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case 402 and top case 404 are a battery pack 410 and an electronic control module 412. A 

battery cover 416 holds the battery pack 410 in place. In some embodiments, the battery 

pack 410 may supply a voltage of 18 Volts DC, but systems utilizing other voltages are 

possible. A user interface 414 enables operation of the saline pump drive unit. A vacuum 

bottle sleeve 418 may be used when a vacuum bottle is incorporated as the vacuum 

source 22. A spike 420 is connectable to a fluid source 20, and fluid injectate passes from 

the fluid source 20 through extension tubing 422 to a disposable piston pump head 500. 

Saline may be primed through the system by an automatic priming ("self-priming") 

system described herein in relation to prior embodiments, or may be primed by gravity 

from a saline bag that is located (for example on an IV pole) above the rest of the system. 

A valve on the lowest portion of the system may be opened in order to prime the entire 

system. 

[0066] As illustrated in FIG. 25, the disposable piston pump head 500 is 

configured to couple to a motor shaft 504 of a motor 502, that is powered by the battery 

pack 410 of the saline pump drive unit 400. A motor plate 506 and a main body 508 of 

the disposable piston pump head 500 are secured to each other with screws 510, and hold 

the internal components of the disposable piston pump head 500. First and second 

follower plates 512, 514 are held together with screws 516 and bosses 518 extending 

from the first follower plate 512. The first and second follower plates 512, 514 rotatably 

hold a cam 520. The cam may be assymetric (as illustrated) or alternatively may be 

symmetric. The asymmetry may be incorporated in order to control the amount of noise 

in the pump, the contours serving to customize the shape of the pressure wave, and of the 

function of the pump. First and second bushings 522, 524 are rotatably held on first and 

second pins 526, 528. The pins 526, 528 insert into cylindrical cavities 530, 532 in each 

of the follower plates 512, 514. 

[0067] In use, a user attaches the disposable piston pump head 500 to the motor 

502 of the saline pump drive unit 400 by bringing the motor plate 506 close to the motor 

shaft 504 so that ad-shaped hole 534 in the cam 520 can be pressed over the d-shaped 

motor shaft 504. Alternatively, the d-shapes may be other non-circular shapes, including, 

but not limited to elliptical, oval, or rectangular. In operation the motor 502 turns the 

motor shaft 504, which in tum turns the cam 520. The cam 520 turns, forcing the 

bushings 522, 524 to push the first and second follower plates 512, 514 back and forth in 
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a first direction 536 and a second direction 538. A saddle 544 is carried on the second 

follower plate 514, and a piston 210 may be coupled to the saddle 544 in the same manner 

as described herein with other embodiments. A supply cylinder 552 and an injection 

cylinder 554 in the main body 508 are analogous to the supply cylinder 252 and injection 

cylinder 254 of the cassette 116 of the system 100. The piston 210 of the cassette 116 

may be used in the disposable piston pump head 500. The labelled components related to 

the piston 210 in FIG. 25 are similar to those described in relation to the piston 210 in 

FIGS. 15 and 16. The outer diameter of the cam 520 may be sized and/or shaped to 

control the stroke length of the piston 210 and the amount of pulsatility (i.e., the 

difference between the high and low pressure). In some cases, decreasing the stroke 

length decreases the amount of pulsatiliy. In applications within the heart, such as 

coronary artery applications, lowering the amount of pulsatility can reduce the incidence 

ofbradycardia. To compensate for a lower stroke length, and to maintain a sufficient total 

flow rate, the speed of the rotation of the cam (i.e. rotations per minute), can be increased, 

for example by increasing motor output speed, either by gearing or by increased applied 

voltage. A vacuum spike 546 is used for coupling to the vacuum source 22, for example a 

vacuum bottle held within the vacuum bottle sleeve 418. A vacuum switch valve 540, 

which is activated against the bias of a spring 542, may be used to allow pump activation. 

For example, the electronic control module 412 may be configured to initiate the 

operation of the motor 502 automatically when the vacuum switch valve 540 sends a 

signal corresponding to movement of the vacuum switch valve 540,which occurs when a 

significant vacuum is achieved. This control may be instead of or in addition to control 

from a vacuum pressure transducer, such as pressure transducer 106. The turning on of 

the vacuum may thus be used to simultaneously turn on the motor 502, so that a single 

input begins the operation of the saline pump drive unit 400. Additionally, a vacuum 

source 22 may be controlled by the electronic control module 412 (for example, by 

opening or closing a solenoid), when a minimum injectate pressure is measured by an 

additional pressure transducer. For example, when a pressure of about 0.62 megapascal 

(90 pounds per square inch) or greater is measured, the vacuum may be activated or 

communicated to the system. An advantage of the saline pump drive unit 400 is that the 

user is required only to assemble a single component onto the shaft 504 of the motor 502. 

[0068] As previously described, the systems according to any of the 

embodiments of the present invention may be configured such that active flow of saline 
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( or other) injectate is not possible without concurrent vacuum being applied for 

aspiration. Also, the systems may be configured such aspiration is not possible without 

saline (or other) injectate flow. The systems according to any of the embodiments of the 

present invention may be configured such that current driving the pump ( for example the 

current driving the motor 302, 502) is monitored, or by any alternative monitoring 

method, such that when a change in condition occurs, for example, air in the injection 

system, or clogs in any of the catheter lumens or extension tubes, or leaks within the 

system, the system shuts down, in order to avoid events such as injection of air into the 

blood vessels, or catheter or system failure. 

[0069] FIG. 26 illustrates an aspiration catheter 700 inserted within a blood 

vessel 165. The aspiration catheter 700 includes a guidewire lumen 702 secured to the 

distal end 704 of the aspiration catheter 700 which allows the aspiration catheter 700 to 

be tracked over a guidewire 706. A supply lumen 708 is secured within an aspiration 

lumen 710. The supply lumen 708 extends through a tapering tube 712. In some 

embodiments, the tapering tube 712 may be constructed of pol yimide. In some 

embodiments, the tapering tube 712 may have a luminal inner diameter that tapers from 

its proximal end to its distal end. For example, in some embodiments, the luminal inner 

diameter may taper from about 0.3937 mm (0.0155 inches) to about 0.2794 mm (0.011 

inches). The supply lumen 708 extends generally parallel to the aspiration lumen 710, 

however a distal end 714 of the tapering tube 712 curves towards an interior wall surface 

716 of the aspiration lumen 710, thus allowing an open end 718 of the supply lumen 708 

to act as an orifice for applying a spray pattern 720. The open end 718 of the supply 

lumen 708 may further promote a jet or spray effect by having an internal diameter that is 

less than about 0.203 mm (0.008 inches). In some embodiments, the open end 718 of the 

supply lumen 708 may have an internal diameter that is between about 0.076 mm (0.003 

inches) and about 0.102 mm (0.004 inches). The center of the open end 718 orifice may 

in some embodiments be about 0.3302 mm (0.013 inches) to about 0.4826 mm (0.019 

inches) proximal to the most proximal portion 724 of the open distal end 722 of the 

aspiration lumen 710, as illustrated by distance D in FIG. 26. The most distal portion 726 

of the open distal end 722 of the aspiration lumen 710 is slightly distal of the most 

proximal portion 724 in the embodiment illustrated, and thus has an angled skive, but the 

skive angle As is not severe. A skive angle As of between about 75° and about 89°, or 

between about 80° and about 85° may be used, in order to allow a large portion of 
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thrombus being pulled into the open distal end 722 of the aspiration lumen 710 to be 

struck by high velocity exiting jet ( e.g. saline) flow, as illustrated with the spray pattern 

720. 

[0070] FIG. 27 illustrates the catheter 700 of FIG. 26 being utilized to deliver a 

drug 730 to a target site 732 within a blood vessel 165. The target site 732 may include an 

atherosclerotic lesion 728 and/or a thrombus 734. Whereas the aspiration of thrombus, as 

in FIG. 26, involves actively applying a vacuum (e.g., from a vacuum source) on the 

aspiration lumen 710, the drug delivery illustrated in FIG. 27, though utilizing the same 

catheter 700, allows the metering of a fine, precision volume flow rate of drug 730 to be 

delivered into the vessel. This is achieved by having significantly less vacuum applied to 

the aspiration lumen 710, or no vacuum applied to the aspiration lumen. The precision 

metering in small, controlled volumes, provides efficient use of typically expensive drugs, 

with minimal wasted drug. In some embodiments, the drug 730 may be delivered at body 

temperature. In other embodiments, the drug 730 may be warmed, and delivered at an 

elevated temperature, for example, to increase the activity and effectiveness of a drug. 

This may be done, for example, to get a more effective dose, with a smaller volume of 

drug. In other embodiments, the drug 730 may be cooled and delivered at a reduced 

temperature (i.e., in relation to the body temperature). The drug 730 may be cooled to 

control the activity level, or to delay the activity of the drug ( e.g., so that it is active 

downstream, at a location that is not reachable by the catheter 700). In some cases, the 

drug 730 may be cooled in order to apply a conjunctive therapeutic cooling effect on the 

tissue being treated. In some cases, the therapeutic cooling effect may be achieved from 

cooled saline or other aqueous non-drug media alone. 

[0071] Some of the drugs 730 which may be delivered include thrombolytic 

agents (clot busting drugs), such as streptokinase, tissue plasminogen activator (t-PA), 

recombinant or genetically-engineered tissue plasminogen activator, tenecteplase (TNK), 

urokinase, staphylokinase, and reteplase. Alternatively, stem cells or "cocktails" 

containing stem cells may be delivered. In some cases, glycoprotein inhibitos (GPl's) 

may be injected through the supply lumen 708 of the aspiration catheter 700. Saline or 

other aqueous solutions may be delivered alone for selective dilution of blood at the target 

site 732. In some applications, a solution may be used which is capable of exhibiting a 

phase change, for example, when its pressure or temperature is changed. In these 
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applications, a liquid may be injected that becomes a gas when exiting from a small 

orifice, for example at the open end 718 of the supply lumen 708. Alternatively, a gas 

may be injected that becomes a liquid when being force through a small orifice, such as 

the open end 718 of the supply lumen 708. In any of the applications in which drugs 730 

or other materials are injected intravascularly through the catheter 700, the injection of 

the drugs 730 or other materials may occur before, during, after, or instead of an 

aspiration procedure. Returning to the aspiration catheter 818 of FIGS 21-22, if, during an 

aspiration procedure, it is desired to deliver drugs down the supply lumen and into the 

vessel, the tubing set 803 may be removed from the aspiration catheter 818 by 

disconnecting the male luer 854 of the tubing set 803 from the female luer 851 of the 

aspiration catheter 818, and the drug may be injected directly into the supply lumen at the 

female luer 851, for example, by a syringe or metering system, including a 

syringe/syringe pump combination. By also removing the vacuum source from the female 

luer 855 of the aspiration catheter 818, when aspiration lumen now serves as an overflow, 

so that the fluid being delivered into the patient (e.g., intravascularly) is maintained at a 

controlled rate. The volume of the supply lumen is relatively very small, so only a small 

volume of drug is needed to fill the supply lumen, and thus reach the distal top of the 

aspiration catheter 818. This, at the end of the procedure, very little drug is wasted, or 

needs to be disposed, allowing for a very cost-effective procedure. 

[0072] In the embodiments described herein, a sterile fluid path is provided 

extending all the way from the fluid source 20 to the distal opening 40/open distal end 

15 8 of the catheter 16, 118. In both the embodiments of the system 100 of FI GS. 4-17, the 

system 800 of FI Gs. 21-23, and the embodiments of FIGS. 24-25, a disposable catheter 

and disposable pump set are configured to be supplied sterile, and coupled to a non-sterile 

(reusable) pump base 200 or pump motor 502. These combinations allow for reusability 

of the more expensive components, and for reusability (and maximized sterility) of the 

less expensive components, thus maximizing cost containment and patient safety at the 

same time. 

[0073] In some cases, parts or all of the devices described herein may be doped 

with, made of, coated with, or otherwise include a radiopaque material. Radiopaque 

materials are understood to be materials capable of producing a relatively bright image on 

a fluoroscopy screen or another imaging technique during a medical procedure. Some 
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examples of radiopaque materials can include, but are not limited to, gold, platinum, 

palladium, tantalum, tungsten alloy, polymer material loaded with a radiopaque filler, and 

the like. One or more hydrophilic or hydrophobic lubricious coatings may be used in 

order to improve trackability of the aspiration catheter 118 through the blood vessels. 

[0074] In some instances, a degree of MRI compatibility may be imparted into 

parts of the devices described herein. For example, to enhance compatibility with 

Magnetic Resonance Imaging (MRI) machines, it may be desirable to make various 

portions of the devices described herein from materials that do not substantially distort 

MRI images or cause substantial artifacts (gaps in the images). Some ferromagnetic 

materials, for example, may not be suitable as they may create artifacts in an MRI image. 

In some cases, the devices described herein may include materials that the MRI machine 

can image. Some materials that exhibit these characteristics include, for example, 

tungsten, cobalt-chromium-molybdenum alloys (e.g., UNS: R30003 such as ELGILOY®, 

PHYNOX®, and the like), nickel-cobalt-chromium-molybdenum alloys (e.g., UNS: 

R30035 such as MP35-N® and the like), nitinol, and the like, and others. 

[0075] In some instances, some of the devices described herein may include a 

coating such as a lubricious coating or a hydrophilic coating. Hydrophobic coatings such 

as fluoropolymers provide a dry lubricity. Lubricious coatings improve steerability and 

improve lesion crossing capability. Suitable lubricious polymers are well known in the art 

and may include silicone and the like, hydrophilic polymers such as high-density 

polyethylene (HDPE), polytetrafluoroethylene (PTFE), polyarylene oxides, 

polyvinylpyrrolidones, polyvinylalcohols, hydroxy alkyl cellulosics, algins, saccharides, 

caprolactones, and the like, and mixtures and combinations thereof. Hydrophilic polymers 

may be blended among themselves or with formulated amounts of water insoluble 

compounds (including some polymers) to yield coatings with suitable lubricity, bonding, 

and solubility. 

[0076] In one embodiment of the present invention, a system for aspirating 

thrombus includes an aspiration catheter having a high pressure supply lumen and an 

aspiration lumen, the supply lumen having a proximal end configured to attach to a piston 

pump and a closed distal end, the aspiration lumen having a proximal end configured to 

attach to a vacuum source and an open distal end; a first orifice in a side wall of the 
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supply lumen which communicates directly with the interior of the aspiration lumen, the 

first orifice located proximal to the open distal end of the aspiration lumen and adjacent 

the closed distal end of the supply lumen; the piston pump configured to generate a cyclic 

pressure cycle when attached to the supply lumen, wherein the first orifice creates a spray 

pattern at least in conjunction with a peak of the piston pump pressure cycle such that the 

spray pattern impinges on an interior wall of the aspiration lumen when a distal end of the 

aspiration catheter is immersed within an environment having a temperature of between 

about 36°C and 38°C, such that the spray is at an angle of between about 20° in each 

direction of the vertical midline of the aspiration lumen. 

[0077] In another embodiment of the present invention, a system for aspirating 

thrombus includes an aspiration catheter having a high pressure supply lumen and an 

aspiration lumen, the supply lumen having a proximal end configured to attach to a piston 

pump and a closed distal end, the aspiration lumen having a proximal end configured to 

attach to a vacuum source and an open distal end; a first orifice in a side wall of the 

supply lumen which communicates directly with the interior of the aspiration lumen, the 

first orifice located proximal to the open distal end of the aspiration lumen and adjacent 

the closed distal end of the supply lumen; the piston pump configured to generate a cyclic 

pressure cycle when attached to the supply lumen, wherein the first orifice creates a spray 

pattern at least in conjunction with a peak of the piston pump pressure cycle such that the 

spray pattern impinges on an interior wall of the aspiration lumen when a distal end of the 

aspiration catheter is immersed within an environment having a temperature of between 

about 36°C and 38°C; a disposable cassette having a supply cylinder, an injection 

cylinder and a piston, the disposable cassette configured to releasably couple to at least a 

motor of the piston pump, the piston configured to actuate into the supply cylinder while 

actuating out of the injection cylinder, causing the injection cylinder to increase its 

volume of a liquid injectate, the piston further configured to actuate into the injection 

cylinder while actuating out of the supply cylinder, causing the injection cylinder to 

decrease its volume by injecting the liquid injectate, and causing the liquid injectate to 

travel through the supply lumen of the aspiration catheter. 

[0078] In another embodiment of the present invention, a system for aspirating 

thrombus includes an aspiration catheter having a high pressure supply lumen and an 

aspiration lumen, the supply lumen having a proximal end configured to attach to a piston 
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pump and a closed distal end, the aspiration lumen having a proximal end configured to 

attach to a vacuum source and an open distal end; a first orifice in a side wall of the 

supply lumen which communicates directly with the interior of the aspiration lumen, the 

first orifice located proximal to the open distal end of the aspiration lumen and adjacent 

the closed distal end of the supply lumen; the piston pump configured to generate a cyclic 

pressure cycle when attached to the supply lumen, wherein the first orifice creates a spray 

pattern at least in conjunction with a peak of the piston pump pressure cycle such that the 

spray pattern impinges on an interior wall of the aspiration lumen when a distal end of the 

aspiration catheter is immersed within an environment having a temperature of between 

about 36°C and 38°C; wherein the piston pump includes a supply cylinder, an injection 

cylinder and a piston, the piston configured to actuate into the supply cylinder while 

actuating out of the injection cylinder, causing the injection cylinder to increase its 

volume of a liquid injectate, the piston further configured to actuate into the injection 

cylinder while actuating out of the supply cylinder, causing the injection cylinder to 

decrease its volume by injecting the liquid injectate, and causing the liquid injectate to 

travel through the supply lumen of the aspiration catheter; wherein the piston is 

configured to engage with a saddle associated with the piston pump, the saddle 

configured for cyclic linear motion, wherein motion of the saddle in a first direction 

actuates the piston out of the supply cylinder and motion of the saddle in a second 

direction actuates the piston into the supply cylinder. 

[0079] In another embodiment of the present invention, a system for aspirating 

thrombus includes an aspiration catheter having a high pressure supply lumen and an 

aspiration lumen, the supply lumen having a proximal end configured to attach to a piston 

pump and a closed distal end, the aspiration lumen having a proximal end configured to 

attach to a vacuum source and an open distal end; a first orifice in a side wall of the 

supply lumen which communicates directly with the interior of the aspiration lumen, the 

first orifice located proximal to the open distal end of the aspiration lumen and adjacent 

the closed distal end of the supply lumen; the piston pump configured to generate a cyclic 

pressure cycle when attached to the supply lumen, wherein the first orifice creates a spray 

pattern at least in conjunction with a peak of the piston pump pressure cycle such that the 

spray pattern includes a jet; wherein the piston pump includes a supply cylinder, an 

injection cylinder and a piston, the piston configured to actuate into the supply cylinder 

while actuating out of the injection cylinder, causing the injection cylinder to increase its 
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volume of a liquid injectate, the piston further configured to actuate into the injection 

cylinder while actuating out of the supply cylinder, causing the injection cylinder to 

decrease its volume by injecting the liquid injectate, and causing the liquid injectate to 

travel through the supply lumen of the aspiration catheter; wherein a usable volume ratio 

Ru between the supply cylinder and the invention cylinder is between about 1.15 and 

about 2.00. Additionally, the usable volume ratio Ru may be between about 1.25 and 

about 1.85. Additionally, the usable volume ratio Ru may be about 1.40. 

[0080] In another embodiment of the present invention a method for delivery of 

a drug includes providing a catheter including a supply lumen and an aspiration lumen, 

the supply lumen having a distal end, the aspiration lumen configured to couple to a 

vacuum source and having an interior wall surface, and an open distal end, an orifice at or 

near the distal end of the supply lumen, in fluid communication with the interior of the 

aspiration lumen, the orifice located proximally of the open distal end of the aspiration 

lumen, wherein the orifice is configured to create a spray pattern when pressurized fluid 

is pumped through the supply lumen such that the spray pattern impinges on the interior 

wall surface of the aspiration lumen when a distal end of the aspiration catheter is 

immersed within an aqueous environment, providing a disposable tubing set having a first 

conduit configured to couple the supply lumen of the catheter to a fluid source, and a 

pump component associated with the first conduit and configured to detachably couple to 

a drive unit, such that motion from the drive unit is transferred to the pump component 

such that resultant motion of the pump component causes fluid from the fluid source to be 

injected through the supply lumen of the catheter, and through the orifice into the 

aspiration lumen, coupling the supply lumen of the catheter to a fluid source, wherein the 

fluid source contains at least a first drug for intravascular delivery, inserting the catheter 

within a blood vessel of a patient and advancing the catheter to a target site, coupling the 

pump component to a drive unit, and operating the drive unit to cause the pump 

component to inject at least some of the first drug in the region of the target site. 

[0081] It should be understood that this disclosure is, in many respects, only 

illustrative. Changes may be made in details, particularly in matters of shape, size, and 

arrangement of steps without exceeding the scope of the invention. The scope of the 

invention is, of course, defined in the language in which the appended claims are 

expressed. 
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[0082] While embodiments of the present invention have been shown and 

described, various modifications may be made without departing from the scope of the 

present invention. The invention, therefore, should not be limited, except to the following 

claims, and their equivalents. Embodiments of the present invention are contemplated to 

have utility in a variety of blood vessels, including but not limited to coronary arteries, 

carotid arteries, intracranial/cerebral arteries, inferior and superior vena cavae and other 

veins (for example, in cases of deep venous thrombosis), peripheral arteries, shunts, 

grafts, vascular defects, and chambers of the heart. This includes, but is not limited to, 

any vessel having a diameter of bout two mm or greater. An aspiration catheter 118 outer 

diameter of about seven French or less is contemplated for many of the applications, 

though in certain applications, it may be larger. In some embodiments, an aspiration 

catheter 118 diameter of about six French or less is contemplated. Embodiments of the 

present invention may even be used in non-vascular applications, for example body 

lumens or cavities having material accumulations that need to be macerated and/or 

removed. 

[0083] It is contemplated that various combinations or subcombinations of 

the specific features and aspects of the embodiments disclosed above may be made and 

still fall within one or more of the inventions. Further, the disclosure herein of any 

particular feature, aspect, method, property, characteristic, quality, attribute, element, or 

the like in connection with an embodiment can be used in all other embodiments set forth 

herein. Accordingly, it should be understood that various features and aspects of the 

disclosed embodiments can be combined with or substituted for one another in order to 

form varying modes of the disclosed inventions. Thus, it is intended that the scope of the 

present inventions herein disclosed should not be limited by the particular disclosed 

embodiments described above. Moreover, while the invention is susceptible to various 

modifications, and alternative forms, specific examples thereof have been shown in the 

drawings and are herein described in detail. It should be understood, however, that the 

invention is not to be limited to the particular forms or methods disclosed, but to the 

contrary, the invention is to cover all modifications, equivalents, and alternatives falling 

within the spirit and scope of the various embodiments described and the appended 

claims. Any methods disclosed herein need not be performed in the order recited. The 

methods disclosed herein include certain actions taken by a practitioner; however, they 
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can also include any third-party instruction of those actions, either expressly or by 

implication. 
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WHAT IS CLAIMED IS: 

1. A system for aspirating thrombus comprising: 

an aspiration catheter having a supply lumen and an aspiration lumen, the supply 

lumen having a wall and a closed distal end, the aspiration lumen configured to couple to 

a vacuum source and having an interior wall surface, and an open distal end; 

an orifice in the wall of the supply lumen, in fluid communication with the interior 

of the aspiration lumen, the orifice located proximally of the open distal end of the 

aspiration lumen and adjacent the closed distal end of the supply lumen, wherein the 

orifice is configured to create a spray pattern when pressurized fluid is pumped through 

the supply lumen such that the spray pattern impinges on the interior wall surface of the 

aspiration lumen when a distal end of the aspiration catheter is immersed within an 

aqueous environment; and 

a tubing set having a first conduit configured to couple to the supply lumen of the 

aspiration catheter to a fluid source, and a pump component associated with the first 

conduit and configured to detachably couple to a drive unit, such that motion from the 

drive unit is transferred to the pump component such that resultant motion of the pump 

component causes fluid from the fluid source to be injected through the supply lumen of 

the aspiration catheter, and through the orifice into the aspiration lumen. 

2. The system of claim 1, wherein the aqueous environment has a 

temperature of between about 36°C and 38°C. 

3. The system of claim 1, wherein the pump component comprises a piston. 

4. The system of claim 3, wherein the piston is slidably contained within a 

supply cylinder and an injection cylinder, the piston configured to actuate into the supply 

cylinder while actuating out of the injection cylinder, thus causing the injection cylinder 

to increase its volume of fluid supplied from the fluid source, and wherein the piston is 

further configured to actuate into the injection cylinder while actuating out of the supply 

cylinder, thus causing the injection cylinder to decrease its volume by injecting fluid 

supplied from the fluid source into the supply lumen of the aspiration catheter. 

5. The system of claim 4, wherein the piston includes an inner bore having a 

one-way valve. 

6. The system of claim 1, wherein the spray pattern is defined by an angle of 

between about 1 ° to about 45° in each direction of the vertical midline of the aspiration 

lumen. 
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7. The system of claim 6, wherein the spray pattern is defined by an angle of 

between about 20° to about 35° in each direction of the vertical midline of the aspiration 

lumen. 

8. The system of claim 1, wherein a usable volume ratio Re between the 

supply cylinder and the injection cylinder is between about 1.15 and about 2.00. 

9. The system of claim 8, wherein the usable volume ratio Ru between the 

supply cylinder and the injection cylinder is between about 1.25 and about 1.85. 

10. The system of claim 1, wherein the open distal end of the aspiration lumen 

has a most distal portion and a most proximal portion, and wherein an axial center of the 

orifice is about 0.3302 mm to about 0.4826 mm proximal to the most proximal portion of 

the open distal end of the aspiration lumen. 

11. The system of claim 1, further comprising a vacuum-activated interface 

configured to cause the drive unit to start to operate or to remain in an operating condition 

when a vacuum pressure at the vacuum-activated interface is less than a threshold value, 

and configured to cause the drive unit to stop or to remain in a non-operating condition 

when the vacuum pressure at the vacuum-activated interface is greater than the threshold 

value. 

12. The system of claim 11, wherein the vacuum-activated interface comprises 

a vacuum switch valve. 

13. The system of claim 11, wherein the vacuum-activated interface comprises 

a pressure transducer. 

14. The system of claim 1, wherein the open distal end of the aspiration lumen 

is angled in relation to the longitudinal axis of the aspiration lumen. 

15. A system for aspirating thrombus comprising: 

an aspiration catheter having a supply lumen and an aspiration lumen, the supply 

lumen having a distal end, the aspiration lumen configured to couple to a vacuum source 

and having an interior wall surface, and an open distal end; 

an orifice at or near the distal end of the supply lumen, in fluid communication 

with the interior of the aspiration lumen, the orifice located proximally of the open distal 

end of the aspiration lumen, wherein the orifice is configured to create a spray pattern 

when pressurized fluid is pumped through the supply lumen such that the spray pattern 

impinges on the interior wall surface of the aspiration lumen when a distal end of the 

aspiration catheter is immersed within an aqueous environment; and 
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a tubing set having a first conduit configured to couple the supply lumen of the 

aspiration catheter to a fluid source, and a pump component associated with the first 

conduit and configured to detachably couple to a drive unit, such that motion from the 

drive unit is transferred to the pump component such that resultant motion of the pump 

component causes fluid from the fluid source to be injected through the supply lumen of 

the aspiration catheter, and through the orifice into the aspiration lumen. 

16. The system of claim 15, wherein the supply lumen of the aspiration 

catheter extends generally parallel to the aspiration lumen, and wherein the distal end of 

the supply lumen curves towards the interior wall surface of the aspiration lumen. 

17. The system of claim 16, wherein the distal end of the supply lumen has an 

internal diameter that is less than about 0.203 mm. 

18. The system of claim 17, wherein the distal end of the supply lumen has an 

internal diameter that is between about 0. 07 6 mm and about 0 .102 mm. 

19. The system of claim 16, wherein the open distal end of the aspiration 

lumen has a most distal portion and a most proximal portion, and wherein an axial center 

of the orifice is about 0.3302 mm to about 0.4826 mm proximal to the most proximal 

portion of the open distal end of the aspiration lumen. 

20. The system of claim 16, wherein the aqueous environment has a 

temperature of between about 36°C and 38°C. 

-34-
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DEVICES FOR REMOVING CLOT MATERIAL FROM 

INTRA V ASCULARLY IMPLANTED DEVICES, 

AND AS SOCIA TED SYSTEMS AND METHODS 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims the benefit of U.S. Provisional Patent 

Application No.63/298,399, filed January 11, 2022, and titled "DEVICES FOR REMOVING 

CLOT MATERIAL FROM INTRA V ASCULARL Y IMPLANTED STENTS, AND 

ASSOCIATED SYSTEMS AND METHODS," which is incorporated herein by reference in its 

entirety. 

TECHNICAL FIELD 

[0002] The present technology generally relates to devices for cleaning stents, embolic 

protection devices, other implants, and/or bare vessels and, more particularly, for example, to 

devices for intravascularly removing clot and/or other material from stents implanted in the 

vasculature of a patient (e.g., the venous vasculature). 

BACKGROUND 

[0003] Stents are tubes or similar structures that can be implanted within a blood vessel of 

a patient to mechanically keep the vessel open, restore flow, and/or bypass a diseased region of 

the blood vessel. Stents are typically made of metal or plastic, and can be crimped or packed 

down into a delivery catheter before being intravascularly delivered to a target location within 

the blood vessel. 

[0004] After a stent is delivered to and implanted within a blood vessel of a patient, 

unwanted material can form around and/or adhere to the stent. For example, clot material can 

form and adhere to an inner surface of the stent. Similarly, vascular wall cells can abnormally 

accumulate within the stent (e.g., intimal hyperplasia). 

[0005] Physicians are currently limited in their abilities to remove adherent clot or intimal 

hyperplasia from implanted stents and, in paiticular, venous stents. For example, while 

aspiration mechanisms exist to remove clot material from venous stents, these aspiration 

mechanisms are limited to non-adherent, acute clot, and cannot treat chronic adherent clot or 

intimal hyperplasia. Further, while mechanical clot treatment devices exist to target adherent 

1 
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clot material, many such devices are currently contraindicated for removing clot material from 

stents because the mechanical clot treatment devices can catch on the stent, causing damage. 

Other methods of medical management such as ballooning or re-stenting do not remove the clot 

that has been formed, likely causing additional clot to form. Pharmacological methods-such 

as administering tissue plasminogen activator (tPA)---do not work on aged, more adherent clot, 

and also carry other risks such as systemic bleeding. Surgery carries risks of adverse events and 

is more invasive than transcatheter methods. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] 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. 

[0007] Figure IA is a side view of a stent cleaning system in accordance with 

embodiments of the present technology. Figures IB and IC are an enlarged side view and an 

enlarged proximally-facing view, respectively, of a distal portion of the system of Figure IA 

including a clot treatment device in accordance with embodiments of the present technology. 

[0008] Figures 2A-2C are enlarged proximally-facing views of a distal portion of the 

system of Figure IA including the clot treatment device in accordance with additional 

embodiments of the present technology. 

[0009] Figures 3A-3D are enlarged side views of a distal portion of the system of Figure 

IA including the clot treatment device in accordance with additional embodiments of the present 

technology. 

[0010] Figures 4A-4C are enlarged isometric views of a distal portion of the system of 

Figure IA including the clot treatment device in accordance with additional embodiments of the 

present technology. 

[0011] Figure 5 is a partially cut-away view of a handle of the system of Figure IA in 

accordance with embodiments of the present technology. 

[0012] Figures 6A and 6B are side views of a distal portion of the system of Figure IA 

including the clot treatment device in a first position and a second position, respectively, in 

accordance with embodiments of the present technology. 

2 



-892-

WO 2023/137341 PCT /US2023/060502 

[0013] Figure 7 is a flow diagram of a process or method for operating the system of 

Figure IA during an intravascular procedure to remove clot material from an implanted stent in 

accordance with embodiments of the present technology. 

[0014] Figure 8 is a distally-facing perspective view of a distal portion of the system of 

Figure IA including the clot treatment device expanded within a stent implanted in a vessel in 

accordance with embodiments of the present technology. 

[0015] Figures 9A and 9B are distally-facing perspective views of a distal portion of the 

system of Figure IA including the clot treatment device positioned within the stent of Figure 6 

in accordance with embodiments of the present technology. 

[0016] Figures lOA-lOC are distally-facing perspective views of a distal portion of the 

system of Figure IA including the clot treatment device deployed within an implant with 

differing amounts of radial expansion in accordance with embodiments of the present 

technology. 

[0017] Figure llA is a side view of a stent cleaning system in accordance with 

embodiments of the present technology. Figures 11B and 11 C are side views of a distal portion 

of the system of Figure 1 lA including a clot treatment device in a first position and a second 

position, respectively, in accordance with embodiments of the present technology. 

[0018] Figure 12 is a side view of a clot treatment device in accordance with embodiments 

of the present technology. 

[0019] Figure 13 is a side view of a clot treatment device in accordance with embodiments 

of the present technology. 

[0020] Figure 14 is a side view of a clot treatment device in accordance with embodiments 

of the present technology. 

[0021] Figure 15 is a side view of a clot treatment device in accordance with embodiments 

of the present technology. 

[0022] Figures 16A-16C are side views of a clot treatment device in accordance with 

embodiments of the present technology. 

[0023] Figures 17 A and 17B are side views of a distal portion of a stent cleaning system 

in accordance with embodiments of the present technology. 
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[0024] Figure 18 illustrates several different chamfers that can be used in a clot treatment 

device in accordance with embodiments of the present technology. 

[0025] Figure 19 is an enlarged side view of a pair of struts of a clot treatment device in 

accordance with embodiments of the present technology. 

[0026] Figure 20 is a side cross-sectional view of a handle in accordance with additional 

embodiments of the present technology that can be used in the system of Figure IA. 

[0027] Figure 21 is a side cross-sectional view of a handle in accordance with additional 

embodiments of the present technology that can be used in the system of Figure IA. 

[0028] Figure 22 is a side cross-sectional view of an actuation mechanism of a handle in 

accordance with embodiments of the present technology that can be used in the system of Figure 

IA. 

[0029] Figure 23 is a side cross-sectional view of a handle in accordance with additional 

embodiments of the present technology that can be used in the system of Figure IA. 

[0030] Figure 24 is a side cross-sectional view of a handle in accordance with additional 

embodiments of the present technology that can be used in the system of Figure IA. 

[0031] Figures 25A-25C are an enlarged perspective view, an enlarged side view, and an 

enlarged cross-sectional side view, respectively, of a handle in accordance with additional 

embodiments of the present technology that can be used in the system of Figure IA. 

[0032] Figure 26 is an enlarged cross-sectional side view of a handle in accordance with 

additional embodiments of the present technology that can be used in the system of Figure IA. 

[0033] Figure 27 is an enlarged cross-sectional side view of a handle in accordance with 

additional embodiments of the present technology that can be used in the system of Figure IA. 

[0034] Figure 28 is a side view of a distal portion of a clot removal system positioned 

within a vessel to treat clot material in accordance with embodiments of the present technology. 

DETAILED DESCRIPTION 

[0035] The present technology is generally directed to devices for mechanically removing 

clot and/or other material from the vasculature of a patient, and associated systems and methods. 

In particular, some of the embodiments are directed to devices for mechanically removing clot 

and/or other material from implants implanted in the vasculature of the patient, such as stents 
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implanted within the venous vasculature. In some embodiments described below, a system for 

removing clot material from an implant-such as a venous stent-includes a (i) clot treatment 

device, (ii) a handle, and (iii) a first elongate member and a second elongate member coupling 

the clot treatment device to the handle. The clot treatment device is configured to be deployed 

within the implant, and includes a first end portion, a second end portion, and a plurality of struts 

extending between the first and second end portions. The first elongate member couples the first 

end portion of the clot treatment device to the handle, and the second elongate member couples 

the second end portion of the clot treatment device to the handle (e.g., to an actuator of the 

handle). Actuation of the actuator in a first direction is configured to move the second elongate 

member relative to the first elongate member and/or the first elongate member relative to the 

second elongate member to move the first and second end portions toward one another to radially 

expand the struts. The actuator can be actuated in a second direction (e.g., opposite the first 

direction) to move the second elongate member relative to the first elongate member and/or the 

first elongate member relative to the second elongate member to move the first and second end 

portions away from one another to radially collapse the struts. 

[0036] When expanded within the implant, the clot treatment device can be (i) translated 

proximally and/or distally through the implant by translating the handle and (ii) rotated within 

the implant by rotating the handle. Such movements can mechanically engage the clot treatment 

device with clot material adhered to the implant to dislodge the clot material. In some aspects 

of the present technology, the clot treatment device is configured to be translated and/or rotated 

within the implant without catching on the implant, avoiding potential damage, deformation, 

movement, and/or migration of the implant. For example, the struts can extend generally axially 

between the first and second end portions-and not include any cross-members connected 

therebetween that are configured to contact the implant-to reduce the likelihood of the struts 

damaging the implant. 

[0037] Certain details are set forth in the following description and in Figures 1-28 to 

provide a thorough understanding of various embodiments of the present technology. In other 

instances, well-known structures, materials, operations, and/or systems often associated with 

intravascular procedures, stents, vascular implants, clot removal procedures, catheters, and the 

like are not shown or described in detail in the following disclosure to avoid unnecessarily 

obscuring the description of the vaiious embodiments of the technology. Those of ordinary skill 

in the ait will recognize, however, that the present technology can be practiced without one or 

more of the details set forth herein, and/or with other structures, methods, components, and so 
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forth. Moreover, although many of the devices and systems are described herein in the context 

of removing and/or treating clot material (e.g., clot material adhered to an implant), the present 

technology can be used to remove and/or treat other unwanted material in addition or 

alternatively to clot material, such as thrombi, emboli, plaque, intimal hyperplasia, post­

thrombotic scar tissue, etc. Accordingly, the terms "clot" and "clot material" as used herein can 

refer to any of the foregoing materials. 

[0038] The terminology used below is to be interpreted in its broadest reasonable manner, 

even though it is being used in conjunction with a detailed description of certain examples of 

embodiments of the technology. Indeed, certain terms may even be emphasized below; however, 

any terminology intended to be interpreted in any restricted manner will be overtly and 

specifically defined as such in this Detailed Description section. 

[0039] The accompanying Figures depict embodiments of the present technology and are 

not intended to be limiting of its scope unless expressly indicated. The sizes of various depicted 

elements are not necessarily drawn to scale, and these various elements may be enlarged to 

improve legibility. Component details may be abstracted in the Figures to exclude details such 

as position of components and certain precise connections between such components when such 

details are unnecessary for a complete understanding of how to make and use the present 

technology. Many of the details, dimensions, angles and other features shown in the Figures are 

merely illustrative of particular embodiments of the disclosure. Accordingly, other 

embodiments can have other details, dimensions, angles and features without departing from the 

present technology. In addition, those of ordinary skill in the art will appreciate that further 

embodiments of the present technology can be practiced without several of the details described 

below. 

[0040] 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," and the like are not 

meant to limit the referenced component to 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. 

To the extent any materials incorporated herein by reference conflict with the present disclosure, 

the present disclosure controls. 
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[0041] Figure IA is a side view of a stent cleaning system 100 ("system 100") in 

accordance with embodiments of the present technology. Figures 1B and IC are an enlarged 

side view and an enlarged proximally-facing view, respectively, of a distal portion of the system 

100 including a clot treatment device 130 in accordance with embodiments of the present 

technology. The stent cleaning system 100 can be used to remove clot material from (e.g., 

adhered to) the implant, to clean clot material from a native vessel in which the implant is 

implanted, and/or to remove clot material from a native vessel in which no implants are 

implanted. Accordingly, the system 100 can also be referred to as a clot treatment system, a clot 

removal system, a thrombectomy system, and/or the like. The clot treatment device 130 can also 

be referred to as a clot removal device, a coring element, a clot engagement member, a 

thrombectomy device, and/or the like. 

[0042] Referring to Figures IA and 1B together, in the illustrated embodiment the system 

100 includes a proximal handle 110 operably coupled to a clot treatment device 130 via an inner 

elongate member 102 (obscured in Figure IA; e.g., a second elongate member) and a middle 

elongate member 104 (e.g., a first elongate member). The inner elongate member 102 can extend 

through a lumen of the middle elongate member 104 such that the inner and middle elongate 

members 102, 104 (collectively "elongate members 102, 104") are coaxial. The system 100 can 

further include an outer elongate member 106 (e.g., a third elongate member, a guide catheter), 

and the elongate members 102, 104 can at least partially extend through the outer elongate 

member 106 such that the inner, middle, and outer elongate members 102, 104, 106 (collectively 

"elongate members 102-106") are coaxial. In other embodiments, the elongate members 102, 

104 are not coaxial and can instead extend side-by-side and/or through separate lumens of the 

outer elongate member 106. The elongate members 102-106 can comprise catheters, tubes (e.g., 

hypotubes), sheathes, shafts, and/or the like and can be formed from metal (e.g., stainless steel, 

nitinol), plastic, fluoropolymers (e.g., polytetrafluoroethylene (PTFE)), polymers, and/or other 

suitable materials. The outer elongate member 106 can comprise a guide catheter. 

[0043] Referring to Figure lA, the outer elongate member 106 can include a distal end 

p01tion 107a and a proximal end portion 107b. The proximal end portion 107b can be coupled 

to a tubing assembly 101 (e.g., including one or more tubes, fluid control devices, and/or the 

like) via a valve device 109. In some embodiments, the tubing assembly 101 can be used to 

flush the lumen of the outer elongate member 106. In some embodiments, the handle 110 is 

movable (translatable, rotatable) relative to the valve device 109 and the outer elongate member 

106. In the illustrated embodiment, the handle 110 has been advanced toward the valve device 
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109 such that the clot treatment device 130 extends from the distal end portion 107a of the outer 

elongate member 106. In some embodiments, the handle 110 can be retracted away from the 

outer elongate member 106 and/or the outer elongate member 106 can be advanced away from 

the handle 110 such that the clot treatment device 130 is captured/positioned within the outer 

elongate member 106. When the clot treatment device 130 is captured within the lumen of the 

outer elongate member 106, the clot treatment device 130 is in a radially-compressed state. In 

some embodiments, the clot treatment device 130 can be positioned within the outer elongate 

member 106 during delivery of the system 100 through the vasculature. 

[0044] In the illustrated embodiment, the system 100 includes a tip 108 coupled to the clot 

treatment device 130 and/or the inner elongate member 102 (Figure 1B). The tip 108 can have 

an atraumatic shape configured to minimize or even prevent damage to the vasculature as the 

system 100 is advanced therethrough. In other embodiments, the tip 108 can have other shapes 

or can be omitted entirely. In some embodiments, when the clot treatment device 130 is 

constrained within the outer elongate member 106, the tip 108 can engage the distal end portion 

107a of the outer elongate member 106 and can be shaped and sized to seal the lumen of the 

outer elongate member 106. In some embodiments, the tip 108 and the inner elongate member 

102 (Figure 1B) can define a lumen configured (e.g., shaped and sized) to receive a guidewire 

(not shown) therethrough. The system 100 can be advanceable/trackable over the guidewire. 

