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example, material reservoir 28 may be a sufficient size to contain the material 

from syringe 48 and/or may include the material input at an upper portion of the 

reservoir to lessen the chance of undesired leakage. 

In still other embodiments, material reservoir 28 is unnecessary and the 

introduced blood or other material passes directly to other internal components of 

the device 10 from material input 18 and/or check valve 36. 

Figs. 2 - 4 show that material reservoir 28 includes another valve 38 for 

regulating the movement of material out of the material reservoir 28. Valve 38 

may be operatively associated with actuator 20 shown in Fig. 1. Actuation of 

actuator 20 may open and/or close valve 38. Opening valve 38 may allow 

material to move from material reservoir 28 to other downstream components of 

device 10. In the embodiments of Figs. 2 - 4, gravity facilitates moving the 

material out of material reservoir 28 once valve 38 is opened by actuator 20. In 

other embodiments, actuator 20 is unnecessary and valve 38 may automatically 

open once a sufficient amount of material builds up in material reservoir 28. In 

still other embodiments, valve 38 is unnecessary and material can move directly 

from material reservoir 28 to down-stream components of device 10. 

In the configuration shown in Figs. 2 - 4, once valve 38 opens, material 

may move from material reservoir 28 into filter 32. In the configurations of Figs. 2 

- 4, wherein the material is a blood material, filter 32 may process the blood to 

separate platelets from other components of the blood. Filter 32 may include a 

screen having a plurality of apertures that allow smaller components of the blood 

material to pass through, while retaining the platelets that are too large to pass 

through the screen. Screens having different sized apertures may be used 

depending on the size of the components to be retained by filter 32. The 

components of material that pass through the screen may subsequently be 

directed by diverter valve 44 (discussed further below) into waste reservoir 34. In 

other embodiments, filter 32 may include other structures or mechanisms for 

separating material components from one another. 

In other embodiments, the material components that pass through the filter 

32 screen may be reserved while the components that are too large to pass 

through the screen may eventually be directed into a waste reservoir 34 or may 
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simply remain within the filter 32. In still other embodiments, both the material 

passing through the filter 32 and the material retained within the filter 32 may be 

reserved and collected into various vessels. In such embodiments, device 10 

may include two sterile vessels to collect both material components. 

In the embodiments shown in Figs. 2 - 4, a back-flush procedure may be 

used to transfer the material components retained in filter 32 into sterile vessel 

12. During the back-flush procedure, a back-flush material may be introduced 

through a second material input 24 and travel through the filter 32 screen in the 

opposite direction that the blood or other material originally traveled through the 

filter 32. As the back-flush material travels through the filter 32, it may pick up the 

platelets or other material components reserved by the filter 32 and carry those 

reserved components out of the filter 32. The diverter valve 42 (discussed further 

below) shown in Figs. 2 - 4 may direct the back flush material carrying the 

reserved component into the sterile vessel. Back-flush material may be any 

material suitable for carrying the platelets or other material component reserved 

by filter 32 out of filter 32 and into sterile vessel 12, including, but not limited to, 

any fluid. Back-flush material may be introduced into device 10 using a syringe 

54 or other suitable vessel, device or method. In other embodiments, back-flush 

procedures and/or back-flush materials are unnecessary. 

The diverter valves 42 and 44 shown in Figs. 2 - 4 regulate the direction 

and sources I destinations of flow through the filter 32. During the filtration 

process, diverter valve 42 may be positioned to allow material to pass from 

material reservoir 28 into the filter 32 and diverter valve 44 may be positioned to 

allow the material components passing through filter 32 to move into waste 

reservoir 24. During the back-flush procedure, diverter valve 44 may be 

positioned allow the back-flush material introduced through second material input 

24 to pass into filter 32 and diverter valve 42 may be positioned to allow the back­

flush material and filtered component to pass into sterile vessel 12. In the 

embodiments shown in Figs. 2 - 4, device 10 also includes check valve 40, which 

may prevent back-flush material and the filtered components from entering 

material reservoir 28. 
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The diverter valves 42 and 44 shown in Figs. 2 - 4 are configured to 

automatically switch depending on the direction of flow through the valve body, 

thereby directing the material or material component to the proper component. In 

other embodiments, diverter valves 42 and 44 are manually switched using 

actuators accessible from outside of housing 14. In still other embodiments, 

diverter valves 42 and 44 and/or check valve 40 may be unnecessary and 

additional conduit or other structures may be utilized to direct the material flow 

through the components of device 10 in the proper directions and to the proper 

destinations. 

In the embodiments shown in Figs. 1 and 6(a) - 8(a), device 10 includes 

indicia 52 for indicating the order of the various steps for processing and/or 

collecting blood platelets (or other materials or components of materials) into 

sterile vessel 12. 

In some embodiments, device 10 may be disposed of after the removal of 

sterile vessel 12. 

Modifications, additions and deletions may be made to the embodiments 

described above and shown in the accompanying figures without departing from 

the scope or spirit of the present invention. 
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Claims: 

1. A device for facilitating the transfer of at least a component of a material 

into a sterile vessel, characterized in that the device comprises: 

(a) a sterile vessel; 

(b) a housing at least partially enclosing the sterile vessel; 

(c) a material input for facilitating the input of a material into the device, 

the material input accessible from outside the housing; and 

(d) a conduit for guiding movement of at least a component of the 

material from the material input to the sterile vessel. 

2. The device for facilitating the transfer of at least a component of a material 

into a sterile vessel of claim 1, further characterized in that the housing comprises 

a cover and wherein moving the cover facilitates accessing the sterile vessel. 

3. The device for facilitating the transfer of at least a component of a material 

into a sterile vessel of claim 2, further characterized in that the cover is at least 

temporarily sealed on the device. 

4. The device for facilitating the transfer of at least a component of a material 

into a sterile vessel of claim 2, further characterized in that the cover comprises a 

removable cap or a moveable hatch. 

5. The device for facilitating the transfer of at least a component of a material 

into a sterile vessel of claim 4, further characterized in that the housing comprises 

an at least semi-transparent window. 

6. The device for facilitating the transfer of at least a component of a material 

into a sterile vessel of claim 2, further characterized in that the housing comprises 

at least one actuator for actuating at least one valve, the at least one valve for at 

least partially regulating the movement of the at least a component of a material 

through the conduit. 
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7. The device for facilitating the transfer of at least a component of a material 

into a sterile vessel of claim 1, further characterized in that the device comprises 

a reservoir associated with the conduit. 

8. The device for facilitating the transfer of at least a component of a material 

into a sterile vessel of claim 7, further characterized in that the reservoir is 

associated with the material input and receives material from the material input. 

9. The device for facilitating the transfer of at least a component of a material 

into a sterile vessel of claim 1, further characterized in that the device comprises 

a filter for separating the component from a second component of the material. 

10. The device for facilitating the transfer of at least a component of a material 

into a sterile vessel of claim 9, further characterized in that the conduit directs the 

component into the sterile vessel. 

11 . The device for facilitating the transfer of at least a component of a material 

into a sterile vessel of claim 10, further characterized in that the device comprises 

a second material input for receiving a second material, wherein introduction of 

the second material into the device facilitates moving the component from the 

filter to the sterile vessel. 

12. The device for facilitating the transfer of at least a component of a material 

into a sterile vessel of claim 10, further characterized in that the device comprises 

a second reservoir for collecting the second component from the filter. 

13. A method for facilitating the transfer of at least a component of a material 

into a sterile field, characterized in that the method comprises: 

(a} collecting a material into a vessel; 

(b) transferring the material from the vessel into a device, characterized 

in that the device comprises: 

17 
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(i) 

(ii) 

a sterile vessel; and 

a housing at least partially enclosing the sterile vessel; 

( c) transporting the sterile vessel into a sterile field; and 

(d) removing the sterile vessel from the device. 

14. The method for facilitating the transfer of at least a component of a 

material into a sterile field of claim 13, further characterized in that the sterile 

vessel is transported into the sterile field prior to removing the sterile vessel from 

the device. 

15. The method for facilitating the transfer of at least a component of a 

material into a sterile field of claim 13, further characterized in that the sterile 

vessel is removed from the device prior to transporting the sterile vessel into the 

sterile field. 

16. The method for facilitating the transfer of at least a component of a 

material into a sterile field of claim 13, further characterized in that removing the 

sterile vessel from the device comprises moving a cover of the housing of the 

device to access the sterile vessel. 

17. The method for facilitating the transfer of at least a component of a 

material into a sterile field of claim 16, further characterized in that moving the 

cover comprises removing the cover from the device. 

18. The method for facilitating the transfer of at least a component of a 

material into a sterile field of claim 16, further characterized in that moving the 

cover comprises opening a hatch. 

19. The method for facilitating the transfer of at least a component of a 

material into a sterile field of claim 13, further characterized in that the method 

comprises filtering the material to separate the material into a first component 

and a second component. 
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20. The method for facilitating the transfer of at least a component of a 

material into a sterile environment of claim 13, further characterized in that the 

method comprises disposing of the device. 
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METHODS AND SYSTEIVIS FOR 

l1'1LTERING ASPIRATED MATERIALS 

BACKGROUND OF THE INvENTION 

5 l 00011 1. Field of the hlvention,. The present invention relates generally to medical 

apparatus and methods. More particularly, the present invention relates to a method and 

system for separating and optionally classifying solids removed from a patient in a fluid 

aspirate. 

[0002] Aspiration is a part of many surgical procedures performed in various body 

10 structures and lumens. Blood and/or other natural body fluids may be aspirated from various 

hollow body structures, such as blood vessels, cysts, pseudocysts, abscesses, blood vessel 

grafts, lung passages, bile ducts, ureters, urethras, fallopian tubes, ear canals, the 

gastrointestinal tract, and the like. In some instances, aspiration is performed on a natural 

body t1uid(s) only, while in many other instances, a liquid irrigant wi11 be introduced ,vhich 

15 will form at least part of the aspirated fluid, Such irrigants may comprise saline or other 

biologically inert fluids. Alternatively, such irrigants may comprise biologically active 

agents, such as thrombolytic agents introduced to occluded blood vessels, antiseptic or 

antibiotic agents introduced to infected. body locations, or the like. 

[0003] Of-particular interest to the present invention, fluids aspirated from any of these 

20 hollow body structures will often contain solid materials, such as cellular debris, damaged 

tissue, thrombus, or the like, which is aspirated together with the fluid, fa many instances, 

such removed solid materials will have diagnostic or other value to a treating physician. For 

example, during aspiration, it may be desirable to monitor the solid materials which are being 

removed in order to decide when to tem1inate or alter or adjust the aspiration protocol. 

25 Additionally, the identification of the aspirated material may serve as a diagnostic tool to 

direct further intervention or other therapies. 

[0004J While the collected materials may be observed in the aspirate collection bags which 

are commonly em:ployed in such procedures, it will usually be difficult to remove the 

materials while additional aspirate is entering fae coUection bags and the solids ,.vill 

30 frequently remain suspended and difficult to separate from the collected materials. 
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[0005] For these reasons, it would be desirable to provide improved and additional systems 

and protocols for separating solid materials from liquid and fluid aspirates removed from a 

hollow body structure. It vvould be particularly desirable if the methods and protocols 

permitted direct observation and/or removal of the separated solid materials while an 

5 aspiration protocol was continuing. It vvould be further desirable if the separated solid 

materials were collected in a form substantially separated from a liquid fraction of the 

materials removed from the hollow body structure and further that the separated solid 

materials be in a convenient strncture or assembly to pemiit easy removal and observation. 

In some insta.c'1ces, it vmuld also be desirn:ble to provide for classification of the solid 

10 materials, i.e. separation based on size, while the aspiration protocol was being perfomwd, 

At least some of these objectives wm be met by the inventions desc1ibed and claimed 

hereinbdm,v. 

[00061 2. Description of the Background Art. Patient irrigation and aspiration systems 

which may employ the separation technology of the present application are described in 

15 commonly assigned U.S, Patent Nos, 6,827,701 and 6,878,128, the foll disclosures of which 

arc incorporated herein by reference, 

BRIEF SUMMARY OF THE INVENTION 

[0007] In a first aspect of the present invention, methods are provided for separating 

materials in fluid aspirates removed from a hollow body strncture. The fluid is as.pirated 

20 from the hollow body simcture, where the fluid carries entrained solid materials in the 

aspirate. The solid materials are filtered from the fluid to produce both a filtrate and a fluid 

stream, The :t1uid stream is collected separately from the filtrate. I.n this way, the filtrate may 

be easily observed and optionally removed :from the aspiration circuit even while the 

aspiration protocol continues. 

25 [OOOS] The fluid may be aspirated from a variety of ho How body organs and other 

sirnctures, including blood vessels, cysts, pseudocysts, abscesses, blood vessel _grafts, hmg 

passages, bile ducts, ureters, methxas, fallopian tubes, ear canals, joint capsules, the 

gastrointestinal tract, ar1d the like. Thus, natural body fluids which may be aspirated 

according to the present invention include blood, bile, urine, synovial fluid, and the like. In 

30 addition to such natural body fluids, the hollow body structures may optionally be irrigated 

prior to and/ or during aspiration, The introduction of irrigation fluid may improve debris 

capture through the aspiration cha.rm.el by creating localized mixing/ turbulence and possibly 

2 
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decreasing the viscosity of the aspirant. Thus, the aspirated fluids may comprise or consist of 

a variety of irrigant fiuids introduced to the hollow body stmcture. Suitable irrigant fluids 

include saline, lactated ringers, and the like. The irrigant fiuids may further comprise active 

agents int.ended for therapeutic or diagnostic purposes. For example, in the case of occluded 

5 blood vessels, thrombolyt.ic agents may be i11troduced as part of an irrigant stream. 

Alternatively, in the case of infected hollow body structures, the irrigant may include 

antibiotics, antiseptics, or the like. 

[00091 Most typically, aspirntfon win he performed by introducing an aspiration catheter, 

cannula, or other t.U:bular or needle-like device into the hoilow body stmcture. By applying a 

10 vacuum to a proximal end of the aspiration device, the fluid may be withdrawn through a port 

or ports at or near the distal end of the device which has been placed within an interior region 

of the hollow body structure. For convenience, as used hereinafter and in the claims, the 

aspiration structure will be referred to as a. "catheter," but it 'Will be appreciated that this te1m 

is intended to be broad enough to encompass needles, cammlas, tubular structures, conduits, 

15 and other aspiration structures known in the medical art 

[0010] The aspirated fluids will usually be coll.ected in an aspirate receptacle, such as a 

conventional fluid coHection bag, A syringe, vacuum connection, or other conventional 

vacuum source may be connected at or through the catheter and/or the aspiration receptacle in 

order to aspirate the f1uid from the hollow body structure, through the aspiration catheter, and 

20 into the aspirate receptacle. The filter(s) may be positioned before or after the aspiration 

source. 

[0011] In a preferred aspect of the present invention, at least one filter assemblyinc1uding a 

filter housing and a removable (and replaceable) filter element is placed between the 

aspiration catheter and the aspirate receptacle in order to remove solid materials from the 

25 aspirate before the remaining liquid phase of the aspirate flows to the aspirate receptacle, 

The filter element may be any conventional filter element, such as a paper, poly:mer, a woven 

filter membrane, a screen, other porous member, or the like. The filter element may have a..11y 

one of a variety of geometries including cup-shaped, conical and the filter could be inclined 

or slanted in the filter-housing to spread the filtrate over the filter to pem1it differentiation of 

30 the filtrate material. AdditionaHy, the filter element could be coated or othenvise combined 

with a chemical, biological, or other indication or marker to facilitate identification of 

different analytes or markers present in the filtrate, typically using colonnetric indicating 

3 
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systems. Preferably, the filter element will allow the separated solid nw.ierials to co11ect on 

an exposed surface so that the solid materials will be easily removed and/or absorbed. The 

filter element win have a pore size or screen size selected to separate solid partic.les at a 

desired particle size cutoff. For example, suitable filter membranes may have a pore size in 

5 the range from 1 µm to 1000 µm, usually from 5 µm to 240 µ,m, and preferably from 20 µm to 

120 µm. For separation of l.:u-ger particles, screens having mesh sizes in the range from 

0.1mm to 5mm, and preferably from 0.21nm to 1mm may be used. 

[00121 In a specific aspect of the methods of the present invention, at least two filter 

assemblies may be provided between the aspiration catheter and the aspirate receptacle. The 

10 two or more filter assemblies may be disposed in parallel, in series, or in a combination of 

parallel and series arrangements, Typically, valving will be provided. so that the multiple 

filter assemblies may be isolated from the flowing stream of aspirate so that the filter 

elements may be removed. and the collected solids observed even while the aspiration 

protocol continues. In some cases, an unfiltered bypass path will be provided with valving so 

15 that a single filter assembly or group of filter assemblies may be isolated while the aspirate is 

directed or shunted to the aspirate receptacle without any filtration. 

[0013] 1n a fu.J:ther specific aspect of the methods of the present invention, two o:i.: more 

:filter elements may be employed in series or in parallel in order to size classify the materials 

being removed. Most simply, tv,o, three, or more filter elements having progressively 

20 smaller pore or mesh sizes may be provided in series in a single filter housing. Alternatively, 

such a. series of progressively smaller filtering elements could be provided in separate filter 

assemblies which are disposed in series bet\'veen the aspiration catheter and the aspirate 

receptacle. Alternatively, separate filter assemblies having filter elements with differing 

particle size cutoffs could be provided in parallel or in a series-parallel arrangement in order 

25 to separately collect and classify particles having difforent sizes. fn any of these ways, the 

solid materials may be filtered and separated into at least two size groups, often at least three 

size groups, and into virt11ally any nmnber of different sized collection groups desired, 

[0014] In a second aspect of the present invention, systems for aspirating a hollow body 

structure comprise an a..;;piration catheter, an aspirate receptacle connectable to receive 

30 aspirate from the aspiration catheter, and at least one filter assembly disposed betv,reen the 

aspiration catheter and the aspirate receptacle, Typically, the aspirate receptacle will be a 

fluid collection bag, although any other conveutfonal medical receptacle would be suitable. 

4 
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The aspirate receptacle ,vm typically be connected by a flexible tube between the aspiration 

catheter and the aspirate receptacle. Usually, a syringe, vacuum connector, or other 

conventional vacuum source will be provided in order to effect the system. aspiration. 

[0015] The filter assembly usually comprises at least one filter housing having at least one 

5 filter element removably disposed in ru1 interior thereof. The :filter element, as described 

above, may comprise a filter membrane, a mesh, link, or the like, having a pore or mesh size 

selected to collect and separate solids having a target threshold size or sizes. The filter 

housing and optionally filter element may be at least paitially transparent to pennit 

observation ofthe solid materials as they collect In an exemplary e1nbodiment, the filter 

10 housing has an upper shell and a lower shell which may be taken apart to pennit intmduction, 

removal, and replacement of the filter element in the interior of the housing. The housing 

will further have conventional connectors to permit connection at an upper end to the 

aspiration catheter and at a lower end to the aspirate receptacle. 

[0016] The system may further comprise at least a second filter assembly, a third filter 

15 assembly, or even greater number of filter assemblies which may be disposed in parallel or 

series to the first filter assembly. Additionally, a:t least one unfiltered flow path may be 

provided in parallel to the filter assembly(ies), and valving will be provided to permit 

selective flow through any one or more of the filter assemblies as well as through the 

u.nfiltered flow path. The different filter assemblies may each have a filter element with a 

20 different pore or mesh size. Alternatively, hvo or more filter elements may be provided 

within a single filter assembly, where the individual filter elements within the individual 

assembly may optionally have different 1,ore or mesh sizes. 

BRIEF DESCRIPTION OF THE DRA WlNGS 

[0017] Fig. 1 iUuslrntes an exemplar/ system including an irrigant source, an aspiration and 

25 irrigation catheter, a filter assembly, an aspirate receptacle, and a vacuum source, constructed 

in accordance with the principles of the present invention. 

[0018] Fig. 2 illustrates an exemplary filter housing constructed in accordance with the 

principles of the present invention. 

[0019] Figs. 3 and 4 illustrate tvvo exemplary filter assembly connection patterns which 

30 may be employed in the apparatus and rnethods of the present invention. 

