agitator positioned within a swellable polymer distal funnel
tip.

FIGS. 21 A-21B illustrate a moving or wiggling distal tip of a catheter in response to
activating the agitator.

FIGS. 22A-22B illustrate media injection from a moving or wiggling distal tip of an
agitator.

FIGS. 23A-23B illustrate media injection from a distal tip of an agitator to assist
aspiration.

FIG. 24 depicts a proximal aspiration port carried by a catheter.

FIGS. 25A-25C depict a pulsed aspiration cycle according to an embodiment.

FIG. 26 depicts a perspective view of a rotating hemostasis valve and a proximal
drive assembly.

FIG. 27A illustrates a longitudinal cross-sectional elevational view taken along the
line 27A-27A in FIG. 26.

FIG. 27B illustrates an enlarged longitudinal cross-sectional elevational view of the
proximal drive assembly 2602 from FIG. 27A.

FIG. 28 depicts a cross-sectional perspective view of the proximal portion of FIG. 26.

FIG. 29 depicts a perspective view of an agitator driver, a proximal drive assembly,

and a rotating hemostasis valve.

-12-

Penumbra, Inc., Ex. 1031, Page 477 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453

FIG. 30 illustrates a cross-sectional elevational view of a catheter wall according to an
embodiment.

FIG. 31A illustrates a cross-sectional elevational view of a catheter wall according to
another embodiment, showing one or more axially extending filaments.

FIG. 31B describes a side elevational view of the catheter of FIG. 31A

FIG. 31C illustrates a cross-sectional view taken along the line C-C of FIG. 31B,
showing one or more axially extending filaments.

FIG. 32A depicts a side elevational view of a catheter according to one embodiment.

FIG. 32B describes a cross-sectional elevational view taken along the line A-A of FIG.

32A.

FIG. 32C illustrates a cross-sectional view taken along the line B-B of FIG. 32A.

FIG. 33A depicts a side elevational view of a catheter according to another
embodiment.

FIG. 33B describes a cross-sectional elevational view taken along the line A-A of FIG.
33A, showing one or more axially extending filaments.

FIG. 33C illustrates a cross-sectional view taken along the line B-B of FIG. 33A,
showing one or more axially extending filaments.

FIG. 34A illustrates a side elevational view of a progressively enhanced flexibility
catheter according to an embodiment.

FIG. 34B is a proximal end view of the enhanced flexibility catheter of FIG. 34A.

FIG. 35 illustrates back-up support of the catheter in accordance with the present
invention.

FIG. 36 depicts a graph of modulus or durometer of the catheter along the length of
the catheter, from the proximal end to the distal end.

FIG. 37 depicts a graph of flexure test profiles of catheters in accordance with the
present invention compared with conventional catheters.

FIG. 38 is a side elevational schematic view of a transformable catheter in accordance
with the present invention.

FIG. 39 is a cross-sectional view taken along the lines 18-18 of FIG. 38, showing

heating elements within the catheter sidewall.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to FIG. 1, there is disclosed a catheter 10 in accordance with one aspect of
the present invention. Although primarily described in the context of an axially extendable
distal segment aspiration catheter with a single central lumen, catheters of the present
invention can readily be modified to incorporate additional structures, such as permanent or
removable column strength enhancing mandrels, two or more lumen such as to permit drug,
contrast or irrigant infusion or to supply inflation media to an inflatable balloon carried by the
catheter, or combinations of these features, as will be readily apparent to one of skill in the art
in view of the disclosure herein. In addition, the present invention will be described primarily
in the context of removing obstructive material from remote vasculature in the brain, but has
applicability as an access catheter for delivery and removal of any of a variety of diagnostics
or therapeutic devices with or without aspiration.

The catheters disclosed herein may readily be adapted for use throughout the body
wherever it may be desirable to distally advance a low profile distal catheter segment from a
larger diameter proximal segment. For example, axially extendable catheter shafts in
accordance with the present invention may be dimensioned for use throughout the coronary
and peripheral vasculature, the gastrointestinal tract, the urethra, ureters, Fallopian tubes and
other lumens and potential lumens, as well. The telescoping structure of the present invention
may also be used to provide minimally invasive percutaneous tissue access, such as for
diagnostic or therapeutic access to a solid tissue target (e.g., breast or liver or brain biopsy or
tissue excision), delivery of laparoscopic tools or access to bones such as the spine for
delivery of screws, bone cement or other tools or implants.

The catheter 10 generally comprises an elongate tubular body 16 extending between a
proximal end 12 and a distal functional end 14. The length of the tubular body 16 depends
upon the desired application. For example, lengths in the area of from about 120 cm to about
140 cm or more are typical for use in femoral access percutaneous transluminal coronary
applications. Intracranial or other applications may call for a different catheter shaft length

depending upon the vascular access site, as will be understood in the art.
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In the illustrated embodiment, the tubular body 16 is divided into at least a fixed
proximal section 33 and an axially extendable and retractable distal section 34 separated at a
transition 32.

Referring to FIG. 3A and 3B, there is illustrated a cross-sectional view of the distal
segment 34 shown extended distally from the proximal segment 33 in accordance with the
present invention. Distal segment 34 extends between a proximal end 36 and a distal end 38
and defines at least one elongate central lumen 40 extending axially therethrough. Distal end
38 may be provided with one or more movable side walls or jaws 39, which move laterally in
the direction of an opposing side wall or jaw 41 under the influence of aspiration, to enable
the distal end 38 to bite or break thrombus or other material into smaller particles, to facilitate
aspiration through lumen 40. Both walls 39 and 41 may be movable towards and away from
each other to break up thrombus as is discussed further below. For certain applications, the
proximal section 33 may also or alternatively be provided with one or two opposing jaws,
also responsive to vacuum or mechanical actuation to break up thrombus.

The inner diameter of the distal section 34 may be between about 0.030 inches and
about 0.112 inches, between about 0.040 inches and about 0.102 inches, between about 0.045
inches and about 0.097 inches, between about 0.050 inches and about 0.092 inches, between
about 0.055 inches and about 0.087 inches, between about 0.060 inches and about 0.082
inches, between about 0.062 inches and about 0.080 inches, between about 0.064 inches and
about 0.078 inches, between about 0.066 inches and about 0.076 inches, between about 0.068
inches and about 0.074 inches, or between about 0.070 inches and about 0.072 inches.

The inner diameter and the outer diameter of the distal section 34 may be constant or
substantially constant along its longitudinal length. Alternatively, the distal section 34 may
be tapered near its distal end. The distal section 34 may be tapered at less than or equal to
about S5cm, about 10cm, about 15c¢m, about 20cm, about 23cm, about 25c¢m, about 30cm,
about 31cm, about 35cm, about 40cm, about 45¢cm, about 50cm, about 60cm, or about 70cm
from its distal end.

The inner diameter of the distal section 34 may be tapered or decreased near the distal
end by less than or equal to about 95%, about 90%, about 85%, about 80%, about 75%, about
70%, about 65%, about 60%, about 55%, about 50%, about 45%, about 40%, about 35%,
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about 30%, about 25%, about 20%, about 10%, or about 5%. The inner diameter of the distal
section 34 may be tapered or decreased near the distal end by greater than or equal to about
95%, about 90%, about 85%, about 80%, about 75%, about 70%, about 65%, about 60%,
about 55%, about 50%, about 45%, about 40%, about 35%, about 30%, about 25%, about
20%, about 10%, or about 5%. The tapered inner diameter of the distal section 34 may be by
less than or equal to about 0.11 inches, about 0.1 inches, about 0.090 inches, about 0.080
inches, about 0.070 inches, about 0.065 inches, about 0.060 inches, about 0.055 inches, about
0.050 inches, about 0.045 inches, about 0.040 inches, about 0.035 inches, about 0.030 inches,
about 0.025 inches, about 0.020 inches, about 0.015 inches, or about 0.010 inches.

The length of the distal section 34 may be between about 13cm and about 53cm,
between about 18cm and about 48cm, between about 23cm and about 43cm, or between
about 28cm and about 38cm. The length of the distal section 34 may be less than or equal to
about 20cm, about 25cm, about 30cm, about 33cm, about 35¢cm, about 40cm, about 41cm,
about 45cm, about 50cm, about 55cm, about 60cm, about 70cm, or about 80cm. The length
of the distal section 34 may depend on the degree of tapering of the internal diameter of the
distal section 34.

The proximal end 36 of distal section 34 is provided with a proximally extending pull
wire 42. Pull wire 42 extends proximally throughout the length of the tubular body 16, to
control 24 which may be carried by manifold 18. Axial movement of control 24 produces a
corresponding axial movement of distal section 34 with respect to proximal section 33 as has
been discussed. Alternatively, the proximal end of pull wire 42 may exit through a port on
manifold 18, such that it may be manually grasped and pulled or pushed by the clinician to
extend or retract the distal section 34. The length of the pull wire 42 may be between about
700mm and about 1556mm, between about 800mm and about 1456mm, between about
850mm and about 1406mm, between about 900mm and about 1356mm, between about
950mm and about 1306mm, between about 1000mm and about 1256mm, between about
1020mm and about 1236mm, between about 1040mm and about 1216mm, between about
1060mm and about 1196mm, between about 1080mm and about 1176mm, between about
1100mm and about 1156mm, between about 1110mm and about 1146mm, or between about

1120mm and about 1136mm.
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Upon distal advance of pull wire 42 to its limit of travel, an overlap 44 remains
between the proximal end 36 of distal section 34 and the proximal section 33. This overlap
44 is configured to provide a seal to enable efficient transmission of vacuum from proximal
section 33 to distal section 34. Overlap 44 may be provided with any of a variety of
additional features to facilitate a seal, such as a gasket, coating or tightly toleranced sliding
fit. Preferably the clearance between the OD of the distal section 34 and ID of the proximal
section 33, at least in the vicinity of transition 32, will be no more than about 0.005 inches
and preferably no more than about 0.003 inches to provide an effective seal in a blood
environment.

Following positioning of the distal end of proximal section 33 within the vasculature,
such as within the cervical carotid artery, the control 24 is manipulated to distally advance
distal section 34 deeper into the vasculature. For this purpose, the pull wire 42 will be
provided with sufficient column strength to enable distal advance of the distal tip 38 as will
be discussed below.

The pull wire 42 and distal section 34 may be integrated into a catheter as illustrated
in Figures 1 and 2. Alternatively, distal section 34 and pull wire 42 may be configured as a
stand-alone catheter extension device as is discussed in greater detail below. The catheter
extension device may be introduced into the proximal end of proximal section 33 after
placement of proximal section 33 and advanced distally there through as illustrated in Figure
3 A, to telescopically extend the reach of the aspiration system.

Referring to FIG. 3B, the pull wire 42 may comprise a tubular wall having an axially
extending central lumen 45. The central lumen 45 permits introduction of media such as
lubricants, drugs, contrast agents or others into the distal section 34. In addition, the central
lumen 45 extending through pull wire 42 permits introduction of an agitator as is discussed in
greater detail below.

Referring to FIGS. 4A through 4C, the distal tip 38 may be provided any of a variety
of structures which produce an active movement such as a biting action in response to the
application of an activation force such as a vacuum in lumen 40. Alternatively, an axially
movable control wire may be connected with respect to a side wall of the distal tip 38, to

enable cutting action under positive mechanical force. FIG. 4A illustrates a distal tip 38 in an
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open configuration, while FIG. 4B illustrates distal tip 38 with opposing side walls 39 and 41
drawn together by the negative pressure in aspiration lumen 40. This may be accomplished
by providing a tapered thickness in side walls 39 and 41, or a groove or living hinge which
facilitates lateral movement of at least one of side wall 39 or 41.

Alternatively, referring to FIG. 4C, a pivot point or hinge 43 may be provided to
enable lateral movement of side wall 39 to operate as a jaw. Two opposing side walls may be
moveable medially and laterally with bilateral symmetry like a duck bill valve. Three or
more jaws may be provided, such as three triangular jaws separated at about 120° spacing
which under an aspiration pulse close to form a pyramid closed tip.

In some implementations of the present invention, the distal tip 14 is preferably
provided with the capability to dilate beyond the nominal diameter of distal section 34. This
provides a conical funnel like tip with an enlarged distal opening, to facilitate introduction of
thrombotic material into the lumen 40. See FIGS. 4D-4K. The diameter at the distal opening
of the fully opened funnel exceeds the diameter of a cylindrical extension of the adjacent
tubular body by at least about 10%, preferably at least about 25% or 45% or more. This may
be accomplished by providing the distal end 14 with an expandable material, or a plurality of
laterally movable jaws or petals such as at least about three or five or six or more petals that
are advanceable radially inwardly into a coaptive orientation, and radially outwardly to
provide a flared inside diameter of aspiration lumen 40 which increases in the distal
direction.

The flexible petals may be retained in a radially inwardly inclined configuration such
as by application of negative pressure via lumen 40 during transluminal navigation of the
distal section 34. Upon removal of the negative pressure, the panels may incline radially
outwardly in response to a preset bias. Application of pulsatile vacuum may thereafter cause
the panels to close radially inwardly to perform the biting function described previously.

The distal funnel opening may be actuated in a variety of other ways as will be
apparent to those of skill in the art, such as by providing a pull wire or axially slideable outer
or inner sleeve to open and close the funnel in response to mechanical movement of the wire

or sleeve. Alternatively the funnel opening may be controlled by rotation of a control wire or
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tubular sleeve relative to the distal section 34, to activate an iris or spiral mechanism such as
a helical ribbon or wire carried by the distal tip.

The normal state of the distal funnel may be a cylindrical configuration, and a
mechanical, thermal or electrical actuator may be utilized to enlarge the distal funnel
opening. Alternatively, the normal state of the funnel may be conical, and a mechanical,
thermal or electrical actuator may be utilized to reduce the diameter such as for transluminal
navigation. The petals or other wall of the funnel or elements disposed within the wall of the
funnel may comprise a shape memory material such as a shape memory polymer or metal
alloy such as nitinol, which may be laser cut from tube stock or woven into a fine mesh. The
geometry of the funnel may be transformed by application of heat, such as body heat, or heat
from a heat source carried by the catheter such as an electrical resistance wire within the wall
or adjacent the catheter tip. Heat may alternatively be applied from a heat source introduced
by way of central lumen 40, such as a heated fluid, or a removable heater such as an elongate
flexible body carrying a resistance coil. Transformation of the funnel from one configuration
to the other may alternatively be accomplished by reducing the temperature of the funnel
below body temperature such as by introducing a cooled fluid into thermal communication
with the funnel tip or providing the catheter or a removable cooling catheter with a Joule —
Thomson expansion chamber located near the distal end.

In an alternate configuration, the sidewall of the funnel is provided with an inflatable
balloon in the form of a ring or hoop, in communication with an inflation lumen extending
throughout the length of the catheter. Introduction of inflation media inflates the annular
balloon, transforming the configuration of the funnel tip from a reduced diameter to an
enlarged diameter.

In an alternate configuration, the distal tip is biased into the funnel configuration, and
restrained into a cylindrical configuration such as for transluminal navigation. When the
funnel tip is desired to be enlarged, the restraint can be removed. The restraint may comprise
an outer tubular covering membrane or loop configured to be removed by pulling a pull wire
in a proximal direction. Alternatively, the restraint may be a bioabsorbable material, which
dissolves following a preset amount of time that exceeds the anticipated time from vascular

access to reach the final intravascular position.
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Referring to FIGS. 4]J— 4K, the distal flared tip may comprise embedded elastic
elements (e.g., a coil, struts or cage) such as spring steel, Nitinol or others known in the art
that bias the tip into the flared configuration. The elastic elements such as in the form of a
Nitinol cage may alternatively reside on the ID of the catheter. The polymer tip restrains the
elastic elements to provide a cylindrical exterior configuration for transluminal navigation as
seen in FIG. 4]J. Softening the polymer (e.g., a hydrophilic blend) such as by body heat or
moisture allows the elastic elements to transform the tip into the funnel configuration as seen
in FIG. 4K. Alternatively, a conical NiTi cage at the tip is coated with a double hydrophilic
non-cross linked glue. As the catheter advances the glue dissolves and gradually flares the tip
into a funnel. The polymer tip may be formed without embedded elastic components and
instead comprise a coextrusion with multiple layers, varying thickness in multiple layers,
blending hydrophilic components at different ratios to control flaring. Multiple axially
extending pull wires may be embedded through extruded lumen extending axially throughout
the catheter wall. The wires are pushed or pulled to open/close the catheter distal end to flare
or collapse. Funnel-shaped, underexpanded NiTi stent can be deployed at the tip area
straddling between high and low durometer regions but greater length into high durometer
region. Once ready to engage a clot, the stent can be pushed distally further into the low
durometer tip. After complete clot retrieval the stent is pulled back into high durometer
region, collapsing the funnel. This is an example of an active on-demand funneling tip.

Referring to FIG. 4F, there is illustrated a cross-sectional view of a distal end of a
tubular catheter body such as distal section 34. The tubular body is provided with a distal tip
38 in the form of a self expandable (e.g., NiTinol) mesh 50, constrained by an outer tubular
restraint 52. Restraint 52 may comprise a proximately retractable tubular body extending
proximally to a control on the proximal manifold; a peel away sheath carried by an elongate
proximally retractable pull wire, or other mechanism disclosed elsewhere herein. As shown
in FIG 4G, proximal retraction of tubular restraint 52 with respect to tubular body 34, or
distal advance of tubular body 34 with respect to restraint 52 exposes and releases the mesh
50 to self expand to a funnel shape to facilitate capture and removal of intravascular debris.

Referring to FIGS. 4H and 41, the self expandable conical mesh 50 is restrained by

interweaving an internal restraint wire 54. Restraint wire 54 may be a procedure guide wire,
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or a dedicated restraint wire. Proximal retraction of the restraint wire 54 releases the mesh 50,
to self expanded to a final, funnel configuration. Release of the mesh 50 may be
accomplished in a variety of alternative ways, such as bio absorbable materials, and
electrolytic detachment.

The proximal end 12 of catheter 10 is additionally provided with a manifold 18
having one or more access ports as is known in the art. Generally, manifold 18 is provided
with a proximal port such as a guidewire port 20 in an over-the-wire construction, and at least
one side port such as aspiration port 22. Alternatively, the aspiration port 22 may be omitted
if the procedure involves removal of the guidewire proximally from the guidewire port 20
following placement of the aspiration catheter, and aspiration through the guidewire port.
Additional access ports and lumen may be provided as needed, depending upon the
functional capabilities of the catheter. Manifold 18 may be injection molded from any of a
variety of medical grade plastics, or formed in accordance with other techniques known in the
art.

Manifold 18 may additionally be provided with a control 24, for controlling the axial
position of the distal segment 34 of the catheter. Control 24 may take any of a variety of
forms depending upon the mechanical structure and desired axial range of travel of the distal
segment 34. In the illustrated embodiment, control 24 comprises a slider switch which is
mechanically axially movably linked to the distal segment such that proximal retraction of
the slider switch 24 produces a proximal movement of the distal segment 34. This retracts the
distal segment 34 into the proximal section 33 as illustrated in FIG. 1. Distal axial
advancement of the slider switch 24 produces a distal axial advance of the distal segment 34,
as illustrated in FIGS. 2 and 3.

Any of a variety of controls may be utilized, including switches, buttons, levers,
rotatable knobs, pull/push wires, and others which will be apparent to those of skill in the art
in view of the disclosure herein. The control will generally be linked to the distal segment by
a control wire 42.

Alternatively, the proximal section 33 and distal section 34 maybe provided as
separate devices, in which construction the proximal control may be omitted. The distal end

of proximal section 33 may be provided with one or more jaws as has been discussed
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previously herein, for morcellating or otherwise breaking thrombus or other obstruction into
pieces or otherwise facilitating aspiration. The proximal section 33 may additionally be
mechanically coupled to or adapted for coupling to a source of vibrational or rotational
movement, such as to provide the intermittent or pulsatile movement discussed elsewhere
herein to facilitate navigation into the vasculature.

Using axial reciprocation, and/or rotation, and/or biting action of the distal jaws, the
clinician may be able to reach the obstruction using proximal section 33. See, for example,
FIG. 5 in which proximal section 33 is able to reach an obstruction in the left carotid siphon.
If, however, the proximal section 33 is not able to advance sufficiently close to the
obstruction, a separate telescoping distal section 34 may be introduced into the proximal
section 33 and advanced therethrough and beyond, as illustrated in FIGS. 2 and 6-10, to reach
the obstruction.

The cerebral circulation is regulated in such a way that a constant total cerebral blood
flow (CBF) is generally maintained under varying conditions. For example, a reduction in
flow to one part of the brain, such as in acute ischemic stroke, may be compensated by an
increase in flow to another part, so that CBF to any one region of the brain remains
unchanged. More importantly, when one part of the brain becomes ischemic due to a vascular
occlusion, the brain compensates by increasing blood flow to the ischemic area through its
collateral circulation.

FIG. 5 depicts cerebral arterial vasculature including the Circle of Willis. Aorta 100
gives rise to right brachiocephalic artery 82, left common carotid artery (CCA) 80, and left
subclavian artery 84. The brachiocephalic artery 82 further branches into right common
carotid artery 85 and right subclavian artery 83. The left CCA gives rise to left internal
carotid artery (ICA) 90 which becomes left middle cerebral artery (MCA) 97 and left anterior
cerebral artery (ACA) 99. Anteriorly, the Circle of Willis is formed by the internal carotid
arteries, the anterior cerebral arteries, and anterior communicating artery 91 which connects
the two ACAs. The right and left ICA also send right posterior communicating artery 72 and
left posterior communicating artery 95 to connect, respectively, with right posterior cerebral

artery (PCA) 74 and left PCA 94. The two posterior communicating arteries and PCAs, and
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the origin of the posterior cerebral artery from basilar artery 92 complete the circle
posteriorly.

When an occlusion occurs acutely, for example, in left carotid siphon 70, as depicted
in FIG. 5, blood flow in the right cerebral arteries, left external carotid artery 78, right
vertebral artery 76 and left vertebral artery 77 increases, resulting in directional change of
flow through the Circle of Willis to compensate for the sudden decrease of blood flow in the
left carotid siphon. Specifically, blood flow reverses in right posterior communicating artery
72, right PCA 74, left posterior communicating artery 95. Anterior communicating artery 91
opens, reversing flow in left ACA 99, and flow increases in the left external carotid artery,
reversing flow along left ophthalmic artery 75, all of which contribute to flow in left ICA 90
distal the occlusion to provide perfusion to the ischemic area distal to the occlusion.

As illustrated in FIG. 5, the proximal segment of catheter 10 is transluminally
navigated along or over the guidewire, to the proximal side of the occlusion. Transluminal
navigation may be accomplished with the distal section 34 of the catheter in the first,
proximally retracted configuration. This enables distal advance of the proximal section 33
until further progress is inhibited by small and/or tortuous vasculature. Alternatively, the
distal section 34 is a separate device, and is not inserted into the proximal section 33 until it
is determined that the proximal section 33 cannot safely reach the occlusion. In the example
illustrated in FIG. 5, the occlusion may be safely reached by the proximal section 33, without
the need to insert or distally extend a distal section 34.

The distal end of the proximal section 33 of aspiration catheter 10 is inserted typically
through an incision on a peripheral artery over a guidewire and advanced as far as deemed
safe into a more distal carotid or intracranial artery, such as the cervical carotid, terminal
ICA, carotid siphon, MCA, or ACA. The occlusion site can be localized with cerebral
angiogram or IVUS. In emergency situations, the catheter can be inserted directly into the
symptomatic carotid artery after localization of the occlusion with the assistance of IVUS or
standard carotid doppler and TCD.

If it does not appear that sufficient distal navigation of the proximal section 33 to

reach the occlusion can be safely accomplished, the distal section 34 is inserted into the
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proximal port 20 and/or distally extended beyond proximal section 33 until distal tip 38 is
positioned in the vicinity of the proximal edge of the obstruction.

Referring to FIG. 6, an obstruction 70 is lodged in the middle cerebral artery 97.
Proximal section 33 is positioned in the ICA and not able to navigate beyond a certain point
such as at the branch 96 to the MCA artery 97. The proximal section 33 may be provided
with a distal section 34 carried there in. Alternatively, a separate distal section 34 may be
introduced into the proximal end of proximal section 33 once the determination has been
made that the obstruction 70 cannot be reached directly by proximal section 33 alone. As
seen in FIGS. 7 and 8, the distal section 34 may thereafter be transluminally navigated
through the distal tortuous vasculature between proximal section 33 and the obstruction 70.

Referring to FIG. 9, the obstruction 70 may thereafter be drawn into distal section 34
upon application of constant or pulsatile negative pressure with or without the use of jaws or
other activation on the distal end of distal section 34 as discussed elsewhere herein. Once the
obstruction 70 has either been drawn into distal section 34, or drawn sufficiently into distal
section 34 that it may be proximately withdrawn from the body, proximal section 33 and
distal section 34 are thereafter proximally withdrawn.

Aspiration may be applied via lumen 40, either in a constant mode, or in a pulsatile
mode. Preferably, pulsatile application of vacuum will cause the distal tip 38 to open and
close like a jaw, which facilitates reshaping the thrombus or biting or nibbling the thrombus
material into strands or pieces to facilitate proximal withdrawal under negative pressure
through lumen 40. Application of aspiration may be accompanied by distal advance of the
distal tip 38 into the thrombotic material.