[0045] Referring to Figure 1B, in the illustrated embodiment the inner elongate member 

102 includes a distal end portion 103a coupled to a distal end portion 13 la of the clot treatment 

device 130. Similarly, the middle elongate member 104 includes a distal end portion 105a 

coupled to a proximal end portion 131b of the clot treatment device 130. Accordingly, as 

described in detail below with reference to Figures 6A and 6B, relative movement of the elongate 

members 102, 104 can longitudinally shorten/lengthen and radially expand/compress the clot 

treatment device 130 via the relative movement of the end portions 13 la-b. The end portions 

13la-b of the clot treatment device 130 can be identical and can have a cylindrical or hub-like 

shape. In some embodiments, the end portions 13 la-bare secured to the elongate members 102, 

104, respectively, via adhesive (e.g., glue bonds), welding, fasteners, crimping (e.g., via a crimp 

tube), and/ or the like. For example, in some embodiments one or both of the end portions 131 a­

b of the clot treatment device 130 can be directly welded to the elongate members 102, 104, or 

one or both of the end portions 13 la-b can be crimped via a crimp tube to the elongate members 

102, 104 (e.g., the proximal end portion 131b can be crimped to the middle elongate member 

104). In some embodiments, the distal end portion 131a includes/defines a distal window 132a 
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extending therethrough, and the proximal end portion 131b includes/defines a proximal window 

132b extending therethrough. Coupling members (not shown), such as steel discs, can be placed 

in one or both of the windows 132a-b and welded, soldered, crimped, or otherwise fastened to 

the elongate members 102, 104, respectively, to secure the end p01tions 13 la-b to the elongate 

members 102, 104 via a rivet-like lock. In some embodiments, the end portions 131a-b can 

include multiple ones of the windows 132a-b extending circumferentially thereabout, each 

configured to receive a corresponding coupling member. 

[0046] The elongate members 102, 104 can comprise (i) metal, polymeric, and/or metallic 

(e.g., solid stainless steel, cobalt chrome, nitinol) tubes, (ii) metal, polymeric, and/or metallic 

(e.g., solid stainless steel, cobalt chrome, nitinol) tubes with relief cuts (e.g., laser-cuts) for 

flexibility, (iii) hollow helical spirals (e.g., including one or more axial metal (e.g., stainless­

steel, cobalt chrome, nitinol) wires turned to create a closed-pitch coil with a hollow central 

lumen), (iv) reinforced polymeric shafts, and/or (v) the like. In the illustrated embodiment, for 

example, the inner elongate member 102 comprises a solid nitinol tube and the middle elongate 

member 104 comprises a hollow helical spiral (HHS). The hollow helical spiral can be a single 

layer spiral, or a multilayer spiral (e.g., two-layer, three-layer, or more layer spiral) to provide 

greater torque and/or tensile response. In some aspects of the present technology, such a hollow 

helical spiral allows the overall system 100 to be more flexible such that the system 100 can, for 

example, be inserted to treat clot material in more tortuous anatomies with less biasing of the 

clot treatment device 130 (e.g., to one side of an implant or vessel). In some aspects of the 

present technology, the elongate members 102, 104 can have a relatively high tensile, 

compression, and/or torque capability/response that allow for the controlled expansion and 

movement of the clot treatment device 130 during a procedure to remove clot material from an 

implanted stent, embolic protection device, other implant, and/or bare vessel, as described in 

greater detail below. 

[0047] Referring to Figures 1B and 1 C together, the clot treatment device 130 includes a 

plurality of beams or struts 133 extending between the end portions 131a-b and generally axially 

relative to a longitudinal axis L of the clot treatment device 130. More specifically, the struts 

133 can be generally similar or identical to one another and can each include: (i) a distal portion 

134 extending from the distal end portion 13 la in a direction away from the longitudinal axis L 

and proximally toward the proximal end portion 131b (e.g., at an angle relative to the 

longitudinal axis L), (ii) a middle portion 135 extending from the distal p01tion 134 proximally 

and generally parallel to the longitudinal axis L, and (iii) a proximal portion 136 extending from 
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the middle portion 135 to the proximal end p01tion 13 lb in a direction toward the longitudinal 

axis L (e.g., at an angle relative to the longitudinal axis L). In the illustrated embodiment, the 

clot treatment device 130 does not include any cross struts or other cross-members extending 

between (e.g., circumferentially between) the struts 133. That is, the struts 133 can each extend 

separately in a generally axial direction between the end p01tions 13 la-b. In some aspects of the 

present technology, this absence of cross struts can permit the clot treatment device 130 to be 

advanced and retracted through an implanted stent (or other implant) without catching on the 

stent ( e.g., catching on apices or ends of the stent), which could potentially damage, disrupt, 

and/or move the stent. In some embodiments, the clot treatment device 130 can include one or 

more cross-members between the struts 133-but that are not configured to contact the 

implanted stent when the clot treatment device 130 is expanded. For example, such cross­

members can be positioned near the end portions 13 la-b. 

[0048] As best seen in Figure 1B, in the illustrated embodiment the struts 133 each have 

an undulating (e.g., wave-like, sawtooth-like, periodic) pattern. The undulating pattern of the 

struts 133 can create an abrasive surface for disrupting/engaging with clot and/or other material 

adhered to an implanted stent. More specifically, because of the undulating pattern, each of the 

struts 133 can include one or circumferential po1tions 137 that extend at least partially 

circumferentially relative to the longitudinal axis L. The circumferential portions 137 can 

together define the abrasive surface for disrupting the clot matelial. In some aspects of the 

present technology, the undulations are relatively small such to reduce the likelihood of the struts 

133 catching on the stent when the clot treatment device 130 is advanced and retracted through 

the implanted stent. 

[0049] As best seen in Figure lC, each of the struts 133 can curve radially at least partially 

back toward the longitudinal axis L in the middle portion 135 (and/or at a transition region 

between the middle portion 135 and distal and proximal portions 134, 136) such that the struts 

133 have a wave-like or hook-like shape when viewed along the longitudinal axis L. In some 

embodiments, this shape can help facilitate the uniform collapse of the clot treatment device 130. 

In additional aspects of the present technology, the hook-like shape of the struts 133 can improve 

the ability of the clot treatment device 130 to engage and disrupt clot matelial within an implant 

while still being atraumatic to regions of the native vessel outside the implant (e.g., proximal 

and distal of the implant). 
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[0050] The clot treatment device 130 has nine of the stluts 133 in Figure lB and six of the 

struts 133 in Figure IC for illustration. In other embodiments, the clot treatment device 130 can 

include any number of the struts 133 (e.g., one, two, three, four, five, seven, eight, ten, or more 

than ten) and the struts 133 can be positioned symmetrically or asymmetrically about the 

longitudinal axis L. For example, in some embodiments the struts 133 can be asymmetrically 

positioned about the longitudinal axis L to facilitate targeted engagement of the struts 133 with 

a region of adherent clot and/or to inhibit or even prevent catching of the clot treatment device 

130 on bent portions of an implant (e.g., when the implant is positioned within tortuous 

anatomy). In some embodiments, the distal portions 134 of the struts 133 can be 

circumferentially offset from the proximal portions 136 of the struts 133-either permanently or 

via differential rotation of the elongate members 102, 104-to cause the struts 133 to assume a 

"scoop-like'' shape when radially compressed, as described in greater detail below with reference 

to Figures lOA-lOC. That is, for example, the distal po1tion 134 of each of the struts 133 can 

connect to the distal end portion 13 la at a different circumferential position (e.g., relative to the 

longitudinal axis L) than the proximal portion 136 of the strut 133 connects to the proximal end 

portion 131b. 

[0051] In some embodiments, the clot treatment device 130 is an integral/continuous 

structure, such as a laser-cut metal (e.g., nitinol, cobalt chrome, stainless steel) element. In some 

embodiments, the clot treatment device 130 is configured (e.g., heat set) to self-expand from a 

compressed delivery state (e.g., when the clot treatment device 130 is positioned within the outer 

elongate member 106) to the expanded deployed state illustrated in Figures lB and 1 C. In other 

embodiments, the clot treatment device 130 is configured (e.g., heat set) to collapse to the 

compressed delivery state from the expanded state. In such embodiments, biasing the clot 

treatment device 130 to collapse can help ensure that the clot treatment device 130 can be 

removed from the patient if one of the struts 133 or a connection point breaks during operation, 

as the clot treatment device 130 will automatically collapse for removal. 

[0052] In some embodiments, the struts 133 can curve more or less back toward the 

longitudinal axis L. Figures 2A-2C, for example, are enlarged proximally-facing views of a 

distal portion of the system 100 including the clot treatment device 130 in accordance with 

additional embodiments of the present technology. Referring to Figures 2A-2C together, the 

middle portion 135 of each of the struts 133 of the clot treatment device 130 has (i) a relatively 

flat profile in the embodiment of Figure 2A, (ii) a hook-shaped profile in the embodiment of 

Figure 2B, and (iii) a further hook-shaped profile in the embodiment of Figure 2C. In some 
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aspects of the present technology, (i) the flatter profile shown in Figure 2A can provide a longer 

cutting edge for engaging clot material adhered to an implant, (ii) the more hook-shaped profile 

shown in Figure 2B can provide for a smaller contact area between the clot treatment device 130 

and an implant that can reduce the likelihood of the clot treatment device 130 damaging the 

implant and that can be more atraumatic to a native vessel when the clot treatment device 130 is 

deployed at least partially outside the implant, and (iii) the further hook-shaped profile shown in 

Figure 2C can provide an even smaller cutting surface than the profile shown in Figure 2B to 

further reduce the likelihood of implant or native vessel damage as compared to the profile of 

Figure 2B. In some embodiments, the flatter profile shown in Figure 2A can be utilized to treat 

adherent clot material that is firmly attached to the implant. 

[0053] Similarly, in other embodiments one or more of the struts 133 can have different 

shapes and/or profiles. For example, Figures 3A-3D are enlarged side views of a distal portion 

of the system 100 including the clot treatment device 130 in accordance with additional 

embodiments of the present technology. In some embodiments, as shown in Figure 3A, the tip 

108 (Figure 3B) can be omitted and the struts 133 can extent to and past the distalmost end of 

the inner elongate member 102 in the expanded position. As shown in Figure 3B, one or more 

of the struts 133 can have a profile including multiple (e.g., two) bumps or peaks between the 

end portions 13 la-b. As shown in Figure 3C, one or more of the struts 133 can have an axial 

apex positioned near the distal end portion 13 la (e.g., including a proximal tapered portion). As 

shown in Figure 3D, one or more of the struts 133 can have an axial apex positioned near the 

proximal end portion 131b (e.g., including a distal tapered portion). 

[0054] Fmther, Figures 4A-4C are enlarged isometric views of a distal portion of the 

system 100 including one of the struts 133 of the clot treatment device 130 in accordance with 

additional embodiments of the present technology. As shown in Figure 4A, one or more of the 

struts 133 can have a profile including multiple (e.g., two) bumps or peaks between the end 

portions 13 la-b and that does not extend radially about the longitudinal axis L and the inner 

elongate member 102 (Figure lB). As shown in Figure 4B, one or more of the struts 133 can 

have a profile including a smoothly sloping shape between the distal and proximal end portions 

13la-b. As shown in Figure 4C, one or more of the struts 133 can extend radially about (e.g., 

spiral about) the longitudinal axis L and the inner elongate member 102 (Figure lB) between the 

end portions 131a-b. 
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[0055] Figure 5 is a partially cut-away view of the handle 110 of Figure IA in accordance 

with embodiments of the present technology. In the illustrated embodiment, the handle 110 

includes a housing 514 having a distal portion 515a and a proximal portion 515b and defining 

an internal chamber or lumen 516. The housing 514 is shown as partially-cut away in Figure 5 

for clarity. A proximal portion 105b of the middle elongate member 104 can be fixedly coupled 

to the distal portion 515a of the housing 514. In some embodiments, the handle 110 includes a 

flush port 517 operably (e.g., fluidly) coupled to the lumen of the middle elongate member 104. 

The inner elongate member 102 can extend through the lumen of the middle elongate member 

104, past the proximal portion 105b of the middle elongate member 104, and into the lumen 516 

of the housing 514. In some embodiments, the inner elongate member 102 can extend entirely 

through the housing 514 to a flush port 518 coupled to the proximal portion 515 of the housing 

514. 

[0056] In the illustrated embodiment, the handle 110 further comprises a leadscrew 520 

attached to the inner elongate member 102 and movably positioned within the lumen 516 over 

one or more guiderails 522 (e.g., a pair of guiderails 522). The leadscrew 520 can have a 

threaded outer surface configured to mate with a threaded inner surface of the actuator 112 

(shown as partially transparent in Figure 5 for clarity). Alternatively, the leadscrew 520 can 

have a threaded inner surface configured to mate with a threaded outer surface of the actuator 

112 as described, for example, in detail below with reference to Figure 26. The actuator 112 can 

extend out of the housing 514 from one or more openings 519 therein (e.g., a pair of openings 

on opposing sides of the housing 514) such that the actuator 112 is accessible outside the housing 

514 by a user of the handle 110 (e.g., a physician). In some embodiments, the handle 110 further 

includes a leadscrew knob 521 (shown as partially transparent in Figure 2 for clarity) coupled to 

the actuator 112 and configured to threadably engage the leadscrew 520 over an entire range of 

movement of the actuator 112. 

[0057] Rotation of the actuator 112 relative to the housing 514 (e.g., by the user) can drive 

the leadscrew 520 to translate proximally and/or distally (e.g., between the distal and proximal 

p01tions 515a-b of the housing 514) to thereby drive the attached inner elongate member 102 to 

translate relative to the middle elongate member 104. This relative movement of the elongate 

members 102, 104 lengthens/shortens the clot treatment device 130 (Figures IA-IC) to radially 

compress/expand the clot treatment device 130. More specifically, Figures 6A and 6B are side 

views of a distal portion of the system 100 including the clot treatment device 130 in a first 

position (e.g., a radially-expanded position) and a second position (e.g., a radially-compressed 
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position), respectively, in accordance with embodiments of the present technology. Referring 

to Figures 5-6B together, in the first position (Figure 6A) the clot treatment device 130 is radially 

expanded, having a first diameter D1 and a first length X1, and in the second position the clot 

treatment device 130 is radially compressed, having a second diameter D2 less than the first 

diameter D1 and a second length X2 greater than the first length X1. In both the first and second 

positions the clot treatment device 130 has been advanced distally out of the outer elongate 

member 106 (e.g., past the distal end portion 107a thereof). 

[0058] To move the clot treatment device 130 from the first position to the second 

position, the user can rotate the actuator 112 in a first direction to drive the leadscrew 520 distally 

through the housing 514. This movement drives the inner elongate member 102 distally through 

the lumen of the middle elongate member 104, thereby driving the distal end portion 131a of the 

clot treatment device 130 distally relative to the proximal end portion 13 lb to radially compress 

the clot treatment device 130 while lengthening the clot treatment device 130. Conversely, to 

move the clot treatment device 130 from the second position to the first position, the user can 

rotate the actuator 112 in a second direction opposite the first direction to drive the leadscrew 

520 proximally through the housing 514. This movement drives the inner elongate member 102 

proximally through the lumen of the middle elongate member 104, thereby driving the distal end 

portion 13 la of the clot treatment device 130 proximally relative to the proximal end portion 

131 b to radially expand the clot treatment device 130 while shortening the clot treatment device 

130. Although two discrete positions are shown in Figures 6A and 6B, the clot treatment device 

can be expanded to any number of continuous positions therebetween, to a position further 

radially expanded than the first position, and/or to a position less radially expanded than the 

second position. Moreover, in other embodiments the middle elongate member 104 can be 

operably coupled to the leadscrew 520 and the actuator 112 instead of or in addition to the inner 

elongate member 102 such that actuation of the actuator 112 drives the middle elongate member 

104 relative to the inner elongate member 102, or both the inner elongate member 102 and the 

middle elongate member 104 relative to the handle 110, to radially expand/compress the clot 

treatment device 130. 

[0059] Referring to Figure lA, in some embodiments the handle 110 can further include 

an indicator 111, such as a slider, configured to provide a visual indication of an amount of radial 

expansion of the clot treatment device 130. The indicator 111 can, for example, indicate whether 

the clot treatment device 130 is in the first position or the second position. In some embodiments, 

the indicator 111 includes detents and/or other features that provide an indication (e.g., a 
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"clicking" sound) as the clot treatment device 130 is incrementally expanded/collapsed (e.g., 

millimeter by millimeter). Similarly, the indicator 111 can include markings that indicate an 

expanded size of the clot treatment device 130 as described in, for example, detail below with 

reference to Figures 25A-26. 

[0060] Referring to Figures lA-1 C together, in other embodiments a handle of the system 

100 can include a first member coupled to the inner elongate member 102 and a second member 

coupled to the middle elongate member 104. One or both of the first and second members can 

be manually moved relative to one another (e.g., without any mechanical advantage provided by 

a leadscrew, gear, or the like) to radially expand/compress the clot treatment device 130 as shown 

in Figures 6A and 6B. 

[0061] Figure 7 is a flow diagram of a process or method 7 40 for operating the system 100 

during an intravascular procedure to remove material from an implant with a patient in 

accordance with embodiments of the present technology. Although some features of the method 

740 are described in the context of the embodiments shown in Figures lA-6B for the sake of 

illustration, one skilled in the art will readily understand that the method 7 40 can be carried out 

using other suitable systems and/or devices described herein. 

[0062] At block 741, the method 740 can include advancing the system 100 through the 

vasculature of a patient to at or proximate the implant implanted within the patient. The implant 

can be identified as having clot material or other unwanted material (e.g., intimal hyperplasia) 

adhered thereto that would be beneficial to remove. In some embodiments, the implant is a stent 

implanted within the venous vasculature of the patient. In other embodiments, the implant can 

be a graft, embolic filter, inferior vena cava (IVC) filter, and/or other type of implant. In other 

embodiments, the method 7 40 can be used to clean and remove clot material from a bare vessel 

of the patient. In some embodiments, the elongate members 102-106 can be advanced together 

through the vasculature with the clot treatment device 130 constrained within the outer elongate 

member 106. The tip 108 can provide for atraumatic advancement of the system 100 through 

the vasculature to the implant. In other embodiments, the outer elongate member 106 can be 

positioned within the vasculature first, and the clot treatment device 130 can then be advanced 

through the vasculature to the implant. 

[0063] At block 742, the method 740 can include deploying the clot treatment device 130 

within the implant. For example, the handle 110 can be advanced distally (e.g., pushed by a 

physician) relative to the outer elongate member 106 to advance the elongate members 102, 104 

15 



-905-

WO 2023/137341 PCT /US2023/060502 

and the coupled clot treatment device 130 distally from the distal end portion 107 a of the outer 

elongate member 106. In some embodiments, the clot treatment device 130 can at least partially 

radially expand (e.g., self-expand) when the clot treatment device 130 is no longer constrained 

by the outer elongate member 106. 

[0064] At block 743, the method 740 can include further radially expanding the clot 

treatment device 130. For example, the clot treatment device 130 can be radially expanded by 

actuating the actuator 112 of the handle 110 to drive the inner elongate member 102 proximally 

relative to the middle elongate member 104 to thereby move the distal end portion 13 la of the 

clot treatment device 130 toward the proximal end portion 13 lb-thereby causing the struts 133 

to flex radially outwardly away from the longitudinal axis L. In some embodiments, the clot 

treatment device 130 is radially expanded outwardly to contact the clot material adhered to the 

implant or the implant itself. In some aspects of the present technology, such radial expansion 

can comprise a mechanical "ballooning" effect of the clot treatment device 130. For example, 

the clot treatment device 130 can be expanded within a defom1ed or compressed stent to balloon 

open the stent and/or to disrupt clot material, intimal hyperplasia, and/or other material within 

the stent such that clot treatment device 130 can more effectively engage and disrupt clot material 

within the stent (block 744). In some embodiments, the clot treatment device 130 can be 

expanded within a bare vessel (e.g., outside a stent) to perform angioplasty. The clot treatment 

device 130 can provide a radial outward mechanical force (e.g., pressure) of between about 0.1-

30 atmospheres, between about 0.1-6 atmospheres, etc. The outward mechanical force can be 

determined by the width and thickness of the struts 133 and/or the amount the clot treatment 

device 130 can be expanded (e.g., how far the leadscrew 520 can travel)-with greater strut 

thickness, stlut width, and/or device expansion causing a greater outward mechanical force (and 

vice versa) In some aspects of the present technology, the clot treatment device advantageously 

does not include a burst failure mode like many conventional balloon treatment devices. 

[0065] At block 7 44, the method 7 40 includes mechanically engaging the clot treatment 

device 130 with the clot material within the implant to at least partially dislodge the clot material. 

For example, the clot treatment device 130 can be rotated, translated, and/or radially 

compressed/expanded within the implant to engage and dislodge the clot material. Accordingly, 

in some aspects of the present technology the clot treatment device 130 can function similarly 

to a mechanical scoring balloon. More specifically, Figure 8 is a distally-facing perspective 

view of a distal portion of the system 100 including the clot treatment device 130 expanded 

within an implant 850 (e.g., a stent) implanted in a vessel Vin accordance with embodiments of 
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the present technology. The clot material to be removed is omitted in Figure 8 for clarity. The 

implant 850 can comprise a plurality of interconnected struts, graft material, a mesh, and/or other 

components know in the art of intravascularly implantable medical devices (e.g., stents). 

[0066] In the illustrated embodiment, the clot treatment device 130 is expanded within a 

lumen 852 of the implant 850 such that the struts 133 contact an inner surface of the implant 

850. In some embodiments, the struts 133 are the only part of the clot treatment device 130 that 

contacts the implant 850 when the clot treatment device 130 is expanded. With reference to 

Figures IA and 8 together, the clot treatment device 130 can be (i) translated distally or 

proximally within the implant 850 (e.g., as indicated by arrow A in Figure 8) by moving the 

handle 110 distally or proximally and/or (ii) rotated clockwise or counterclockwise within the 

implant 850 (e.g., as indicated by arrows C and CC, respectively, in Figure 8) by rotating the 

handle 110. As described in detail above, the elongate members 102, 104 can be formed to be 

highly torqueable and to have high compression/tension resistance such that the movements of 

the handle 110 are translated without much loss to the clot treatment device 130. In some aspects 

of the present technology, the struts 133 are configured not to catch, grab, or damage the implant 

850 when the clot treatment device 130 is moved relative to the implant 850 as, for example, the 

struts 133 extend generally axially along the direction of translation and do not include any cross­

members or open cells. Additionally, the undulating shapes of the struts 133 (e.g., the 

circumferential portions 137) together define an abrasive surface for disrupting, cutting, and/or 

dislodging the clot material adhered to the implant 850. Accordingly, in some aspects of the 

present technology the system 100 can be used to remove chronic adherent clot while 

significantly reducing the risk of damaging the implant 850. 

[0067] Refen-ing again to Figure 7, at block 745, the method 740 optionally includes 

collapsing and repositioning the clot treatment device 130. For example, if the clot treatment 

device 130 catches or becomes entangled with the implant, the clot treatment device 130 can be 

radially compressed (e.g., from the first position to the second position shown in Figures 6A and 

6B, respectively) to disengage the implant. For example, Figures 9A and 9B are distally-facing 

perspective views of a distal portion of the system 100 including the clot treatment device 130 

positioned within the implant 850 in the vessel V in accordance with embodiments of the present 

technology. Figure 9A illustrates the clot treatment device 130 in a radially-expanded position 

and at least partially entangled with an end portion 954 of the implant 850. If such entanglement 

occurs, the clot treatment device 130 can be radially compressed as shown in Figure 9B to free 

the struts 133 from the implant 850. In some aspects of the present technology, because the clot 
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treatment device 130 does not include any cross-members between the struts 133, radially 

compressing the clot treatment device 130 can disengage the struts 133 from the implant 850 

without catching or pulling the implant 850 therewith. 

[0068] Referring again to Figure 7, at block 7 46, the method 7 40 can include at least 

partially capturing the dislodged clot material within, for example, the outer elongate member 

106. In some embodiments, the clot material dislodged from the implant (block 7 44) can flow 

into the outer elongate member 106 via the blood pressure within the vessel. In some 

embodiments, the clot treatment device 130 can be retracted proximally into the outer elongate 

member 106 to pull the clot material into the outer elongate member 106. 

[0069] Finally, at block 747, the system 100 can be withdrawn from the patient. For 

example, the clot treatment device 130 can be retracted proximally into the outer elongate 

member 106 (e.g., by proximally withdrawing the handle 110 relative to the outer elongate 

member 106) and radially constrained therein. The outer elongate member 106 and the 

constrained clot treatment device 130 can then be withdrawn together from the patient. 

[0070] Figures lOA-lOC are distally-facing perspective views of a distal portion of the 

system 100 including the clot treatment device 130 expanded within an implant 1050 with 

differing amounts of radial expansion in accordance with embodiments of the present 

technology. More specifically, Figures lOA-lOC illustrate progressively increasing amounts of 

radial expansion caused by for, example, further actuation of the actuator 112 of the handle 110 

to move the distal end portion 131a of the clot treatment device 130 proximally toward proximal 

end portion 13 lb of the clot treatment device as shown in and described in detail with reference 

to Figures lA-6B. Alternatively, Figures lOA-lOC illustrate the same amount of radial 

expansion of the clot treatment device 130 where the implant 1050 has a progressively 

decreasing diameter E1-E3. 

[0071] Referring to Figures lOA-lOC together, as the clot treatment device 130 is further 

expanded within the implant 1050, the struts 133 can progressively flex inward and turn to each 

have a scoop-like shape. More specifically, the distal and proximal portions 134, 136 of each 

strut can flex to be circumferentially offset relative to the longitudinal axis L (Figure 1B) of the 

clot treatment device 130. Such radial offset can be facilitated by the different properties of the 

elongate members 104, 106. For example, as described in detail above, the inner elongate 

member 102 can comprise a solid tube while the middle elongate member 104 can comprise a 

hollow helical spiral such that there is more rotational give in the middle elongate member 104. 
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Accordingly, when the clot treatment device 130 is rotated when it is engaged with a stent or 

other implant, the friction/engagement forces on the clot treatment device 130 can cause the 

relatively more flexible middle elongate member 104 to rotate less than the inner elongate 

member 102-thereby rotating the distal end portion 131a (Figures 6A and 6B) of the clot 

treatment device 130 more than the proximal end portion 131 b (Figures 6A and 6B) and causing 

the scoop-like shape. In some aspects of the present technology, the scoop-like shape of the 

struts 133 shown in Figures lOB and l0C can facilitate a more effective removal of clot material 

from implant 1050. In other embodiments, the elongate members 104, 106 can be coupled to a 

handle configured to rotate the elongate members 104, 106 at different speeds to 

circumferentially offset the distal and proximal end portions of the stmts 133 to thereby facilitate 

the scoop-like shape. 

[0072] Figure llA is a side view of a stent cleaning system 1100 ("system 1100") in 

accordance with embodiments of the present technology. The system 1100 can include some 

features that are at least generally similar in structure and function, or identical in stmcture and 

function, to the corresponding features of the system 1100 described in detail above with 

reference to Figures lA-l0C, and can operate in a generally similar or identical manner to the 

system 100. For example, in the illustrated embodiment, the system 1100 includes a clot 

treatment device 1130 having a distal end portion 113 la coupled to the inner elongate member 

102 and a proximal end portion 1131 b coupled to the middle elongate member 104. The elongate 

members 102, 104 extend through the outer elongate member 106 and are operably coupled to a 

handle 1110 configured to radially expand/compress the clot treatment device 1130. In some 

embodiments, the system 1100 is configured for use in the peripheral vasculature to treat chronic 

peripheral clot either within a stent or other implant, or within a bare vessel. 

[0073] Figures l lB and 11 C are side views of a distal portion of the system 1100 including 

the clot treatment device 1130 in a first position (e.g., a radially-expanded position) and a second 

position (e.g., a radially-compressed position), respectively, in accordance with embodiments of 

the present technology. In the illustrated embodiment, the clot treatment device 1130 includes 

a plurality of interconnected stmts 1133 that extend between the distal and proximal end portions 

113 la-b. In some embodiments, the struts 1133 define a plurality of proximal cells 1160 and a 

plurality of distal cells 1162. In the illustrated embodiment, the proximal cells 1160 are larger 

than the distal cells 1162. That is, the clot treatment device 1130 can have fewer of the stmts 

1133 near the proximal end portion 113 lb than near the distal end po1tion 113 la. The clot 

treatment device 1130 can be formed of a self-expanding material, such as nitinol, and can be a 

19 



-909-

WO 2023/137341 PCT /US2023/060502 

unitary/integral structure. In some embodiments, the clot treatment device 1130 can be at least 

generally similar in structure and function, or identical in structure and function, to any of the 

clot treatment devices disclosed in U.S. Patent Application No. 17/072,909, titled "SYSTEMS, 

DEVICES, AND METHODS FOR TREATING VASCULAR OCCLUSIONS," and filed 

October 16, 2020, which is incorporated herein by reference in its entirety. 

[0074] Referring again to Figure llA, the handle 1110 can include a first actuator 1112 

coupled to one of the elongate members 102, 104 (e.g., the inner elongate member 102). The 

other one of the elongate members 102, 104 (e.g., the middle elongate member 104) can be 

fixedly coupled to the handle 1110. In the illustrated embodiment, the first actuator 1112 is a 

pull member configured to be pulled proximally or advanced distally to move the elongate 

members 102, 104 relative to one another to radially compress or expand the clot treatment 

device 1130. In some embodiments, the handle 1110 further includes a second actuator 1119 

operably coupled to both of the elongate members 102, 104 and configured to be rotated to rotate 

the elongate members 102, 104 together to rotate the clot treatment device 1130. 

[0075] Referring to Figures llA-llC together, in operation, the handle 1110 can be 

advanced distally and withdrawn proximally relative to the outer elongate member 106 to 

advance the clot treatment device 1130 from within the outer elongate member 106 and/or to 

withdraw the clot treatment device 1130 into the outer elongate member 106. When the clot 

treatment device 1130 is advanced out of the outer elongate member 106, the clot treatment 

device 1130 can self-expand within, for example, a stent or other implant to be cleaned. The 

first actuator 1112 can be pulled/withdrawn to move the clot treatment device 1130 between the 

first and second positions shown in Figures 11B and 11 C. For example, when the first actuator 

1112 is coupled to the inner elongate member 102, the first actuator 1112 can be advanced 

distally to drive the inner elongate member 102 distally relative to the middle elongate member 

104 to drive the distal end portion 1131a of the clot treatment device 1130 distally relative to the 

proximal end portion 1131 b to compress the clot treatment device 1130 ( e.g., to move the clot 

treatment device 1130 from the first position to the second position). Likewise, the first actuator 

1112 can be retracted proximally to drive the inner elongate member 102 proximally relative to 

the middle elongate member 104 to drive the distal end portion 1131 a of the clot treatment device 

1130 proximally relative to the proximal end portion 1131 b to expand the clot treatment device 

1130 ( e.g., to move the clot treatment device 1130 from the second position to the first position). 

The second actuator 1119 can be rotated to rotate elongate members 102, 104 together to rotate 

the clot treatment device 1130 in either the first or second positions. Accordingly, when 

20 



-910-

WO 2023/137341 PCT /US2023/060502 

expanded within a stent or other implant, the system 1100 is operable to radially expand, 

translate, and/or rotate the clot treatment device 1130 within the stent to mechanically engage 

and dislodge clot or other material adhered thereto. 

[0076] Figure 12 is a side view of a clot treatment device 1230 in accordance with 

embodiments of the present technology. The clot treatment device 1230 can include some 

features that are at least generally similar in structure and function, or identical in structure and 

function, to the corresponding features of the clot treatment devices 130 and/or 1130 described 

in detail above with reference to Figures lA-llC, and can be employed within a clot treatment 

system (e.g., the systems 100 or 110) in a generally similar or identical manner to mechanically 

engage and dislodge clot material within an implanted stent or other implant. 

[0077] In the illustrated embodiment, the clot treatment device 1230 includes a plurality 

of interconnected struts extending between a distal end portion 123 la and a proximal end portion 

123 lb. More specifically, the clot treatment device 1230 can include (i) distal struts 1264 that 

extend from the distal end portion 123 la generally axially relative to a longitudinal axis L of the 

clot treatment device 1230, (ii) proximal struts 1266 that extend from the proximal end portion 

1231b generally axially relative to the longitudinal axis L of the clot treatment device 1230, and 

(iii) bracing struts 1265 connecting the distal struts 1264 to the proximal struts 1266. The bracing 

struts 1265 can extend at least partially circumferentially relative to the longitudinal axis L in a 

middle region of the clot treatment device 1230 and can have a chevron- or ring-like pattern. In 

some aspects of the present technology, the bracing struts 1265 can facilitate an increased torque 

response of the clot treatment device 1230, while the distal and proximal struts 1264, 1266 

extend generally axially to allow the clot treatment device 1230 to be advanced and retracted 

through an implanted stent without catching on the stent, which could potentially damage or 

move the stent. 

[0078] Figure 13 is a side view of a clot treatment device 1330 in accordance with 

embodiments of the present technology. The clot treatment device 1330 can include some 

features that are at least generally similar in structure and function, or identical in structure and 

function, to the corresponding features of the clot treatment devices 130, 1130, and/or 1230 

described in detail above with reference to Figures lA-12, and can be employed within a clot 

treatment system (e.g., the systems 100 or 1100) in a generally similar or identical manner to 

mechanically engage and dislodge clot material within an implanted stent or other implant. 
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[0079] In the illustrated embodiment, the clot treatment device 1330 includes a plurality 

of interconnected struts extending between a distal end portion 133 la and a proximal end portion 

133 lb. More specifically, the clot treatment device 1330 can include (i) distal struts 1364 

extending from the distal end portion 133 la, (ii) proximal struts 1366 extending from the 

proximal end portion 1331b, and (iii) middle struts 1365 (e.g., spanning struts, axial struts) 

extending between the distal and proximal struts 1364, 1366. In some embodiments, the clot 

treatment device 1330 includes fewer of the middle struts 1365 than the distal and proximal 

struts 1364, 1366, and the middle struts 1365 can be longer than the distal and proximal struts 

1364, 1366. In the illustrated embodiment, the middle struts 1365 extend in a spiral or helical 

pattern relative to a longitudinal axis L of the clot treatment device 1330. The distal and proximal 

struts 1364, 1366 can have a chevron- or ring-like pattern. In some aspects of the present 

technology, the spiral shape of middle struts 1365 can facilitate an increased torque response of 

the clot treatment device 1330 while also reducing engagement of the clot treatment device 1330 

with an implanted stent. In some embodiments, the clot treatment device 1330 can be rotated 

such that the middle struts 1365 tum away from the ends of an implanted stent (e.g., by rotating 

the distal and proximal end portions 133 la-b in opposite directions) to further reduce stent 

engagement. 

[0080] Figure 14 is a side view of a clot treatment device 1430 in accordance with 

embodiments of the present technology. The clot treatment device 1430 can include some 

features that are at least generally similar in structure and function, or identical in structure and 

function, to the corresponding features of the clot treatment devices 130, 1130, 1230, and/or 

1330 described in detail above with reference to Figures lA-13, and can be employed within a 

clot treatment system (e.g., the systems 100 or 1100) in a generally similar or identical manner 

to mechanically engage and dislodge clot material within an implanted stent or other implant. 

[0081] In the illustrated embodiment, the clot treatment device 1430 includes a plurality 

of interconnected struts extending between a distal end portion 143 la and a proximal end portion 

143 lb. More specifically, the clot treatment device 1430 can include (i) distal struts 1464 

extending from the distal end portion 1431a, (ii) proximal struts 1466 extending from the 

proximal end portion 1431b, and (iii) middle struts 1465 (e.g., spanning struts, axial struts) 

extending between the distal and proximal struts 1464, 1466 and generally axially relative to a 

longitudinal axis L of the clot treatment device 1430. In some embodiments, the clot treatment 

device 1430 includes fewer of the middle struts 1465 than the distal and proximal struts 1464, 

1466, and the middle struts 1465 can be longer than the distal and proximal struts 1464, 1466. 
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In some aspects of the present technology, the distal and proximal struts 1464, 1466 can facilitate 

an increased torque response of the clot treatment device 1430, while the axially-extending 

middle struts 1465 reduce engagement of the clot treatment device 1430 with an implanted stent. 

In some embodiments, the clot treatment device 1430 further includes bumps 1467 (e.g., 

radially-extending portions) on the middle struts 1465 configured to increase the radial force of 

the clot treatment device 1430 for, for example, engaging and dislodging the most adhered clot 

or other material within the implanted stent. 

[0082] Figure 15 is a side view of a clot treatment device 1570 in accordance with 

embodiments of the present technology. The clot treatment device 1570 can include some 

features that are at least generally similar in structure and function, or identical in structure and 

function, to the corresponding features of the clot treatment devices 130, 1130, 1230, 1330, 

and/or 1430 described in detail above with reference to Figures lA-14, and can be employed 

within a clot treatment system (e.g., the systems 100or1100) in a generally similar or identical 

manner to mechanically engage and dislodge clot material within an implanted stent or other 

implant. 

[0083] In the illustrated embodiment, the clot treatment device 1570 includes an inner clot 

treatment device 1530 and an outer clot treatment device 1572 (e.g., a stent protection element) 

that houses the inner clot treatment device 1530. The inner clot treatment device 1530 can be 

identical to any of the clot treatment devices 130, 1130, 1230, 1330, and/or 1430 described in 

detail above with reference to Figures lA-14 and, in the illustrated embodiment, is identical to 

the clot treatment devices 1330 of Figure 13. In the illustrated embodiment, the outer clot 

treatment device 1572 includes a distal end portion 1571a, a proximal end portion 1571b, and a 

plurality of struts 1573 extending (e.g., axially) between the distal and proximal end portions 

1571a-b. The proximal end portion 1571b can be coupled to an elongate member 1574, and the 

inner clot treatment device 1530 can be advanceable through a lumen of the elongate member 

1574 or fixed relative to the elongate member 1574. In some embodiments, the outer clot 

treatment device 1572 is configured to be radially expanded and/or compressed via movement 

of the inner clot treatment device 1530. For example, the outer clot treatment device 1572 can 

be formed of nitinol or another relatively flexible material such that expansion (e.g., via any of 

the handles described above) of the inner clot treatment device 1530 also expands the outer clot 

treatment device 1572. 
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[0084] During a clot treatment procedure, the outer clot treatment device 1572 can directly 

engage an implanted stent while the inner clot treatment device 1530 is rotated therein and/or 

while the clot treatment device 1570 is translated distally and/or proximally within the implanted 

stent. Moreover, the outer clot treatment device 1572 can be fixed so that it does not rotate with 

the inner clot treatment device 1530 via its connection to the elongate member 1574. In some 

aspects of the present technology, the outer clot treatment device 1572 can partially or fully 

protect the implanted stent from being directly contacted by the inner clot treatment device 

1530-thereby reducing stent engagement that might damage or disrupt the stent. Further, the 

outer clot treatment device 1572 can still provide a large inner diameter that allows the inner clot 

treatment device 1530 to engage and disrupt clot or other material adhered to the stent. 

[0085] Figures l 6A-16C are side views of a clot treatment device 1630 in accordance with 

embodiments of the present technology. The clot treatment device 1630 can include some 

features that are at least generally similar in structure and function, or identical in structure and 

function, to the corresponding features of the clot treatment devices 130, 1130, 1230, 1330, 1430, 

and/or 1530 described in detail above with reference to Figures lA-15, and can be employed 

within a clot treatment system (e.g., the systems 100or1100) in a generally similar or identical 

manner to mechanically engage and dislodge clot material within an implanted stent or other 

implant. 

[0086] Referring to Figures 16A-16C together, the clot treatment device 1630 includes a 

plurality of struts 1633 extending between a distal end portion 163 la and a proximal end portion 

1631b. Referring to Figure 16A, the clot treatment device 1630 can include a distal clot 

collection member 1678. The clot collection member 1678 can comprise a plurality of dense 

cells formed by the struts 1633, or a separate member attached to the struts 1633, such as a bag 

( e.g., a mesh bag, a short nitinol bag, and/or the like). In some aspects of the present technology, 

the clot collection member 1678 can capture clot material as the clot treatment device 1630 is 

moved (e.g., translated, rotated) within an implanted stent. Referring to Figure 16B, in some 

embodiments the clot treatment device 1630 can further include an expandable member 1679, 

such as a balloon, positioned radially within the struts 1633. The expandable member 1679 can 

be expanded to force the struts 1633 radially outward to, for example, provide additional support 

for dislodging adherent clot material from an implanted stent. In the illustrated embodiment, the 

expandable member 1679 is positioned only within a proximal portion of the clot treatment 

device 1630. In other embodiments, the expandable member 1679 can be positioned along the 

entire length of the clot treatment device 1630, or in a different portion of the clot treatment 
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device 1630 (e.g., a distal portion). For example, as shown in Figure 16C, the expandable 

member 1679 is positioned along an entire length of the clot treatment device 1630. Moreover, 

in the illustrated embodiment the clot collection member 1678 is omitted. 

[0087] Figures 17 A and 17B are side views of a distal portion of a stent cleaning system 

1700 ("system 1700") in accordance with embodiments of the present technology. Referring to 

Figures 17 A and 17B together, the system 1700 includes an elongate member 1706 and a clot 

treatment device 1780 advanceable through the elongate member 1706. The clot treatment 

device 1780 includes a pair of expandable arms 1782 that can be formed of nitinol or similar 

materials. In Figure 17 A, the clot treatment device 1780 is constrained within the elongate 

member 1706 such that the arms 1782 extend generally linearly through the lumen of the 

elongate member 1706. Figure 17B illustrates the clot treatment device 1780 after advancement 

of the clot treatment device 1780 from the elongate member 1706. In the illustrated embodiment, 

the arms 1782 are configured to expand radially and curve back proximally (e.g., each forming 

a U-like shape) when unconstrained by the elongate member 1706. The clot treatment device 

1780 can be deployed within an implanted stent and rotated to engage and dislodge (e.g., cut) 

clot or other material adhered to the stent. In some embodiments, the arms 1782 can each have 

a tapered end portion 1784 configured to inhibit the arms 1782 from interacting with or damaging 

the stent. 

[0088] In any of the embodiments described above with reference to Figures lA-17B, a 

clot treatment device can include struts with a chamfer or angle to improve the ability of the clot 

treatment device to cut through adhered clot surfaces. At the same time, such a chamfer can 

allow the struts to be made relatively thick to increase their radial force. More specifically, for 

example, Figure 18 illustrates several struts having different chamfers that can be used in a clot 

treatment device in accordance with embodiments of the present technology. Figure 19 is and 

enlarged side view of a pair of struts 1933 of a clot treatment device each having a chamfered 

edge 1986 in accordance with embodiments of the present technology. 

[0089] In other embodiments, a handle in accordance with the present technology can have 

other configurations for (i) driving a pair of elongate members (e.g., the elongate members 102, 

104 of Figures lA-lC) relative to one another to radially expand/compress a clot treatment 

device (e.g., the clot treatment device 130) and/or (ii) rotating the clot treatment device. Figures 

21-27, for example, illustrate handles and/or handle components in accordance with 

embodiments of the present technology that can be incorporated into the system 100, the system 
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1100, and/or another suitable system instead of or in addition to the handle 110 and/or the handle 

1110. The various handles can include some features that are at least generally similar in 

structure and function, or identical in structure and function, to the corresponding features of one 

another, the handle 110 described in detail above with reference to Figures lA-C and 5, and/or 

the handle 1110 described in detail above with reference to Figures 11 A-11 C, and can operate 

in a generally similar or identical manner to one another, the handle 110, and/or the handle 1110. 