5 
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[0020] Fig. 5 illustrates use of filter elements having different pore or mesh sizes disposed 

in series for classifying solid materials in accordance v,1ith the princip1es of the present 

invention, 

[0021] Fig. 6 illustrates the use of filter elements having different pore or mesh sizes 

5 disposed in paraHel for classifying solid material sizes in accordance with the principles of 

the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] The present invention provides systems and methods for separating solid materials, 

typically paiiiculate niaterials, from aspirated body fluids, including both nati..u-al body fluids 

10 and inirnduced fluids, As shown in Fig, 1, an exemplary system 10 c:omprises catheter 12 

(move the arrow for 12 distal to the 2-line section) which is connected to an aspirate 

receptade 14 by tubing 16. The catheter 12 is illustrated as an irrigation/aspiration catheter 

which is connectable to a source of irrigant fluid 20. Exemplary irrigation/aspiration 

catheters are described in commonly assigned U.S. Patent Nos. 6,827, 70 l and 6,878,128, 

15 both of which have been previously .incmporated herein by reference, It will be appreciated, 

however, that the present invention does not require ihat the catheters 12 provide for 

irrigation, but rather only that they provide for aspiration and the ability to discharge a fluid 

aspirate stream to an aspirate collection receptacle. 

[0023] The irrigationJaspfration catheter 12 illustrated in Fig. 1 and described in the 

20 copending U.S. patents incorporated above, provides for a pair of syringe elements for both 

introducing the irrigant fluid from the irrigant source 20 and discharging the aspirate strea,.'11 

to the aspirate receptacle 14. In other cases and for other aspiration catheters, it may be 

desirable to provide a separate vacuum source 22 which may be connected to or through the 

catheter 12 andior aspirate receptacle 14 in order to draw the aspirate stream through the 

25 tubing 16 or other discharge connections. The present invention, of course, does not depend 

on what particular mechanism is provided for generating the aspirate slTeam or the location of 

the said mechanism with respect to the :fi.lter(s). 

[0024] The catheter 12 has a distal end or portion 26 which is introducible into a target 

hoHow body structure in order to withdraw fluid therefrom to produce the aspirate streru:n. In 

30 the preferred example of the irrigation aspiration catheter, described in the previously 

incorporated commonly owned U.S. patents, the catheter 12 will be intended for introduction 

6 
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to a blood vessel for introducing a thrornholytic agent in order to disn1pt clot In this 

exemplary use, the solid material aspirated by the catheter will frequently comprise disrupted 

clot, thrombus, and/or plaque, 'Nhich is then discharged tln·ough the aspirate line 16 to the 

aspirate receptacle. It will be appreciated, however, that the present invention is not limited 

5 to vascular use, clot disruption, or any other particular treatment protocol, and may instead 

extend to the different hollow body structures and body fluids described above. 

[0025] In the simplest embodiment of the present invention, a single filter housing 18 is 

disposed between the aspiration catheter 12 and the aspirate receptacle 14, as illustrated in 

Fig, l. As shown in Fig, 2, the filter assembly 18 typically comprises an upper shell 30, a 

10 lower shell 32, and a filter element 34 which may be disposed within the interior of the shells. 

The upper shell 30 is removable from the lower shell 32, typically including mating 

connectors 36 disposed about the open peripheries of each she 11. All or a portion of the shells 

30 and 32, as well as optionally the filter element 34, may be composed of transparent 

materials in order to pemut observation of the collection of solids within the filter element 34 

15 as the aspiration progresses. \Vhile the particular stmcture of filter assembly 18 shown in 

Fig. 2) is suitable and presently preferred, a variety of other specific filter assembly 

constructions could also be used, 

[0026] The fi1ter elements 34 may comprise any one of a variety of conventional filtering 

materials, as gerwrally described above in the Summary of the Invention. The geometries in 

20 which the filter elements 34 are arnmged witl depend in large part on the constmction of the 

remainder of the filter assembly. In the embodiment of Fig. 18, the filter element 34 is 

constrncted so that it nests within the lovver shell 32 of the filter assembly. A wide variety of 

other geometries would also be suitable. 

[0027] In many instances, il will be desirable to provide two or more filter assemblies 18 

25 between the aspiration catheter 12 and the aspirate :receptacle 14. As illustrated in Fig. 3, a 

pair of filter assemblies 18 are disposed in parallel to receive the aspirate through an upper 

portion of tubing 16 and discharge the aspirate through a lower portion oftubing 16, 

Isolation valves 40 are provided so that either of the filter assemblies 18 may be taken off.. 

line to permit access even while the aspiration continues. Optionally, as shown in broken 

30 line, a third filter assemb1y 18 may also be provided in parallel. It is clear that any number of 

such filter assemblies may be provided in paraJlel, although the valving may have to be 

7 
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modified in order to permit any single one of the assemblies to be isolated while all others 

remain on line. 

[0028] The filter assembly arrangement of Fig. 4 illustrates another an-angement within the 

scope of the present invention. A first filter assembly 18 may be provided and isolated by 

5 valves 40 in parallel with an unfiltered flow path 50 having a valve 52 therein. With this 

embodiment, all flow could be directed through fbe fiiter assembly 18 with valve 52 being 

closed. Should it be desired to gain access to filter 18, the isolation valves 40 could be closed 

and the flow path valve 52 open. 

[0029] As a still further option, as shown in broken line in Fig. 4, additional filter 

10 assemblies 18 could be provided, with individual assemblies 18 being disposed in series, 

where the tlvo series assemblies may be together placed in parallel with first :filter assembly 

18. It wi11 be appreciated that a wide variety of different parallel and/or series arrangements 

of filter assemblies and unfiltered .flow paths may be provided within the scope of the present 

invention. 

15 [0030] Referring now to Figs, 5 and 6, it should also be appreciated that filter elements 

having different pore or mesh sizes may also be provided in series and/or in parallel in order 

to permit separation and classification of the particulate solid materials which are being 

separated frmn the flowing aspirate. For example, as shown in Fig. 5, three fi1ter elements 

70, 72, and 74 may be placed in series, with progressivdy smaller pore or mesh sizes in thtJ 

20 direction of flow. Thus, all particles having a size greater than a first threshold would collect 

on top of the first filter element 70, while intennediate particle sizes having a smaller 

threshold size would collect on the second filter element 72. Still smaller particles would 

collect on the third filter element having the smallest pore or mesh sizes, while still smaller 

particks vvould pass inlo the aspirate receptacle without separation. The three filkr tJkments 

25 70, 72, and 74 could be arranged within a single filter housing or aliernate1y within a series of 

three fitter housings. 

[0031] The filter elements 70, 72, and 74 could also be arranged in parallel, as shmvn in 

Fig. 6. Each of the screens would collect particles having a size greater than the threshold 

pore or mesh size of the filter element. Such a parallel arrangement of the different sized 

30 filter elements, however, would not result in true size classification, since each of the filters 

would collect the larger elements and would only allow· smaller elements to selectively pass. 

This configuration would allow the use of indicator media vJhich would be placed in the 

8 
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filter(s). This indicator(s) could detect the presence of a certain biological or chemical 

components in the aspirant or filtered solids for the diagnostic purposes. 

[0032] The collected elements could be used for a variety of therapeutic purposes. For 

example, ,vhen collecting aspirated thrombus in thrombolytic procedures, 

5 [0033] The collected material could be used to diagnose certain disease states or conditions. 

These diagnostic findings could then be used to direct :fmther interventions and/or treatments. 

[0034] VVhile the above is a complete description of the preferred embodiments of the 

invention, various alternatives, modifications, and equivalents may be used. Therefore, the 

above description should not be taken as limiting the scope of the invention which is defined 

10 by the appended claims. 

9 
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WHAT IS CLAilv1ED IS: 

1 1, A method for separating materials removed from a hollow body 

2 structure, said method comprising: 

3 aspirating a fluid from the hollow body structure, wherein solid materials from 

4 the hollow body structure are entrained in the aspirate; 

5 filtering solids from the aspirate to produce a filtrate and a fluid stream; and 

6 collecting the fluid stream separately from the filtrate. 

1 2. A method as in claim 1, wherein aspirating the fiuid comprises 

2 introducing an aspiration catheter in the hollow body structure. 

1 3. A method as in claim 1, wherein filtering comprises interposing at least 

2 one filter assembly including a filter housing and a removable filter element between the 

3 aspiration catheter and an aspirate receptacle. 

1 4. A method as in claim 3, further comprising removing the filter element 

2 from the housing to permit inspection of solids collect by the filter element. 

1 5. A method as in claim 4, wherein the filter element is removed while 

2 aspirate continues to flow from the aspiration catheter to the aspirate receptacle. 

1 6. A method as in claim 5, wherein the aspirate fiow is directed past the 

2 filter assembly while the filter element is removed. 

1 7. A method as in claim 6, wherein the aspirate is directed past the filter 

2 assernbly through at least a second filter assembly disposed in para11el to the first filter 

3 assernbly. 

8. A method as in claim 6, wherein the aspirate is directed past the filter 

2 assembly through an unfiltered flm.v path disposed in parallel to the filter assembly. 

1 9. A method as in claim 1, wherein filtering comprises separating the 

2 solids into at least i:\vo size groups. 

l 10. A method as in claim 1, wherein filtering comp1ises separating the 

2 solids into at least three size groups. 

10 
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1 11. A method as in clahn 1, wherein filtering comprises passing the .t1uid 

2 through at least two filter elements, wherein said filter elements have different pore sizes. 

1 12. A method as in claim 11, wherein the at least two filter elements are 

2 arranged in series. 

1 13. A method as in claim 11, wherein the at least two filter elements are 

2 arranged in parallel. 

1 14. A method as in clain:1 1, wherein the hollow body structure is selected 

2 from the group consisting of blood vessels, cysts, pseudocysts, abscesses, blood vessel grafts, 

3 1ung passages, bile ducts, ureters, urethras, fallopian tubes, ear canals, and gastrointestinal 

4 tracts. 

1 15. A method as in claim 14, wherein the hollow body structure is an 

2 artery. 

1 16. A method as in claim 15, wherein the artery is a coronary artery, a 

2 peripheral artery, or a cerebral artery. 

17. A n1ethod as in claim 14, 'vvherein the ho How body structure is a vein. 

1 18. A method as in claim 17, wherein the vein is a peripheral vein. 

1 19. A method as in claim 1, further comprising introducing fill irrigation 

2 flu.id to the hollow body structure, wherein at least a portion of the aspirated fluid comprises 

3 the irrigation fluid. 

1 20. A method as in claim 19, wherein aspirating and introducing the 

2 irrigation fluid are performed with an irrigation and aspiration catheter positioned in the 

3 hollow body structure. 

1 

1 

2 

21. A method as in claim 19, wherein the irrigation fluid comprises saline. 

2L A method as in claim 1, wherein. the irrigation fluid comprises a 

biologically active agent 

11 
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1 23. A method as in claim 22, wherein the biologically active agent 

2 cmnprises a thrombolytic agent. 

1 24. A system for aspirating a hollow body structure, said system 

2 comprising: 

3 an aspiration catheter; 

4 an aspirate receptacle connectable to receive aspirate from the aspiration 

5 catheter; 

6 at least one filter assembly disposed between the aspiration catheter and the 

7 aspirate receptacle. 

1 25. A system as in claim 24, wherein the aspirate receptacle is a fluid 

2 collection bag. 

1 26. A system as in claim 24, further comprising a flexible tube connecting 

2 the aspiration catheter to the aspirate receptacle, wherein the filter housing is connected to the 

3 ±lexible tube betv.reen the catheter and the receptacle. 

1 A system as in claim 24, wherein the filter assembly comp1ises: 

2 at least one filter housing; and 

3 at least one filter element removably disposed in the filter housing to separate 

4 solids from aspirate flowing from the irrigation and aspiration catheter to the aspirate 

5 receptacle. 

1 28. A system as in claim 26, wherein the filt;;:1r housing is at least partly 

2 transparent to allow observation of the filter contents. 

29. A system as in claim 26, wherein the filter housing comprises an upper 

2 shell and a lower shell, wherein the upper shell and lower shell are separable to provide 

3 access to the filter element in an interior of the filter housing. 

1 30. A system as in claim 27, further comprising at least a second filter 

2 assembly disposed in para11el andior series to the first filter assembly between the irrigation 

3 and aspiration catheter and the aspirate receptacle, m1d valving to permit selective diversion 

4 of aspirate fiow through either filter assembly. 

12 
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31. A system as in claim 30: wherein the second filter assembly has a. filter 

2 element with a pore size different from that of the first filter assembly. 

1 32. A system as in claim 27, wherein the filter assembly includes at least 

2 two filter elements, wherein at least one of said filter elements has a different pore size than 

3 that of another filter element 

33. A system as in claim 27, further comprising at least one flow path in 

2 parallel to the filter assembly, and valving to pennit selective bypass of the filter assembly. 

1 34. A system as in claim 24, wherein the aspiration catheter comprises a 

2 catheter shaft having at least one irrigation lumen., at least one aspiration lumen, at least one 

3 irrigation port near a distal end of the shaft, and at least one aspiration port near said distal 

4 end. 

l 35. A system as in claim 34, \Vherein the distal end of the shaft is free from 

2 isolation balloons. 

1 36. A system as in claim 35, wherein the distal end of the shaft includes at 

2 least one isolation balloon disposed proximally of the irrigation and aspiration pmt.s. 

1 37. A system as in claim 34, wherein the distal end of the shaft includes at 

2 least a second isolation balloon disposed proximally of the :irrigation and aspiration ports. 

13 
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DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1.76) 

Title of 
Invention SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS 

As the below named inventor, I hereby declare that: 

This declaration 
is directed to: 

□ The attached application, or 

0 United States application or PCT international application number 16/536, 185 
filed on August 8, 2019 

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

I 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. 

I hereby state that I have reviewed and understand the contents of the above identified application, including the claims, 
as amended by any amendment. 

I acknowledge the duty to disclose information material to patentability as defined in 37 C.F.R. 1.56 including for 
continuation-in-part applications, material information which became available between the filing date of the prior 
application and the national or PCT international filing date of the continuation-in-part application. 

WARNING: 

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may 
contribute to identity theft. Personal infonnation 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 US PTO 
to support a petition or an application. If this type of personal information is included in documents subm_itted 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 fonns 
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Inventor: Thomas Tu Date: f'\e-ir '21 Ll)JA) 
-----~'·-----

Signature: ~ ' ....... 

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. 
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Used in lieu of AIA-01 (06-12) 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1.76) 

Title of 
Invention SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS 

As the below named inventor, I hereby declare that: 

This declaration D The attached application, or 
is directed to: 

0 United States application or PCT international application number 16/536, 185 
filed on August 8, 2019 

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

I 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. 

I hereby state that I have reviewed and understand the contents of the above identified application, including the claims, 
as amended by any amendment. 

I acknowledge the duty to disclose information material to patentability as defined in 37 C.F.R. 1.56 including for 
continuation-in-part applications, material information which became available between the filing date of the prior 
application and the national or PCT international filing date of the continuation-in-part application. 

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: Ben Merritt Date: J / S:: / }- 0 :>.. 0 --~--+-, ------

Signature: --~....,·---==----,~-i<-.<~~~----------------------

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. 
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DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1.76) 

Title of 
Invention SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS 

As the below named inventor, I hereby declare that 

This declaration D The attached application, or 
is directed to: 

~ United States application or PCT international application number 16/536, 185 
filed on August 8, 2019 

The above-identified application was made or authorlzed to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

I 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. 

I hereby state that I have reviewed and understand the contents of the above identified application, including the claims, 
as amended by any amendment. 

I acknowledge the duty to disclose information material to patentability as defined in 37 C.F.R. 1.56 including for 
continuation-in-part applications, material information which became available between the filing date of the prior 
application and the national or PCT international filing date of the continuation-in-part application. 

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 
US PTO. 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: Jacqueline Macias Date: O.J.... ( O(p / 2 D? D 

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. 
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DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1.76) 

Title of 
Invention SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS 

As the below named inventor, I hereby declare that: 

This declaration D The attached application, or 
is directed to: 

0 United States application or PCT international application number 

filed on August 8, 2019 

The above,identified application was made or authorized to be made by me. 

16/536, 185 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

I 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. 

I hereby state that I have reviewed and understand the contents of the above identified application, including the claims, 
as amended by any amendment. 

I acknowledge the duty to disclose information material to patentability as defined in 37 C.F.R. 1.56 including for 
continuation-in-part applications, material information which became available between the filing date of the prior 
application and the national or PCT international filing date of the continuation-in-part application. 

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: Brian Michael Strauss Date: 

Signature: 

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. 
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First Named 
Inventor: Ben Merritt I Nonprovisional Application Number (if I 

known): 

Title of 
Invention: SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS 

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 
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I. I?] 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). 
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(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111 (a). 
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ii. An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each 
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inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is 
filed with the application. 

0 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. 
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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 
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under 37 CFR 1.102(e)(2). 
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SYSTEM FOR TREATING EMBOLISM AND 

ASSOCIATED DEVICES AND METHODS 

CROSS-REFERENCES TO RELATED APPLICATIONS 

[0001] This application is a continuation of U.S. Patent Application No. 18/167,757, filed 

February 10, 2023, which is a continuation of U.S. Patent Application No. 17/976,711, filed 

October 28, 2022, which is a continuation of U.S. Patent Application No. 17 /865,315, filed July 

14, 2022, which is a continuation of U.S. Patent Application No. 16/536,185, filed August 8, 2019, 

and issued as U.S. Patent No. 11,559,382, which claims the benefit of U.S. Provisional Patent 

Application No. 62/718,269, filed on August 13, 2018, and U.S. Provisional Patent Application 

No. 62/718,248, filed on August 13, 2018, each of which is herein incorporated by reference in its 

entirety. 

TECHNICAL FIELD 

[0002] The present technology relates generally to systems, methods, and devices for the 

intravascular treatment of emboli and/or thrombi within a blood vessel of a human patient. In 

particular, some embodiments of the present technology relate to systems for releasing stored 

vacuum pressure to aspirate clot material from a blood vessel. 

BACKGROUND 

[0003] Thromboembolic events are characterized by an occlusion of a blood vessel. 

Thromboembolic disorders, such as stroke, pulmonary embolism, heart attack, peripheral 

thrombosis, atherosclerosis, and the like, affect many people. These disorders are a major cause 

of morbidity and mortality. 

[0004] When an artery is occluded by a clot, tissue ischemia develops. The ischemia will 

progress to tissue infarction if the occlusion persists. However, infarction does not develop or is 

greatly limited if the flow of blood is reestablished rapidly. Failure to reestablish blood flow can 

accordingly lead to the loss of limb, angina pectoris, myocardial infarction, stroke, or even death. 
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[0005] In the venous circulation, occlusive material can also cause serious harm. Blood 

clots can develop in the large veins of the legs and pelvis, a common condition known as deep 

venous thrombosis (DVT). DVT commonly occurs where there is a propensity for stagnated blood 

(e.g., long distance air travel, immobility, etc.) and clotting (e.g., cancer, recent surgery, such as 

orthopedic surgery, etc.). DVT can obstruct drainage of venous blood from the legs leading to 

swelling, ulcers, pain and infection. DVT can also create a reservoir in which blood clots can 

collect and then travel to other parts of the body including the heart, lungs, brain (stroke), 

abdominal organs, and/or extremities. 

[0006] In the pulmonary circulation, the undesirable material can cause harm by obstructing 

pulmonary arteries-a condition known as pulmonary embolism. If the obstruction is upstream, 

in the main or large branch pulmonary arteries, it can severely compromise total blood flow within 

the lungs, and therefore the entire body. This can result in low blood pressure and shock. If the 

obstruction is downstream, in large to medium pulmonary artery branches, it can prevent a 

significant portion of the lung from participating in the exchange of gases to the blood resulting in 

low blood oxygen and buildup of blood carbon dioxide. 

[0007] There are many existing techniques to reestablish blood flow through an occluded 

vessel. Embolectomies, for example, are a surgical technique involving incising a blood vessel 

and placing a balloon-tipped device (such as the Fogarty catheter) at the location of the occlusion. 