Pulsatile application of a vacuum may oscillate between positive vacuum and zero
vacuum, or between a first lower negative pressure and a second higher negative pressure.
Alternatively, a slight positive pressure may be alternated with a negative pressure, with the
application of negative pressure dominating to provide a net aspiration through the lumen 40.
Pulse cycling is discussed in greater detail in connection with FIG. 25.

The proximal manifold and/or a proximal control unit (not illustrated) connected to

the manifold may enable the clinician to adjust any of a variety of pulse parameters including
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pulse rate, pulse duration, timing between pulses as well as the intensity of the pulsatile
vacuum.

The distal section may thereafter be proximally retracted into proximal section 33 and
the catheter proximally retracted from the patient. Alternatively, proximal retraction of the
catheter 10 may be accomplished with the distal section 34 in the distally extended position.
A vasodilator, e.g., nifedipine or nitroprusside, may be injected through a second lumen to
inhibit vascular spasm induced as a result of instrumentation.

Pressure may be monitored by a manometer carried by the catheter or a wire
positioned in a lumen of the catheter. A pressure control and display may be included in the
proximal control unit or proximal end of the catheter, allowing suction within the vessel to be
regulated.

Focal hypothermia, which has been shown to be neuroprotective, can be administered
by perfusing hypothermic oxygenated blood or fluid. Moderate hypothermia, at
approximately 32 to 34°C, can be introduced during the fluid infusion. Perfusion through a
port on manifold 18 can be achieved by withdrawing venous blood from a peripheral vein
and processing through a pump oxygenator, or by withdrawing oxygenated blood from a
peripheral artery, such as a femoral artery, and pumping it back into the carotid artery.

If continuous and/or intermittent suction fails to dislodge the occlusion, a
thrombolytic agent, e.g., t-PA, can be infused through central lumen 40 or a second lumen to
lyse any thrombotic material with greater local efficacy and fewer systemic complications.
Administration of thrombolytic agent, however, may not be recommended for devices which
are inserted directly into the carotid artery due to increased risk of hemorrhage.

The intensity of intermittent or pulsatile vacuum applied to lumen 40 may be adjusted
to cause the distal tip 38 of the catheter 10 to experience an axial reciprocation or water
hammer effect, which can further facilitate both translumenal navigation as well as
dislodging or breaking up the obstruction. Water hammer, or more generally fluid hammer,
is a pressure surge or wave caused when a fluid in motion is forced to stop or change
direction suddenly, creating a momentum change. A water hammer commonly occurs when
a valve closes suddenly at the end of a pipeline system, and a pressure wave propagates in the

pipe. A pressure surge or wave is generated inside the lumen 40 of the aspiration catheter 10
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when a solenoid or valve closes and stops the fluid flow suddenly, or other pulse generator is
activated. As the pressure wave propagates in the catheter 10, it causes the catheter 10 to
axially vibrate. Since vibration can reduce surface friction between the outer diameter of the
catheter 10 and the inner diameter of the vessel wall, it enables catheter to track through
tortuous anatomies as well as assist capturing thrombus.

Referring to FIGS. 11A-11F, the cerebral circulation 1100 is simplified for the ease of
demonstrating procedural steps. A thrombotic occlusion 1102 is in the right middle cerebral
artery (RMCA) 1104. The RMCA 1104 branches from the right internal carotid artery
(RICA) 1106. The RICA 1106 branches from the right common carotid artery (RCCA) (not
shown). The RICA 1106 comprises cerebral 1108 (most distal from the aorta 100),
cavernous 1110, and petrous 1112 (most proximal from the aorta 100) segments. The RCCA
branches from the brachiocephalic artery. The brachiocephalic artery branches from the arch
1114 of the aorta 100.

The procedural steps for aspirating a thrombotic occlusion are described as follows.
Referring to FIG. 11A, an introducer sheath 1120 is introduced at the femoral artery 1118.
The outer diameter of the introducer sheath 1120 may be equal to or less than about 12F, 11F,
10F, 9F, 8F, 7F, or 6F. Then, a guide sheath 1122 is inserted through the introducer sheath
1120. The outer diameter of the guide sheath 1122 may be equal to or less than about 9F, 8F,
7F, 6F, S5F, 4F, or 3F, and the inner diameter of the introducer sheath 1120 may be greater
than the outer diameter of the guide sheath 1122.

Referring to FIG. 11B, an insert catheter 1124 is inserted through the guide sheath
1122. The outer diameter of the insert catheter 1124 may be equal to or less than about 9F,
8F, 7F, 6F, 5F, 4F, or 3F, and the inner diameter of the guide sheath 1122 may be greater than
the outer diameter of the insert catheter 1124. In some cases, a first gunidewire 1126 may be
introduced through the insert catheter 1124 (not shown in FIG. 11B). Then, the guide sheath
1122, the insert catheter 1124, and optionally the first guidewire 1126 are tracked up to the
aortic arch 1114. The insert catheter 1124 is used to engage the origin of a vessel. In FIG.
11B, the insert catheter 1124 engages the origin 1116 of the brachiocephalic artery 82. An

angiographic run is performed by injecting contrast media through the insert catheter 1124.
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In the cases where the first guidewire 1126 is used before the angiographic run, the first
guidewire 1126 is removed prior to injecting the contrast media.

Referring to FIG. 11C, the first guidewire 1126 is inserted through the lumen of the
insert catheter 1124. Then, the first guidewire 1126, the insert catheter 1124, and the guide
sheath 1122 are advanced together to the ICA 1106. Referring to FIG. 11D, due to the
stiffness of a typical guide sheath 1122 currently available in the market (e.g., Neuron MAX
System produced by Penumbra Inc.), the most distal vessel that the guide sheath 1122 could
navigate to is the petrous segment 1112 of the ICA 1106. Once the first guidewire 1126, the
insert catheter 1124, and the guide sheath 1122 are advanced to the ICA 1106, both the first
guidewire 1126 and the insert catheter 1124 are removed.

Referring to FIG. 11E, a second guidewire 1132 loaded inside the central lumen of a
reperfusion catheter 1130 (e.g., 3Max), which is loaded inside the central lumen of an
aspiration catheter 1128 (e.g., ACE 68), are introduced through the guide sheath 1122. The
diameter of the second guidewire 1132 may be equal to or less than about 0.03", about 0.025",
about 0.02", about 0.016", about 0.014", about 0.01", or about 0.005". The inner diameter of
the reperfusion catheter 1130 may be greater than the outer diameter of the second guidewire
1132. The inner diameter of the aspiration catheter 1128 may be greater than the outer
diameter of the reperfusion catheter 1130. The inner diameter of the guide sheath 1122 may
be greater than the outer diameter of the aspiration catheter 1128. Then, the second
guidewire 1132 is advanced distally and positioned at the proximal end of the clot 1102 in the
MCA 1104.

Referring to FIG. 11F, the aspiration catheter 1128 is tracked over the reperfusion
catheter 1130 and the second guidewire 1132 to the proximal end of the clot 1102 in the
MCA 1104. Both the second guidewire 1132 and the reperfusion catheter 1130 are removed.
A vacuum pressure is then applied at the proximal end of the aspiration catheter 1128 to
aspirate the clot 1102 through the central lumen of the aspiration catheter 1128.

A preferable, simplified method for aspirating a thrombotic occlusion in accordance
with the present invention is described in connection with FIGS. 12A—12F. The alternative
steps for aspirating a thrombotic occlusion make use of a transitional guidewire and a

transitional guide sheath. The transitional guidewire has a soft and trackable distal segment
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with a smaller diameter so that the transitional guidewire may be advanced deeper than the
guidewire 1126 described in FIG. 11C. In addition, the transitional guide sheath has a soft
and trackable distal segment such that the transitional guide sheath may be advanced deeper
than the guide sheath 1122 described in FIG. 11D. Using a transitional guidewire and a
transitional guide sheath that can be advanced to an area near the clot eliminates the need to
use a second guidewire or a reperfusion catheter to reach the clot.

Referring to FIG. 12A, an introducer sheath 1220 is introduced at the femoral artery
1218. The outer diameter of the introducer sheath 1220 may be equal to or less than about
12F, 11F, 10F, 9F, 8F, 7F, or 6F. Then, a transitional guide sheath 1222 such as the
combination access and aspiration catheter discussed in greater detail below is inserted
through the introducer sheath 1120 at the femoral artery 1218. The outer diameter of the
guide sheath 1222 may be equal to or less than about 9F, 8F, 7F, 6F, SF, 4F, or 3F. Referring
to FIG. 12B, an insert catheter 1224 is inserted through the transitional guide sheath 1222.
The outer diameter of the insert catheter 1224 may be less than about 9F, 8F, 7F, 6F, SF, 4F,
or 3F, and the inner diameter of the transitional guide sheath 1222 may be greater than the
outer diameter of the insert catheter 1224. In some cases, a first guidewire may be introduced
through the insert catheter 1224 (not shown in FIG. 12B). The diameter of the proximal
section of the first guidewire may be equal to or less than about 0.079", about 0.066", about
0.053", about 0.038", about 0.035", about 0.030", or about 0.013".

The transitional guide sheath 1222, the insert catheter 1224, and optionally the first
guidewire are tracked up to the aortic arch 1214. See FIG. 12B. The insert catheter 1224
may be used to select the origin of a vessel. In FIG. 12B, the insert catheter 1224 engages the
origin 1216 of the brachiocephalic artery 82. An angiographic run may be performed by
injecting contrast media through the insert catheter 1224. In the cases where the first
guidewire is used before the angiographic run, the first guidewire is preferably removed prior
to injecting the contrast media.

Referring to FIG. 12C, the transitional guidewire 1226 is inserted through the lumen
of the insert catheter 1224 or guide sheath 1222. The diameter of at least a portion of the
transitional guidewire 1226 (e.g., proximal diameter) is substantially similar to that of the

first guidewire 1126. The diameter of at least a portion of the transitional guidewire 1226
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(e.g., distal diameter) may be smaller than that of the first guidewire 1126 and may have a
diameter along a proximal segment of at least about 0.030” and in one implementation about
0.038”. A transition begins within the range of from about 15 cm — 30 cm from the distal end,
and typically no more than about 20 cm or 25 cm from the distal end, distally of which the
diameter tapers down to no more than about 0.018” and in one implementation about 0.016.
Referring to FIG. 12D, if utilized, the insert catheter 1224 may be removed because it is too
stiff to be advanced to the MCA 1204. In certain implementations of the invention, the
transitional guidewire 1226 provides sufficient back up support that the combination access
and aspiration catheter 1224 may be advanced directly over the transitional guidewire without
any intervening devices. Then, the transitional guidewire 1226 is advanced to the MCA 1204.
The transitional guidewire 1226 has a distal segment that has a smaller diameter than that of
the first guidewire 1126 described in FIG. 11C. The distal segment of the transitional
guidewire 1226 comprises a soft and atraumatic tip and can be tracked to the remote
neurovasculature such as the MCA 1204, which is distal to the petrous segment 1212 of the
ICA 1206.

Referring to FIG. 12E, the transitional guide sheath 1222 is advanced to or beyond the
cavernous segment 1210 or the cerebral 1208 segment of the ICA 1206. Unlike the guide
sheath 1122 described in FIG. 11D, the transitional guide sheath 1222 may be advanced to
the cavernous segment 1210 or the cerebral 1208 segment of the ICA 1206 beyond the
petrous segment 1212 because the transitional guide sheath 1222 has a soft yet trackable
distal segment described in further detail below, for example in connection with Figure 30.
The larger proximal diameter and stiffer body of the transitional guidewire 1226 may provide
better support for the transitional guide sheath 1222 to track through the vasculature.

Referring to FIG. 12F, after the transitional guide sheath 1222 is advanced to the
cerebral segment 1208 of the ICA 1206, the transitional guidewire 1226 is removed. Then, a
vacuum pressure is applied at the proximal end of the transitional guide sheath 1222 to
aspirate the clot 1202 through the central lumen of the transitional guide sheath 1222. The
inner diameter of the transitional guide sheath 1222 may be equal to about or greater than
about 0.100”, about 0.088", about 0.080", about 0.070", or about 0.060". The inner diameter

of the transitional guide sheath 1222 is larger than the aspiration catheter 1128 described in
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FIG. 11E, which translates to more effective aspiration. The cross-sectional area of the
central lumen of the transitional guide sheath 1222 may be almost twice as large as that of the
largest aspiration catheter 1128 currently available.

If the guide sheath 1222 is not able to track deep enough into the distal vasculature to
reach the clot or other desired target site, a telescopic extension segment as discussed
elsewhere herein may be introduced into the proximal end of sheath 1222 and advanced
distally to extend beyond the distal end of the sheath 1222 and thereby extend the reach of the
aspiration system. In one implementation of the invention, the extension segment has an ID
of about 0.070”.

If thrombotic material is not able to be drawn into the sheath 1222 or extension
segment under constant vacuum, pulsatile vacuum may be applied as discussed below. If
pulsatile vacuum does not satisfactorily capture the clot, an agitator may be advanced through
the sheath 1222 and extension segment to facilitate drawing the clot into the central lumen.
Additional details of the agitator and its use are disclosed below.

A pulsatile vacuum pressure aspirator may be used in order to improve effectiveness
of aspiration for vascular thrombectomy and to improve catheter trackability through tortuous
vasculatures. FIG. 13 shows an embodiment of a pulsatile vacuum pressure aspirator 300
that applies intermittent or pulsatile vacuum to lumen 40. In the illustrated embodiment, the
pulsatile vacuum pressure aspirator 300 is in fluid connection with the proximal end 12 of the
catheter 10 and comprises vacuum generator 302, vacuum chamber 310, collection canister
312, solenoid valve 314, frequency modulator 316, valve controller 318, and remote
controller 320.

Vacuum generator 302 comprises a vacuum pump 304, a vacuum gauge 306, and a
pressure adjustment control 308. The vacuum pump 304 generates vacuum. The vacuum
gauge 306 is in fluid connection with the vacuum pump 304 and indicates the vacuum
pressure generated by the pump 304. The pressure adjustment control 308 allows the user to
set to a specific vacuum pressure. Any of a variety of controls may be utilized, including
switches, buttons, levers, rotatable knobs, and others which will be apparent to those of skill

in the art in view of the disclosure herein.
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Vacuum chamber 310 is in fluid connection with the vacuum generator 302 and acts
as a pressure reservoir and/or damper. Collection canister 312 is in fluid connection with the
vacuum chamber 310 and collects debris. The collection canister 312 may be a removable
vial that collects debris or tissues, which may be used for pathologic diagnosis. Vacuum
chamber 310 and collection canister 312 may be separate components that are in fluid
connection with each other or a merged component. In the illustrated embodiment, the
vacuum chamber 310 and the collection canister 312 is a merged component and is in fluid
connection with the vacuum generator 302.

Solenoid valve 314 is located in the fluid connection path between a luer or other
connector configured to releasably connect to an access port of the catheter 10 and the
vacuum chamber 310 / collection canister 312. The solenoid valve 314 controls the fluid flow
from the catheter 10 to the vacuum chamber 310 / collection canister 312.

Pulsatile vacuum pressure aspirator 300 may comprise frequency modulator 316 for
control of the solenoid valve 314. The frequency modulator 316 generates different electrical
wave frequencies and forms, which are translated into the movement of the solenoid valve
314 by the valve controller 318. The wave forms generated from the frequency modulator
316 comprise sinusoidal, square, and sawtooth waves. The wave forms generated from the
frequency modulator 316 typically have frequencies less than about 500 Hz, in some modes
of operation less than about 20 Hz or less than about 5 Hz. The wave forms have duty cycles
ranging from 0%, in which the solenoid valve 314 is fully shut, to 100%, in which the
solenoid valve 314 is fully open.

Valve controller 318 modulates the solenoid valve 314 on and off. The valve
controller 318 may be electrically or mechanically connected to the solenoid valve 314. Any
of a variety of controls may be utilized, including electrical controllers, switches, buttons,
levers, rotatable knobs, and others which will be apparent to those of skill in the art in view
of the disclosure herein. The valve controller 318 may be mechanically controlled by users or
may be electrically controlled by the frequency modulator 316. The frequency modulator 316
and the valve controller 318 may be separate components that are electrically or mechanically

connected or a merged component.
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Remote control 320 enables physicians to control the frequency modulator 316 and/or
the valve controller 318 for various purposes, such as turning the valve on/off, selecting
different wave frequencies, and selecting different wave forms, while manipulating the
catheter 10 at the patient side. Remote control 320 may be in wired or wireless
communication with aspirator 300.

By tuning frequency, duty cycle, and wave form, one skilled in the art may match or
approximate the resonating frequency to the natural frequency of the catheter. This may
further enhance the efficacy of aspiration. The natural frequency of the catheter is typically
less than about 260 Hz.

In another embodiment, shown in FIG. 14, the solenoid valve 414 is positioned in and
fluidly connects between the air/fluid reservoir 422 at the atmospheric pressure and the
aspiration line 424 connecting the catheter 10 to the vacuum chamber 410 / collection
canister 412. Unlike the first embodiment in FIG. 13, this system modulates pressure in the
catheter 10 by allowing pressure to vary from vacuum to atmospheric pressure. When the
solenoid valve 414 is open to the air/fluid reservoir 422 at the atmospheric pressure, the
vacuum pressure in the aspiration line 424 decreases to the atmospheric pressure. When the
solenoid valve 414 is closed, it increases the vacuum pressure in the aspiration line 424.

In yet another embodiment, shown in FIG. 15, an electro-magnetic actuated
diaphragm 522 is attached to the aspiration line 524 connecting the catheter 10 to the vacuum
chamber 510 / collection canister 512. The electromagnetic actuated diaphragm 522, which is
similar to that of a speaker driver, generates acoustic pressure waves in the catheter 10. The
diaphragm 522 typically has a structure similar to a speaker driver and comprises frame 526,
cone 528, dust cap 530, surround 532, spider or damper 534, voice coil 536 and magnet 538.
Strength of the acoustic pressure waves may be modulated by the strength of the magnet 538.
The frequency modulator 516 connected to the remote control 520 is electrically connected to
the diaphragm 522 and generates different electrical wave frequencies and forms, which are
translated by the diaphragm 522 into acoustic pressure waves in the aspiration line 524 and
the catheter 10.

Tortuous vasculature is a common reason for failure to treat vasculature occlusions in

the body due to inability to track the catheter to the location of the disease. Navigating
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catheters through tortuous anatomy such as neurovasculature can be a challenge. The catheter
has to be very soft as not to damage the vessel wall. At the same time, it also has to be able to
negotiate multiple tight turns without kinking. In addition, it has to have sufficient column
strength to transmit force axially for advancing through the vasculature. All these
performance characteristics are competing design requirements. It is difficult to optimize one
performance characteristic without sacrificing the others.

Reducing friction between the inner diameter of the vessel and the outer diameter of
the catheter can minimize axial force required to advance catheter through tortuous
vasculature. Therefore, the column strength of the catheter may be traded off for optimizing
other performance requirements of the catheter. An example of a method to reduce friction
between the inner diameter of the blood vessel and the outer diameter of the catheter is to
apply a thin layer of coating, usually hydrophilic in nature, to the outer diameter of the
catheter to reduce its surface friction coefficient while in vivo.

In addition or as an alternative to the water hammer construction discussed above,
axial mechanical vibration or shock waves may be propagated to or generated at the distal
end of the catheter using a variety of vibration generators, such as spark gap generators,
piezoelectric pulse generators, electric solenoids, rotational shaft (wire) having one or more
bends or carrying an eccentric weight, or any of a variety of other impulse generating sources
well understood for example in the lithotripsy arts. Mechanical shock wave or pulse
generators may be built into the proximal manifold 18, and or mechanically coupled to the
manifold or proximal catheter shaft as desired. Preferably, controls are provided on the
manifold or on a proximal control coupled to the manifold, to enable the clinician to vary the
intensity and time parameters of the mechanical pulses. Shock waves may be propagated
along the proximal section 33 to assist in translumenal advance, and/or distal section 34 by
way of pull wire 42, depending upon the desired clinical performance.

In an embodiment shown in FIGS. 16 and 17, the distal end 608 of a vibrating device
600 is placed in fluid connection with the proximal end 12 of the catheter 10 (not illustrated)
and generates transverse and/or longitudinal vibration in the catheter 10. By inducing
transverse vibration in the catheter 10, it reduces effective contact surface area between the

vessel and the catheter 10, which in turn reduces surface friction force between the inner
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diameter of the vessel and the outer diameter of the catheter. In addition, by inducing
longitudinal vibration in the catheter 10, the vibrating device 600 breaks static friction
between the inner diameter of the vessel and the outer diameter of the catheter 10, which
reduces overall surface friction. By reducing the friction between the inner diameter of the
vessel and the outer diameter of the catheter 10, the vibrating device 600 improves catheter
trackability through tortuous vasculatures.

In the illustrated embodiment, the proximal end 602 of the vibrating device 600 may
be connected to a vacuum pressure source such as a vacuum generator. The proximal
connector 604 is attached to the housing 606. In at least one embodiment, the proximal
connector 604 may be a luer connector. The distal end 608 of the vibrating device 600 is
connected to the catheter 10. The distal connector 610 is held in place by a flexible seal 612
that is attached to the housing 606. In at least one embodiment, the distal connector 610 may
be a luer connector. The flexible seal 612 allows the distal connector 610 to move
longitudinally as well as transversely. The flexible tubing links the proximal connector 604
and the distal connector 610, creating an aspiration channel 614 for the fluid to travel through.

The vibrating device has a controller 616 to turn on/off the vibrating action as well as
to vary its frequency. In this embodiment, the controller 616 is drawn as a sliding switch. Any
of a variety of controls may be utilized, including electrical controllers, switches, buttons,
levers, rotatable knobs, and others which will be apparent to those of skill in the art in view
of the disclosure herein.

A vibration generator such as a motor 618 has an eccentrically mounted inertial
weight on its shaft generating vibration. Any of a variety of motors may be used, including an
electric motor, an electro-magnetic actuator, and a piezoelectric transducer. The frequency of
the vibration is related to the RPM of the motor 618. A driving circuit 620 is connected to the
motor 618 and the controller 616 and drives the motor 618 at different RPMs based on the
manipulation of the controller 616. In the illustrated embodiment, the circuit 620 drives the
motor 618 at different RPMs based on the position of the sliding switch. A battery 622 is
connected to and powers the driving circuit 620 and the motor 618.

The motor 618 may be mounted perpendicularly to the length of the aspiration

channel 614 to create longitudinal vibration. Also, a mechanical cam may be attached to the
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motor 618 to create larger magnitude longitudinal reciprocating motion. The frequency range
generated by the electric motor is typically less than about 85 Hz. To achieve sonic
frequencies in the range from about 85 Hz to about 260 Hz, one might replace the electric
motor with an electro-magnetic actuator. To achieve ultrasonic frequencies in the range of
about 20 Hz to about 1.6MHz, one might employ a piezoelectric transducer.

In yet another embodiment, shown in FIG. 18, an agitator such as stylet 702 is
permanently or removably inserted into a lumen 40 of the catheter 10 and rotated to generate
vibration in the catheter 10 and thus improve catheter trackability through tortuous
vasculatures. The stylet 702, whose outer diameter is within the range of from about 0.005
inches (about 0.127mm) to about 0.035 inches (about 0.889mm), may have at least one bend
or at least one weight. The peak to peak transverse distance between the bends will be less
than the inner diameter of the catheter 10 when positioned within the catheter. The bends or
weights of the stylet 702 may be positioned at different locations along the entire length of
the catheter 10 or contained within a vibration zone within the distal most 50% or 30% or
10% of the length of the catheter depending upon desired performance, with the purpose to
create the most desirable vibration when tracking the catheter 10 through the distal
vasculature.

Alternatively, the stylet 702 may have an asymmetric weight such as a bead at a distal
vibration zone or at its distal end. The stylet 702 may comprise a monofilament or braided or
woven filaments or wires.

In another alternative, the stylet 702 may have a heater (e.g., an electric coil) at its
distal end that facilitates the dissolution of the thrombus or changes the size of the thrombus
that is aspirated into the catheter.

The proximal end of the stylet is attached to a motor driver 704 capable of generating
rotational and or axially reciprocating motion at various frequencies to form a motor driver-
stylet assembly 700. The assembly 700 has a controller 706 to turn on/off the rotating action
as well as to vary its frequency. In this embodiment, the controller 706 is drawn as an on/off
button. Any of a variety of controls may be utilized, including electrical controllers, switches,

buttons, levers, rotatable knobs, and others which will be apparent to those of skill in the art
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in view of the disclosure herein. The proximal luer 708 or other connector of the catheter 10
reversibly attaches the catheter 10 to the motor driver 804.

Once the catheter 10 has reached its intended location, the entire motor driver-stylet
assembly 700 may be detached and removed from the catheter 10 leaving a central aspiration
lumen.

In patients with vertebral artery occlusions, treatment with angioplasty can result in
complications due to embolization of the occlusive lesion downstream to the basilar artery.
Emboli small enough to pass through the vertebral arteries into the larger basilar artery are
usually arrested at the top of the basilar artery, where it bifurcates into the posterior cerebral
arteries. The resulting reduction in blood flow to the ascending reticular formation of the
midbrain and thalamus produces immediate loss of consciousness. The devices described
herein can be used to remove thromboembolic material from the vertebral artery or more
distally such as in M1, M2, or M3 arteries.