Moreover, although frequently described in the context of manipulating the clot treatment device 

130 shown in Figures IA-IC, the handles of the present technology can be used to 

manipulate/control any of the clot treatment devices of the present technology. 

[0090] Figure 20, for example, is a side cross-sectional view of a handle 2010 in 

accordance with embodiments of the present technology that can be incorporated into ( e.g., used 

in) the system 100 (e.g., instead of the handle 110). In the illustrated embodiment, the handle 

2010 includes a housing 2014 and a leadscrew 2020 movably positioned within the housing 2014 

and constrained by/over one or more guiderails 2022 (e.g., a pair of the guiderails 2022). The 

leadscrew 2020 can have a threaded outer surface configured to mate with a threaded inner 

surface of an actuator 2012, which extends out of the housing 2014 such that the actuator 2012 

is accessible outside the housing 2014 by a user of the handle 2010 (e.g., a physician). The inner 

elongate member 102 can be fixed to the leadscrew 2020, and the middle elongate member 104 

(not shown) can be fixed to the housing 2014. Accordingly, actuation (e.g., rotation) of the 

actuator 2012 can drive the leadscrew 2020 proximally/distally through the housing 2014 to 

drive the inner elongate member 102 relative to the middle elongate member 104 to radially 

compress/expand the clot treatment device 130 as shown in Figures 6A and 6B. 

[0091] In the illustrated embodiment, the handle 2010 further includes a lock mechanism 

2024 coupled to the housing 2014. The lock mechanism 2024 can include a lock member 2025 

configured to engage the leadscrew 2020 and/or the actuator 2012 to inhibit movement of the 

leadscrew 2020 through the housing 2014. In the illustrated embodiment, the lock mechanism 

2024 is in a locked position in which the lock member 2025 engages the actuator 2012 to inhibit 

movement of the actuator 2012 and the leadscrew 2020. In some embodiments, the user can 

actuate (e.g., push, translate, rotate, depress) the lock mechanism 2024 to withdraw the lock 

member 2025 away from the actuator 2012 to allow the leadscrew 2020 to move through the 

housing 2014. Accordingly, with additional reference to Figures 6A and 6B, the user can 

selectively engage the lock mechanism 2024 to lock the clot treatment device 130 in the first 

position, the second position, or and/or another position. 
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[0092] Figure 21 is a side cross-sectional view of a handle 2110 in accordance with 

additional embodiments of the present technology that can be incorporated into the system 100 

(e.g., instead of the handle 110). In the illustrated embodiment, the handle 2110 includes a 

housing 2114 containing a working fluid 2180. A fluid port 2182 is coupled to the housing 2114 

and configured to remove/insert the working fluid 2180 into the housing 2114 via a fluid control 

system (not shown). The inner elongate member 102 can be coupled to a flange 2181 positioned 

within the housing 2114 and configured to sealingly engage the housing 2114 such that the 

working fluid 2180 is positioned only between the flange 2181 and the fluid port 2182. 

Accordingly, in operation, the working fluid 2180 can be pumped into/out of the housing 2114 

to drive the flange 2181 distally/proximally through the housing 2114 to drive the inner elongate 

member 102 relative to the middle elongate member 104 to radially expand/compress the clot 

treatment device 130 as shown in Figures 3A and 3B. Therefore, in some aspects of the present 

technology the handle 2110 can be a pneumatically and/or hydraulically operated handle. 

[0093] Figure 22 is an isometric view of an actuation mechanism 2290 of a handle that 

can be incorporated into the system 100 in accordance with embodiments of the present 

technology. In the illustrated embodiment, the actuation mechanism 2290 includes an actuator 

2212 that is operably coupled to a housing or other component of the handle (not shown) via one 

or more biasing members 2291, such as coil springs. The actuator 2212 can be operably coupled 

to ( e.g., integrally formed with) a gear rack 2292 having a plurality of teeth configured to engage 

a first gear 2293 mounted on a first shaft 2294. A second gear 2295 can be mounted on the first 

shaft 2294, coupled to the first gear 2293, and configured to engage a third gear 2297 mounted 

on a second shaft 2296. In some embodiments, the second gear 2295 is larger than the first gear 

2293. In the illustrated embodiment, the second shaft 2296 is coupled to a unidirectional ratchet 

mechanism 2298 including, for example, a tooth 2286 that interfaces with circumferentially 

disposed indents 2288 to allow only counterclockwise rotation. 

[0094] Accordingly, in operation, a user can press the actuator 2212 linearly against the 

biasing force of the biasing members 2291 to drive the gear rack 2292 linearly relative to the 

first gear 2293. The movement of the gear rack 2292 rotates the first gear 2293 via the 

engagement of the gear rack 2292 and the first gear 2293. The rotation of the first gear 2293 

rotates the coupled second gear 2295, which in turn rotates the third gear 2297 via the 

engagement of the second and third gears 2295, 2297. In some embodiments, the larger size of 

the second gear 2295 steps up the rotation speed of the first gear 2293. In some embodiments, 

the second gear can 2295 can be omitted and the first gear 2293 can directly engage the third 
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gear 2297 or the first shaft 2294 can directly engage the ratchet mechanism 2298. The ratchet 

mechanism 2298 inhibits or even prevents the third gear 2297 from rotating in multiple 

directions, such as when the biasing members 2291 return the actuator 2212 to an initial position 

after being depressed. Accordingly, the actuation mechanism 2290 translates the linear motion 

of the actuator 2212 to unidirectional rotation of the ratchet mechanism 2298 and the third gear 

2297. The ratchet mechanism 2298 and/or the third gear 2297 can be coupled directly to one or 

both of the elongate members 102, 104 (Figures 1 A-1 C) such that the actuation mechanism 2290 

is configured to rotate the elongate members 102, 104, or the ratchet mechanism 2298 and/or the 

third gear 2297 can be coupled to a leadscrew or other device such that the actuation mechanism 

2290 is configured to d1ive the elongate members 102, 104 relative to one another to radially 

expand/compress the clot treatment device 130 as shown in Figures 3A and 3B, as described in 

detail above. 

[0095] In some embodiments, a handle coupled to a clot treatment device can include one 

or more features for inhibiting or even preventing over expansion and/or over torquing of the 

clot treatment device. Figure 23, for example, is a side view of a handle 2310 in accordance 

with additional embodiments of the present technology that can be incorporated into the system 

100 ( e.g., instead of the handle 110). In the illustrated embodiment, the handle 2310 includes a 

distal handle portion 2370 and a proximal handle portion 2372. The distal handle portion 2370 

can be coupled to a leadscrew 2320 that is coupled to one of the elongate members 102, 104 

(e.g., the inner elongate member 102). In the illustrated embodiment, the distal handle portion 

2370 is coupled to the proximal handle portion 2372 via a plurality of balls 2371, such as spring­

loaded ball bearings, positioned in corresponding detents formed between the distal and 

proximal handle portions 23 70, 23 72. Accordingly, in operation, rotation of the proximal handle 

portion 2372 below a predetermined torque level determined by the balls 2371 and associated 

detents rotates the distal handle portion 2370 and the leadscrew 2320 to advance one of the 

elongate members 102, 104 (e.g., the inner elongate member 102) relative to the other one of the 

elongate members 102, 104 and radially compress/expand the attached clot treatment device 

130. However, rotation of the proximal handle portion 2372 above the predetermined torque 

level (e.g., when a user turns the proximal handle portion 2372 too fast and/or continues to torque 

the proximal handle portion 2372 when the clot treatment device 130 is significantly engaged 

with an implant) will cause the balls 2371 to slip from the detents such that the proximal handle 

portion 2372 rotates relative to the distal handle portion 2370 without rotating the distal handle 
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portion 2370. In this manner, the handle 2310 is configured to maintain a torque level of the 

clot treatment device 130 and associated force on an implant below a predetermined level. 

[0096] In other embodiments, some or all of the balls 2371 and corresponding detents can 

be replaced with other mechanisms for inhibiting over torquing of the clot treatment device 130. 

For example, some or all of the balls 2371 can be replaced with pairs of magnets including a first 

one of the pair coupled to the distal handle portion 2370 and a second one of the pair coupled to 

the proximal handle portion 23 72. The magnets can be selected such that, when the handle 2310 

is over torqued, the pairs of magnets disengage (e.g., shear apait) from one another to permit the 

proximal handle portion 2372 to rotate relative to the distal handle portion 2370 without rotating 

the distal handle portion 2370. 

[0097] Figure 24 is a side view of a handle 2410 in accordance with additional 

embodiments of the present technology that can be incorporated into the system 100 ( e.g., instead 

of the handle 110). In the illustrated embodiment, the handle 2410 includes a leadscrew 2420 

coupled to an intermediary shaft 2474 having a first stop 2475. Rotation of the leadscrew 2420 

in a first direction can drive the intermediary shaft 2474 to translate distally, and rotation of the 

leadscrew 2420 in a second direction can drive the intermediary shaft 2474 to translate 

proximally. In the illustrated embodiment, the inner elongate member 102 is configured to at 

least partially telescope within the intermediary shaft 2474 and includes a second stop 2476. A 

biasing member 2477 (e.g., a coil spring) can extend between the first stop 2475 and the second 

stop 2476 to couple the inner elongate member 102 to the intermediary shaft 2474. In operation, 

when the intermediary shaft 2474 is driven proximally via the leadscrew 2420, the biasing 

member 2477 pulls the inner elongate member 102 proximally to radially expand the clot 

treatment device 130. However, the proximal movement also forces the biasing member 2477 

to elongate-reducing the proximal movement of the inner elongate member 102 compared to, 

for example, embodiments where the inner elongate member 102 is directly coupled to the 

leadscrew 2420. Accordingly, in some aspects of the present technology the biasing member 

24 77 can limit the radial expansion of the clot treatment device 130 to inhibit over expansion 

that may damage an implant. 

[0098] Figures 25A-25C are an enlarged perspective view, an enlarged side view, and an 

enlarged cross-sectional side view, respectively, of a handle 2510 in accordance with additional 

embodiments of the present technology that can be incorporated into the system 100 ( e.g., instead 

of the handle 110). Referring to Figures 25A-25C together, in the illustrated embodiment, the 
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handle 2510 includes a housing 2514 (shown as partially transparent in Figures 25A and 25B for 

clarity) defining an internal chamber or lumen 2516 (Figure 25C). The middle elongate member 

104 can be fixedly coupled to the housing 2514. The inner elongate member 102 (not shown; 

Figures 1 A-1 C) can extend through the lumen of the middle elongate member 104 into the lumen 

2516 of the housing 2514. The handle 2510 can further comprise a leadscrew 2520 attached to 

the inner elongate member 102 and an actuator 2512 (e.g., a rotatable knob). The leadscrew 

2520 is movably positioned within the lumen 2516 and can have a threaded outer surface 

configured to mate with a threaded inner surface of the actuator 2512. The actuator 112 can 

extend out of the housing 2514 from one or more first openings 2519 therein (e.g., a pair of 

openings on opposing sides of the housing 2514) such that the actuator 2512 is accessible outside 

the housing 2514 by a user of the handle 2510 (e.g., a physician). In operation, the actuator 2512 

can be rotated relative to the housing 2514 to drive the leadscrew 2520 proximally and/or distally 

through the housing 2514 to thereby drive the attached inner elongate member 102 to translate 

relative to the middle elongate member 104 and thereby radially expand/collapse the clot 

treatment device 130. 

[0099] In the illustrated embodiment, the handle 2510 further comprises an indicator 2511 

coupled to the leadscrew 2520. The indicator 2511 can be coupled to (e.g., integrally formed 

with, rotatably mounted to) the leadscrew 2520 and can project into and/or otherwise be visible 

through one or more second openings 2518 (e.g., slots) in the housing 2514 (e.g., a pair of 

openings on opposing sides of the housing 2514 ). The housing 2514 can further include one or 

more markings 2517 (Figures 25A and 25B) adjacent to one or more of the second openings 

2518 that indicate an amount of expansion of the clot treatment device 130 (e.g., a measurement 

of the radial expansion of the clot treatment device 130, a state of the clot treatment device 130, 

a position of the clot treatment device 130, and/or the like). For example, when the actuator 

2512 is actuated to drive the inner elongate member 102 and expand/collapse the clot treatment 

device 130, the indicator 2511 can move with the leadscrew 2520 through and/or along the 

second openings 2518, and the one of the markings 2517 adjacent the indicator 2511 can indicate 

the amount of expansion (e.g., in millimeters). In some aspects of the present technology, 

combining the indicator 2511 with the leadscrew 2520 in such a manner allows to indicator 2511 

to more accurately indicate the amount of radial expansion of the clot treatment device 130 

because additional component attachment and manufacturing steps for forming the indicator are 

not needed. 
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[0100] Figure 26 is an enlarged cross-sectional side view of a handle 2610 in accordance 

with additional embodiments of the present technology that can be incorporated into the system 

100 (e.g., instead of the handle 110). In the illustrated embodiment, the handle 2610 includes a 

housing 2614 defining an internal chamber or lumen 2616. The middle elongate member 104 

can be fixedly coupled to the housing 2614. The inner elongate member 102 can extend through 

the lumen of the middle elongate member 104 into the lumen 2616 of the housing 2614. The 

handle 2610 can further comprise a leadscrew 2620 attached to the inner elongate member 102 

and an actuator 2612 (e.g., a rotatable knob). The leadscrew 2620 is movably positioned within 

the lumen 2616 and, in the illustrated embodiment, has a threaded inner surface configured to 

mate with a threaded outer surface of the actuator 2612. That is, the threaded surfaces of the 

leadscrew 2620 and the actuator 2612 are opposite those shown in Figures 5 and 25A-25C. The 

actuator 112 can extend out of the housing 2614 such that a user can rotate the actuator 2612 

relative to the housing 2614 to drive the leadscrew 2620 to proximally and/or distally through 

the housing 2614 to thereby drive the attached inner elongate member 102 to move relative to 

the middle elongate member 104 and radially expand/collapse the clot treatment device 130. 

[0101] In the illustrated embodiment, the handle 2610 further comprises an indicator 2611 

coupled to the leadscrew 2620 and that is visible through one or more slot/openings in the 

housing 2614 to provide an indication of an amount of radial expansion of the clot treatment 

device 130. In some aspects of the present technology, forming the outer surface of the actuator 

2612 and the corresponding inner surface of the leadscrew 2620 to be threaded can allow for 

easier visualization of the indicator 2611, as the actuator 2612 does not block the view of the 

indicator 2611 and the leadscrew 2620 anywhere along the path of the leadscrew 2620. 

[0102] Figure 27 is an enlarged cross-sectional side view of a handle 2710 in accordance 

with additional embodiments of the present technology that can be incorporated into the system 

100 (e.g., instead of the handle 110). In the illustrated embodiment, the handle 2710 includes a 

housing 2714 defining an internal chamber or lumen 2716. The middle elongate member 104 

can be rotatably coupled to the housing 2714 via a first adaptor 2790 (e.g., a mid-adaptor). In 

some embodiments, the first adaptor 2790 comprises a flange 2791 configured (e.g., shaped, 

sized, positioned) to be positioned in and rotatably retained within a corresponding 

circumferential groove or recess 2792 in the housing 2714. The inner elongate member 102 can 

extend through the lumen of the middle elongate member 104 into the lumen 2716 of the housing 

2714. The handle 2710 can further comprise a leadscrew 2720 rotatably coupled to the inner 

elongate member 102 via a second adaptor 2794 and an actuator 2712 (e.g., a rotatable knob). 
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In some embodiments, the second adaptor 2794 comprises a flange 2795 configured (e.g., 

shaped, sized, positioned) to be positioned in and rotatably retained within a corresponding 

circumferential groove or recess 2796 in the leadscrew 2720. The first adaptor 2790 can be 

fixedly attached to the middle elongate member 104, and the second adaptor 2794 can be fixedly 

attached to the inner elongate member 102 such that rotation of the elongate guide members 

2784 rotates the elongate members 102, 104 together to rotate the clot treatment device 130 

attached thereto. The leadscrew 2720 is movably positioned within the lumen 2716 and, in the 

illustrated embodiment, has a threaded outer surface configured to mate with a threaded inner 

surface of the actuator 2712. In operation, the actuator 2712 can be rotated relative to the housing 

2714 to drive the leadscrew 2720 proximally and/or distally through the housing 2714 to thereby 

drive the attached inner elongate member 102 to move relative to the middle elongate member 

104 and radially expand/collapse the clot treatment device 130. 

[0103] In the illustrated embodiment, the handle 2710 further comprises one or more 

elongate guide members 2784 (e.g., torque guide pins) coupling the first adaptor 2790 to the 

second adaptor 27 40 and a rotary motor 2782. The rotary motor 2782 can be operably coupled 

to an actuator 2780 (e.g., a switch, a button), a power source, a controller, and/or the like, and is 

actuatable to cause the rotary motor 2782 to rotate the elongate guide members 2784 to thereby 

rotate the first and second adaptors 2790, 2794 to thereby rotate the elongate members 102, 104. 

Accordingly, the handle 2710 is motorized to rotate the clot treatment device 130 (e.g., via 

actuation of the actuator 2780 and operation of the rotary motor 2782) while still being manually 

actuatable by a user (e.g., via actuation of the actuator 2712 and corresponding movement of the 

leadscrew 2720) to radially expand the clot treatment device 130. 

[0104] In some embodiments, the rotary motor 2782 is configured to fully rotate ( e.g., 

360°) the clot treatment device 130 in one or both of the clockwise and counterclockwise 

directions. In some embodiments, the rotary motor 2782 is configured to only partially rotate 

the clot treatment device 130 (e.g., by about 10°-60°) in the clockwise and/or counterclockwise 

directions. In some embodiments, of the rotary motor 2782 (e.g., a controller operably coupled 

thereto) and/or other aspects of the present technology described herein may take the f01m of 

computer- or machine- or controller-executable instructions, including routines executed by a 

programmable computer or controller. Those skilled in the relevant art will appreciate that the 

technology can be practiced on computer/controller systems other than those shown and 

described below. The technology can be embodied in a special-purpose computer, controller or 

data processor that is specifically programmed, configured or constructed to perform one or more 
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of the computer-executable instructions described below. Accordingly, the terms "computer" 

and "controller" as generally used herein refer to any data processor and can include Internet 

appliances and hand-held devices (including palm-top computers, wearable computers, cellular 

or mobile phones, multi-processor systems, processor-based or programmable consumer 

electronics, network computers, mini computers and the like). Information handled by these 

computers can be presented at any suitable display medium, including a liquid crystal display 

(LCD). 

[0105] The technology can also be practiced in distributed environments, where tasks or 

modules are performed by remote processing devices that are linked through a communications 

network. In a distributed computing environment, program modules or subroutines may be 

located in local and remote memory storage devices. Aspects of the technology described below 

may be stored or distributed on computer-readable media, including magnetic or optically 

readable or removable computer disks, as well as distributed electronically over networks. Data 

structures and transmissions of data particular to aspects of the technology are also encompassed 

within the scope of the embodiments of the technology. 

[0106] Figure 28 is a side view of a distal portion of a clot removal system 2800 ("system 

2800") positioned within a vessel V to treat clot material C in accordance with embodiments of 

the present technology. The system 2800 can include some features that are at least generally 

similar in structure and function, or identical in structure and function, to the corresponding 

features of the system 100 described in detail above with reference to Figures lA-1 0C, and can 

operate in a generally similar or identical manner to the system 100. For example, in the 

illustrated embodiment, the system 2800 includes the clot treatment device 130, the inner 

elongate member 102 ( obscured in Figure 28), the middle elongate member 104, the outer 

elongate member 106, and the tip 108. 

[0107] In the illustrated embodiment, the system 2800 further includes a first balloon 2870 

coupled to the outer elongate member 106 (e.g., coupled to a distal portion thereof) and a second 

balloon 2872 coupled to an innermost (e.g., fourth) elongate member 2807. The innermost 

elongate member 2807 can be moved (e.g., advanced and/or retracted) through the lumen in the 

tip 108 and the inner elongate member 102. The first and second balloons 2870, 2872 can be 

inflated via one or more components of the handle 110 (Figure 5), a separate handle, and/or a 

different inflation component to an inflated state shown in Figure 28 in which the balloons at 

least partially engage the wall of the vessel V. Accordingly, the outer elongate member 106, the 
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innermost elongate member 2807, and/or other components of the system 2800 can include one 

or more inflation lumens (not shown) for inflating the first and second balloons 2870, 2872. 

[0108] The system 2800 can be used to treat the clot material C when the clot material C 

is positioned within a bare vessel and/or an implant. The clot material C can be chronic or 

adherent clot material that may otherwise be difficult to treat and remove. In operation, during 

a clot removal procedure, the outer elongate member 106 can be positioned proximal to the clot 

material C such that the first balloon 2870 is positioned proximal to the clot material C within 

the vessel V. The innermost elongate member 2807 can be positioned such that the second 

balloon 2872 is distal to the clot material C within the vessel V. The clot treatment devices 130 

can be deployed between the first and second balloons 2870, 2872 within the clot material C. 

With the first and second balloons 2870, 2872 inflated, the clot treatment device 130 can be 

translated and/or rotated through the clot material C to treat and remove the clot material C as 

described in detail above with reference to, for example, Figure 7. In some aspects of the present 

technology, the first and second balloons 2870, 2872 can help stabilize the vessel V-inhibiting 

or even prohibiting it from moving-when the clot treatment device 130 is moved to treat the 

clot material C. This can help improve the treatment efficiency of the system 2800. In some 

embodiments, the first balloon 2870 and/or the second balloon 2872 can provide embolic 

protection during a clot treatment procedure with the clot treatment device 130 in addition to or 

alternatively to vessel stabilization. 

[0109] Several aspects of the present technology are set forth in the following examples: 

1. A system for removing clot material from an implant positioned within a body 

vessel, comprising: 

a clot treatment device configured to be deployed within the implant, wherein the clot 

treatment device includes a first end portion, a second end portion, and a plurality 

of struts extending between the first end portion and the second end portion; 

a handle including an actuator; 

a first elongate member coupling the first end portion of the clot treatment device to the 

handle; and 

a second elongate member coupling the second end portion of the clot treatment device 

to the handle, wherein actuation of the actuator is configured to move the second 

elongate member relative to the first elongate member to reduce a distance 
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between the first end portion and the second end portion to radially expand the 

struts. 

2. Tue system of example 1 wherein the implant is a stent. 

3. Tue system of example 1 or example 2 wherein the first end portion is a proximal 

end portion of the clot treatment device, and wherein the second end portion is a distal end 

portion of the clot treatment device. 

4. Tue system of example 3 wherein the second elongate member extends through 

a lumen of the first elongate member. 

5. Tue system of example 1 or example 2 wherein the first end portion is a distal 

end portion of the clot treatment device, and wherein the second end portion is a proximal end 

portion of the clot treatment device. 

6. Tue system of any one of examples 1-5 wherein actuation of the actuator is 

configured to move both the first elongate member and the second elongate member relative to 

the handle. 

7. Tue system of any one of examples 1-6 wherein the handle is rotatable to rotate 

the clot treatment device relative to the implant. 

8. Tue system of any one of examples 1-7 wherein the handle is longitudinally 

movable to move the clot treatment device longitudinally relative to the implant. 

9. Tue system of any one of examples 1-8 wherein the handle is rotatable and 

longitudinally movable to rotate and longitudinally move the clot treatment device relative to 

the implant. 

10. Tue system of any one of examples 1-9, further comprising a guide catheter, 

wherein the clot treatment device is configured to be (a) covered within the guide catheter in a 

first state and (b) uncovered from the guide catheter and expanded to a second state. 
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11. The system of any one of examples 1-10 wherein the struts extend generally 

axially between the first and second end p01tions and each have an undulating shape. 

12. The system of any one of examples 1-11 wherein the struts each extend axially 

between the first and second end portions, and wherein the clot treatment device does not include 

any cross-members interconnecting the struts. 

13. The system of any one of examples 1-12 wherein the actuator is a rotatable knob 

or a slider. 

14. The system of any one of examples 1-13 wherein the handle includes an indicator 

configured to indicate an amount that the struts are radially expanded. 

15. A method of removing clot material from an implant positioned within a body 

vessel, the method comprising: 

positioning a clot treatment device at least partially within the implant, wherein the clot 

treatment device has (a) a first end portion, (b) a second end portion, and (c) a 

plurality of struts extending between the first end portion and the second end 

portion; 

moving the second elongate member relative to the first elongate member to reduce a 

distance between the first end portion and the second end portion to radially 

expand the struts; and 

after radially expanding the struts, rotating and/or translating the clot treatment device 

within the implant to materially engage the clot material with at least a portion of 

the struts. 

16. The method of example 15 wherein the first end portion of the clot treatment 

device is coupled to a first elongate member, wherein the second end portion of the clot treatment 

device is coupled to a second elongate member, and wherein moving the second elongate relative 

to the first elongate member comprises actuating an actuator on a handle coupled to the first 

elongate member and the second elongate member to move the second elongate member relative 

to the first elongate member. 

36 



-926-

WO 2023/137341 PCT /US2023/060502 

17. The method of example 15 or example 16 wherein the struts each extend axially 

between the first and second end portions, and wherein the clot treatment device does not include 

any cross-members interconnecting the struts. 

18. The method of any one of examples 15-17 wherein the implant is a stent. 

19. A clot treatment device, compressing: 

a proximal end portion; 

a distal end portion; and 

a plurality of struts extending generally axially along a longitudinal axis between the 

proximal end p01tion and the distal end portion, wherein-

movement of the first end portion toward the second end portion is configured to 

radially expand the struts; 

individual ones of the struts include a proximal portion extending from the 

proximal end portion, a distal p01tion extending from the distal end 

portion, and a middle portion (a) extending between the proximal portion 

and the distal portion and (b) having a hook-like shape in a direction about 

the longitudinal axis; and 

individual ones of the struts have an undulating shape in a direction along the 

longitudinal axis. 

20. The clot treatment device of example 19 wherein the clot treatment device does 

not include any cross-members interconnecting the struts. 

[0110] 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. 

[0111] 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 
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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 pem1its, singular or plural 

terms may also include the plural or singular term, respectively. 

[0112] 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 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 system for removing clot material from an implant positioned within a body 

vessel, comprising: 

a clot treatment device configured to be deployed within the implant, wherein the clot 

treatment device includes a first end portion, a second end portion, and a plurality 

of struts extending between the first end portion and the second end portion; 

a handle including an actuator; 

a first elongate member coupling the first end portion of the clot treatment device to the 

handle; and 

a second elongate member coupling the second end portion of the clot treatment device 

to the handle, wherein actuation of the actuator is configured to move the second 

elongate member relative to the first elongate member to reduce a distance 

between the first end portion and the second end portion to radially expand the 

struts. 

2. The system of claim 1 wherein the implant is a stent. 

3. The system of claim 1 wherein the first end portion is a proximal end portion of 

the clot treatment device, and wherein the second end portion is a distal end portion of the clot 

treatment device. 

4. The system of claim 3 wherein the second elongate member extends through a 

lumen of the first elongate member. 

5. The system of claim 1 wherein the first end portion is a distal end portion of the 

clot treatment device, and wherein the second end portion is a proximal end portion of the clot 

treatment device. 

6. The system of claim 1 wherein actuation of the actuator is configured to move 

both the first elongate member and the second elongate member relative to the handle. 
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7. The system of claim 1 wherein the handle is rotatable to rotate the clot treatment 

device relative to the implant. 

8. The system of claim 1 wherein the handle is longitudinally movable to move the 

clot treatment device longitudinally relative to the implant. 

9. The system of claim 1 wherein the handle is rotatable and longitudinally movable 

to rotate and longitudinally move the clot treatment device relative to the implant. 

10. The system of claim 1, further comprising a guide catheter, wherein the clot 

treatment device is configured to be (a) covered within the guide catheter in a first state and (b) 

uncovered from the guide catheter and expanded to a second state. 

11. The system of claim 1 wherein the struts extend generally axially between the 

first and second end portions and each have an undulating shape. 

12. The system of claim 1 wherein the struts each extend axially between the first 

and second end portions, and wherein the clot treatment device does not include any cross­

members interconnecting the struts. 

13. The system of claim 1 wherein the actuator is a rotatable knob or a slider. 

14. The system of claim 1 wherein the handle includes an indicator configured to 

indicate an amount that the struts are radially expanded. 

15. A method of removing clot material from an implant positioned within a body 

vessel, the method comprising: 

positioning a clot treatment device at least partially within the implant, wherein the clot 

treatment device has ( a) a first end portion, (b) a second end portion, and ( c) a 

plurality of struts extending between the first end portion and the second end 

portion; 
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moving the second elongate member relative to the first elongate member to reduce a 

distance between the first end portion and the second end portion to radially 

expand the struts; and 

after radially expanding the struts, rotating and/or translating the clot treatment device 

within the implant to materially engage the clot material with at least a portion of 

the struts. 

16. The method of claim 15 wherein the first end portion of the clot treatment device 

is coupled to a first elongate member, wherein the second end portion of the clot treatment device 

is coupled to a second elongate member, and wherein moving the second elongate relative to the 

first elongate member comprises actuating an actuator on a handle coupled to the first elongate 

member and the second elongate member to move the second elongate member relative to the 

first elongate member. 

17. The method of claim 15 wherein the struts each extend axially between the first 

and second end portions, and wherein the clot treatment device does not include any cross­

members interconnecting the struts. 

18. The method of claim 15 wherein the implant is a stent. 

19. A clot treatment device, compressing: 

a proximal end portion; 

a distal end portion; and 

a plurality of struts extending generally axially along a longitudinal axis between the 

proximal end portion and the distal end portion, wherein-

movement of the first end portion toward the second end portion is configured to 

radially expand the struts; 

individual ones of the struts include a proximal portion extending from the 

proximal end portion, a distal portion extending from the distal end 

portion, and a middle portion ( a) extending between the proximal portion 

and the distal portion and (b) having a hook-like shape in a direction about 

the longitudinal axis; and 
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individual ones of the struts have an undulating shape in a direction along the 

longitudinal axis. 

20. The clot treatment device of claim 19 wherein the clot treatment device does not 

include any cross-members interconnecting the struts. 
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N'{}TIFiC~-AI'I()N' ()F 11-tl\N'S~:iIT'TltL {)F 
IlIE [t•rr1;1lN}\'Tl()~J'/;J. SE,}\R(:}-I I{EP()RT /~Nr) 

111E \\11ltT'IEN ()PINIC.\N (}F ~r111-.; tN"11::RNi\'TI()Ni\L 
SE.i-\RCI-lIN{:t .AlJ1li()RrrY~ ()R lliE I)ECl.,i.\JtA]'I(}N~ 

t1!~;;i~~~:fr::~~\:~t~~\~:~e~~~:~!;:~i:~,;~;;~t:·:~~lm§ ornm i,itcm,itior.al api,Hc"fa;,1 (§t,t Ruk 46): 
\\-'"~en:? Th~ th:ne 1Bnit fr-:r filfr~g snch :::111em:hJ1f:nts i.-s RH..ltHJ~.Hy t~Nt~ nK-::nth~ fiorfi ti1f: d:s.t't': t-:ftrru~sn1inITT t~fth~ iiltf:n1i~tit1ns.1 

search report. 

}hn•~·? l:hr~c:Hy tG the !t~te.r:.:.ationru Htrrti~ii J~re:frtrahiy through tPC·'i.~ or on p~i1tr to: 
The !ntt;n1ati~;nat Ht~r~m~ Gf\.V!P()i 14!, ~}1~niin d§s CokJsnbt~Ue:K., 1211 (St;nt;va 2l1i S1~·it'-:':e.rh~s1d 

Tht; r:ppHt::&t"t't' i:-. hcr~~~y i~t1ttfi~d tht\t ,nn b..~t~:n~:.\t~*smi ~:-t::.\r~h g;p\.)rt \~~in be ~":?3,\;.~hHsh~1d tt~,d th&~ n~~: dtc:~~H·.;nit1~~ ~w~dt::f 
~"t~r~,:: 1 ··:t{?\1:j1; ··:: ~t:::·~ i:'.W,..-,:;:- -,~,• fr, .. , , .. ._,y;Ptt'r s:-r"-,i-·,r :Nftt",;, h~trr:u;,~::-r&l S~;zrt:?:-d,~~:~;."n~h~'":.:"1~)• ~rs$ r,z,r-.S,"c"tt:--$-;i hf"r·--,,.·~~", 

Tht; ~ppli:.-:s.tzt ~Trny &ub~zzst ~X)~11R~~ut:s fB3 JH~ iut1.1s-·~11ss~ b:&.s.i.:s t~~::. t}3e ,~·dts::e~i ~Jt1issk)~1 fif tht S.~1S.fT3"3,s.t§~3~1:&! Se~rtlsh::.g .A~~th:.1s-ity to 
the ltaen1s.tio~3BJ llur)!.mi. 'These ct1~11n1~nts ,~·ill be ~11acl~ avasisble t:) t13e JJt.tblic aiier inten1atk:11at pnbUc8i.tioi1, The h1t1~n1:..~ti:)rsm 
Biu-e~;.; \.°'t-'iU ~t:t~d tl ct-:py· of &H&:h ,~onn·tff:JiW to an ri~s:ign~ted ()ffS,~-..~s: i.;!Jlr::$& m1 h::.te:r.rniik)iHil pn"::l§n1inary -..~xijn1£::1ation ~~poat h3i.~ 
been or i;s to bt": est~hlishttl. 
Short]y alter tht~ expfrsh:.:r: of 13 ~11~ns.h.s. s"°~"~3R~ t§-st ~-'Bi~n-·3ty d&t~~, Rht inh;~"~1&th1ss:si &§JpU,··sstirs~i ~"\•Sn l.1e §R~bU..s.h~;d by the 
J\1tFt:rn.tiona~ H~~rems. lfthr applic?~,~~:v?she~ to :s:•{>id or po~tr·•:-t~n~; :3s~hr5~~..,~+-...:r\ ano''-in;, ~)r._,,it}3dr::1xyz,l :)ft'he 5nts·~nrn.tl,•)n&} s._pp~{catinn .. 
o:r of the pdurity clsh11, n::.ust r~;ii-.;h tht-: !ntt-:s:nsti:Jnal Bttres.u bef~re !ht: ct11.r~pltiion of the tel":.hnic:al preparatit~n~ fbr inte:rn.tltionsJ 
pub1i,~;itk:11 (ll'3k:~ 90biS.1 atui 906iS.3). 
'~ltlithin 1~) 33PJ~ihs f:rorri the prk1rhy date:1 btn t111ly in re~_pe:.-:t ofsfJn1~; desi~1ated ()ilh.~~;s, ;., dt;n1a~1d R1r Sntt;xl1atfrnisl p-n;:H .. G1frmi:~t 
exs.n.,inaticn n1~J~t he fi1td if th~ applicant ,,~s:b.t~s to pr~~tpcne the e~ztty intc the natfrn1;.~1 phase l~~1tU J{§ ss3o~ths; fi·orr~ the pri~s:1ty 
r.hst~ (in so~11e {)ffice1S even later)~ cthe:n:-..,•i:Si:;\ ti1t; EppHca~,t rrn..t~t, ~)·ithh1 :io n~~ssths; fil.)IT3 ti1t; prit~dty cl.:itt:;\ pt-:s11.1r1.·rt t}-1-e pre:S€"..':tibed 
s.t":ts for entry h~ t~) the n;stioS3s.l phs.se b;:::t1Js't': tht~~e dt:sigrmt~~d ~)ft1~ts. h.t n":'.spect ~)f oth~~r ffosig~1att:d ()fi.\ces~ the thnt; hrr1it ~)r 

:ltl rrH.n::.th~ (er t~t::.;r) ~'>•·in ~pply t~:t.11 i.f~10 deiuand is t1k:d ':-~·•.itliin 19 tnonths. For d~:tE.ils abcl1t ~h~ ~~plil--:,ahh.": ti\3:1:..~ lh·nits~ C~.ftlc:t: 
t>·y ()ffi(;~~ set~ v·..-1~·1>i-'.,\.\'{p~;jnt!pct.ie11i~e;:.;:t&ltiu .. t~ .. )in1its.htsni a.ud the }"1'C~T .-~l·~~-dA-.~ant :".i (h.,i(:l¢:;:- }.fo.tk}J&al Chapter~. 

;~_i;:~~i;~::~f;;;~,!:~i:::,:~:%~::~~;:~:;'t~:~;~:;;i:~~~i~~;~~~~i '!~~\:~t(~~r:~~~~;r~;,~;~~:;:~~:~~~~~~~;~~~;\:;::~ !~;~~~;::~:;~:~;: 
in.tens.;H.icnsl sesr:.~h iti ci~&cTilx:d in t.h~ .t-"C7'A}-)_~-:•lii .. Y3r-;.t~ (h.-:.i:.t~~~ Xnten1~tit-:11&l Pha:-st, pm·s.gJ·aph~ &.::}06~ft::n2. 