The balloon is then inflated at a point beyond the clot and used to withdraw the obstructing material 

back to the point of incision. The obstructing material is then removed by the surgeon. Although 

such surgical techniques have been useful, exposing a patient to surgery may be traumatic and best 

avoided when possible. Additionally, the use of a Fogarty catheter may be problematic due to the 

possible risk of damaging the interior lining of the vessel as the catheter is being withdrawn. 

[0008] Percutaneous methods are also utilized for reestablishing blood flow. A common 

percutaneous technique is referred to as balloon angioplasty where a balloon-tipped catheter is 

introduced to a blood vessel (e.g., typically through an introducing catheter). The balloon-tipped 

catheter is then advanced to the point of the occlusion and inflated to dilate the stenosis. Balloon 

angioplasty is appropriate for treating vessel stenosis, but it is generally not effective for treating 

acute thromboembolisms as none of the occlusive material is removed and restenosis regularly 
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occurs after dilation. Another percutaneous technique involves placing a catheter near the clot and 

infusing streptokinase, urokinase, or other thrombolytic agents to dissolve the clot. Unfortunately, 

thrombolysis typically takes hours to days to be successful. Additionally, thrombolytic agents can 

cause hemorrhage, and in many patients the thrombolytic agents cannot be used at all. 

[0009] Various devices exist for performing a thrombectomy or removing other foreign 

material. However, such devices have been found to have structures which are either highly 

complex, cause trauma to the treatment vessel, or lack the ability to be appropriately fixed against 

the vessel. Furthermore, many of the devices have highly complex structures that lead to 

manufacturing and quality control difficulties as well as delivery issues when passing through 

tortuous or small diameter catheters. Less complex devices may allow the user to pull through the 

clot, particularly with inexperienced users, and such devices may not completely capture and/or 

collect all of the clot material. 

[0010] Thus, there exists a need for improved systems and methods for embolic extraction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Many aspects of the present technology can be better understood with reference to 

the following drawings. The components in the drawings are not necessarily to scale. Instead, 

emphasis is placed on illustrating clearly the principles of the present disclosure. 

[0012] Figure 1 is a partially schematic side view of a clot removal system configured in 

accordance with the present technology. 

Figure 2 is a side view of a locking syringe configured in accordance with the present 

technology. 

[0014] Figure 3A is a side view of a locking syringe configured in accordance with the 

present technology. 

[0015] Figure 3B is a side view of an adaptor for connecting the locking syringe of Figure 

3A to the clot removal system of Figure 1 configured in accordance with the present technology. 

[0016] Figure 3C is a side view of the adaptor of Figure 3B coupled to the locking syringe 

of Figure 3A. 
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[0017] Figure 3D is a side view of the locking syringe of Figure 3A coupled to the clot 

removal system of Figure 1 via the adaptor of Figure 3B. 

[0018] Figure 4A is a perspective side view of another pressure source configured in 

accordance with the present technology, and Figures 4B and 4C are enlarged schematic side views 

of the pressure source of Figure 4A during operation. 

[0019] Figure 5 is a cross-sectional side view of an automatic release syringe configured in 

accordance with the present technology. 

[0020] Figure 6 is a perspective top view of a syringe configured in accordance with the 

present technology. 

[0021] Figure 7 is a side view of an over-wire locking syringe configured in accordance with 

the present technology. 

[0022] Figure 8 is a flow diagram of a process or method for operating a clot removal system 

in accordance with the present technology. 

[0023] Figures 9A-9C are side views of a proximal portion of the clot removal system of 

Figure 1 during a clot removal procedure using the locking syringe of Figure 3 in accordance with 

the present technology. 

[0024] Figures 1 OA and 1 OB are schematic illustrations of a distal portion of the clot removal 

system of Figure 1 during a clot removal procedure in accordance with the present technology. 

[0025] Figure 11 is a partially schematic side view of another clot removal system 

configured in accordance with the present technology. 

[0026] Figure 12 is a flow diagram of another process or method for operating a clot removal 

system in accordance with the present technology. 

[0027] Figures 13A-14C are schematic illustrations of a distal portion of the clot removal 

system of Figure 11 during a clot removal procedure in accordance with the present technology. 

[0028] Figure 15 is a flow diagram of another process or method for operating a clot removal 

system in accordance with the present technology. 
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[0029] Figures 16A-16E are schematic illustrations of a distal portion of the clot removal 

system of Figure 11 during a clot removal procedure in accordance with the present technology. 

[0030] Figure 17 is a partially schematic side view of another clot removal system 

configured in accordance with the present technology. 

[0031] Figures 18A-18H are side views of a distal portion of the clot removal system shown 

of Figure 17 during a clot removal procedure in accordance with the present technology. 

[0032] Figure 19 is a perspective side view of a pressure source for filtering blood from 

aspirated clot material during a clot removal procedure configured in accordance with the present 

technology. 

[0033] Figure 20A is a partially-exploded side view of a filter device and pressure source 

configured in accordance with the present technology. 

[0034] Figure 20B is a perspective side view of the syringe of Figure 20A coupled to the 

filter device of the Figure 20A. 

[0035] Figure 20C is a side view of the filter device and syringe of Figure 20B coupled to 

the clot removal system of Figure 1. 

[0036] Figures 20D and 20E are side views of the syringe of Figure 20A coupled to the clot 

removal system of Figure 1 for reintroducing blood to a patient. 

[0037] Figure 21A is a partially-exploded side view of a filter device, a pressure source, and 

a reinfusion syringe configured in accordance with the present technology. 

[0038] Figure 21B is a perspective side view of the filter device of Figure 21A coupled to 

the pressure source and the reinfusion syringe of Figure 21A. 

[0039] Figure 22 is a partially-exploded side view of a filter device configured in accordance 

with the present technology. 

[0040] Figure 23 is a partially-exploded side view of a filter device configured in accordance 

with the present technology. 

[0041] Figure 24 is an enlarged isometric view of the clot removal system of Figure 1 

configured in accordance with the present technology. 

-5-
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[0042] Figure 25 is an enlarged isometric view of the clot removal system of Figure 1 

configured in accordance with the present technology. 

DETAILED DESCRIPTION 

[0043] The present technology is generally directed to methods and systems for removing 

clot material from a blood vessel of a human patient. In some embodiments, a catheter can be 

intravascularly positioned within a blood vessel such that a distal portion (e.g., a distal opening) 

of the catheter is positioned proximate to clot material within the blood vessel. The catheter can 

be fluidly coupled to a pressure source via a valve or other fluid control device positioned outside 

of the patient. With the valve closed, the pressure source can be activated to charge a vacuum 

chamber of the pressure source with a vacuum. The valve can then be opened to apply the vacuum 

to the catheter to thereby aspirate at least a portion of the clot material from the blood vessel into 

the catheter. In some embodiments, an interventional device can be delivered through the catheter 

and used to engage the clot material before and/or after the vacuum is applied to the catheter. 

[0044] In one aspect of the present technology, the pressure source is configured to generate 

a vacuum and store the vacuum before the pressure source is fluidly connected to the catheter. 

Therefore, opening the fluid control device can instantaneously or nearly instantaneously apply 

the stored vacuum pressure to the catheter, thereby generating suction throughout the catheter. In 

particular, the suction is applied at the distal portion of the catheter proximate to the clot material. 

Pre-charging or storing the vacuum before applying the vacuum to the catheter can generate greater 

suction forces (and corresponding fluid flow velocities) at and/or near the distal portion of the 

catheter compared to, for example, simply activating the pressure source while it is fluidly 

connected to the catheter. The greater suction forces generated by application of the stored vacuum 

can be used to aspirate or otherwise remove clot material from within a blood vessel of a human 

patient. 

[0045] Although many of the embodiments are described below with respect to devices, 

systems, and methods for treating a pulmonary embolism, other applications and other 

embodiments in addition to those described herein are within the scope of the technology ( e.g., 

intravascular procedures other than the treatment of emboli, intravascular procedures for treating 

cerebral embolism, intravascular procedures for treating deep vein thrombosis (DVT), etc.). 

-6-
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Additionally, several other embodiments of the technology can have different configurations, 

states, components, or procedures than those described herein. Moreover, it will be appreciated 

that specific elements, substructures, advantages, uses, and/or other features of the embodiments 

described with reference to Figures 1-25 can be suitably interchanged, substituted or otherwise 

configured with one another in accordance with additional embodiments of the present technology. 

Furthermore, suitable elements of the embodiments described with reference to Figures 1-25 can 

be used as standalone and/or self-contained devices. A person of ordinary skill in the art, therefore, 

will accordingly understand that the technology can have other embodiments with additional 

elements, or the technology can have other embodiments without several of the features shown 

and described below with reference to Figures 1-25. 

[0046] With regard to the terms "distal" and "proximal" within this description, unless 

otherwise specified, the terms can reference a relative position of the portions of a catheter 

subsystem with reference to an operator and/or a location in the vasculature. Also, as used herein, 

the designations "rearward," "forward," "upward," "downward," etc. are not meant to limit the 

referenced component to use in a specific orientation. It will be appreciated that such designations 

refer to the orientation of the referenced component as illustrated in the Figures; the systems of the 

present technology can be used in any orientation suitable to the user. 

[0047] The headings provided herein are for convenience only and should not be construed 

as limiting the subject matter disclosed. 

I. Selected Embodiments of Clot Removal Systems 

[0048] Figure 1 is a partially schematic side view of a clot treatment or clot removal system 

comprising an aspiration assembly 10 ("assembly 10") configured in accordance with an 

embodiment of the present technology. In the illustrated embodiment, the assembly 10 includes a 

catheter subsystem 100, a tubing subsystem 120, and a pressure source 140. The catheter 

subsystem 100 includes a catheter 102 (e.g., an aspiration catheter) comprising an elongated shaft 

defining a lumen 104 and having a distal portion 103a and a proximal portion 103b. The catheter 

subsystem 100 further includes a valve 106 that can be integral with or coupled to the proximal 

portion 103b of the catheter 102. 

111552-8018.USll 
162666068.1 

-7-



-1190-

Attorney Docket No. 111552.8018.USll 

[0049] In the illustrated embodiment, the valve 106 includes a distal portion 107a, a 

proximal portion 107b, and a lumen 109 extending therethrough from the distal portion 107 a to 

the proximal portion 107b. The valve 106 further includes a flow controller ( obscured in Figure 

1) in the lumen 109. In some embodiments, the valve is a hemostasis valve that is configured to 

maintain hemostasis during a clot removal procedure by preventing fluid flow in the proximal 

direction through the valve 106 as various components such as delivery sheaths, pull members, 

guidewires, interventional devices, other aspiration catheters (e.g., as described in detail with 

reference to Figures 11-16E), etc., are inserted through the valve 106 to be delivered through the 

catheter 102 to a treatment site in a blood vessel. The valve 106 further includes a branch or side 

port 108 positioned distally of the flow controller in the lumen 109 and configured to fluidly couple 

the lumen 104 of the catheter 102 to the tubing subsystem 120. In the illustrated embodiment, the 

valve 106 includes buttons 101 that can be actuated (e.g., depressed) to open a conduit within the 

lumen 109. In some embodiments, the valve 106 can be a valve of the type disclosed in U.S. 

Patent Application No. 16/117,519, filed August 30, 2018, and titled "HEMOSTASIS VALVES 

AND METHODS OF USE," which is incorporated herein by reference in its entirety. In some 

embodiments, the proximal portion 107b of the valve 106 is further configured to be detachably 

coupled (e.g., via a snap-fit arrangement) to a retraction/aspiration device for aspirating the lumen 

104 of the catheter 102 and/or for retracting an interventional device, catheter, delivery sheath, 

catheter, etc., positioned within the lumen 104. Specific details of such retraction/aspiration 

devices and associated methods are disclosed in U.S. Patent Application No. 9,526,864, filed June 

9, 2015, and titled "RETRACTION AND ASPIRATION DEVICE FOR TREATING 

EMBOLISM AND ASSOCIATED SYSTEMS AND METHODS," which is incorporated herein 

by reference in its entirety. 

[0050] The tubing subsystem 120 fluidly couples the catheter subsystem 100 to the pressure 

source 140. More specifically, the tubing subsystem 120 can include one or more tubing sections 

124 (individually labeled as a first tubing section 124a and a second tubing section 124b ), at least 

one fluid control device 126 (e.g., a valve), and at least one connector 128 for fluidly coupling the 

tubing subsystem 120 to the pressure source 140 and/or other suitable components. More 

specifically, in the illustrated embodiment, the fluid control device 126 is a stopcock that is fluidly 

coupled to (i) the side port 108 of the valve 106 via the first tubing section 124a and (ii) the 
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connector 128 via the second tubing section 124b. In some embodiments, the fluid control device 

126 can define a lumen having a diameter ( or other cross-sectional dimension) that is greater than 

or equal to a diameter of the lumen 104 of the catheter 102, a diameter of the first tubing section 

124a, and/or a diameter of the second tubing section 124b. 

[0051] The fluid control device 126 is externally operable by a user to regulate the flow of 

fluid therethrough and, specifically, from the lumen 104 of the catheter 102 to the pressure 

source 140. In other embodiments, the fluid control device 126 can be a clamp that can be actuated 

(e.g., compressed or squeezed by the hand of a user) to partially or fully restrict fluid flow through 

the tubing section 124a and/or the tubing section 124b. In yet other embodiments, the fluid control 

device 126 can be omitted and its functionality incorporated into the pressure source 140 (e.g., as 

described in detail below with reference to Figure 5). In some embodiments, the fluid control 

device 126 can include a quick-release mechanism (e.g., a spring-loaded apparatus) for rapidly 

opening, unclamping, etc., the fluid control device 126 to (e.g., instantaneously or nearly 

instantaneously) fluidly connect the pressure source 140 and the catheter 102. In some 

embodiments, the fluid control device 126 can be opened/closed automatically (e.g., by a motor, 

switch, etc.). When the pressure source 140 is pre-charged with a vacuum, as described in detail 

below, such a quick-release fluid control device 126 can reduce the time needed for pressure in the 

assembly 10 to equalize after opening of the fluid control device 126, and can thereby increase 

suction forces generated at the distal portion 103a of the catheter 102. 

[0052] In some embodiments, the connector 128 is a quick-release connector (e.g., a quick 

disconnect fitting) that enables rapid coupling/decoupling of the catheter 102 and the fluid control 

device 126 to/from the pressure source 140. In other embodiments, the tubing subsystem 120 can 

have more or fewer tubing sections, connectors, and/or fluid control devices, and can have other 

suitable configurations. In some embodiments, one or more of the components can be permanently 

connected and/or integrally formed. 

[0053] The pressure source 140 is configured to generate (e.g., form, create, charge, build-

up, etc.) a vacuum (e.g., negative relative pressure) and store the vacuum for subsequent 

application to the catheter subsystem 100. Further details of suitable pressure sources are 

described in detail below with reference to Figures 2-7. During operation of the assembly 10, a 
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user can first close the fluid control device 126 before activating the pressure source 140 to build 

up vacuum pressure within the pressure source 140 (e.g., a vacuum chamber of the pressure source 

140). In some embodiments, the user can control or select the volume of the generated vacuum. 

In this manner, a vacuum is charged within the pressure source 140 before the pressure source 140 

is fluidly connected to the catheter subsystem 100. To aspirate the lumen 104 of the catheter 102, 

the user can open the fluid control device 126 to fluidly connect the pressure source 140 to the 

catheter subsystem 100 and thereby apply or release the vacuum stored in the pressure source 140 

to the lumen 104 of the catheter 102. Opening of the fluid control device 126 instantaneously or 

nearly instantaneously applies the stored vacuum pressure to the tubing subsystem 120 and the 

catheter 102, thereby generating suction throughout the catheter 102. In particular, the suction is 

applied at the distal portion 103a of the catheter 102. In one aspect of the present technology, pre­

charging or storing the vacuum before applying the vacuum to the lumen 104 of the catheter 102 

is expected to generate greater suction forces (and corresponding fluid flow velocities) at and/or 

near the distal portion 103a of the catheter 102 compared to simply activating the pressure source 

140 while it is fluidly connected to the catheter 102. As described in detail below, the suction 

forces generated by application of the stored vacuum can be used to aspirate or otherwise remove 

clot material from within a blood vessel of a human patient. 

IL Selected Embodiments of Pressure Sources for Use with Clot Removal Systems 

[0054] As described in detail above with reference to Figure 1, the assembly 10 of the 

present technology includes a pressure source (e.g., a vacuum source, negative pressure source, 

etc.) configured to charge a vacuum that can be applied to the catheter subsystem 100 to generate 

suction forces for aspirating clot material from within a blood vessel. In general, the pressure 

source can be any suitable source or combination of sources for generating and/or storing negative 

pressure. In some embodiments, the pressure source can be a pump (e.g., an electric pump coupled 

to a vacuum chamber) while, in other embodiments, the pressure source can include one or more 

syringes that can be actuated or otherwise activated by a user of the assembly 10 to generate and 

store a vacuum therein. 

[0055] Figure 2 is a side view of a pressure source 240 comprising a vacuum-pressure 

locking syringe ("syringe 240") configured in accordance with the present technology. In some 
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embodiments, the syringe 240 can be of the kind sold under the trademark "VacLok" by Merit 

Medical System, Inc. In the illustrated embodiment, the syringe 240 includes a plunger 242 

slidably and rotatably positioned within a chamber or barrel 244. The barrel 244 is shown as 

transparent in Figure 2 for the sake of clarity. The plunger 242 includes a seal 243 and a plurality 

of index members 246 defining slots 248 between adjacent pairs thereof. A tab member 245 

projects inwardly from the interior surface of the barrel 244 and is configured to be removably 

positioned in the slots 248 for locking the plunger 242 in position relative to the barrel 244. In 

some embodiments, the barrel 244 can be made of a transparent material that permits a user to 

visualize material ( e.g., clot material) within the barrel 244 and to visualize the relative position 

between the slots 248 and tab member 245 for locking the syringe 240. 

[0056] Referring to both Figures 1 and 2 together, the syringe 240 further includes a tip 247 

for coupling the syringe 240 to the tubing subsystem 120. In the illustrated embodiment, the tip 

247 is a standard luer connector that can be coupled to the connector 128 via one or more suitable 

adaptors. The tip 247 further defines a lumen or bore 249 having an inner diameter D1. In some 

embodiments, the diameter D1 is about 0.103", or about 0.080" to about 0.200", or about 0.100" to 

about 0.150", or about 0.100" to about 0.110". In some embodiments, the inner diameter D1 is 

about 14 French. 

[0057] During operation of the assembly 10, a user can first close the fluid control device 

126 and then grip the plunger 242 and/or the barrel 244 to withdraw (e.g., retract) the plunger 242 

at least partially out of the barrel 244 to thereby generate a vacuum in the barrel 244. Once the 

user has withdrawn the plunger 242 to a sufficient or desired volume, the user can lock the plunger 

242 by rotating the plunger 242 relative to the barrel 244 such that the tab member 245 is positioned 

within a corresponding one of the slots 248. In other embodiments, the syringe 240 may not be a 

locking syringe, and the user can instead hold the plunger 242 in position relative to the barrel 244. 

Moreover, the user can control the volume of the vacuum-by withdrawing the plunger 242 more 

or less-to provide a desired amount or level of suction/aspiration upon opening of the fluid 

control device 126. In some embodiments, the syringe has a volume of about 60 cc or less than 

about 60 cc. 
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[0058] Figure 3A is a side view of a pressure source 340 comprising a vacuum-pressure 

locking syringe ("syringe 340") configured in accordance with the present technology. The syringe 

340 can have some features generally similar to the features of the syringe 240 described above 

with reference to Figure 2. For example, the syringe 340 includes a plunger 342 slidably and 

rotatably positioned within a barrel 344, and the plunger 342 includes a plurality of index members 

346 defining slots 348 between adjacent pairs thereof. The barrel 344 is shown as transparent in 

Figure 3A (and Figure 3C) for the sake of clarity. While withdrawing the plunger 342, a user can 

lock the plunger 342 at a specified volume by rotating the plunger 342 relative to the barrel 344 

such that a tab member 345 on the interior surf ace of the barrel 344 is positioned within a 

corresponding one of the slots 348. In some embodiments, the syringe 340 has a maximum volume 

of about 60 cc or greater than 60 cc. 