Agitators for providing vibratory assistance for navigation and/or assisting in the
capture and aspiration of debris are described further in connection with FIGS. 19-24.
Referring to FIG. 19, an agitator 1900 may comprise an elongate, flexible body such as a wire
or hypo tube having a proximal, control end and a distal, active zone or end. The hypo tube
agitator has an inside lumen extending longitudinally that allows infusion of media.
Referring to FIG. 19, an agitator 1900 comprises a wire or hypo tube 1904, introduced into
the proximal end of a catheter 1902 and advanced to the distal end 1907 of the catheter 1902.
The distal tip 1905 of the agitator 1900 may be placed at, beyond, or inside the distal end of
the catheter 1902. The agitator 1900 can be either preloaded into the catheter 1902 and
inserted into the patient’s body together with the catheter 1902 or added after the catheter
1902 has been placed. When loaded inside the catheter 1902, the agitator 1900 may extend
substantially longitudinally along the length of the catheter 1902. The agitator 1900 may
further comprise a controller at the proximal end to axially adjust the distal tip position. The
controller of the agitator 1900 may be used to axially adjust the position of the distal tip 1905
when the agitator 1900 is introduced into a variable length catheter such as that discussed in

connection with FIG. 3.
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In one implementation of the invention, the agitator and drive system are configured
as a stand-alone device. Once the distal section 34 (Figure 3B) has been positioned within a
few (e.g., no more than about 3 or 2) centimeters of the obstruction, the distal end of agitator
1900 maybe introduced into the proximal end of central lumen 45 of pull wire 42. Agitator
1900 may thereafter be distally advanced so that a distal segment of agitator 1900 extends
beyond the distal end of pull wire 42, and into the distal section 34. The portion of the
agitator 1900 contained within lumen 45 of pull wire 42 is restrained from any significant
lateral motion. However, the distal portion of agitator 1900 which extends beyond the distal
end of pull wire 42 is relatively laterally unconstrained and is able to agitate thrombus to
facilitate drawing the thrombus into and through the distal section 34. Once the thrombus has
been drawn proximally under vacuum and with activation of the agitator as needed, to reach
the step up in ID at the proximal end of distal section 34, the risk of clogging is greatly
reduced.

The agitator 1900 may be rotated manually or via a motor 1906 driven from the
catheter 1902’s proximal end to rotate or translate the distal end of the agitator 1900. The
driver 1906 may be connected to the proximal end of the agitator 1900 either permanently or
removably. The driver 1906 may be a manual driver that is manually controlled such as a
guidewire torquer. The driver 1906 may be a motorized driver. The motorized driver may be
manually controlled with respect to one or more factors such as rotational direction
(CCW/CW), speed, duration, etc. The motorized driver may be automatically controlled with
respect to one or more factors such as direction (CCW/CW), speed, duration, etc. In one
mode, the rotational direction of the agitator is periodically reversed.

The automatically controlled driver may comprise an actuator, and actuating the
actuator may execute a pre-programmed series of steps. The actuator may be a button, a dial,
a knob, a switch, a lever, a valve, a slide, a keypad, or any combinations thereof. The driver
1906 may also be under synchronized control, in which the driver 1906 drives the agitator
1900 in synchronization with aspiration and media injection. The agitator 1900 may be
configured to promote motion at the distal end to help engage and move the clot.

Media may be infused into/around the clot area to help liberate the clot from the

vasculature.
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The agitator 1900 comprises a distal end 1912, a proximal end 1914 and a distal tip
1905. The proximal end 1914 of the agitator 1900 has a cross-section and/or wall thickness
that is large enough to transmit the torque required to rotate the distal end 1912 of the agitator
1900 when placed in the catheter 1902, within the curved vasculature. The outer diameter of
the agitator 1900 may be from about 0.25 mm to about 0.65 mm, from about 0.3 mm to about
0.6 mm, from about 0.35 mm to about 0.55 mm, from about 0.4 mm to about 0.5 mm, from
about 0.42 mm to about 0.48 mm, or from about 0.44 mm to about 0.46 mm. In case of the
hypo tube 1904, the wall thickness of the hypo tube 1904 may be from about 0.01 mm to
about 0.29 mm, from about 0.05 mm to about 0.25 mm, from about 0.1 mm to about 0.2 mm,
from about 0.12 mm to about 0.18 mm, from about 0.13 mm to about 0.17 mm, or from
about 0.14 mm to about 0.16 mm.

The agitator 1900 may additionally be provided with a guide tube 1910, such as a
hypo tube, to allow the agitator to spin, or axially or rotationally reciprocate, while
constraining a proximal drive segment of the agitator 1900 against lateral motion. A distal
end 1911 of guide tube 1910 may be positioned within about 25 cm or within about 20 cm or
15 cm or less of the distal end of the agitator 1900, depending upon desired performance.
The distal section of the agitator 1900, extending beyond distal end 1911 of guide tube 1910,
is laterally unconstrained within the ID of distal segment 34 and available to agitate and
facilitate aspiration of material into and through the central lumen.

The diameter of the agitator 1900 may be constant along its longitudinal length. The
diameter of the agitator 1900 may increase or decrease along its longitudinal length to
coincide with features of the catheter 1902. In one implementation, the diameter of the
agitator 1900 decreases in the distal direction along its longitudinal length by at least one step
or tapered zone to provide increasing flexibility.

The distal end 1912 of the agitator 1900 may be straight. Alternatively, the distal end
1912 of the agitator 1900 may be curved or formed into different shapes to interact with the
clot. FIG. 19 illustrates a bend 1917 spaced apart from the distal tip 1905 by a motion
segment 1909 having a length of from about 1 mm to about 15 mm. FIGS. 20A-20C depict
more complex exemplary shapes of the motion segment 1909 of the agitator 1900. FIGS.

20D-20E depict an agitator positioned within a swellable polymer distal funnel tip.
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The agitator 1900 may be comprise a single, uniform material or multiple materials.
The materials of the agitator 1900 may be processed (e.g., heat treatment/annealing) to give
varying properties for the local performance requirements. The agitator 1900 may be
structured to provide flexibility while exhibiting high torque transmission. The agitator 1900
may made of Nitinol, 304 Stainless Steel, 316 LVM Stainless Steel, PTFE, Parylene, or any
combinations thereof. At least a portion of the surface of the agitator 1900 may be coated.
The entire length of the agitator 1900 may be coated. The coating on the agitator 1900 may
provide lubrication between the ID wall of the catheter 1902 and the agitator 1900. In a case
that an intermediate hypotube is placed between the wall of the catheter 1902 and the agitator
1900, e.g., constraining tube 1910 or tubular pull wire 42, the coating on the agitator 1900
may provide lubrication between the intermediate hypotube and the proximal drive portion of
the agitator 1900. The coating materials of the wire or hypo tube 1904 include PTFE,
Parylene, Teflon, or any combinations thereof.

Any of the ID or OD of any of the catheter shafts or other catheter components
disclosed herein may be provided with a lubricious coating or may be made from a lubricious
material. For example, a hydrophilic polymer such as Polyacrylamide, PEO, thermoplastic
starch, PVP, copolymers of hydrophilic polymer can be extruded with hydrophobic polymers
such as PEO soft segmented polyurethane blended with Tecoflex. The lubricious coating or
the lubricious material may include surface modifying additive (SMA) during melt
processing. The lubricious coating or the lubricious material contributes to at least ease of
navigation, lower ID skin friction, or better clot removal. In some embodiments, post
processing wire ebeam, Gamma, UV, etc. additionally may be desirable to expose to moisture,
temperature, etc. Catheters may be made from PEO impregnated polyurethanes such as
Hydrothane, Tecophilic polyurethane for both OD and ID lubricity and inherent
thromboresistant property without requiring a secondary coating process.

Referring to FIG. 20A, the distal end 2012 of the agitator 1900 may comprise a coil
2020 to grip a corked clot and wiggle the distal end 2010 of the catheter 2002 and the clot
during rotation 2006. The coil 2020 may be a tight, offset coil, and may comprise at least one

and optionally two or three or more complete revolutions.
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Referring to FIG. 20B, the distal end 2012 of the agitator 1900 may comprise a hook
2022 to grip and emulsify a clot. The hook 2022 may be concave proximally, or may extend
transversely to the axis of the agitator body, extending in a circumferential orientation.
Referring to FIG. 20C, the distal end 2012 of the agitator 1900 may comprise a loose coil or
spring 2024. The loose coil or spring 2024 may expand (lengthen) and contract (shorten)
with a change in direction of rotation.

Referring to FIGS. 20D-20E, the distal end 2012 of the agitator 2000 may comprise a
coil 2026 to grip a corked clot and wiggle the distal end 2010 of the catheter 2002 and the
clot during rotation. In addition, the distal end 2010 of the catheter 2002 may include a
polymer sidewall that reforms by hydration. The coil 2026 maintains a guide wire lumen
during placement of the catheter. The polymer enables the distal end 2010 of the catheter
2002 to expand to a funnel shape after absorption of serum from blood. See FIG. 20E.

Referring to FIGS. 21A-21B, the distal tip 2110 of the catheter 2102 may move or
wiggle by interacting with the agitator 1900. When the distal end of the agitator 1900 rotates
(e.g., via a driver 2106), the motion segment 1909 and distal tip 1905 of the agitator interact
with the side wall of the catheter 2102 which wiggles as shown by broken lines 2112. The
length of the motion segment, stiffness of the agitator 1900 and rotational velocity determines
the interaction with the wall of the catheter 2102 and the amount of wiggle transmitted to the
catheter 2101 with rotation of the agitator 1900.

Alternatively, the distal tip 2110 of the catheter 2102 may move or wiggle by pulsed
media jets existing one or more holes near the distal end of the hypo tube 2124. The hypo
tube 2124 has an inside lumen extending along the longitudinal length of the hypo tube 2124.
One or more side holes 2128 may be placed near the distal end of the hypo tube 2124 and
allow fluid communication between the lumen of the hypo tube 2124 and the outside of the
hypo tube 2124 (i.e., the lumen of the catheter 2102). Media (e.g. saline) may be introduced
under pressure into the proximal end of the hypo tube 2124, through the lumen of the hypo
tube 2124, and then through the one or more holes of the hypo tube 2124. When media is
injected into the hypo tube 2124 in a pulsed manner, pulsed media jets eject from the holes of

the hypo tube 2124 and transmit forces on the wall of the catheter 2102, resulting in a wiggle
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motion of the catheter 2102. The hypo tube 2124 may additionally rotate (e.g., via a driver
2106) to facilitate a wiggle motion of the catheter 2102.

Referring to FIGS. 22A-22B, the hypo tube 2204 may have one or more holes 2210
and is bent near its distal portion to provide a motion segment 1909. Media (e.g. saline, a
drug, a lubricant such as polyethylene glycol) is injected from the proximal end 2200,
through the inside lumen, and out of the holes 2210 of the hypo tube 2204 (direction of media
ejection shown as 2208). Vacuum is applied to the central lumen at the proximal end 2200 of
the catheter 2202 such that media ejecting from the holes 2210 of the hypo tube 2204 is
drawn proximally along the central lumen of the catheter 2202 toward its proximal end 2200.

As the hypo tube 2204 rotates, the hypo tube 2204 ejects media and simultaneously
makes the distal tip of the catheter 2202 wriggle. When the distal tip of the catheter 2202
wriggles by the rotation of the hypo tube 2204, the wriggle of the catheter 2202 may push the
clot 2214 from side to side, and the hypo tube 2204 simultaneously ejects media at the
interface between the clot 2214 and the catheter 2202, providing a lubricious avenue for the
clot 2214 to release and flow into the catheter 2202.

With or without injection of media, rotation of the motion segment 1909 helps to
break up or reshape the thrombus and facilitate entry into the aspiration lumen. In certain
situations, the clot can be aspirated completely within the central lumen. In other situations,
the clot may only be able to be partially drawn into the central lumen, such as illustrated in
FIG. 22B. In this situation, rotation of the agitator may be stopped with application of
vacuum remaining on to retain the clot on the distal end of the catheter. The catheter may
then be proximally withdrawn, pulling the clot along with it, into the access sheath and out of
the proximal vascular access point.

Referring to FIGS. 23A-23B, the hypo tube 2304 may have one or more holes along
its surface more proximal from the distal end to facilitate the movement or flow of the clot
2314 inside the catheter 2302 toward its proximal end 2300. Vacuum 2316 is applied at the
proximal end 2300 of the catheter 2302 to move the removed clot 2314 from the distal end to
the proximal end 2300 of the catheter 2302. As shown in FIG. 23 A, the holes may provide a
thin film 2312 around the inside of the wall of the catheter 2302 to facilitate the flow of

media and/or the clot 2314 and minimize any clogging of the clot 2314. As shown in FIG.
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23B, the hypo tube 2304 may have one or more holes to provide media jets ejecting radially
from the hypo tube 2304 to grab, pull, and/or emulsify the clot 2314 as the clot 2314 passes
by the one or more holes on the surface of the hypo tube 2304.

Referring to FIG. 24, a vacuum port 2416 may be provided near the proximal end
2400 of the catheter 2402 such as on the manifold for releasable connection to a vacuum
source to aspirate the clot from the vasculature. This allows the vacuum port 2416 to be
distinct from the proximal port 2417 for receiving the agitator 1900. This can minimize the
risk that the movement or control of the wire or hypo tube 2404 at its proximal end may be
adversely affected by vacuum, aspirated clot, and/or media. The vacuum port may be
connected to the catheter 2400 via a rotating hemostasis valve, discussed below.

Referring to FIGS. 25A-25C, experiments showed that an interrupted vacuum can
help aspirating a corked clot stuck at the distal end 2512 of the catheter 2510 by loosening the
clot and reshaping it to fit into the catheter 2510 after each vacuum and release cycle. Merely
stopping the vacuum is not sufficient to loosen the clot. Completely releasing (venting to
atmospheric pressure) the vacuum and allowing the clot to relax before reapplying a vacuum
is found to aspirate the corked clot most efficiently. The period of each vacuum and release
cycle may be equal to or greater than about 0.1,0.5, 1, 2,3,4,5,6,7, 8,9, or 10 seconds.

FIGS. 25A-25C show a logical progression of the vacuum and release cycle as
applied to the catheter 2510. A release line 2518 and a vacuum line 2520 are connected to or
near the proximal end of the catheter 2510. The release line 2518 is in communication with
atmospheric pressure on its proximal end and has a release valve 2514 configured to open or
close the fluid communication between the catheter 2510 and the vacuum. The vacuum line
2520 is connected to vacuum on its proximal end and has a vacuum valve 2516 configured to
open or close the fluid communication between the catheter 2510 and the vacuum.

In the first step as shown in FIG. 25A, the release valve 2514 is closed, and the
vacuum valve 2516 is open such that the vacuum is applied to the catheter 2510 to aspirate
the clot. Then, as shown in FIG. 25B, the release valve 2514 is opened while the vacuum
valve 2516 stays open. Because the release line 2518 and the vacuum line 2520 are in fluid
communication, either directly or via at least a portion of the catheter 2510, the vacuum is

applied mainly through the release line 2518, dropping vacuum applied to the catheter.
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Finally, as shown in FIG. 25C, the vacuum valve 2516 is shut off, allowing the vacuum to be
completely released and the clot to relax. Then, another cycle from FIG. 25A to FIG. 25C
begins by closing the release valve 2514 and opening the vacuum valve 2516.

Referring to FIG. 26, there is illustrated a proximal drive assembly and/or the rotating
hemostasis valve to provide the interface for driving the agitator 1900, providing the port for
injecting media, and the aspiration port. Referring to FIGS. 26, 27A, 27B, and 28, the
proximal drive assembly 2602 and the rotating hemostasis valve 2620 may be releasably or
permanently coupled to the proximal end of the agitator 1900. The proximal portion of the
agitator 1900 passes proximally through a lumen of the rotating hemostasis valve 2620 and
then that of the proximal drive assembly 2602. The proximal end of the agitator 1900 may
terminate inside the lumen of the proximal drive assembly 2602. The distal portion of the
proximal drive assembly 2602 is inserted into the proximal end of the rotating hemostasis
valve 2620. In another embodiment, the proximal drive assembly 2602 may be integrated
into the rotating hemostasis valve 2620.

The rotating hemostasis valve (RHV) 2620 comprises a distal connector 2630 at its
distal end, which is configured to couple the rotating hemostasis valve to the proximal end of
the catheter (not shown). The distal connector 2630 may be a luer connector. The rotating
hemostasis valve 2620 comprises a central lumen along its longitudinal length, through
which a proximal section of agitator 1900 passes. The rotating hemostasis valve 2620 further
comprises an aspiration port 2622, which bifurcates from the central lumen of the rotating
hemostasis valve 2620 and provides the aspiration flow path. The rotating hemostasis valve
2620 comprises a RHV seal 2626 and a proximal rotating collar 2628 at its proximal end.
The proximal rotating collar 2628 controls the opening and closing of the RHV seal 2626.
The user (e.g., physician) can either open or close the RHV seal 2626 by rotating the
proximal rotating collar 2628. The RHV seal 2626, when closed, does not allow fluid
communication between the inside lumen distal of the RHV seal 262 and the inside lumen
proximal of the RHV seal 262. At the same time, the RHV seal 262 does not hamper the
longitudinal movement of the distal portion of the proximal drive assembly 2602 inside the

rotating hemostasis valve 2629.
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Experiments showed that as the wire or hypo tube 1900 is rotated back and forth (i.e.,
oscillating), the distal end of the agitator 1900 changes its position relative to the catheter.
The distal end of the agitator 1900 was shown to foreshorten/lengthen as the wire or hypo
tube 2624 wound/unwound within the catheter due to the rotation of the agitator 1900 or the
increase/decrease in media injection pressure. The proximal rotating collar 2628 and the
RHYV seal 2626 permit the user (e.g., physician) to account for this variance in length and
advance/withdraw the agitator 1900 relative to the catheter and fix it in place by simply
moving the proximal drive assembly 2602 in/out of the rotating hemostasis valve 2629. If
the agitator 1900 is preloaded into the catheter, the distance may be initially set at a nominal
position. In another embodiment, the proximal rotating collar 2628 of the rotating
hemostasis valve 2620 may be part of the proximal drive assembly 2602.

The proximal drive assembly 2602 comprises a proximal drive connector 2604, to
which the driver is connected, and a media injection port 2610, into which media is injected.
The proximal drive assembly also comprises a bearing 2606, which allows free rotation of the
proximal drive connector 2604 with respect to the proximal drive assembly 2602. The
proximal drive connection 2604 may be coupled to the proximal end of the agitator 1900
such that the rotation of the proximal drive connector 2604 is translated to the rotation of the
wire or hypo tube 1900. The proximal drive assembly further comprises a drive tube seal
2608, which prevents fluid communication between the inside lumen (of the proximal drive
assembly 2602) distal of the drive tube seal 2608 and the inside lumen proximal of the drive
tube seal 2608.

Referring to FIG. 29, the driver 2950 is removably connected to the proximal end of
the proximal drive assembly 2902 via the proximal drive connection 2604. The driver 2950
is configured to drive the agitator 1900. The driver 2950 is a motorized driver that is
automatically controlled with respect to one or more factors such as direction (CCW/CW),
speed, duration, etc. The driver 2950 comprises a control 2954 such as a button, which
executes a pre-programmed series of steps when pushed. The driver 2954 may be under
synchronized control, in which the driver 2954 drives the agitator 1900 in synchronization
with aspiration and media injection, when the back of the driver 2950 is plugged into the

synchronization port 2952.
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The system for retrieving clots comprises the aspiration catheter; the agitator 1900
longitudinally extendable inside the lumen of the aspiration catheter; and the driver
connectable to the proximal end of the agitator 1900 (e.g., via the rotating hemostasis valve
or the proximal drive assembly) with or without a synchronization port. The system may
allow impulse aspiration and/or impulse injection of media. The media may comprise water,
saline solution, or media with an effective amount of drug (e.g., drug therapy such as heparin,
plavix, tPA). The components may be manipulated individually or in a synchronized manner
using predetermined operating parameters (e.g., for synchronized aspiration, injection, and
rotation).

The method of retrieving a clot may comprise providing the aspiration catheter, the
agitator longitudinally extending or positionable inside the lumen of the aspiration catheter;
and the driver coupled to the proximal end of the agitator; placing the catheter adjacent to the
clot; attempting to aspirate clot; if not successful, advancing an agitator distally through the
catheter; activating the driver to rotate the agitator and loosen the clot; optionally injecting
media through the agitator to lubricate the clot and/or create a media jet from the distal end of
the agitator, configured to help aspirate the clot; transporting the clot proximally inside the
lumen of the catheter by applying the vacuum at the proximal end of the catheter; and
optionally pulsing the vacuum. As pieces of the clot separate, transport may be assisted by
the rotating agitator and/or injection media.

In order to detach a more stubborn clot, aspiration, media injection, and/or rotation of
the wire or hypo tube may be timed. Building up a surplus of media around the clot will form
a plug. When aspiration is activated and/or pulsed, the vacuum can draw the “plug”
proximally inside the lumen of the wire or hypo tube like a syringe plunger. A higher local
vacuum around the clot is maintained, and more momentum is added to the “plug” as more
media is added. Timing the rotation of the wire or hypo tube with aspiration and media
injection may help wiggle or fatigue the clot and detach it out of the vasculature.

Any of the catheter shaft or sections of the catheter shaft or telescoping extensions in
accordance with the present invention may comprise a multi-layer construct having a high

degree of flexibility and sufficient push ability to reach deep into the cerebral vasculature,
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such as at least as deep as the petrous, cavernous, or cerebral segment of the internal carotid
artery (ICA).

In one example, referring to FIG. 30, the catheter 3000 may have an effective length
from the manifold to distal tip from about 70cm to about 150cm, from about 80cm to about
140cm, from about 90cm to about 130cm, from about 100cm to about 120cm, or from about
105cm to about 115cm. The outer diameter of the catheter 3000 may be from about 0.07
inches to about 0.15 inches, from about 0.08 inches to about 0.14 inches, from about 0.09
inches to about 0.13 inches, from about 0.1 inches to about 0.12 inches, or from about 0.105
inches to about 0.115 inches, and may be lower in a distal segment than in a proximal
segment. The inner diameter 3108 of the catheter 3000 in a single central lumen embodiment
may be greater than or equal to about 0.11 inches, greater than or equal to about 0.1 inches,
greater than or equal to about 0.09 inches, greater than or equal to about 0.088 inches, greater
than or equal to about 0.08 inches, greater than or equal to about 0.07 inches, greater than or
equal to about 0.06 inches, or greater than or equal to about 0.05 inches. The inner diameter
3108 of the catheter 3000 in a single central lumen embodiment may be less than or equal to
about 0.11 inches, less than or equal to about 0.1 inches, less than or equal to about 0.09
inches, less than or equal to about 0.088 inches, less than or equal to about 0.08 inches, less
than or equal to about 0.07 inches, less than or equal to about 0.06 inches, or less than or
equal to about 0.05 inches. Referring to FIG. 30, an inner liner 3014 may be formed by dip
coating a mandrel (not shown) to provide a thin walled tubular inside layer of the catheter
body 3000. The dip coating may be produced by coating a wire such as a silver coated
copper wire in PTFE. The mandrel may thereafter be axially elongated to reduce diameter,
and removed to leave the tubular inner liner. The outside surface of the tubular inner liner
3014 may thereafter be coated with a soft tie layer 3012 such as polyurethane (e.g.,
Tecoflex™), to produce a layer having a thickness of no more than about 0.005 inches, and in
some implementations approximately 0.001 inches. The tie layer 3012 will generally extend
along at least about the most distal 10 cm or 20 cm of the catheter shaft 3000 generally less
than about 50 cm and may in one implementation extend approximately the distal 30 cm of

the catheter shaft 3000, 3100.
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A braid such as a 75 ppi stainless steel braid 3010 may thereafter be wrapped around
the inner liner 3014 through a proximal zone up to a distal transition 3011. From the distal
transition 3011 to the distal end of the catheter 3000, a coil 3024 comprising a shape memory
material such as a Nitinol alloy may thereafter be wrapped around the inner liner 3014. In
one implementation, the Nitinol coil has a transition temperature below body temperature so
that the Nitinol reside in the austinsite (springy) state at body temperature. Adjacent loops or
filars of the coil may be closely tightly wound in a proximal zone with a distal section having
looser spacing between adjacent loops. In an embodiment having a coil section 3024 with an
axial length of between about 20% and 30% of the overall catheter length, (e.g., 28 cm coil
length in a 110 cm catheter shaft 3000), at least the distal 1 or 2 or 3 or 4 cm of the coil will
have a spacing that is at least about 130%, and in some implementations at least about 150%
or more than the spacing in the proximal coil section. In a 110 cm catheter shaft 3000 having
a Nitinol coil the spacing in the proximal coil may be about 0.004 inches and in the distal
section may be at least about 0.006 inches or 0.007 inches or more.