Nru1le &~d rn~i1it1g i~dtirt·s;s of the lSA/l.lS 
M~i: ~~k--=~-: PGT, --~it~--:: i~~~nrs 
t-:) ...... ,·~.&ll.ff<>.., ~\x h.-.t-$~ h,1 

P.O. tk~;i( i4t~O: .:\l~:-:.~~';~r-;~, Vl:~l~1i.~ 2;::=s1~~··J~;~m 
F,:,.•-.~hnar No. ~u·\ .. ;~7:3"RY30 



-972-

l\ppHcs..nt's or Bff~-:.nfs f:.k: ref~s-{:I~c~ ~ ~'$]R ~'!Jll1'H.ER.A[~]'!(f~ 

·, ·1 ·1 ff'.> "''':< ·'%VO\"' I see Fonn f'Z:'T.IISA.(l:W s.s w;:-:H :i\S, whern &ppHc:i\Nc, it&m ;i bdow. 

fatt~rmllion&l applk:stb,; No. l fot.t,m&.1im1:;1 l.Uing d:stt~ \-;-_t,~,-·A,,om'h•'.°).•,x,1:) ! {Es.dit:st) 1'6ority Date (d,~}.~~>wnth-')-~,m;} 

~~~,~~~~:,~:~,"~~~:~~,:~~:~~""""""""'''''''''''''""""'"'"'"'J "'i i, ~J~n:.K~f'J :{O::f:$ t·1 i .Oi .:::-02~~} """""""""""""J ,-1 ·1, ~~a~u~~~v ~~G~~~! {1 ·1,{H -~~0~~2} """'""""""""""'" 

i~.p:p.Hcar:.t 
lNl;BJ MEDiGi\L .. ING. 

I : Thh; iigt~n~atio.rnil ~iea.rd·s f~}.K-:rt h~~ bt-:t-:::.1 p::.1~p~ir~d by this faitt-:::.1stitit":::.~a.l S~&tching .Attt~u;:ity &t~d is ir&t1S·~)1ittt-:d tr~ the: sppli~m1~. &ct-:t~rdin* 
j tt: .Asticl~ 1 a. l\. copy i~ h~ing t.ransn~itied to the Irit§n1~ti.or~al ih~re~t~. 

1 -;-"-..' • .; .. • 'I- '- 'I- • .; ... 'I- 'I- ~ ~• •U .. 2,,, .. ,, .. , ~-:~•,•,',,",'',t, -. ~ fU~ Sthen1&tKm,s.~ SeBIC.a rep,1r~ CV1~.S1S~'.$ 01 & lO~R, ")l ..... ~~ ... ----·-·___ ~.~.· ~ 

l [:] It is als,1 &G,~omp;mied by :s ,,upy of e;,l,h p,far s.rt il,,,;.;R,,'lcnt d,~~d ii, t!,is rei~o,t 
1,,,_,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ... ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ... ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .................................... ,,,,,,,,,,, ...... : 

! 1.'S&~ds .:)f t~t rt§St1rt 

~. \Vith :rfgr~rd tD th~ ~~~~;~u~§;~. th~ i~tetn$.hr~i3;~i st~··~.r,-:h ;~•a.~ carrie.t'S (R~t o~ th~~ ba~~3 (3!~ 

[~ ~ht-: fr-nt~1~s.tifJn~i app1s,~;Hk~n in tht-: hins~~agc ifs 1.~·hfr::°:) it VlS..t:. iHcd. 

[~~~] & ~ ..... ~ ... s~..,~~,r,,.., ,,i ~~'~-: ,,:t'f,~\?\n:rr,3 *~>?~"'$'~'\◊\'\ fr~\'t> ------,--------- '}Vhk:h ~s thf: 3~nt::-:..~:::.s~ r,f 
& trar,slatff3n fin~::s.htxi fr~: th~ _pDrpr3&~s ~.-::f S3:si~t11~~k1::..1&t S.t~&~·s.".h {R,t!~~ ~23(~} :::.r~d 23. l (t~)}. 

This it-:.~.:;.-:n1&ti~x\::.~l ~-z~rd~ r~~p,1r~ h;s& b•tx:n ~-~1ab!~~-J~t-:d taS:Sn* s~,t\:1 ;s.~~fRtnttht~ ~ .. ~Rti~i~;~ts~.n~ ,~r ~g~ ,,b~·-~ts~.:5 IT5~.st~k~ :..~\.ii.horh)~d 
by fn ~G~i~eti t,1 thfo~ t\~thori~y ~~t£~i~1"· R,,k 91 (Rs..\.t~~ -·~-:~.6bi.:s(~)}. 

4. \,Vi1, ... l_"-,•.;_} .. _; .. _!_~.;m·d tr, the tHh~: 
~.l_~, tht-: t~:,.:.:t i.s ~pprsn~·.:;,-:d as §~b;1~{t~~d by th~ ap1~3k-:;.'31t 

[::] 1J1c ..... x~ h~w bbl[! <:2N.ab;1.s;1cJ t. j thi.s i¾.~~J1vd~.s -.o ·~ CdJ ..s.~ K:.~hh-i&. 

the text hB:S b<:§n e:St:-sbH.shed~ &:..~C\.)fs.ifr~g t~ RiJ3c 3.}L~\ by fhfa --~~-:.th€$.rity .;ss {t ~ppeB.\:S i~1 :B~.::t: N,1, !\( 'The &ppE(:~~~t ~3:1:..~)\. 
,~·ithfrs on.:;.-: 111.Dnth fr'-)ffS th.t-: date r,f 111.aiHng. ,1f this tntern~ti\.)rt&! st-:at~h .rt~AX)f~. s~-:.b::..:1.h ct11'..'..ffH~s3t~ it1 this J\:nt}5f3r{ty, 

\ 
\ 
\ 
\ 

: """"""""""""""""""'"""""""""""""""""""""""""""'""""""""""""'""""""'"""""""""""'""""""'"""""""""""""""'""""""""""""""""' J 
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: --~:~\.~~~Dr4it~t.!~J~-:._tttttti~~rt:iLJ~~~~~tJ~(ttt~ltt~ltti~tll1:~:;tJ:tt,&,Q,.b't.~h.}i~ti.i~.~~t~(t~~~ktt~~t~~Li~~~ill~:,..... ___ ~ 
B. F':F:'J)§ S:EARC'1~l'P1) 

l :\:rininr:.m1. '-.kx:urnent:.~h:.1n s~hrCh{:ci (t":~&ssifif.:'&.h~fi &)"St~rn. t~1Htn;-..~~1 by d&.s~if.k:~tio.B &y~"l1t&°$~~} 

~ .$::.:.::.:~ S~J:.-,J'; k;;~~,4i Jo ...... tf:)~;,, 
,-.............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................. * 
~ ~ 

l ~~~~:,~~:~:":::::::·::::,:~:::~~.::~;~:::~:::~-· I 
t ................................................................................ __ ........................................................................................................................................................................................................................ nnnnnnnu .................................................................................................................................... ~ 

1-\ 

A 

s~~x~~~~ ~:3,~~~n-ri&:s t.~f ci1~cl clr~t":':..~m~~ss: ?< ~ : ~.. ....':.:.:~·~,,~ ' ~ -~ "$.~--~· ~~ }. ·.._ ~ ;\~ .. - ;-. ;,,~ .. ,. :..:.'~" :"\ ;-; • • • ,. 

··l\ ~~ .... .... ;-,.,;\ ••••• , ~ ~ :-..--. , " .,., ...... , •• ;\ .... ,-.; • • • • .... ~ ~ .... { -..:,,.:,•,,,·,,,.~.-,,·,,','.·.,·,,,,:,<.'.,·.,,. ½,.,.·,.·.,.:.,.,',".·.".-',,',,'.,,t.·•~l-·•,. ·,:,'··,,, .. ,R(,._.~.~-,.·.· ... ·.·,\, .. ·.,' .• _'_.,·c.'_,.·, .. ,·,·,;.,·,.·,· >~·J ~·· 3/\J~ ;- ><'... i;:·1~~:;rp~~-zi~~{J~?\~~I~\t;;;~~~~- .... :~~--- , .... "·•'· ~--· · -------~~ !~ .I.I\.-~ t ... ,.i,., ,~, .. ,,,....... . ........ - : .... .~ .. . - ,, -~ :, -- .. ... 

'T)'' <l✓\.,,ff .... ..:.n~ <:t ..... d. t.s ,.: .. ..:.• &f .. f,:i,.t,n~ ;n :J~< in., ... ;~~htk~ .• ,sJ ~'11pb••,M.k1.n '}i.. ,.::t,c-:..-~·,,.,*"'" ,·S ~~ .. ,~,,~~~~,· r""~..:.~•~'..,'-'~· ~~~ .;:,:-h.,,,, ........ ~ , ..... ,.~.:\~~ .... ~-,~1.n✓~ b~ 
''.E" '. ~ '. '. .... .. ' ::.... .., ;,_ ~' }, ~ ~ ... • I '. ~ ~.;,•'.·~~~.~,-,i_.i..~,:,·::t:,~~,i.--~,~,-,·,~,.; ___ '_,',\,',.~,:"",·l~~~,',',',. ~,,;,;_~~:.•,: ... ,~_;.~~'~-~~_-,: __ },:,.,;_"t~.-,·,·,~-\.i~; ...... ~i~~;·~;;;,..~~~~~~~ ,~; i;~~~~;;;~,~ }1~~p ~1~~~;-'di\~"."''-'"'''''' ...,~. r~I~''' , ... t'':..:'¼•,i:;,;• ~" -~I'\., ... -~ ,.~., ·"":t"" , ...... \~''"& .,., .... :3..., , .. ,. ·~ ............... ,__ .. :::~.. ,~ , •• ,....,!• .. .. 

• ! ... , f~:.)~l.3-rn~;~~ ;~-;~ ;\rh mi\~' ~ ht:.~~~ f:.k1 u ~1--s t1f~_ p~k~nty c;~~~11t~;) or ~~~h.,;_-.:-~ ''Y'~ }_-,_::.~_~:_,.;:"".:,;::_: ',f,\l,,,,~.~_,_\., 1~,'~.:_~\,~.~.:.~.!~.~,i;~ ..... ,:_•--~}.:--.· ',:,~,:.~~~.',-,\ .. ,_~·:,~-~ ...... ,:,~.',t_:.~ :~ .. :_ .. '_ .. ·:~,·--.· i~,~,:,;~.-,\,~.~-•-~,:,-~,,.~,",',~,~,~:,:,·,:,'_·\.' .. :. ~:,:~~;r1 ~.:;:~~~,.(~s;_~!~J~;~~~~.~·;:'~":.b~x~ dht-:::• '-~f:.,mn}~s:r ,g~t~~t1 ~)r ✓~h~t ,, ..... "'" ,~ ..... .._.._, ,.,._ ~c. ---"' ._.,,,", ... " ..:-" ,,. .. ,... _ _, 

~i;~~,/ci~i~-~~~1~~1:\.--~~:~~~~~1Tu~:J 1~:tJi~~f~~~t~~8,. &~J,;}; :.xm;hit~~t~~r: 
·•o" u:.~ ... t'-<i:~M,,~cfrd,i,,g ~t.,:sn:.~ .. ~- J.~::s,.:\.1.Jtu.~:.~ -...,&.:..., ._.xi.,~t<~(~\.1.hC.t ;_.:ih-:.< ~~"l-.":l••'-.i'~S. '" 

·-p~- ~:fo ... tWB(d :-A1~\E§h..:.J µd•m , ..... ~L<-i~1&:.,r~&t:-..w• .. ~~ n~~i~t:. tk,k l:m~ ~..{t.;;_;~ ~R~~n ,:.&~·· ,~f'X":-.,.m:..:~-s ~1-, .. r,::;C':. .. ,· v.C.\\,•:..: s. ... <,M:..: p:.~t:..M, f,:,.,m;;!-. 

22 M~rd: 2023 ~~ f} V ey §,f 1r1 ❖1:-:1 
~i~ f .. ~ ~ ~ ~J f.., ~J f ... ~} 

M~~t S~JJP PGl~ Att,:: iSlVU::S~~ Ct)t"::rn~s~lon~): t,1r ;:~t~t~•:ts Kt~r~ Rt~if~f~UtJ~ 
P.~). ~k1.~ -~~H~U~ Al~1-:-::;.~~1dr~2~. Vtr~:"J~n~~ :~:i:~ ~ ~~---~~~t:o 
F.s,:.dsniit N·fi. s-r·: ... ~rr~~-~i~H)O ·1~Aeph.,1ne }(h.). F1CT H~~pd~1~~c St·t .. ·272---4~~0{} 

..................................................................................................................................................................................................................................... ~ , ...................................................................................................................................................................................................................................... ~ 
F:)~:~~\ ~)t:·nt~AtJ?G (&~~t~t~ci ~h~%~;~) (J~~y ~~n~t~} 
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L'""''·--------- ·-----....................................................................................................................... ------ --------'"'""""""".I 

BQx }(fr;. "\l R,~E~Ot3~J st::1t~n1~s-Jt s...v~,~~~r Rt-:.k~ -4.$bts, 3 frs)(i) ,~·ithn~gm·d ~; f5fJ1..-~h)·~ i.nv~~ndvt~ sk~p ;.,r~dind-:..istd~3 s..p,p~~crsbi.Uty_: 
dtB.ti:..":tiSi s..ns.3 §A:p1s..t~:s.d~s3~ suppt~.rtSs-~g :Ss.Jch stB-i~nJ.ent 

~;~::~~~,~;;i::~~½' ~;;~~\:~~\:t:;;.t~~:\;~;~::i:~:~;t !,;:;~~::~~::! t~:i;t::t1~,~s~!~:11:~l~;-,;;~; ~l:l!~t~~~i~~1~11I!~}~;~ ~~~~!~;;~~~:i~~\::! 
PCTs'l~.:\/:t~;J '--:r t~~d .. ':..~t~ ih:.~ ~;,,,:.r~s~-~ti-f~:S ~rf~~J ~n,1r~th§ fr~1rf~ th~~ ~1:k~dty ds..tt~~ ~\··hS~ht-:,.•~~r ~~xpfr~~§ fo.tf~f, 

N;s.n1~'! SJX~ ~1.1~31i~'lg ~f1d.rc~~ fsf\h~ JSi~ .. it}S ~ I}%~t'! ~f ,~~.n1ptetjon ~1fth.is ~1pin.~•.Jn 

~1~H :St~~~ PCTi Attn; !:SA:'US ~ 

~:~'.''"~~s::c,:1,: ,~- ~::-·'"2'Z. v,·;:o, ----·, '.\, ,·h.• ;_ •:)? ~--t~s~·c-n ;)(3\'$3 
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Unlt::_!tj St::_~t:aH t)f i\rn~~~~E~V~tl 
~~'fEt-rr []()t~KE' .. fiNG 

·r~n:: INTERN.itf~()Ni~L S}::i~EJ~}i REi-:-c~RT i\J-.g) 
·11{E \\lRITTEN. C~:PINl()N- ()F T}il-; IN'fE.ltNliTI(}N.t\L-

·rti:;;.~ ~pph:;::m:.t is ht~tdJ)' ffJtifit.d i.hat th{; n~H:;n1~t§~Jr~;~j S{':;sr:..:h. ·:-{':gx~rt .:s~~ d sf~t; ~-~·1·ittt:~~ Q:pi.r~f($~ t~r fu~: fn.tt:..r~1.:sth..1.n.&~ S::;.;,.:ss :..:h~~g 
A ~tht"ffi~)' h&"-•'t. b~~-::£ e~~;s~;H$hed ❖nd ~:n.: tn~t1R~11.S~te~t hert\.;o..:~~h 
fg3ng ~r &s-rstnihn&~1t::S 2.r~d :~n ... ~ten1~n.~ ~~1dtr l~~-~k:h~ 1~}; 
The ~ppl~GfSfH i:s {':ntitl{':d~ tfh{': s~J ~~"i'she§:. to arntn.d the clab:ns ofihe fnt~niatios-Es] ~pplfo;atlos:;. (se::;.: Ih1le -46)'.. 
\Vhtu? The hn.1~ Hn1.~t f1.1r !Hing §SJCh ~snendn.1t.Tit~ Ss n:..:nn::-:.U:f n¥~) n:~i.)flth.s fr~nn th.t. clat~ f$f~x~s-s~rrdttal :.:ft.he hitt.rn~ii.on.al 

~t..,mc.h 1t.ptBt. 

If~_ .. r~yt L)~n.x:tly· tc th~ h1.tc-:.)-:s;stk.1n.~! f:h .. i~~-...~u prt.i~":rs.b1y tl1rtHJ_gh ::;.~pc·1: t~r on p~pt\r it~: 
·rue Jntt'X$'1~ti(':r~&~ Hs£H~&ti -.._yf \~/.ff-~(\ :Jt~.- :..:hen.:in dt:,s Cok,I:.1.bBHt;§~ 12 l ~ fSt:Ii.t:vs. 2t\ s~vitl1:dm-K1 

Tht s.pp,13c;snt is h~reby· nofrflt~d ttrni FK~ internBtional se:..~.rth .n:sport ~--,...{H b~ ssstabHsh~d ;snd th.st the decls..rat3~}n SJ.nder 
/~s~~Glc l 7(~!)(a} t-D th&t ~ffect S.Iici the 1.=-t-·rht::;.~n oph1it)t1 oft.he !nt::;.~~1"H~t30ns..l St:~1ic.hing /~.:.H.h,1:d~y s..rt tn·s..n:}nfrtt~:tl h~:r::;.~1.-vith. 

~,?,:{,· ~ n:i&n1 t~) sn1y fW-Gt~:st againM p~yn-::.ent of (asn) s.ddSiio.n&l f~'{:s(s) tl~1clt:sr llule ~io.2, the s.pp15G5SE'~i is 11otiii~d ths.t 

.... ~~\~~:~~\:~ \tf\~~f11~~!t~~~ ~~~:~;~~;t:\~J~;;1~!~~;~j~;~~~:~::~~t~~};~~~:~:i~~;~i:.;t1t~!:~~,\ iog,1th,:r wifo \>JW R1qn,1st 

[~~] !'\.) ~rc~Yi->n h8's b~~n rradt' yr~ on th.-: ~ .. wo~~s:t: th..:- 5Sf}ph•"'?n.t v-dP h----- nf$,f"f\rt1 5s~ ~~x,n m~? d~cis~on. ~Y n·rnclr. 

~~,\~~1t~~:~~~~,-u~~~~:::1\g::;:;::!:~~1~:~~1~\~:\1:\:it:~~:~::~!~,t1;1:\t;~;:\~~~-!~:.:1;!::~~=i1~:~~r;~~~~~!ii::-'.\'.~~1~,~,;~~~1:~~J 
Bur~~u \~dH s:...:nd & GfJ.P)/ of s·u:..:_h. f:'Dsnn1t•nt& tt3 ~n dBsigru~~t;d (}ft")(:t-:S ir~:it;..,s ~n. ~ntt•n.:at~Oit&l pr{':hn:in~.ry ~::~m11h.1::-:.tio~ n:p,:rt h.&s 
b~§n '.":t 5~ to b::;.; e§t;sblis.ht:d.. 
Shtiitly st"tt:f ~.h:...~ t:\~pir~itk1:n. of l~ nU$SSt~~ fr~]sss t~t pr~i$S'hy· d~t~~ th~• fr{H~s·ss~t~~-H~~i ~rsplfa:&~h1ss ~-;--~H b~ fHlh~fa:~~sj hy ~ht~ 
i ..... w,,,.,iu~1fr.,s.-.;s~ B~H ..... :s ... ,. L.':Jm J.+·FHG.Mh ,.:.,fa~ws ~o iShJi<l. ..:.:t ~)(~s~p:..1HD tYut-.~;,,i~L~V.,\. J fhh .. k..:..• oft,.:h.h~fr:s., .. ~;sl <..\{\h:... ... ~ntt . .::.~~~~~SUi.-.JJ ~~~$f.•H,.;stion~ 
ot ,~ftht: p.drn·it-y (':t~h1\. :-n;.;~t rt&ch tt~§ intti·.•-~~tk:n.at th~~-~•~~, br:ff3H• U\r: cc:rfipit:t~o~ ~)ft§~~; 1~•'1-•h .. ni:..:~t ptt;p:~t~ti:...1~~~ ibr i~Jt.:;;.q_1atior~:~3 
g .. --..,~),~i..::1\~(;}~ ~·n.:.~~&,$ J:Jt-~·~~.] ii.G:..1 )\~.-b.,:.s.3). 

~l~~;m~~;i~:~ii~:~! ~~~~~t~t1~:;7~fa~~~~!:;~~t~i:i:~i~~~~:lf ~3~~i:1i~~:~;~~i\~i!i~!~t:\~~:~If ~,1it:l:~1i~:~~i~~~~::i~:~i]i 
~~,i~~~-El~1:i.~~-:?:~-;~'.~~1iI;~:~~~~Jl:~Y.:~.~~'.'.~f~~hiE~'i~~~fEjr:~~~~:~~~:~~~'~it~::~~~~\~~:ti~£~~j:~i\~~;ll;;:~;~:~~;li~~-
\Vithifl S.:( &1'3n.th:s r~ .. {fft1 the p~ ... hJri~y d&tf~ the spr~H~s~1~ ~n8y req~~t&t ths.t & st-:.ppierr~~sst&s·--:/ ~s-stt~n1.&t£,1~1&g sesr·fh be ~su·.S"§.:fd~t~t 
hy ~i dHI~~rfifl~fnten~~~k~~1al s~:~iH-;hing .Au~h0rity th~t ,1ft~r:s this :st~r;!~,;~ (R~_si~ 45.bis ... 1 }. ·rht~ prof~:fit]nre ft)ft-::q_ut~:}~h1.g :st~pple-:.11fiiit~1t)' 
in.tt:n1.~hon;sl §~&'fGh is de:sc.riht:fi in the :.uCTA1";,·~l .. ·dn .. -;t~·-~t3· G._uiti'::--.~ lnit;n1*tfr;n~J Ph&se,. pansgs~phs a.005---~tO~t{., 

:'-.:~~ll ~~t'up PG~L .~tti1: m . .:v;J~] 
Ct:m~-:~~~sk~t:~)r ~\1r P:-1~®n~~ 
n-.~::. f.:"Y -;~··•;_ ."\·w8Ki ·v, \';~ fn'} \'•Y"·~ .... -...,+"~• 

Fr:cs.;,--nf~{': N0. ::-,q .. :;-,..s.w,n:~ 
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~PG :Nv, At1~ ~., ~ h)O r~q·;,~:to·~} 

s.n:,. Af. ·~ B •: ?ft?;~\6·~ ~~ ?5?{10 v·r?'.1 fH} 

CPG !NV .. A5·~~-1 ·1/Bt:!-; AfiiM :J5!G0t:!-~}; l\Bih,•1 :J5!G0~:!-5; A6i~·1 £f~lG05 

l\. 

A 1~ 

.,:_.~" t:;:.t.~1j::t,:~;:~:~:::~\:~:~ft;~~~~~~ s,~~-:- ~}~' ~:1,, ~- ~ wh~,.:, ;& ~,,,,~ ... ~--~;,~-::.~.,~ 

''If' 1.k::..~1Jtt!,-:nt :j\t-d h>· th::-.. ~ .. ~~1:i~-:a~;t ~nth.:;: ~:"!h-:r,:~fa.~n$j ~P]1~~~-:s~k~~~ 
: fa. • .... ~,~-~-:::,, ~\..._, ... ~, ...... ~t~, ... ~~ ,....,,. ,-...s_•r·~~ ~w-- ''"~'.'':-:}..,,:,.~ , .... \ .,,. &,-::,.,.. •• ""~.::: ... ;,...., ........ , .... ~,"''''"::} 

·:-- $· ")' • ' 

"l." ~~,;i:~~~,~~\;~tt~~i\t4~t;\~;~;\\~;; J?;:1;);\t(~~l/\,'f'.~~ 
'·o •• d.:.h: 1 "".:_-..n<n .... , ........... fo~ ... .._,.., N ... ,, •• ,._~ ,5':s:t:t':S.\Fi:\ ''>• ... ,--x'!...'t-.tt'::>1,w Q"h:: ... , ,n•"R~,~ 

".P" ,k.~:s;,-..,mr~;~p,"h~'S:~\'d p~'tW ,:.I"\ "~r h\\t••,;M\1"'?~ f;F-~: ·1~'i:'-' t~;:.~ ~M-'.C~~-;."' 

;;t1\t~~!;;~:~1\1%~!~1;~\l~~\~1tt1J~A:~~:~\;~~,;;J~;':J; 

t!~il~\~i~ ~~:~~~~:;:;na~~~tt~:;~t;i~1lI{!~i~t1I!~ 
t~'!h~s \.tb,-·fo~~s: ~,~ ;s. }~~'!'l'S.0:.~Ii skH1~x~ fr~ ;:}~: &rt 

,•_kK:>.~•,::~'W. ~:,~0,·:ii'\.-.w :..,❖' ~~ ...... )0:W'''':' n ... h .. ''" ,~\ .. r,,~y 

............ , .... ~h-~·;)t·i,,~•tt::~~t' d;,,·•"!"!~~~---""';-----~----------.----------------------------0 
f)~H~ fJffh~ &c1:.1u] :..~.:..1~11ph':stion of the irH~n1&tion:~J s~-::in.~h 

:~:•m~::::~,::::: ofSW 1'AI dmw&'rt ,fficw J lJ Tu[ iJ. 7 7G 1'.L I 
~-·1i~H Stop PCT\ Attn: itt~\}Ut~~ Gu:nrnlB~l:J.nf3:' tor P:..~t&ni.B Stu~n~~ --rMof1,~~s j 
P.O. t~ox: i,•:!-5D. A~~~~:,d:-~;~. \l:':'ijinfa~ 2~~:~ii ~~---~4t~O \ 
F&t:s~_rnil~ No, tH'i...,2.7~1-,S:~oo ·Te!epb:)iS.~~ ifr~. PCT H~~{pd~~!~k~ 5?i--,~~J2--4~~0G ! 

F~~n;. P(:'J'l;Si~.i:~ 1 ~ (st'!:..'!:..,ntl §h~t"t} fh~!y 20~':2) 
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Tt1: ~•i~tth~;.~~• S. ~Vl:!l~rrm 
;:1e:·k\n5 co:~1 LLP 

f~~ii3W~. Vi!\ BB4 41--i~':47 
~-~;.··t-)~ riy•~:t <- C•f Auw,·\v;. 

Bo~ N,-: .. \l R.cs.I3rn1~d &t~it~tnt-:ntun.dcr Ri~1~ 43bf~:;-,] (S-£.}(i) ~~··fth rt;g~-s-d tt)IK:~··cHJ(. frt\•·en.th•·~ Sh'!p ind h~du&td.s.1 E_.~p~k:~hiht3-:~ 
..... it..s.:..k~:.w &-LJ CX},::&1,.s.ti.:t .... ✓ :i~•-Fi-~J.H .. fr .. _.$ _s~..._:h §USk:11, ..... t'tt 

X f ~- d~}1t~1<l ibr k:.:tf~;£~'.{.~tfr~~-·~~1 ~:f~".:ht1"£h .. ~t\ry K;:&~ .. rr:.fanJ.ion i:s n-:.:::'tdt:~ th.i& ~Jpn1i~J?~ ~~•~H bf~: {;fJ?isidt-:.rt:d to t~-: ~ ~\.·Ii~i~;'.{. ~~pitrtoy~ of t~t-: 
h·g~rn~tio;;~i Ptt".:hrt1i~1~ry E~&1~'th°1h;.g .A:i-~~ii~J..rity f""U~l~:..•8/') cxc~.i~t {b~t ~h~s docs J~ot &pp~y ~~,.~~t:H.".: t~c &pr~k;~::~t ,1K"H)'St~:- &t~ i\t£~ts~irity 
fnh~r frinn thi~ ~r:..t-: ~~) bt-: U1~ iPEA ~t1d 1h~ ch.~~~~":.~ ;p1~,-% hs.s r~,)ti.t~~x~ ~fat; h1~~)-~~&h~1~t:~1 H;.;n_:~,~ ~aK*~" Rt£i~ {~ti.] ~~i~-:.{h} !J1~t ~"'~"ii~en 
Cf::frsk-:~~s '-~f this !tg~n~:::~tfrn1~1 Sf~:&rt~1h~g .. ~\.-:.~th~Jri~J -::.~·iU s~vt h:..: s'-~ :..:ot1s:frfo:rt:d. 

ff tht~ np.i~'ti~t~ i$, -~~ fJR)"-··~~:k:d ;sJ:,~v:...\. c,~~'tsid:..:r~~1 k) ~:..: s. ~\·:dtten cr~.t,i\.~~'t 0fth:..: IP'E~, tht-: ;:5JJpli:..-::~~1t ~1 ~sn,•ited t~ ~:.J:ss-!;i~ t0 Lh.::.~ lP'E.A, 
-~ ~~~·}\ten f~~rh·· tcg.~~~ .. h~~~ ~--/h:t~'~ ;~ppR1rfi:..=:.t:...'!~ ~·•..:~;h ;.,,tt~:..'!~~dtYE~~n:"S~ ht~:.br~ Lh.::.: t-:~p~rRti\.~}1 of3 n.1orgh:S ft-:..1~~1 ~he d:..::.t~: x)fn-:.:..~His~g ~;fF\1n:~.1 
rc·:·:~s.A .. ,12C o .. L:....D,.~(. th. .... :....)•q~~~s.\.~:..,-~_\ vt'21 n..,Of~:th.3 .Subs -:..ht I~Sit)::..;t} :..l. ..... L., wh.~ .... .t.:....\:....} L.-.<e.;..;:....s ;B.k':.L 
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i !fff-t~1.~&t~on~~ ~pp~k~1ti,n1 Nt1. 
\ 
l 
~ .... •::..1+· r:::":-}3.:v•':'\1~, ~ 

f''''''''''·"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-..................... ,.............................................................................................................................................................................................................................................................. ~ ........................................................................................................................................................................................................................ ~ 
~ ~:J-:;. N' ..-, l B;s.~~~ i$f thS~ t'~~$SniiJn 
i. "· ·" --~ ...... :~: ... : ...................................................................................................................................... -.. ..................................................................................................................................................................................................................................................................................................................................................................... ... 

'
~ L \\ljp-. r..::g~--d ~t.._ H-:.e ~~ssgn~gf

2 
fl-..{~ r•p3nk.,n f'&s been -----s~~S"bl~d>f'd r:n ~h~ b~s~s -:r'""· 

~ z~~!:~Mz:..t;(,.<:: ... ~f,t;. ..... t.h3.;::;:.;,::~~t;:-).,.,$.: &~,p.;~-m;r,.,1 ~~1~.Q ,nnnn-..,m,mmmmunnnnnnnnnnnu ----- ~~-t~ki~ i§ tht~ l&r~g~3;5g:;:: of~ ~l~.~~:s~.sJ.i~n 

t~ntt~ht~d fr;r Ht~~ ~.~:..t~)-:-~;~~~ :..1f'~r{tt:~·s.-.~~k.,,1~1~ ~t&nJ~ 0~.i,1ts 12.3(~.} &nd 2JJ fh)}. 

Tht~ r~pis~k--:n t~i$S: b~~~~ ~~"U~~;~t~}$§d ~nk~rig int:..) ~t{.;z)~:wt t'h{: s-·t:ct$~~cs.tk,~~ t)f s.~1 -t~b';•'~t~t~'.$ ~~~~st~kt: ~mtbt~.rfa:td ~y· ~Jr ~1~;tiU.t:d t~J 
thi~ .Anth~;·i~y Wf'l.dt~· R,~tr: 91 (R\.~k --i:1§dt.1(h)}. 

\.\Hth R-:~~~1..rtl u:~ sny -n.S3d-t;\.)tkh~ ::HH ... ll:..~r ;3.~11 h~f~ &tSd ~&t~t,::\~1~& di~dt1sed in th~ Snt:..":n1&tk1ns..! s.pp,H(:3stkm.~ tbi:i op5nion has h~~-...1 
cc: •. ::sL~(sh ......... 1 o~: :.~.,.;.\ ~~?.S.~S ~;{ . .: ~-...q .. ,t ........... t: .. £.;u\£ 

b. [:::J ihn-1i~h~d :s~.Bb~3t:qL;~nt tn the intl::-rn~ho\~~§ ~h\1g d~k\ t~;r tbt: f$~ll'\O~e:s of ~s-.;t-t':£1~s.tfr;n~ :s~~)t~h {Ru1~ 13t~.._;--. l(s.))~ 

[~~~] EC§Gn::.p&~1i~d by a ~tat~rn~nt to the Bffix:t t!ust th.B sequtnQ~ ]hting dt1eJ not gf~ bey·ond the t·:U~do~1£te in th~ 
h,; .... t.::.nstknn.'3 E§.tp~k.m.~un ;s.:~ I~kxt 

\M~}~- n::::~:s'.'..,-; Y> "'S-~3,: q~1·::::\·:-0"~$i~:- :~,,-...~lnr ':-.r,fr~{..) ;.~~;J.d fi•--~1fr>":t1'.':•:: ~1SS\":}...:$~::::~~ ~n '"'-"' ~v,S'tt~,-,~~t:i\1&-{ &p-p{'r;x~i··'\Y\ tb:2- :..'\f$Es;i-);-., h$-~ f&-..·--t• 

.,_.$(&~~~Lh".<j .... o \h".· ..:. .. -zt.t.~-~ .L,:sk 35 !,{,{, .. ,)..••-•'-~;;~"' ..::,p:2~k-n $.,O-}S3~d Lx: i~<--~fo;,.~; ~,•5frK~ .... 'I.~ ;_:::_ ~'/.U'S) s~3h!<l:Sid ~rr:{~ :;.,{)~"i£plt-2.;~ .. $S~ilxm;..< 

lbtir~g. 

I 
I 
l 

I 
' 

i ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 1 
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WRlTTM< ONNlON OF m• I '"""""°"'' .,..,.,ron No. I 

~!!!!,, .. i .. ,,.,·.·,· .:':I ~1 .. ~ .. , ........ ,._,'_'~·l':.·.·.f,, .~l:lJ-~' ·_:_···;,,T.'.:.l.-__ ·,: .. llsi:'· :.-,·_:.;l.,., .. ~--·~.-.. ~.','.·.,: •. ~. R.::.--,·.·_·,_,~ .. ,,{•:•'',··N,1\,1 .. :_· l'·.··\;l>,~.--t.:.· __ ·.:.' .. ,,'.' .. i.,:.· .• ___ ~.' .-~-1-~•,,_-,,_:_'i..:.·.llt" "C HLlS2)1<t, 256 I . -- · "·. , ~:::t:~.~~1t~~::~~:~! irn~i.:~·.;~:~"' 4:.'%~-;~;}~s:::·i;~_:'~~;m.i t,11Rw,~l1y, hm~tiv;:: ~1,1; to.mi hid,isM;il to.pplkahmty; 

.......................... . ..................... . 
I 
I 
I 

I (];th.r:.s ...................................... .s .................. ., ....... ., ............................... ·.·.··········--·····--............... ):'·Es 
·~• , ~ .. , 11•~. 
•; i•f,9' • •'_ •~ •:t , -;: \"'.~ ''4 • • • • • • • • • • • • •HHHHHHHHHHHHHHHHHHHHHHHHHH • • • • • • • • • •HHHHHHHHHH• r"3\.., 

h1.venti,,•~ $~~13 OS)~~r" fh N.:..):1f: ----~ YES 

(:l:..:;.~11.1& _____ !~:?:~ ____ ,,_,,_,,_,,_,,_,,_,,_,,_,,_,,_,,_,,_,,_,,_ ________ ,,_,,_ ______________ .., ...................................................................................................... ____________________ ,,_,,_,,_,,_,,_ ________ ... -----------------. ... -.---.------------------- },Jt:) 

lndnstd:31 &ppt~,~;3bil~t}:' ~IA} Cts-~•-ns .. 1·-~:'4 ..................... w ........ w,,,,,.---~---·········----·· ... ·· ················ .. ··············----·---- \···1:s 

(-.~~;., i:rr:.s .. N·-:-~•; ... ........................................................ ,.,.,.,.,.,.,.,, ........................................................................................................ , .. ,.,.,.,.,.,. .... _______ ,,.¾ N'() 

.................................................................................................................................................................................................................................................................................................................................................................................................................................................................................... l,, 

2. \.~.:~;st:i:..~r\.& -::.Mti ~·X§$l~w .... 't~tJ!.,f~. 

c:~:r:~s i <$, l" i Di ·: ~~ .. Bnd ·: ~~"21 :::~::k :10"'t~i~~ t~nrj~r F1CT ~~ftk~~ ~$:${~!) ~& t$t:$h'1ij ;3nt~dp;3t~d b}•' Angk1Dyn~r::k":S~ lnG. Ut~ ~:-o·: {~OtK}C:7{)8 Ai 
(An~1k101:n;.~nik~~}, ~ 

"" 'n -'1-frr j. Ar::J'•)l'\'"'':"'''''" tNW''9'i ":''1 ,.,.,,,,:.,,ti•·y: ""''10t,w ("'\O). •','ff'P,'«l,,·,:r i3 P'W('n-w! >,wrhws: ,, ·i'"hl *:W"1!''""" 0Nl N, 'r':1'»· "' "&'''>' ! :r:1~\;~t\!:;:~~::,~~~·:,~~;~~~;ti:t:'L~:~~;~~~::·'.~:ro:~;~~:f~:,;:;:t:~:(/~. !:)'.;,\ m10 ~1r,'mw, r,1:-n-;,,,j U1<1m!:, (,1h,':'1'1<1!s ,K,) ;md tnfit ,i:st,inrJ;, ft,''11 I 
As to d;.::im ~!l .:\n~1!0Dyn-..~n--~l~s t~~C~l~JE tf1~ -..~sp\r::1tk:m t~~tf1{::t~1r wf d~!n: i \'lhsr~1:n th~ at !sE:si tx~~) ~1n.•·.K1V~J {::Xt~1nd~ fri.1n1 th~ dist~~ t~ff?]!rnJs 
k1 ths pn)'.:{.;rnBI t~:nnh'1US$ (p~IB [GG:}BJ~ d~~frn ~}. 

AG- \:..1 :.':!Birr ~~ 1 i~.J~~1k1D1-:n:..~rn\:.':S t&~r:M~~t~ n)~ ;.~splrt~tltJn t~3ih0t0r of d&~ffi i -.., .. M~~:~):n th& !t~:n~n ~)Xt0nds 0t:..1ng t3 k:n~1it:..~dk~&~ &xis, ;.~nd ~Vh0ff$~n 
th~ al !S!.3E~ (:n0 ~1ffJt1V~ r~)'\•·oh/&8 d:-cu:nf~~~1ntlany &bf.JU~ ti"1~ k::n~1:tt.Kiin;:1l ~:{~S b~t\.<i§~)&f~ t~H~ pr:.~:-::kn~! t~-s:n-.~nl~S ... ,mi miS dh~tBl liSn1,:nus 
(~bstr~~tt pt~~'t~ fDD0~j,. p~HB [GG:}OJ}, 

~t\s !rJ cw:n-i lS, .Ar:~lrJD'yn~3mlc$$ tB;.~di&s th~$ ~mplrBt::..1n :.":&thtf~3r :..1t :.':k~!n1 ·~ wh0ff$ln t~~B ;.~t !00.st on~~ ~r:..10·:-"& r~z1rnpr~~~1s :..~ pk~r~!~ty of ~J:tx1v~S3 
(flg .. tt;· ~~b~t~.3ct: p:.~:-a (00GB}: pBr::1 ro03(~_D . 

.. ~-...-, :-r, :•::p,,_.. .. , :1_ ,l\--':i;-.-.~'y ... ,~:-r..,::..~~:: '"-:;-;.~, .... ~.._ ... ,& ~kt-: c-::'T'' ~ ... 1N:.."• •'&tks:;;-" "~· •"~;.~•r" H -..,,·hN~;,,_.., :'"~0 pi~ ,,-~:\t~/ of cv-r:::..-.ves -..~••.:-;, -:N.:_l,s-:~1--· '?-'3:..>:o;;:v': :::p~--i ~,b,1~ . .•❖ & 

t:ln:ufnf~r0:::.":~1 :::sf 1h0 :nnsr ::s~irf::::::& (f'l~., 4; S":1& CffJ:SSS·:S~(:lli:::n ln ~~.- t~b). 

As 1 .. ; ~ ... :a:n: 1{}, Ar1::.~;~.-D).~t3H,:<.-..;., ~B.w:.>:;1~.s ~he .. tL•p;kh::..,H :...-.~~hr~~~n ,~~· .._,;,!£;n1 G \•,•~~*~'~$;n ~?-~ :,JH~~s: ~&1u~$~hl¼ ~£;~A-~1 :& .on:-.~;u£~~frh£; ~£XL .. , ;,3rnl 
~·•/h&:~ln \h0 pkH~3nty of ijn .. :aVt3f~ :~v,1lVBS :..~kcun~t'&f$3n\[B)!y f~~t1;...~t ts10 k:n~J;tudk~t3! ;x~is b$3i\'\•'f3~n th& Pf~l~:l:nr~~ iBnY~lfHH3 t~nci the d~sts-l 
t~)ffninuE {p3r::1 [(:o:~t1); d~lm :$}. 

~~!1:;;,;;~~;f!~;:;;:t:~;~;~;1:~;~;;:i~~;;';,;~;~;-; :~~~;'1~'.'.;;;.;,~t:;~:-(~i~~lllt}~;i.;'. ;;~;~~;<~;,~-itt~::;;;;;~;:;;;;~;;~~!• l~,t:i:~ ':· ~~i;,~~),~;~;~;,;;~;'t,),1,·;,i~ i 
t~]~r&ln (cMS-3fHU~!:S :s:~}. -..,~M~f'{::in U:::1 Q~(::~)V0S &~d::1rnj Bt ~~;.~st p:m1l~H~/ b~Tu~&~fS t~]~ dtsi~~ t"::)rff~lflUs-3 S-3nci th":) Pfl'J~frn~i t":)fffS!fSUS£ (fiQ., 4\ ::md 
\.vh0:~1l:1 t.~;~ 9r:..X$~lt3~~ :~v:.1h.,•~ drc:..:n:fan~nti~tiy Bb:..x~t ~t;~3 k1ngitlKi:n::~I ::~~~~ b~U.•v~en ~1~ cil~~t~~! t~n1~~n:..~s ::~:1cl ;t~~ p:1":~xin1~~1 l.$~~n1:n:..~s ,~~b~~t:;3:..~t 
p:.~ff~ [00t]9L p&:a (Gtt}OJ}, 

,.:\~ ~\.1 :..~!!]lm r:•\ .,~\ngk1DynB~1~:cs \{::;:~ch~~ th~ BSplr~tl:::m ::~th~t~)r of d&~n'1 i 5 Whf.}r~):n tht:S ~l\.1\,.1":;'~"!S :-~:~1 ~q;,.~:.~li~-· ~PB\.":{::d ~~O~Ji B \.il~G~JB1~'{::~~1.--~c~1 
€Jf th~• :nnt:Sf ~ur:-;~::~1 (flQ. 4; s~•~ (:f\.1~~"~~\.>:ils.m in fii1• Sb}. 

~t\t3 trJ dsslm ·: ~- _,.:\niji~Dyn;sn~k>:G- i~3d~&s tht-: ;3~pir:.~t::..1n t::1t~~t3~~3r (~f tk~:n1 i5 -:.'.-•h::::~ln th& ~1n:::::t1~--~~ ~1::-:t~nd t:.1 t~]~ dlsts-: t ... 1n-n~f5Ut3 t:x~n~1 rno:?3.~J: 
ds,:fr3~. 

t~S t:1 t:l~lm i B. Ans.]l~Dyi1-.~mlti~ tfi!lti}1es the e~p!tB.t!t1n ti~thett~r :-,,.-:f tii!llB1 ·ltS \.Vh~1:·i~ln the gn1t~~:i~~ ti:(ti~nti ~1::t~:'f~!y t$fJt!.•~H~:sn th~, d:st::~l 
❖i3;'i) 1 'l~/ls' s-r·~i :·>ro-..·;··w:'l tf'f"rin.J$ (:..--:-n:~ :-on:~t']' d-n:n-. ·:s; 

:~,,~:~.~1:~1~;;;;;<~~:?/~~w1:~~~~;~~r:~:~'~!1:: ~;;l~i:~;!':t:l~~~:;~;;t:;~~~~;:,:;~;~;~\::!"!~ ~'.1~
3~:~:~:)~~:f ;:~~~:;~\\:'i::~~:~,~1::t:;:;~·:):0;;~;;.:;:;i, <ltl I 

:"a~~NJt,._-r· n:--:n;ni~~~ :-, prn~;,--.~-a: ,\ ... wrdn•m; a :..-H~~B'. t~w,,~i:1ns,.; :-v1d >"t, :rn:r,· s:r r-RK':\:' ds-:fo::ng a •~ rn~,~., {:~mn~ :·:v:w:9::\ -..,··h:r:Y~h, n-~~ •:-~r:s-·· "t'~.s:f:-~,'!~ ~ 

;~~~~::!:, ,(:,t~); ~:1::i;~~o;;:~:;~I•~ i~i~'.~1:~~~::r:~~~:;~;;;~!{~;,~,;~:~:;~:'(~~1

;
1;:,~l!~!,;~;;~~;:··~\:~,1;~t~[;:lr\~'~;t~l~)!'~Jjir;~~l,~i~;i;;•~l~:id ! 

~~'~!~:~~:;t'~~:,t:~::'/:~~~~i~1(~!~:::, r;;g,;~;;~ .. ~;:::1obt;l;; ~~'.:~~~:~::~r\'ft ;~,~t[;(;l\~i~:,i::;!~~\~: i::1~l,~::;1i~~::~:;};~,,:~~:,~~;!tlmd I 
• ~:\·~ ... \) __ ...,,....,fo··m.:sd fr; z,•;-:);1k~n..,~'n{>..1S ~~ ...... "'~·--.'.':\~.. ~ 

______ I 
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fan:..~.n.1&tirJ1.uil s_pplic~ri~:..111 iJo. 

~~, .. : tl.•~.i.Xnb .t-:.....:~ 
·:, .................................................................................................................................................................................................................................................................................................................................................................................................................................................................................... i 

j §SJprskrn::~~1t2! ~~)X ! 
: ~ · ..................................................................................................................................................................................................................................................................................................................................................................................................................................................................... ------------------' 

ti'=1\1:v~~,n {ss} ~ fkst p:..:slfo)f~ ~f~ ~\•h~::h t~l~ ~r~:ss:..ff53 :3Gt~~--.':~: ~s ~k~ki~1•· t:Gnn~:f;t:::d tfJ ~~H=' :.~spir:::t~:1n t~.Hh~,t~xl,•·~~ th~-s t\.:b~ns.1 ::1ss~:n-:b~y &fsd (b} & 
~1'-.{'~f/ (;!"f -;,·• . : )"1 u.: _:G·-; );t {': ~~B~~- < .r ,,.,~~:,~~~ • , ::)Jf \ X ~t ,~ ~n~-::-: .. uJ ~>Hn.h:s:u:.{~v *>c-, •J:.'-~~~~c- (i \c -:.>/'s<r • ·s • .-':} t \ •-:- ·.:~:- <>i l .r \;g 
:..~:rff:&f;t&d Bnd dls-..,o~·ff:&f:t&d f:on: r:~s.S\.ir& &a~H(:~}. 

l\B UJ :j;~fr~, 2:~ ~ l\ngk1Dyn;~n1l-:.;B l~:.~:..':h:;:s t~m $~y~t~~m fJf :_;(;~in, ?G ~'1'•hf:fi!i~n the lun1:;:n ~!ik't~!inds ;~!~Jr~) a k:ng:tu~inB! BX!$~, ~~·h&::~ln th:;: ~t l&~5$~ 
:..·w-, .... g.--,x .. 1\NS 1rG:n~hs1' :3 p:•1•~3:~1:y :1f ~n,:ov..-.~ {"\l .'.'}. -..~·'h:rN3"'1 ;}•e ~ye,·..-v~"B :v~-.. :=--qP7~~y· -=:-rnr>::r' :3~::vy1*-=:: d•Tn:'·11·:::rt"':'W'r , ... ,f :'-r3- :rr?·· ~iF.,.zJ-:.N" (t~s1 
4: ~ee -.,;:':..:ss--s&:cttnn !n fig. ijb) 1 ~Nhf:fBin \h:;: g:t,ot,•es ext~:nti ~5l' !i!ii~Bt p:.~rfos~l\:· n1.):n thB ~..i:Bi:~! tec-rnlrn3f~ t~~J the prrJs.:lrn;~! tBr1::~1t~s {f:g. 4} .. :..~r~ti 
~vher~!i~n t~1B grntN~:& r~!ivt,!VB d::x:n1t~:•~~ntl.~~~y i~bo:..~t t~m ln:~glt;Jd:n~I ;3x:B be~~een th~!i p~oxlni~I t::xfnlrn .. m i3nd th::: di&t~! t~-sn-n:n:..~s {~bstn~"-:t: 
p~xi~ [OGGH] 1 p~~:~3 [OG~}t"JJ}, 

.•~" tr] d~!n: ~:~:, An~Jk)D~/n&rnlc~? t~~~~f;t1e~ * m~n-;~d kx :en1ovln~1 n1~5l'~3:i;~; fn .. :,n1 ~N:thln & k~rniin ot * hunw;r P*tl~nt~ m~3 :~10U':r~d tr~n~p:iilng: 
rc:33iti:),·<,~g :3 ,f·,-~y• :'(V"':o:: cf ::.:::n -.~s:):, • ..,.t;,,,,, ,~1fr·0"e-•· :n~::,:xh, ... ,:::":r tc 1'-10 rrmtc::"1.•J' \«:\"h\:: U•·s •~ rren (fit'J~\ :),:r: Ac\ -..-.,··h~rc;:".-1 \t .. ~: 0~p:~-:.1N:1N n··s:;h~ter 
lncfudes ;.::n lnne-r 2S~J:f~c0 h~,-·1::~ ~31 ;~~st ,xm Q:,,ov0 fi.~:n,ed th~,e~n {r~:B {GG~l!]), ~3nd ~"::-·h~::•~i:1 th~ Bt ~e-.:::st rn1~ QR:ove- sK!8ndB fn.xn ~ 
'i ··::-.. \6. ~<,-~ .'"\, t o\· ·"\-.;- ri"-": ·~\t~•_'o·~ ~>::}t. ;-..::.,.n l : > 3'<"h r«. \·d.:/ t-..":W-.:?:i l ;(\;ox·_ 110' ~~:~~ 1, -~ ~t .• :,a ,f ~h~: p;>!\;;':·~)t j <>•i' 1•.s'•S,: \v.s:~z }"::--rr Js t.-\.•t.•)/'~ nJ :;:; 
pressl~r::1 so:..fft).::1 ic \h~: ~~p!G3ilcn cBth~tsr vlB :.=:: faJid co::tN:.1! ci~v!cf-:: {p~:i3 [GG~t~3}), ,-v~~f.:::-.:::in {~) op~1n!rs.1 :.1ft~E3 m.J;d cort::..1! ci~vicfi f:u~clly 
,-:t,nnf:cts thf: p:~s~;..:re s:.1u:c~ k.., th8 Bsph-.~tk...,n c~t~i~i~r ~n::s (b} :.~k..,sh1~1 t)ft~~~ ik:~d t~nlr:.)I :..issvk~e tk1kil~{ dis,x~n:1e-cts th8 pr~sst::-ss $O~Jn-:G 
f~,..,n: th~.:: i3SSpl:~3tk-:r C~)thfitti~; ~):::.th.,•~tlng th~.:: i~reSSl::'~ ssrn .. H\';~) tt) g~.::n~r~)t& i~ ~•'i3CU\.m, \.v},l!~i th~-: tk:ki ~x-:nt::..:~i d~svi~~i ~S$ t;k)~fid: i3nd t)p~f~\:1g th~s 
tk:ld t':t-::1ttf;l fJ$~t.:k:& tf; ;3pp:y ths ,-·~~f;nurn t,-: th~i. ~3~pir~tk:n G~)t~~t~i~t to t~~~i~eby ~spk::)!~$ ~3i k::.B.st ~ ~x~:tkm (1t th& n-1~3k::.~k=:l ~nk": ths ~3~~p;n~tk-::1 
,,;~thet&: (it !% \'\•t:11 kn:..:, .... ~•n that p,:werh:~1 tJn ;~ v;~ct::..m: pi.'H'P \'\•·HI f~p~.::nh~-:.,tlvi~t~, -::._,·m tDnn~3Gt ;~ ~N~-:.-:t~:..m1 1 ~n~ powe;in~1 fsff :t1e p:..m1p wrn Gb%~3 
t~ ... ,,\.~f:t .<J,-.!~ ~ t.•~C,J'-:n,~ .. 

{ .. ~\~ tc cl~3fm ::rs, ~-:.\ng!0Dyn~3rn!c~:< iG-.~chf:& tht3 mGthod cif d~~i.--n :<:<. \'V~)~~"&!:1 tht~ ;3i i~~si ,..,:1f: g:txwt~ df:fo)f:~ ~ :s2~~ pBth pa~t t~~~ dt1t n1Bte:i~! 
\•Vh~~, th~: ck-:t m~t~Hi.;3; i~~ f~~~pl:Bted lntfJ the ~)sp:r~~fa1n t~3thet~:,- (t~h~nnets ft)fn1 p~U)s). 

$.\~ i~ ci1kn :~~.'.t, ~-:.\n~~s:::Dyt;~3n~~c:Sl t&..:::ch::1& t~3f3 rn~:thod fJi c!2~fn :~.:~: \~}"&~rfi~:S ~'-~f3 Bt ieBsi t)t1~ g:,x:'~_.;~1 i1&fS8i''Bt~:s -:1 h~nc~: f!t)'i.•~· p~tt~n, ~n th~1 
:k:,_ ·-v ~ ,d:::~s• • .. :-.u ~.-::. 1 \ ~ ~wu\-: • 't ~~;:>:~~~> • >~ .... .., ·.:-~~i .• ; ;(1-s·~z_•/':: ·/'~ML,~ ~·. :·•N ,3 re·:?,·.: (.::~?'-"\\' 'g --~::. 

t As to d.;3lm~ 4-·H~ Argk..,t11,•rt=m1k-:s t~:~chfi$ the ~)sp::-:.1fo1n -.~~thet~::· :1f d2~ifn tt !t sht)t~ld bfi noted th~t Angk)t11~r\c'!n1iG-s t~-::!s tt"=' sp~,dfa .. ':t=:!ly 
~ tet=:ch t~m f~i ;~.;3~i ,,ne ~)rf.K1V~ :·~i,~o{v&~ ~~b~J:...:t G.05 ti~~1es -:.-:r :·no~e p~:: ~f~fJ~: b~t\,v$~~n ~bout 0 .. ·1 t~-{1. i 5 1;~n~~ pe:· !r~r~:~~~ o~ ~11:..)r!B tht=:n ~bt~ut 0 .. ·1 t~ 
~lm~s per !nch. ,.:\n~1k1D;,mm,1k;..~ dt:&~ t~5f~\.~hes th~t t~m plt,;h ,.1t the ~Jf\..1oves :..;..:3n be u~ad k, -:.1ptln:~::--.0 ~k:i~:· r-.~t& d!Bpe:1d!ng of thG pt'rJf;f5dw·~ 
{~H3n:) rcD:$~~D- :t ~vo:..::d hesv8 be~x~ wb,,'bi~~ ~,, one- hes,:h1g "'n.iln~fY ~krn ~nth~: ~,.t ,;3\ ih~: tirrm th~3 lfR•'fJntk,n ~vBs n1-:1d~ ~1 hBve th~ g'\.X"='~les 
r~1l-·t:lve~ -.:::baut G .. D~i Un,~:s or f?Kx::1 f)~r inch; tmt\~·~8fl .;3bout O. ·] ~-{1. i 5 tl:nf3E ;Ji3r ::-:ch; ar nK1~1:1 t~l~n Bbt":Ut 0. ·] ~ tjn,~:s p~r in~h .. E~rsr;~ It hl3E 
~;~,~n held that \•v~m:e the g$~nG:"&! condrno:m t,f the d~i:11 &ff~ dl~,;lG~~~5d in \he prh): ;~rt~ tilsc,:t.•erln~] t~)~ ,,pfo11tfffl or t-~-:.1rk~b!e f~~nged 
\r:-~iOhl~:s o::~) ... r:.1ut!flf3 s-skHl in tfm m·t T:1~n1fore, it wou:d h~~•fi bf.::~n ob\..-k::.$: to onf3 ~~Bvlng or:..ih1~:y Ekm :n thfi ~~t -:1t th~'3 tkm::: th* k:"l-"~::1t!on 
,¾h3~:B )?,~d-:.. t:.1. ~;w, g.:.-~~-,:~3d ~A An~;u~)}'.a3)?,kd ~-.., ,.:~\-.:.1:\.::?.· abMMi- G.Gt) ·~::-11~.:s M: n,:..Xt3 $J-.3) :?,::..J,i t<.h~NDdd dLO~:t D .. ,3 .. G.i5 ~~fi)d:-3 p..;, :n::...h; fh 

wo~·~ "'->:r• •3~x:u" ~1. ~ 3 '";1TW> p~f ;,,w:-• ,~~p:s:,s-.d1•'l:J f"''~ ~~1~ d~v.-h-:~,., ett~c* d• ,,.::~9 •~ rnz:,·'~f•·fi,r~ t::r"B. [PP:,s;; 