[0059] In the illustrated embodiment, the syringe 340 includes a large-bore tip 347, such as 

a Toomey tip, defining an inner lumen or bore 349. In some embodiments, the bore 349 can have 

an inner diameter D2 that is greater than or equal to the largest inner diameter of the assembly 10 

(e.g., of the catheter 102 and tubing subsystem 120). In certain embodiments, the tip 347 can be 

about 26 French or greater. Accordingly, referring to Figures 2 and 3A together, the diameter D2 

can be greater than the dimension D1. For example, the dimension D2 can be about two, three, 

four, or more times greater than the diameter D1. 

[0060] Figure 3B is a side view of an adaptor 350 for connecting the syringe 340 to the 

catheter subsystem 100 configured in accordance with the present technology. Figure 3C is a side 

view of the adaptor 350 coupled to the syringe 340, and Figure 3D is a side view of the syringe 

340 coupled to the tubing subsystem 120 via the adaptor 350. The adaptor 350 is shown as partially 

transparent in Figure 3C for the sake of illustration. Referring to Figure 3B, the, the adaptor 350 

includes (i) a first portion 351 defining a first lumen or bore 352 having an inner diameter D3, (ii) 

a second portion 353 defining a second lumen or bore 354, and (iii) a stepped surface or interface 

355 between the first and second portions 351, 353. The first portion 351 can further include a 

seal 357 such as an O-Ring around an exterior surface thereof. 

[0061] Referring to Figures 3A-3D together, the second bore 354 of the adaptor 350 is 

configured to removably receive the tip 347 of the syringe 340 therein. In some embodiments, the 
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tip 347 can be snuggly received in the second bore 354 via an interference fit. In some 

embodiments, a seal (e.g., an O-ring) can be positioned between an exterior surface of the tip 347 

and an interior surface of the second bore 354. In other embodiments, the syringe 340 can be 

permanently coupled or integrally formed with the adaptor 350. The first portion 351 of the 

adaptor 350 is configured to be removably positioned within the connector 128 of the tubing 

subsystem 120 to fluidly couple the syringe 340 to the tubing subsystem 120. In some 

embodiments, the first portion 351 of the adaptor 350 can be pushed into the connector 128 until 

the interface 355 abuts the connector 128. When the first portion 351 of the adaptor 350 is 

positioned within the connector 128, the seal 357 seals the interface between the connector 128 

and the adaptor 350. 

[0062] The diameter D3 of the first bore 352 of the adaptor 350 can be selected to be about 

the same as or greater than the greatest inner diameter of the assembly 10 ( e.g., of the catheter 102 

and the tubing subsystem 120). For example, the catheter 102 can be about 9 French or greater, 

and the diameter D3 can be selected to be larger than the size of the catheter 102. Accordingly, 

when the fluid control device 126 is open, the continuous lumen between the catheter 102 and the 

syringe 340 can have a generally constant diameter and/or does not contain any narrowing at the 

interface between the syringe 340 and the tubing subsystem 120. That is, the adaptor 350 can 

connect the syringe 340 and the tubing subsystem 120 without any restriction or narrowing of the 

fluid path. In contrast, a standard luer connector (e.g., the syringe 240) can only provide a 

continuous lumen for catheters of about 8 French or smaller. Any narrowing of the fluid pathway 

between the catheter 102 and the syringe 340 can reduce the volumetric flow rate (e.g., suction 

forces and fluid velocities) that can be generated when a vacuum stored in the syringe 340 is 

applied to the catheter 102. 

[0063] In general, the syringe 340 and the adaptor 350 can reduce the fluid resistance in the 

assembly 10 and therefore facilitate a more rapid pressure equalization in the assembly 10 when 

the fluid control device 126 is opened to apply the charged vacuum to the catheter 102. In some 

embodiments, for example, when the syringe 240 (Figure 2) is charged with a 60 cc vacuum and 

the fluid control device 126 is opened, the pressure in the assembly 10 can take about 1-2 seconds 

to equalize. In contrast, when the syringe 340 is charged with a 60 cc vacuum and the fluid control 

device 126 is opened, the pressure in the assembly 10 can take less than about 1 second (e.g., 
-13-
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about 0.5 seconds) to equalize. More specifically, Table 1 illustrates representative pressure 

equalization times and associated flow rates when the syringe 240 is coupled to a 20 French 

catheter (i.e., the catheter 102). Table 2 illustrates representative pressure equalization times and 

associated flow rates when the syringe 340 and the adaptor 350 are coupled to a 20 French catheter 

(i.e., the catheter 102). 

Pressure Egualization Time {seconds} 

2.0 

1.9 

1.8 

1.7 

1.6 

1.5 

1.4 

1.3 

Pressure Egualization Time {seconds} 
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0.7 

0.6 

0.5 

0.4 

0.3 

Table 1 

Table 2 
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Flow Rate {cc/sec} 

30.0 

31.6 

33.3 

35.3 

37.5 

40.0 

42.9 

46.2 

Flow Rate {cc/sec} 

66.7 

75.0 

85.7 

100.0 

120.0 

150.0 

200.0 
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0.2 300.0 

0.1 600.0 

[0064] In each instance, the syringe 340 provides for relatively faster equalization times and 

correspondingly greater flow rates. It is expected that the more rapid pressure equalization and 

flow rates provided by the syringe 340 will provide correspondingly greater suction forces at the 

distal portion 103a of the catheter 102. That is, in general, it is expected that increasing the bore 

size of a syringe used to provide vacuum pressure will provide greater suction forces over a smaller 

period of time (e.g., will provide a larger vacuum impulse). In some embodiments, the greater 

suction forces can facilitate the removal of clot material from a blood vessel of a patient even 

where the clot material is strongly lodged or attached within the blood vessel (e.g., a chronic clot). 

[0065] Moreover, as shown in Figure 3D, the adaptor 350 can couple the syringe 340 to the 

connector 128 without the need for any intervening tubing sections or additional adaptors. This 

arrangement can minimize the total length, volume, etc., of the components fluidly coupling the 

catheter 102 to the syringe 340. It is expected that the magnitude of suction forces generated at 

the distal portion 103a of the catheter 102-e.g., when a vacuum charged in the syringe 340 is 

applied to the catheter 102 by opening of the fluid control device 126-is proportional to the length 

of the fluid path between the pressure source 340 and catheter 102. Thus, operation of the 

assembly 10 with the syringe 340 and adaptor 350 is expected to increase the suction forces 

generated at the distal portion 103a of the catheter 102. In some embodiments, the greater suction 

forces can facilitate the removal of clot material from a blood vessel of a patient even where the 

clot material is strongly lodged or attached within the blood vessel (e.g., a chronic clot). 

[0066] Figure 4A is a side perspective view a pressure source 400 including the syringe 340 

("primary syringe 340") shown in Figures 3A-3D and a secondary syringe 460 configured in 

accordance with the present technology. The secondary syringe 460 can include a plunger 462 

slidably positioned within a chamber or barrel 464. The primary and secondary syringes 340, 460 

can have the same volume or different volumes. In the illustrated embodiment, a tip 463 of the 

secondary syringe 460 is coupled to a first one-way valve (e.g., a check valve) 470 via a coupling 
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member 465, such as a tube. The first one-way valve 470 is configured to fluidly connect the 

secondary syringe 460 to the ambient environment or another device coupled to the first one-way 

valve 470. A second one-way valve (e.g., a check valve) 472 spans between and is configured to 

fluidly connect the primary syringe 340 to the secondary syringe 460. More specially, in the 

illustrated embodiment the second one-way valve 472 is connected between the first portion 351 

of the adaptor 350 and the coupling member 465. In other embodiments, the second one-way 

valve 472 can couple the primary and secondary syringes 340, 460 in different manners. For 

example, the second one-way valve 472 can span between and directly connect the barrels 344,464. 

The primary and secondary syringes 340, 460 can be coupled or fastened together via one or more 

connectors 474 that fix the positions of the barrel 344, 464 relative to one another. 

[0067] In some embodiments, the second one-way valve 4 72 is a normally-open check valve 

configured to (i) permit fluid (e.g., air) flow from the primary syringe 340 and the adaptor 350 to 

the secondary syringe 460 and (ii) inhibit fluid flow in the opposite direction from the secondary 

syringe 460 into the primary syringe 340. In some embodiments, the second one-way valve 472 

has a cracking (e.g., opening) pressure of about 0 psi. In one aspect of the present technology, this 

arrangement maximizes the magnitude of the vacuum that can be charged within the primary 

syringe 340. That is, the cracking pressure of the second one-way valve 472 does not reduce the 

effective vacuum within the primary syringe 340. In other embodiments a normally-closed or 

other type of valve could be used for the second one-way valve 472. However, in such 

embodiments the vacuum efficiency of the pressure source 400 would be reduced by the cracking 

pressure of the second one-way valve 472. Similarly, the first one-way valve 470 can be a check 

valve configured to (i) permit fluid flow from the secondary syringe 460 to the ambient 

environment (or other device) and (ii) inhibit fluid flow in the opposite direction from the ambient 

environment into the secondary syringe 460. 

[0068] Figures 4B and 4C are enlarged schematic side views of the pressure source 400 

during operation. More specifically, Figures 4B and 4C illustrate fluid flow paths through the first 

and second one-way valves 470, 472 during retraction and advancement, respectively, of the 

plunger 462 through the barrel 464 of the secondary syringe 460. Referring first to Figures 4A 

and 4B together, during retraction/withdrawal of the plunger 462, (i) the first one-way valve 470 

is closed to inhibit fluid from flowing into the secondary syringe 460 while (ii) the second one-
-16-
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way valve is open 472 to permit fluid to flow from the primary syringe 340, the catheter subsystem 

100 (Figure 1), and/or the tubing subsystem 120 (Figure 1) into the secondary syringe 460. This 

flow path is indicated by the arrows R in Figure 4B. Referring to Figures 4A and 4C together, 

during advancement of the plunger 462, (i) the first one-way valve 470 is open to permit fluid flow 

( e.g., fluid expulsion) from the secondary syringe 460 to the ambient environment ( or other device) 

while (ii) the second one-way valve 472 is closed to inhibit fluid flow from the secondary syringe 

460 into (e.g., back into) the primary syringe 360, the catheter subsystem 100, and/or the tubing 

subsystem 120. This flow path is indicated by the arrows A in Figure 4C. 

[0069] Referring to Figures 1 and 3A-4C together, the pressure source 400 can be coupled 

to the tubing subsystem 120 by coupling the primary syringe 340 to the connector 128 (e.g., as 

shown in Figure 3D). When the pressure source is coupled to the tubing subsystem 120, retraction 

of the plunger 462 of the secondary syringe 460 evacuates an evacuatable volume of the assembly 

10. For example, when the fluid control device 126 is closed, retraction of the plunger 462 of the 

secondary syringe 460 evacuates fluid, through the second one-way valve 472, from (i) the primary 

syringe 340 (e.g., from the barrel 344, the tip 347, and/or the adaptor 350) and (ii) the portion of 

the tubing subsystem 120 between the fluid control device 126 and the primary syringe 340. This 

can enable a greater charged/stored vacuum to be generated for subsequent application to the 

catheter subsystem 100 for aspirating clot material. In some embodiments, the plunger 462 of the 

secondary syringe 460 can be withdrawn/advanced (e.g., "cycled") one or more times before 

withdrawing the plunger 342 of the primary syringe 340 to evacuate air from (i) the tip 347 of the 

primary syringe 340 and/or (ii) the portion of the tubing subsystem 120 between the fluid control 

device 126 and the tip 34 7. In other embodiments, the plunger 462 of the secondary syringe 460 

can alternatively or additionally be withdrawn after withdrawing the plunger 342 of the primary 

syringe 340 to further evacuate the barrel 344 of the primary syringe 340. In some embodiments, 

the plunger 462 can be cycled when the fluid control device 126 is open to, for example, facilitate 

the removal of clot material stuck or clogged within the catheter subsystem 100. That is, cycling 

the secondary syringe 460 when the fluid control device 126 is open can generate vacuum pressure 

and suction in the catheter 102 to aid in the aspiration/removal of clot material. 

[0070] In some embodiments, the volumes of the primary and secondary syringes 340, 460 

can be selected based on one or more desired characteristics of a clot removal procedure using the 
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pressure source 400. For example, the secondary syringe 460 can have a larger volume than the 

primary syringe 340 to permit a high vacuum to be charged within the primary syringe 340 while 

also limiting blood loss from the patient. 

[0071] In one aspect of the present technology, the pressure source 340 permits a greater 

vacuum to be generated without increasing the volume of the primary syringe 340. For example, 

the vacuum generated by the primary syringe 340 alone is directly proportional to the volume of 

the primary syringe 340. Thus, to generate a greater vacuum using the primary syringe 340 alone, 

the volume of the primary syringe 340 must be increased. In contrast, inclusion of the secondary 

syringe 460 in the pressure source 400 and the configuration of the first and second one-way 

valves 470,472 allows the (e.g., maximum) generated vacuum to be independent of the volume of 

the primary syringe 340. Therefore, for example, the generated vacuum can be increased without 

correspondingly increasing the volume of blood withdrawn from the patient when applying the 

vacuum to the catheter subsystem 100. 

[0072] In some embodiments, (e.g., as described in greater detail below with reference to 

Figure 19), the primary syringe 340 of the pressure source 400 can be replaced with a simple 

pressure vessel or other volume, such as a canister, barrel, tube, etc. In such embodiments, a 

vacuum can be generated in the canister simply by cycling the secondary syringe 460 one or more 

times. In some embodiments, the secondary syringe 460 can comprise a pump or vacuum source 

other than a syringe. Likewise, the secondary syringe 460 or other vacuum source can be fluidly 

coupled to the primary syringe 340 in other manners (e.g., via a different arrangement of check 

valves) to produce the same or similar flow patterns as shown in Figures 4B and 4C. Moreover, 

in some embodiments the first and second one-way valves 470, 472 can be other types of flow 

control devices that are mechanically activated/deactivated (e.g., opened and closed) rather than 

passively operated via pressure differentials within the pressure source 400. For example, the flow 

control devices 4 70, 4 72 can be mechanically coupled to the plunger 462 of the secondary syringe 

460 such that cycling the plunger 462 activates/deactivates the flow control devices 470, 472 to 

operate the pressure source 400 in the manner illustrated in Figures 4B and 4C. 

[0073] Figure 5 is a side cross-sectional view of a pressure source 540 comprising an 

automatic release syringe ("syringe 540") configured in accordance with the present technology. 
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In general, the syringe 540 is configured to automatically apply a charged vacuum of a selected 

volume to the catheter subsystem 100 without requiring the actuation of an intervening fluid 

control device, such as the fluid control device 126 shown in Figure 1. The syringe 540 can have 

some features generally similar to the features of the syringes 240, 340 described in detail above 

with reference to Figures 2 and 3A-3D. For example, the syringe 540 includes a first plunger 542 

slidably positioned within a chamber or barrel 544. The first plunger 542 further includes a first 

seal 543 that engages an interior surf ace of the barrel 544 such that a vacuum is formed within the 

barrel 544 as the first plunger 542 is withdrawn through the barrel 544. Likewise, referring to both 

Figures 1 and 5 together, the syringe 540 includes a tip 547 (e.g., a Toomey tip) for coupling the 

syringe 540 to the tubing subsystem 120 (e.g., via a Toomey tip adaptor) and defining a bore 549. 

In some embodiments, the bore 549 has a relatively large diameter selected to provide rapid 

pressure equalization in the assembly 10 after a vacuum stored in the syringe 540 is released. 

[0074] The first plunger 542 can further include (i) a grip portion 541 configured to be 

engaged by a user for retracting the first plunger 542 and (ii) a lumen 581 extending lengthwise 

therethrough. In the illustrated embodiment, a plunger assembly 582 is slidably positioned within 

and extends through the lumen 581 of the first plunger 542. The plunger assembly 582 includes 

(i) a second plunger 583 and (ii) a release member 584 slidably and/or rotatably positioned within 

a lumen 585 of the second plunger 583. The release member 584 includes an engagement member 

586 configured to engage the grip portion 541 of the first plunger 542 when the first plunger 542 

is withdrawn from the barrel 544. The second plunger 583 includes a second seal 587 configured 

to engage and seal an interior surface of the bore 549 of the syringe 540 to enable a vacuum to be 

formed in the barrel 544 as the first plunger 542 is withdrawn through the barrel 544. That is, the 

second seal 587 can seal (e.g., fluidly disconnect) the barrel 544 of the syringe from the tubing 

subsystem 120 and the catheter subsystem 100. In some embodiments, the syringe 540 can further 

include an O-ring 579 or other suitable component for sealing an interface between the first and 

second plungers 542, 582 to maintain the vacuum formed within the barrel 544, while also 

permitting the first plunger 542 to move (e.g., translate) relative to the second plunger 583. 

[0075] The plunger assembly 582 further includes a locking mechanism (not shown) 

configured to permit/inhibit the release member 584 from moving longitudinally relative to the 

second plunger 583. In some embodiments, for example, rotation of the release member 584 in a 
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first direction relative to the second plunger 583 can lock the two components in position, while 

rotation of the release member 584 in a second direction relative to the second plunger 583 can 

unlock the two components so that the release member 584 can be withdrawn or pushed into the 

lumen 585 of the second plunger 583. In other embodiments, the release member 584 and the 

second plunger 583 can be integrally formed or permanently locked together. 

[0076] The plunger assembly 582 enables (i) a user of the syringe 540 to select a desired 

volume for a vacuum to be formed in the syringe 540 and (ii) the automatic release or application 

of a generated vacuum via opening (e.g., unplugging) of the bore 549. Specifically, during 

operation of the syringe 540, a user can first unlock the release member 584 and slide the release 

member 584 to a position corresponding to a desired vacuum volume. For example, the release 

member 584 can have tick marks 588 or other indicia along its length that correspond to a volume 

of the syringe 540 (e.g., a vacuum chamber volume). After selecting a desired volume, the user 

can lock the release member 584 relative to the second plunger 583 (e.g., by rotating the release 

member 584) to inhibit relative movement of the two components. After locking the release 

member 584, the user can grasp the grip portion 541 to retract the first plunger 542 relative to the 

barrel 544 and the plunger assembly 582 to generate a vacuum within the barrel 544 between the 

first and second seals 543, 587. When the first plunger 542 has been retracted to the desired 

volume, the grip portion 541 engages the engagement member 586 of the release member 584 such 

that further retraction of the first plunger 542 simultaneously retracts the plunger assembly 582. 

As the plunger assembly 582 is retracted, the second seal 587 of the second plunger 583 is pulled 

out of the bore 549, thereby releasing the vacuum stored in the barrel 544. In this manner, the 

syringe 540 provides for the automatic release of charged vacuum pressure at a specified volume 

and with a single retraction of the first plunger 542. Put differently, the syringe 540 has a built-in 

fluid control device and thus eliminates the need for a separate fluid control device 126 and/or an 

additional step for opening the fluid control device 126. 

[0077] Figure 6 is a top perspective view of a pressure source 640 comprising a syringe 

("syringe 640") configured in accordance with the present technology. The syringe 640 can 

include some features generally similar to the features of the syringes 240, 340, and 540 described 

in detail above with reference to Figures 2-3D and 5. For example, the syringe 640 includes a 

plunger 642 slidably positioned within a barrel 644, and a tip 647 (e.g., a large-bore tip). In the 
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illustrated embodiment, the syringe 640 further includes a lever or handle 690 operably coupled to 

the plunger 642. The handle 690 provides mechanical leverage for withdrawing the plunger 642 

to create a vacuum within the barrel 644. More specifically, the handle 690 can be coupled to a 

crossbar 691 that rotates relative to the plunger 642 via actuation ( e.g., rotation) of the handle 690. 

The crossbar 691 can be coupled to a gear (obscured in Figure 6) configured to engage a track 692 

on the plunger 642. Accordingly, rotation of the handle 690 in a first direction retracts the plunger 

642 relative to the barrel 644 to charge a vacuum in the barrel 644. And, rotation of the handle 

690 in a second (e.g., opposite) direction advances the plunger 642 into the barrel 644 to, for 

example, expel fluid, material, etc., from the barrel 644. 