The distal end of the coil 3024 is spaced proximally from the distal end of the inner
liner 3014 to provide room for an annular radiopaque marker 3040. In one embodiment, the
distal end of the catheter 3000 is provided with a beveled distal surface 3006 residing on a
plane having an angle of at least about 10° or 20° and in one embodiment about 30° with
respect to a longitudinal axis of the catheter 3000. The radiopaque marker 3040 may reside
in a plane that is transverse to the longitudinal axis. Alternatively, at least the distally facing
edge of the annular radiopaque marker 3040 may be an ellipse, residing on a plane which is
inclined with respect to the longitudinal axis to complement the bevel angle of the distal
surface 3006.

After applying the proximal braid 3010, the distal coil 3024 and the RO marker 3040
an outer Jacket 3020 maybe applied such as a shrink wrap tube to enclose the catheter body
3000. The outer shrink-wrapped sleeve 3020 may comprise any of a variety of materials, such
as polyethylene, polyurethane, PEBAX, nylon or others known in the art. Sufficient heat is
applied to cause the polymer to flow into and embed the proximal braid and distal coil.

In one implementation, the outer shrink wrap jacket 3020 is formed by sequentially

advancing a plurality of short tubular segments 3022, 3026, 3028, 3030, 3032, 3034, 3036,
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3038 concentrically over the catheter shaft subassembly, and applying heat to shrink the
sections on to the catheter 3000 and provide a smooth continuous outer tubular body. The
foregoing construction may extend a long at least the most distal 10 cm, and preferably at
least about the most distal 20 or 25 cm of the catheter body 3000.

The durometer of the outer wall segments may decrease in a distal direction. For
example, proximal segments such as 3022 and 3026, may have a durometer of at least about
60 or 70D, with gradual decrease in durometer of successive segments in a distal direction to
a durometer of no more than about 35D or 25D or lower. A 25 cm section may have at least
about 3 or 5 or 7 or more segments and the catheter 3000 overall may have at least about 6 or
8 or 10 or more distinct flexibility zones. The distal 1 or 2 or 4 or more segments 3036, 3038,
may have a smaller OD following shrinking than the more proximal segments 3022-3034 to
produce a step down in OD for the finished catheter body 3000. The length of the lower OD
section 3004 may be within the range of from about 3 cm to about 15 cm and in some
embodiments is within the range of from about 5 cm to about 10 cm such as about 7 or 8 cm,
and may be accomplished by providing the distal segments 3036, 3038 with a lower wall
thickness.

Referring to FIGS. 31A-31C, the catheter may further comprise a tension support for
increasing the tension resistance in the distal zone. The tension support may comprise a
filament and, more specifically, may comprise one or more axially extending filaments 3042.
The one or more axially extending filaments 3042 may be axially placed inside the catheter
wall near the distal end of the catheter. The one or more axially extending filaments 3042
serve as a tension support and resist elongation of the catheter wall under tension (e.g., when
the catheter is being proximally retracted through tortuous vasculature). At least one of the
one or more axially extending filaments 3042 may proximally extend along the length of the
catheter wall from near the distal end of the catheter to less than about Scm from the distal
end of the catheter, less than about 10cm from the distal end of the catheter, less than about
15cm from the distal end of the catheter, less than about 20cm from the distal end of the
catheter, less than about 25cm from the distal end of the catheter, less than about 30cm from
the distal end of the catheter, less than about 35cm from the distal end of the catheter, less

than about 40cm from the distal end of the catheter, or less than about 50cm from the distal
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end of the catheter. The one or more axially extending filaments 3042 may have a length
greater than or equal to about 50cm, greater than or equal to about 40cm, greater than or
equal to about 35cm, greater than or equal to about 30cm, greater than or equal to about 25cm,
greater than or equal to about 20cm, greater than or equal to about 15cm, greater than or
equal to about 10cm, or greater than or equal to about Scm. At least one of the one or more
axially extending filaments 3042 may have a length less than or equal to about 50cm, less
than or equal to about 40cm, less than or equal to about 35cm, less than or equal to about
30cm, less than or equal to about 25cm, less than or equal to about 20cm, less than or equal
to about 15cm, less than or equal to about 10cm, or less than or equal to about Scm. At least
one of the one or more axially extending filaments 3042 may extend at least about the most
distal 50 cm of the length of the catheter, at least about the most distal 40 cm of the length of
the catheter, at least about the most distal 35 cm of the length of the catheter, at least about
the most distal 30 cm of the length of the catheter, at least about the most distal 25 cm of the
length of the catheter, at least about the most distal 20 cm of the length of the catheter, at
least about the most distal 15 cm of the length of the catheter, at least about the most distal 10
cm of the length of the catheter, or at least about the most distal 5 cm of the length of the
catheter.

The one or more axially extending filaments 3042 may be placed near or radially
outside the tie layer 3012 or the inner liner 3014. The one or more axially extending
filaments 3042 may be placed near or radially inside the braid 3010 and/or the coil 3024. The
one or more axially extending filaments 3042 may be carried between the inner liner 3014
and the helical coil 3024.

When more than one axially extending filaments 3042 are placed in the catheter wall,
the axially extending filaments 3042 may be placed in a radially symmetrical manner. For
example, the angle between the two axially extending filaments 3042 with respect to the
radial center of the catheter may be about 180 degree. Alternatively, depending on desired
clinical performances (e.g., flexibility, trackability), the axially extending filaments 3042 may
be placed in a radially asymmetrical manner. The angle between any two axially extending
filaments 3042 with respect to the radial center of the catheter may be less than about 180

degree, less than or equal to about 165 degree, less than or equal to about 150 degree, less
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than or equal to about 135 degree, less than or equal to about 120 degree, less than or equal to
about 105 degree, less than or equal to about 90 degree, less than or equal to about 75 degree,
less than or equal to about 60 degree, less than or equal to about 45 degree, less than or equal
to about 30 degree, less than or equal to about 15 degree, less than or equal to about 10
degree, or less than or equal to about 5 degree.

The one or more axially extending filaments 3042 may be made of materials such as
Kevlar, Polyester, Meta-Para-Aramide, or any combinations thereof. At least one of the one
or more axially extending filaments 3042 may comprise a single fiber or a multi-fiber bundle,
and the fiber or bundle may have a round or rectangular cross section. The terms fiber or
filament do not convey composition, and they may comprise any of a variety of high tensile
strength polymers, metals or alloys depending upon design considerations such as the desired
tensile failure limit and wall thickness. The cross-sectional dimension of the one or more
axially extending filaments 3042, as measured in the radial direction, may be no more than
about 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 20%, 25%,
or 30% of that of the catheter 3000. The cross-sectional dimension of the one or more axially
extending filaments 3042, as measured in the radial direction, may be no more than about
0.001 inches, about 0.002 inches, about 0.003 inches, about 0.004 inches, about 0.005 inches,
about 0.006 inches, about 0.007 inches, about 0.008 inches, about 0.009 inches, about 0.010
inches, about 0.015 inches, about 0.020 inches, about 0.025 inches, or about 0.030 inches.

The one or more axially extending filaments 3042 may increase the tensile strength of
the distal zone of the catheter to at least about 1 pound, at least about 2 pounds, at least about
3 pounds, at least about 4 pounds, at least about 5 pounds, at least about 6 pounds, at least
about 7 pounds, at least about 8 pounds, or at least about 10 pounds or more.

Referring to FIGS. 32A-32C, depending on whether the catheter 3000 is able to
navigate sufficiently distally to reach the target site, an intraluminal catheter 3200 such as a
telescopic extension segment having a proximally extending control wire as has been
described elsewhere herein (e.g., distal segment 34 in FIGS. 3A and 3B) may be inserted
through the catheter 3000 from the proximal end of the catheter 3000. The intraluminal
catheter 3200 is inserted such that the distal end of the intraluminal catheter 3200 reaches

further distally beyond the distal end of the catheter 3000. The outer diameter of the
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intraluminal catheter 3200 is smaller than the inner diameter of the catheter 3000. This way,
the intraluminal catheter 3200 can slide inside the lumen of the catheter 3000.

The intraluminal catheter 3200 incorporates characteristics of the side wall
construction of the catheter 3000 described herein. The axial length of the tubular extension
segment may be less than about 50 % and typically less than about 25% of the length of the
catheter 3000. The axial length of the tubular extension segment will generally be at least
about 10 cm or 15 cm or 20 cm or 25 cm or more but generally no more than about 70 cm or
50 cm or 30 cm.

Referring to FIGS. 33A-33C, the intraluminal catheter 3200 may have one or more
axially extending filaments 3242. The one or more axially extending filaments 3242
incorporate characteristics of the one or more axially extending filaments 3042 of the catheter
3000, except the cross-sectional dimension as measured in the radial direction of the one or
more axially extending filaments 3242 of the intraluminal catheter 3200 may be less than the
corresponding dimension of the filament 3042 in the catheter 3000.

Referring to FIGS. 34A-34B, there is illustrated one example of an outer jacket
segment stacking pattern for a progressive flexibility catheter of the type discussed in
connection with FIG. 30. A distal segment 3038 may have a length within the range of about
1 — 3 cm , and a durometer of less than about 35D or 30D. An adjacent proximal segment
3036 may have a length within the range of about 4 — 6 cm, and a durometer of less than
about 35D or 30D. An adjacent proximal segment 3034 may have a length within the range
of about 4 — 6 cm, and a durometer of about 35D or less. An adjacent proximal segment
3032 may have a length within the range of about 1 — 3 cm, and a durometer within the range
of from about 35D to about 45D (e.g., 40D). An adjacent proximal segment 3030 may have
a length within the range of about 1 — 3 cm, and a durometer within the range of from about
50D to about 60D (e.g., about 55D). An adjacent proximal segment 3028 may have a length
within the range of about 1 — 3 cm, and a durometer within the range of from about 35D to
about 50D to about 60D (e.g., about 55D). An adjacent proximal segment 3026 may have a
length within the range of about 1 — 3 cm, and a durometer of at least about 60D and typically
less than about 75D. More proximal segments may have a durometer of at least about 65D or

70D. The distal most two or three segments may comprise a material such as Tecothane, and
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more proximal segments may comprise PEBAX or other catheter jacket materials known in
the art. At least three or five or seven or nine or more discrete segments may be utilized,
having a change in durometer between highest and lowest along the length of the catheter
shaft of at least about 10D, preferably at least about 20D and in some implementations at
least about 30D or 40D or more.

Performance metrics of a catheter include back-up support, trackability, pushability,
and kink resistance. Back-up support means ability of the catheter to remain in position
within anatomy and provide a stable platform through which endoluminal devices may
advance. Referring to FIG. 35, when the devices are pushed through the catheter 3202, if
there is not enough back-up support in the catheter 3202, the distal portion 3204 of the
catheter 3202 may prolapse, pull out, or back out of a vessel 3206 that branches out of a main
blood vessel (e.g., brachiocephalic artery 82, common carotid artery 80, or subclavian artery
84). Back-up support for the catheter 3202 may be improved by providing a proximal region
with high durometer or modulus and a distal region with low durometer or modulus.
Durometer or modulus of the proximal region of the catheter 3202 may be improved by braid
reinforcement. The region of the catheter at which durometer or modulus is strengthened
may be placed near branching points at which the aortic arch 1114, 1214 branches into
brachiocephalic artery 82, common carotid artery 80, or subclavian artery 84 or near other
anatomical structures (i.e., branching points) at which a main vessel branches into one or
more smaller vessels, providing an opportunity for a catheter with poor back-up support to
prolapse. For example, the region of the catheter at which durometer or modulus is
strengthened may be placed within about 0.5cm, about lcm, about 2cm, about 3cm, about
4cm, about 5cm, or about 6cm from a branching point at which a main vessel branches into
one or more smaller vessels.

Trackability means ability of the catheter to track further distally than other catheters
(e.g., to M1). For example, a catheter that can reach a cerebral segment of the internal carotid
artery (ICA) has better trackability than a catheter that can reach a cavernous or petrous
segment of the ICA. Trackability of the catheter may be improved by using a catheter wall
with low durometer or modulus or by adding a coating (e.g., a hydrophilic coating) on at least

a portion of the catheter wall. In one embodiment, the hydrophilic coating may be placed
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along the distal most region of the catheter. The hydrophilic coating on the catheter may
extend to about 1lcm, about Scm, about 10cm, about 15cm, or about 20cm from the distal end
of the catheter. The region with lower durometer or modulus may locate at the distal most
region of the catheter. The region with lower durometer or modulus may extend to about
lcm, about Scm, about 10cm, about 15cm, or about 20cm from the distal end of the catheter.

Pushability means rigidity of the catheter sufficient to push through anatomy without
“pbuckling”. Pushability of the catheter may be improved by increasing its durometer or
modulus. Pushability of the catheter may also be improved by providing a proximal region
with high durometer or modulus and a distal region with low durometer or modulus. A
transition region of the catheter in which durometer or modulus changes along its
longitudinal length (e.g., decreasing durometer or modulus from the proximal end to the
distal end) may begin at about 50%, 60%, 70%, 75%, 80%, or more of the length of the
catheter from its proximal end.

Kink resistance means resistance of the catheter to kinking. In addition, if the
catheter does kink, kink resistance of the catheter helps it return to its original shape. Kink
resistance is important in the distal segment of the catheter, which is more prone to kinking
than the proximal segment. Kink resistance of the catheter may be improved by adding one
or more NiTi coils (or a coil at least portion of which is Nitinol) to the catheter wall.

FIG. 36 describes a graph of durometer or modulus of a catheter in accordance with
the present invention along the length of the catheter, from the proximal end (x = 0) to the
distal end (x = 1). The catheter according to an embodiment may have a decreasing
durometer or modulus (E) approaching its distal end. The proximal end of the catheter has
higher durometer or modulus than that of the distal end of the catheter. High durometer or
modulus near the proximal end provides superior back-up support of the catheter. Durometer
or modulus of the catheter is substantially constant along its length near the proximal end
3302 of the catheter. Then, durometer or modulus of the catheter decreases near the distal
end 3304 of the catheter. Durometer or modulus of the catheter may begin to decrease (i.e.,
transition region) at about 50%, 70%, 75%, 80%, or 90% of the length of the catheter from its
proximal end. The catheter may have successively decreasing durometer or modulus near its

distal end by using materials with less durometer or modulus or having a thinner catheter wall
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near the distal end. Decreased durometer or modulus near the distal end provides superior
trackability of the catheter.

FIG. 37 describes flexibility test profiles of catheters in accordance with the present
invention compared with conventional catheters. Flexibility of a catheter was measured by
the three point flexural test with a span of one inch and a displacement of 2mm. In other
words, FIG. 37 describes a force (i.e., flexural load) necessary to vertically displace an one-
inch-long catheter segment by 2 mm with respect to distance from strain relief (i.e., proximal
end of the catheter) to the point of force application. All catheters tested in FIG 37 show
modulus or flexibility profiles similar to one shown in FIG. 36. Modulus of the catheters
stays substantially constant along its length near the proximal end and then gradually
decreases near the distal end.

Catheters according to the present invention have a flexural load that is substantially
constant along the longitudinal length near the proximal end and a rapidly decreasing flexural
load near the distal end. In a catheter having a length of about 125 cm, the catheters may
have a flexural load greater than or equal to about 1.0 IbF, about 1.5 IbF, about 2.0 IbF, about
2.5 1bF, about 3.0 1bF, or about 3.5 1bF at about 85 cm from the proximal end. The catheters
may have a flexural load less than or equal to about 2.5 1bF, about 2.0 1bF, about 1.5 IbF,
about 1.0 IbF, or about 0.5 IbF at about 95 cm from the proximal end. The catheters may
have a flexural load less than or equal to about 1.5 IbF, about 1.0 1bF, about 0.75 IbF, about
0.5 1bF, about 0.25 1bF, or about 0.1 IbF at about 105 cm from the proximal end. The
catheters may have a flexural load less than or equal to about 1.0 IbF, about 0.75 1bF, about
0.5 IbF, about 0.4 IbF, about 0.3 1bF, about 0.2 1bF, or about 0.1 1bF at about 115 cm from the
proximal end. For catheters having different lengths, the foregoing dimensions can be scaled
from the distal end of the catheter as a percentage of catheter length.

In certain implementations constructed in accordance with FIG. 30, the flexural load
is less than about 3.0 or 3.25 1bF at 65 cm from the proximal end and greater than about 2.25
or 2.5 IbF on average from 65 cm to 85 cm from the proximal end. Flexural load drops to no
more than about 1.0 and preferably no more than about 0.5 IbF at about 95 cm from the
proximal end. This provides enhanced backup support in the aorta while maintaining

enhanced trackability into the distal vasculature.
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In other embodiments, the catheters may have a flexural load greater than or equal to
about 1.0 IbF, about 1.5 IbF, about 2.0 1bF, about 2.5 1bF, about 3.0 1bF, or about 3.5 1bF at
about 60 cm from the proximal end. The catheters may have a flexural load less than or
equal to about 2.0 IbF, about 1.5 IbF, about 1.0 1bF, or about 0.5 1bF at about 70 cm from the
proximal end. The catheters may have a flexural load less than or equal to about 1.0 IbF,
about 0.75 1bF, about 0.5 IbF, about 0.4 IbF, about 0.3 IbF, about 0.2 IbF, or about 0.1 1bF at
about 80 cm from the proximal end. The catheters may have a flexural load less than or
equal to about 1.0 IbF, about 0.75 IbF, about 0.5 1bF, about 0.4 1bF, about 0.3 IbF, about 0.2
IbF, or about 0.1 1bF at about 90 cm from the proximal end.

The catheters may have a transition region, in which its flexural load changes by
greater than or equal to about 1.0 IbF, about 1.5 IbF, about 2.0 1bF, about 2.5 1bF, about 3.0
IbF, or about 3.5 IbF. The longitudinal length of the transition region may be less than or
equal to about 20cm, about 15cm, about 10cm, about 5 cm, about 3cm, or about 1cm.

Compared to Neuron Max (Penumbra, Inc.) 3402, catheters according to the present
invention (e.g., 3404, 3406, 3408, 3410) have comparable modulus near its proximal end.
This way, the catheters according to the present invention provide back-up support
comparable to that of Neuron Max. In addition, the catheters have modulus that falls more
rapidly near the transition region (between the proximal end and the distal end) than that of
Neuron Max.

Compared to Ace 68 catheter (Penumbra) 3412, Ace 64 catheter (Penumbra) 3414,
Benchmark 71 catheter (Penumbra) 3416, and Sofia Plus (MicroVention) 3418, the catheters
according to the present inventions have greater modulus near its proximal end and
comparable modulus near its distal end. This way, the catheters according to the present
invention provide superior back-up support with comparable trackability compared to
conventional catheters. The catheters according to the present invention may achieve this
modulus profile even when their inner diameters (and thus lumen volumes) are greater than
or equal to those of Ace 68, Ace 64, Benchmark 71, and Sofia Plus, which range from 0.064
inch to 0.071 inch.

Referring to FIG. 38, there is illustrated a transformable access sheath 200. The access

sheath 200 comprises an elongate flexible tubular body 202 extending between a proximal
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end 204 and a distal end 206. A proximal access port 208 is in communication with a distal
port 210 on the distal end 206 by way of a central lumen 212. See FIG. 39.

At least one transition zone 214 is provided on the tubular body 202. Transition zone
214 1is controllably transformable between a relatively stiff configuration and a relatively
flexible configuration. The access sheath 200 may be distally advanced through tortuous
anatomy with at least one transition zone 214 in a relatively stiff configuration as desired
such as to provide column strength or to facilitate the introduction of instruments
therethrough. The transition zone 214 may be controllably transformed to a relatively
flexible configuration as desired, such as to navigate tight bends in the vasculature.

In the illustrated embodiment, three transition zones 214 are shown. However, one
or two or three or four or more transition zones may be utilized, depending upon the desired
clinical performance. The transition zone 214 may be from about 1 cm to about 20 or 30 cm
or more in length. In certain embodiments, the transition zones will be within the range of
from about 2 cm to about 10 cm in length. The length and location of the transition zones
may depend upon the target anatomy for the access catheter, and can be located accordingly.

Referring to FIG. 39, there is illustrated a cross-sectional view taken along the lines
18-18 of FIG. 38, through a transition zone 214. The tubular body 202 comprises a sidewall
216 having at least one heating element 218 carried by or embedded within the sidewall 216.
In the illustrated embodiment, the heater 218 may be an electrically conductive filament, such
as a filar on an electrically conductive helical coil or braid. The electrically conductive
filament may be placed within or laminated within an inner layer and an outer layer of the
sidewall 216. In at least one embodiment, an inner layer of the sidewall 216 may comprise
polytetrafluorothylene (PTFE) for lubricity. In at least one embodiment, an outer layer of the
sidewall 216 may comprise biocompatible material preferably with a glass transition
temperature from about 40 °C to about 80 °C.

Alternatively, an electrically conductive polymer may be utilized to form the sidewall
216. Electrically conductive coatings may alternatively be printed, laminated, embedded or
otherwise applied to the outside, the inside, or laminated within an inner layer and an outer
layer of the sidewall 216. In at least one embodiment, the resistance of the heater 218 may be

calibrated to a specific heating temperature, such as 40 — 80°C, for a predetermined voltage
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level of the power source. This may eliminate the need for a thermocouple and prevent
potential overheating.

One or more electrical conductors may extend between the transition zone 214 and a
proximal activation port 215, adapted for coupling to a source of electricity from an external
controller. In a mono polar construction, a single conductor for each transition zone 214 may
extend proximally to the activation port 215. A second conductor may lead to or comprise an
electrically conductive surface on the tubular body 202, for conducting electricity through the
body of the patient to an external electrode as is understood in the art. Alternatively, in a
bipolar embodiment, each transition zone 214 may be provided with at least two electrical
conductors extending proximally to the activation port 215.

At least the transition zone comprises a biocompatible material that is relatively firm
at body temperature (e.g., 37°C) but transitions to a relatively soft, flexible material upon
application of heat. Typical suitable materials have a relatively low melting point so as to be
softenable at temperatures not so high as to damage living vessels. In any event the material
will have a softening point or a glass transition temperature above body temperature, with a
melting point significantly above body temperature and above the temperature reached by
activating the heating element 218. In one embodiment, the biocompatible material
preferably has a glass transition temperature from about 40°C to about 80°C. Suitable
materials may include polymers with a polymer chain orientation that causes the polymer to
break when heated.

Examples of suitable biostable materials are polymers, typically thermoplastic
polymers such as polyolefins and polyurethanes and most other biocompatible polymers.
Typical suitable bioabsorbable materials include polyglycolide (PGA), poly(L-lactide)
(PLLA), poly(.epsilon.-caprolactone) (PCL), and blends or combinations thereof.
Polyglycolide for example has a glass transition temperature between 35-40°C, such having a
considerably higher melting point.

Typical operating (softening) temperatures in this regard are on the order of between
about 40 and 80°C, often between about 40°C and 60°C to cause a softening transition of the
transition zone 214, and allow a transition back to a firm state upon removal of power and

reversion of the transition zone 214 back to body temperature. A temperature higher than
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about 80°C may be acceptable for a short period of time, depending upon the total energy
delivered. Any temperature to which the heater 218 is elevated is limited by what the body of
the patient can handle without causing damage to the vessel wall or causing thrombus to
form. For this reason, it may be desirable to remain within the lower end of the temperature
ranges illustrated above if the eligible polymers exhibit suitable flexibility at the softening
point temperature and suitable firmness at the lower body temperature.

Upon being heated, the biocompatible energy-activated transition zone 214 softens so
that it may be navigated through a tight bend for example. The material is to be softened
enough by the energy application so that it increases in flexibility, but retains the structural
integrity necessary for navigation and retains its shape so that upon interruption of the heat
source it will harden back to its original configuration. To maintain the integrity of the
tubular body, side wall 216 may be provided with flexible reinforcing structures such as a
helically wrapped wire, ribbon or polymeric strand such as polyimide, or other braid or weave
as is understood in the neurovascular catheter arts. A resistance coil or other resistance
filaments may also provide the mechanical reinforcing function while the transition zone is in
the softened state.

Heating may alternatively be provided by positioning a heat source such as a
resistance heat element carried by a heater catheter within the central lumen 212. Once the
catheter has reached its final position in the vasculature, the heater catheter may be
proximally withdrawn from the central lumen 212, which is now available for aspiration or to
receive a distal section 34 therethrough. In either heater configuration, a power source may
be provided within or electrically coupled to a proximal manifold on the aspiration catheter
or heater catheter.

Access for the catheter of the present invention can be achieved using conventional
techniques through an incision on a peripheral artery, such as right femoral artery, left
femoral artery, right radial artery, left radial artery, right brachial artery, left brachial artery,
right axillary artery, left axillary artery, right subclavian artery, or left subclavian artery. An
incision can also be made on right carotid artery or left carotid artery in emergency situations.

Avoiding a tight fit between the guidewire 40 and inside diameter of guidewire lumen

28 enhances the slidability of the catheter over the guidewire. In ultra small diameter catheter
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designs, it may be desirable to coat the outside surface of the guidewire 40 and/or the inside
surface of the wall defining lumen 38 with a lubricous coating to minimize friction as the
catheter 10 is axially moved with respect to the guidewire 40. A variety of coatings may be
utilized, such as Paralene, Teflon, silicone, polyimide-polytetrafluoroethylene composite
materials or others known in the art and suitable depending upon the material of the
guidewire or inner tubular wall 38.