~~~ tw ~j~inl~: ·:,·1t1: .,-:\ngk-:Dyn.;3n"!k':S te~xJ,SS$ tM~ Bspk~)tit):1 f~~1tM~.3i~r t1f cl&in1 iO. it sht':l~ki b~ noV.3d th~)t .~\rgloD1:r~:-::k:s Th)lls it-: sp~x:lfk~3ll)•' 
t~i~3t~h the pkff2~n~• of ~ro:..:ves r~3ViJhff5& f3bt:ut 0J)5 t;n,es ,:r IT)fJff: p&: Inch: beU.~:een ~bf$Ut Q:~~1--D. i5 tn,es pef ~nc~s~ or n:a:G th~:1 ~brn.;t OJ:~ 
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tion structure defining a longitudinal axis and having a proximal end and 
a distal end. The bone dust collection structure has a transverse plate 
member connected at or in the vicinity of the proximal end to a cylindric­
al wall defining an aperture at the distal end for receiving and collecting 
bone dust. The aperture extends proximally and includes a filtration 
member disposed therein. The filtration member causes at least partial 
separation of t1uid from the bone dust via the t1uid passing proximally 
through the filtration member. The bone dust collection structure enables 
removal of bone dust collected therein. A method of collecting an ana­
tomical specimen includes generating an anatomical specimen in particu­
late form at a surgical site of a subject; collecting the particulate accumu­
lated in the collection device; and packing the collected particulate into a 
region of interest in the subject. 
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ANATOMICAL SPECIMEN COLLECTION DEVICE AND SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority to, and benefit of, U.S. Provisional Patent 

Application No. 62/028,552 filed on July 24, 2015, entitled "ANATOMICAL 

SPECIMEN COLLECTION DEVICE AND SYSTEM", by John M. Abrahams and 

to U.S. Provisional Patent Application No. 62/030,882 filed on July 30, 2015 of 

the same title, by John M. Abrahams et al., the entire contents of both of which 

are incorporated herein by reference. 

BACKGROUND 

[0002] 1. Technical Field 

[0003] The present disclosure relates to anatomical specimen collectors. 

[0004] 2. Discussion of Related Art 

[0005] During orthopaedic surgery, bone is drilled and bone dust is formed. 

During the surgical procedure, bone replacement is performed by harvesting 

bone dust from a subject other than the patient or subject in the form of allograft. 

In addition to the expense of supplying bone replacement from a source other 

than the patient or subject, the equipment used for such procedures is bulky and 

difficult to work with. 

SUMMARY 

[0006] The present disclosure relates to novel and non-obvious device, system 

and method for harvesting an anatomical specimen such as bone dust from a 

subject and replacing the anatomical specimen in the subject. 

[0007] More particularly, the present disclosure relates to a bone dust collection 

device that includes a bone dust collection structure defining a longitudinal axis 

and having a proximal end and a distal end. The bone dust collection structure 

has a transverse plate member connected at or in the vicinity of the proximal end 

to a cylindrical wall defining an aperture at the distal end for receiving and 

collecting bone dust, the aperture extending proximally and including a filtration 

member disposed therein. The filtration member is configured and disposed 

wherein the filtration member causes at least partial separation of fluid from the 
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bone dust via the fluid passing proximally through the filtration member. The 

bone dust collection structure is configured to enable removal of bone dust 

collected therein. 

[0008] In one embodiment, at least one aperture may be defined in the 

transverse plate member that enables the fluid at least partially separated from 

the bone dust by the filtration member to pass therethrough. A flow interruption 

member may be configured and disposed with respect to the bone dust collection 

structure wherein flow of fluid through the at least one aperture of the bone dust 

collection structure occurs by suction pressure induced on the flow interruption 

member causing the flow interruption member to change position to enable flow 

through the at least one aperture defined in the transverse plate member. 

[0009] In one embodiment, least another aperture may be defined in the 

transverse plate member wherein the flow interruption member includes a shaft 

member disposed through the at least another aperture wherein the change of 

position of the flow interruption member occurs via the suction pressure induced 

on the flow interruption member to enable flow through the at least one aperture 

defined in the transverse plate member. 

[0001 0] In one embodiment, the bone dust collection device may further include a 

syringe including a plunger in fluid communication with the bone dust collection 

structure wherein the suction pressure is caused by retraction of the plunger 

away from the bone dust collection structure to enable flow through the at least 

one aperture defined in the transverse plate member. 

[00011] In one embodiment, advancement of the plunger may cause the flow 

interruption member to interrupt flow from the bone dust collection structure. The 

bone dust collection device may further include a conduit in fluid communication 

with the bone dust collection structure, wherein advancement of the plunger 

causes the fluid received through the at least one aperture defined in the 

transverse plate member to discharge through the conduit away from the bone 

dust collection device. 
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[00012] In one embodiment, the conduit may be structured such that the conduit 

discharges the fluid in a direction generally perpendicular to the direction of fluid 

flow through the filtration member. 

[00013] In still a further embodiment, the bone dust collection device may further 

include another flow interruption device configured and disposed with respect to 

the flow interruption device and with respect to the bone dust collection structure 

wherein suction pressure induced on the another flow interruption device causes 

the another flow interruption device to be in a closed position and causes the flow 

interruption member to change position to enable flow through the at least one 

aperture defined in the transverse plate member. 

[00014] In a further embodiment, the bone dust collection device may further 

include another flow interruption device configured and disposed with respect to 

the flow interruption device and with respect to the bone dust collection structure 

wherein the another flow interruption device is a plug member to seal off flow 

therethrough during connection of the bone dust collection device to a continuous 

vacuum system.and suction pressure induced on the flow interruption device 

causes the flow interruption member to change position to enable flow through 

the at least one aperture defined in the transverse plate member. 

[00015] In yet another embodiment, the bone dust collection device may further 

include a bone dust removal structure defining an aperture having a proximal end 

and a distal end. The aperture may be configured and disposed for facilitating 

transport of bone dust from the distal end of the bone dust removal structure to 

the bone dust collection structure. 

[00016] In a still further embodiment, the bone dust removal structure may include 

a nozzle that defines the aperture of the bone dust removal structure, the nozzle 

defining a proximal end and a distal end, wherein the nozzle facilitates transport 

of the bone dust to the bone dust collection structure. In yet another 

embodiment, the nozzle may be removably attached to the bone dust collection 

structure, wherein removal of the nozzle from the bone dust collection structure 

enables removal of bone dust collected within the bone dust collection structure. 
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[00017] In one embodiment, the bone dust collection device may further include a 

guide member configured and disposed with respect to the suction source and 

the bone dust collection structure for enabling a user to manually control the 

location of the bone dust removal structure during a surgical procedure. 

[00018] In one embodiment, the flow interruption member may be an umbrella 

valve. In yet another embodiment, the another flow interruption member is a 

check valve. 

[00019] The present disclosure relates also to a bone dust collection device that 

includes a bone dust collection structure defining a proximal end and a distal 

end, the bone dust collection structure including a filtration member at the 

proximal end and defining an aperture at the distal end for receiving and 

collecting bone dust, the filtration member causing at least partial separation of 

fluid from the bone dust via the fluid passing proximally through the filtration 

member; and a bone dust removal structure defining an aperture having a 

proximal end and a distal end, the aperture configured and disposed for 

facilitating transport of bone dust from the distal end of the bone dust removal 

structure to the bone dust collection structure, the bone dust removal structure 

removably attached to the bone dust collection structure, wherein removal of the 

bone dust removal structure from the bone dust collection structure enables 

removal of bone dust collected within the bone dust collection structure. 

[00020] The present disclosure relates also to an anatomical collection system that 

includes an anatomical specimen collection structure defining a proximal end and 

a distal end, the anatomical specimen collection structure including a filtration 

member at the proximal end and defining an aperture at the distal end for 

receiving and collecting an anatomical specimen, the filtration member causing at 

least partial separation of fluid from the anatomical specimen via the fluid passing 

proximally through the filtration member; and an anatomical specimen removal 

structure defining an aperture having a proximal end and a distal end, the 

aperture configured and disposed for facilitating transport of the anatomical 

specimen from the distal end of the anatomical specimen removal structure to 

the anatomical specimen collection structure. The anatomical specimen removal 
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structure is removably attached to the anatomical specimen collection structure 

wherein detachment of the anatomical specimen removal structure from the 

anatomical specimen collection structure enables removal of the anatomical 

specimen collected within the anatomical specimen collection structure. 

[00021] In one embodiment, the anatomical specimen is bone dust. 

[00022] The present disclosure relates also to a method of collecting an 

anatomical specimen that includes generating an anatomical specimen in 

particulate form at a surgical site of a subject; irrigating the surgical site to 

suspend the particulate in a particulate fluid mixture; disposing a tip of a 

collection device in the particulate fluid mixture; aspirating the collection device to 

filter and separate the particulate from the particulate fluid mixture therein 

accumulating the particulate in the collection device; and collecting the 

particulate accumulated in the collection device. 

[00023] The method may further include packing the collected particulate into a 

region of interest in the subject. 

[00024] In one embodiment, the collecting the particulate accumulated in the 

collection device is preceded by disassembling the collection device, and the 

method may further include reassembling the collection device; generating 

additional anatomical specimen in particulate form at a surgical site of the 

subject; irrigating the surgical site to suspend the particulate in a particulate fluid 

mixture; disposing the tip of the collection device in the particulate fluid mixture; 

aspirating the collection device to filter and separate the particulate from the 

particulate fluid mixture therein accumulating the particulate in the collection 

device; and collecting the particulate accumulated in the collection device. 

[00025] The method may further include packing the additionally collected 

particulate into a region of interest in the subject. 

[00026] In one embodiment, the aspirating of the collection device may include 

connecting the collection device to a vacuum source, which in one embodiment, 

may be in an operating room, wherein the vacuum source is in fluid 

communication with the fluid in the particulate fluid mixture to filter and separate 

the particulate from the particulate fluid mixture. 
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[00027] In one embodiment, the aspirating of the collection device may include 

actuating a syringe in fluid communication with the collection device and in fluid 

communication with the particulate fluid mixture wherein the actuating of the 

syringe effects filtering and separating the particulate from the particulate fluid 

mixture. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00028] The advantages of the embodiments of the present disclosure will become 

apparent from the following detailed description of the various embodiments of 

the present disclosure with reference to the drawings wherein: 

[00029] FIG. 1 is a transparent perspective view of a bone dust collection system 

according to one embodiment of the present disclosure; 

[00030] FIG. 2 is an exploded view of a bone dust collection device that is included 

within the bone dust collection system of FIG. 1; 

[00031] FIG. 3 is a profile view of one embodiment of a bone dust collection device 

that may be included within the bone dust collection system of FIG. 1; 

[00032] FIG. 4 is a partial profile cross-sectional view of the bone dust collection 

system of FIGS. 1 and 2 having one embodiment of a filtration member 

according to the present disclosure; 

[00033] FIG. 5 is a cross-sectional enlarged view of the bone dust collection 

housing and valve support structure of the bone dust collection device of FIG. 3 

having an embodiment of a filtration member according to the present disclosure; 

[00034] FIG. 6A is an end view of a filter that is included within the bone dust 

collection device of FIGS. 1-5; 

[00035] FIG. 6B is a side view of the filter of FIG. 6A; 

[00036] FIG. 6C is a view of Detail 6C of FIG. 6B; 

[00037] FIG. 6D is a proximal perspective view of the filter of FIGS. 6A-6C; 

[00038] FIG. 7A is an end view of one embodiment of a nozzle that may be 

included within the bone dust collection device of the bone dust collection system 

of FIGS. 1-5; 

[00039] FIG. 7B is a cross-sectional view of the nozzle of FIG. 7A taken along 

cross-section line 7B-7B; 
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[00040] FIG. 8A is an end view of another embodiment of a nozzle that may be 

included within the bone dust collection device of the bone dust collection system 

of FIGS. 1-5; 

[00041] FIG. 8B is a cross-sectional view of the nozzle of FIG. 8A taken along 

cross-section line 8B-8B; 

[00042] FIG. 9A is an end view of one embodiment of a valve cap that that may 

be included with the bone dust collection device of the bone dust collection 

system of FIGS. 1-5; 

[00043] FIG. 9B is a cross-sectional view of the valve cap of FIG. 9A taken along 

section line 9B-9B; 

[00044] FIG. 10 is an exploded partially transparent view of a handle assembly 

that may be included as part of the bone dust collection device of the bone dust 

collection system of FIGS. 1-5; 

[00045] FIG. 1 0A is a cross-sectional view of the handle assembly of FIG. 1 0; 

[00046] FIG. 11 is a perspective, partially transparent view of the handle assembly 

of FIGS. 10 and 1 0A and the bone dust collection device of FIG. 3 that includes a 

plug seal; 

[00047] FIG. 12 is a perspective, partially transparent view of the handle assembly 

of FIG. 11 and the bone dust collection device of FIGS. 1-2 and 4-5 that includes 

a check valve seal; 

[00048] FIG. 13 is a partially transparent view of one embodiment of a self­

contained bone dust collection device according to the present disclosure that 

includes a check valve and a flow diversion member for diverting fluid flow from 

the bone dust collection device; 

[00049] FIG. 13A is a partially transparent view of another embodiment of the self­

contained bone collection device of FIG. 13; 

[00050] FIG. 14 is a zoomed out partial profile cross-sectional view of the bone 

dust collection system of FIG. 1-3; 

[00051] FIG. 15A is a detailed view of an extraction flow interruption member 

illustrated in the form of an umbrella valve that is positioned on an upper surface 

of the housing in a closed position; 
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[00052] FIG. 15B is a detailed view of the umbrella valve positioned on the upper 

surface of the housing in an open position to enable flow of fluid past the 

umbrella valve; 

[00053] FIG. 16 is a cross-sectional view of the bone dust collection device when 

the umbrella valve is in the closed position as illustrated in FIG. 15A; 

[00054] FIG. 17 is a cross-sectional view of the bone dust collection device when 

the umbrella valve is in the open position for permitting passage of fluid past the 

umbrella valve; 

[00055] FIG. 18 is a cross-sectional view of the bone dust collection device when 

the umbrella valve is in the closed position for discharging and diverting fluid 

which has been collected by syringe; 

[00056] FIG. 19 is a cross-sectional view of another embodiment of the bone dust 

collection device having the alternate filtration member shown in FIG. 4 and 

wherein the umbrella valve is in the open position; 

[00057] FIG. 20 is cross-sectional view of the bone dust collection device of FIG. 

19 wherein the umbrella valve is in the closed position and fluid is diverted 

through a check valve; 

[00058] FIG. 21 is a cross-sectional view of the bone dust collection device having 

the filtration member of FIG. 5 in an inverted position to allow removal of 

collected bone dust; 

[00059] FIG. 22 is a cross-sectional view of the bone dust collection device of FIG. 

19 in an inverted position to allow removal of collected bone dust; 

[00060] FIG. 23 is a perspective transparent view of a kit package that houses 

bone dust collection devices according to embodiments of the present disclosure; 

[00061] FIG. 24 is a perspective view of the bone dust collection device of FIG. 3 

having a plug member to seal off flow during connection of the bone dust 

collection device to a continuous vacuum system; 

[00062] FIG. 25 is a perspective view of the bone dust collection device of FIGS. 

1-2 and 4-5 having a fluid flow diversion member and a check valve wherein fluid 

flow is directed vertically downward; 
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[00063] FIG. 26 is a cross-sectional view of the bone dust collection device of FIG. 

25; 

[00064] FIG. 27 is a perspective view of the bone dust collection device of FIGS. 

25 and 26 wherein the fluid flow is directed horizontally; 

[00065] FIG. 28 is a perspective view of the bone dust collection device of FIG. 24 

wherein the plug member is replaced by a flow diversion member to enable 

diversion of fluid back to a surgical site; 

[00066] FIG. 29 is a transparent elevation view of the bone dust collection device 

of FIG. 28; 

[00067] FIG. 30 is a perspective view of the bone dust collection device of FIG. 28 

wherein a tubular portion of the flow diversion member has been removed; 

[00068] FIG. 31 is a perspective view of the bone dust collection device of FIG. 30 

wherein the flow diversion member is oriented at an angle to enable diversion of 

fluid in an alternative direction with respect to a surgical site; and 

[00069] FIG. 32 is a perspective view of the bone dust collection device of FIG. 30 

wherein the flow diversion member is oriented at an angle to enable diversion of 

fluid in yet another alternative direction with respect to a surgical site. 

DETAILED DESCRIPTION 

[00070] To advance the state of the art of bone dust collection, the present 

disclosure relates to a bone dust collection system where a user, e.g., a surgeon 

or other medical professional, is able to simply collect bone dust using a hand­

held device during aspiration from a surgical site. 

[00071] As defined herein, a bone dust collection device refers to an assembly of 

components which may either be employed independently or in a self-contained 

manner to collect bone dust while a bone dust collection system refers to 

utilization of the device and its assembly of components in conjunction with an 

external suction source such as via fluid communication with an operating room 

suction or vacuum system. The suction or vacuum system may also be located 

outside of an operating room under appropriately certified conditions. The device 

can be used to collect other anatomical specimen besides bone dust, such as, 

for example, bone marrow or other biological cells. 
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[00072] The bone dust collection device enables collection of bone dust, defined 

herein as generally in the range of about 25 micron to about 600 micron cross­

section bone particles, during a surgical procedure in order to harvest and use 

the bone dust for bone fusion mass in orthopedic surgery of the same patient. In 

actuality, the bone dust collection device enables collection of bone dust of sizes 

generally known to be created during surgical procedures. 

[00073] The device generally may be applied to one or more medical procedures 

performed on a single patient. The device may be utilized as a stand-alone bone 

collection device that includes a syringe or the device may be adapted as a bone 

collection system by fluidically coupling the device to a vacuum source such as 

commonly found in an operating room environment. The device may be used 

multiple times on the same patient during the same operating procedure but is 

discarded after completion of usage. 

[00074] The output of the device may be a "plug" of bone that can be held with 

forceps and placed into an intervertebral cage or used for any other procedure 

that requires bone or fusion construct. The output of the device may also be 

bone dust that is concentrated and can be manually placed into an intervertebral 

cage or construct or placed therein using instruments. 

[00075] The device is configured to allow fluids, e.g., blood and saline, to pass 

through a separator or filtration member, .e.g., a filter or a valve mechanism, thus 

separating bone dust from fluids. The bone dust collection device aspirates 

surgical fluid and filters out bone dust for use during a surgical procedure. 

[00076] The bone dust so collected may be processed by the user during the 

procedure wherein the processing of the bone dust may include cleaning, 

compacting, and transfer of the bone dust. 

[00077] As described above, the bone dust collection device may be disposed of, 

and in most cases is intended to be discarded, following usage. 

[00078] After using a surgical drill, the user aspirates surgical fluid to filter and then 

harvest bone dust; Fluid is discarded and bone dust is removed from a collection 

chamber defined within the bone dust collection device. Bone dust may be used 

for fusion or reconstruction procedures. Procedures include, but are not limited 
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to, e.g., spinal fusion, long bone fusion, cranial reconstruction, craniofacial 

reconstruction, orthopaedic reconstruction, or dental reconstruction. 

[00079] Turning now to FIGS. 1, 2 and 3, there is illustrated a bone dust collection 

system 50 that includes a bone dust collection device according to one 

embodiment of the present disclosure. More particularly, bone dust collection 

device 100 includes a cylindrically-shaped bone dust collection structure 110 that 

extends from a proximal end 114a to a distal end 114b of the bone dust 

collection structure 110. The proximal end 114a of the bone dust collection 

structure 110 is configured as a valve support plate 116 such that the bone dust 

collection structure 110 also serves as a valve support structure. Cylindrical wall 

118 extends distally from the valve support plate 116 to define a central aperture 

and volume 120 for receiving and collecting bone dust (see FIG. 3). 

[00080] As best illustrated in FIG. 2 and FIG. 3, the valve support structure or 

bone dust collection structure 110 includes a valve supporting surface or plate 

116 near the proximal end 114a. 

[00081] The central aperture 120 extends proximally towards proximal end 114a of 

the bone dust collection structure 110 and includes a filtration member 122 

disposed therein that may be part of a filter assembly 124. The filter assembly 

124 may include a ring-shaped filter mounting member 126 that is configured to 

be disposed within the central aperture 120. 

[00082] As explained in more detail below, the filtration member 122 and the filter 

assembly 124 are configured and disposed wherein the filtration member 122 

causes at least partial separation of fluid from the bone dust via the fluid passing 

proximally through the filtration member 122. Thus, the bone dust collection 

structure 110 is configured to enable removal of bone dust collected therein. 

[00083] As best shown in FIG. 2, the bone dust collection device 100 defines a 

central longitudinal axis A-A that extends from a proximal end 1 00a to a distal 

end 1 00b. At least one fluid flow aperture 116a is defined in the transverse plate 

member 116 that enables the fluid at least partially separated from the bone dust 

by the filtration member 122 to pass therethrough. A fluid extraction valve shaft 

aperture 116' is also defined in the transverse plate member 116 generally 
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through the center C of the transverse plate member 116 through which 

longitudinal axis A-A passes. A second fluid flow aperture 116b may also be 

defined in the transverse plate member 116 on a side of the longitudinal axis A-A 

opposite to the first fluid flow, e.g., at a position 180° from the first fluid flow 

aperture 116a, which is at position 0°. Additional fluid flow apertures (not shown) 

may also be positioned at go0 or 270° or other suitable locations if desired. It 

should be noted also that the bone dust collection structure 110 may be oriented 

such that the first and second fluid flow apertures 116a and 116b may coincide 

with the go0 and 270° positions, respectively, or vice versa. Such 

interchangeability of the orientation of the first and second fluid flow apertures 

116a and 116b is taken advantage of throughout the description which follows 

where necessary or desirable to explain the operation of the bone dust collection 

device 100. 

[00084] The bone dust collection device 100 further includes a fluid extraction flow 

interruption member 130 that is configured and disposed with respect to the bone 

dust collection structure 110 wherein, as explained in more detail below, flow of 

fluid through at least one aperture or, for example, fluid flow apertures 116a and 

116b, of the bone dust collection structure 110 occurs by suction pressure 

induced on the fluid extraction flow interruption member 130 causing the flow 

interruption member 130 to change position to enable flow through fluid flow 

apertures 116a and 116b. 

[00085] As indicated above, fluid extraction valve shaft aperture 116' is defined in 

the transverse plate member 116. As shown in FIG. 3, the extraction flow 

interruption member 130 may be an umbrella valve as shown and which includes 

a shaft member 132 that is disposed through the fluid extraction valve shaft 

aperture 116'. The extraction flow interruption member 130 includes a 

diaphragm 134 that is formed with the shaft member 132. The diaphragm 134 is 

made from an elastomeric and flexible material and which overlays the fluid flow 

apertures 116a and 116b on the proximal side of transverse plate member 116 

such that the change of position of the extraction flow interruption member 130 

occurs via the suction pressure induced on the flow interruption member, and 
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more particularly on the diaphragm 134, such that the diaphragm 134 flips away 

from the transverse plate member 116 to expose the fluid flow apertures 116a 

and 116b, thereby enabling flow through the apertures 116a and 116b. The shaft 

member 132 includes a proximal portion 132a and a distal portion 132b wherein 

the distal portion 132b defines a diameter that is greater than the diameter of the 

proximal portion 132a. The fluid extraction valve shaft aperture 116' is thus 

shaped accordingly to define a proximal narrow diameter portion and a distal 

wide diameter portion to match the proximal and distal portions 132a and 132b of 

the shaft member 132. 

[00086] In the embodiment of the housing 110 illustrated in FIG. 3, a portion 1161 

of the transverse plate member 116 extends distally into the central aperture 120 

to define a circumferential channel 136 between inner surface 118a of the 

housing wall 118 and the distally extending portion 1161 of the transverse plate 

member 116. The filter assembly 124 is configured and disposed wherein the 

ring-shaped filter mounting member 126 is received in the circumferential 

channel 136 such that the filtration member 122 overlays the distal ends of the 

fluid flow apertures 116a and 116b. 

[00087] The bone dust collection device 100 may further include a bone dust 

removal structure 150 that defines an aperture 152 having a proximal end 152a 

and a distal end 152b. In one embodiment, the bone dust removal structure 150 

may include, or be formed in the shape of, a nozzle wherein proximal end 154a 

of the nozzle 150 may engage with outer surface 118b of housing wall 118 for 

structural stability of the nozzle 150 during usage for collecting bone dust. The 

aperture 152 of the nozzle 150 is configured and disposed for facilitating 

transport of bone dust, or a mixture of bone dust and irrigating fluid such as 

saline solution, as represented by arrow B, from the distal end 152b of the bone 

dust removal structure or nozzle 150 to the central aperture 120 of the bone dust 

collection structure 110. When in the form of a nozzle, the nozzle thus defines 

the aperture 152 of the bone dust removal structure 150. The nozzle defines the 

proximal end 152a and distal end 152b, wherein the nozzle facilitates transport of 

the bone dust B, which includes fluid from the surgical site, to the bone dust 
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collection structure 110. The nozzle may be removably attached to the bone 

dust collection structure 110 by disengaging from outer surface 118b of housing 

wall 118. Removal of the nozzle 150 from the bone dust collection structure 110 

enables removal of bone dust collected within the bone dust collection structure 

110, as described in more detail below. The nozzle 150 may be made from 

flexible, elastomeric materials, such as, but not limited to, silicone or urethane. 

[00088] The bone dust collection device 100 may further include a tee-shaped port 

member or cap 160 that defines a bone dust collection interface aperture 162b at 

a distal portion 160b of the tee-shaped port member or cap 160. The tee-shaped 

port member or cap 160 may further define a suction device interface aperture 

162a at a proximal portion 160a. Additionally, tee-shaped port member or cap 

160 defines a fluid diversion aperture 162c at branch connection 160c. As 

described in more detail below, when in operation, the bone dust collection 

device 100 in FIG. 3 is connected to a continuous suction source, such as an 

operating room suction system, at suction device interface aperture 162a. When 

in this mode of operation for collecting bone dust, the fluid diversion aperture 

162c is sealed via a plug 164 inserted therethrough. Fluid from the surgical site 

is separated from the bone dust (arrow B) by the filtration member 122 and 

passes through to the suction device interface aperture 162a. Suction is 

maintained by the presence of the plug 164. 

[00089] FIG. 4 is a cross-sectional view of the bone dust collection system of 

FIGS. 1 and 2 having another embodiment of a bone dust collection device 

according to the present disclosure. More particularly, bone dust collection 

system 50' is identical to bone dust collection system 50 except that bone dust 

collection structure 110 is replaced by bone dust collection structure 210 which 

differs from bone dust collection structure 110. For simplicity, only those features 

of bone dust collection structure 210 which differ from the corresponding features 

of bone dust collection structure 110 are described. Additionally, those features 

are numbered as 210 instead of 110, 216 instead of 116, etc. Reference to FIG. 

3 is implied where features not explicitly shown in FIG. 4 are described. 
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[00090] Bone dust collection device 200 includes cylindrically-shaped bone dust 

collection structure 210 that extends from proximal end 214a to distal end 214b 

of the bone dust collection structure 210. The proximal end 214a of the bone 

dust collection structure 210 is also configured as a valve support plate 216 such 

that the bone dust collection structure 210 also serves as a valve support 

structure in the same manner as described above with respect to bone dust 

collection device 100. Cylindrical wall 118 extends distally from the valve support 

plate 216 to define a central aperture and volume 220 for receiving and collecting 

bone dust. 

[00091] Valve support structure or bone dust collection structure 210 includes 

valve supporting surface or plate 216 near the proximal end 214a. 

[00092] The central aperture 220 extends proximally towards proximal end 214a of 

the bone dust collection structure 210 and includes filtration member 122 

disposed therein that may be part of filter assembly 224. The filter assembly 224 

may now include ring-shaped filter mounting member 226 that is configured to be 

disposed within the central aperture 220. 

[00093] Again, as explained in more detail below, the filtration member 122 and 

the filter assembly 224 are configured and disposed wherein the filtration 

member 122 causes at least partial separation of fluid from the bone dust via the 

fluid passing proximally through the filtration member 122. The filter assembly 

224 and filtration member 122 are mounted within the central aperture 220 

wherein the ring-shaped filter mounting member 226 has an outside diameter 

approximately corresponding to the inside diameter of the cylindrical wall 118 

such that the ring-shaped filter mounting member 226 may be disposed in a snug 

fit within the bone dust collection structure 210. Thus, the bone dust collection 

structure 210 is also configured to enable removal of bone dust collected therein. 

[00094] Although illustrated as an assembly of filtration member 122 and the filter 

mounting member 226, the filter assembly 224 may be a molded construction. In 

either case, the filtration member 122 may be a mesh with an over-under weave 

knit material or be a molded membrane with small holes or apertures formed 

therein, on the order of 100 microns (µm) in cross-sectional distance. The 
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filtration member 122 may be made from, but not limited to, materials such as 

fiberglass, copper or stainless steel. The ring-shaped filter mounting member 226 

may be made from a thermoplastic elastomer such as polyvinyl chloride and 

urethane. 

[00095] Bone dust collection device 200 also defines a central longitudinal axis A'­

A' that extends from proximal end 1 00a to distal end 1 00b. At least one fluid flow 

aperture 216a is defined in transverse plate member 216 that enables the fluid at 

least partially separated from the bone dust by the filtration member 122 to pass 

therethrough. Fluid extraction valve shaft aperture 216' is also defined in the 

transverse plate member 216 generally through the center C of the transverse 

plate member 216 through which longitudinal axis A'-A' passes. Second fluid 

flow aperture 216b may also be defined in the transverse plate member 216 

again on a side of the longitudinal axis A'-A' opposite to the first fluid flow, e.g., 

at a position 180° from the first fluid flow aperture 216a, which is at position 0°. 

Additional fluid flow apertures (not shown) may also be positioned at 90° or 270° 

or other suitable locations if desired. It should be noted again that the bone dust 

collection structure 210 may also be oriented such that the first and second fluid 

flow apertures 216a and 216b may coincide with the 90° and 270° positions, 

respectively, or vice versa. Such interchangeability of the orientation of the first 

and second fluid flow apertures 216a and 216b is taken advantage of throughout 

the description which follows where necessary or desirable to explain the 

operation of the bone dust collection device 200. 

[00096] The bone dust collection device 200 further includes also fluid extraction 

flow interruption member 130 that is configured and disposed with respect to the 

bone dust collection structure 210 wherein, as explained in more detail below, 

flow of fluid through at least one aperture or, for example, fluid flow apertures 

216a and 216b, of the bone dust collection structure 210 occurs by suction 

pressure induced on the fluid extraction flow interruption member 130 causing 

the flow interruption member 130 to change position to enable flow through fluid 

flow apertures 216a and 216b. 
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[00097] As indicated above, fluid extraction valve shaft aperture 216' is defined in 

the transverse plate member 216. As shown in FIG. 3, the extraction flow 

interruption member 130 may be an umbrella valve as shown and which includes 

shaft member 132 that is disposed through the fluid extraction valve shaft 

aperture 216'. The extraction flow interruption member 130 again includes 

diaphragm 134 that is formed with the shaft member 132. The diaphragm 134 is 

again made from an elastomeric and flexible material and which overlays the 

fluid flow apertures 216a and 216b on the proximal side of transverse plate 

member 216. Again, the change of position of the extraction flow interruption 

member 130 occurs via the suction pressure induced on the flow interruption 

member, and more particularly on the diaphragm 134, such that the diaphragm 

134 flips away from the transverse plate member 216 to expose the fluid flow 

apertures 216a and 216b, thereby enabling flow through the apertures 216a and 

216b. The shaft member 132 includes again proximal portion 132a and distal 

portion 132b wherein the distal portion 132b defines a diameter that is greater 

than the diameter of the proximal portion 132a. However, in contrast to fluid 

extraction valve shaft aperture 116', fluid extraction valve shaft aperture 216' is 

thus shaped accordingly to define a narrow diameter portion to match the 

proximal portion 132a of the shaft member 132. The transverse plate member 

216 is not characterized by the portion 1161 of the transverse plate member 116 

that extends distally into the central aperture 120. Thus there is no 

circumferential channel 136 between inner surface 118a of the housing wall 118 

and the distally extending portion 1161 of the transverse plate member 116. 

[00098] The bone dust collection device 200 also includes the bone dust removal 

structure 150 mounted on cylindrical wall 118 and tee-shaped port member or 

cap 160 mounted to bone dust collection structure 210 at proximal end 214a in a 

similar manner as described above with respect to FIG. 3. However, a suction 

device 300 is now inserted into the suction device interface aperture 162a while a 

fluid flow diversion interruption device 400 is in fluid communication with fluid 

diversion aperture 162c at branch connection 160c. 
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[00099] Fluid flow diversion interruption device 400 is configured and disposed 

with respect to the flow interruption member 130 and with respect to the bone 

dust collection structure 210 wherein suction pressure induced on the flow 

interruption member 130 causes the flow interruption member 130 to change 

position to enable flow through the apertures 216a and 216b defined in the 

transverse plate member 216 while fluid flow diversion interruption device 400 is 

in a closed position. 

[000100] In one embodiment, suction device 300 may be a syringe 302 including a 

plunger 304 in fluid communication with the bone dust collection structure 210 via 

distal port 302b of the syringe 302 inserted into the suction device interface 

aperture 162a of tee-shaped port member or cap 160. Suction pressure is 

caused by retraction of the plunger 304 in the proximal direction away from the 

bone dust collection structure 210 to enable flow through the apertures 216a and 

216b defined in the transverse plate member 216. 

[000101] Conversely, advancement of the plunger 304 distally causes the flow 

interruption member 130 to interrupt flow from the bone dust collection structure 

210 while fluid is diverted through the fluid flow diversion interruption device 400 

which includes an upstream port 400a that is inserted in fluid diversion aperture 

162c of the tee-shaped port member or cap 160. 

[000102] On downstream side 400b of fluid flow diversion interruption device 400, 

there is disposed a conduit 410 in fluid communication with the bone dust 

collection structure 210, wherein advancement of the plunger 304 causes the 

fluid (as represented by arrow F) received through the apertures 216a and 216b 

defined in the transverse plate member 216 to discharge through the fluid conduit 

410 away from the bone dust collection device 200 in the direction of arrow F. 

Fluid communication between the fluid conduit 410 and the fluid flow diversion 

interruption device 400 may be established via a luer valve 412 connecting the 

fluid conduit 410 to the downstream side 400b. In one embodiment, the fluid flow 

diversion interruption device 400 may be a check valve installed so as to enable 

flow of fluid in the direction of arrow F and to prevent flow in the direction 

opposite to arrow F. In one embodiment, the conduit 410 is structured such that 
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the conduit 410 discharges the fluid in a direction generally perpendicular, e.g., in 

the direction of arrow F, to the direction of fluid flow through the filtration member 

122. 

[000103] FIG. 5 is a cross-sectional enlarged view of the bone dust collection 

housing and valve support structure 110 of the bone dust collection device of 

FIG. 3 having an embodiment of the filtration member 122 and transverse plate 

member 116 with circumferential channel 136 described above with respect to 

FIG. 3. 