[0078] In one aspect of the present technology, the handle 690 provides additional 

mechanical leverage relative to a standard syringe, and can thus reduce the force (e.g., strain, 

energy, etc.) required by a user of the syringe 640 to form a vacuum in the syringe 640. Therefore, 

use of the syringe 640 can reduce the time needed to remove clot material with the assembly 10. 

In some embodiments, the syringe 640 can have a volume greater than 60 cc (e.g., greater than 80 

cc, greater than 100 cc, greater than 120 cc, greater than 140 cc, etc.). In a particular embodiment, 

for example, the syringe 640 can have a volume of about 140 cc. With such large volumes, it may 

be difficult for some users to manually retract the plunger 642 without the additional mechanical 

leverage provided by the handle 690. Thus, the syringe 640 can enable the use of larger volume 

syringes that can generate correspondingly greater suction forces in the catheter subsystem 100. 

[0079] Referring again to Figure 1, it is expected that less tortuous (e.g., more linear) fluid 

paths between the pressure source 140 and the catheter subsystem 100 will produce greater suction 

forces and corresponding fluid velocities at the distal portion 103a of the catheter 102 when stored 

vacuum pressure is applied to the catheter subsystem 100. Accordingly, in some embodiments the 

side port 108 of the valve 106 can be formed to have an angle A that is less than about 90°, less 

than about 75°, less than about 60°, less than about 45°, less than about 30°, less than about 15° 

etc. Reducing the relative angle between the side port 108 and the lumen 109 of the valve 106 

(and thus the lumen 104 of the catheter 102) reduces the tortuosity of the fluid path between the 

pressure source 140 and the catheter 102. Moreover, in some embodiments, the pressure source 

140 can be coupled to the proximal portion 107b of the valve 106 instead of or in addition to the 

side port 108 to provide a more linear fluid path between the pressure source 140 and the catheter 
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102. For example, Figure 24 is an enlarged isometric view of the assembly 10 showing the 

pressure source 340 coupled directly to the proximal portion 107b of the valve rather than to the 

connector 128 of the tubing subsystem 120 and the side port 108 of the valve 106. Although the 

pressure source 340 is illustrated in Figure 24, any of the pressure sources described in detail above 

with reference to Figures 2-6 can be configured to be coupled to the proximal portion 107b of the 

valve 106 rather than the side port 108. In other embodiments, the side port 108 can be omitted 

and the valve 106 and the tubing subsystem 120 can be coupled to the catheter 102 via a Y­

connector. For example, Figure 25 is an enlarged isometric view of the assembly 10 showing the 

valve 106 and the tubing subsystem 120 coupled to the catheter 102 via a Y-connector 2590. In 

yet other embodiments, the tubing system 120 is linearly coupled to the catheter 102, and the valve 

106 protrudes at an angle from the catheter 102. 

[0080] In some embodiments, however, a guidewire or other component is positioned within 

the valve 106 during the duration of a clot removal procedure (e.g., for delivering interventional 

devices to a treatment site within a patient). Accordingly, in some embodiments, to facilitate 

coupling of the pressure source 140 to the proximal portion 107b of the valve 106-even when a 

guidewire is inserted therethrough-the pressure source 140 can be a syringe configured for over­

wire delivery. For example, Figure 7 is a side view of a pressure source 740 comprising a vacuum­

pressure locking syringe ("syringe 740") configured in accordance with the present technology for 

delivery and operation over a guidewire 794. The syringe 740 can have some features generally 

similar to the features of the syringe 340 described in detail above with reference to Figure 3. For 

example, the syringe 740 includes a plunger 742 slidably and rotatably positioned within a barrel 

744. The barrel 744 is shown as transparent in Figure 7 for the sake of clarity. In the illustrated 

embodiment, the plunger 742 includes a lumen 796 (shown in broken lines) extending 

longitudinally therethrough. The guidewire 794 can be inserted through the lumen 796 of the 

plunger 742 such that the syringe 740 can be advanced over the guidewire 794 for attachment to 

the proximal portion 107b of the valve 106. The syringe 740 can further include one or more 

sealing components (e.g., valves, O-rings, etc.; not shown) for maintaining a seal between the 

guidewire 794 and the plunger 742 to permit build-up and storage of a vacuum in the barrel 744. 

[0081] In general, one skilled in the art will understand that the various embodiments of 

pressure sources disclosed herein may be combined to, for example, include multiple pressure 
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sources or pressure sources having different components or combinations of components. For 

example, in some embodiments the secondary syringe 460 (Figures 4A-4C) can be coupled via 

one or more one-way valves to the syringes 240,540,640 or 740 (Figures 2 and 5-7, respectively) 

to generate additional vacuum. In some embodiments, multiple pressure sources can be coupled 

to the catheter 102 via the tubing subsystem 120 and/or via the valve 106. Moreover, the individual 

pressure sources can be the same or different, and can be coupled to the catheter subsystem 100 

via a single fluid control device, such as the fluid control device 126, or can be coupled to the 

catheter subsystem 100 via separate fluid control devices. Therefore, the profile of the vacuum 

applied to the catheter 102 can be selected or adjusted by using multiple different pressure sources. 

For example, a specific vacuum profile can depend at least on (i) the individual characteristics of 

the multiple pressure sources (e.g., volume, bore-size, etc.), (ii) the manner in which the pressure 

sources are coupled to the catheter subsystem 100 ( e.g., via individual valves, via the same valve, 

etc.), and (iii) the timing of the application or release of the vacuum of each pressure source to the 

catheter subsystem 100 (e.g., staggered release, simultaneous release, etc.). As one example, in 

some embodiments, the syringe 240 (Figure 2) and the syringe 340 (Figure 3) can both be coupled 

to the tubing subsystem 120 via, for example, a Y-connector. After charging both syringes 240, 

340 with vacuum pressure, opening the fluid control device 126 can simultaneously apply the 

combined vacuum to the catheter 102. The larger-bored syringe 340 can provide a short but 

powerful impulse of vacuum pressure, while the smaller-bored syringe 240 can provide a longer 

and more sustained vacuum pull. This combination can apply a large, fast-acting suction force to 

dislodge and capture clot material in the catheter 102, and simultaneously apply a more sustained 

suction force to capture more clot material. 

III. Selected Embodiments of Methods of Clot Removal 

[0082] Figure 8 is a flow diagram of a process or method 800 for operating a clot removal 

system including the assembly 10 to remove clot material from within a blood vessel (e.g., a 

pulmonary blood vessel) of a human patient in accordance with the present technology. Figures 

9A-9C are side views of a proximal portion of the assembly 10, and Figures lOA and lOB are 

schematic illustrations of a distal portion of the assembly 10, during a clot removal procedure in 

accordance with embodiments of the present technology. In particular, Figures 9A-9C are side 
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views of the assembly 10 including the syringe 340 and adaptor 350 (Figures 3A-3D), and Figures 

lOA and lOB are side views of the catheter 102 with the distal portion 103a of the catheter 102 

positioned proximate to an embolism or clot material PE within a blood vessel BV (e.g., a 

pulmonary blood vessel). Although some features of the method 800 are described in the context 

of the embodiments shown in Figures 1, 3A-3D, and 9A-10B for the sake of illustration, one 

skilled in the art will readily understand that the method 800 can be carried out using other suitable 

systems and/or devices described herein. In particular, although described in the context of the 

syringe 340, the method 800 can be carried out using any one or combination of the pressure 

sources described in detail above with reference to Figures 2-7. 

[0083] At block 802, the method 800 includes positioning the distal portion 103a of the 

catheter 102 proximate to clot material within a blood vessel of a human patient (e.g., at a treatment 

site). For example, in the embodiment illustrated in Figure lOA, a distal terminus of the distal 

portion 103a of the catheter 102 is positioned proximate to a proximal portion of the clot material 

PE. It is expected that reducing the distance between the distal terminus of the catheter 102 and 

the proximal portion of the clot material PE-without contacting the clot material PE with the 

catheter 102-will maximize the suction forces on the clot material PE when the fluid control 

device 126 is opened. It is also expected that reducing the distance (e.g., clearance) between the 

inner diameter of the blood vessel BV and the outer diameter of the catheter will maximize the 

suction forces on the clot material PE. However, in other embodiments, the distal terminus of the 

catheter 102 can be positioned at least partially within the clot material PE, or the distal terminus 

of the catheter 102 can be positioned distal of the clot material PE. 

[0084] Access to the pulmonary vessels can be achieved through the patient's vasculature, 

for example, via the femoral vein. In some embodiments, the catheter subsystem 100 can include 

an introducer ( e.g., a Y-connector with a hemostasis valve; not shown) that can be partially inserted 

into the femoral vein. A guidewire (not shown) can be guided into the femoral vein through the 

introducer and navigated through the right atrium, the tricuspid valve, the right ventricle, the 

pulmonary valve, and into the main pulmonary artery. Depending on the location of the embolism, 

the guidewire can be guided to one or more of the branches of the right pulmonary artery and/or 

the left pulmonary artery. In some embodiments, the guidewire can be extended entirely or 

partially through the clot material PE. In other embodiments, the guidewire can be extended to a 
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location just proximal of the clot material PE. After positioning the guide wire, the catheter 102 

can be placed over the guidewire and advanced (e.g., as indicated by arrow Al) to a position 

proximate to the clot material PE as illustrated in Figure 1 0A. 

[0085] In some embodiments, to confirm the position of the distal portion 103a of the 

catheter 102, a contrast agent can be injected through the catheter 102 and viewed using 

fluoroscopic imaging techniques, as is known in the art. In some embodiments, the valve 106 can 

be opened to determine the position of the distal portion 103a of the catheter 102 relative to the 

clot material PE. For example, the activation buttons 101 can be depressed to open the lumen 109 

of the valve 106. If there is substantially no back-bleeding through the valve 106, the operator can 

determine that the distal portion 103a of the catheter 102 is fully engaged with the clot material 

PE. Conversely, if there is some back-bleeding through the valve 106, the operator can determine 

that the distal portion 103a of the catheter is not fully engaged with the clot material PE. 

Accordingly, to locate the distal portion 103a of the catheter 102 just proximal of the clot material 

PE, the operator can (i) first determine that distal portion 103a of the catheter is fully engaged with 

the clot material PE by activating the valve 106 and detecting no back-bleeding and (ii) then 

reposition the catheter 102 (e.g., by withdrawing the catheter 102 proximally) and activate the 

valve 106 until back-bleeding is detected-thereby confirming that the distal portion 103a of the 

catheter 102 is positioned proximal of the clot material PE. In some embodiments, the valve 106 

can be opened during retraction of the catheter 102 until back-bleeding is detected. In other 

embodiments, the valve 106 can be closed during retraction of the catheter 102, and the catheter 

106 can be retracted a set (e.g., predetermined) distance before the valve 106 is opened again. In 

one aspect of the present technology, determining the position of the distal portion 103a of the 

catheter 102 via activation of the valve 106 can be used when it is difficult to determine the position 

of the catheter 102 via radiographic techniques. In contrast, many conventional hemostasis valves 

cannot be activated in this manner. 

[0086] In some embodiments, the guidewire can then be withdrawn while, in other 

embodiments, the guidewire can remain and can be used to guide other catheters (e.g., delivery 

catheters, additional aspiration catheters, etc.), interventional devices, etc., to the treatment site. It 

will be understood, however, that other access locations into the venous circulatory system of a 

patient are possible and consistent with the present technology. For example, the user can gain 
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access through the jugular vein, the subclavian vein, the brachial vein, or any other vein that 

connects or eventually leads to the superior vena cava. Use of other vessels that are closer to the 

right atrium of the patient's heart can also be advantageous as it reduces the length of the 

instruments needed to reach the pulmonary embolism. 

[0087] At block 804, the method 800 includes coupling a pressure source (e.g., the syringe 

340) to the catheter 102 via the fluid control device 126. For example, in the embodiment 

illustrated in Figure 9A, the tip 347 (shown in Figures 3A and 3C but obscured in Figure 9A) of 

the syringe 340 can be coupled to the connector 128 via the adaptor 350. Once the syringe 340 is 

coupled to the catheter 102, (i) opening the fluid control device 126 fluidly connects the syringe 

340 to the lumen 104 of the catheter 102, and (ii) closing the fluid control device 126 fluidly 

disconnects the syringe 340 from the lumen 104 of the catheter 102. The fluid control device 126 

is in an open position in Figure 9A. 

[0088] At block 806, the method 800 includes activating the syringe 340 to generate a 

vacuum while the fluid control device 126 is closed. For example, as shown in Figure 9B, the user 

can first actuate the fluid control device 126 to close the fluid control device 126, and then retract 

the plunger 342 to generate a vacuum in the barrel 344 of the syringe 340. The user can 

subsequently lock the plunger 342 relative to the barrel 344, as described in detail above, to store 

or maintain a vacuum of known volume in the syringe 340. In this manner, the syringe 340 can 

be pre-charged with a vacuum before the vacuum is applied to the catheter 102. In contrast, many 

conventional aspiration techniques include activating a negative pressure source (e.g., a pump, a 

syringe, etc.) while the pressure source is fluidly connected to a lumen to be aspirated. In some 

embodiments, when the pressure source 400 with the secondary syringe 460 (Figures 4A-4C) is 

used with the primary syringe 340; the secondary syringe 460 can be cycled one or more times 

before or after retracting the plunger 342 to increase the vacuum pressure. 

[0089] At block 808, the method 800 includes opening the fluid control device 126 to apply 

the vacuum to the lumen 104 of the catheter 102. For example, with reference to Figure 9C, the 

user can actuate ( e.g., twist a handle of) the fluid control device 126 to open the fluid control device 

126 and apply the vacuum stored in the syringe 340 to the catheter subsystem 100. As shown in 

Figure lOB, application of the vacuum causes suction at the distal tip 103a of the catheter 102 
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(e.g., as indicated by arrow A2) that aspirates at least a portion of the clot material PE from the 

blood vessel BV and into the lumen 104 of the catheter 102. In some embodiments, opening the 

fluid control device 126 instantaneously or nearly instantaneously generates suction at the distal 

portion 103a of the catheter 102. In certain embodiments, application of the vacuum can generate 

suction for less than about 1 second ( e.g., about 0.5 second), substantially less than about 1 second 

(e.g., about 0.3 second, about 0.1 second, etc.) less than about 2 seconds, or greater than about 2 

seconds-until the pressure in the assembly 10 equalizes. In some embodiments, depending on 

the volume of the vacuum chamber formed in the syringe 340 and the dimensions of the catheter 

subsystem 100 and the tubing subsystem 120 (e.g., where the syringe 340 has a volume that is 

greater than or about equal to a volume of the catheter subsystem 100), at least some of the clot 

material PE can be aspirated entirely through the lumen 104 of the catheter 102 and into the barrel 

344 of the syringe 340. In some such embodiments, the user can determine whether subsequent 

steps for treating the clot material PE are necessary or desirable by visualizing the amount of clot 

material collected in the syringe 340. Figure 9C, for example, illustrates the syringe 340 and the 

tubing subsystem 120 after the fluid control device 126 has been opened to apply the vacuum 

stored in the syringe 340 to the catheter 102. In the illustrated embodiment, some of the clot 

material PE is visible in the syringe 340. 

[0090] In some embodiments, the fluid control device 126 or another fluid control device 

can be intermittently operated to provide discrete bursts of suction. For example, the fluid control 

device 126 can be quickly opened and closed to provide a first burst of suction (e.g., vacuum 

release) without fully equalizing the pressure in the assembly 10. The fluid control device 126 can 

then be opened again to provide a second burst of suction, or opened and closed repeatedly to 

provide a desired suction pattern. In some embodiments, the assembly 10 can be specifically 

configured to facilitate the application of multiple bursts of suction. For example, (i) the fluid 

control device 126 can be spring-loaded, electronically controlled, etc., to rapidly open and close 

the valve, and/or (ii) the pressure source 140 can have a large vacuum chamber and/or small bore 

size to increase the time required for pressure in the assembly 10 to equalize (e.g., to increase a 

discharge time of the pressure source 140). 

[0091] Sometimes, as shown in Figure lOB, discharging the vacuum stored in the pressure 

source to aspirate the lumen 104 of the catheter 102 may not remove all of the clot material PE ( or 
-27-

111552-8018.USll 
162666068.1 



-1210-

Attorney Docket No. 111552.8018.USll 

a desired amount of the clot material PE) from the blood vessel BV. That is, a single aspiration 

may not adequately remove the clot material PE from the blood vessel BV. In such instances, the 

user of the assembly 10 may wish to again apply vacuum pressure (conduct an "aspiration pass") 

to remove all or a portion of the remaining clot material PE in the blood vessel BV. In such 

instances, the pressure source can be disconnected from the tubing subsystem 120 and drained 

(e.g., aspirated clot removal removed) before the method 800 returns to block 802. For example, 

the adaptor 350 and the syringe 340 can be decoupled from the connector 128, and the plunger 342 

can be pushed into the barrel 344 to expel the clot material PE and associated fluid from the barrel 

344 via the tip 347. With the distal portion of the catheter 102 positioned proximate to the 

remaining clot material PE (e.g., unmoved relative the last aspiration pass), the pressure source 

can then be re-coupled to the connector 128 (block 804 ), primed again (block 806), and the vacuum 

pressure discharged (block 808) to aspirate all or a portion of the remaining clot material PE. 

[0092] Blocks 802-808 can be repeated until a desired amount of clot material is removed 

from the patient or until the catheter 102 becomes clogged. In some embodiments, to check for 

clogging of the catheter 102, the fluid control device 126 and/or the valve 106 can be opened to 

check for back bleeding. A lack of back bleeding can indicate that the catheter 102 is likely 

clogged. Similarly, if the barrel 344 of the syringe 340 contains mostly air and relatively little 

blood and clot material ( e.g., less than 5-10 cc) after aspiration of the catheter 102 (block 808), it 

can indicate that the catheter 102 is likely clogged. When the catheter 102 is clogged or a sufficient 

amount of clot material PE has been removed from the patient, the method 800 can proceed to 

block 810 and the catheter 102 can be removed from the patient. When the catheter 102 is clogged, 

the catheter 102 can be flushed and cleared prior to reentry into the patient (block 802). In other 

embodiments, a different (e.g., new, unused, etc.) catheter can be inserted into the patient and 

positioned to remove the remaining clot material PE from the patient. 

[0093] In some embodiments, rather than removing the catheter 102 from the patient if the 

catheter 102 is clogged, the syringe 340 can be recharged and used to apply one or more subsequent 

vacuum pulses to the catheter 102. More specifically, the fluid control device 126 can be closed 

and the syringe 340 can be removed from the connector 128 and evacuated to remove the clot 

material and blood therein. Then, blocks 804-808 can be repeated to apply another pulse of 

vacuum to the catheter 102. That is, rather than removing the catheter 102 after a clog is detected, 
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the syringe 340 can be "cycled" until the vacuum force on the clot material PE overcomes the 

forces between the clot material PE and the catheter 102 and sucks the clot material PE into the 

syringe 340. In some embodiments, when the pressure source 400 with the secondary syringe 460 

(Figures 4A-4C) is used with the primary syringe 340, the secondary syringe 460 can be cycled 

one or more times to increase the vacuum in the assembly 10 (e.g., in the catheter 102) and thus 

increase the suction force exerted against the clot material PE. That is, rather than removing the 

catheter 102 after a clog is detected, the secondary syringe 460 can be cycled until the vacuum 

force on the clot material PE overcomes the forces between the clot material PE and the catheter 

102 and sucks the clot material PE into the syringe 340. In some embodiments, as described in 

detail below with reference to Figures 15-16E, a second clot removal assembly can be telescoped 

through the first assembly 10 to facilitate removal of the clogged clot material PE. 

[0094] In some embodiments, an interventional device such as a clot removal and/or clot 

treatment device can be delivered to the treatment site through the catheter 102 for engaging and 

facilitating clot removal before and/or after application of a stored vacuum to the catheter 102. 