Aspiration catheters of the present invention which are adapted for intracranial
applications generally have a total length in the range of from 60 cm to 250 cm, usually from
about 135 cm to about 175 cm. The length of the proximal segment 33 will typically be from
20 cm to 220 cm, more typically from 100 cm to about 120 cm. The length of the distal
segment 34 will typically be in the range from 10 cm to about 60 cm, usually from about 25
cm to about 40 cm.

The catheters of the present invention may be composed of any of a variety of
biologically compatible polymeric resins having suitable characteristics when formed into the
tubular catheter body segments. Exemplary materials include polyvinyl chloride, polyethers,
polyamides, polyethylenes, polyurethanes, copolymers thereof, and the like. In one
embodiment, both the proximal body segment 33 and distal body segment 34 will comprise a
polyvinyl chloride (PVC), with the proximal body segment being formed from a relatively
rigid PVC and the distal body segment being formed from a relatively flexible, supple PVC.
Optionally, the proximal body segment may be reinforced with a metal or polymeric braid or
other conventional reinforcing layer.

The proximal body segment will exhibit sufficient column strength to permit axial
positioning of the catheter through a guide catheter with at least a portion of the proximal
body segment 33 extending beyond the guide catheter and into the patient's vasculature. The
proximal body segment may have a shore hardness in the range from 50 D to 100 D, often
being about 70 D to 80 D. Usually, the proximal shaft will have a flexural modulus from
20,000 psi to 1,000,000 psi, preferably from 100,000 psi to 600,000 psi. The distal body
segment 34 will be sufficiently flexible and supple so that it may navigate the patient's more

narrow distal vasculature. In highly flexible embodiments, the shore hardness of the distal
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body segment 34 may be in the range of from about 20 A to about 100 A, and the flexural
modulus for the distal segment 34 may be from about 50 psi to about 15,000 psi.

The catheter body may further comprise other components, such as radiopaque fillers;
colorants; reinforcing materials; reinforcement layers, such as braids or helical reinforcement
elements; or the like. In particular, the proximal body segment may be reinforced in order to
enhance its column strength and torqueability (torque transmission) while preferably limiting
its wall thickness and outside diameter.

Usually, radiopaque markers will be provided at least at the distal end 14 and the
transition region 32 at the distal end of proximal segment 33. One radiopaque marker
comprises a metal band which is fully recessed within or carried on the outside of the distal
end of the proximal body segment 33. Suitable marker bands can be produced from a variety
of materials, including platinum, gold, and tungsten/rhenium alloy. Preferably, the
radiopaque marker band will be recessed in an annular channel to produce a smooth exterior
surface.

The proximal section 33 of tubular body 16 may be produced in accordance with any
of a variety of known techniques for manufacturing interventional catheter bodies, such as by
extrusion of appropriate biocompatible polymeric materials. Alternatively, at least a
proximal portion or all of the length of tubular body 16 may comprise a polymeric or metal
spring coil, solid walled hypodermic needle tubing, or braided reinforced wall, as is known in
the microcatheter arts.

In a catheter intended for neurovascular applications, the proximal section 33 of body
16 will typically have an outside diameter within the range of from about 0.117 inches to
about 0.078 inches. In one implementation, proximal section 33 has an OD of about 0.104
inches and an ID of about 0.088 inches. The distal section 34 has an OD of about 0.085
inches and an ID of about 0.070 inches.

Diameters outside of the preferred ranges may also be used, provided that the
functional consequences of the diameter are acceptable for the intended purpose of the
catheter. For example, the lower limit of the diameter for any portion of tubular body 16 in a

given application will be a function of the number of fluid or other functional lumen
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contained in the catheter, together with the acceptable minimum aspiration flow rate and
collapse resistance.

Tubular body 16 must have sufficient structural integrity (e.g., column strength or
"pushability”) to permit the catheter to be advanced to distal locations without buckling or
undesirable bending of the tubular body. The ability of the body 16 to transmit torque may
also be desirable, such as to avoid kinking upon rotation, to assist in steering. The tubular
body 16, and particularly the distal section 34, may be provided with any of a variety of
torque and/or column strength enhancing structures. For example, axially extending
stiffening wires, spiral wrapped support layers, braided or woven reinforcement filaments
may be built into or layered on the tubular body 16. See, for example, U.S. Pat. No.
5,891,114 to Chien, et al., the disclosure of which is incorporated in its entirety herein by
reference.

In many applications, the proximal section 33 will not be required to traverse
particularly low profile or tortuous arteries. For example, the proximal section 33 will be
mostly or entirely within the relatively large diameter guide catheter. The transition 32 can
be located on the catheter shaft 16 to correspond approximately with or beyond the distal end
of the guide catheter.

For certain applications, such as intracranial catheterizations, the distal section 34 is
preferably at least about 5 cm or 10 cm long and small enough in diameter to pass through
vessels as low as 3 mm or 2 mm or lower. The distal section may have a length of at least
about 20 cm or 30 cm or 40 cm or more, depending upon the intended target vessel or
treatment site.

The distal section, whether carried within the proximal section as an integrated
device, or is a separate device to be inserted into the proximal section during a procedure, is
substantially shorter than the proximal section. When the distal end of the distal section and
the distal end of the proximal section are axially aligned, the proximal end of the distal
section is spaced distally apart from the proximal end of the proximal section. The control
element such as a control wire or tube spans the distance between the proximal end of the

distal section and the proximal manifold or proximal control.
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In the foregoing configuration, the proximal end of the distal section will generally be
spaced apart distally from the proximal end of the proximal section by at least about 25%,
and in some embodiments at least about 50% or 70% or more of the length of the proximal
section.

Although the present invention has been described in terms of certain preferred
embodiments, it may be incorporated into other embodiments by persons of skill in the art in
view of the disclosure herein. The scope of the invention is therefore not intended to be
limited by the specific embodiments disclosed herein, but is intended to be defined by the full

scope of the following claims.
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WHAT IS CLAIMED IS:

1. An enhanced flexibility neurovascular catheter, comprising:
an elongate flexible body, having a proximal end, a distal end and a side wall
defining a central lumen, a distal zone of the side wall comprising:
a tubular inner liner;
a tie layer separated from the lumen by the inner liner;
a helical coil surrounding the tie layer, adjacent windings of the coil spaced
progressively further apart in the distal direction; and
an outer jacket surrounding the helical coil, the outer jacket formed from a
plurality of tubular segments positioned coaxially about the coil; wherein
a proximal one of the tubular segments has a durometer of at least about 60D
and a distal one of the tubular segments has a durometer of no more than about 35D.
2. An enhanced flexibility neurovascular catheter as in Claim 1, wherein the
tubular liner is formed by dip coating a removable mandrel.
3. An enhanced flexibility neurovascular catheter as in Claim 1, wherein the
tubular liner comprises PTFE.
4. An enhanced flexibility neurovascular catheter as in Claim 1, wherein the tie
layer comprises polyurethane.
5. An enhanced flexibility neurovascular catheter as in Claim 4, wherein the tie
layer has a wall thickness of no more than about 0.005 inches.
6. An enhanced flexibility neurovascular catheter as in Claim 4, wherein the tie
layer extends along at least the most distal 20 cm of the flexible body.
7. An enhanced flexibility neurovascular catheter as in Claim 1, wherein the coil
comprises a shape memory material.
8. An enhanced flexibility neurovascular catheter as in Claim 7, wherein the coil

comprises Nitinol.
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9. An enhanced flexibility neurovascular catheter as in Claim 8, wherein the
Nitinol comprises an Austenite state at body temperature.

10. An enhanced flexibility neurovascular catheter as in Claim 1, wherein the
outer jacket is formed from at least five discrete tubular segments.

11. An enhanced flexibility neurovascular catheter as in Claim 1, wherein the
outer jacket is formed from at least nine discrete tubular segments.

12. An enhanced flexibility neurovascular catheter as in Claim 11, wherein the
difference in durometer between a proximal one of the tubular segments and a distal one of
the tubular segments is at least about 20D.

13. An enhanced flexibility neurovascular catheter as in Claim 11, wherein the
difference in durometer between a proximal one of the tubular segments and a distal one of
the tubular segments is at least about 30D.

14. An enhanced flexibility neurovascular catheter as in Claim 1, further
comprising a tension support for increasing the tension resistance in the distal zone.

15. An enhanced flexibility neurovascular catheter as in Claim 14, wherein the
tension support comprises a filament.

16. An enhanced flexibility neurovascular catheter as in Claim 15, wherein the
tension support comprises an axially extending filament.

17. An enhanced flexibility neurovascular catheter as in Claim 16, wherein the
axially extending filament is carried between the inner liner and the helical coil.

18. An enhanced flexibility neurovascular catheter as in Claim 16, wherein the
axially extending filament increases the tensile strength to at least about 5 pounds.

19. A telescoping catheter, comprising:

an elongate, flexible tubular body, comprising a proximal section having at
least one lumen and a distal section axially movably positioned within the lumen; and

a control for advancing the distal section from a first, proximally retracted
position within the proximal section to a second, extended position, extending distally
beyond the proximal section; and

an active tip on the distal end of the distal section, comprising a distal opening

that is movable between a smaller and a larger configuration.
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20. A telescoping catheter as in Claim 19, wherein the control comprises a pull
wire extending through the proximal section.

21. A telescoping catheter as in Claim 19, wherein the distal section is distally
advanceable to extend beyond the proximal section for a distance of at least about 10 cm.

22. A telescoping catheter as in Claim 19, wherein the distal section is distally
advanceable to extend beyond the proximal section for a distance of at least about 25 cm.

23. A telescoping catheter as in Claim 19, wherein the distal opening is movable
in response to movement of a control wire.

24. A telescoping catheter as in Claim 19, wherein the distal opening is movable
between a smaller and a larger configuration in response to application of vacuum to the
lumen.

25. A telescoping catheter as in Claim 19, wherein the size of the distal opening is
changed by lateral movement of a side wall on the distal section.

26. A telescoping catheter as in Claim 19, wherein the distal opening comprises at
least one movable jaw.

27. A telescoping catheter as in Claim 19, wherein the distal end of the distal
section comprises a duck bill valve configuration.

28. A telescoping catheter as in Claim 19, further comprising a controller for
applying intermittent vacuum to the lumen.

29. A telescoping catheter as in Claim 28, wherein the controller is configured to
apply pulses of vacuum to the lumen spaced apart by spaces of neutral pressure.

30. A telescoping catheter as in Claim 28, wherein the controller is configured to
alternate between applying pulses of higher negative pressure and lower negative pressure.

31. A telescoping catheter as in Claim 28, wherein the distal tip of the catheter
axially reciprocates in response to application of pulses of vacuum to the lumen.

32. A system for aspirating a vascular occlusion from a remote site, comprising:

an elongate, flexible tubular body, comprising at least one central lumen
extending along its longitudinal length;
an agitator extendable through the central lumen of the tubular body to

position a distal end of the agitator near a distal end of the tubular body;
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a driver connectable to a proximal end of the agitator and configured to
actuate the agitator; and
a vacuum port near the proximal end of the tubular body and in fluid
communication with the central lumen of the tubular body.
33. A system as in Claim 32, wherein the agitator comprises an elongate tube.
34. A system as in Claim 33, wherein the agitator comprises a wire extending through
the elongate tube and having at least one bend near its distal end.
35. A system as in Claim 32, wherein the agitator comprises a proximal end, a distal
end, and a loop at the distal end.
36. A system as in Claim 32, wherein the driver is configured to rotate the agitator
cyclically in alternating directions.
37. A system as in Claim 32, wherein the agitator comprises:
at least one lumen along its longitudinal length,
an influent port near its proximal end configured to allow fluid
communication between the lumen of the agitator and a source of media, and
at least one effluent port configured to allow fluid communication between the
lumen of the agitator and the central lumen of the tubular body.
38. A system as in Claim 37, further comprising a control, for expressing media from
the effluent port into the central lumen of the tubular body.
39. A system as in Claim 37, wherein the distal portion of the tubular body is
configured to vibrate in a transverse direction in response to the injection of media.
40. A system as in Claim 32, further comprising a controller for applying a pulsatile
vacuum cycle to the central lumen.
41. A system as in Claim 32, further comprising a rotating hemostasis valve coupled
to the proximal end of the tubular body, the rotating hemostasis valve comprising:
at least one main lumen along its longitudinal length, through which the
proximal portion of the agitator is configured to pass, and
an aspiration lumen bifurcating from the main lumen and provided with a

vacuum port.
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42. A system as in Claim 32, further comprising a proximal drive assembly coupled to
the proximal end of the tubular body, the proximal drive assembly comprising:
at least one main lumen along its longitudinal length for receiving the agitator;
a media injection port, into which media is injected, in fluid communication
with the central lumen of the tubular body, and
a proximal drive connection at the proximal end, which operably connects
between the agitator and the driver.
43. An enhanced flexibility neurovascular catheter, comprising:
an elongate flexible body, having a proximal end, a distal end and a side wall
defining a central lumen, a distal zone of the side wall comprising:
an outer jacket surrounding a helical coil, the outer jacket formed from a
plurality of tubular segments positioned coaxially about the coil; wherein
a proximal one of the tubular segments has a durometer of at least about 60D
and a distal one of the tubular segments has a durometer of no more than about 35D;
and
an axially extending filament within the side wall, extending at least about the
most distal 10 cm of the length of the catheter.
44. An enhanced flexibility neurovascular catheter as in Claim 43, wherein the
filament extends at least about the most distal 15 cm of the length of the catheter.
45. An enhanced flexibility neurovascular catheter as in Claim 43, wherein the
filament extends at least about the most distal 20 cm of the length of the catheter.
46. An enhanced flexibility neurovascular catheter as in Claim 44, wherein the
filament comprises multiple fibers.
47. An enhanced flexibility neurovascular catheter as in Claim 44, wherein the
filament extends axially in between the coil and the inner liner.
48. An enhanced flexibility neurovascular catheter as in Claim 44, wherein the
side wall further comprises:
a tubular inner liner;

a soft tie layer separated from the lumen by the inner liner;
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wherein the helical coil surrounds the tie layer, and adjacent windings of the
coil are spaced progressively further apart in the distal direction.

49. An enhanced flexibility neurovascular catheter as in Claim 48, wherein the
tubular liner is formed by dip coating a removable mandrel.

50. An enhanced flexibility neurovascular catheter as in Claim 48, wherein the
tubular liner comprises PTFE.

51. An enhanced flexibility neurovascular catheter as in Claim 48, wherein the tie
layer comprises polyurethane.

52. An enhanced flexibility neurovascular catheter as in Claim 51, wherein the tie
layer has a wall thickness of no more than about 0.005 inches.

53. An enhanced flexibility neurovascular catheter as in Claim 51, wherein the tie
layer extends along at least the most distal 20 cm of the flexible body.

54. An enhanced flexibility neurovascular catheter as in Claim 48, wherein the
coil comprises a shape memory material.

55. An enhanced flexibility neurovascular catheter as in Claim 54, wherein the
coil comprises Nitinol.

56. An enhanced flexibility neurovascular catheter as in Claim 55, wherein the
Nitinol comprises an Austenite state at body temperature.

57. An enhanced flexibility neurovascular catheter as in Claim 48, wherein the
outer jacket is formed from at least five discrete tubular segments.

58. An enhanced flexibility neurovascular catheter as in Claim 48, wherein the
outer jacket is formed from at least nine discrete tubular segments.

59. An enhanced flexibility neurovascular catheter as in Claim 58, wherein the
difference in durometer between a proximal one of the tubular segments and a distal one of
the tubular segments is at least about 20D.

60. An enhanced flexibility neurovascular catheter as in Claim 58, wherein the
difference in durometer between a proximal one of the tubular segments and a distal one of
the tubular segments is at least about 30D.

61. An enhanced flexibility neurovascular catheter as in Claim 43, wherein the

catheter can withstand at least about 3.5 pounds tension before failure.
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62. An enhanced flexibility neurovascular catheter as in Claim 43, wherein the
catheter can withstand at least about 5 pounds tension before failure.
63. An enhanced flexibility neurovascular catheter as in Claim 43, wherein the
catheter can withstand at least about 7 pounds tension before failure.
64. A method of making a high flexibility distal zone on a neurovascular catheter,
comprising the steps of:
dip coating a removable mandrel to form a tubular inner layer on the mandrel;
coating the tubular inner layer with a soft tie layer;
applying a helical coil to the outside of the tie layer;
positioning a plurality of tubular segments on the helical coil; the plurality of
segments having durometers that decrease in a distal direction;
heating the tubular segments to form the high flexibility distal zone on the
neurovascular catheter; and
removing the mandrel.
65. A method as in Claim 64, wherein removing the mandrel step includes axially
elongating the mandrel.
66. A method as in Claim 64, comprising positioning at least seven segments on
the helical coil.
67. A method as in Claim 64, comprising positioning at least nine segments on the
helical coil.
68. A method as in Claim 67, wherein the difference in durometer between a
proximal one of the tubular segments and a distal one of the tubular segments is at least about
20D.

69. A method as in Claim 68, wherein the difference is at least about 30D.

70. A method as in Claim 64, wherein the tubular inner layer comprises PTFE.
71. A method as in Claim 64, wherein the tie layer comprises polyurethane.
72. A method as in Claim 71, wherein the tie layer has a wall thickness of no

more than about 0.005 inches.
73. A method as in Claim 71, wherein the tie layer extends along at least the most

distal 20 cm of the flexible body.
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74. A method as in Claim 64, wherein the coil comprises a shape memory
material.

75. A method as in Claim 74, wherein the coil comprises Nitinol.

76. A method as in Claim 75, wherein the Nitinol comprises an Austenite state at

body temperature.

77. A method as in Claim 64, further comprising the step of positioning at least
one tensile strength enhancing filament in between the coil and the tie layer prior to heat
shrinking the tubular segments.

78. A method as in Claim 77, wherein the filament extends along at least about
the most distal 15 cm of the length of the catheter.

79. A method as in Claim 77, wherein the filament extends along at least about
the most distal 20 cm of the length of the catheter.

80. A method as in Claim 77, wherein the filament comprises multiple fibers

81. A method as in Claim 64, further comprising the step of positioning at least
one tensile strength enhancing filament over the tie layer before the applying a helical coil
step.

82. A neurovascular catheter, comprising:

an elongate flexible tubular body, having a proximal end, a distal end and a
side wall defining a central lumen, a distal zone of the tubular body comprising:

a tubular inner liner;

a tie layer separated from the lumen by the inner liner;

a helical coil surrounding the tie layer, adjacent windings of the coil spaced
progressively further apart in the distal direction;

an outer jacket surrounding the helical coil, and

an opening at the distal end which is enlargeable from a first inside diameter
for transluminal navigation to a second, larger inside diameter to facilitate aspiration
of thrombus into the lumen.

83. A neurovascular catheter as in Claim 82, wherein the distal opening is

enlargeable in response to exposure to blood.
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84. A neurovascular catheter as in Claim 82, wherein the distal opening is
enlargeable in response to exposure to body temperature.

85. A neurovascular catheter as in Claim 82, wherein the distal opening is
enlargeable in response to removal of a constraint.

86. A neurovascular catheter as in Claim 85, wherein the constraint comprises a
polymer having a structural integrity that decreases in the intravascular environment.

87. A neurovascular catheter as in Claim 82, wherein the catheter body adjacent
the distal opening comprises a radially outwardly biased embedded support.

88. A neurovascular catheter as in Claim 87, wherein the catheter body adjacent
the distal opening comprises an embedded Nitinol frame.

89. A neurovascular catheter as in Claim 82, wherein the catheter body adjacent
the distal opening comprises a hydrophilic blend.

90. A neurovascular catheter as in Claim 82, wherein the tubular liner is formed

by dip coating a removable mandrel.

91. A neurovascular catheter as in Claim 82, wherein the tubular liner comprises
PTFE.

92. A neurovascular catheter as in Claim 82, wherein the tie layer comprises
polyurethane.

93. A neurovascular catheter as in Claim 92, wherein the tie layer has a wall

thickness of no more than about 0.005 inches.

94. A neurovascular catheter as in Claim 92, wherein the tie layer extends along at
least the most distal 20 cm of the flexible body.

95. A neurovascular catheter as in Claim 82, wherein the coil comprises a shape
memory material.

96. A neurovascular catheter as in Claim 95, wherein the coil comprises Nitinol.

97. A neurovascular catheter as in Claim 96, wherein the Nitinol comprises an
Austenite state at body temperature.

98. A neurovascular catheter as in Claim 82, wherein the outer jacket is formed

from at least five discrete tubular segments.
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99. A neurovascular catheter as in Claim 82, wherein the outer jacket is formed
from at least nine discrete tubular segments.

100. A neurovascular catheter as in Claim 98, wherein the difference in durometer
between a proximal one of the tubular segments and a distal one of the tubular segments is at
least about 20D.

101. A neurovascular catheter as in Claim 98, wherein the difference in durometer
between a proximal one of the tubular segments and a distal one of the tubular segments is at
least about 30D.

102. A neurovascular catheter as in Claim 87, wherein the support comprises a wire
mesh.

103. A neurovascular catheter as in Claim 87, wherein the support comprises a
stent.

104. A neurovascular catheter extension segment, comprising:

an elongate flexible control wire, having a proximal end and a distal end;

a tubular extension segment having a side wall defining a central lumen
carried by the distal end of the control wire, the side wall comprising:

a tubular inner liner;

a tie layer separated from the lumen by the inner liner;

a helical coil surrounding the tie layer; and

an outer jacket surrounding the helical coil.

105. A neurovascular catheter extension segment as in Claim 104, wherein the
outer jacket is formed from a plurality of tubular segments positioned coaxially about the
coil.

106. A neurovascular catheter extension segment as in Claim 105, wherein a
proximal one of the tubular segments has a durometer of at least about 60D and a distal one
of the tubular segments has a durometer of no more than about 35D.

107. A neurovascular catheter extension segment as in Claim 104, wherein the
tubular liner is formed by dip coating a removable mandrel.

108. A neurovascular catheter extension segment as in Claim 104, wherein the

tubular liner comprises PTFE.
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109. A neurovascular catheter extension segment as in Claim 104, wherein the tie
layer comprises polyurethane.

110. A neurovascular catheter extension segment as in Claim 109, wherein the tie
layer has a wall thickness of no more than about 0.005 inches.

111. A neurovascular catheter extension segment as in Claim 109, wherein the tie
layer extends along at least the most distal 20 cm of the tubular extension segment.

112. A neurovascular catheter extension segment as in Claim 104, wherein the coil
comprises a shape memory material.

113. A neurovascular catheter extension segment as in Claim 112, wherein the coil
comprises Nitinol.

114. A neurovascular catheter extension segment as in Claim 113, wherein the
Nitinol comprises an Austenite state at body temperature.

115. A neurovascular catheter extension segment as in Claim 105, wherein the
outer jacket is formed from at least five discrete tubular segments.

116. A neurovascular catheter extension segment as in Claim 115, wherein the
outer jacket is formed from at least nine discrete tubular segments.

117. A neurovascular catheter extension segment as in Claim 116, wherein the
difference in durometer between a proximal one of the tubular segments and a distal one of
the tubular segments is at least about 20D.

118. A neurovascular catheter extension segment as in Claim 117, wherein the
difference is at least about 30D.

119. A neurovascular catheter extension segment as in Claim 104, wherein the
control wire comprises a central lumen.

120. A neurovascular catheter extension segment as in Claim 119, wherein the
control wire central lumen is in communication with the central lumen of the tubular
extension segment.

121. A neurovascular catheter extension segment system, comprising a
neurovascular catheter extension segment as in Claim 119, and an agitator configured to
extend through the control wire central lumen and into the central lumen of the tubular

extension segment.
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122. A neurovascular catheter extension segment as in Claim 119, wherein the
inside diameter of the neurovascular catheter extension segment is at least 2X the inside
diameter of the control wire central lumen.

123. A neurovascular catheter extension segment as in Claim 122, wherein the
inside diameter of the neurovascular catheter extension segment is at least 3X the inside

diameter of the control wire central lumen.

74-

Penumbra, Inc., Ex. 1031, Page 539 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453

1/41
l(r/u’h
Ny
)'f‘
N %
oo R Wae o
2 = S by
AN T
- & - &
. AN
e Ny
/’J’" Ny ‘“"'/W o
:Q L W m-} 7w
Il &
4 \<
-~ H
R
yYas i
//W’
e e ™
( @ % @
. A
< & S
I S R T 1 L

20
N
20
\

Penumbra, Inc., Ex. 1031, Page 540 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453
2141

R Lr"].

Penumbra, Inc., Ex. 1031, Page 541 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453
3/41

R

v
Yoo

AN

4.

FIG. 4C

FIG. 4B

38

e
fand

By &

FIG. 4D

TN .
2 %

<y N
; -
o N s
PN G 3
W

Penumbra, Inc., Ex. 1031, Page 542 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453
4/41
\ 24 5 50
. , Vi L
\ -_ i
iy ; =5 XK
FIG. 4F 38
_ X
4 52 17;[ .
/L N
(2 5% <>
b \\\\ g N
s
FIG. 4G
3 A { 7
- S <SS
S5 E—— I — ” X\\;g
..f;'
FIG. 4H
Py 38
e . Ny ,./
et D 77
) P = = = & N
S
FIG. 41 N\
N

Penumbra, Inc., Ex. 1031, Page 543 of 776

Penumbra, Inc. v. RapidPulse, Inc.