[000104] FIG. 6A is an end view of the filter assembly 124 that is included within the 

bone dust collection device 200 of FIGS. 1-3 and 5. FIG. 6B is a side view of the 

filter assembly 124 of FIG. 6B illustrating wherein ring-shaped filter mounting 

member 126 includes a cylindrical wall 128 which is configured and disposed to 

be received within the circumferential channel 136 illustrated in FIGS. 3 and 5. 

The cylindrical wall 128 has a height dimension H above the filtration member 

122. The cylindrical wall 128 may be characterized by a partially contoured 

profile at the proximal end having a radius of curvature R. The ring-shaped filter 

mounting member 126 may define an inner diameter D1 and an outer diameter 

D2. 

[000105] FIG. 6C is a view of Detail 6C of FIG. 6B wherein ring-shaped filter 

mounting member 126 includes cylindrical wall 128. 

[000106] FIG. 6D is a proximal perspective view of the filter assembly 124 of FIGS. 

6A-6C. 

[000107] FIG. 7 A is an end view of the bone dust removal structure 150 in the form 

of a nozzle that may be included within the bone dust collection device 100 or 

200 of the bone dust collection systems 50 or 50' of FIGS. 1-5. 

[000108] FIG. 7B is a cross-sectional view of the nozzle 150 of FIG. 7 A taken along 

cross-section line 7B-7B. The diameter D3 of central aperture 152 at proximal 

end 152a tapers in the distal direction to diameter D4 at distal end 152b such that 

diameter D3 is greater than diameter D4. Having the tapered configuration such 

that the diameter of the central aperture 152 increases from the distal end 152b 
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to the proximal end 152a tends to minimize flow obstruction during operation of 

the bone collection device 100. 

[000109] FIG. 8A is an end view of another embodiment of bone dust removal 

structure in the form of a nozzle 250 that may be included within the bone dust 

collection device 100 or 200 of the bone dust collection systems 50 or 50' of 

FIGS. 1-5. 

[00011 0] FIG. 8B is a cross-sectional view of the nozzle of FIG. 8A taken along 

cross-section line 8B-8B. More particularly, nozzle 250 defines a generally 

constant diameter D5 circular aperture 251 at proximal end 250a wherein the 

circular aperture 251 is configured and disposed to receive the filter assembly 

124 (see FIG. 1-5). Nozzle 250 further defines another generally constant 

diameter D6 circular aperture 252 that extends distally from an interface 254 with 

circular aperture 251 wherein bone dust B is suctioned from distal end 250b. In a 

similar manner as with respect to nozzle 150, nozzle 250 may be made from 

flexible, elastomeric materials, such as, but not limited to, silicone. 

[000111] FIG. 9A is an end view of one embodiment of valve tee-shaped port 

member or cap 160 that that may be included with the bone dust collection 

device 100 or 200 of the bone dust collection systems 50 or 50' of FIGS. 1-5. 

[000112] FIG. 9B is a cross-sectional view of the valve cap tee-shaped port 

member or cap 160 of FIG. 9A taken along section line 9B-9B. 

[000113] As described above with respect to FIG. 4, tee-shaped port member or 

cap 160 that defines bone dust collection interface aperture 162b at distal portion 

160b of the tee-shaped port member or cap 160. The tee-shaped port member 

or cap 160 may further define suction device interface aperture 162a at proximal 

portion 160a. Additionally, tee-shaped port member or cap 160 defines fluid 

diversion aperture 162c at branch connection 160c at generally a right angle with 

respect to interface apertures 162a and 162b. 

[000114] FIG. 10 is an exploded partially transparent view of a handle assembly 

500 that may be included as part of the bone dust collection devices 100 or 200 

of the bone dust collection systems 50 or 50' of FIGS. 1-5. The handle assembly 

500 includes a central handle member 502 having a generally cylindrical 
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configuration with a knurled outer surface 502a having a series of ridges to assist 

a user in gripping the handle member 502. The central handle member 502 also 

defines a central bore or aperture 504 that extends from proximal end 506a of 

the handle member 502 to distal end 506b of the handle member 502. 

[000115] The handle assembly 502 may further include a connector member 510 at 

proximal end 506a. The connector member 510 defines a barbed proximal end 

512a and a barbed distal end 512b and a central bore 514 extending through 

each end. Distal barbed end 512b of connector member 510 is configured and 

disposed to engage with proximal end 506a of the central handle member 502 

and be received within the central bore or aperture 504. 

[000116] Additionally, the handle assembly 500 may include at distal end 506a of 

central handle member 502 a luer fitting 516 having a proximal barbed end 518a. 

The luer fitting 516 defines a central bore 520 such that the proximal barbed end 

518a is configured to be received within the central bore or aperture 504. 

[000117] FIG. 1 QA is a cross-sectional view of the handle assembly 500 of FIG. 10. 

[000118] FIG. 11 is a perspective, partially transparent view of the handle assembly 

of FIGS. 10 and 1 QA and the bone dust collection device of FIG. 3 that includes a 

plug seal forming a bone dust collection system 600. As can be appreciated by 

the foregoing description of FIGS. 110 and 1 QA, when the handle assembly 500 

is assembled as shown wherein the luer fitting 516, the central handle member 

502 and the connector member 510 are connected in series, fluid communication 

is established from the luer fitting 516 to the connector member 510 via the 

central bore 520 of the luer fitting 516, the central bore 504 of the central handle 

member 502 and the central bore 514 of the connector member 510. In this 

configuration, suction is established through the handle assembly 500 in the 

proximal direction of arrow S by connection to a continuous suction source such 

as an operating room such system (not shown). Bone dust as represented by 

arrow B at bone dust removal structure 150 is collected by the bone dust 

collection device 100 or 200 by the establishment of the suction condition S. The 

fluid extraction flow interruption member 130 (see FIG. 3) is now in an open 

position to permit the passage of fluid through the handle assembly 500 while 
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fluid flow through the fluid diversion aperture 162c at branch connection 160c is 

sealed via the plug member 164. Bone dust is collected in the bone dust 

collection device 100 or 200. 

[000119] FIG. 12 is a transparent view of the handle assembly 500 of FIG. 11 and 

the bone dust collection device 100 or 200 of FIGS. 1-5 forming bone dust 

collection system 600'. As can be appreciated by the foregoing description of 

FIG. 11, when the handle assembly 500 is assembled as shown wherein the luer 

fitting 516, the central handle member 502 and the connector member 510 are 

connected in series, fluid communication is again established from the luer fitting 

516 to the connector member 510 via the central bore 520 of the luer fitting 516, 

the central bore 504 of the central handle member 502 and the central bore 514 

of the connector member 510. In this configuration, suction is again established 

through the handle assembly 500 in the proximal direction of arrow S by 

connection to a continuous suction source such as an operating room such 

system (not shown). Bone dust as represented by arrow Bat bone dust removal 

structure 150 is collected by the bone dust collection device 100 or 200 by the 

establishment of the suction condition S. The fluid extraction flow interruption 

member 130 (see FIG. 3) again is now in an open position to permit the passage 

of fluid through the handle assembly 500 while, in contrast to the sealing 

provided by plug member 164, the fluid flow diversion interruption device 400 is 

in a closed position. Bone dust is collected in the bone dust collection device 

110or210. 

[000120] FIG. 13 is a partially transparent view of one embodiment of a self­

contained bone dust collection device according to the present disclosure. More 

particularly, referring to FIG. 4 above, self-contained bone dust collection device 

700 includes the suction device 300 which may be a syringe 302 including a 

plunger 304 in fluid communication with the bone dust collection structure 110 

(see FIG. 3) or bone dust collection structure 210. However, as described above 

with respect to FIG. 5, in lieu of fluid conduit 410, self-contained bone collection 

device 700 includes flow diversion member 420 that is in fluid communication 

with the fluid flow diversion interruption device 400 on the downstream side 400b. 
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[000121] Again, flow diversion member 420 may be a right angle or 90 degree luer 

valve and is further described below. When the plunger 304 is advanced distally 

following retraction and accumulation of fluid within the syringe 302, fluid flow 

diversion interruption device 400 shifts to the open position (while fluid extraction 

flow interruption member 130 shifts to the closed position) to divert fluid through 

flow diversion member 420. Flow diversion member 420 may be utilized to divert 

fluid back to a surgical site by directing the fluid vertically downward as shown by 

arrow F1. 

[000122] FIG. 13A is a partially transparent view of another embodiment of the self­

contained bone collection device of FIG. 13. More particularly, bone dust 

collection device 700' differs from bone dust collection device 700 in that fluid 

flow diversion interruption device 400 is now downstream of flow diversion 

member 420. 

[000123] FIG. 14 is a zoomed out partial profile cross-sectional view of the bone 

dust collection systems 50 or 50' that includes fluid conduit 410 of FIG. 1-3. FIG. 

15A is a detailed view of extraction flow interruption member 130 illustrated in 

the form of umbrella valve 130 that is positioned on upper surface 115 of the 

housing in a closed position. The extraction flow interruption member 130 again 

includes diaphragm 134 that is formed with the shaft member 132. The 

diaphragm 134 is again made from an elastomeric and flexible material and 

which overlays the fluid flow apertures 116a and 116b on the proximal side or 

upper surface 115 of transverse plate member 116. FIG. 15B is a detailed view 

of the umbrella valve positioned on the upper surface 115 of the housing in an 

open position to enable flow of fluid past the umbrella valve. Again, the change of 

position of the extraction flow interruption member 130 occurs via the suction 

pressure induced on the flow interruption member, and more particularly on the 

diaphragm 134, such that the diaphragm 134 flips away from the transverse plate 

member 116 to expose the fluid flow apertures 116a and 116b, thereby enabling 

flow of fluid through the apertures 116a and 116b, as indicated by arrows F2A 

and F2B, respectively. Those skilled in the art will recognize that the actual 

flexing and flipping of the diaphragm 134 to establish the open position is a very 
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small rise away from the transverse plate member 116. That is, the diaphragm 

134 must flex upwardly sufficiently to enable passage of the fluid, such as blood 

and/or saline solution, with any particulates including bone dust or other 

anatomical specimens contained therein that have passed through the filtration 

member 124 (see FIG. 3) while the anatomical specimen is being collected. The 

umbrella valve may be made from thermoplastic elastomers such as, but not 

limited to, polyvinyl chloride or urethane or the like. 

[000124] FIG. 16 is a cross-sectional view of the bone dust collection device 100 or 

200 when the umbrella valve 130 is in the closed position as described above 

with respect to FIG. 1 5A. 

[000125] FIG. 17 is a cross-sectional view of the bone dust collection device 100 or 

200 when the umbrella valve 130 is in the open position for permitting passage of 

fluid past the umbrella valve 130 as shown by arrows F2A and F2B and then 

through suction device interface aperture 162a at proximal portion 160a as 

shown by arrow F3. In this configuration, the suction device 300 which may be in 

the form of syringe 302 as described above draws suction on the interface 

aperture 162a to enable the fluid to be drawn into the syringe. During this 

operation, the plunger 304 is retracted proximally through the syringe 302. 

[000126] FIG. 18 is a cross-sectional view of the bone dust collection device 100 or 

200 when the umbrella valve 130 is in the closed position for discharging and 

diverting fluid which has been collected by syringe 302 in the direction of arrow 

F4 through fluid diversion aperture 162c at branch connection 160c. During this 

operation, the plunger 304 is advanced distally through the syringe 302. 

[000127] FIG. 19 is a cross-sectional view of another embodiment of the bone dust 

collection device 200 having the alternate filtration member 224 shown in FIG. 4. 

During this operation, the fluid flow diversion interruption device 400 is in the 

closed position and the umbrella valve 130 is in the open position. for permitting 

passage of fluid past the umbrella valve 130 as shown by arrows F2A and F2B 

and then through suction device interface aperture 162a at proximal portion 160a 

as shown by arrow F3. 
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[000128] FIG. 20 is cross-sectional view of the bone dust collection device 200 of 

FIG. 19 wherein the umbrella valve 130 is in the closed position and fluid is 

diverted through fluid diversion aperture 162c and the fluid flow diversion 

interruption device 400 in the direction of arrow F4. 

[000129] Although the flow interruption member 130 has been illustrated as an 

umbrella valve, other flow interruption members may be employed such as a 

miter valve or duck bill valve, a check or flapper valve, or a disk valve or the like. 

In such cases, the tee-shaped port member or cap 160 and/or the filtration 

assembly 224 may be reconfigured if or as necessary to accommodate the 

design, operation and configuration of the particular flow interruption member 

being employed. 

[000130] FIG. 21 is a cross-sectional view of the bone dust collection device 100 

having the filtration member 124 of FIG. 5 in an inverted position to allow removal 

of collected bone dust 180. The collected bone dust 180 may be removed 

manually with a flat instrument or spatula or by a power-assisted instrument 

including a suction source. 

[000131] FIG. 22 is a cross-sectional view of the bone dust collection device 200 of 

FIG. 19 in an inverted position to allow removal of collected bone dust 180. 

Similarly, the collected bone dust 180 may be removed manually with a flat 

instrument or spatula or by a power-assisted instrument including a suction 

source. 

[000132] FIG. 23 is a perspective transparent view of a kit package 800 that houses 

the bone dust collection devices 100 or 200 and associated components 

according to embodiments of the present disclosure. 

[000133] More particularly, kit 800 includes a support tray 802 that defines a first 

depression 804a and an adjacent second depression 804b which are 

interconnected via a central depression 804c. As illustrated, suction device 300 

is received in first depression 804a, handle assembly 500 is received in second 

depression 804b together with plug member 164 while bone dust collection 

device 100 or 200 may be received in central depression 804c. When provided 
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with a covering (not shown), the kit package and contents may be provided to the 

user in a sterile condition via means known in the art. 

[000134] Alternatively, the contents may also be provided in a sterile condition in a 

taped banded bag such as, for example, a Sklar banded bag product no. 96-

5582 or equivalent as necessary due to the size of the contents (not shown - by 

Sklar Instruments, West Chester, Pennsylvania, USA) or Tyvek® (DuPont de 

Nemours, Inc.) pouch or equivalent as known in the art. 

[000135] FIG. 24 is a perspective view of the bone dust collection device 100 of 

FIG. 3 having plug member 164 to seal off flow through fluid diversion aperture 

162c at branch connection 160c during connection of the bone dust collection 

device to a continuous vacuum system. 

[000136] FIG. 25 is a perspective view of the bone dust collection device 100 or 200 

of FIG. 24 wherein the plug member 164 is replaced by flow diversion member 

420 in the form of a 90 degree elbow and fluid flow diversion interruption device 

400 to enable diversion of fluid in a vertically downward direction back to a 

surgical site. 

[000137] FIG. 26 is a cross-sectional view of the bone dust collection device 100 of 

FIG. 25 with fluid flow diversion member 420 in the form of a 90 degree elbow 

and fluid flow diversion interruption device 400 to enable diversion of fluid in a 

vertically downward direction back to a surgical site. 

[000138] FIG. 27 is a perspective view of the bone dust collection device 100 or 200 

of FIGS. 25 and 26 wherein the fluid flow is directed horizontally. 

[000139] FIG. 28 is a perspective view of the bone dust collection device 100 or 200 

of FIG. 25-27 wherein the fluid flow diversion interruption device 400 is replaced 

by a fluid port connection fitting member 430 and a tubular member 440 to 

enable diversion in a vertically downward direction of fluid back to a surgical site. 

[000140] FIG. 29 is a cross-sectional elevation view of the bone dust collection 

device 100 or 200 of FIG. 28 wherein fluid port connection fitting member 430 

and tubular member 440 enable diversion of fluid in a vertically downward 

direction. 
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[000141] FIG. 30 is a perspective view of the bone dust collection device 100 or 200 

of FIG. 29 wherein tubular member 440 of the fluid port connection fitting 

member 430 has been removed. 

[000142] FIG. 31 is a perspective view of the bone dust collection device 100 or 200 

of FIG. 30 wherein the flow diversion member 430 is oriented at an angle of 45 

degrees below the horizontal to enable diversion of fluid in an alternative 

direction with respect to a surgical site. 

[000143] FIG. 32 is a perspective view of the bone dust collection device 100 or 200 

of FIG. 28 wherein the flow diversion member 430 is oriented horizontally to 

enable diversion of fluid in yet another alternative direction with respect to a 

surgical site. 

[000144] From the foregoing description, it can be appreciated that the harvested or 

collected bone may be used during: 

[000145] (1) Fusion construct - spine or long bone - to promote fusion healing. 

[000146] (2) Bone fusion wherein placement of bone dust into a fusion device such 

as a cage implant may be utilized to promote bone fusion. 

[000147] (3) Replacement of bone after craniotomy or any skull base procedure 

where bone is removed. 

[000148] (4) Dental reconstruction/fusion procedure. 

[000149] Between the bone dust collection structure and the syringe, the one-way 

valve or check valve allows for continued suction and expulsion of air without 

disconnecting the syringe from the bone dust collection device. 

[000150] The size of the central aperture and volume 120 (see FIG. 3) and 220 (see 

FIG. 4) for receiving and collecting bone dust can be altered depending on use of 

the device. The size of the bone collection devices 110 and 210 (see FIGS. 3 

and 4, respectively) and respective central apertures and volumes 120 and 220 

can be made smaller for cervical surgery or made larger for lumbar surgery or 

long bone repair. 

[000151] Embodiments of the bone dust collection device may include a 

mechanism to include or mix bone marrow aspirate or also other biological cells. 
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[000152] Since bone marrow is flexible tissue, embodiments of the bone dust 

collection device may be used to filter bone marrow alone as a separate device 

and without the need for drilling. In such embodiments, the filter design 

parameters may be adjusted accordingly to suit collection of bone marrow or 

other biological cells. 

[000153] The bone dust collecting structures 110 or 210 may be centrifuged to spin 

down bone products and separate blood products. 

[000154] The harvesting or bone dust collection system or self-contained device 

generally is provided via a sterile cartridge, adaptable to a standard luer fitting. 

The harvesting system may be provided sterile by the medical device 

manufacturer. 

[000155] The filter assembly allows blood and fluids to pass, but generally retains 

bone particles between about 75 to about 300 microns. Filter mesh size may be 

optimized, such as by empirical testing of various filter sizes and types, to result 

in minimal fluid flow restriction and clogging during the procedure and to result in 

maximal bone fragment collection. Consideration must also be given to 

optimization and alternate particle size ranges when collecting other anatomical 

specimens such as bone marrow or other biological cells. 

[000156] The bone dust collection volume generally is about 0.5 cc (cubic 

centimeters) minimum. 

[000157] The device may be designed to allow a clinician to cycle the syringe 

multiple times while harvesting bone dust, while dispensing blood/saline out of 

the side port. 

[000158] The bone dust harvesting system allows easy removal of the bone dust 

from the device. The device allows cleaning of the bone dust using a sterile 

saline flush. The harvesting system allows easy consolidation and removal of the 

bone dust. Removal methods include utilizing a scoop (spatula, spoon or similar). 

Prior to removal of the bone dust, aspiration of the bone dust via air flow may 

assist in drying the bone dust to result in a more cohesive bone plug when 

removing the bone dust. 
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[000159] The device is generally provided sterile in a double Tyvek® pouch in order 

to comply with sterile transfer protocol in the sterile OR field. 

[000160] Sterilization methods may include exposure to Gamma radiation. 

[000161] The bone dust collection device may be reused on the same patient 

during the same surgical procedure. The device generally should not be re­

sterilized. It is intended for use in the collection of bone dust created during a 

surgical procedure when using any high-speed drill that creates bone dust 

(cutting burrs, diamond burrs, etc.). 

[000162] The device generally does not contain latex. 

[000163] Bone dust collected by the surgeon is used for the procedure at his or her 

discretion. As indicated above, bone dust can be packed into an interbody cage 

device to augment a fusion construct. In conjunction with FIG. 11 or FIG. 12 and 

the foregoing disclosure. 

[000164] TABLE 1 below indicates detailed method steps for "Using the Bone Dust 

Collection System with Operating Room Suction." 

TABLE 1 
USING THE BONE DUST COLLECTION SYSTEM WITH OPERATING ROOM 

SUCTION 

Step No. Description 
1. Open the single-pouch in a sterile fashion onto the 

operating room surgical field. 

2. Insert side plug into valve body of the device. 

3. Attach handle assembly to the luer lock of the device. 

4. Attach operating room suction tubing to universal 

connector on handle assembly. 

5. Using a high-speed drill, create bone dust based on the 

procedure. 
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6. Irrigate surgical site with saline to suspend the bone dust. 

7. Place the tip of the collection device into the saline/bone 

dust mixture and aspirate using suction system. 

8. Collect bone dust in the chamber and saline with blood 

products in the suction canister. 

9. Upon completely filling the collection chamber with bone 

dust, remove the tip and collect the bone dust with a flat 

instrument or spatula. 

10. Pack the collected bone dust into the region of interest in 

the subject - interbody cage, bone defect, etc. 

11. If necessary, replace tip and collect additional bone dust. 

12. If necessary, repeat usage of the bone dust collection 

system until enough bone for the procedure has been 

collected. 

[000165] In conjunction with FIG. 13 or FIG. 13A, and the foregoing disclosure, 

TABLE 2 below indicates detailed method steps for "Using the Self-Contained 

Bone Dust Collection Device with Syringe Suction." 

TABLE2 

USING THE SELF-CONTAINED DEVICE WITH SYRINGE SUCTION 

Step No. Description 

1. Open the single-pouch in a sterile fashion onto the 

operating room surgical field. 

2. Attach a 30 cc syringe to the luer lock of the device. 
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3. Attach the right angle check valve assembly to the valve 

body. 

4. Using a high-speed drill, create bone dust based on the 

procedure. 

5. Suspend the bone dust using a small amount of saline 

irrigation. 

6. Place the tip of the collection device into the saline/bone 

dust mixture and aspirate by pulling back the syringe 

piston. Bone dust is collected in the chamber while saline 

and blood products are collected within the syringe. 

7. Recycle excess saline and blood collected within the 

syringe by pushing in the syringe piston allowing the 

excess fluid to be expelled through the side port back into 

the surgical wound. 

8. When the collection chamber is filled with bone dust, 

remove the tip and collect bone dust with a flat instrument 

or spatula. 

9. Pack the collected bone dust into the region of interest in 

the subject - interbody cage, bone defect, etc. 

10. If necessary, replace tip and collect additional bone dust. 

11. If necessary, repeat usage of the bone dust collection 

system until enough bone for the procedure has been 

collected. 
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[000166] In view of the foregoing, the embodiments of the present disclosure relate 

to a general method of collecting an anatomical specimen that includes the 

following steps. 

[000167] With reference particularly to FIGS. 11, 12, 13 and 13A, the method 

includes generating an anatomical specimen, e.g., bone dust 180 (see FIG. 21) 

in particulate form at a surgical site of a subject (not shown). 

[000168] The method includes irrigating the surgical site to suspend the particulate 

in a particulate fluid mixture (not shown). Upon irrigating the surgical site, the 

method includes disposing a tip of a collection device, e.g., the collection device 

100 in FIG. 1, in the particulate fluid mixture (e.g., represented in FIG. 15B by 

arrows F2A and F2B internally within the collection device 100 in FIG. 1 ); 

aspirating the collection device, e.g., collection device 100, to filter and separate 

the particulate from the particulate fluid mixture therein accumulating the 

particulate, e.g., bone dust 180 in FIG. 17, in the collection device, e.g., collection 

device 100; and collecting the particulate, e.g., bone dust 180, accumulated in 

the collection device 100. 

[000169] The method may further include packing the collected particulate, e.g., 

bone dust 180, into a region of interest in the subject (not shown). 

[000170] The step of collecting the particulate accumulated in the collection device 

may be preceded by disassembling the collection device. The method may further 

include reassembling the collection device and repeating the foregoing steps of 

generating additional anatomical specimen in particulate form at a surgical site of 

the subject; irrigating the surgical site to suspend the particulate in a particulate 

fluid mixture; disposing the tip of the collection device in the particulate fluid 

mixture; aspirating the collection device to filter and separate the particulate from 

the particulate fluid mixture therein accumulating the particulate in the collection 

device; and collecting the particulate accumulated in the collection device. 

[000171] The method may then include again packing the additionally collected 

particulate, e.g., bone dust 180, into a region of interest in the subject. 

[000172] As shown in FIGS. 11 and 12, the aspirating of the collection device 100 

may include connecting the collection device 100 to a vacuum source, that 
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establishes suction through the handle assembly 500 in the proximal direction of 

arrow S in an operating room (not shown) wherein the vacuum source is in fluid 

communication with the fluid in the particulate fluid mixture, shown by arrow B, to 

filter and separate the particulate, bone dust 180 from the particulate fluid 

mixture, shown by arrow B. 

[000173] Alternatively, as shown in FIGS. 13 and 13A, the aspirating of the 

collection device 100 may include actuating a syringe, e.g., syringe 300, in fluid 

communication with the collection device 100 and in fluid communication with the 

particulate fluid mixture, shown by arrow B, wherein the actuating of the syringe 

effects filtering and separating the particulate, e.g., bone dust 180, from the 

particulate fluid mixture. 

[000174] In conjunction with the foregoing disclosure and FIGS. 1-32, TABLE 3 

indicates "Consideration for Using the Bone Dust Collection System or Device". 

TABLE 3 

CONSIDERATIONS FOR USING THE BONE DUST COLLECTION SYSTEM OR 

DEVICE 

Consideration No. Description 
1. The device functions better with saline and bone dust 

mixture while minimizing the amount of blood. 

2. If there is too much blood in the field, the tip or filter may 

become clogged making it difficult to aspirate bone dust. 

The surgeon should irrigate the field, stop bleeding as 

much as possible, and try the procedure for bone dust 

collection at this point with a dry field. 

3. The tip may detach with excessive force while pushing into 

the wound to collect bone dust. Simply re-attach. 
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4. Occasionally, the tip can become clogged with minimal 

saline. Irrigate further and simply put gentle pressure on 

the tip to dislodge stuck bone dust. 

5. The device is not a fusion device; it is intended to assist 

the surgeon in collecting bone dust. 

6. It is not expected that the device promotes better fusion 

rates. 

[000175] The detailed description of exemplary embodiments herein makes 

reference to the accompanying drawings, which show the exemplary embodiments by 

way of illustration and their best mode. While these exemplary embodiments are 

described in sufficient detail to enable those skilled in the art to practice the disclosure, 

it should be understood that other embodiments may be realized and that logical and 

mechanical changes may be made without departing from the spirit and scope of the 

disclosure. Thus, the detailed description herein is presented for purposes of illustration 

only and not of limitation. For example, the steps recited in any of the method or 

process descriptions may be executed in any order and are not limited to the order 

presented. Moreover, any of the functions or steps may be outsourced to or performed 

by one or more third parties. Furthermore, any reference to singular includes plural 

embodiments, and any reference to more than one component may include a singular 

embodiment. 
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CLAIMS: 

What is claimed is: 

1. A bone dust collection device comprising: 

a bone dust collection structure defining a longitudinal axis and having a proximal 

end and a distal end, 

the bone dust collection structure having a transverse plate member connected 

at or in the vicinity of the proximal end to a cylindrical wall defining an aperture at the 

distal end for receiving and collecting bone dust, the aperture extending proximally and 

including a filtration member disposed therein, the filtration member configured and 

disposed wherein the filtration member causes at least partial separation of fluid from 

the bone dust via the fluid passing proximally through the filtration member, the bone 

dust collection structure configured to enable removal of bone dust collected therein. 

2. The bone dust collection device according to claim 1, wherein at least one 

aperture is defined in the transverse plate member that enables the fluid at least 

partially separated from the bone dust by the filtration member to pass therethrough. 

3. The bone dust collection device according to claim 2, further comprising a flow 

interruption member configured and disposed with respect to the bone dust collection 

structure wherein flow of fluid through the at least one aperture of the bone dust 

collection structure occurs by suction pressure induced on the flow interruption member 

causing the flow interruption member to change position to enable flow through the at 

least one aperture defined in the transverse plate member. 

4. The bone dust collection device according to claim 3, wherein at least another 

aperture is defined in the transverse plate member wherein the flow interruption 

member includes a shaft member disposed through the at least another aperture 

wherein the change of position of the flow interruption member occurs via the suction 

pressure induced on the flow interruption member to enable flow through the at least 

one aperture defined in the transverse plate member. 
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5. The bone dust collection device according to claim 3, further comprising a 

syringe including a plunger in fluid communication with the bone dust collection 

structure wherein the suction pressure is caused by retraction of the plunger away from 

the bone dust collection structure to enable flow through the at least one aperture 

defined in the transverse plate member. 

6. The bone dust collection device according to claim 5, wherein advancement of 

the plunger causes the flow interruption member to interrupt flow from the bone dust 

collection structure. 

7. The bone dust collection device according to claim 6, further comprising a 

conduit in fluid communication with the bone dust collection structure, wherein 

advancement of the plunger causes the fluid received through the at least one aperture 

defined in the transverse plate member to discharge through the conduit away from the 

bone dust collection device. 

8. The bone dust collection device according to claim 7, wherein the conduit is 

structured such that the conduit discharges the fluid in a direction generally 

perpendicular to the direction of fluid flow through the filtration member. 

9. The bone dust collection device according to claim 3, further comprising another 

flow interruption device configured and disposed with respect to the flow interruption 

device and with respect to the bone dust collection structure wherein suction pressure 

induced on the another flow interruption device causes the another flow interruption 

device to be in a closed position and causes the flow interruption member to change 

position to enable flow through the at least one aperture defined in the transverse plate 

member. 

10. The bone dust collection device according to claim 3, further comprising another 

flow interruption device configured and disposed with respect to the flow interruption 

device and with respect to the bone dust collection structure wherein the another flow 
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interruption device is a plug member to seal off flow therethrough during connection of 

the bone dust collection device to a continuous vacuum system and suction pressure 

induced on the flow interruption device causes the flow interruption member to change 

position to enable flow through the at least one aperture defined in the transverse plate 

member. 

11. The bone dust collection device according to claim 1, further comprising: 

a bone dust removal structure defining an aperture having a proximal end and a 

distal end, the aperture configured and disposed for facilitating transport of bone dust 

from the distal end of the bone dust removal structure to the bone dust collection 

structure. 

12. The bone dust collection device according to claim 11, wherein the bone dust 

removal structure includes a nozzle that defines the aperture of the bone dust removal 

structure, the nozzle defining a proximal end and a distal end, wherein the nozzle 

facilitates transport of the bone dust to the bone dust collection structure. 

13. The bone dust collection device according to claim 12, wherein the nozzle is 

removably attached to the bone dust collection structure, wherein removal of the nozzle 

from the bone dust collection structure enables removal of bone dust collected within 

the bone dust collection structure. 

14. The bone dust collection device according to claim 3, further comprising a guide 

member configured and disposed with respect to the suction source and the bone dust 

collection structure for enabling a user to manually control the location of the bone dust 

removal structure during a surgical procedure. 

15. The bone dust collection device according to claim 3, wherein the flow 

interruption member is an umbrella valve. 
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16. The bone dust collection device according to claim 9, wherein the another flow 

interruption member is a check valve. 

17. A bone dust collection device comprising: 

a bone dust collection structure defining a proximal end and a distal end, the 

bone dust collection structure including a filtration member at the proximal end and 

defining an aperture at the distal end for receiving and collecting bone dust, the filtration 

member causing at least partial separation of fluid from the bone dust via the fluid 

passing proximally through the filtration member; and 

a bone dust removal structure defining an aperture having a proximal end and a 

distal end, the aperture configured and disposed for facilitating transport of bone dust 

from the distal end of the bone dust removal structure to the bone dust collection 

structure, the bone dust removal structure removably attached to the bone dust 

collection structure, wherein removal of the bone dust removal structure from the bone 

dust collection structure enables removal of bone dust collected within the bone dust 

collection structure. 

18. An anatomical collection system comprising: 

an anatomical specimen collection structure defining a proximal end and a distal 

end, the anatomical specimen collection structure including a filtration member at the 

proximal end and defining an aperture at the distal end for receiving and collecting an 

anatomical specimen, the filtration member causing at least partial separation of fluid 

from the anatomical specimen via the fluid passing proximally through the filtration 

member; and 

an anatomical specimen removal structure defining an aperture having a 

proximal end and a distal end, the aperture configured and disposed for facilitating 

transport of the anatomical specimen from the distal end of the anatomical specimen 

removal structure to the anatomical specimen collection structure, the anatomical 

specimen removal structure removably attached to the anatomical specimen collection 

structure wherein detachment of the anatomical specimen removal structure from the 
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anatomical specimen collection structure enables removal of the anatomical specimen 

collected within the anatomical specimen collection structure. 

19. The anatomical collection system according to claim 18, wherein the anatomical 

specimen is bone dust. 

20. A method of collecting an anatomical specimen comprising: 

generating an anatomical specimen in particulate form at a surgical site of a 

subject; 

irrigating the surgical site to suspend the particulate in a particulate fluid mixture; 

disposing a tip of a collection device in the particulate fluid mixture; 

aspirating the collection device to filter and separate the particulate from the 

particulate fluid mixture therein accumulating the particulate in the collection device; and 

collecting the particulate accumulated in the collection device. 

21. The method according to claim 20, further comprising: 

packing the collected particulate into a region of interest in the subject. 

22. The method according to claim 20, wherein the collecting the particulate 

accumulated in the collection device is preceded by disassembling the collection device, 

the method further comprising: 

reassembling the collection device; 

generating additional anatomical specimen in particulate form at a surgical site of 

the subject; 

irrigating the surgical site to suspend the particulate in a particulate fluid mixture; 

disposing the tip of the collection device in the particulate fluid mixture; 

aspirating the collection device to filter and separate the particulate from the 

particulate fluid mixture therein accumulating the particulate in the collection device; and 

collecting the particulate accumulated in the collection device. 
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23. The method according to claim 22, further comprising: 

packing the additionally collected particulate into a region of interest in the subject. 

24. The method according to claim 20, wherein the aspirating of the collection device 

includes connecting the collection device to a vacuum source wherein the vacuum 

source is in fluid communication with the fluid in the particulate fluid mixture to filter and 

separate the particulate from the particulate fluid mixture. 

25. The method according to claim 24, wherein the connecting the collection device 

to a vacuum source includes connecting the collection device to a vacuum source in an 

operating room. 

26. The method according to claim 20, wherein the aspirating of the collection device 

includes actuating a syringe in fluid communication with the collection device and in fluid 

communication with the particulate fluid mixture wherein the actuating of the syringe 

effects filtering and separating the particulate from the particulate fluid mixture. 
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(54) Device and method for extracting concentrated plasma 

(57) The present invention relates to a device and 
method for extracting concentrated plasma that includes 
a membrane filter unit for isolating a component based 
on a predetermined particle diameter from blood plasma, 
a first receiving member for providing a predetermined 
injection rate and a predetermined injection pressure to 
inject the blood plasma into the membrane filter unit and 
thereby to settle down platelets in the blood plasma, a 
pressurizing means mounted in connection to the first 
receiving member so as to provide an injection rate and 
an injection pressure for the blood plasma, and a second 
receiving member mounted on the membrane filter unit 
at a predetermined distance from the first receiving mem­
ber and open into a second space to hold air, where the 
second receiving member is allowed to open or close. 
This can pass the blood plasma through the membrane 
filter unit for a sufficient period of time using a predeter­
mined pressure, gravity and vacuum, thereby maximiz­
ing the settlement of the platelets in the blood plasma 
flowing into the membrane filter unit, achieving filtration 
while the platelets settle down, minimizing the contact 
area between the platelets and a filter built in the mem­
brane filter unit, and finally reducing the quantity of the 
platelets adsorbed onto the membrane to obtain platelet 
rich plasma containing a maximum quantity of platelets. 

In addition, the concentrated plasma can be readily 
gelated simply by repeating the filtration or adding calci-
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a device and 
method for extracting concentrated plasma. More partic­
ularly, the present invention relates to a device and meth­
od for extracting concentrated plasma that is designed 
to extract concentrated plasma from the blood plasma 
removed of red blood cells. 

BACKGROUND ART 

[0002] In general, whole blood can be separated into 
blood corpuscles and blood plasma. The blood corpus­
cles fall into three general categories: red blood cells, 
white blood cells, and platelets. The blood plasma is 
mostly water, and contains clotting factors, electrolytes, 
and so forth. 

lets from the platelet poor plasma (PPP). For this pur­
pose, the conventional method involves a repetition of 
centrifugal isolation and filtration on the platelet poor 
plasma (PPP). 

5 [0007] However, even after the process of centrifugal 
isolation and filtration is done again on the platelet poor 
plasma (PPP) remaining after extraction of platelet rich 
plasma (PRP) from the blood plasma, the concentrated 
plasma re-extracted from the platelet poor plasma (PPP) 

10 has such a low content that it hardly contains a large 
quantity of proteins having a low molecular weight and 
not separated in the conventional process of centrifugal 
isolation and filtration. And, there is also a problem sug­
gested in regards to the low efficiency of the conventional 

15 device and method that obtains concentrated plasma 
with low content. 

Prior Documents 

[0003] To explain the blood plasma in further detail, 20 
the blood plasma consists of 60 to 85 % of water, 7 % of 
proteins, 1 % of fat, 0.1 % of sugar, and 0.9 % of other 
mineral ions. In this regard, the proteins in blood plasma 

Patent Documents 

[0008] 

can be classified into albumin and globulin, which are 
determined by using the difference in solubility in ammo- 25 
nium sulfate and individually consist of a combination of 
several proteins. The albumin constitutes about 55 % of 

(Patent Document 1) KR2010011616010 
(Patent Document 2) KR20100041436 10 

DISCLOSURE OF INVENTION 
the plasma protein and plays an important role in sup­
plying proteins and maintaining the plasma colloid os­
motic pressure. The globulin makes up about 38 % of 
the plasma protein and falls into one of the three cate­
gories: alpha globulin, beta globulin and gamma globulin. 
The alpha globulin contains lipoproteins and glycopro-
teins including fibrinogen and helps transport of vitamins, 
hormones, and so forth. The beta globulin performs a 
function as a carrier of prothrombin, plasma thrombo­
plastin, iron, copper, or the like. The gamma globulin 
mostly contains immune antibodies. 
[0004] The blood plasma, which plays a major role in 
the blood, can be injected into the human body to promote 
the transport of nutrient substances and thereby maxi­
mize its function such as inhibition of toxic substances. 
[0005] Therefore, as illustrated in FIG. 1, the whole 
blood (:Nb) is separated into red blood cells (RBCs), 
platelet rich plasma (PRP) and platelet poor plasma 
(PPP). Generally, the red blood cells are separated from 
the whole blood, and platelet rich plasma (PRP) and 
platelet poor plasma (PPP) are extracted. The platelet 
rich plasma (PRP) and the platelet poor plasma (PPP) 
are used in various treatment and cosmetic applications, 
including the treatment of wounds including sinus eleva­
tion surgery for dental implant, heart surgery, orthopedic 
surgery, dermatological treatment, and so forth. 
[0006] In addition, the platelet poor plasma (PPP) is 
separated from the whole blood and contains proteins 
and a small quantity of platelets not isolated yet. There­
fore, a reisolation process for the platelet poor plasma 
(PPP) is performed to re-extract the proteins and plate-

[0009] For solving the problems aforementioned, it is 
30 an object of the present invention to provide a device and 

method for extracting concentrated plasma that is de­
signed to extract concentrated plasma with high concen­
tration containing a maximum quantity of platelets while 
filtering the blood plasma out by passing the blood plas-

35 ma removed of red blood cells through a filter by using 
a defined principle of pressure, gravity and vacuum. 
[0010] To achieve the object of the present invention, 
there is provided a device for extracting concentrated 
plasma that includes: a membrane filter unit for isolating 

40 a component based on a predetermined particle diameter 
from blood plasma; and a first receiving member for pro-
viding a predetermined injection rate and a predeter­
mined injection pressure to inject the blood plasma into 
the membrane filter unit and thereby to settle down plate-

45 lets in the blood plasma. 
[0011] The device further includes a pressurizing 
means mounted in connection to the first receiving mem­
ber to provide the injection rate and the injection pressure 
of the blood plasma. 

50 [0012] In this regard, the pressurizing means includes: 
a piston moving in connection to the membrane filter unit 
to inject the blood plasma in the first receiving member 
into the membrane filter unit; and a power source mount­
ed to induce the movement of the piston. 

55 [0013] The power source limits the moving distance of 
the piston to remain part of the blood plasma in the first 

2 

receiving member for a predetermined period of time af­
ter the time that the blood plasma is completely injected 
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into the membrane filter unit. 
[0014] The power source maintains the piston at a 
moved position for a predetermined period of time after 
the time that the movement of the piston is completed. 
[0015] The power source moves the piston in a reverse 
direction at a predetermined speed in order to separate 
platelets, fibrinogens, proteins, and so forth filled in the 
filter after completion of the filtration. 
[0016] The pressurizing means further includes: an 
adaptor for intermediating a coupling of a first plunger 
mounted in the first receiving member and the piston to 
inject the blood plasma in the first receiving member into 
the membrane filter unit; and a controller for controlling 
the operation oft he power source to regulate the injection 
rate and the injection pressure of the blood plasma ac­
cording to the moving distance and the moving rate of 
the piston and the first plunger. 
[0017] The pressurizing means further includes a di­
rection-diverting switch for diverting the moving direction 
of the piston. 
[0018] The membrane filter unit includes: a body hav­
ing the first receiving membrane mounted thereon and 
including an inlet portion provided on either side portion 
of the membrane filter unit to exhaust air from the mem­
brane filter unit when the blood plasma of the first receiv­
ing member flows in, and an outlet portion for exhausting 
a component having a particle diameter equal to or small­
er than the predetermined particle diameter which has 
passed through the membrane filter unit; a hollow filter 
being mounted in the body and having a second space 
for receiving a component having a particle diameter 
equal to or smaller than the predetermined particle diam­
eter which is filtered when the blood plasma of the first 
receiving member flows in through the inlet portion; and 
a first space formed between the hollow filter and the 
body to open into the outlet portion to temporarily receive 
a component having a particle diameter equal to or small­
er than the predetermined particle diameter which has 
passed through the filter and to exhaust the same through 
the outlet portion. 
[0019] In addition, the membrane filter unit further in­
cludes a fixing member mounted on the body for arrang­
ing the membrane filter unit in the upright position to settle 
down platelets of the blood plasma flowing into the mem­
brane filter unit under the effect of gravity. 
[0020] The device for extracting concentrated plasma 
according to the present invention further includes a sec­
ond receiving member mounted on the membrane filter 
unit at a predetermined distance from the first receiving 
member to open into the second space 180 and receive 
air. 
[0021] In this regard, the membrane filter unit further 
includes a valve mounted as an intermediate on a cou­
pling portion between the inlet portion and the first and 
second receiving members. The valve is arranged to 
have the second space and the first receiving member 
open into each other at normal times. And, the valve is 

ceiving member when blood plasma is injected into the 
second space, and to open the second space into the 
second receiving member and inject air in the second 
receiving member into the second space when a com-

5 ponent having a particle diameter equal to or larger than 
the predetermined particle diameter and remaining in the 
second space is to flow into the first receiving member. 
[0022] On the other hand, according to the present in­
vention, there is provided a method for extracting con-

10 centrated plasma that includes: a step S20 of injecting 
blood plasma into a membrane filter unit to settle down 
platelets in the blood plasma and thereby remaining a 
component having a particle diameter equal to or larger 
than the predetermined particle diameter which has not 

15 passed through a filter built in the membrane filter unit; 
and a step S40 of collecting a component having a par­
ticle diameter equal to or larger than the predetermined 
particle diameter and remaining in the membrane filter 
unit. 