Suitable interventional devices and associated methods are disclosed in U.S. Patent Application 

No. 9,526,864, filed June 9, 2015, and titled "RETRACTION AND ASPIRATION DEVICE FOR 

TREATING EMBOLISM AND ASSOCIATED SYSTEMS AND METHODS," and U.S. Patent 

Application No. 8,784,434, filed March 15, 2013, and titled "METHODS AND APPARATUS 

FOR TREATING EMBOLISM," both of which are incorporated herein by reference in their 

entireties. In some embodiments, for example, the user can first advance an interventional device 

to the treatment site and at least partially engage the clot material PE with the interventional device 

to loosen (e.g., scour) the clot material PE. Such loosening of the clot material PE can facilitate 

the removal of the clot material PE upon a subsequent aspiration pass. Likewise, in some 

embodiments, the user can use an interventional device to engage residual clot material PE (Figure 

lOB) after a first aspiration pass. 

IV. Selected Embodiments of Telescoping Clot Removal Systems and Associated Methods of 
Clot Removal 

[0095] Figure 11 is a partially schematic side view of another clot treatment or clot removal 

system configured in accordance with the present technology. In the illustrated embodiment, the 
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clot removal system includes a first aspiration assembly 20 and a second aspiration assembly 30. 

The first and second aspiration assemblies 20, 30 ("assemblies 20, 30") can include some features 

generally similar to the features of the aspiration assembly 10 described in detail above with 

reference to Figures 1-lOB. For example, the first aspiration assembly 20 includes (i) a first 

catheter subsystem 1000 having a first catheter 1002 and a first valve 1006, (ii) a first tubing 

subsystem 1020 having a first fluid control device 1026 (e.g., a stopcock), and (iii) a first pressure 

source 1040 that can be fluidly coupled to the first catheter subsystem 1000 via the first tubing 

subsystem 1020. Likewise, the second aspiration assembly 30 includes (i) a second catheter 

subsystem 1100 having a second catheter 1102 and a second valve 1106, (ii) a second tubing 

subsystem 1120 having a second fluid control device 1126 (e.g., a stopcock), and (iii) a second 

pressure source 1140 that can be fluidly coupled to the second catheter subsystem 1100 via the 

second tubing subsystem 1120. 

[0096] The first and second catheters 1002, 1102 each comprise an elongated shaft defining 

a lumen 1004, 1104 and having a distal portion 1003a, 1103a, respectively. The first and second 

valves 1006, 1106 each include (i) a distal portion 1007a, 1107a, (ii) a proximal portion 1007b, 

1107b, (iii) a lumen 1009, 1109 extending therethrough, and (iv) a flow controller (obscured in 

Figure 10) in the lumen 1009, 1109, respectively. The first fluid control device 1026 is operable 

to regulate or control fluid flow between (e.g., fluidly connect or disconnect) the first pressure 

source 1040 and the first catheter subsystem 1000. The second fluid control device 1126 is 

operable to regulate or control fluid flow between (e.g., fluidly connect or disconnect) the second 

pressure source 1140 and the second catheter subsystem 1100. 

[0097] In the illustrated embodiment, the second catheter 1102 has a smaller cross-sectional 

dimension (e.g., diameter) than the first catheter 1002 so that the second catheter 1102 can be 

inserted through the first valve 1006 and into the lumen 1004 of the first catheter 1002. In some 

embodiments, the second catheter 1102 can be telescoped through the lumen 1004 of the first 

catheter 1002 until the distal portion 1103a of the second catheter 1102 extends beyond a distal 

terminus of the first catheter 1002. Accordingly, the second catheter 1102 can be longer than the 

first catheter 1002. In some embodiments, the second catheter 1102 can have a size of 16 French 

or smaller and the first catheter 1002 can have a size of 20 French or greater. The first valve 1006 

can provide a hemostatic seal that inhibits fluid flow (e.g., blood flow) through the first valve 1006 
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and from the first catheter subsystem 1000 when the second catheter 1102 is positioned within the 

first catheter 1002. In some embodiments (e.g., as described in detail below with reference to 

Figures 14A-14C), a sealing member 1499 can be positioned between the first catheter 1002 and 

the second catheter 1102 for sealing the lumen 1004 of the first catheter 1002 when the second 

catheter 1102 is advanced distally past the sealing member. 

[0098] In some embodiments, the first and second pressure sources 1040, 1140 ("pressure 

sources 1040, 1140") are separate sources each configured to generate and store a vacuum for 

subsequent application to the first and second catheter subsystems 1000, 1100, respectively, as 

described in detail above with reference to Figures 1-lOB. In other embodiments, one or both of 

the pressure sources 1040, 1140 can be configured to provide sustained negative pressure rather 

than a charge or burst of stored vacuum pressure. In yet other embodiments, one of the pressures 

sources 1040, 1140 can be omitted, or the pressure sources 1040, 1140 can be fluidly coupled 

and/or integrally formed. 

[0099] Figure 12 is a flow diagram of a process or method 1280 for operating a clot removal 

system including the assemblies 20 and 30 to remove clot material from within a blood vessel 

(e.g., a pulmonary blood vessel) of a human patient in accordance with the present technology. 

Figures 13A-13C are schematic illustrations of a distal portion of the assemblies 20, 30 during a 

clot removal procedure in accordance with the present technology. Figures 14A-14C are 

schematic side views of a distal portion of the assemblies 20, 30 during a clot removal procedure 

and including an optional sealing member in accordance with the present technology. Although 

some features of the method 1280 are described in the context of the embodiments shown in 

Figures 11 and 13A-14C for the sake of illustration, one skilled in the art will readily understand 

that the method 1280 can be carried out using other suitable systems and/or devices. 

[0100] At block 1282, the method 1280 includes intravascularly positioning the first 

catheter 1002 within a human patient. Figure 13A, for example, illustrates the first catheter 1002 

after it has been advanced (e.g., as indicated by arrow Al) to a position within a blood vessel BV 

(e.g., a pulmonary blood vessel). More specifically, the first catheter 1002 can be advanced within 

the blood vessel BV until the distal portion 1003a of the first catheter 1002 is positioned proximal 

to clot material PE within the blood vessel BV. In some embodiments, the position of the distal 
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portion 1003a of the first catheter 1002 relative to the clot material PE can be determined by 

activating the first valve 1006 and determining whether there is back-bleeding through the first 

valve 1006, as described in detail above. In the illustrated embodiment, the clot material PE is 

located within a branch (e.g., a reduced diameter portion) of the blood vessel BV. In some 

embodiments, access to the blood vessel BV can be achieved using an introducer and guidewire 

as described in detail above with reference to Figure 8. 

[0101] At block 1284, the method 1280 includes advancing the second catheter 1102 

through the first catheter 1002 until the distal portion 1103a of the second catheter 1102 is 

positioned proximate to the clot material PE within the blood vessel BV (e.g., at a treatment site). 

To advance the second catheter 1102 through the first catheter 1002, the user can first insert the 

distal portion 1103a of the second catheter 1102 through the first valve 1006 before advancing the 

second catheter 1102 (e.g., as indicated by the arrow Al) through the lumen 1004 of the first 

catheter 1002. In some embodiments, the first valve 1006 can be actuated ( e.g., by depressing one 

or more buttons) to open the lumen 1009 of the first valve 1006 so that the second catheter 1102 

can be inserted therethrough. In some embodiments, the position of the distal portion 1103a of the 

second catheter 1102 relative to the clot material PE can be determined by activating the second 

valve 1106 and determining whether there is back-bleeding through the second valve 1106, as 

described in detail above. In other embodiments, the (smaller) second catheter 1102 can be 

intravascularly positioned proximate to the clot material PE before intravascularly positioning the 

(larger) first catheter 1002. In such embodiments, the second catheter 1102 can act as a guide or 

rail for guiding the advancement of the first catheter 1002 to the treatment site. 

[0102] Figure 13A illustrates the second catheter 1102 after it has been advanced through 

the first catheter 1002 and past a distal terminus of the first catheter 1002 to position a distal 

terminus of the second catheter 1102 proximate to a proximal portion of the clot material PE. In 

other embodiments, the distal terminus of the second catheter 1102 can be positioned at least 

partially within the clot material PE, or the distal terminus of the second catheter 1102 can be 

positioned distal of the clot material PE. In one aspect of the present technology, because the 

second catheter 1102 has a smaller cross-sectional dimension than the first catheter 1002, the 

second catheter 1102 can be advanced to narrower (e.g., more distal) treatment sites within the 

blood vessel BV. In the embodiment illustrated in Figure 13A, for example, the first catheter 1002 
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may be too large to be positioned within the branch of the blood vessel BV, while the second 

catheter 1102 can be positioned within the branch proximate to or within the clot material PE. 

[0103] At block 1286, the method 1280 includes coupling the second pressure source 1140 

to the second catheter 1102 via the second fluid control device 1126. For example, any one or 

combination of the pressure sources described in detail above with reference to Figures 2-7 can 

be coupled to the second catheter 1102 via the second tubing subsystem 1120. Once the second 

pressure source 1140 is coupled to the second catheter 1102, (i) opening of the second fluid control 

device 1126 fluidly connects the second pressure source 1140 to the lumen 1104 of the second 

catheter 1102, and (ii) closing of the second fluid control device 1126 fluidly disconnects the 

second pressure source 1140 from the lumen 1104 of the second catheter 1102. In some 

embodiments, the method 1280 can further include coupling the first pressure source 1040 to the 

first catheter 1002 (e.g., via the first tubing subsystem 1020). 

[0104] At block 1288, the method 1280 includes activating the second pressure source 1140 

to generate a vacuum while the second fluid control device 1126 is closed. In particular, the second 

pressure source 1140 can be activated to build-up or pre-charge a vacuum for subsequent 

application to the second catheter 1102. In some embodiments, the first pressure source 1040 can 

also be activated to generate and store a vacuum for subsequent application to the first catheter 

1002. 

[0105] At block 1290, the method 1280 includes opening the second fluid control device 

1126 to apply the vacuum stored in second pressure source 1140 to the lumen 1104 of the second 

catheter 1102. As shown in Figure 13B, application of the vacuum causes suction (e.g., as 

indicated by arrow A2) that aspirates at least a portion of the clot material PE from the blood vessel 

BV and into the lumen 1104 of the second catheter 1102. In some embodiments, opening the 

second fluid control device 1126 instantaneously or nearly instantaneously generates suction at the 

distal portion 1103a of the second catheter 1102. In one aspect of the present technology, pre­

charging or storing the vacuum before applying the vacuum to the lumen 1104 of the second 

catheter 1102 is expected to generate greater suction forces ( and corresponding fluid flow 

velocities) at and/or near the distal portion 1103a of the second catheter 1102 compared to simply 
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activating the second pressure source 1140 while it is fluidly connected to the second catheter 

1102. 

[0106] In some embodiments, where the first pressure source 1040 is also activated to 

generate and store a vacuum (e.g., at block 1288), the method 1280 can further comprise opening 

the first fluid control device 1026 to generate suction at the distal portion 1003a of the first catheter 

1002. One skilled in the art will understand that the suction profile in the blood vessel BV can be 

selected or modified based on the characteristics of the pressure sources 1040, 1140 ( e.g., volume, 

bore size, etc.) and the timing of the opening of the first and second fluid control devices 1026, 

1126. For example, the first fluid control device 1026 can be opened at the same time as the second 

fluid control device 1126 to generate a combined and relatively large suction force in the blood 

vessel BV. In other embodiments, the first fluid control device 1026 can be opened after the 

second fluid control device 1126 to generate staggered or stepped suction forces in the blood vessel 

BV. For example, the first fluid control device 1026 can be opened after the second fluid control 

device 1126 to aspirate any of the clot material PE (i) remaining in the blood vessel BV after 

aspiration of the second catheter 1102 and/or (ii) stuck to or extending from the second catheter 

1102. In other embodiments, the first pressure source 1040 can be a pump or other source for 

providing sustained negative pressure-rather than a built-up charge of negative pressure-and 

thus can generate sustained (e.g., constant) suction at the distal portion 1003a of the first catheter 

1002. In some such embodiments, the first fluid control device 1026 can remain open during the 

clot removal procedure to provide sustained suction throughout the procedure. 

[0107] In some embodiments, an interventional device can be delivered through the second 

catheter 1102 and used to engage the clot material PE before and/or after the vacuum is applied to 

the second catheter 1102. Specific details of suitable interventional devices and associated 

methods of use are disclosed in, for example, provisional U.S. Patent Application No. 16/258,344, 

filed January 25, 2019, and titled "SINGLE INSERTION DELIVERY SYSTEM FOR 

TREATING EMBOLISM AND ASSOCIATED SYSTEMS AND METHODS," which is 

incorporated herein by reference in its entirety. 

[0108] At block 1292, the method 1280 includes retracting the second catheter 1102 

proximally through the first catheter 1002. In some embodiments, multiple aspiration passes can 
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be performed with the second catheter 1102 before retracting the second catheter 1102. In some 

embodiments, as shown in Figure 13C, the first pressure source 1040 or another pressure source 

coupled to the first catheter 1002 can be activated to generate suction (e.g., as indicated by arrow 

A3) at the distal portion 1003a of the first catheter 1002 during retraction of the second catheter 

1102. The suction can be constant or provided in one or more bursts, as described in detail above. 

In some embodiments, the second catheter 1102 can be fully withdrawn from the patient and 

disposed of or cleaned (e.g., flushed with a sterile liquid) for reuse. 

[0109] Sometimes, the clot material PE is not fully pulled into the second catheter 1102 

when the vacuum is applied to the second catheter 1102 (block 1290) and can therefore stick to or 

dangle from the distal portion 1103a of the second catheter 1102. Figure 14A, for example, is an 

enlarged view of the distal portion of the assemblies 20, 30 shown in Figure 13C and illustrating 

a portion of the clot material PE stuck to or dangling from the distal portion 1103a of the second 

catheter 1102. In the illustrated embodiment, an optional seal 1499 is disposed between the first 

and second catheters 1002, 1102 to facilitate the removal of such dangling clot material PE. More 

specifically, the seal 1499 (shown in cross-section) can be disposed between an outer surface of 

the second catheter 1102 and an inner surf ace of the first catheter 1002. The seal 1499 can be an 

O-ring, grommet, or other suitable component that fluidly disconnects the lumen 1004 of the first 

catheter 1002 from the blood vessel BV when the second catheter 1102 is positioned therethrough 

( e.g., when the distal terminus of the second catheter 1102 is positioned distally of the seal 1499). 

[0110] Figures 14B and 14C are enlarged views of the distal portion of the assemblies 20, 

30 and illustrating further retraction of the second catheter 1102 (and the dangling clot material 

PE) into the lumen 1004 of the first catheter 1002. In some embodiments, the first pressure source 

1040 can be activated to charge a vacuum in the lumen 1004 of the first catheter 1002. For 

example, after the second catheter 1102 is advanced through the first catheter 1002 and past the 

seal 1499 (e.g., block 1284)-thereby sealing the lumen 1004 of the first catheter 1002-the 

operator can open the first fluid control device 1026 and activate the first pressure source 1040 to 

build up the vacuum in the lumen 1004 of the first catheter 1002. Referring to Figure 14C, when 

the distal terminus of the second catheter 1102 is retracted proximally past the seal 1499, the lumen 

1004 of the first catheter 1002 becomes fluidly connected to the blood vessel BV and the vacuum 

is instantaneously or nearly instantaneously released to generate suction (e.g., as indicated by 
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arrows A4 ). In the illustrated embodiment, the suction acts to separate or otherwise dislodge the 

clot material PE from the second catheter 1102 and pull the clot material PE proximally through 

the lumen 1004 of the first catheter 1002. In this manner, a second burst of suction is automatically 

applied via the first catheter 1002 during retraction of the second catheter 1102. In one aspect of 

the present technology, the user does not need to take any additional step to release the vacuum 

stored in the first catheter 1002-as release is automatically triggered by retraction of the second 

catheter 1102. 

[0111] At block 1294, the user can determine whether it is necessary or desirable to redeploy 

the second catheter 1102 or another catheter through the first catheter 1002 in order to remove any 

residual clot material PE that was not removed during the first aspiration pass and/or any clot 

material located elsewhere in the blood vessel BV (e.g., to initiate a second aspiration pass). In 

some embodiments, the operator can visualize the amount of clot material PE collected in the first 

pressure source 1040 and/or the second pressure source 1140 to at least partially determine whether 

another aspiration pass is needed. In other embodiments, the operator can rely on imaging (e.g., 

fluoroscopic imaging) of the blood vessel BV or other techniques known in the art to determine 

whether an additional aspiration pass is necessary or desirable. 

[0112] If another pass is not needed ( e.g., the clot material PE was adequately removed), the 

user can elect to fully withdraw the assemblies 20, 30 from the patient at block 1296. If clot 

material PE remains in the vessel, the method can return to block 1284. In particular, the same 

second catheter 1102 can be cleaned (e.g., flushed with saline) and advanced again through the 

first catheter 1002 until the distal portion 1103a of the second catheter 1102 is positioned 

proximate to the remaining clot material PE within the blood vessel BV. In some embodiments, a 

new second catheter 1102 can be used for each pass to reduce the likelihood of contamination (e.g., 

reintroduction of clot material PE). In some embodiments, the first catheter 1002 can be aspirated 

(e.g., via the first pressure source 1040) prior to redeployment of the second catheter 1102 to, for 

example, remove any clot material PE that may be in the first catheter 1002 to inhibit its 

reintroduction into the blood vessel BV as the second catheter 1102 is advanced therethrough 

during another pass. Once the desired amount of clot material PE has been removed from the 

patient, the assemblies 20, 30 may be fully withdrawn from the patient (block 1294 ). 
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[0113] In one aspect of the present technology, the method 1280 provides for an aspiration 

catheter to be deployed multiple times without requiring that the first catheter 1002 be removed 

after each deployment. Accordingly, the present technology allows for only a single insertion of 

a guide catheter during a procedure including multiple passes to remove clot material-increasing 

the speed of the procedure and reducing trauma to the patient since the guide catheter does not 

need to be reintroduced (e.g., advanced through the vasculature and past the heart) before each 

pass. Moreover, in certain embodiments, the present technology can enable the first catheter 1002 

to be relocated to an alternate treatment site within the patient without removing the first catheter 

1002 from the patient and, therefore, without reintroducing the first catheter 1002 through the 

heart. For example, the first catheter 1002 can be relocated to another treatment site within the 

lungs including a treatment site in the opposite lung. More specifically, (i) a dilator can be 

reintroduced into the first catheter 1002, (ii) the first catheter 1002 can be withdrawn into the main 

pulmonary artery, (iii) a guidewire can be redirected to the new treatment site, (iv) the first catheter 

1002 can be advanced over the guidewire to the new treatment site, and (v) the dilator can be 

removed. 

[0114] Figure 15 is a flow diagram of another process or method 1580 for operating a clot 

removal system including the assemblies 20, 30 (Figure 1) to remove clot material from within a 

blood vessel (e.g., a pulmonary blood vessel) of a human patient in accordance with the present 

technology. Figure 16A is an enlarged side view of a distal portion of the first assembly 20, and 

Figures 16B-16E are side views of a distal portion of the assemblies 20, 30 during a clot removal 

procedure in which clot material clogs the first assembly 20 in accordance with the present 

technology. Although some features of the method 1580 are described in the context of the 

embodiments shown in Figures 11 and 16A-16E for the sake of illustration, one skilled in the art 

will readily understand that the method 1580 can be carried out using other suitable systems and/or 

devices. 

[0115] Some features of the method 1580 are generally similar to those of the methods 880 

and/or 1280 described in detail above with reference to Figures 8 and 12, respectively. For 

example, at block 1582 the method includes intravascularly positioning the first catheter 1002 of 

the first assembly 20 within a human patient. At block 1584, the method 1580 includes coupling 

the first pressure source 1040 to the first catheter 1002 via the first fluid control device 1026. For 
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example, any one or combination of the pressure sources described in detail above with reference 

to Figures 2-7 can be coupled to the second catheter 1002 via the first tubing subsystem 1020. At 

block 1586, the method 1580 includes activating the first pressure source 1040 to generate a 

vacuum while the first fluid control device 1026 is closed. In particular, the first pressure source 

1040 can be activated to build-up or pre-charge a vacuum for subsequent application to the first 

catheter 1002. At block 1588, the method 1580 includes opening the first fluid control device 

1026 to apply the vacuum stored in the first pressure source 1040 to the lumen 1004 of the first 

catheter 1002. As described in detail above, opening the first fluid control device 1026 

instantaneously or nearly instantaneously generates suction at the distal portion 1003a of the first 

catheter 1002. 