PCT/US2017/019453

WO 2017/147493

541

FIG. 5

B T 70 OCCLUSION IV LEFT
R CAROTID SIPHON

K
7/\A\ N/Ml\ .\
«.\\P//,..
S
2
i m
o
7\ \!l./r/
o sf/d\\ ~ 1
D
f e -
N

Penumbra, Inc., Ex. 1031, Page 544 of 776

Penumbra, Inc. v. RapidPulse, Inc.



PCT/US2017/019453

WO 2017/147493

8/41

Penumbra, Inc., Ex. 1031, Page 545 of 776

Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453

741

)
l\ / /"
) /| ~
/) AN
e ] .
/i/ // /,’ /f \,\:\\ g
L/ V4 N Li-
\ /
¥

Penumbra, Inc., Ex. 1031, Page 546 of 776
Penumbra, Inc. v. RapidPulse, Inc.



PCT/US2017/019453

WO 2017/147493

8/41

Penumbra, Inc., Ex. 1031, Page 547 of 776

Penumbra, Inc. v. RapidPulse, Inc.



PCT/US2017/019453

WO 2017/147493

944

Penumbra, Inc., Ex. 1031, Page 548 of 776

Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453

10/41

Penumbra, Inc., Ex. 1031, Page 549 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453
11/41

A o

| 7227

7z
7176~

FIG. 11B

Penumbra, Inc., Ex. 1031, Page 550 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453
12/41

4

78~ ¥

FIG. 11D

Penumbra, Inc., Ex. 1031, Page 551 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453
13741

o0

FIG. 11E

7Y
S/

%4

iy
7778

FIG. 11F

Penumbra, Inc., Ex. 1031, Page 552 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453

14/41
20
Yl
v, TP

O

i y/Z;}L?c’)

220~
21~ P

FIG. 12B

Penumbra, Inc., Ex. 1031, Page 553 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453
15741

Penumbra, Inc., Ex. 1031, Page 554 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453
16/41

N 7225 .

FIG. 12F

Penumbra, Inc., Ex. 1031, Page 555 of 776
Penumbra, Inc. v. RapidPulse, Inc.



PCT/US2017/019453

WO 2017/147493

17/41

¢l O

7
BYJOJIUOT) BARA

M {0UCT) S]0UISY ,4_

/1018INPON

oz’

AN

\\

Aouenbaiy
a4t

E,
1Bsiuen
UOH2RY0D

y; SAJBA PIOUS|OS
o

Jsguieyn

WINNDBA
]

o
S

(I g

\
e

73

JOIRIBUSL) WNNDBA

Penumbra, Inc., Ex. 1031, Page 556 of 776

Penumbra, Inc. v. RapidPulse, Inc.



PCT/US2017/019453

18/41

WO 2017/147493

N
ap
Jin sRsiueD
\ VAN uoi8jion
~ \\ N \ / sguey) aw
X WINNJeA JOJBIBUSE) WINNDBA
7N
\ JB||OAUOT BABA
m [01U0D) BJ0WRY | / JOIBINPON
- / Aauenbaid
ar ar’

ainssaud \
ousydsowne |
2yl je \

" vl OH

Penumbra, Inc. v. RapidPulse, Inc.

Penumbra, Inc., Ex. 1031, Page 557 of 776



WO 2017/147493 PCT/US2017/019453
19/41

520

//"J
L Remote Control }

Frequency
Modulator
5

¥
T
Es o8 N
= :zﬁ‘ﬁg =
N 3 U.S.{E//
8558
Q
>§uu

FIG. 15

Vacuum
Generator

Penumbra, Inc., Ex. 1031, Page 558 of 776
Penumbra, Inc. v. RapidPulse, Inc.



PCT/US2017/019453

WO 2017/147493

20/41

91 Ol

Penumbra, Inc., Ex. 1031, Page 559 of 776

Penumbra, Inc. v. RapidPulse, Inc.



PCT/US2017/019453

WO 2017/147493

21/41

LT D4

#g

)

4

a9~

Penumbra, Inc., Ex. 1031, Page 560 of 776

Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493

N,

bz
o

SRR A A
~ S

PCT/US2017/019453

22/41

pw]
N
)
Ty
¢
r
S
", o
B S
5
2N

Penumbra, Inc., Ex. 1031, Page 561 of 776
Penumbra, Inc. v. RapidPulse, Inc.



PCT/US2017/019453

WO 2017/147493

23/41

4

\ \.\. w/

7L 4 - / 4
{ m.a\t...\\nﬂi\ﬂ....al\..‘.]d ............ N@N
\ /mwwwmu\ o

// B (& v \K >

) w 7 ]

Vil A

// e \ @&m

\\ / wﬂ/
\ f - ‘
! WHHi'I u”..H// oz
\\ e
i L
Vel
/7 K%N

a0z

Ppre

Penumbra, Inc., Ex. 1031, Page 562 of 776

Penumbra, Inc. v. RapidPulse, Inc.



PCT/US2017/019453

WO 2017/147493

24141

e /

4
oz

Penumbra, Inc., Ex. 1031, Page 563 of 776

Penumbra, Inc. v. RapidPulse, Inc.



PCT/US2017/019453

WO 2017/147493

25/41

d1¢ Ol

Yy T2
7/ R
= A L7777 775
ﬁ H ooz I@I:q
\ — e L f
a 0 Vo e ST Mv ~
\ A S T T o~ i
J, \ peiz —D
i LT
il | N x-.x\\\..\..\\,(f/
e LLLLTT T 775 s
’ iz’ L7z 5
~ ..ﬂ,/

Pl

Penumbra, Inc., Ex. 1031, Page 564 of 776

Penumbra, Inc. v. RapidPulse, Inc.



PCT/US2017/019453

26/41

g4¢c Ol

Penumbra, Inc., Ex. 1031, Page 565 of 776

Penumbra, Inc. v. RapidPulse, Inc.

WO 2017/147493

/) aw




PCT/US2017/019453

WO 2017/147493

27141

g¢d Ol

S/

2677

Vel Ol

/

7/

/v,«v%v/\ SESS // S

)
| .\ %J/\/YV/UV(\//\
|

ez’ \ /

Penumbra, Inc., Ex. 1031, Page 566 of 776

Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453
28/41

FIG. 24

.
NN
N .
N
N
. .
N "~
S ,
ot .
W
Y .
N

Penumbra, Inc., Ex. 1031, Page 567 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493

Ly
“Q F50
257

PCT/US2017/019453
28/41%
/_{2574
ATMOSPHERE
\Lf 2578

VACUUM
el
FIG. 25A
/__{2574
(e ATMOSPHERE
N 2578

 VACUUM
2520

ATMOSPHERE

2570,

2512 ¥
\\-a».

2570~

2512 |
\\\Dla -

2572 §
\‘ﬁn~

2578

VACUUM
520

2576

FIG. 25C

Penumbra, Inc., Ex. 1031, Page 568 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453
30/41

FIG. 26

600

Penumbra, Inc., Ex. 1031, Page 569 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453
31/41

<700

FIG. 27A

FIG. 278

Penumbra, Inc., Ex. 1031, Page 570 of 776
Penumbra, Inc. v. RapidPulse, Inc.



PCT/US2017/019453

WO 2017/147493

32/41%

Penumbra, Inc., Ex. 1031, Page 571 of 776

Penumbra, Inc. v. RapidPulse, Inc.



PCT/US2017/019453

WO 2017/147493

33/41%

6¢ DI

Penumbra, Inc., Ex. 1031, Page 572 of 776

Penumbra, Inc. v. RapidPulse, Inc.



PCT/US2017/019453

WO 2017/147493

34/41%

0¢ Ol

!
¢
ssssssssssss T
NERND
4 m
EEEEEEEEEEEEEEEEEE A
100F T~
- ~~o
\ ~~_
e T~
PEVE, A :
oy v —t i \ o= " 3 “ )\.Vs\ d 3 - g - T \Vﬂ
NN v N N o NN NN N g b\ N - b DR NERANAN NI NS N NN e ERAN i
10 © O Q© @ QOOUD X XXX XXX Xoue
/ VV N0 N NN N NN N NN N NN R N LN LN N SN NN N NN N NN N N NN f,
/ / \ \ -~
PE qoe” g’ | s’ o ome” N Nave Naeve ZL
< s « 200F >

Penumbra, Inc., Ex. 1031, Page 573 of 776

Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453

35/41

FIG. 31A

- 3000 i

Penumbra, Inc., Ex. 1031, Page 574 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453
36/41
N
. 3zae o
//V/‘
e
- g-—-—-»mw—v 8
———h — — —_— — _— | T Y
H . K
Lm%ﬁmm B
FiG. 32A
S - 3232 3234 3238 3238
R T N NS TNy Y
P )
Ly \\
\\; R Y \\
i e Y
SRSECRR B VR o et R VRS0 VSR RS RS ECIEVIG VIS IV IS el S S S
S /7 LY a2 L | 240
/ / Vo 1) N
' 3342 \azze
FIG. 32B

FiIG. 32C

Penumbra, Inc., Ex. 1031, Page 575 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493

PCT/US2017/019453
37/41

e —— 1 —

FIG. 33A

Sl 3232 ~ 3334 . 3238 D 3238 3242
PN E I I W W S W N W AW e
7777777777777777777777777777777777 3 {\ - AN
\\ \\‘ \\
Y \ N\,

IDOROC QUG (GO oQOQOGUUORDODOOOCQUOR oD

/ RNt |

/ P
3224 L

FIG. 338

FIG. 33C

Penumbra, Inc., Ex. 1031, Page 576 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453

38/41
iy
A
% sty
N e
B
(ﬁé} ~.
__\\}
Ty
1=
P
&i e
R
-1 R
L™ SN
~— ﬁ,’:::\\
g ) Y
< Bs (c— @
w o R \\.__\T/
L0
Cap ] TS %o
™ S
0 | )
pu
N -
N
%//L/f/

3758

Penumbra, Inc., Ex. 1031, Page 577 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453
38/41

3202

e

3302
3304

i

|
1
! proninai-hard (8] - distabsofr(Sy
& IS5 X
g

woe oren

FIG. 36

Penumbra, Inc., Ex. 1031, Page 578 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453
40/41

o
o

EORCE (5E)

L3, SAMPLE 81 3418

DISTANCE FROM STRAIN RELIEF {um}

FIG. 37

Penumbra, Inc., Ex. 1031, Page 579 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2017/147493 PCT/US2017/019453

41/41%
L,,.1 {%
N R
\\
Vo o
X &
N .
o 0]
(\x! [
Ei
N
i~
N \ o
< N \
N ‘ S N oenm
-. SR Nale
N N
o0 &
N N
: -
o0 L
v
N N
o
AW
& 4
Qv D

Penumbra, Inc., Ex. 1031, Page 580 of 776
Penumbra, Inc. v. RapidPulse, Inc.



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2017/019453

A.

CPC -

CLASSIFICATION OF SUBJECT MATTER

IPC(8) - A61B 17/00; A61M 25/00; A61M 25/01; A61M 29/00 (2017.01)
AB1M 25/0053; A61M 25/0012; A61M 25/0045; A61M 25/005; A61M 25/0051; A61M 25/0054,

A61M 25/0662; A61M 25/09; A61M 25/104 (2017.02)

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

USPC - 604/525; 604/264; 604/523; 604/524; 604/526; 604/527 (keyword delimited)

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
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C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2013/0046285 A1 (GRIFFIN et al) 21 February 2013 (21.02.2013) entire document 1,3-13
A US 2004/0153049 A1 (HEWITT et al) 05 August 2004 (05.08.2004) entire document 1-18, 64-81
A US 2007/0016132 A1 (OEPEN et al) 18 January 2007 (18.01.2007) entire document 1-18, 64-81
A US 2010/0049168 A1 (PARKER et al) 25 February 2010 (25.02.2010) entire document 1-18, 64-81
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means

document published prior to the international filing date but later than
the priority date claimed
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later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

17 May 2017

Date of mailing of the international search report

09JUN 2017

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer

Blaine R. Copenheaver
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INTERNATIONAL SEARCH REPORT International app]ication No.
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See extra sheet(s).

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. [:] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required adc!itiona} search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-18, 64-81

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

U

No protest accompanied the payment of additional search fees.
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Continued from Box No. Il Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group |, claims 1-18, 64-81 are drawn to a flexible catheter with variably flexible tubular segments.
Group Il, claims 19-31, 82-103 are drawn to a catheter with an expanding distal opening.

Group Ill, claims 32-42 are drawn to a catheter having an agitator, driver and vacuum port.

Group IV, claims 43-63, 104-123 are drawn to a neurovascular catheter with a control filament.

The inventions listed in Groups |, I1, I}, and IV do not relate to a single general inventive concept under PCT Rule 13.1, because under
PCT Rule 13.2 they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group |, dip coating a removable mandrel to form a tubular inner layer on the mandrel; coating the
tubular inner layer with a soft tie layer; applying a helical coil to the outside of the tie layer; positioning a plurality of tubular segments on
the helical coil; the plurality of segments having durometers that decrease in a distal direction; heating the tubular segments to form the
high flexibility distal zone on the neurovascular catheter; and removing the mandrel, are not present in Groups |l 111, or IV; the special
technical features of Group |1, a control for advancing the distal section from a first, proximally retracted position within the proximal
section to a second, extended position, extending distally beyond the proximal section; and an active tip on the distal end of the distal
section, comprising a distal opening that is movable between a smaller and a larger configuration, an opening at the distal end which is
enlargeable from a first inside diameter for transluminal navigation to a second, larger inside diameter to facilitate aspiration of thrombus
into the lumen, are not present in Groups |, Hll, and 1V; the special technical features of Group I, an agitator extendable through the
central lumen of the tubular body to position a distal end of the agitator near a distal end of the tubular body; a driver connectable to a
proximal end of the agitator and configured to actuate the agitator; and a vacuum port near the proximal end of the tubular body and in
fluid communication with the central lumen of the tubular body, are not present in Groups |, Il, or IV; and the special technical features of
Group IV, an axially extending filament within the side wall, extending at least about the most distal 10 cm of the length of the catheter,
an elongate flexible control wire, having a proximal end and a distal end; a tubular extension segment having a side wall defining a
central lumen carried by the distal end of the control wire, are not present in Groups |, I, or lIl.

Groups 1, i, HlI, and IV share the technical features of a medical system comprising an elongate, flexible tubular body, comprising at least
one central lumen extending along its longitudinal length. However, these shared technical features do not represent a contribution over
the prior art. Specifically, US 2002/0139785 A1 to Peacock, |ll et al. teaches of a medical system (Abstract) comprising an elongate,
flexible tubular body (Fig. 1, catheter 10 is a flexible tubular body, para. [0010]), comprising at least one central lumen extending along
its longitudinal length (Fig. 1, inner lumen 14 extends along the catheter 10, para. [0023]).

Groups | and Il share the technical features of a medical system comprising an elongate flexible tubular body, having a proximal end, a
distal end and a side wall defining a central lumen, a distal zone of the tubular body comprising: a tubular inner liner; a tie layer
separated from the lumen by the inner liner; a helical coil surrounding the tie layer; an outer jacket surrounding the helical coil. However,
these shared technical features do not represent a contribution over the prior art. Specifically, US 2002/0139785 A1 to Peacock, Ill et al.
teaches of a medical system (Abstract) comprising an elongate flexible tubular body (Fig. 1, catheter 10 is a flexible tubular body, para.
[0010)), having a proximal end, a distal end and a side wall defining a central lumen (Fig. 1, inner lumen 14 extends along the catheter
10, para. [0023]), a distal zone of the tubular body comprising: a tubular inner liner (Fig. 1, inner lining 13, para. [0023]); a tie layer
separated from the lumen by the inner liner (Fig. 1, adhesive 18 is separate from lumen 14 by lining 13, para. [0023]); a helical coil
surrounding the tie layer (Fig. 1, coil 15 includes spaces 16, wherein the adhesive 18 is within the spaces 16, the coil thereby surrounds
the adhesive layer 18, para. [0023)); an outer jacket surrounding the helical coil (Fig. 1, outer jacket 17 surrounding the coil 15, para.
[0023)).

Groups | and IV share the technical features of a medical system comprising a tubular extension segment having a side wall defining a
central lumen carried by the distal end of the contro! wire, the side wall comprising: a tubular inner liner; a tie layer separated from the
lumen by the inner liner; a helical coil surrounding the tie layer; and an outer jacket surrounding the helical coil. However, these shared
technical features do not represent a contribution over the prior art. Specifically, US 2002/0139785 A1 to Peacock, Ill et al. teaches of a
medical system (Abstract) comprising an elongate flexible tubular body (Fig. 1, catheter 10 is a flexible tubular body, para. [0010]),
having a proximal end, a distal end and a side wall defining a central lumen (Fig. 1, inner lumen 14 extends along the catheter 10, para.
{0023)), a distal zone of the tubular body comprising: a tubular inner liner (Fig. 1, inner lining 13, para. [0023)); a tie layer separated from
the lumen by the inner liner (Fig. 1, adhesive 18 is separate from lumen 14 by lining 13, para. [0023]); a helical coil surrounding the tie
layer (Fig. 1, coil 15 includes spaces 16, wherein the adhesive 18 is within the spaces 16, the coil thereby surrounds the adhesive layer
18, para. [0023]); an outer jacket surrounding the helical coil (Fig. 1, outer jacket 17 surrounding the coil 15, para. [0023}).

Groups Il and IHl share the technical features of a medical system comprising an elongate, flexible tubular body, comprising a proximal
section having at least one lumen, the lumen configured to facilitate aspiration of thrombus into the lumen. However, these shared
technical features do not represent a contribution over the prior art. Specifically, US 2007/0106211 A1 to Provost-Time et al. teaches of
a medical system (Abstract) comprising an elongate, flexible tubular body (Fig. 1, catheter 10 is a flexible tubular body, para. [0027] &
[0015]), comprising a proximal section having at least one lumen (Fig. 1, aspiration lumen 12, para. [0027]), the lumen configured to
facilitate aspiration of thrombus into the lumen (Fig. 1, wherein the aspiration lumen 12 is configured to aspirate a thrombus
therethrough, para. [0027] & [0015]).

Since none of the special technical features of the Group |, II, lll, and IV inventions are found in more than one of the inventions, unity is
facking.
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FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
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the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C. 552a(m).
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National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To: GREGORY L. MAYBACK PCT
DICKINSON WRIGHT, PLLC

350 E. LAS OLAS BLVD, SUITE 1750
FORT LAUDERDALE, FL 33301 NOTIFICATION OF TRANSMITTAL OF

THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

dmoniieas Q7 OCT 2019

FOR FURTHER ACTION  See paragraphs | and 4 below

Applicant’s or agent’s file reference
SYN 2.0/ROAR

International application No. International filing date

PCTIUS 19/42546 (day'monthyear) 19 July 2019 (19.07.2019)

Applicant SYNTHEON 2.0, LLC

1. |Z] The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.

Filing of amendments and statement under Article 19:

The applicant is entitled, if he so wishes, to amend the claims of the international application (seec Rule 46):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the international
search report.

How?  Directly to the International Bureau of WIPQ preferably through ePCT or on paper to, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No.: +41 22 338 82 70
For more detailed instructions, see PCT Applicant’s Guide, International Phase, paragraphs 9.004 —9.011.

2. E] The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the Intemational Searching Authority are transmitted herewith.

3. D With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

the protest together with the decision thereon has been transmitted to the International Bureau together with any
request to forward the texts of both the protest and the decision thereon to the designated Offices.

no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4. Reminders

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority
to the International Bureau. These comments will be made available to the public after international publication. The
International Bureau will send a copy of such comments to all designated Offices unless an international preliminary
examination report has been or is to be established.

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international
application, or of the priority claim, must reach the International Bureau before the completion of the technical preparations for
international publication (Rules 90bis.1 and 90bis.3).

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the
prescribed acts for entry into the national phase before those designated Offices. In respect of other designated Offices, the
time limit of 30 months (or later) will apply even if no demand is filed within 19 months. For details about the applicable time
limits, Office by Office, see www.wipo.int/pct/en/texts/time_limits.html and the PCT Applicant’s Guide, National Chapters.
Within 22 months from the priority date, the applicant may request that a supplementary international search be carried
out by a different International Searching Authority that offers this service (Rule 45bis.1). The procedure for requesting
supplementary international search is described in the PCT Applicant’s Guide, International Phase, paragraphs 8.006-8.032.

Name and mailing address of the ISA/US Authorized officer

Mail Stop PCT, Attn: ISA/US
Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

PCT Helpdesk: 571-272-4300

Facsimile No. 571-273-8300 Telephone No. pcr osp: s71-272.7774
Form PCT/ISA/220 (July 2014)

Lee W. Young
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER see Form PCT/ISA/220

SYN 2.0/ROAR ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/US 19/42546 19 July 2019 (19.07.2019) 20 July 2018 (20.07.2018)

Applicant

SYNTHEON 2.0, LLC

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau,

This international search report consists of a total of 2 ~~ sheets.
D It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:

[Z] the international application in the language in which it was filed.

D a translation of the international application into which is the language of
a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. |:| With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I.
2. |:| Certain claims were found unsearchable (see Box No. II).
3. I:] Unity of invention is lacking (see Box No. I1I).

4. With regard to the title,
IZ] the text is approved as submitted by the applicant.
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,
the text is approved as submitted by the applicant.
I:] the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority.
6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 48
as suggested by the applicant.
as selected by this Authority, because the applicant failed to suggest a figure.
I:l as selected by this Authority, because this figure better characterizes the invention.
b. I:I none of the figures is to be published with the abstract.

Form PCT/ISA/210 (first sheet) (January 2015)
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US 19/42546

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61M 1/00, A61M 25/00 (2019.01)
CPC - A61B 17/22, A61M 2210/12, A61B 2017/22079, A61M 5/007, A61B 17/12163, A61M 1/0023

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

See Search History Document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History Document

Electronic data base consulted during the intemnational search (name of data base and, where practicable, search terms used)

See Search History Document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2016/0220741 A1 (Route 92 Medical, Inc.) 04 August 2016 (04.08.2016) entire document, 20
- especially abstract, Figs. 2B, 11, paras [0046}, [0113])-[0114). -
A 1-19
A US 2017/0181760 A1 (Incuvate, LLC) 29 June 2017 (29.06.2017) entire document. 1-20
A WO 2018/019829 A1 (Neuravi Limited) 01 February 2018 (01.02.2018) entire document. 1-20
D Further documents are listed in the continuation of Box C. D See patent family annex.
" Special categories of cited documents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international “X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other «yw . : . .
: Y” document of particular relevance; the claimed invention cannot be
special reason (a§ specified) X - considered to involve an inventive step when the document is
“Q” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later than  «g» 4ocument member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
05 September 2019 O 7 0 C T 20]9

Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young
P.O. Box 1450, Alexandria, Virginia 22313-1450 PCT Helpdesk: 71-272-4300

Facsimile No.  5§71-273-8300 PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)
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PATENT COOPERATION TREATY

From the

INTERNATIONAL SEARCHING AUTHORITY

To: GREGORY L. MAYBACK
DICKINSON WRIGHT, PLLC

350 E. LAS OLAS BLVD, SUITE 1750
FORT LAUDERDALE, FL 33301 WRITTEN OPINION OF THE

PCT

INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailing

@aymonityear) )7 OCT 20]9

Applicant’s or agent’s file reference

SYN 2.0/ROAR

FOR FURTHER ACTION
See paragraph 2 below

International application No.

PCT/US 19/42546

International filing date (day/month/year) Priority date (day/month/year)
19 July 2019 (19.07.2019) 20 July 2018 (20.07.2018)

International Patent Classification (IPC) or both national classification and IPC
IPC(8) - ABTM 1/00, ABTM 25/00 (2019.01)
cpc - A61B 17/22, A61M 2210/12, A61B 2017/22079, A61M 5/007, A61B 17/12163, A61M 1/0023

Applicant SYNTHEON 2.0, LLC

Box No. Il Priority

U000 XOUOOKX

2. FURTHER ACTION

1. This opinion contains indications relating to the following items:

Box No. | Basis of the opinion

Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
Box No. IV Lack of unity of invention

Box No. V. Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step and industrial applicability;
citations and explanations supporting such statement

Box No. VI  Certain documents cited
Box No. VII Certain defects in the international application

Box No. VIII Certain observations on the international application

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority (“IPEA”) except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the [IPEA
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US
Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Date of completion of this opinion Authorized officer

Lee W. Young

PCT Helpdask: 571-272-4300
PCT OSP: §71-272-7774

05 September 2019

Form PCT/ISA/237 (cover sheet) (January 2015)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY

PCT/US 19/42546

Box No. 1 Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of:
g the international application in the language in which it was filed.

a translation of the international application into which is the language of a translation
furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

2. D This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to
this Authority under Rule 91 (Rule 43 bis.1(a)).

3. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has
been established on the basis of a sequence listing:

a. [:] forming part of the international application as filed:
D in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. I:] furnished together with the international application under PCT Rule 13zer.1(a) for the purposes of international
search only in the form of an Annex C/ST.25 text file.

c. [:l furnished subsequent to the international filing date for the purposes of international search only:
l:l in the form of an Annex C/ST.25 text file (Rule 13rer.1(a)).