20 [0023] The method for extracting concentrated plasma 
according to the present invention further includes a step 
S10 of arranging the membrane filter unit in the upright 
position to reduce the contact area between the filter in 
the membrane filter unit and the platelets, before the fil-

25 tering step S20. 
[0024] The method for extracting concentrated plasma 
according to the present invention further includes a step 
S30 of waiting for a predetermined period of time after 
the blood plasma is completely injected and reducing 

30 pressure in the membrane filter unit to exhaust a com­
ponent having a particle diameter equal to or smaller than 
the predetermined particle diameter. 
[0025] The filtering step S20 includes injecting part of 
the blood plasma into the membrane filter unit. The first 

35 collecting step S40 includes collecting both a component 
having a particle diameter equal to or larger than the pre­
determined particle diameter which has passed through 
the filter and the remaining the blood plasma in one po­
sition. 

40 [0026] The method for extracting concentrated plasma 
according to the present invention further includes a sec­
ond collecting step S50 of injecting air into the membrane 
filter unit to collect again both the remaining component 
having a particle diameter equal to or larger than the pre-

45 determined particle diameter and the remaining blood 
plasma in one position. 
[0027] In all the steps other than the collecting step, 
first and second spaces are formed by mounting a filter 
in a body of the membrane filter, where the second space 

50 holds a component having a particle diameter equal to 
or larger than the predetermined particle diameter which 
is filtered out from the filter when the blood plasma flows 
in, and the second space momentarily collecting a com­
ponent having a particle diameter equal to or smaller than 

55 the predetermined particle diameter which has passed 
through the filter to exhaust the component through an 
outlet portion formed in the body of the membrane filter 

arranged to close the second space and the second re- unit. 
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[0028] In addition, the filtering step S20 further includes 
a step S23 of injecting the blood plasma into the second 
space at a predetermined injection rate and a predeter­
mined pressure to settle down the platelets. Here, the 
injection pressure of the blood plasma is determined to 
have the range of a load internal pressure imposed on 
the filter mounted in the membrane filter unit during the 
filtration is equal to or lower than the permissible internal 
pressure of the filter. 
[0029] The injecting step S23 includes using a pressu­
rizing means to move a first plunger mounted on a first 
receiving member holding the blood plasma and push 
the blood plasma. As a power source of the pressurizing 
means moves a piston to move the first plunger mounted 
on the piston, thereby injecting the blood plasma into the 
second space at a predetermined injection rate and a 
predetermined pressure. When part of the blood plasma 
is injected into the second space, the remainder of the 
blood plasma remains in the first receiving member. After 
filtration, the first plunger is moved back to collect a com­
ponent having a particle diameter equal to or larger than 
the predetermined particle diameter and remaining in the 
second space into the first receiving member holding the 
remaining blood plasma. 
[0030] Further, air in a second receiving member 
mounted on the membrane filter unit is injected into the 
second space to collect a component having a particle 
diameter equal to or larger than the predetermined par­
ticle diameter and remaining in the second space into 
the first receiving member holding the remaining blood 
plasma. 
[0031] The first receiving member and the second re­
ceiving member are connected to the second space. Be­
fore the second collecting step S50, a valve is manipu­
lated to have the second space open into the first receiv­
ing member and disconnect the second space from the 
second receiving member. In the second collecting step 
S50, the valve is manipulated to have the second space 
open into the first receiving member and the second re­
ceiving member. 
[0032] In the filtering step S20, a valve 150 mounted 
on the opposite side of a first receiving member is closed 
to open into the membrane filter unit. 
[0033] Therefore, in the filtering step S20, when the 
blood plasma is injected, an air layer is formed in part of 
the space of the membrane filter unit to limit the injection 
height of the blood plasma to a predetermined height or 
below. 
[0034] The method for extracting concentrated plasma 
according to the present invention further includes a step 
S31 of completely closing the membrane filter unit and 
forming a vacuum pressure in the membrane filter, after 
the pressure-reducing step S30. 
[0035] The collecting step S40 includes opening the 
valve to momentarily supply external air into the mem­
brane filter unit and thereby collecting a component hav­
ing a particle diameter equal to or larger than the prede­
termined particle diameter using the air. 

5 

[0036] In addition, the platelet rich plasma becomes 
gel by repeatedly filtering the blood plasma injected into 
the membrane filter unit or adding calcium and then re­
peatedly filtering the blood plasma. 

EFFECTS OF THE INVENTION 

[0037] As described above, according to the present 
invention, the conventional process of separating platelet 

10 rich plasma and platelet poor plasma from the blood plas­
ma can be omitted to simplify the process of extracting 
concentrated plasma which contains high concentration 
of platelets by passing the blood plasma removed of red 
blood cells through the membrane filter unit. 

15 [0038] Further, the blood plasma can be passed 
through the membrane filter unit using a predetermined 
pressure and gravity for a sufficiently long period of time. 
This can allow the platelets in the blood plasma flowing 
into the membrane filter unit to settle down to the maxi-

20 mum, making it possible to perform the filtration while the 
platelets settle down, and minimize the contact area be­
tween the platelets and the filter built in the membrane 
filter unit. As a result, the quantity of the platelets ad­
sorbed onto the membrane can be minimized, and the 

25 concentrated plasma can contain the maximum quantity 
of the platelets. 
[0039] Furthermore, after the blood plasma is partly or 
completely injected into the membrane filter unit, the in­
jection pressure is maintained for a predetermined period 

30 of time until the pressure in the membrane filter is suffi­
ciently reduced. This can completely exhaust the com­
ponent having a particle diameter equal to or smaller than 
the predetermined particle diameter and remaining in the 
membrane filter unit. 

35 [0040] Moreover, the blood plasma is injected while 
the membrane filter unit is closed, so the injection height 
of the blood plasma can be limited to a predetermined 
height or below to prevent the contact between the blood 
plasma and the filter. This can minimize adsorption of 

40 the component in the blood plasma onto the filter. 
[0041] In addition, the closed membrane filter unit is 
suddenly opened. This can flow away the component 
having a particle diameter equal to or larger than the pre­
determined particle diameter and remaining in the mem-

45 brane filter unit momentarily, thereby readily releasing 
part of the components adsorbed onto the filter. 
[0042] Further, the platelet rich plasma can be gelated 
by repeatedly filtering the blood plasma collected in the 
membrane filter unit or adding calcium to the blood plas-

50 ma and then repeatedly filtering it. 

BRIEF DESCRIPTION OF DRAWINGS 

[0043] The accompanying drawings, which are incor-
55 porated the specification, illustrate a preferred embodi­

ment of the present invention and serve to explain the 
principles of the invention. It should be apparent that the 
accompanying drawings are not construed to limit the 
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scope of the present invention. ln the drawings: 110, a filter 120 mounted in the body 110 and designed 
to have a component of a particle diameter equal to or 

FIG. 1 is a side diagram showing the whole blood smaller than the predetermined particle diameter which 
under centrifugal separation. has passed through, an inlet portion 130 formed on either 
FIG. 2 is a schematic constructional diagram show- 5 side portion of the body 110 and individually having the 
ing a device for extracting concentrated plasma ac­
cording to a preferred embodiment of the present 
invention. 
FIG. 3 is a cross-sectional diagram showing the in­
side of the membrane filter unit shown in FIG. 2. 
FIGS. 4a and 4b are operational diagrams of FIG. 2. 
FIG. 4c is a constructional diagram showing that a 
second receiving member is excluded in the mem­
brane filter unit of FIG. 2. 
FIG. 5 is a flow chart showing a first extraction meth­
od for concentrated plasma using the extracting de­
vice of FIG. 2. 
FIG. 6 is a flow chart showing a second extraction 
method for concentrated plasma using the extracting 
device of FIG. 2. 

BEST MODES FOR CARRYING OUT THE INVENTION 

[0044] Hereinafter, a detailed description will be given 
as to the preferred embodiments of the present invention 
with reference to the accompanying drawings so as for 
those skilled in the art to readily carry out the present 
invention. But, in the detailed description of the opera­
tional principles regarding the preferred embodiments of 
the present invention, the specific description as to the 
known functions or constructions is to be excluded when 
it is considered to unnecessarily depart from the concep­
tion of the present invention. 

<Construction> 

[0045] FIG. 2 is a schematic constructional diagram 
showing a device for extracting concentrated plasma ac­
cording to a preferred embodiment of the present inven­
tion. FIG. 3 is a cross-sectional diagram showing the in­
side of the membrane filter unit shown in FIG. 2. FIGS. 
4a and 4b are operational diagrams of FIG. 2. 
[0046] The device for extracting concentrated plasma 
according to the present invention includes, as shown in 
FIG. 2, a membrane filter unit 100, a first receiving mem­
ber 200, a second receiving member 210, and a pressu­
rizing means 300. 
[0047] The membrane filter unit 100 is a member for 
filtering blood plasma in order to exhaust a component 
having a particle diameter equal to or smaller than a pre­
determined particle diameter which is contained in the 
blood plasma. In this regard, the blood plasma used to 
extract platelet rich plasma in the present invention is 
preferably a blood plasma obtained by removing the 
whole blood of red blood cells through centrifugal sepa­
ration, or it may be a platelet poor plasma generally avail­
able. 
[0048] The membrane filter unit 100 includes a body 

first and second receiving members 200 and 210, an out­
let portion 140 mounted in the body 110 to exhaust the 
component of a particle diameter equal to or smaller than 
the predetermined particle diameter which has passed 

10 through the filter 120, a three-way valve 150 mounted to 
open/close the inlet portion 130, and a fixing member 
160 for maintaining the body 110 in the upright position. 
[0049] In this regard, the membrane filter unit 100 is to 
separate platelets, proteins, albumins, etc. from water, 

15 uric acid, potassium, phosphates, etc. as contained in 
the blood plasma. For separation, the cross-sectional ar­
ea of the filter 120 is preferably about 0.04 m2 to 0.08 
m2, more preferably about 0.06 m2. 

[0050] The membrane filter unit 100 may be an exam-
20 pie of membrane filter unit, which is preferably used for 

blood osmosis. Of course, the membrane filter unit 100 
may be a general filter capable of filtering out a compo­
nent having a particle diameter equal to or larger than 
the predetermined particle diameter, such as platelets, 

25 proteins, albumins, etc. of the blood plasma, in addition 
to the membrane filter unit. 
[0051] On the other hand, the filter 120 is built in the 
body 110, and the inlet portion 130 and the outlet portion 
140 are formed on either side portion of the body 110. 

30 The body 110 preferably has a cylindrical shape, or it 
may have a polygonal pillar shape such as a rectangular 
pillar shape. 
[0052] Between the inner wall of the body 100 and the 
filter 120 is formed a defined first space 170, which tem-

35 porarily receives a component having a particle diameter 
equal to or smaller than the predetermined particle diam­
eter which has passed through the filter 120. In other 
words, the first space 170 is an independent space dis­
connected from the inlet portion 130. 

40 [0053] The filter 120 is a member through which a com­
ponent having a particle diameter equal to or smaller than 
the predetermined particle diameter in the blood plasma 
is passed. The filter 120 has a hollow cylindrical shape 
or a hollow polygonal pillar shape that forms a second 

45 space 180 into which the blood plasma flows. In this re­
gard, the second space 180 directly opens into the inlet 
portion 130 to have the blood plasma enter from the inlet 
portion 130. Accordingly, when the blood plasma flows 
into the second space 180, a component having a particle 

50 diameter equal to or smaller than the predetermined par­
ticle diameter in the blood plasma is passed through the 
filter 120 and flows into the first space 170, and a com­
ponent having a particle diameter equal to or larger than 
the predetermined particle diameter in the blood plasma 

55 remains in the second space 180. 

5 

[0054] In this regard, there can be a modification of the 
embodiment in such a manner that the filter 120 has a 
panel shape and divides the inside of the body 110 into 
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the first and second spaces 170 and 180, where the first 
space 170 opens into the outlet portion 140 and the sec­
ond space 180 opens into the inlet portion 130. 
[0055] In addition, the inlet portion 130 is formed on 
either side portion of the body 110. The first receiving 
member 200 receiving the blood plasma is mounted on 
the inlet portion 130 formed on the one side of the body 
110, and the second receiving member 210 receiving air 
is mounted on the inlet portion 130 formed on the other 
side of the body 110. The inlet portion 130 is formed in 
direct connection to the second space 180 of the filter 
120. This is not only to have the blood plasma of the first 
receiving member 200 flow directly into the second space 
180 but also to have a component having a particle di­
ameter equal to or larger than the predetermined particle 
diameter and remaining in the second space 180 flow 
into the first receiving member 200 by the pressure ap­
plied by the second receiving member 210. Other details 
in regards to the inlet portion 130 will be described later 
in association with the three-way valve 150. 
[0056] In addition, the outlet portion 140 is formed on 
the one side of the body 100 or on either side of the body 
100 to open into the first space 170. This is to exhaust a 
component having a particle diameter equal to or smaller 
than the predetermined particle diameter and flowing into 
the first space 170 through the filter 120. 
[0057] The three-way valve 150 is mounted on either 
coupling portion of the inlet portion 130 and the first and 
second receiving members 200 and 210. The three-way 
valve 150 is operated to disconnect the first receiving 
member 200 and the second space 180 from the second 
receiving member 210 while the blood plasma of the first 
receiving member 200 is flowing into the second space 
180 of the filter 100. Further, the three-way valve 150 is 
operated to have the second receiving member210 open 
into the second space 180 and the first receiving member 
200 so that, after the filtration of the blood plasma is com­
pleted, the air in the second receiving member 210 enters 
the second space 180 to flow a component having a par­
ticle diameter equal to or larger than the predetermined 
particle diameter and remaining in the second space 180 
into the first receiving member 200. 
[0058] The fixing member 160 is a member for main­
taining the membrane filter unit 100 in the upright posi­
tion, and it may be any general member designed so that 
the body 110 can be put in it, suspended from it, inserted 
into it or picked up from it. The fixing member 160 is 
excluded when the membrane filter unit 100 is used in a 
position other than the upright position. For this purpose, 
the membrane filter unit 100 is formed to have a wider 
bottom portion or to have a varied shape designed not 
to let off the blood plasma from the inlet portion 130 when 
the membrane filter unit having a cylindrical shape is laid 
on the side. In this case, there is no need of using the 
membrane filter unit in the upright position, ifthe platelets 
in the blood plasma settle down and have a minimum 
contact area with the filter 120. 
[0059] In this regard, the purpose of using the fixing 

member 160 to fix the membrane filter unit 100 in the 
upright position is having the blood plasma flow in from 
the bottom portion of the body 110 and carrying out the 
filtration while the platelets in the blood plasma settle 

5 down under the effect of gravity. The settlement of the 
platelets minimizes the contact area between the plate­
lets and the filter 120 to reduce the adsorption of the 
platelets onto the filter 120 to the minimum. This can min­
imize a loss of the platelets caused by the adsorption 

10 onto the filter 120and render a maximumamountof plate­
lets contained in the platelet rich plasma that is going to 
be extracted later. 
[0060] The first receiving member 200 is a member for 
receiving the blood plasma, injecting it into the membrane 

15 filter unit 100 and collecting the filtered blood plasma, 
that is, platelet rich plasma. The first receiving member 
200 includes a first receiving portion 201 for receiving 
the blood plasma or the platelet rich plasma obtained 
after the filtration and a first plunger 202 mounted to push 

20 the blood plasma in the first receiving portion 201 into 
the second space 180 of the membrane filter unit 100. 
The first receiving member 200 is preferably, for exam­
ple, a syringe without a needle, and it may be constructed 
to include at least two separate members for receiving 

25 or pushing the blood plasma or receiving the concentrat­
ed plasma after the filtration. 
[0061] On the other hand, the second receiving mem­
ber 210 is a member for receiving air and injecting it into 
the second space 180 of the membrane 100 after the 

30 filtration to push a component having a predetermined 
particle diameter or a larger particle diameter remaining 
in the second space 180 into the first receiving member 
200. The second receiving member 210 includes a sec­
ond receiving portion 211 for receiving air and a second 

35 plunger 212 mounted to inject the air in the second re­
ceiving portion 211 into the second space 180 of the 
membrane filter unit 100. The second receiving member 
210 is preferably, for example, a syringe without a needle, 
and it may be constructed to include at least two separate 

40 members for receiving or pushing air. In this regard, the 
mounting positions of the first and second receiving 
members 200 and 210 are the bottom portion and the 
top portion, respectively, and exchangeable with each 
other. 

45 [0062] The pressurizing means 300 is a means for in­
jecting the blood plasma in the first receiving member 
200 into the second space 180 under a predetermined 
pressure, and includes a power source 310 having a pis­
ton 311 mounted to push or pull the first plunger 202. In 

50 addition to the power source 310, the pressurizing means 
300 may further include a controller 320 mounted to con­
trol the operation of the power source 310, a decelerator 
330 mounted on the power source 310, an adaptor 340 
mounted to intermediate a coupling of the first plunger 

55 202 and the piston 311, and a direction-diverting switch 
350 mounted to divert the moving direction of the piston 
311. In this regard, the piston 311 without the first plunger 
202 may move by directly sliding inside the first receiving 

6 
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member 200. 
[0063] First of all, the power source 310 is a device 
that enables the piston 311 coupled to the first plunger 
202 of the first receiving member 200 to make a recipro­
cating movement in order to push or pull the first plunger 
202. The power source 310 is preferably, for example, a 
motor. Otherwise, the power source 310 may also be a 
device with a separate piston 311 that enables the piston 
311 to make a reciprocating movement. 
[0064] In this regard, the pressure applied to inject the 
blood plasma into the membrane filter unit 100, that is, 
the pressure provided by the power source 310 may be 
equal to the permissible internal pressure of the filter 120 
or below. For example, when the permissible internal 
pressure of the filter 120 is 500 mmHg, the load internal 
pressure of the filter 120 during the filtration is preferably 
in the range of about 300 to 450 mmHg. 
[0065] In addition, the power source 310 provides an 
injection rate that allows the platelets in the blood plasma 
to settle down under the effect of gravity while the blood 
plasma is injected into the second space 180. 
[0066] The controller 320 controls all the functions of 
the power source 310, including determination on wheth­
er to operate the power source 310 or not, the torque, 
that is, the magnitude of the pressure to inject the blood 
pressure into the second space 180, the running time, 
the moving distance of the piston 311, the moving direc­
tion of the piston 311, the stand-by time after movement 
of the piston 311, the injection pressure and the injection 
rate of the blood plasma, and so forth. 
[0067] In one embodiment for extracting concentrated 
plasma from blood plasma, 5 portions of platelet rich plas­
ma can be obtained by combining 3 portions of a com­
ponent having a particle diameter equal to or larger than 
the predetermined particle diameter and remaining in the 
second space 180 and 2 portions of a blood plasma re­
maining in the first receiving member 200. For this pur­
pose, the first plunger 202 in the first receiving member 
200 moves only to the scale of 2 in the first receiving 
member 200 and then stops until a component having a 
particle diameter equal to or smaller than the predeter­
mined particle diameter is completely exhausted through 
the outlet portion 140. The movement of the piston 311 
in association with the movement of the first plunger 202 
is under the control by the controller 320. It is of course 
possible to obtain 5 portions of the platelet rich plasma 
by injecting all the blood plasma of the receiving member 
200 into the membrane filter unit 100 and filtering out a 
component having a particle diameter equal to or larger 
than the predetermined particle diameter and remaining 
in the second space 180. 
[0068] In another embodiment for extracting concen­
trated plasma from blood plasma, 6 or 7 portions of plate­
let rich plasma can be obtained by combining 3 portions 
of the component having particle diameter equal to or 
larger than a predetermined particle diameter and re­
maining in the second space 180 and 3 or 4 portions of 
blood plasma remaining in the first receiving member 

200. For this, the first plunger 202 moves only to the scale 
of 3 or 4 in the first receiving member 200 and then stops. 
The movement of the piston 311 is also under the control 
by the controller 320. 

5 [0069] In other words, the controller 320 controls the 
movement of the piston 311 so that the quantity of the 
blood plasma remaining in the first receiving member 200 
is regulated according to a desired amount of the com­
ponent having a particle diameter equal to or larger than 

10 the predetermined particle diameter in the membrane fil­
ter unit 100. 
[0070] Contrarily, the controller 320 can simply set the 
torque range of the power source 310 and control the 
power source 310 to operate within the range of the pre-

15 determined torque. In this case, each of the other func­
tions of the power source 310 aforementioned can be 
activated independently or at least two of the other func­
tions can be activated simultaneously, byway of separate 
switches or control buttons. 

20 [0071] The decelerator 330 enhances the torque of the 
power source 310 and enables the stable occurrence of 
the torque. 
[0072] The adaptor 340 is an intermediate for a stable 
coupling of the piston 311 and the first plunger 202. The 

25 one side of the adaptor 340 is firmly coupled to the first 
plunger 202, and the other side of the adaptor 340 is fixed 
to the piston 311. 
[0073] The direction-diverting switch 350 is mounted 
to divert the moving direction of the piston 311 for inject-

30 ing the blood plasma into the second space 180 or col­
lecting a component having a particle diameter equal to 
or larger than the predetermined particle diameter and 
remaining in the second space 180 into the first receiving 
member 200 after the filtration. The direction-diverting 

35 switch 350 may be excluded, in which case the power 
source 310 can directly divert the moving direction of the 
piston 311. For example, when the power source 310 is 
a motor, it can divert the moving direction of the piston 
311 by changing its rotational direction. 

40 

<Examples> 

[0074] FIG. 4c is a constructional diagram showing the 
membrane filter unit of FIG. 2 without the second receiv-

45 ing member. 
[0075] FIG. 4c is almost the same in construction as 
FIG. 2, excepting that the second receiving member 210 
is excluded. Such a construction of FIG. 4c is to carry 
out a second method mentioned later, and its detailed 

50 description will be given in association with the descrip­
tion of the second method. 

<First Method> 

55 [0076] FIG. 5 is a flow chart showing a method for ex­
tracting concentrated plasma using the extracting device 
of FIG. 2. 
[0077] Firstly, the membrane filter unit 100 is fixed in 
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the upright position, in step S10. The arrangement is to 
make the platelets in the blood plasma settle down under 
the effect of gravity and then to filter the blood plasma. 
This can minimize the contact area between the platelets 
and the filter 120 and thereby reduce a loss of the plate­
lets caused by the adsorption onto the filter 120. 
[0078] Subsequently, the blood plasma is injected into 
the membrane filter unit 100 to undergo filtration, while 
allowing the platelets to settle down, in step S20. For this 
purpose, there is included a step S21 of receiving the 
blood plasma in the first receiving member 200 and then 
mounting the first receiving member 200 on the mem­
brane filter unit 100. In this regard, the first receiving 
member 200 is mounted on the inlet portion 130 formed 
on the one side of the body 110 of the membrane filter 
unit 100, so it opens to the second space in the body 
110. In this construction, the first receiving member 200 
and the inlet portion 130 are coupled together via the 
three-way valve 150, which is manipulated to open or 
close the first receiving member 200 and the second 
space 180. For injecting the blood plasma into the second 
space 180, the three-way valve 150 can be manipulated 
to open the first receiving member 200 and the second 
space 180. Also, the first receiving member 200 and the 
second space 180 is kept open in order to collect the 
platelet rich plasma remaining in the second space into 
the first receiving member 200 after the subsequent fil­
tration. Ultimately, a two-way valve 150 may be used in 
place of the three-way valve 150, and the first receiving 
member 200 may be mounted on the inlet portion 130 
without using a valve. 
[0079] For obtaining blood plasma, for example, 9 por­
tions of whole blood is mixed with 1 portion of an antico­
agulant, and the mixture is removed of red blood cells 
through centrifugal separation to extract about 4 to 5.5 
portions of blood plasma. It is of course possible to extract 
a larger amount of the blood plasma by mixing a larger 
quantity of whole blood and a larger quantity of an anti­
coagulant and then preforming extraction of the blood 
plasma through centrifugal separation and removal of 
red blood cells. 
[0080] Also, this step S20 may further include a step 
S22 of receiving air in the second receiving member 210 
and then mounting the second receiving member 210 on 
the membrane filter unit 100. In this regard, the second 
receiving member 210 may be mounted on the inlet por­
tion 130 formed on the other side of the body 110 via the 
three-way valve 150, which can be manipulated to open 
or close the second space 180. The mounting step S22 
may be carried out right before the second collecting step 
S50 described later, or the second collecting step S50 
may involve injecting external air into the second space 
180, while the mounting step S22 is excluded. 
[0081] When the blood plasma is injected into the sec­
ond space 180, the three-way valve 150 is manipulated 
to open the inlet portion 130ofthesecond receiving mem­
ber 210 to the exterior and thereby to exhaust the air of 
the membrane filter unit 100. In addition, when a com-

ponent having a particle diameter equal to or larger than 
the predetermined particle diameter in the second space 
180 is collected into the first receiving member 200 after 
the filtration, the second receiving member 210 is mount-

s ed on the inlet portion 130 and the three-way valve 150 
is manipulated to close the second space 180 of the 
membrane filter unit 100 from the exterior and allow the 
second space 180 to open into the second receiving 
member 210. It is therefore possible to mount the second 

10 receiving member 210 and the inlet portion 130 without 
a two-way valve or another valve other than the three­
way valve 150. 
[0082] The step S20 may further include a step S23 of 
moving the piston 311 in one direction by using the pres-

15 surizing means 300, that is the power source 310 to move 
the first plunger 202 of the first receiving member 200 
and thereby injecting the blood plasma into the second 
space 180. In this regard, the pressure that the pressu­
rizing means 300 applies to inject the blood plasma into 

20 the second space 180 is in a predetermined pressure 
range equal to the permissible internal pressure of the 
filter 120 of the membrane filter unit 100 or below. In the 
case when the permissible internal pressure of the filter 
120 is 500 mm Hg, the load internal pressure of the filter 

25 120 during the filtration is in the range of 300 mmHg to 
450 mm Hg, that is, approximately 60 to 90 %. And, the 
injection rate for the pressurizing means 300 injecting 
the blood plasma into the second space 180 is within the 
range that allows the platelets to settle down in the blood 

30 plasma injected in to the second space 180 and enables 
the continuous injection of the blood plasma while the 
platelets settle down. The injection pressure and the in­
jection rate can be regulated under the control of the pow­
er source 310 and the decelerator 330. When the power 

35 source 310 is a motor, the decelerator 330 controls the 
motor velocity (rpm) of the motor to adjust the injection 
pressure and the injection rate. 
[0083] When the injection pressure is 1,200 kg, for ex­
ample, the pressure per unit area of the filter 120 in con-

40 sideration of the gravity is 1,200kg/s2 = 0.5kg/cm2 , which 
can be applied to calculate the injection pressure and the 
injection rate. 
[0084] As the blood plasma is injected, the air in the 
membrane filter unit 100 is exhausted through the three-

45 way valve 150 on the side of the second receiving mem­
ber 210. 
[0085] When the blood plasma is completely injected, 
the pressure in the membrane filter unit 100 is dropped 
in a predetermined period of time after the completion of 

50 the injection, in step S30. This can activate the settlement 
of the platelets more by reducing the pressure in the filter 
120 of the membrane filter unit 100 and completely ex­
haust the component having a particle diameter equal to 
or smaller than the predetermined particle diameter 

55 which has passed through the filter 120 in the second 
space 180 and temporarily held in the first space 170 
through the outlet portion 140. 
[0086] In this regard, as a predetermined quantity of 

8 
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the blood plasma remains in the first receiving member 
200 at the time when the injection of the blood plasma is 
completed, the first plunger 202 stops at a specific posi­
tion. This is to remain a predetermined quantity of the 
blood plasma in the first receiving member 200. For ex­
tracting 5 portions of platelet rich plasma, for example, 
about 3 portions of the component having a particle di­
ameter equal to or larger than the predetermined particle 
diameter which is obtained through filtration with the 
membrane filter unit 100 is mixed with about 2 portions 
of the blood plasma remaining in the first receiving mem­
ber 200. Accordingly, a defined amount of the platelet 
rich plasma can be obtained by mixing a defined amount 
of the component having a particle diameter equal to or 
greater than the predetermined particle diameter which 
is obtained through filtration with the membrane filter unit 
100 and a defined amount of the blood plasma remaining 
in the first receiving member 200. The amount of the 
blood plasma remaining in the first receiving member200 
can be determined based on the amount of the compo­
nent obtained through the membrane filter unit 100, or 
the amount of the component obtained through the mem­
brane filter unit 100 can be determined based on the 
amount of the blood plasma remaining in the first receiv­
ing member 200. 
[0087] Contrarily, it is possible to obtain no more than 
the platelet rich plasma filtered through the membrane 
filter unit 100 by moving the first plunger 202 to a thresh­
old moving position, stopping it and then injecting all the 
blood plasma of the first receiving member 200 into the 
membrane filter unit 100. 
[0088] Of course, the moving and stop motions of the 
first plunger 202 are carried out by the movement of the 
piston 311 mounted on the first plunger 202, and the pis­
ton 311 is moved by the power source 310. 
[0089] Subsequently, a component having a particle 
diameter equal to or larger than the predetermined par­
ticle diameter and remaining in the membrane filter unit 
100 is first collected into the first receiving member 200, 
in step S40. In this regard, when the power source 310 
forces the piston 311 to make a back motion and the first 
plunger 202 makes a back motion, most of the compo­
nent having a particle diameter equal to or larger than 
the predetermined particle diameter in the second space 
180 of the membrane filter unit 100 flows into the first 
receiving member 200. Here, the direction-diverting 
switch 350 is manipulated for the back motion of the pis­
ton 311. 
[0090] Finally, air is injected into the membrane filter 
unit 100 to collect the remaining component having a 
particle diameter equal to or larger than the predeter­
mined particle diameter into the first receiving member 
200, in step S50. For this purpose, the three-way valve 
150 of the second receiving member 210 is manipulated 
to make the second receiving member 210 open into the 
second space 180, and then the second plunger 212 is 
moved to inject the air in the second receiving member 
210 into the second space 180, thereby forcing all the 

component having a particle diameter equal to or larger 
than the predetermined particle diameter and remaining 
in the second space 180 to flow into the first receiving 
member 200. It is of course possible to repeat the step 

5 S50 in order to completely flow the component having a 
particle diameter equal to or greater than the predeter­
mined particle diameter into the first receiving member 
200. 

10 <Second Method> 

[0091] FIG. 6 is a flow chart showing a second extrac­
tion method for concentrated plasma using the extracting 
device of FIG. 2. The second method according to the 

15 present invention is a method of collecting a component 
having a particle diameter equal to or larger than the pre­
determined particle diameter without using the second 
receiving member 210. The second method is similar to 
the first method on the whole, except for a little difference 

20 in the steps. The steps of the second method the same 
as orsimilarto the steps of the first method are mentioned 
as the common content and described briefly under ne­
cessity. 
[0092] Firstly, the membrane filter unit 100 is fixed in 

25 the upright position, in step S10. The step S10 is as de­
fined in the first method. 
[0093] Subsequently, the valve 150 mounted in the op­
posing side of the first receiving member 200 and open 
into the second space 180 is closed, and the blood plas-

30 ma is injected into the membrane filter unit 100 and 
passed through the filter while the platelets are allowed 
to settle down, in step S20. As the valve 150 is closed, 
the second space 180 opens into the exterior through 
the outlet portion 140, so that the first plunger 202 of the 

35 first receiving member 200 is pressurized under the same 
pressure of the first method or the stronger pressure to 
inject the blood plasma into the second space 180. The 
valve 150 may be a three-way valve, but preferably a 
two-way valve because the second receiving member 

40 21 O is excluded. 
[0094] Accordingly, the step S20 includes the step S21 
of mounting the first receiving member 200 on the mem­
brane filter unit 100 and the step S23 of moving the piston 
311 in one direction by the power source 310 to move 

45 the first plunger 202 of the first receiving member 200 
and thereby to inject the blood plasma into the second 
space 180, but it excludes the step S22 of mounting the 
second receiving member 210 on the membrane filter 
unit 100. 

50 [0095] As the second space 180 is mostly closed, an 
air layer is formed on the opposite side to the first receiv­
ing member 200 in the second space 180 while the blood 
plasma is injected, and the air layer prevents the blood 
plasma from penetrating above a predetermined height. 

55 This can force the component having a relatively high 
force of adhesion such as platelets to remain below a 
predetermined height and limit the range of adsorbing 
the components of the blood plasma onto the filter 120 

9 
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to the maximum. 
[0096] Of course, the component having a particle di­
ameter equal to or smaller than the predetermined par-
ticle diameter which has passed through the filter 120 is 
exhausted through the outlet portion 140 during the fil­
tration. 
[0097] Subsequently, it waits for a predetermined pe-
riod of time after completion of the injection of the blood 
plasma and then the pressure in the membrane filter unit 
100 is dropped, in step S30. The step S120 is also the 
same as defined in the first method. 
[0098] Subsequently, the outlet portion 140 is blocked 
to close the second space 180 and then move the first 
plunger 202 oft he first receiving member 200 back, there­
by forming a vacuum pressure in the membrane filter unit 
100, in step S31. In other words, when the outlet portion 
140 is blocked, the second space 180 is completely 
closed, with the valve 150 closed. At this time, the power 
source 310 forces the piston 311 to make a back motion 
and moves the first plunger 202 back, so a strong vacuum 
pressure is formed in the membrane filter unit 100. 
[0099] Finally, the valve 150 is momentarily opened to 
collect a component having a particle diameter equal to 
or larger than the predetermined particle diameter and 
remaining in the second space 180 into the first receiving 
member 200 all at once, in step S40. By part of the air 
momentarily introduced, the components adsorbed onto 
the filter 120 are released from the filter 120 and flow into 
the first receiving member 200. 
[0100] This decompression method has an advantage 
that the components adsorbed onto the filter 120 during 
the filtration can be released from the filter 120 to the 
maximum. It is of course possible to repeatthe steps S31 
and S40 in a manual, semi-automatic, or automatic man-
ner, in which case the operation of the valve 150 can be 
controlled through the controller in such a manner of con­
trolling a solenoid valve. 
[0101] The above-described first and second methods 

[0102] Particularly, the blood plasma is changed into 
a gel and used for many applications. In the conventional 
method of making the blood plasma containing an anti­
coagulant into a gel, bovine thrombin or collagen is added 

5 to the blood plasma. But, the bovine thrombin is a sub­
stance extracted from livestock and thus possibly con­
tains a component harmful to the human body (e.g., mad 
cow disease factor, etc.). 
[0103] Accordingly, the present invention repeats the 

10 filtration of the blood plasma using a membrane filter, 
more preferably adds calcium to promote the conversion 
of prothrombin into thrombin as the first step of the blood 
coagulation mechanism and thereby to form a large 
quantity of thrombin from the prothrombin in the blood 

15 plasma. Such a large quantity of thrombin serves as a 
factor to convert fibrinogens into fibrin monomers and is 
enough to form a large quantity of fibrin monomers. Fi­
nally, the fibrin monomers form fibrin clots and the platelet 
rich plasma is extracted in the form of a gel and thus can 

20 be used for various use purposes instead of fibrin glue. 
[0104] As described above, those skilled in the art will 
appreciate that the present invention described herein is 
susceptible to variation other than those specifically de­
scribed without changing its technical conception and es-

25 sential features. Therefore, it should be understood that 
the foregoing description of preferred embodiments of 
the present invention has been presented for purposes 
of illustration and not intended to limit the scope of the 
present invention. 

30 [0105] It should also be understood that the scope of 
the present invention is defined by the scope of the fol­
lowing claims other than the detailed description and con­
strued to include all the variations and modifications de­
rived from the meanings and scope of the claims and 

35 their equivalents. 

100: membrane filter unit 
110: body 

are applied to extract concentrated plasma from the 
blood plasma. In this regard, the concentrated plasma 40 
extracted according to the present invention has a plate-

120: filter 
130: inlet portion 
140: outlet portion 
150: valve let count about 4 to 5 times higher than the platelet rich 

plasma obtained by the conventional method using the 
centrifugal separation. A comparison between the con­
centrated plasma of the present invention and the whole 45 
blood is given in Table 1. 

160: fixing member 
170: first space 
180: second space 
200: first receiving member 
201: first receiving portion 
202: first plunger [Table 1] 

Whole blood Platelet rich plasma 

Platelet count 4 to 11-fold 

Protein count 2 to 4-fold 

Fibrinogen count 3 to 5-fold 

White blood cell count 3 to 5-fold 

Red blood cell count 0.2 to 0.4-fold 

210: second receiving member 
50 211: second receiving portion 

212: second plunger 
300: pressurizing means 
310: power source 
311: piston 

55 320: controller 
330: decelerator 
340: adaptor 
350: direction-diverting switch 

10 
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Claims 

1. A device for extracting concentrated plasma, which 
is to extract concentrated plasma, the device com­
prising: 

a membrane filter unit (100) for isolating a com­
ponent based on a predetermined particle diam­
eter from blood plasma; and 
a first receiving member (200) for providing a 
predetermined injection rate and a predeter­
mined injection pressure to inject the blood plas­
ma into the membrane filter unit (100) and let 
thereby platelets in the blood plasma settle down 
by gravity. 

(100); and 
a controller (320) for controlling the operation of 
the power source (310) to regulate the injection 
rate and the injection pressure of the blood plas-

5 ma according to the moving distance and the 
moving rate of the piston (311) and the first 
plunger (202). 

7. The device for extracting concentrated plasma as 
10 claimed in claim 3 or 6, wherein the pressurizing 

means (300) further comprises: 

15 

a direction-diverting switch (350) for diverting 
the moving direction of the piston (311 ). 

8. The device for extracting concentrated plasma as 
2. The device for extracting concentrated plasma as claimed in claim 1, wherein the membrane filter unit 

claimed in claim 1, further comprising: ( 100) comprises: 

a pressurizing means (300) mounted in connec- 20 a body 110 having the first receiving member 
tion to the first receiving member (200) to pro- (200) mounted thereon, the body comprising a 
vide the injection rate and the injection pressure first and a second inlet portion (130), wherein 
of the blood plasma. the air is exhausted through the second inlet por-

tion (130) at one end of the membrane filter unit 
3. The device for extracting concentrated plasma as 25 100 when the blood plasma flows in through the 

claimed in claim 2, wherein the pressurizing means first inlet portion (130) at the other end of the 
(300) comprises: membrane filter unit (100), and an outlet portion 

(140) for exhausting a component having a par-
a piston 311 moving relative to the membrane ticle diameter equal to or smaller than the pre-
filter unit (100) to inject the blood plasma in the 30 determined particle diameter passed through 
first receiving member (200) into the membrane the membrane filter unit (100); 
filter unit (100); and a hollow filter (120) being mounted in the body 
a power source (310) mounted to induce the (110) and having a second space (180) for re-
movement of the piston (311). ceiving the component having a particle diame-

35 ter equal to or smaller than the predetermined 
4. The device for extracting concentrated plasma as particle diameter which was filtered when the 

claimed in claim 3, wherein the power source (310) blood plasma of the first receiving member (200) 
limits the moving distance of the piston (311) to re- flows in through the first inlet portion (130); and 
main part of the blood plasma in the first receiving a first space (170) formed between the hollow 
member (200) for a predetermined period of time 40 filter (120) and the body (110) to open into the 
after the time that the injection of the blood plasma outlet portion (140) to temporarily receive the 
into the membrane filter unit (100) is completed. component having a particle diameter equal to 

or smaller than the predetermined particle diam-
5. The device for extracting concentrated plasma as eter which has passed through the filter (120) 

claimed in claim 3 or 4, wherein the power source 45 and exhaust the same through the outlet portion 
(310) maintains the piston (311) at a position for the (140). 
predetermined period of time after the time that the 
movement of the piston (311) is completed. 9. The device for extracting concentrated plasma as 

claimed in claim 1 or 8, wherein the membrane filter 
6. The device for extracting concentrated plasma as 50 unit further comprises: 

claimed in claim 3, wherein the pressurizing means 
(300) further comprises: a fixing member (160) mounted on the body 

(110) for arranging the membrane filter unit in 
an adaptor (340) for intermediating a coupling the upright position to settle down platelets of 
of a first plunger (202) mounted in the first re- 55 the blood plasma flowing into the membrane fil-
ceiving member (200) and the piston (311) to ter unit under the effect of gravity. 
inject the blood plasma in the first receiving 
member (200) into the membrane filter unit 10. The device for extracting concentrated plasma as 

11 
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claimed in claim 8, further comprising: 

a second receiving member (210) being mount-
ed on the membrane filter unit (100) at a prede­
termined distance from the first receiving mem- 5 

ber (200) to open into the second space (180) 
and receiving air. 

10 

claimed in claim 12, further comprising: 

a step (S30) of waiting for a predetermined pe­
riod of time after the blood plasma is completely 
injected and reducing pressure in the membrane 
filter unit (100) after the predetermined period 
of time to exhaust a component having a particle 
diameter equal to or smaller than the predeter­
mined particle diameter. 

15. The method for extracting concentrated plasma as 
claimed in claim 12, wherein the filtering step (S20) 
includes injecting part of the blood plasma into the 
membrane filter unit (100), 

11. The device for extracting concentrated plasma as 
claimed in claim 10, wherein the membrane filter unit 
(100) further comprises a first valve (150) being 
mounted as an intermediate on a coupling portion 
between the first in let portion ( 130) and the first re­
ceiving member (200) and a second valve (150) be­
ing mounted as an intermediate on a coupling portion 
between the second inlet portion (130) and the sec­
ond receiving member (210), 

15 wherein the first collecting step (S40) includes col-

the first valve being arranged to have the second 
space (180) and the first receiving member (200) 
open into each other at normal times, and 20 
the second valve being arranged to close the second 
space (180) and the second receiving member (210) 
when blood plasma is injected into the second space 
(180), and to open the second space (180) into the 
second receiving member (210) and inject air in the 25 

second receiving member (210) into the second 
space (180) when a component having a particle di­
ameter equal toor larger than the predetermined par-
ticle diameter and remaining in the second space 
( 180) is to flow into the first receiving member (200). 30 

12. A method for extracting concentrated plasma, which 
is to extract concentrated plasma, the method com­
prising: 

a filtering step (S20) of injecting blood plasma 
into a membrane filter unit (100) to let the plate-
lets settle down by gravity in the blood plasma 

35 

and thereby remaining a component having a 
particle diameter equal to or larger than the pre- 40 

determined particle diameter which has not 
passed through a filter (120) built in the mem­
brane filter unit (100); and 
a step (S40) of collecting the component having 
a particle diameter equal to or larger than the 45 

predetermined particle diameter and remaining 
in the membrane filter unit ( 100). 

13. The method for extracting concentrated plasma as 
claimed in claim 12, further comprising: 50 

a step (S10) of arranging the membrane filter 
unit (100) in the upright position to reduce the 
contact area between the filter (120) in the mem­
brane filter unit (100) and the platelets, before 55 
the filtering step (S20). 

14. The method for extracting concentrated plasma as 

12 

lecting both a component, having a particle diameter 
equal to or larger than the predetermined particle 
diameter and remaining in the filter, and the remain­
ing blood plasma in one position. 