[0116] Sometimes, however, clot material is not fully pulled into the first catheter 1002 

and/or clogs the first catheter 1002 when the vacuum is applied to the first catheter 1002 (block 

1588). Figure 16A, for example, is an enlarged view of the distal portion of the first assembly 20 

illustrating a portion of clot material PE that extends beyond from the distal portion 1003a of the 

first catheter 1002 and blocks/clogs the lumen 1004 of the first catheter 1002. As such, a portion 

of the clot material PE is not within the first catheter 1002. Accordingly, at block 1590, the method 

1580 can include determining whether the first catheter 1002 is clogged. In some embodiments, 

the operator can determine that the first catheter 1002 is clogged based on the vacuum chamber of 

the first pressure source 1040 containing little to no clot material PE and blood. For example, 

since the clot material PE clogs the first catheter 1002, the vacuum chamber of the first pressure 

source 1040 cavitates when the first fluid control device 1026 is opened. If the first catheter 1002 

is not clogged, the method 1580 can proceed to block 1598 and the first catheter 1002 can be 

withdrawn from the patient or the operator can perform another aspiration pass (e.g., as described 

in detail above with reference to blocks 808 and 810 of the method 800 shown in Figure 8). 

[0117] If the first catheter 1002 is clogged, the method 1580 can proceed to block 1592 

which includes advancing the second catheter 1102 through the first catheter 1002 until the distal 

portion 1103a of the second catheter 1102 is positioned in or proximate to the clogging clot 

material PE. For example, Figure 16B illustrates the second catheter 1102 after it has been 

advanced to a position within the first catheter 1002 in which the distal terminus of the second 

catheter 1102 is at or proximate to the clogging clot material PE. To advance the second catheter 
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1102 through the first catheter 1002, the user can first insert the distal portion 1103a of the second 

catheter 1102 through the first valve 1006 (Figure 11) before advancing the second catheter 1102 

through the lumen 1004 of the first catheter 1002. 

[0118] At block 1594, the method 1580 includes activating the second pressure source 1140 

(Figure 11) coupled to the second catheter 1102. More specifically, the second pressure source 

1140 (e.g., any one or combination of the pressure sources described in detail above with reference 

to Figures 2-7) can be coupled to the second catheter 1102 via the second fluid control device 

1126 (Figure 11), and the second pressure source 1140 can be activated to build-up or pre-charge 

a vacuum while the second fluid control device 1126 is closed. The second fluid control device 

1126 can then be actuated to apply the vacuum stored in the second pressure source 1140 to the 

lumen 1104 of the second catheter 1102. In other embodiments, the second pressure source 1140 

can simply provide a sustained vacuum rather than an instantaneous release of vacuum. That is, 

in some embodiments the second pressure source 1140 is not pre-charged with a vacuum. 

[0119] Applying the vacuum to second catheter 1102 can aspirate at least a portion of the 

clogging clot material PE into the second catheter 1102 and/or suck the clot material PE against 

the distal terminus of the second catheter 1102. Figure 16C, for example, illustrates a portion of 

the clot material PE stuck to or extending from the distal portion 1103a of the second catheter 1102 

after aspirating the second catheter 1102. In the embodiment illustrated in Figure 16C, the added 

vacuum pressure generated through the second catheter 1102 is still not enough to break apart the 

clot material PE such that it can be fully aspirated through the first and/or second catheters 1002, 

1102. That is, the clot material PE clogs the lumen 1004 of the first catheter 1002. In other 

embodiments, the added vacuum pressure from the second pressure source 1140 is sufficient to 

break apart the clot material PE such that it is aspirated into, for example, the vacuum chambers 

of the first and/or second pressure sources 1040, 1140. 

[0120] At block 1596, the method can include retracting the second catheter 1102 and the 

clot material PE through the lumen 1004 of the first catheter 1002. For example, Figure 16D 

illustrates retracting the second catheter 1102, which in turn retracts the attached clot material PE, 

through the lumen 1004 of the first catheter 1002. In some embodiments, the second catheter 1102 

and clot material PE can be fully withdrawn through the first catheter 1002. In other embodiments, 
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retracting the clot material PE through the first catheter 1002 causes the clot material PE to break 

apart and be aspirated into the vacuum chambers of the first and/or second pressure sources 1040, 

1140. Figure 16E, for example, illustrates the clot material PE breaking apart as the vacuum of 

the first and/or second pressure sources 1040, 1140 is instantaneously or nearly instantaneously 

released to suck the clot material PE proximally (e.g., as indicated by arrows A5). 

[0121] At block 1598, the first and second catheters 1002, 1102 can be withdrawn from the 

patient or the operator can perform another aspiration pass using one or both of the first and second 

catheters 1002, 1102. 

[0122] In one aspect of the present technology, the method 1580 removes clot material even 

when a first aspiration pass clogs the first catheter 1002. More particularly, the second catheter 

1102 can be used to remove clogged clot material PE without requiring the first catheter 1002 and 

the clogged clot material PE to be withdrawn through the blood vessel BV. 

V. 

[0123] 

Additional Selected Embodiments of Clot Removal Systems and Associated Methods of 
Clot Removal 

From the foregoing, it will be appreciated that specific embodiments of the present 

technology have been described herein for purposes of illustration, but that various modifications 

may be made without deviating from the scope of the present technology. For example, in many 

of the embodiments described above, stored vacuum pressure can be used to aspirate or suck clot 

material from a blood vessel and into a catheter without the need to engage an interventional device 

with the clot material. However, one skilled in the art will understand that the aspiration devices 

and techniques disclosed herein can be used in conjunction with any suitable interventional device 

and/or during a clot removal procedure utilizing an interventional device. In some embodiments, 

for example, a clot removal system can be configured to apply stored vacuum pressure to a guide 

catheter to generate a burst of suction while an interventional device is retracted into and/or 

through the guide catheter. 

[0124] Figure 17, for example, is a partially schematic view of a clot removal system 1700 

("system 1700") configured in accordance with the present technology. The system 1700 includes 

some features generally similar to the features of the clot removal system described in detail above 

with reference to Figure 1. For example, the system 1700 includes a catheter or sheath 1702 
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comprising an elongated shaft, and a valve 1706 coupled to a proximal portion of the sheath 1702. 

The valve 1706 has a side port 1708 that fluidly couples a lumen of the sheath 1702 to a tubing 

subsystem 1720 and a pressure source 1740 (shown schematically). A fluid control device 1726 

(e.g., a stopcock or clamp; shown schematically) is operable to fluidly disconnect or connect the 

pressure source 1740 from/to the lumen of the sheath 1702. The pressure source 1740 can be any 

suitable pressure source for generating and storing vacuum pressure, as described in detail above. 

[0125] In the illustrated embodiment, the system 1700 further includes (i) a self-expanding 

( e.g., mesh) funnel 1780 coupled to a proximal portion of the sheath 1702 and (ii) an interventional 

device (e.g., a thrombus extraction device) 1790. In the illustrated embodiment, the interventional 

device 1790 includes an expandable coring element (e.g., a first portion) 1792 coupled to an 

expandable cylindrical element (e.g., a second portion) 1794. In some embodiments, the 

interventional device 1790 is configured to self-expand from a compressed delivery state to an 

expanded deployed state. The interventional device 1790 is shown in the deployed state in Figure 

17. An elongated shaft 1782 and/or one or more shafts positioned within the elongated shaft 1782 

(e.g., an intermediate shaft 1884 and an inner shaft 1886 as shown in Figures 18E and 18F, 

respectively) are coupled to the interventional device 1790 and configured to retract, advance, 

and/or manipulate (e.g., move between the delivery and deployed states) the interventional device 

1790. In some embodiments, the system 1700 can be generally the same as or similar to any of 

the clot removal systems disclosed in U.S. Patent Application Publication No. 2018/0193043, filed 

April 26, 2017, and titled "DEVICES AND METHODS FOR TREATING VASCULAR 

OCCLUSION," which is incorporated herein by reference in its entirety. 

[0126] In the illustrated embodiment, the system 1700 is shown intravascularly positioned 

within a blood vessel BV of a human patient and proximate to clot material DV (e.g., a deep vein 

thrombus) within the blood vessel BV. Specifically, Figure 17 shows the system 1700 after (i) 

advancing the sheath 1702 to a position proximate to a proximal portion 1785b of the clot 

material DV, (ii) deploying the funnel 1780, (iii) deploying the interventional device 1790 from 

the sheath 1702 (e.g., by advancing the interventional device 1790 through the valve 1706 and the 

sheath 1702 to a position distal of a distal portion 1785a of the clot material DV), and (iv) 

expanding the interventional device 1790 from the compressed delivery state to the deployed state. 
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[0127] Figures 18A-18H are enlarged views of a distal portion of the system 1700 during a 

clot removal procedure in accordance with the present technology. In general, Figures 18A-18H 

illustrate the proximal retraction of the interventional device 1790 through the clot material DV to 

capture at least a portion of the clot material DV, and the subsequent joint retraction of the 

interventional device 1790 and the captured clot material DV into the funnel 1780 and the sheath 

1702. In one aspect of the present technology, charged vacuum pressure generated in the vacuum 

source 1740 can be applied to the sheath 1702 at one or more times during the illustrated process 

to generate suction for aspirating the captured clot material DV through the sheath 1702 and/or to 

inhibit clogging of the sheath 1702. 

[0128] Referring first to Figure 18A, proximal retraction of the interventional device 1790 

causes the coring element 1792 to separate and/or core the distal end portion 1785a of the clot 

material DV from the walls W of the blood vessel BV. As shown in Figure 18B, continued 

proximal retraction of the interventional device 1790 through the clot material DV causes the 

cylindrical element 1794 to capture the distal end portion 1785a of the clot material therein. 

Figures 18C-18E illustrate further proximal retraction of the interventional device 1790 which 

causes further separation, coring, and/or capture of the clot material DV. As seen in Figure 18E, 

the proximal end portion 1785b of the clot material DV is cored and captured as the interventional 

device 1790 is proximally retracted toward the funnel 1780 and the sheath 1702. As further shown 

in Figure 18E, a first radiopaque marker 1887a can be positioned on a distal end portion of the 

inner shaft 1884 and a second radiopaque marker 1887b can be positioned on a distal end portion 

of the sheath 1702. 

[0129] In some embodiments, as shown in Figure 18F, the interventional device 1790 can 

be proximally retracted until a portion of the coring element 1792 is contained (e.g., positioned) 

within the funnel 1780. More specifically, the interventional device 1790 can be proximally 

retracted until a mouth 1895 of the coring element 1792 is contained within the funnel 1780. In 

some embodiments, the containment of the mouth 1895 within the funnel 1780 can be 

fluoroscopically verified by visualization of the radiopaque markers 1887 (Figure 18E). In some 

embodiments, for example, the mouth 1895 can be determined as wholly contained within the 

funnel 1780 via fluoroscopic monitoring based on the alignment of the distal end portion of the 

inner shaft 1884 (e.g., the first radiopaque marker 1885a) relative to the distal end portion of the 
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sheath 1702 ( e.g., the second radiopaque marker 1885b ). In some embodiments, when the mouth 

1895 of the coring element 1792 is positioned within the funnel 1780, the interventional device 

1790 can be moved or transformed from the expanded deployed state to the compressed delivery 

state to compress and secure the clot material DV captured by the interventional device 1790. In 

some embodiments, for example, the intermediate shaft 1884 can be unlocked and/or decoupled 

from the inner shaft 1886 (e.g., via user actuation of a plunger or other device) such that the inner 

shaft 1886 can be advanced distally relative to the intermediate shaft 1884 to collapse or compress 

the interventional device 1790. 

[0130] After the interventional device 1790 has been collapsed, the interventional device 

1790 can be proximally retracted through the funnel 1780 and into the sheath 1702 as depicted in 

Figure 18G. As shown in Figure 18H, the interventional device 1790 can continue to be 

proximally retracted until the interventional device 1790 and the captured clot material DV are 

fully contained within the sheath 1702. In some embodiments, the interventional device 1790 and 

the captured clot material DV can then be withdrawn through the sheath 1702 and the valve 1706 

(Figure 17), and from the patient's body. 

In some embodiments, the collapse of the interventional device 1790 and/or the 

retraction of the interventional device 1790 into the funnel 1780 and/or the sheath 1702 can result 

in one or more portions of the clot material DV breaking away from the clot material DV contained 

in the interventional device 1790. For example, all or a portion of the captured clot material DV 

can be extruded through pores of the (e.g., mesh) cylindrical element 1794 as the interventional 

device 1790 collapses. In some embodiments, any such clot material can be captured by the 

funnel 1780. Referring to Figure 17, in some embodiments, the pressure source 1740 can be 

activated to charge a vacuum, and the fluid control device 1726 can subsequently be opened to 

apply the charged vacuum to the sheath 1702 (as described in detail above). The vacuum can be 

applied to the sheath 1702 at any point during retraction of the interventional device 1790. As 

shown in Figures 18G and 18H, application of the vacuum can generate instantaneous or nearly 

instantaneous suction ( e.g., as indicated by arrows A6) at the distal end portion the sheath 1702 

that can aspirate the extruded portions and/or other portions of the clot material DV into and/or 

through the sheath 1702. In particular, the generated suction can aspirate some or all of the clot 

material DV captured by the funnel 1780. Moreover, in some embodiments, application of a 
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vacuum from the pressure source 1740 can facilitate smooth retraction of the captured clot material 

DV through the sheath 1702. For example, a burst of suction generated by application of the 

vacuum can help inhibit clogging of the sheath 1702, and/or help resolve ( e.g., break apart) a clog 

formed in the sheath 1702 during retraction. 

VI. Selected Embodiments of Clot Removal Systems Having Filters and Associated Methods 
of Clot Removal 

[0132] The systems and methods for clot removal described herein can include applying a 

pre-charged vacuum to generate suction for aspirating clot removal from the blood vessel of a 

patient. In one aspect of the present technology, aspiration of the clot material also aspirates blood 

from the patient. It can be advantageous to reintroduce the aspirated blood to the patient to lessen 

the trauma to the patient-especially where the removal procedure may comprise multiple 

aspiration passes that can together withdraw a significant amount of blood. However, the aspirated 

blood is often mixed with clot material and is therefore not suitable for reintroduction into the 

patient. Figures 19-20E illustrate various devices for filtering aspirated blood from removed clot 

material to reintroduce the aspirated blood into the patient without reintroducing a significant 

amount of clot material. 

[0133] For example, Figure 19 is a perspective side view of a pressure source 1900 for 

filtering blood from aspirated clot material during a clot removal procedure configured in 

accordance with the present technology. The pressure source 1900 is generally similar to the 

pressure source 400 described in detail above with reference to Figures 4A-4C. For example, the 

pressure source 1900 includes the secondary syringe 460 ("syringe 460") and the first and second 

one-way valves 470 and 472. However, the secondary syringe 460 is coupled to a canister 1940 

rather than the primary syringe 340 (Figures 4A-4C). The canister 1940 includes a tip (obscured) 

coupled to the adaptor 350 and is configured to be removably positioned within the connector 128 

of the tubing subsystem 120 (Figure 1) to fluidly couple the canister 1940 to the tubing subsystem 

120. Because the canister 1940 does not include a plunger or other component for changing a 

volume thereof, the syringe 460 is the only vacuum source for evacuating the canister 1940 (e.g., 

via repeated cycling of the secondary syringe 460). 
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[0134] In the illustrated embodiment, the canister 1940 further includes a filter 1942. The 

canister 1940 is shown as transparent in Figure 19 for the sake of clarity. The filter 1942 is coupled 

to and/or covers a removable end cap 1944 having a blood separation port 1946. In operation, 

when blood and clot material are aspirated into the canister 1940 (e.g., via any of the methods 

described in detail above), the filter 1942 separates the blood from the clot material within the 

canister 1940. The filtered blood can be removed via the blood separation port 1946. For example, 

a syringe (not shown) or other device can be fluidly coupled to the blood separation port 1946 and 

used to draw the blood through the filter 1942 and out of the canister 1940. The filtered blood can 

then be reintroduced to the patient via, for example, the fluid control device 126 and/or the 

connector 128 of the tubing subsystem 120. Once the blood is removed from the canister 1940, 

the end cap 1944 can be removed from the canister 1940 (e.g., by unscrewing the end cap 1944 

from the body of the canister 1940) for removing the captured clot material. In some embodiments, 

the filter 1942 is attached to the end cap 1944 such that removing the end cap 1944 removes the 

filter 1942 and permits clot material to be dumped, scooped, or otherwise removed from the 

canister 1940. 

[0135] Figures 20A-20E illustrate a filter device 2050 for filtering blood from aspirated clot 

material during a clot removal procedure configured in accordance with the present technology. 

The filter device 2050 is configured as an in-line filter for use with, for example, one or more of 

the pressure sources described in detail above with reference to Figures 2-7. For example, Figure 

20A is a partially-exploded side view of the filter device 2050 and the pressure source 340 (Figures 

3A-3D). In the illustrated embodiment, the filter device 2050 comprises a filter portion 2060 that 

is removably positionable within a barrel portion 2070. In the illustrated embodiment, the barrel 

portion 2070 includes a barrel 2072 that defines a chamber 2074, and a large bore tip 2076 

configured to fluidly couple the chamber 2074 to external components, such as the tubing 

subsystem 120 (e.g., as shown in Figure 20C). The filter portion 2060 includes a seal 2062 

configured to engage (i) an interior surface of the barrel 2072 when the filter portion 2060 is 

positioned within the chamber 2074 of the barrel portion 2070 and (ii) an exterior surface of the 

syringe 340 (e.g., an exterior surface of the barrel 344) when the syringe 340 is inserted into the 

filter device 2050. In other embodiments, the filter portion 2060 can be permanently attached to 

or integrally formed with the barrel portion 2070. The filter portion 2060 further includes a filter 
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(e.g., a mesh) 2064 configured (e.g., sized and shaped) to inhibit clot material from passing 

therethrough. In some embodiments, the filter 2064 can be configured to inhibit clots larger than 

about 100 µm (e.g., larger than about 110 µm) from passing therethrough. 

[0136] Figure 20B is a perspective side view of the syringe 340 coupled to the filter 

device 2050. The barrel 2072 of the barrel portion 2070 is shown as transparent in Figure 20B 

(and Figures 20C-20E) for the sake of clarity. In the illustrated embodiment, the seal 2062 is 

positioned between the exterior surf ace of the barrel 344 of the syringe 340 and the interior surf ace 

of the barrel 2072 of the barrel portion 2070. The filter 2064 is positioned around (e.g., covers) 

the tip 34 7 of the syringe 340 to inhibit clot material from entering the barrel 344 of the syringe 

340 during operation. 

[0137] Figure 20C is a side view of the filter device 2050 and syringe 340 coupled to the 

tubing subsystem 120 of the assembly 10. More specifically, the tip 2076 can be inserted into the 

connector 128 of the tubing subsystem 120 as described in detail above. When the filter device 

2050 and the syringe 340 are coupled to the tubing subsystem 120, the filter device 2050 is 

positioned in-line (e.g., in series) with the syringe 340. In the embodiment illustrated in Figure 

20C, the plunger 342 of the syringe 340 has been withdrawn to generate negative pressure in the 

combined volume of the barrels 2072 and 344. As described in detail above, opening the fluid 

control device 126 nearly instantaneously applies the negative pressure to the catheter 102 to 

generate suction therein. When clot material and blood are aspirated through the catheter 102 and 

the tubing subsystem 120, the filter portion 2060 inhibits the clot material from entering the barrel 

344 of the syringe 340. Thus, aspirated blood is collected in the barrel 344 of the syringe 340 

while the aspirated clot material is collected in the barrel 2072 of the barrel portion 2070 of the 

filter device 2050. In this manner, clot material and blood can be separated during aspiration. 