D on paper or in the form of an image file (Rule 13zer.1(b) and Administrative Instructions, Section 713).

4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 (Box No. [} (January 2015)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/US 19/42546

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1.  Statement

Novelty (N) Claims 1-19 YES
Claims 20 NO
Inventive step (IS) Claims 1-19 YES
Claims 20 NO
Industrial applicability (IA) Claims 1-20 YES
Claims None NO

2.  Citations and explanations:
Claim 20 lacks novelty under PCT Article 33(2) as being anticipated by US 2016/0220741 A1 to Route 92 Medical, Inc. (hereinafter "Route
92")

Regarding claim 20, Route 92 teaches a clot removal system, comprising:

a catheter (222, Fig. 11) having a distal end and defining a lumen (223, Fig. 2B) filled with a liquid column (when the flush fluid.is present
in the catheter lumen, it creates a liquid column) having a proximal portion and a distal portion (".an inner lumen 223 extending between a
proximal end and a distal end region of the sheath body 222.", para [0046]);

a vacuum source (600, Fig. 11);

a vent liquid source (288, Fig. 11); and

a vacuum and vent control system configured to cyclically fluidically connect ("In yet another aspiration source implementation, the
aspiration source 600 provides a cyclic level of aspiration force, for example, an aspiration force that cycles between a high level of
vacuum to a lower level of vacuum at a set frequency, or from a high level of vacuum to no vacuum, or from a high level of vacuum to a
pressura source.”, para [0114]) to the proximal portion at least one of:

vacuum from the vacuum source ("In another example, as shown in FIG. 11, the aspiration source 600 further includes a flow sensor 275
that senses flow in the aspiration line 230, coupled to a controller that controls the level of aspiration.”, para {0113]);

vent liguid from the vent liquid source; and

neither the vacuum nor the vent liquid, and

thereby change a level of vacuum (".coupled to a controller that controls the level of aspiration.”, para [0113]) at the distal end and
substantially prevent forward flow (when changed to high vacuum, forward flow will be prevented by increasing the aspiration).

Claims 1-19 meet the criteria of PCT Article 33(2) - 33(3) because, as will be shown, the prior art does not teach, nor does it fairly suggest,
the claimed limitations.

The prior art is exemplified by (1) Route 92. (1) Route 92 teaches an aspiration thrombectomy system comprising a catheter, a vacuum
source, a liquid source, and a controller (Abstract, para [0113]-[0114]).

Regarding claim 1, Route 92 teaches a clot removal system, comprising:

a catheter (222, Fig. 11) having a distal end and defining a lumen (223, Fig. 2B) filled with a liquid column (when the flush fluid is present
in the catheter lumen, it creates a liquid column) having a proximal portion and a distal portion (".an inner lumen 223 extending between a
proximal end and a distal end region of the sheath body 222.", para [0046]);

but the prior art does not teach nor fairly suggest a controllable vacuum valve;

a vacuum source fluidically connected to the vacuum valve;

a controllable vent valve having a vent liquid input;

a vent fluid source containing a vent liquid and fiuidically connected to the vent valve to retain the vent liquid at the vent fluid input;

a manifold connected to the catheter, to the vacuum valve, and to the vent valve, the manifold fluidically connecting the proximal portion of
the liquid column in the lumen:

to the vacuum source through the vacuum valve; and

to the vent fluid source through the vent valve;

a controller connected to the vacuum valve and the vent valve and configured to selectively open and close the vacuum valve and the vent
valve such that:

responsive to opening the vacuum valve, the vacuum source is fluidically connected to the liquid column in the lumen; and

responsive to opening the vent valve, the vent fluid source is fluidically connected to the liquid column in the lumen,

the controller configured to cyclically open and close the vacuum valve and the vent valve to:

change a leve! of vacuum at the distal end; and

prevent forward flow of the distal portion out from the distal end during each cycle.

Regarding claims 2-17, the prior art does not teach nor fairly suggest the clot removal system as claimed since they are dependent upon
claim 1.

-*-Continued in Supplemental Box-*-

Form PCT/ISA/237 (Box No. V) (January 2015)
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In case the space in any of the preceding boxes is not sufficient.

Continuation of;
-*-Box V.2 - Citations and Explanations-*-

Regarding claim 18, Route 92 teaches a clot removal system, comprising:

a catheter (222, Fig. 11) having a distal end and defining a lumen (223, Fig. 2B) filled with a liquid column (when the flush fluid is present in
the catheter lumen, it creates a liquid column) having a proximal portion and a distal portion (".an inner lumen 223 extending between a
proximal end and a distal end region of the sheath body 222.", para [0046]);

but the prior art does not teach nor fairly suggest a controllable vacuum valve;

a vacuum source fluidically connected to the vacuum valve;

a controllable vent valve having a vent liquid input;

a vent fluid source containing a vent liquid and fluidically connected to the vent valve to retain the vent liquid at the vent fluid input;

a manifold connected to the catheter, to the vacuum valve, and to the vent valve, the manifold fluidically connecting the proximal portion of
the liquid column in the lumen:

to the vacuum source through the vacuum valve; and

to the vent fluid source through the vent valve;

a controller connected to the vacuum valve and the vent valve and configured to selectively open and close the vacuum valve and the vent
valve such that:

responsive to opening the vacuum valve, the vacuum source is fluidically connected to the liquid column in the lumen; and

responsive to opening the vent valve, the vent fluid source is fluidically connected to the liquid column in the lumen,

the controller configured to cyclically open and close the vacuum valve and the vent valve in a repeated cycle comprising a double-closed

state in which the vacuum valve is closed and the vent valve is closed to:

change a level of vacuum at the distal end; and

prevent forward flow of the distal portion out from the distal end during each cycle, and a time of the double-closed state is no greater than
approximately 30 ms.

Regarding claim 19, Route 92 teaches a clot removal system, comprising:

a catheter (222, Fig. 11) having a distal end and defining a lumen (223, Fig. 2B) filled with a liquid column (when the flush fluid is present in
the catheter lumen, it creates a liquid column) having a proximal portion and a distal portion (".an inner lumen 223 extending between a
proximal end and a distal end region of the sheath body 222.", para [0046));

a vacuum source (600, Fig. 11);

a vent liquid source (288, Fig. 11); and

but the prior art does not teach nor fairly suggest a vacuum and vent control system configured to cyclically connect or disconnect the
vacuum source and the vent liquid source to:

change a level of vacuum at the distal end; and

substantially prevent forward flow

Claims 1-20 have industrial applicability as defined by PCT Article 33(4) because the subject matter can be made or used by industry.
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1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/aor examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may he disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
hisfher designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may he disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/681,564 11/12/2019 Derek Dee Deville Syn2.0/ROAR CON
CONFIRMATION NO. 6608
27316 FORMALITIES LETTER

Mayback & Hoffman, P.A.

350 East Las Olas Bivd N AT
0 011337

Suite 1750 0000
Fort Lauderdale, FL 33301

DL

966

Date Mailed: 12/17/2019

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted
Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing.

Applicant is given TWO MONTHS from the date of this Notice within which to file all required items below to avoid
abandonment. Extensions of time may be obtained by filing a petition accompanied by the extension fee under
the provisions of 37 CFR 1.136(a).

+ Surcharge as set forth in 37 CFR 1.16(f) must be submitted.
The surcharge is due for any one of:
« late submission of the basic filing fee, search fee, or examination fee,
+ late submission of inventor's oath or declaration,
« filing an application that does not contain at least one claim on filing, or
+ submission of an application filed by reference to a previously filed application.

SUMMARY OF FEES DUE:

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized
below. Small entity discount is in effect. If applicant is qualified for micro entity status, an acceptable Certification
of Micro Entity Status must be submitted to establish micro entity status. (See 37 CFR 1.29 and forms
PTO/SB/15A and 15B.)

+ $ 80 surcharge.

+ $(0) previous unapplied payment amount.

+$80 TOTAL FEE BALANCE DUE.

Items Required To Avoid Processing Delays:

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.53(f).
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+ A properly executed inventor's oath or declaration has not been received for the following inventor(s) as

named on the application data sheet:
William T. Bales JR.

An inventor's oath or declaration in compliance with 37 CFR 1.63 or 1.64 executed by or with respect to
each inventor must be submitted no later than the date on which the issue fee is paid in response to a notice
requiring such fee. See 37 CFR 1.53(f).
If the name of the inventor provided on the ADS is not correct, applicant must submit a request to correct the
inventor name according to 37 CFR 1.48(f), accompanied by the appropriate fee under 37 CFR 1.17(i) and a
corrected ADS in compliance with 37 CFR 1.76(c), i.e., identifying the information that is being changed with
underlining for insertions, and strike-through or brackets for text removed.

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https:/sportal.uspto.gov/authenticate/AuthenticateUserl ocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http:.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

lygizaw/
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
16/681,564 11/12/2019 3783 835 Syn2.0/ROAR CON 21 2
CONFIRMATION NO. 6608
27316 FILING RECEIPT

350 Eatt Las Ols Bive OO0 A N

Suite 1750
Fort Lauderdale, FL 33301

Date Mailed: 12/17/2019

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
Derek Dee Deville, Coral Gables, FL;
Matthew A. Palmer, Miami, FL;
William T. Bales JR., Miami, FL;
M. Sean McBrayer, Coral Gables, FL;
Eric Petersen, Homestead, FL;
Richard Cartledge, Boca Raton, FL;
Thomas O. Bales, Miami, FL;
Carlos Rivera, Cooper City, FL;
Applicant(s)
Syntheon 2.0, LLC, Miami, FL;
Assignment For Published Patent Application
Syntheon 2.0, LLC, Miami, FL

Power of Attorney: The patent practitioners associated with Customer Number 27316

Domestic Priority data as claimed by applicant
This application is a CON of 16/516,232 07/18/2019
which claims benefit of 62/701,086 07/20/2018
and claims benefit of 62/750,011 10/24/2018
This application 16/681,564
is a CON of PCT/US2019/042546 07/19/2019
which is a CON of 16/516,232 07/18/2019
which claims benefit of 62/701,086 07/20/2018
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and claims benefit of 62/750,011 10/24/2018

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 12/16/2019

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/681,564

Projected Publication Date: 03/26/2020
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS REMOVAL WITH
ASPIRATION CATHETER

Preliminary Class
604
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must

issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
page 2 of 4

Penumbra, Inc., Ex. 1031, Page 623 of 776
Penumbra, Inc. v. RapidPulse, Inc.



serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 0r5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.

page 4 of 4

Penumbra, Inc., Ex. 1031, Page 625 of 776
Penumbra, Inc. v. RapidPulse, Inc.



PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 16/681,564
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or () N/A N/A N/A 75 N/A
SEARCH FEE
(27 CFR 1.16(K). i, or () N/A N/A N/A 330 N/A
EXAMINATION FEE
(37 CFR1.16(0), (8}, or (2) N/A N/A N/A 380 N/A
oy CRRIAE) 21 minus20- 1 « 50 -| 50 oR
INDEPENDENT CLAIMS *
(37 CFR 1.16(h)) 2 minus 3 = x 230 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(837 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0” in column 2. TOTAL 835 TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
w Total * i - =
=S (37 Cng 16(7)) Minus x = OR =
2 Independent * Minus | *** =
5 (37 CFR 1.16(h)) X = OR -
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(CGolumn 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total * Minus | ** = =
= (37 CF?H.IE(H) X OR -
% Independent * Minus | *** = M _ OR _
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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PYO/AIAIRD {B7-37)

Apgraved for use through 03/31/2018 OMB 0651-0033

U.S: atant and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Undas the Psperwork Reduction Actof 1995, no parson is raguired to respond to @ colection of information unless it displays a vali OMB control numbear

{ POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO J

I'hereby revoke all previous powers of attorney given in the application identified in the attached
statement under 37 CFR 3.73{¢).
I herehy appoint:

X } Fractitioners associated with Customer Number: | 27 318

OR

D Practitioner{s) nasmed beiow {if more thanten patert praciitioners are to be named, then a customer number must be used):

stratior gl !
Reglstration T Registration

Name
= Number Numbar

As attomey{s} or agent{s) to represent the undersigned before the United States Patent and Trademark Office (USPTQY in connection with
any and all pstent applications assighed only w the undersigned according to the' USPTO assignment records of assignment documants
attached to this form in accordance with 37 CFR 3.73(¢).

Please change the correspondence address for the application identified in the attached statement
under 37 CFR 3.73{c) to:
The address sssaciated with Customer Numfer: 2731 6
OR

I——j Firm or individual name
Lo o4
Addrass
City State 2ig
Lountry
Talephone Email

Assignee name and address: Syatheon 2.0, LLG
13785 BN, 1188 Svenue
Mz, FL 32385 US
Acopy of this form, together with a statement under 37 CFR 3.73(c} {Form PTO/AIA/SE or equivalent) is required to be
filed in each application in which this form is used. The statement under 37 CFR 3.73{c} may be completad by one of the
practitioners appointed in this form, and must identify the spplication in which this Power of Attorney is to be filed.
SIGNATURE of Assignes of Record
The individual whose signature and title is supplied below isauthorized to act on hehalf of the assignee.

Signature /‘;7‘77: 5 ,4’\\& Date Vi /,? //f

Name M. Sean McBrayer Telephone

Title Managing Member

Thistollection of information is required by 37 CFR 3.31, 1.32, and 1.33. The information is required to obtain or tatain a benefit by the public; whichis to updste
(and by the USPTO 1o pracess) the file of g patent of reexsminstion proceeding. (onfidentiality is gaverned by 35 B.S.C. 122 and 37 CFR .31 -and 1.4, This
collection is estimated 10 take 18 ausnutes o comalets, indiuding gatharing, praparing, and submitting the compisted applicstionform to the USPTO. Time will vary
depending upon theindividual case. Any ca < on the amaunt of time you raquire to. compiete this form ano/or suggestions for reducing this burden, should
ba sent to the Chief infarmation Officer, U.S: fatant and Trademark Gffice, U.S, Department of Commarce, £.0. 8cx 1430, Alexandtia, VA 22313:1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TQ: fommissioner far Patents; R.Q. Box 1450, Alexandria, VA 22313-14500

if you need assistance in corapieting the form, cull 3-800-PT0-8229 ond select oplicn 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Syntheon 2.0, LLC

Application No./Patent No.: _16/681,564 Filed/Issue Date: NOvember 12/2019
Titled: ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS REMOVAL WITH ASPIRATION CATHETER

Syntheon 2.0., LLC . a Limited Liability Company

Applicant/Patent Owner:

{Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

L] The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s}) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 051072 , Frame 0981 , or for which a copy
thereof is attached.

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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3. From:

4. From:

5. From:

6. From:

STATEMENT UNDER 37 CFR 3.73(c)

To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:] Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/gregory |. mayback/ 2019-11-22

Signature Date

Gregory L. Mayback 40719

Printed or Typed Name Title or Registration Number
[Page 2 of 2]

Penumbra, Inc., Ex. 1031, Page 629 of 776
Penumbra, Inc. v. RapidPulse, Inc.




Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

3. Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Electronic Acknowledgement Receipt

EFS ID: 37830539
Application Number: 16681564
International Application Number:
Confirmation Number: 6608

Title of Invention:

REMOVAL WITH ASPIRATION CATHETER

ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS

First Named Inventor/Applicant Name:

Derek Dee Deville

Customer Number:

27316

Filer:

Gregory L. Mayback/Chris Mendez

Filer Authorized By:

Gregory L. Mayback

Attorney Docket Number: Syn2.0/ROAR CON
Receipt Date: 22-NOV-2019
Filing Date:
Time Stamp: 12:03:07

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:
Document . . File Size(Bytes Multi Pages
u Document Description File Name ile Size( y M Y I. . 9
Number Message Digest | Part/.zip| (if appl.)
598193
2019-11-22_Syn_ROAR_Execut
—7 - - 1
! Power of Attorney ed_POA Sean 86082-13.pdf no
ceBfcba02620d7f1e8f17334d158110e4ff24
Warnings:
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Information:

117987
) Assignee showing of ownership per37 | 2019-11-22_Syn_Roar_Con_Sta no 3
CFR3.73 tement373_86082-13.pdf
95731a7392856a59995617194041b10c7e3|

02%a
Warnings:
Information:

Total Files Size (in bytes){ 716180

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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DocCode — SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 16681564 Document Date: 11/12/2019

The presence of this form in the IFW record indicates that the following document type was received
in electronic format on the date identified above. This content is stored in the SCORE database.

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW
record were created from the original documents that are stored in SCORE.

Drawing

At the time of document entry (noted above):
e USPTO employees may access SCORE content via DAV or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.

Form Revision Date: March 1, 2019
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Doc Code: TRACK1.REQ

Document Description: TrackOne Request
PTO/AIA/424 (04-14)

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION
UNDER 37 CFR 1.102(e) (Page 1 of 1)

First Named

. Nonprovisional Application Number (if
Inventor: Derek Dee Deville known):
?;:SZn(iifon' ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS REMOVAL WITH ASPIRATION CATHETER

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR
THE ABOVE-IDENTIFIED APPLICATION.

1. The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee,
and examination fee are filed with the request or have been already been paid. | understand
that any required excess claims fees or application size fee must be paid for the application.

2. lunderstand that the application may not contain, or be amended to contain, more than four
independent claims, more than thirty total claims, or any multiple dependent claims, and that
any request for an extension of time will cause an outstanding Track | request to be dismissed.

3. The applicable box is checked below:

1. [v] Original Application (Track One) - Prioritized Examination under § 1.102(e)(1)

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the utility application via EFS-Web.
—OR---
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the plant application in paper.

ii. An executed inventor’s oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each
inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is
filed with the application.

Il. [ ] Request for Continued Examination - Prioritized Examination under § 1.102(e)(2)

i. A request for continued examination has been filed with, or prior to, this form.

ii. If the application is a utility application, this certification and request is being filed via EFS-Web.

iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a), or is
a national stage entry under 35 U.S.C. 371.

iv. This certification and request is being filed prior to the mailing of a first Office action responsive
to the request for continued examination.

v. No prior request for continued examination has been granted prioritized examination status
under 37 CFR 1.102(e)(2).

sinature/ Gr€gory L. Mayback/ e 2019-11-12
?PimSTyped) Gregory L MaybaCk Egagcig:ir(;?ii; Number4071 9

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d)} for signature requirements and certifications.
Submit multiple forms if more than one signature is required.*

forms are submitted.

D *Total of
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2)
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or abandonment of the
application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from
the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under authority of
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record
was filed in an application which became abandoned or in which the proceedings were terminated and which
application is referenced by either a published application, an application open to public inspection or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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4 UTILITY

PATENT APPLICATION
TRANSMITTAL

(Only for new nonprovisional applications under 37 CFR 1.53(b))

\_

Attorney Docket No.

Syn 2.0/Roar/Con

First Named Inventor

Derek Dee Deville

Title Aspiration Thrombectomy System and Methods for Thrombus Removal with Aspiration
Priority Mail Express® N / A
Label No. j

APPLICATION ELEMENTS

See MPEP chapter 600 concerning utility patent application contents.

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

ADDRESS TO:

1. D Fee Transmittal Form
(PTO/SB/17 or equivalent)

2. Applicant asserts small entity status.
See 37CFR 1.27

3. D Applicant certifies micro entity status. See 37 CFR 1.29.
Applicant must attach form PTO/SB/15A or B or equivalent.

4, Specification [Total Pages 84 ]
Both the claims and abstract must start on a new page.
(See MPEP § 608.01(a} for information on the preferred arrangement)

5.[v] Drawing(s) (35 u.s.c. 113) [Total Sheets 29 ]

6. Inventor’s Oath or Declaration [Total Pages 8 ]
(including substitute statements under 37 CFR 1.64 and assignments
serving as an oath or declaration under 37 CFR 1.63(e}}

a. Newly executed (original or copy)
b. D A copy from a prior application (37 CFR 1.63(d))

7. Application Data Sheet  * See note below.
See 37 CFR 1.76 (PTO/AIA/14 or equivalent)

8. CD-ROM or CD-R

in duplicate, large table, or Computer Program (Appendix)
l:‘ Landscape Table on CD

9. Nucleotide and/or Amino Acid Sequence Submission
(if applicable, items a. — c. are required)

a. I:I Computer Readable Form (CRF)
b. D Specification Sequence Listing on:
i. D CD-ROM or CD-R (2 copies); or

ii.I:l Paper

c. D Statements verifying identity of above copies

ACCOMPANYING APPLICATION PAPERS

10. I:l Assignment Papers
(cover sheet & document(s))
Name of Assignee

11.[_] 37 CFR 3.73(c) Statement
(when there is an assignee)

12. D English Translation Document
(if applicable)

|:| Power of Attorney

13. |:| Information Disclosure Statement
(PTO/SB/08 or PTO-1443)
I:l Copies of citations attached
14. |:| Preliminary Amendment
15. |:| Return Receipt Postcard
(MPEP § 503) (Should be specifically itemized)
16. |:| Certified Copy of Priority Document(s)
(if foreign priority is claimed)

17. |:| Nonpublication Request
Under 35 U.S.C. 122(b){(2){B){i). Applicant must attach form PTO/SB/35
or equivalent.

18. Other: Request for Prioritized Examination

interest in the matter. See 37 CFR 1.46(b).

*Note: (1) Benefit claims under 37 CFR 1.78 and foreign priority claims under 1.55 must be included in an Application Data Sheet (ADS).
(2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the applicant is an
assignee, person to whom the inventor is under an obligation to assign, or person who otherwise shows sufficient proprietary

19. CORRESPONDENCE ADDRESS

The address associated with Customer Number; 27316

OR I:' Correspondence address below

Name

Address

City State Zip Code

Country Telephone Email

signature | /Gregory L. Mayback/ Date 2019-11-12
 mpe | Gregory L. Mayback crmgpatn [ 40719

This collection of information is required by 37 CFR 1.53(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete,

including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND

TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination
of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (6 U.S.C. 552) and the Privacy Act (56 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in
the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

7. Arrecord from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that
agency’s responsibility to recommend improvements in records management practices and programs,
under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine
use, to the public if the record was filed in an application which became abandoned or in which the
proceedings were terminated and which application is referenced by either a published application, an
application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Application Number

ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS REMOVAL WITH

Title of Invention | s opRATION CATHETER

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)}

Inventor Information:

Remove

Inventer (1
Legal Name

Prefix| Given Name

Middle Name

Family Name

Suffix

‘ El IZ)erek

e

IDeviIIe

E

Residence Information (Select One) e US Residency

Non US Residency

Active US Military Service

[Coral Gables

City

State/Province

L Country of Residencd | US

Mailing Address of Inventor:

Address 1

b500 Oak Lane

Address 2

City | t)oral Gables

I State/Province | FL

Postal Code | }.33156

| Countryi | ‘US

Inventor 2

Remove

Legal Name

Prefix| Given Name

Middle Name

Family Name

Suffix

‘ El Matthew )A Palmer ‘ El
Residence Information (Select One) (@ US Residency Non US Residency Active US Military Service
City | Miami State/Province | FL Country of Residencd | US
Mailing Address of Inventor:
Address 1 2790 SW 64 Court
Address 2
City | |Vliami | State/Province | FL
Postal Code | [p3156 | Countryi | ‘US
Inventor 3
Legal Name
Prefix| Given Name Middle Name Family Name Suffix

| [] Jitiam

T

Iaales

pr- [

Residence Information (Select One) (®) US Residency

Non US Residency

Active US Military Service
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Application Number

ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS REMOVAL WITH

Title of Invention |, qpiRATION CATHETER

City | Miami State/Province | FL Country of Residencd S

Mailing Address of Inventor:

Address 1 7630 S.W. 54 Avenue

Address 2

City | |Vliami I State/Province | FL

Postal Code | [p3143 | Countryi | us

Inventor 4

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
‘ El IVI }Sean IVIcBrayer ‘ El
Residence Information (Select One) (® US Residency Non US Residency Active US Military Service

City | Coral Gables State/Province | FL Country of Residencd | s

Mailing Address of Inventor:

Address 1 5940 Sunrise Drive

Address 2

City | [eoral Gables | state/Province | FL

Postal Code | 3133 | Countryi | ‘US

Inventor |5

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
‘ El IEric ‘ I:’etersen ‘ El
Residence Information (Select One) (@ US Residency Non US Residency Active US Military Service

City | Homestead State/Province | FL Country of Residencd S

Mailing Address of Inventor:

Address 1 P7025 SW 197 Avenue

Address 2

City | '—Iomestead | State/Province | FL

Postal Code | }33031 | Countryi | ‘US

Inventor |6

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
‘ El Fichard ‘ l’:altledge ‘ El
Residence Information (Select One) (8) US Residency Non US Residency Active US Military Service

City | Boca Raton State/Province | FL Country of Residencd | US
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Application Number

ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS REMOVAL WITH

Title of Invention |, qpiRATION CATHETER

Mailing Address of Inventor:

Address 1 P268 Acorn Palm Road

Address 2

City | laoca Raton | State/Province | FL

Postal Code | [p3432 | Countryi | ‘US

Inventor |7

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
‘ El Irhomas ’O IBaIes ‘ El
Residence Information (Select One) (@) US Residency Non US Residency Active US Military Service

City | Miami State/Province | FL Country of Residencd S

Mailing Address of Inventor:

Address 1 745 SW 80th Sireet

Address 2

City | IVIiami | State/Province | FL

Postal Code | }33145 | Countryi | ‘US

Inventor 8

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
‘ El Parlos ‘ 'inera ‘ El
Residence Information (Select One) (8) US Residency Non US Residency Active US Military Service

City | Cooper City State/Province | FL Country of Residencd | IS

Mailing Address of Inventor:

Address 1 h817 SW120th Avenue

Address 2

City | Fooper City I State/Province | FL

Postal Code | 33330 | Countryi | [us

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number P7316
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Attorney Docket Number | Syn2.0/ROAR CON

Application Number

Title of Invention ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS REMOVAL WITH
ASPIRATION CATHETER

| Email Address ‘ Fnhpatents@dickinsonwright.com

| | AddEmail |  [Remove Emaill |

Application Information:

Title of the Invention

SPIRATION CATHETER

Attorney Docket Number| Syn2.0/ROAR CON

Small Entity Status Claimed

Application Type Nonprovisional

Subject Matter | tility

Total Number of Drawing Sheets (if any) 29

Suggested Figure for Publication (if any) | 48

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S5.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below {i.e., "Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously
filed application

Filing date {YYYY-MM-DD)

Intellectual Property Authority or Country N

Publication Information:

[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: e Customer Number

US Patent Practitioner ‘ (O Limited Recognition (37 CFR 11.9)

Customer Number D7316
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Attorney Docket Number

Syn2.0/ROAR CON

Application Number

Title of Invention

ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS REMOVAL WITH
ASPIRATION CATHETER

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes

the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.
When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending v Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
[Continuation of -] 16516232 2019-07-18
Prior Application Status | [Expired - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
16516232 [Claims benefit of provisional ~| 62701086 L018-07-20
Prior Application Status | [Expired -
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
16516232 [Claims benefit of provisional -] 62750011 2018-10-24
Prior Application Status v Remove

Filing or 371(c) Date

Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
[Continuation of - PCT/US2019/042546 2019-07-19
Prior Application Status | Pending - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
PCT/US2019/042546 Continuation of ~| 16516232 P019-07-18
Prior Application Status | [Expired -
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
16516232 [Claims benefit of provisional ~| 62701086 2018-07-20
Prior Application Status | [Expired - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
16516232 [Claims benefit of provisional | 62750011 2018-10-24
Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button.
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Application Number

Title of Invention ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS REMOVAL WITH
ASPIRATION CATHETER

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the pricrity document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55{(g)1).