[0138] In one aspect of the present technology, separating the blood from the clot material 

such that the blood is within the syringe 340 permits the blood to be easily reintroduced to the 

patient. For example, Figures 20D and 20E are side views of the syringe 340 coupled to the tubing 

subsystem 120 of the assembly 10 for reintroducing blood to a patient. In some embodiments, as 

shown in Figure 20D, the syringe 340 can be decoupled from the filter device 2050 and directly 

coupled to the connector 128. With the fluid control device 126 in an open position, the blood can 
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then be reintroduced to the patient through the assembly 10 by depressing the plunger 342 of the 

syringe 340. In some embodiments, as shown in Figure 20E, the syringe 340 can be decoupled 

from the filter device 2050 and directly coupled to a port on the fluid control device 126. With the 

fluid control device 126 in a closed position, the blood can then be reintroduced to the patient 

through the assembly 10 by depressing the plunger 342 of the syringe 340. Referring to Figures 

20A-20E together, after or before reintroducing filtered blood to the patient, the filter portion 2060 

of the filter device 2050 can be removed from the barrel portion 2070 so that the collected clot 

material can be removed and the filter device 2050 cleaned. In some embodiments, the filter device 

2050 and a coupled pressure source can be used to filter blood from clot material after-as opposed 

to during-an aspiration pass. For example, the filter device 2050 and coupled pressure source 

could be used to withdraw blood and clot material collected in the canister 1940 of the pressure 

source 1900 (e.g., where the canister 1940 does not include the filter 1942). 

[0139] Figures 21A and 21B illustrate a filter device 2150 for filtering blood from aspirated 

clot material during a clot removal procedure configured in accordance with the present 

technology. The filter device 2150 is configured for use with, for example, one or more of the 

pressure sources described in detail above with reference to Figures 2-7. For example, Figure 2 lA 

is a partially-exploded side view of the filter device 2150 and the pressure source 340 (Figures 

3A-3D). In the illustrated embodiment, the filter device 2150 includes a housing 2152 defining a 

chamber 2154, a filter 2156 configured to be positioned within the housing 2152, and a cap 

assembly 2160 configured to be releasably coupled to the housing 2152 (e.g., via a threaded 

connection, snap-fit connection, etc.). In some embodiments, the filter 2156 can have a porosity 

of between about 50-200 microns. 

[0140] The housing 2152 can include a port 2153 configured to be removably, fluidly 

coupled to the pressure source 340 via a tubing subsystem 2120. In the illustrated embodiment, 

the tubing subsystem 2120 includes tubing sections 2124 (individually labeled as a first tubing 

section 2124a and a second tubing section 2124b), a fluid control device 2126 (e.g., a valve, stop 

cock, clamp, etc.), and a connector 2128 (e.g., a large bore connector) for fluidly coupling the 

tubing subsystem 2120 to the pressure source 340. In the illustrated embodiment, the cap assembly 

2160 includes a fluid connector 2162 (e.g., a standard Luer or large bore connector) configured to 

be connected to a receiving/reinfusion syringe 2170 via, for example, a tubing section 2164. In 
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some embodiments, the cap assembly 2160 can include a valve (e.g., a one-way valve, a check 

valve, etc.) that provides for one-way fluid flow through filter assembly 2150. 

[0141] In operation, during a clot removal procedure, the pressure source 340 can be 

decoupled from the connector 128 (Figure 1) after an aspiration pass and when the pressure source 

340 is full of blood and clot material. After connecting the filter device 2150 to the receiving 

syringe 2170, the pressure source 340 can be coupled to the filter device 2150. For example, 

Figure 21B is a perspective side view of the filter device 2150 coupled to (i) the pressure source 

340 via the tubing subsystem 2120 and (ii) the reinfusion syringe 2170 via the tubing section 2164. 

More specifically, referring to Figures 21A and 21B together, the tip 347 of the pressure source 

340 can be coupled to the connector 2128 of the tubing subsystem 2120, and a tip 2172 of the 

reinfusion syringe 2170 can be coupled to the tubing section 2164. In other embodiments, the 

filter device 2150 can be coupled to the pressure source 340 and/or the reinfusion syringe 2170 in 

other manners (e.g., directly such that the all or part of the tubing subsystem 120 is omitted). 

Alternatively, the filter device 2150 can be directly attached to the side port 108 (Figure 1), an IV 

line (not shown), or another suitable connection point for reintroducing blood to the patient, 

[0142] After coupling the pressure source 340 to the filter device 2150, the fluid control 

device 2128 can be opened to fluidly connect the pressure source 340 to the filter device 2150. 

Then, the operator can depress the plunger 342 of the pressure source 340 to drive the blood and 

clot material from the pressure source 340 into and/or through the filter device 2150. The filter 

2156 of the filter device 2150 filters the blood from the clot material such that the blood flows into 

the reinfusion syringe 2170 and the clot material remains in the chamber 2154 of the filter device 

2150. For example, as shown in Figure 21B, blood B fills the reinfusion syringe 2170 and clot 

material PE remains within the chamber 2154 of the filter device 2150 after depressing the plunger 

342 of the pressure source 340 in the direction indicated by the arrow H. 

[0143] Next, the reinfusion syringe 2170 can be decoupled from the filter device 2150 so 

that the blood B can be reintroduced to the patient. For example, the reinfusion syringe 2170 could 

be directly coupled to a port on the fluid control device 126 (Figure 1). The cap assembly 2160 

can be decoupled from the housing 2152 of the filter device 2150 to, for example, permit an 
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operator to remove the clot material PE collected in the housing 2152 and thereby clean and 

prepare the filter device 2150 for another use. 

[0144] Figure 22 is a partially-exploded side view of a filter device 2250 for filtering blood 

from aspirated clot material during a clot removal procedure configured in accordance with the 

present technology. The filter device 2250 is configured for use with, for example, one or more 

of the pressure sources described in detail above with reference to Figures 2-7. In general, the 

filter device 2250 is generally similar to the filter device 2150 described in detail with reference 

to Figures 21A and 21B. For example, the filter device 2250 includes a housing 2252 defining a 

chamber 2254, a filter 2256 configured to be positioned within the housing 2252, and a cap 

assembly 2260 configured to be releasably coupled to the housing 2252. However, in the 

illustrated embodiment the filter device 2250 includes a port 2253 that is directly connected to a 

connector 2228 configured to be coupled to a pressure source (e.g., the pressure source 340 shown 

in Figures 3A-3D). The cap assembly 2260 includes a fluid connector 2162 (e.g., a standard Luer 

or large bore connector) configured to be connected to a reinfusion syringe, a sheath, an IV line, 

etc., (not shown). In some embodiments, the fluid connector 2262 is angled relative to the filter 

2260 and/or the housing 2252. For example, the fluid connector 2262 is formed to have an 

approximately right angle in Figure 22. In one aspect of the present technology, this arrangement 

makes the filter device more ergonomic during use. 

[0145] Figure 23 is a partially-exploded side view of a filter device 2350 for filtering blood 

from aspirated clot material during a clot removal procedure configured in accordance with the 

present technology. The filter device 2350 is configured for use with, for example, one or more 

of the pressure sources described in detail above with reference to Figures 2-7. The filter device 

2350 is generally identical to the filter device 2250 described in detail with reference to Figure 

22-including, for example, the housing 2252 ("a first housing 2252"), the filter 2256 ("a first 

filter 2256"), and the cap assembly 2260 including the fluid connector 2262 ("a first fluid connector 

2262"). However, in the illustrated embodiment a second housing 2382 and a second filter 2386 

are fluidly connected to the fluid connector 2262. The second housing 2382 includes a second 

fluid connector 2384 that can be fluidly connected to a reinfusion syringe, a sheath, an IV line, 

etc., (not shown). The second filter 2386 is configured to provide a second stage of filtration. For 

example, in some embodiments the first filter 2256 has a larger porosity than the second filter 
-49-

111552-8018.USll 
162666068.1 



-1232-

Attorney Docket No. 111552.8018.USll 

2386. For example, the first filter 2256 can have a porosity of between about 50-200 microns and 

the second filter 2386 can have a porosity of between about 50-170 microns. 

[0146] In general, one skilled in the art will understand that the various embodiments of 

filter devices disclosed herein may have different components or combinations of components. 

For example, the filter devices 2050, 2150, 2250, and/or 2350 ("the filter devices") could be 

utilized with any of several different pressure sources other than the syringe 340 ( e.g., those shown 

in Figures 2 and 4-7). In some embodiments, the filter devices can be formed as a component of 

the tubing subsystem 120 (Figure 1 ). Moreover, the filter devices can include any number of filters 

and/or housings to provide any number of filtration stages. 

Conclusion 

[0147] The above detailed descriptions of embodiments of the technology are not intended 

to be exhaustive or to limit the technology to the precise form disclosed above. Although specific 

embodiments of, and examples for, the technology are described above for illustrative purposes, 

various equivalent modifications are possible within the scope of the technology as those skilled 

in the relevant art will recognize. For example, although steps are presented in a given order, 

alternative embodiments may perform steps in a different order. The various embodiments 

described herein may also be combined to provide further embodiments. 

[0148] From the foregoing, it will be appreciated that specific embodiments of the 

technology have been described herein for purposes of illustration, but well-known structures and 

functions have not been shown or described in detail to avoid unnecessarily obscuring the 

description of the embodiments of the technology. Where the context permits, singular or plural 

terms may also include the plural or singular term, respectively. 

[0149] Moreover, unless the word "or" is expressly limited to mean only a single item 

exclusive from the other items in reference to a list of two or more items, then the use of "or" in 

such a list is to be interpreted as including ( a) any single item in the list, (b) all of the items in the 

list, or (c) any combination of the items in the list. Additionally, the term "comprising" is used 

throughout to mean including at least the recited feature(s) such that any greater number of the 

same feature and/or additional types of other features are not precluded. It will also be appreciated 

that specific embodiments have been described herein for purposes of illustration, but that various 
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modifications may be made without deviating from the technology. Further, while advantages 

associated with some embodiments of the technology have been described in the context of those 

embodiments, other embodiments may also exhibit such advantages, and not all embodiments need 

necessarily exhibit such advantages to fall within the scope of the technology. Accordingly, the 

disclosure and associated technology can encompass other embodiments not expressly shown or 

described herein. 
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CLAIMS 

I/We claim: 

1. A clot treatment system, comprising: 

a first clot aspiration assembly, including: 

a first catheter; 

a first pressure source; and 

a first fluid control device between the first catheter and the first pressure source, 

wherein the first fluid control device is movable between (a) an open 

position in which the first pressure source is fluidly connected to the first 

catheter and (b) a closed positioned in which the first pressure source is 

fluidly disconnected from the first catheter, 

wherein the first pressure source is configured to generate vacuum pressure 

while the first fluid control device is in the closed position, and 

wherein, upon movement of the first fluid control device from the open 

position to the closed position, the vacuum pressure is applied to the 

first catheter to generate suction at a distal portion of the first 

catheter; and 

a second clot aspiration assembly, including: 

a second catheter advanceable through the first catheter; 

a second pressure source; and 

a second fluid control device between the second catheter and the second pressure 

source, wherein the second fluid control device is movable between (a) an 

open position in which the second pressure source is fluidly connected to 

the second catheter and (b) a closed positioned in which the second pressure 

source is fluidly disconnected from the second catheter, 

wherein the second pressure source is configured to generate vacuum 

pressure while the second fluid control device is in the closed 

position, and 
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wherein, upon movement of the second fluid control device from the open 

position to the closed position, the vacuum pressure is applied to the 

second catheter to generate suction at a distal portion of the second 

catheter. 

2. The clot system of claim 1 wherein the first catheter has a first length, and wherein 

the second catheter has a second length longer than the first length. 

3. The clot treatment system of claim 1 wherein the first catheter has a size of 24 

French, and wherein the second catheter has a size of 16 French. 

4. The clot treatment system of claim 1 wherein the first pressure source is the same 

as the second pressure source. 

5. The clot treatment system of claim 1 wherein the first pressure source and the 

second pressure source comprise an electric pump. 

6. The clot treatment system of claim 1 wherein the first clot aspiration assembly 

further includes a hemostasis valve configured to receive the second catheter. 

7. The clot treatment system of claim 6 wherein the hemostasis valve comprises: 

a tubular member defining a lumen configured to slidably receive the second catheter; and 

a filament extending at least partially around the tubular member, wherein the filament is 

moveable between (a) a first position wherein the filament circumferentially 

constricts the lumen to create a seal around the second catheter and (b) a second 

position wherein the filament is moved to at least partially open the lumen. 

8. The clot treatment system of claim 1 the first fluid control device is user actuatable 

to move between the open and closed positions, and wherein the second fluid control device is 

user actuatable to move between the open and closed positions. 
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9. The clot treatment system of claim 1 wherein the first pressure source is a first 

syringe, and wherein the second pressure source is a second syringe. 

10. The clot treatment system of claim 1 wherein the first pressure source is a first 

vacuum-pressure locking syringe, and wherein the second pressure source is a second vacuum­

pressure locking syringe. 

11. A clot treatment system, comprising: 

a first clot aspiration assembly, including: 

a first catheter; and 

a first pressure source configured to be fluidly coupled to the first catheter and to 

generate suction at a distal portion of the first catheter; and 

a second clot aspiration assembly, including: 

a second catheter advanceable through the first catheter; 

a second pressure source; and 

a fluid control device between the second catheter and the second pressure source, 

wherein the fluid control device is movable between (a) an open position in 

which the second pressure source is fluidly connected to the second catheter 

and (b) a closed positioned in which the second pressure source is fluidly 

disconnected from the second catheter, 

wherein the second pressure source is configured to generate vacuum 

pressure while the fluid control device is in the closed position, and 

wherein, upon movement of the fluid control device from the open position 

to the closed position, the vacuum pressure is applied to the second 

catheter to generate suction at a distal portion of the second catheter. 

12. The clot treatment system of claim 11 wherein the first catheter has a size of 24 

French, and wherein the second catheter has a size of 16 French. 
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13. The clot treatment system of claim 11 wherein the first pressure source is the same 

as the second pressure source. 

14. The clot treatment system of claim 11 wherein the first pressure source and the 

second pressure source comprise an electric pump. 

15. The clot treatment system of claim 11 wherein the first clot aspiration assembly 

further includes a hemostasis valve configured to receive the second catheter. 

16. The clot treatment system of claim 15 wherein the hemostasis valve is fluidly 

coupled to a proximal end portion of the first catheter, and wherein the first pressure source is 

fluidly coupled to the first catheter via a tube branching from the first catheter distal to the proximal 

end portion of the first catheter. 

17. The clot treatment system of claim 16 wherein the hemostasis valve is a first 

hemostasis valve, wherein the tube is a first tube, and wherein the second clot aspiration assembly 

further includes a second hemostasis valve fluidly coupled to a proximal end portion of the second 

catheter, and wherein the second pressure source is fluidly coupled to the second catheter via a 

second tube branching from the second catheter distal to the proximal end portion of the second 

catheter. 

18. A clot treatment system, comprising: 

a first clot aspiration assembly, including: 

a first catheter; 

a first pressure source; 

a fluid control device between the first catheter and the first pressure source, 

wherein the fluid control device is movable between (a) an open position in 

which the first pressure source is fluidly connected to the first catheter and 

(b) a closed positioned in which the first pressure source is fluidly 

disconnected from the first catheter, 
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wherein the first pressure source is configured to generate vacuum pressure 

while the fluid control device is in the closed position, and 

wherein, upon movement of the fluid control device from the open position 

to the closed position, the vacuum pressure is applied to the first 

catheter to generate suction at a distal portion of the first catheter; 

and 

a second clot aspiration assembly, including: 

a second catheter; and 

a second pressure source configured to be fluidly coupled to the second catheter 

and to generate suction at a distal portion of the second catheter. 

19. The clot treatment system of claim 11 wherein the first catheter has a size of 24 

French, wherein the second catheter has a size of 16 French, and wherein the first pressure source 

and the second pressure source comprise an electric pump. 

20. The clot treatment system of claim 11 wherein the first clot aspiration assembly 

further includes a hemostasis valve configured to receive the second catheter. 
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ABSTRACT OF THE DISCLOSURE 

Systems and methods for the intravascular treatment of clot material within a blood 

vessel of a human patient are disclosed herein. A method in accordance with embodiments of the 

present technology can include, for example, positioning a distal portion of a catheter proximate 

to the clot material within the blood vessel. The method can further include coupling a pressure 

source to the catheter via a tubing subsystem including a valve or other fluid control device and, 

while the valve is closed, activating the pressure source to charge a vacuum. The valve can then 

be opened to apply the vacuum to the catheter to thereby aspirate at least a portion of the clot 

material from the blood vessel and into the catheter. 
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Attorney Docket Number 111552.8018.US11 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

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 
16, 2013. 
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 AIA. 
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Approved for use through 04/30/2017. 0MB 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 contains a valid 0MB control number. 

111552.8018.US11 Attorney Docket Number 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed 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 (EPO) access to any search results from the instant 
application (see paragraph Bin subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, 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. Authorization 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 (SIPO), 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 bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h) 
( 1 ). 

B. Search Results from U.S. Application to EPO - Unless box Bin 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 
D 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 authorize the USPTO to transmit to the EPO any search results from the instant patent 
D 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 

Title of Invention SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS 

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 1 I Remove I 
If the applicant is the inventor (or the remaining joint 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. 

I I Clear 

0 Assignee Jo Legal Representative under 35 U.S.C. 117 Jo Joint Inventor 

0 Person to whom the inventor is obligated to assign. lo Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

I 
Name of the Deceased or Legally Incapacitated Inventor: I 

If the Applicant is an Organization check here. ~ 
Organization Name I Inari Medical, Inc. 

Mailing Address Information For Applicant: 

Address 1 6001 Oak Canyon, Suite #100 

Address 2 

City Irvine State/Province CA 

Country I us Postal Code 92618 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. I Add I 

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 

Title of Invention SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS 

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. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. □ 

Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City I State/Province 

Countryi I Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by I Add I selecting the Add button. 

Signature: Remove 

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 /Matthew S. Williams/ Date (YYYY-MM-DD) 2023-06-27 

First Name Matthew S. I Last Name I Williams Registration Number 77,516 

Additional Signature may be generated within this form by selecting the Add button. I Add I 
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Attorney Docket Number 111552.8018.US11 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS 

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.S.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 US PTO. 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/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: 

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 records. 

2. 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. 

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. 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. 

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 inspections 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 US PTO becomes 
aware of a violation or potential violation of law or regulation. 
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ELECTRONIC PAYMENT RECEIPT 
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18/342,553 

Title of Invention 

RECEIPT DATE /TIME 
06/27/2023 06:10:57 PM ET 

ATTORNEY DOCKET# 
111552.8018.US 11 

SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS 

Application Information 

APPLICATION TYPE Utility- Nonprovisional Application 
under 35 USC lll(a) 

CONFIRMATION# 6799 

PATENT CENTER# 62348426 

CUSTOMER# 25096 

CORRESPONDENCE -
ADDRESS 

Payment Information 

PATENT# -

FILED BY Chelsea Craze 

AUTHORIZED BY Matthew Williams 

FILING DATE -

FIRST NAMED Ben Merritt 
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PAYMENT METHOD 
CARD/ 4412 

PAYMENT TRANSACTION ID 
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37 CFR 1.16 (National application filing, search, and examination fees); 37 

FEE CODE 
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CFR 1.17 (Patent application and reexamination processing fees); 37 CFR 1.19 
(Document supply fees); 37 C FR 1.20 (Post Issuance fees); 37 CFR 1.21 
(Miscellaneous fees and charges) 

DESCRIPTION 

PROCESSING FEE, EXCEPT IN 
PROVISIONAL APPLICATIONS 

REQUEST FOR PRIORITIZED 
EXAMINATION 

UTILITY PATENT APPL. SEARCH 
FEE 

BASIC FILING FEE - UTILITY (PAPER 
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ITEM PRICE($) 
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This Acknowledgement Receipt evidences receipt on the noted date by the US PTO 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 MP E P 503. 

New Applications Under 35 U.S.C. 111 

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR l.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 US PTO 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 MP E P 1810), a Notification of the International Application Number and of the 
International Filing Date (Form PCT/RO/105) will be issued in due course, subjectto 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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APPLICATION TYPE Utility- Nonprovisional Application 
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CONFIRMATION# 6799 
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10 Application Data Sheet 
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by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as 
described in MP E P 503. 

New Applications Under 35 U.S.C. 111 

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR l.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 US PTO 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 MP E P 1810), a Notification of the International Application Number and of the 
International Filing Date (Form PCT/RO/105) will be issued in due course, subjectto prescriptions concerning national security, 
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application. 