Application Number

Countryi

Filing Date (YYYY-MM-DD) Access Code (if applicable)

Remove

Add button.

Additional Foreign Priority Data may be generated within this form by selecting the

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition

Applications

[] 16, 2013.

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AlA.
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Application Number

ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS REMOVAL WITH

Title of Invention |, qpiRATION CATHETER

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly sighed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPQO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 helow, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authoerization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX)} - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIP0O), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related biblicgraphic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

().

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2_ Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s}

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authocrize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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Application Number

ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS REMOVAL WITH

Title of Invention |, qpiRATION CATHETER

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant }

If the applicant is the inventor (or the remaining jeint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

R

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name Syntheon 2.0, LLC

Mailing Address Information For Applicant:

Address 1 3755 S.W. 119 Avenue
Address 2
City Miami State/Province FL
Country ‘ s Postal Code 33186
Phone Number 954-991-5420 Fax Number 844-670-6009
Email Address mhpatents@dickinsonwright.com
Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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Application Number

ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS REMOVAL WITH

Title of Invention |, qpiRATION CATHETER

Assignee (1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. X
Organization Name Syntheon 2.0, LLG
Mailing Address Information For Assignee including Non-Applicant Assignee:
Address 1 13755 SW 119 Avenue
Address 2
City [Mliami I State/Province FL
Countryi s I Postal Code 33186
Phone Number 954-991-5420 | Fax Number 844-670-6009
Email Address mhpatents@dickinsonwright.com
Additional Assignee or Non-Applicant Assignee Data may be generated within this form by o

selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14{c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/gregory |. mayback/ Date (YYYY-MM-DD)| R019-11-12
First Name Fregory L. Last Name | Nayback Registration Number 0719
Additional Signature may be generated within this form by selecting the Add button. Add
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Application Number

ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS REMOVAL WITH

Title of Invention |, qpiRATION CATHETER

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/cr examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy
Act (5U.5.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
acontract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C.
552a{m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.5.C.
122(b) or issuance of a patent pursuant to 35U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential viclation of law or regulation.
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PTQIAIAIOT (08-12)

Approved for use threugh T1/30/2020. OMB 06510032

1.5, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Actof 1988, no persons are requirad to respond 16 a collection of information uniess it displays a vatid OME coniral number,

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of | ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR
lavention | THROMBOSIS REMOVAL WITH ASPIRATION CATHETER

As the below named invertor, { herehy declars that

This declaration cnalinat -
is directed 1o @ The attached application, or

D United States application or PCT intemational application number

filed on

The above-identified application was made or authorized 1o be made by me,

} believe that | am the original invantor or an odginal joint invenior of a claimed invention in the application.

t hereby acknowledge that any willful faise statement made in this declaration is punighable under 18 U.5.C. 1001
by fine of imprisenment of not more than five (8) years, or both.

WARNING:

Petitioner/applicant is cawtioned o avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft.  Personal inforniation such as social security numbsers, bank account numbers, or gredit card numbers
(other thar a check or credit card authorization form PTO-2038 submitted for payment purposes} s never required by the USPTO
to support a petition or an application. f this type of personal infanmation is included in documents suomitted to the USPTO.
patitionars/applicants should consider redacting such peracnal information from the documents before submitting them to the
USPTO. Petitioner/applicantis advised that the record of 8 patent application is available to the public after publication of the
application {unless a non-publication request in compliance with 37 CFR 1.213(a} is made in the application)-or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
refarsnced in a published application or an issuad patent {see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submittad for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

inventor: Derek Dee Deville Date {Optianal) | | } '/i//q

e

Mate: An application data sheet (PTQ/SB/14-or eguivalent), incluging naming the entice inventive entity, must accompany this form of must have
been previously fifed, Use an additional PTOIAIAGT form for each additional inventor.

This collection of information is required by 35 U.8.C. 115 -and 37 CFR 1.84%. The infarmation is requirzd 1o abtain or retain 3 benafit by the public which is to fite {and
By the USPTO to process) an application. Sonfidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated 10 take 1 minute to
complete, including gathering, preparing, and submitting the completed application form 1o the USPTO. Time will vary depending upoa the individual case. Any
commants on the amount of fime you require to compiete this form and/or suggastions for reducing this burden, should be sent 1o the Chisf Information Officer, LS.
Patent ang Trademark Office, U.S. Depariment of Gommacce, P.O. Box 1450, Alexandria, VA 228131450, B0 NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313.1450.

if youneed assistance in-completing the form, calf 1-800-PTC-9199 snd seled! uplion 2.
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PTO/AADT {06-12)

Approved for use through 11/30/2020. OMB 0851-0032

) U.5, Patent and Trademark Office; 1J.8. DEPARTMENT OF COMMERCE
Under the Paperwirk Reduction Actaf 1995, no persons are required to respond to g collection of information untess it displays & valid OMB control number.

DECLARATION (37 CFR 1.83) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

mnnannenommnios
e

Titte of | ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR
invention | THROMBOSIS REMOVAL WITH ASPIRATION CATHETER

As the below named inventor, | hereby declare that:

This declaration -
is directed to: The attached application, or

D United States application or PCT intarnational application number

filed on

The above-identified application was made or authorized o be made by me.

{ beliave that  am the original inventor or an original joint inventor of a claimad invention in the application.

} hersby acknowledge that any willful false statement mads in this declaration is punishable under 18 4.8.C. 1001
by fing or imprisonment of notmaore than five {5) years, or both,

WARNING:

Petiticner/applicant is cautioned to avoid submitting persenal information in-documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbets, bank account numbers, or credit card numbers
{other than a check or ¢radit card autharization form PTO-2038 submitted for paymant purposes) is never required by the USPTO
to.support a petition or an application. If this type of parsonal information is included in dacuments submitted to the USPTQO,
petitioners/applicants should consider redacting such personal information from the documents before submilting them to the
USPTO. Petitioner/applicant fs advised that the resord of a patant application is-available to the public after publication of the
application {unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an shandoned application may also be available o the public if the application is
referenced in a published application or an issued patent {see 37 CFR 1.14}. Checks and credit card authorization forms
PTO-2038 submifted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

inventar: Maﬁhe}ﬁ/ lmeV/ /} Date (Optional) : /Z{// 'Z}Z’g’

Signhature:

Note: An application data sheet (PTOISB/14 or eguivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additionat PTO/AIART form for each additional invertor.

This collection of information is required by 35 U.8.C. 115 and 37 CFR 1.63. The information is required to cbiain or ratain a benefit by the public which is to fite (and
by the USPTO to pracess) an application. Confidentiality is governed by 35 U.8.C. 122-and 37 CFR 1,11 and 1.14. This coflection is estimated o take 1 minute to
complete, insiuding gathering. preparing, and submitting the complated application form to the USPTO. Time witl vary depending upon the individusl case. Any
comments oy the amount of tim you require to complate this furm andfor suggestions for reducing this burden, should be sent to the Chief information Officer, U.8.
Patent and Trademark Office, U.3. Depadment of Commerce, P.O. Box 1480, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TG
THIS ADDRESS, SEND TO: Coramissioner for Patents, P.O. Box 1480, Alexandria, VA 22343-1450.

If you meed assistance in completing the form, Call 1-800-PTQ-8159 and selsct option 2.
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PTO/AIAIOT {06-12)

Approved for use through 117/30/2020. OMB 06510032

U.5. Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE

Linder the Paperwork Reduction Act of 1885, o persons are raquinsa 1o respond 19 & colfaction of information unfess ik displays & valid OMB gontrol numbist.

DECLARATION (37 CFR 1.83) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET {37 CFR 1.76)

Titte of |ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR
tnvention | THROMBOSIS REMOVAL WITH ASPIRATION CATHETER

As the below named inventor, | hereby declare that:

This declaration ;
is directed to: @ The aftached application, or

E United States application or PCT international application number

fited on

The above-identified application was made or authorized to be made by me.

I believe that | am the original inventor or an original joint inventor of a claimad invention in the application.

| hereby acknowledge that any willful false statement made in this daclaration is punishable under 18 U.S.C. 1001
by fine orimprisonment of nat more than five (5) years, or both,

WARNING:

Petitioner/applicant is cautionad to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbars, bank account numbaes, or credit card numbers
{other than a check or credit card authorization form PTC-2038 submitted for payment purposes) is never required by the USPTO
ta support a petition or an application. {f this type of personal information is included in documents submitted to the USPTQ,
petitioners/applicants should consider redacting such personal information from the documents before submitting them (o the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application {unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referanced in a published application or an issuad patent {see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retainad in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

iventor: William T. Ba¥e§/7 Date (Optional) H’/ '“. / 2019

Signature: " /—*\’ "

Note: An application data sheet (PTO/SBI14 or equivalent), including naming the entire inventive eniity, must accompany this form of must have
been previously filed. Use an additional PTO/AIAGT form for each additional inventor.

This coliection of information is requirsd by 35 1.8.C. 115 and 37 CFR1.63. The information s requited to obtain or retain @ benefit by the public which is ta file {and
by the USPTO to process) an application. Confidentiality is governed by 38 U.8.C. 122 and 37 CFR 1.11 and 1,14, This cofiection is estimated o take 1 minuiz to
complets: including gathering, preparing, and submiting the complsted application form o he USPTO. Time will vary depending upan the individual case. Ay
comments on the amount of time you require o somplete this form andfor suggsstions for raducing this burden. should be sent te the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Deparntment of Commerce, P.0. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETEDR FORMS 7O
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1458, Alexandria, VA 22313-1450.

If you nesd assistance in complefing the form, cait 1-800-£T0-3199 and select option 2.
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PTQIAIA/OT (06-12)

Appraved for use through 11/30/2020. GMB 0651-0032

.8 Patent and Trademark Office; U.§. DERPARTMENT OF COMMERCE

Undes the Paperwork Reduction Act of 1095, o persons are fequired 1o respond te & soliection of information urless &t displays a valid OMB contraf number,

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Titleof | ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR
vention  THROMBOSIS REMOVAL WITH ASPIRATION CATHETER

As the below namad invantar, | hereby declare that:

This declaration @8 - e licati
is directed to: @ The aftached application, or

E United States application or PCT international application number

filed on

The above-iientified application was made or authorized fo be made by mes.

{ believe that | am the original inventor or an original joint invenior of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18:4L.8.C. 1001
by fine or imprisonment of not more than five (§) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documants filed in a patent application that may
contrbute to identity theft. Personalinformation such as social security numbaes, bank account numbers, or cradit card numbers
{other than a check or credit card autherization form PTO-2038 submitted for payment purposes) is never required by the USPTO
o support & petition or an application. 1f this type of personal information is included in documents submittad to the USPTO,
patiioners/applicants should consider redacting such personatl information from the dosuments before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application {unless a non-publication request in-comphance with 37 CFR 1.213(a) is made in the application) or issuance of &
patent. Furthermore, the record from an abandonad application may also be available to the public if the application is
refaranced in @ published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitied for paymeant purposes are not retained in the application file and therefore are not. publicly available.

LEGAL NAME OF INVENTOR

fnventor: M- Sean McBrayer Dates (Optionaly ____ £/ / i [/f g

Signature: %7 .

Note: An application data sheet (FTO/SB/14 or equivalent), including naiming the entire inventive entity, must accompany this form or must have
been praviously filed. Use an additional FTOMAIAN form for each addifional inventot,

This colfaction.of infarmation is required ky 35 U.S.C. 115 and 37 CFR 1.83, Theinformation is required 1o obtain or retain & benefit by the public which is to file {(and
by the USPTO {o process) an application. Confidentisiity is govemed by 35U 8.C. 122 and 37 CFR 1.11 and 1.14. This-collection is astimated to taks 1 minute te
completa, including gathering, preparing, and submitting the complested application form ta the USFTO. Time wilt vary depending upon the individual case. Any
comments on the amount of fime you require to complete this form-and/or suggestions for reducing this burdan, should b seat o the Chietf Information Officer. U.S.
Patent and Trademark Office, U.S. Department of Commerce, £.0. Box 1450, Alexandria, VA 22313-1450. DC NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TGy Commissioner for Patents, PO Box 1450, Alexandria, VA 22313-1456,

if you need assistance in compieting the form, calf 1-800-PTQ-$199 and select opion 2.

Penumbra, Inc., Ex. 1031, Page 681 of 776
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PTOAIAT (06~12)

Approvad for use through 1173072020, OMB 0651-0032

U.8. Patent and Trademark Office; 1.8, DEPARTMENRT OF COMMERCE

tnder the Paperwirk Reduction Act of 1885, no parsons are required to respond 10 & colection of information uniess it displays a valid QM3 control number.

DECLARATION (37 CFR 1.83) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Titleof | ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR
tnvention | THROMBOSIS REMOVAL WITH ASPIRATION CATHETER

As the below named inventor, { hereby declare that:

This declaration ; .
is diracted fo: Eﬂz The attached applicatian, or

E United States application or PCT international application number

filed on

The above-identified application was made or authorized to be made by me.

{ beliave that { am the original inventor.or an original joint inventor of a claimed invantion in the application.

| hersby acknowledge that any willful false statement made in this declaration is punishable under 18 U.8.C. 1001
by fine or imprisonment of not more than five (5) years, or bath.

WARNING:

Petitionerfapplicant is cautioned 1o avoid submitting personat informiation in documents fifed'in a patent application that may
contribute to identity theft. Personal information such as social security numbers, pank account numbers, of oredit card nurabers
{othar than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
o support a petition of an apphcation. If this type of personal information is included in documents:submitted to the USPTQO,
petitioners/applicants should consider redacting such personal information from the decuments hefore submitting them to the
USPTO. Patitionad/applicant is advised that the record of & patent application is available 1o the public after publication of the
application {unless a non-publication reguest in compliancs with 37 CFR 1.213(a} is mads in the application) or issuanca of a
patent. Furthermore, the record from an abandoned application may also be available 1o tha public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and ¢redit card authorization formsa
PTO-2038 submitted for payment purpases are not retained in the application file and tharafore are not publicly available.

LEGAL NAME OF INVENTOR

invenior: Eric Petersen Date (Optional) ; HEE 7R h
g <

R
Signature: oS8 S8 Ress T

Note: An application data sheet (PTO/SB/14 or equivatent), including naming the entire inventive entily, must accompany this form or myst have
heen previously filed. Use an additional PTOAIAD1 form for each additional inventor.

This ooliection of information is required by 35 ¥.8.C. 115 aad 37 CFR 1.85. The informaiion ls required to cbtain of retain a benefit by the public which is to fils (and
by tha USPTQ io process) an application. Confidentiality is governad by 35 U.S:C. 122 and &7 CFR 1.11 and 1. 14. This colfzction is estimated fo take 1 minute ta
complets, Including gathering: prepdring. and submitting the completed appfication farm 1o the USPTC. Time will vary depsnding upon the individuat case. Aay
comments on the amount of tine you reguire to complete this form andfor suggestions for reducing this burden, shouid be sent to the Chief information Officer, U.S.
Fatent and Trademark Office, U.S. Department of Comimerca, £.0. Box 1450, Alpxandiia, V& 22313-1450: DO NOT SEND FEES QR COMPLETED FORME TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 2233131480,

1 you negd /ssistancs in complefing the form, cail 1-800-FTG-919% and select opiion 2.
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PTO/AIA/01 (06-12)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of | ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR
Invention | THROMBOSIS REMOVAL WITH ASPIRATION CATHETER

As the below named inventor, | hereby declare that:

This declaration o
is directed to: |i| The attached application, or

|:| United States application or PCT international application number

filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: Richard Cartledgg Date (Optional) :
Signature: \\“\\\:‘ \ %ig\;\\\\\\\\\\\\\\\\\\\\

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTO/AIA/01 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

2. Arrecord from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

3. Arrecord in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

4. Arrecord in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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PTO/AIART (08-12)

Approved for use through 11/30/2020. OMS 0651-0032

1.8, Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required 1o respond ko 2 soliection of information uniess it displays 2 vatid OME control number,

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of | ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR
Invention | THROMBOSIS REMOVAL WITH ASPIRATION CATHETER

As the belaw namad inventor, | hereby declare that:

This declaration i .
is directed to: @ The attached application. or

E United States application or PCT international application number

filed on

The above-identified application was made or authprized to be made by me.

{ believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine orimprisonment of not more than five (5} years, orboth.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal informatian in documents filed in a patent application that may
contribute to identity theft, Personal information such as social security numbers, bank account numbers, or cradit card numbers
{other than a check or credit card authorization forrn PTO-2038 submitted for payment purposes) is never required by the USPTO
to suppart a petition or an application. if this type of perscnal information is inchuded in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitionarfapplicant is advisad that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213{a) is made in the appiization) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
refarenced in a published application or an issued patent (ses 37 CFR 1.14). Checks and credit card: authorization forms
PTO-2038 submitted for payment purposes are not ratained in the applicstion file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Date (Optional) .____ £/ /‘/ /} ¥

Inventor

THOMAS O BALE§_\
— B '

Signature:

P4

Note: An apptication data sheet (FTO/SB#4 ar equivatent), including naming the entire inventive entity, must accompany this form or must have
been previcusly fited, Use an additionat PTOAIAQY form for each addiionat inventar,

This collection of information is required by 35 (L.S.C. 118 and 37 CFR 1.83, The information is required to obtain or retain a benefit by the public which is tofile (and
By the USPTE to process) an application. Confidentiality is govemed by 35 U.8.C. 122:3nd 37 CFR 1,11 and 1.14. This collection is'estimaied to-taks 1 minvte to
complete, including gathering, preparing, and submitting the completsd application farm te the USRTO, Time wilt vary depending upen the individual case. Any
comments on the amount of ime you require to complete this form andfor suggestions for reducing this burden, should b sentto the Chief Information ORicer. U.S,
Patent and Trademark Office, U.8. Depantment of Commerce. P.3. Box 1480, Alexandria. VA 223131450, DO NOT SEND FEES OR COMPLETED FORMS TQ
THIS ADDRESS. SERD TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if your peed assistance in competng the form, call 1-800-PTQ-919% and sefect eption 2.
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BTO/AIAIA {0612}

Approved for use through 11/3672820. OME 0651-0032

U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required 1o respond (o 3 coltection of infarmation unless it displays a valid OMS conteol aumber.

DECLARATION (37 CFR 1.83) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

titte of | ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR
invention | THROMBQOSIS REMOVAL WITH ASPIRATION CATHETER

As the below named inventor, | hereby declare thatt

This declaration " A .
is dirsoted to: The attached application, or

D United States application or PCT intemationat application number

filed on

The above-identificd application was made or authosized to be made by me.

! believe that } am the original inventar or an original joint invantor of & claimed invention in the application.

t hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.8.C. 1001
oy fine or mprisanmant of not more than five (5) years, of boih.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity thefl. Personal information such as sociat security numbers, bank account numbers, or credit card numbers
{other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to suppont a petition or an application, If this type of persopal information is included in documents submitted o the USPTQ,
petitioners/applicants should consider radacting such personal information front the doecuments before submitting theny 1o the
USPTO. Pelitionerfapplicant is advisad that the record of a patent application is available (o the public after publication of the
application (unless & non-publication request in compliance with 37 CFR 1.213(a) is mada in the application} or issuance of 3
patent. Furthermare, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent {see 37 CFR 1.14), Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are nof retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Date {Optional) L%,

Note: An application data sheet (PTO/SB/14 or gquivalent), inclliding naming the entire inventive entity, must accompany this form or must have
been previously fled. Use an additional PTO/AIAKT fonn for each additional invenior.

This collection of information is required by 38U.3.C. 118 and 37 CFR 1.63. The information is required to abtain or retain @ benafit by the public which is to file {and
by the USPTO to precass) an appfication. Confidentiality is governed by 35 U.8.0. 122 and 37 OFR 1.14.and 1.14. This collection is estimaisd {o take 1 minute to
complete, tncluding gathering, preparing. and submitting the completed application form 6 the USPTQ. Time wilt vary depending upon the individual case. Any
camments on the amount of ime yau require 1o compiate this form and/ar suggestings for reducing this-burden, shauld be sent to the Chisf Information Officer, U8,
Patent and Trademark Office, U.8. Depaniment of Commerce, P.O. Box 1450, Aléxandria, VA 223131450, D0 NQT SEND FEES OR COMPLETED FORMS TG
THIS ADDRESS. SERD TO: Commissioner for Patents, P.C, Box 1450, Alexandria, VA 22313-1450.

if you nged assistance in completing the form, call 1-800-PTG-8199 and select cplion 2.
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Auttormey Docket Noo Syn2 BROAR Continuation
3 ¥

The basie configuration for an aspiration catheter includes 2 length of hollow catheter having a
proximal end fluidically connected 0 8 vacuum or sustion pump. In this configuration, operation
of the suction pump causes fuid and partivuiates at the distal end of the cathster to enter the distal
apening of the hollow lumen and travel w the proximal end of the lumen near or into the suction
pump. Conventional aspiration cathsters are threaded through 2 balloon puide catheter. In one
exemplary procedure, the balioon of the guide catheter is guided into the internal carotid artery of
the brain. The balloos is inflated to acelude the vessel. The aspiration catheter is threaded through
the bailoon guide catheter and out the distal end of the guide catheter past the balloon, The distal
end of the aspiration catheter is advanved to the clot that is oceluding the brain vessel, Suction
conneeted to the aspiration catheter is tumed on to cause flow reversal,  {deally. this system
aspivates the clot entirely out of the neurovasculature and (o the proximal end of the aspiration
catheter so that extraction and re-establishment of blood flow could be conflrmed. In practice,
however, this rarely ocours.

{0006]  Thrombi ave frequently of a larger diameter than the catheter being used to aspirate them.
For aspiration 1o be suceessfiel, the thrombus must deform to conform to the inner diameter of the
aspiration catheter. During conventional aspirations, 1t is commen for applied vacuum to partially
draw a thrombus inte the distal opening of the aspiration catheter’s lumen, thereby deforming some
of the thrombus to the catheter’s inner diameter. At this point, the thrombus becomes fodged
completely within, partially within, or at the distal opening of the aspiration catheter, 8 condition
that can be referred 10 a5 corked or corking. In effect, the distal end becomes a suction cup grasper
for the clot. When this situation ocours, 2 surgeon’s only option is to use the aspiration catheter as
a fishing line to pull the clot back through the balloon guide and out of body. The other option is
not viable, that is, reversing the suction o pressurize the clot and sject it forcibly and
uncontrollably cut of the distal opening of the aspiration catheter. Such action Is dangerous to the
patient for many reasons, the primary ong belng that foreibly and uncontroliably slecting the el
may catse the elot 1o move further distally within the vessel In which #t was originally lodged.
That distal movement would not only cause the clot 1o be further within the vessel ~ Le., in an even
srmatler dizmeter of the vesse! than when it was originally lodged « but it could permanently lodge
the clot into that vessel, making 1t impossible w0 remove, or it could burst the vessel, Those of skill
in the ant know that these situations are 1o be avoided because of the serious potential risks to the

patient.
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