16. The method for extracting concentrated plasma as 
claimed in claim 15, further comprising: 

a second collecting step (S50) of injecting air 
into the membrane filter unit (100) to collect 
again both the remaining component having a 
particle diameter equal to or larger than the pre­
determined particle diameter and the remaining 
blood plasma in one position. 

17. The method for extracting concentrated plasma as 
claimed in claim 12, 14, 15, or 16, wherein in all the 
steps other than the collecting step, first and second 
spaces (170) and (180) are formed by mounting a 
filter (120) in a body (110) of the membrane filter 
(100), wherein the second space (180) holds a com­
ponent having a particle diameter equal to or larger 
than the predetermined particle diameter which is 
filtered out from the filter (120) when the blood plas­
ma flows in, the first space (170) temporarily collect­
ing a component having a particle diameter equal to 
or smaller than the predetermined particle diameter 
which has passed through the filter (120) to exhaust 
the component through an outlet portion (140) 
formed in the body ( 110) of the membrane filter unit 
{100). 

18. The method for extracting concentrated plasma as 
claimed in claim 17, wherein the filtering step (S20) 
further includes a step (S23) of injecting the blood 
plasma into the second space (180) at a predeter­
mined injection rate and a predetermined pressure 
to let the platelets settle down by gravity, 
wherein the injection pressure of the blood plasma 
is determined to have the range of a load internal 
pressure imposed on the filter (120) mounted in the 
membrane filter unit (100) during the filtration is 
equal to or lower than the permissible internal pres-
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sure of the filter (120). 

19. The method for extracting concentrated plasma as 
claimed in claim 18, wherein the injecting step (S23) 
includes using a pressurizing means (300) to move 
a first plunger (202) mounted on a first receiving 
member (200) holding the blood plasma and push 
the blood plasma, 
wherein as a power source (310) of the pressurizing 
means (300) moves a piston (311) to move the first 
plunger (202) mounted on the piston (311 ), thereby 
injecting the blood plasma into the second space 180 
at a predetermined injection rate and a predeter­
mined pressure, 
wherein when part of the blood plasma is injected 
into the second space (180), the remainder of the 
blood plasma remains in the first receiving member 
(200), 
wherein after filtration, the first plunger (202) is 
moved back to collect a component having a particle 
diameter equal to or larger than the predetermined 
particle diameter and remaining in the second space 
into the first receiving member (200) holding the re­
maining blood plasma. 

20. The method for extracting concentrated plasma as 
claimed in claim 19, wherein air in a second receiving 
member (210) mounted on the membrane filter unit 
(100) is injected into the second space (180) to col­
lect a component having a particle diameter equal 
to or larger than the predetermined particle diameter 
and remaining in the second space (180) into the 
first receiving member (200) holding the remaining 
blood plasma. 

21. The method for extracting concentrated plasma as 
claimed in claim 20, wherein the first receiving mem­
ber (200) and the second receiving member (210) 
are connected to the second space (180), 

5 

10 

15 

20 

25 

30 

35 

wherein before the second collecting step (S50), a 40 

first valve (150) is manipulated to have the second 
space (180) open into the first receiving member 
(200) and a second valve (150) is manipulated to 
disconnect the second space (180) from the second 
receiving member (210), 45 

wherein in the second collecting step (S50), the first 
valve (150) is manipulated to have the second space 
(180) open into the first receiving member (200) and 
the second valve (150) is manipulated to have the 
second space (180) open into the second receiving 50 

member (210). 

22. The method for extracting concentrated plasma as 
claimed in claim 14, wherein the filtering step (S20) 
includes opening a first valve (150) at a side of a 55 

receiving member (200) to have the second space 
(180) open into the first receiving member (200) and 
closing a second valve (150) mounted on the oppo-

13 

23. 

24. 

25. 

26. 

site side of the first receiving member (200). 

The method for extracting concentrated plasma as 
claimed in claim 22, wherein in the filtering step 
(S20), when the blood plasma is injected, an air layer 
is formed in part of the space of the membrane filter 
unit (100) to limit the injection height of the blood 
plasma to a predetermined height or below. 

The method for extracting concentrated plasma as 
claimed in claim 22, further comprising: 

a step S31 of completely closing the membrane 
filter unit and forming a vacuum pressure in the 
membrane filter (100), after the pressure-reduc-
ing step (S30). 

The method for extracting concentrated plasma as 
claimed in claim 24, wherein the collecting step S40 
includes opening the second valve (150) to momen-
tarily supply external air into the membrane filter unit 
(100) and thereby collecting a component having a 
particle diameter equal to or larger than the prede-
termined particle diameter using the air. 

The method for extracting concentrated plasma as 
claimed in claim 12, wherein the concentrated plas-
ma becomes gel by repeatedly filtering the blood 
plasma injected into the membrane filter unit (100) 
or adding calcium and then repeatedly filtering the 
blood plasma. 
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,."\ .. :, :..: • t .... ;, .. ·'"::; 1 ~ .. :-~::--.:.,;~.:.. ... ., :-'-·:, ..... <: :~!: ~h .. :-t·· ~ ... =..t .... ; '~-'• :: h , ... -.. ;:;} .... t~ .. 1.:L .. --~ .-.<, : .. efr·},. e .:.1c. <-xp ..... z..:.:o.:. .. ) :-_; ........ :- ...... ~.s .:1... .... 1 z:,c. ,.,.:.;,~ ... .:.::-:·· .. 1.""t. .. :i.~~:::. ,_ ... • :':.. .. .... .. 
;~~·:·;'.'l:S.:: .. .:22~; 01 ~1 ..... L~~ ..... th ........ xt.•i~ .;.t~t.-~~ 1..}t:;:2 h.,oL.ld .~:"·-~-' tL .. t·'•-~,._),$1.y :.~~~~---., .. 1:l~~ ..... : ...... \.-.. .. ~ .. .xp~s.....s ;-i~Ci. 
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~-·t ,---: 1' }°:') {;::,.-~ >··~~, 
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~ 'Bi..1x N~~- 1 l1;Pdl-. nf:•}~,s o;:~r{cn 
~.-..................... -.-.-.............................................................................. ,, ..................................................................................................................................................................................................................................................................................................................................................................................................................................................................... ... 

~ 

1 

~ 
1 

; ,-....:•~~.'::,,~\ .. :"-..<.'>e ~•L :-•~~-:.~•.·•~ <::. \'.,{',t.,,
1

',':->!~\ :~ n~•1_) ,nn ...... ,n,,,,,~~,,,, .................................. •_'),:'--
0

:) ~\-.., \1.z~t'~.:!,}: •}•,-.. t!f ~,:/1.·-..,n_ 

.... ~:~'''t":::+•t,<'i f(•-:· ~h:~ f'','_•·~·-··.::::.:: :.'CFr!•"-1·•H'-';:..."'-:,,' .::.•"-?w:~- (P"\~•"-$ ~ 7 :~(s._:1 •:\r.-~ }\ ~ ·:·~---~). 

, .... >,,::,: :.\ -'~~ '<"'n • ~::; :: ''-<' ~ c~~ ) . , .~:-:.,,:.~ • '~1'.::~• ~ -~ ~ • '\. •~-:~ (•\!~~ ~- th.:.: r c,. > • '\>.• \.:_ ;'t ~~ 8 ? , ,. > "'. ·,.,, s nz '-c·, ; :-.::.::,,n:. • ~,·;. \·~c:.' '-,y (n , ~~.-~ ·r :.::. ' ~ .; 

... :js A::. .. ; .• ~-· i.y ,1w.:.., .. k'-:..:.:.\ :: .: ~\~.._.._:". -~3:.<· ... : ~~•).; 

\.V\th rt-:g::1.n] t-::~ sny n~ckotki~~ Sfi-:.t,•'.:)f .:ni~~~~n &t~d ft!qu::.,~1tt! dis:.-:lr~s.cd in the intcrfi.:H3Gnal :.::.pplk:mion~ thi:: :.)pinion bas h:en 
t":.)~,3f..'~s\>.,.{"'\.n ~:1:;.-.. >,;-::_> (il •. , ~':.':.~l:t:U~";t-: \'~,\ 'n,._ 

b. [~~] :~_,J''L~::~~,•-~: :-3 ..• : .. ,>:·.~---,<~~- ... ; ,.:, .... tn ....... Bcl.i ... )\.<l: n:~ub \.1-i~ ..... ·:,n · th.:· r:,~~ ~X:S-...,:-3 ... t' LL.,< , .. ..::.i..L~ .. • :-:·t..<~ ,,;J (I~:.~t. .~~; ::«r _; ( :.::.)\ 

'
'.:_·_·_·_·_·.·:: . . , '- .... \.. '- . . . ' . ' ' ~. ~ . . ···--· , ....... ::tn, (I ; ~:')) ( i :' ·-:.:':.~:•nl!~t t~} :·--.c e, .v,.t' ··!•: e &~:(-:_,,r-\·v:- ....... ,.•>?. (:(-, u;)~ s-> ... 1 .... j':.)\~ .... 1 Z.m.• '-h-~,: .. 3.:LC .......... ~e 

\-:.cun.;.· '\!~,!' ;\-..:/'G'',J:..;n '-"\':: -", ·c,J 

\.\'.:~ ·? . 1 z ~r:.. • t.'.J. -~~.Y ~;ur: \ '-,~ • . ...;. .. :"-.: ..:./ }~ ~~r~:. '-~< . ,~·;::.-..:-::\~f's·.~,;-;:-:.._' )S:· .• ; m ~ '~': , •:tf!ZS::\~Y\~ • •~ ·; t-P • -,.~< • .... -...,~_ \>- ·~:). . ."~; ·,>:., \1-r. '- (~1-~ 

,--~~...-..t ... ~ :c;}·,····'~>--- ;-}.,,·· ~,,,~ .... ~ ... ~ ~-"~t t' r ... , ......... N'" :;f•'? ·---r••~' ;, ... .,, ·:-·T~.::• 7-..~ ..-:,z ··•·-:;:.-' ,.,_..:~• ... 0' 1 t ·3._ \j,J·•_p() >~---·" -~:ud ,rr··>( ··:v•·Tf 1 M .... ~""~~·;>:x·•'•;....: 
•. :·3~.n~t. 

I __ , 
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YES 

i-24 ..................................................................................................................... ,., ........................ ,., .. ,., ..... ,.,,,.,,,.,,,., ............................................................................................................................ . 

NO 

c:-:1:rns i --:~. ?-• i D~ ·,s. ~=:nd ·, ~•·•2i :.:::::k novtilty undE:r F'CT . .:..\:-~.;ch~: 3-:~(2) as- t.>~ilnq ;3ntk;~pB;Jsd t):/ AnpioDyn~=:rnics, :nc. • I":- J ·,, .-;:l:u ,.,,·, ... : :'; 

(l\n9k1D:,:n:3n:k:s). , 

:', ,.-, "'/ '1 1. ;', _;.-,··/ V ,·,., ,,,.,r;t:, J' 2<,,·,·,,b:,: Gi,.:1,;c. t-~::. ,,,., •, ,:,;,-;,; i3 .,.,,· -cl',,,,,,,·,,.,,;,• ",'c,' 'H'11:.,. 2, ✓ • , ,, ••• :m ,,: 2· ,u.-.c. l 
;;;~\;~~t/t'.;·;;;;i;;:.~-;~ i:,~~l\~;];t,::;t:·;,~;j.~~i,~\;;;~ :;~o:i;~~;'.it:,/;;;;~;'(iii~. '])'." , .. , .,. ~} ;,, .. ,.,, :,-,, ,, ,,,,_: ;: ''" ,,;.' i,.; .,,, .. ,,,:s :.:,) "' .,: ,:,,,, ''·"''' :,i,, ;, ,-,. '' i 
.\s ~ .... .., ._.'3 ·rn •• , .. \.-::._1\..., ··•:·.-:.::n• \-:s • h: ·t -~ l~3-3 ~··,z .::sc:: ;,~· ur . .:.d::"x~.::.:: :...it·'-.\-· ' ,-.. '-- ~ .:-.:/.-: ~•'f ;;: • ~ ~~ . .:3:,.~ V."".Z J' d'.>l3 ,:x~c" ... "S i '.Jrn ~'---+::\-: >--~ ·:.:·: ~ r.:i ns 
to th~i ptoxlrn~=d te:·mlr;rn3 {par-;3 [DD36); (:la~m ·:~ } . 

.:\~ ~ ... : .... :,;,,:~ .. ~1 1 .:\.,~1: ... 1~':.y),-:- ... : .... :2: \.r.· ..... '.f.3-~ .. •b -:-:2::-1:,:.::S.: .... ~ __ .,~1;.0~0- ... ~· .. '.: ... :.-~. i ,,f.3.-2.:~. ~:,t. : .. : .. ~.=-~· ,::.x10n ... :s .. :: ... :,.!-.,., -~ ; ... ~•~1:~ ....... ::t;..:-1: .. :x:s, -:-n...i ,<.,:,0,t.:r: 
,h .. : (.:,~. ;~3d ~h '-•~ .c !-~• , .• ,.>-.•...: . (::-\'t.•>:o :,;:.._. t.:. \Ai~~ ,i,,: ... :~ ~'.;(.:.;:y dth.•~.-~. ~; ,G : ..... :, .. a:~ ..... d:.-: .. :: .. M.: ... , .• :,;:. t::-,;,f.(}, ~ '.; ,,3 ~), ... :-.-..:h ~d: t(::-~ ~, .:~ ...... s ..:-1, ~n '.; ,,3 J; ::;,_,.-:,; •,•3~ h ~:--~ .. i ... 

> \~•t:· ... ~ .. •, t.~/"-0- _·,,~ ··:,. ,}· ..... ;-,. :·:·y,•::: . 
./\ .. ~ :'..• ·~·-~-=-:f'i ~ :·, -•~:!,_j:,.,::,•J:!~-=-~ I .:c--.:, :...:,.-:. ...... : .:.:~ ... J.:..: ~-=-.~,.,;: ,.-:.~: ..... -.n ..... ...=:.J;d:~3f 0~ ..... :,.-:.:~. \ i ':_~•: .:.:~. u:,: .: ~G ...=:.~ :.:.:::-:: ... , ..... ~u ~~ -.....: ... :-:..:..: h~.:.--.:, ~-=- :;~::1...=:.: :;; . ...=:.pe \ . .:.~':Sn·...=:. .... ~; 
(00t:S11, pa:;3 (C:0:1D.i} . 

..◊ __ , ..... <...,~: .. ~ 8, .•~.:-3 ..... ,::~~.:-~.r.:c,~ .,::.,;..._.:,.r::S J:3 ,~-~;.,;,.;.~:c,n .... ...=:.J;t.,.::-~ o, ..... ;,:,,: • ., ~ ,<.,:,t:,t.:.: ... .;::. .;n :0 .. 1:S • ..... :3 -3 ..... : ... :,n ..... ;., ; ... ,:~.;::.~-:- :-:: ......... :\./ ... :~· b•····-"'-=--~ 
~f;- -~ _. ·····d:--_·;-,.c~: pc•···· 'OlV'D:'.· ·~-v··) ;~r,,v,o::. 

;\~ .. ''.) c•d~~ • l :\ .< 'l·; ''..-f\ .. l~~rn -...~-~ ~, ............ .-~,; ··; ·_ht• d·~:.:-: •• /'\:- ... ''-=" _h¢ .. H? ( { -.--:· • .:;,"rn C '...-._/- --..: H~:' '11\; /:.,~ s..''1 _,.- .......... ''.~•'-'\,>; ; .;..: ,,. .-q .... /' i -~:.:-: .... c, .... d < :,. ... c•~ ~ a:),'.).._:. -=" 
,_::n: ... .:.~~~·...:~·..;::~n ... .r . ... •i· ~;.,;:: :n .... .: ....... '..,i,~: .... :.:. {f;-J ... ;; $,r.:,;:, ... :,'.n,~·._.......: ...... ~;'..•i• ;~, ;;-J. ~ib). 

/ ~- · .. ; ..... >, ~ : \ /: '•; ·•:i'J" ~:~~ ·n \>::- 1,.,.,,:-.._.'~,2"' - :--~h :~:::-t:i ·~ .::·c-.-, •>Y_ht .. h~ C'~ -.-:·,,. ·~ ·n C ~ . .._,. •• f', h~• ~ ~ ·~,2 '.._:~, ;-. • ,..-;z •h~ ~, ·:::- <•)i ·U ... :u: -.... ,, u, .. : : : ,>: ·-~, :~~ ~i. 

'..d::t:.~::-;f. ~;,B :,.:: ..... ,~~:;.)' ~ .• ; \.{ ..... : ... ~\.•(:~-. .,j,.,(,;\•G~ c~·r•->.•••1~.f::.~U•~::::-;:)' d:.-:.•\.•~ ~:,.r. : .... ~n~;:, .. t.!,k~: :::-}::S :.-~j~\.'\-~h::-i• ~:,.r. ~~.'..•}~.:~:::,~ ~.;::..-.. ::f:d~-. d:~i.: ~;.,::-. ... i:s~-:-: 
\~:-•-••~;;--•; •~' ~p'::"\'i;' ';°'(:·~•t~~. d;;:,ln·; :{ '. 

l'~.,,s ~ ... : .... :-:-: .. , ~...: ... ~,:b: .... ,]jt:..:-1(~.: ... :S t3:::-c .• ,::.~ ,:,,tl ..:-1,:~.:,,L,.•.,• ........ ::1:,0~.f::1 ;3c~I ....... 1-.-~.~-•.:,~.i..J. ,;,, :,.: .... x:.-~.~:.. .. ::-.••,:t; .... :S~? (':::i'.'C'~ ·,wrn·)--::..l::-. -:":-f; , .. n 'nn-2• 
'::--.w::c -, :t• uh· .. ~ .. i·3 ,;,, \n1 ·t" ~ ~-,·~,2t·s"·•·-..: c -:u· l\.{ ,;. 'c<\/' ·un >,: c -z :~, \):~i q :·: • _., \\ ~-i~-2. t·'. · ~ · w ;: ~~ . .;p: :q~: ··~•:s:: ·n.._ ·i.h \<:- ,;. /u ,,::'}' u•: w • u\.'V<> ·,y, ~t" • ~ 

_, ___ .,:,;:.": Lf.d ... 1c· .... h~-~- \\ht .. c·."". ·:,f ,,;..0 ..... 1\/Z.:$ :,;: .. {\£· ... ~ ./ 'z<:;' ~----.•.>:\· ';\::.s;.;'f : ... ...: c·s·/ ~..;:::::: .. ,.~ ... m .. ~ ~:-.-.: , ..... z ... 1/ ~ .. :.-:::,:~ ... c.~ . .:.~, <"!': ... i 
...._.; .c. .. ;: .... ..3 ~~ ... : .. Y-n.,.~ . ,3\• ..... -:•:\•,3 .... :~ ......... : .: .. ;, ,3, .t:...-:.::), ,.-:.~1 ... :d •. , :(::- : -·~ •~1:~ ..... :.:.i:, . ...=:.: .. :.x;.~ ~:...:~-•\.,,JG(: .:~ .. ; ,:;.~.(.:.: .d~ H ,:.-: ...... ,:-"\. ,n ~.; I 3 i•· , ... ,.::-~ :;;:.:., .u~ H::, ...... s : A',,,,, ~..-.v. 

\''::'"T ~-·,,·{1\.~~- i'?"-'' ,qn3:,~: . 

... \~ ~ ...... : ...... ;d;~ ~, ·; :·: ,;\i •~1: ..... :~)y~ ,,.-:.h ~: .... s ~Vd .. ~h .. :~i '.~ ~...: ,.-:.3:-,::, .. Hi ... ;~~ t.c~'.~ ~...:~« .... :; .. ::d:n ~ . S \'~ ih3~ «:.-~ tht::- ~~~ ..... :.....:vc ... ,:-"\. (::- (::-~,:•.,...=:.:; )' ~,...1,.-:. ...... ...:J dL•t.•i.,1~. d ...... ;~'-"-'~,.ft.,:,;:.. lt ... f 

Gf fr:\:: inn~if ~urfa:-::e (f;g_ :~; S\::e (:rt:s-s--s0c;.lon in fi9. 8~-1). 

_d '--, ••) •;:;;:-::·l ~s. _d ·l·; '·.-f'y•l •. ~-:-:\.$ t, .... q ... :'p•:S • :--~(• :~:~p';q \:{• t. .. • :--~h~~-f ........... ;.-:' . .:;,"rn 1 ; '". 0t·:~- ·n t'v :.::•}>b-:~ v-.i, ..... ,d '..U .; ,F t"'< -,: ·,2: ,.i:, ''h ~p.;.. i' ;·'•'')C_:, 

'.":a: .... ,:{•. 

•'st:.'•.'::-(.> ~-.... ,;\:-•/:.' -....,;·: ~.-..-.n-1\.::; 1>s ;-,.,.\c ::. n- :.· ::"£·., ·i ;-,.i\->r", ✓f· t'tt~; •.'f ..... • <~.'1 •• ::; \,V\t. n·•. t • ....: v :.'•~- .:r:: >f'.,.r .. d t.t•t·:u:.,· ~'v~-:\.t .1 ~' .f ........ ·,L•' 
tf1r:~1l:1us ;;:nd proxlni;;:l tf:r:-r:ir:us (par.:~ [GG:H1]: rJal:-r: '.:~). 

t, .. , ~--) ... :...=:.:.:; ~:J . .'~J:~;:,.,:: .• ~.,:~.:.:f•;•~·•~ .d~.:.c;.,;::,; d .. ,j<$~(Ji: :,.•: ~:.:.n:._.,'>.:n~; .:~d~,;::.:...=:.: L ... •:f• A•:J::n ~-=- : .. -:r.,;:K~ ._:id:~\...:~, . ...=:.:-: ~x.:..:u:~~, ~:,:,;:: .. ,j<S~.:.::: .. : ... tK~:~_.,;,~,.-:{j. ~-=-:~ ~ 
:lt·.··•:·~;rn, ._;d~:1c\::~ ~--::~,~ •.•.•1.ry.!~"~< '.'J ~:,,: .• •. ,,,;:_·,):i:.~< 3;? '1:.~:-.'.rn,,: .. ' f:~c ~y:.·,>•':·'.~~ ~'- '>t~ rn;,~v•·::...._' '.•"..-'\~.·•~ t:10 ';.:·,,:.~•~, 'Nu~~«·.1..,_: A c• .. ·~_:.;::<•.•1 ~ : 

~ "·:"~L ~;·, .,.~,:~:.\~ ,',~ , .. L,., k,.-~~-,,<.: ,: .: .. ,o>~~.::.~: ,,:; ~ :,:;:, ~s::,; ,: ,,,: ,,~,:,, .. ~;;;- ;~;,, :-.~-~: ~'.~~\;": :G.-. ~,;, ,~,' ,,.' ::~~;:~:;,;;, ~:;~; ~~~''"~l:,J :_: .t:',,. -.'.::.·: .~;:' ~ 
iE"•Y•";;---;•,: (":,:.; {~;· :· t:.:h:·~D ;·c.:pwh')" f'•"dy .... ,, .. ,~-.. ,~ i ........ {:--~.: ........ ,~., .... tE''' (•71 .. '<V'c', .... d 1-.•? !'(''i •Y ci:--·.-··:;, .... • ~':.-:,•T ~f.{1:F~~I ~~·-•Y..I(~:: 2--•.-j ; .. , ... :.y•;,-.~-_; ., 7,,,;_, ~ 

t~~-~i'.;~~:,~~~~:>;:;,~;~;:~· p,-::;,u:·~·;p~,:,;, :;;'~,\;,;''-',; ;_;,;;.;:'1:n'.:i~;~ii ;,. ~-y,-,,;;;;:·.;-;·lt ;;i., i]li~;l;t wi~,:·;~i;,\~~., \1:1,/.~:;:;;,~,,~~:~:~\s ~1:1\;~~!:t· -~· i 
~ 
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\VllITT.r.N t)l")INI()N t)r TI-Lt~ [ : .. !~.(•! u.a ... ~u!.~
81 dJ-'I-•·:~.AiL~•-A1 l< • .::. 

INTl:Jt:N.ATl{)N.,,tL SE.AI{Cf11N·G /tUTJI(}RJTY 

I, ss,r,lem'"''' '""' ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,' ,,,,,,, c,,,o '' ",,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,-! 

~1.:.::1~-. . .:.:::-:::1.-: ~~-~ ~3 i::: .s~ ~,:.1 ... : ... : .. -..n ~n v:.t,k.h J.-..:: :.J~ ::.:: ......... .:.-..:: .-.:- ".~:( ... :,;:~ :s ·i1~,: .. i::-' ~<.• . ..-.:.:~ .... ::::-.a ... ,., .L.:.::1 ds~,;, .:"t ....... ·~--- .-..::~.;,:::. ·;::.;:; J·.t.• .J0:~ -~1 -::l:&:&cn .L.J 0:!:.:.1 ;0: ,;:l 
::::.-:::~~ .:,..-~ •• ' t >s-. ~·•J• 1 •. ~ W. ~ • •. J • .. • k! t': ~->> ·.-~ G -.:: .. -l~: ,.-~- .:" :·· .. -~ "y u ·:::-·:. ('• S. ~~-• ... ,-2,J n Dn • .. • ~G •<',: 1 ·, 0- ... ·s, :..:•~- w•.•< ~)· _.,j V3~· k!'.,t!: ·::::.- •• .. ~ ·:; :. -='. ~' ~ --~- •J: :~ G 'r\: 
... , . .YY·,t!:..'.:::!U -~•:.:-' '-f;;;-•>'-/'l'G-.':t,t!U i<\.n": .~~•-2;;;-;;;-•J:t: :::-·~Y~~(:,-2:, 

.: .. \~to c:·3:rn ~-1 .. --\n~1l0Di•·n·3n;lc~ \E':~:.-.::-::::-:s !r•i: •:.-v~tt::n of c,·3:rn ~\-~ \,h::.:::.:~u-, .. ~~e k:n;:::-:r: t:.{:'i:nd~ ·3:on~1 2: lor••}:'u•·J:n·3: :r:.- :•:.-. \'1.ht::~~•n \h:::-: ... -!: :t::~~t 

.. ;.:-.:::. +•.,,..:✓-..:: ;, .~.;, ... _:,2..; ·3 p .... :.~-2.:<~ ,}; ~~ .. ">0\.(~ .... ~;;~ ..; ;, \,·~L:.:.. 3;~ I ,; .G :-;"A,\..• 3~ d~-i'. n.~,.m;.) --•~kL.:.~ d0 .. ': .. " ~ h:.,..,.,,n;-2!,C, L.: ,_.; .: ,G :, ., ,{.., ,:.',.', ;.3..._,,2. \•~:-), 
4. ;;:,,>;1,t-! '-•' -.1,;$ •::::it.~.:li-.1. ~ :. ~ :\~- ~=k\:1 \•<Lt.: G:~. --~ ,:::. ~~: L,1..1-.,0$ -:1x~0r:;.: .:! ! ;~;:.::,;;:,,) pd,,:..=-::::,- ",.1: f• ~t.-G .:J;;;:,,)::-: ~,.; •• n~. ~:~~;- :: .. J .0 :,.':, ~.•AL nd; ~,::, .--r::,: ... h; ,,·;~~~· .. ~ :,. 2:r:,: 

.:'.,¢ ,.S:, .;:.; .•. , .>;1 ~1· ... ;"'1\(.,;, '.::.vt,: ... -:1 c; ......... , -~·(., .;;., . ~:.:::iy d).•\.':-. .... J .. ::. ···•· •~-::) •. ,,J: .. d: .::.,:;;:,, ~•0Th'.,iS0f': ,h.::. ~-·· ,._1x: .. ..;: t:..~, '. ~:. ~--•.-.:> ,.n ... i ~L •. ,:.,; ... ~ .. ... t.•, ~ .. :n ... s ~ .:J·.,:.- .. dG,, 
pa:·a (OGOS1], Pfff:3 (OO~)C:) ~ 

l\$ ... , ... ::2::.--r: ~:~~, /:..r,s;: ... 1,:::~,.-ri2: .. ~ ... :,;~: l.::.d<.., ,':1::. d .T;t. .h .. ,<.: , ... ': . . ,::, ..... YJ:n~1 c: . .: ... ::.~ :::-: :.·.:,n. \s:~;;:n .:. : ... ~ .. ~-=-·~. ,._1, -:: L .... •:=-•. pd,:-i.i':l .. h.::. ~ .. 0,:; ... 1,. ,. ........ p.-:.:.:~ -~1, 
.J•.'s ·, ·,.,, :;·~••=- ·3 • '\;,d· S,:,\.: t":'-~• •.•. ;3 1 ?'f:~ :::-., ·•.•~. v3~·•c:.: SJ ... ':x' ,<"'?'.:::~ 11 J .. :·.tl'z''h• :d: W;',, hh t~~r ·•P1k i' ~·; ./· •. ·>-~-/ ... :. \/ J.: t~-~. ~·--:c ?S~:, z•,l:.··,: . .::-~ .• ,,-'*U 

;H..._,;,_;Ju .. ::. ..::,: :,.t,:,;:., ;;:,,•.,:f..:: ... u fir:,.:.~.~ ~-2~ ;,2...:,.;t .. ,::.: .. ..::<X/,N: ,~:;,:._,2. .. ~ Jit. .. -..:!;H \~:::::.·3 (~:~.~~'?::L dHJ hL-i .. a:.~ .:,,2. .3~ :u-.::.d .:;,k:. .. ..:~ .. ,o·:,:.:. a..z..t.•~••-:$ ;~ .. '::'\~ :::: 
~ ·:~~"< ._,,-2, H -'-,,l ·x .. ,;··,':-it:. •:I;;:,,.."-; , • o~; ~ .-.~,. ~•AG, --~, \-.:: ;;;- , ~ ; t \-~ 'y •.. •'\:.;, u --~ _J:t,,£ n':-::'' l,t!\ i. ~.' :,_:;;:,, •~ ~ ~ ''::::! :-':::'. ~.: -~ ,.;U. ~ V~,· ·.G.:::!: \:-F : -~ ; ''(' ~--~~, ~ .:,./;_/·~ ,,:, d 
t~.1..:1::.::.~ .. :::-. :& .. ': .. w.~t.• ~"' ~L:,;:. ,;:l .. •t·:,ut;".~' .... d~L:::-..t.-. ,.,;~3 d ~: ... : .. i ..... x: ... "_.; -~-3\..·; ... .3 {p,;:l,.: (~•~•-2~.~). ,\f . .2-.::::::~. {.:.~ ,._1p:::::.-~:n~1 .... : .L-..:: ;:~.;J c1..1n~ ...... ,:.3.:',,~t. : .... ,:a.:~ 
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METHODS AND DEVICES FOR STERILE FIELD TRANSFER 

RELATED APPLICATIONS 

This application claims the benefit of United States Provisional Patent 

Application Serial No. 60/607,631, entitled "Sterile Field Transfer Method and 

Design" filed September 7, 2004, the entire contents of which are hereby 

incorporated by this reference. 

RELATED FIELDS 

Embodiments of the present invention relate to methods and devices for 

transferring at least a component of a material into a sterile vessel for use in a 

sterile field. 

BACKGROUND 

It is often necessary to ensure that items used in a sterile field, such as an 

operating room, research & development facility, or other sterile environment, are 

themselves sterile. Instruments, devices, containers, implants and other items 

intended for use in the sterile field may require sterilization and may need to be 

maintained in a sterile condition. Items that are non-sterile, or that potentially 

have contacted other non-sterile items or non-sterile persons (such as doctors, 

technicians or nurses who have come into contact with non-sterile items), may be 

unacceptable for use in the sterile field. Accordingly, doctors, nurses, technicians 

and other individuals working in or around sterile fields must follow strict 

guidelines and procedures for ensuring the sterility of items brought into and/or 

used in the sterile field. Some of the current sterilization procedures and 

guidelines, however, are undesirable, burdensome and inefficient. 

For example, typical procedures for collecting and transporting blood 

platelets into a sterile field may be undesirable, as those procedures may require 

the transfer of the platelets between a number of different containers and 

devices. Typically, the nurse, technician, doctor or other individual collects a 

blood sample in a syringe. Next, he or she transfers the blood into a centrifuge. 

The centrifuge processes the blood to concentrate the blood platelets. Next, the 
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concentrated blood platelets are collected into another syringe and subsequently 

transferred into a sterile cup. The sterile cup is finally brought into the sterile field 

where it can be drawn into a sterile syringe. Such a technique is undesirable, as 

it requires the blood and blood platelets to be transferred multiple times from 

vessel to vessel in a manner that is inefficient and subject to spillage or even 

accidental contamination. 

Other procedures, techniques and guidelines for ensuring the sterility of 

items used in sterile fields may also be undesirable, burdensome and inefficient. 

SUMMARY 

Embodiments of the present invention provide safe and efficient methods 

and devices for transferring a material or a component of a material from a non­

sterile vessel or potentially non-sterile vessel into a sterile vessel, while 

maintaining the sterility of the sterile vessel. Embodiments of the present 

invention may be suitable for transferring a wide variety of materials or material 

components into a sterile vessel, including, but not limited to, blood, blood 

components (such as platelets or blood plasma), bone cement, ceramics, 

allogenic bone, autologous bone, bone marrow, other fluids, polymers, composite 

materials, nanomaterials, or any other material or material component that is 

intended for use in a sterile field. Devices according to various embodiments of 

the present invention may also process the materials or material components 

introduced into the device prior to or during transfer into the sterile vessel. 

Exemplary processes include, but are not limited to, filtration to separate larger 

components of a material from smaller components (e.g, filtering blood to 

separate the platelets from other blood components), mixing materials together, 

separating materials, reacting various materials together, instrument fabrication, 

implant fabrication, sterilization or any other process that may be done to a 

material or a material component prior to use in a sterile field. In other 

embodiments, devices of the present invention do not process the materials 

introduced into them at all, but merely facilitate the material transfer into the 

sterile vessel without affecting the sterility of the sterile vessel. 
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Devices of the present invention may include a sterile vessel and a 

housing at least partially enclosing the sterile vessel. The device housing may 

enclose the sterile vessel to protect the vessel from direct contact with potentially 

non-sterile persons and items, which could potentially affect the sterility of the 

sterile vessel and prevent use of the vessel in the sterile field. In some 

embodiments, the housing may include a cover that limits access to the sterile 

vessel until the cover is removed or opened. In other embodiments, such a cover 

is unnecessary. 

Devices according to the present invention may also include a material 

input accessible from outside the housing. The material input may facilitate the 

introduction of a material into the device, which eventually may be transferred by 

the device (or a component of the material may be transferred by the device) into 

the sterile vessel. In some embodiments, the material input interacts with a non­

sterile syringe or other vessel external to the device. In some embodiments, the 

material input is associated with a conduit within the device that conveys the 

material to various internal components of the device (such as a filter) and to the 

sterile vessel. In other embodiments, the conduit is integral with the material 

input and conveys the material directly into the sterile vessel. 

Some embodiments of the present invention may also include internal 

components, such as filters or other components, for processing the inputted 

material. In some embodiments, the device may also include additional material 

inputs and/or internal components for introducing and/or processing additional 

materials in the device. The additional materials introduced may facilitate various 

processes of the device and/or may facilitate the movement of other materials ( or 

components thereof) within and between various internal components of the 

device. In other embodiments, the device does not include such components 

and merely conveys the material directly into the sterile vessel. 

In some embodiments, the device is disposed of after use and is made 

with relatively inexpensive materials. 
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STATEMENT OF THE INVENTION 

Accordingly, embodiments of the present invention provide for 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 sterile vessel; a housing at least 

partially enclosing the sterile vessel; a material input for facilitating the input of a 

material into the device, the material input accessible from outside the housing; 

and a conduit for guiding movement of at least a component of the material from 

the material input to the sterile vessel. 

More preferably, embodiments of the present invention provide for a 

device further characterized in that the housing comprises a cover and wherein 

moving the cover facilitates accessing the sterile vessel. 

Even more preferably, embodiments of the present invention provide for a 

device further characterized in that the cover is at least temporarily sealed on the 

device. 

Also even more preferably, embodiments of the present invention provide 

for a device further characterized in that the cover comprises a removable cap or 

a moveable hatch. 

Yet even more preferably, embodiments of the present invention provide 

for a device further characterized in that the housing comprises an at least semi­

transparent window. 

Also even more preferably, embodiments of the present invention provide 

for a device 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. 

Also more preferably, embodiments of the present invention provide for a 

device further characterized in that the device comprises a reservoir associated 

with the conduit. 

Even more preferably, embodiments of the present invention provide for a 

device further characterized in that the reservoir is associated with the material 

input and receives material from the material input. 
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Also more preferably, embodiments of the present invention provide for a 

device further characterized in that the device comprises a filter for separating the 

component from a second component of the material. 

Even more preferably, embodiments of the present invention provide for a 

device further characterized in that the conduit directs the component into the 

sterile vessel. 

Yet even more preferably, embodiments of the present invention provide 

for a device 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. 

Also yet even more preferably, embodiments of the present invention 

provide for a device further characterized in that the device comprises a second 

reservoir for collecting the second component from the filter. 

Other embodiments of the present invention provide for a method for 

facilitating the transfer of at least a component of a material into a sterile field, 

characterized in that the method comprises: collecting a material into a vessel; 

transferring the material from the vessel into a device, characterized in that the 

device comprises: a sterile vessel; and a housing at least partially enclosing the 

sterile vessel; transporting the sterile vessel into a sterile field; and removing the 

sterile vessel from the device. 

More preferably, embodiments of the present invention provide for a 

method further characterized in that the sterile vessel is transported into the 

sterile field prior to removing the sterile vessel from the device. 

Also more preferably, embodiments of the present invention provide for a 

method further characterized in that the sterile vessel is removed from the device 

prior to transporting the sterile vessel into the sterile field. 

Also more preferably, embodiments of the present invention provide for a 

method 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. 
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Even more preferably, embodiments of the present invention provide for a 

method further characterized in that moving the cover comprises removing the 

cover from the device. 

Also even more preferably, embodiments of the present invention provide 

for a method further characterized in that moving the cover comprises opening a 

hatch. 

Also more preferably, embodiments of the present invention provide for a 

method further characterized in that the method comprises filtering the material to 

separate the material into a first component and a second component. 

Also more preferably, embodiments of the present invention provide for a 

method further characterized in that the method comprises disposing of the 

device. 

BRIEF DESCRIPTION OF FIGURES 

Figure 1 is a schematic of a device according to a first embodiment of the 

present invention. 

Figure 2 is a perspective view of a device according to another 

embodiment of the present invention, shown without the device's housing. 

Figure 3 is a perspective view of a device according to another 

embodiment of the present invention, shown without the device's housing. 

Figure 4 is a perspective view of a device according to another 

embodiment of the present invention, shown without the device's housing. 

Figure 5(a) is a perspective view of the exterior of a device according to 

another embodiment of the present invention. 

Figure 5(b) is a side view of the device of Fig. 5(a). 

Figure 6(a) is a perspective view of the exterior of a device according to 

another embodiment of the present invention. 

Figure 6(b) is a side view of the device of Fig. 6(a). 

Figure 6(c) is a rear perspective view of the device of Fig. 6(a). 

Figure 7(a) is a perspective view of the exterior of a device according to 

another embodiment of the present invention. 

Figure 7(b) is a side view of the device of Fig. 7(a). 
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Figure 8(a) is a perspective view of the exterior of a device according to 

another embodiment of the present invention. 

Figure 8(b) is a side view of the device of Fig. 8(a). 

Figure 9(a) is a perspective view of the exterior of a device according to 

another embodiment of the present invention. 

Figure 9(b) is a side view of the device of Fig. 9(a). 

DETAILED DESCRIPTION OF FIGURES 

Fig. 1 shows a device 10 in accordance with embodiments of the present 

invention. In the configuration shown in Fig. 1, device 1 0 includes a sterile vessel 

12, a housing 14 (which includes a cover 16), a material input 18, an actuator 20, 

a window 22, a second material input 24, a base 26, and a seal 100. In other 

embodiments, some or all of these features are unnecessary and/or are present 

in different configurations, positions, orientations, shapes and sizes. 

The sterile vessel 12 shown in Fig. 1 is a syringe, however, sterile vessel 

may be any vessel suitable for receiving materials or components of materials, 

including test tubes, beakers, vials, IV bags, sample holders, pails, cups, bowls, 

trays, or gloved hands. Sterile vessel 12 may be sterilized prior to installation in 

device 1 0 or sterilized along with the rest of device 10 or components of device 

10. Sterile vessel 12 (and other components of device 10 if desired or required) 

may be sterilized in any suitable procedure or technique, including, but not limited 

to, gas sterilization or gamma radiation. In other embodiments, it is unnecessary 

to subject sterile vessel 12 and/or other components of device 10 to a sterilization 

procedure and/or the sterile vessel may have been maintained in a sterile 

condition since its manufacture. 

The housing 14 shown in Fig. 1 encloses sterile vessel 12. Housing 14 is 

preferably formed from a plastic, such as polycarbonate, however, housing 14 

may be formed from other materials if desired. In some embodiments, it is 

desirable to form housing 14 (and other components of device 10) from relatively 

inexpensive materials, as device 10 may be intended to be disposable or 

intended for "one time use" in some configurations. 
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Because the housing 14 shown in Fig. 1 encloses sterile vessel 12, the 

sterility of vessel 12 may be preserved even if device 10 is used in non-sterile 

fields or comes into contact with non-sterile persons or things. In the 

embodiment of Fig. 1, the housing 14 (which includes the cover 16 in the 

configuration shown in Fig. 1) preserves the sterility of vessel 12 until such time 

as cover 16 is removed or repositioned to allow access to sterile vessel 12 by a 

sterile nurse, doctor, technician or other individual for use in a sterile field. In 

some embodiments, a non-sterile individual will remove or reposition the cover 16 

and a sterile individual will remove the sterile vessel 12 such that the vessel 12 

does not contact non-sterile persons or things and such that the sterile person 

does not contact the potentially non-sterile housing 14 of device 10. In other 

embodiments, device 10 may be configured to automatically move the cover 16 

or otherwise facilitate access to sterile vessel 12 after the occurrence of one or 

more events. For instance, in some embodiments, the transfer or completion of 

transfer of a material into sterile vessel 12 may trigger the device 10 to 

automatically move the cover 16 or otherwise facilitate accessing vessel 12. 

In some embodiments, one person will transport the device 10 into the 

sterile field and the sterile person will remove the sterile vessel 12. In other 

embodiments, the sterile person will remove the sterile vessel 12 from the device 

1 0 outside of the sterile field, and then enter the sterile field with the sterile vessel 

12. 

As shown in Fig. 1, cover 16 is a removable lid. In other embodiments, a 

cover 16 similar to the one shown in Fig. 1 can be used in conjunction with the 

devices 10 shown in Figs. 5(a), 5(b), 7(a), 7(b), 8(a), 8(b), 9(a) and 9(b), although 

the devices 10 shown in these Figures may not necessarily require such a cover 

in all embodiments. In still other embodiments, such as shown in Fig. 6(c), cover 

16 may be a hatch mounted to device 10 in a rotating fashion. 

As shown in Fig. 1, cover 16 includes a removable or breakable seal 100 

for indicating whether sterile vessel 12 has been previously accessed or 

tampered with (indicating a potential loss of sterility). A user (in some 

embodiments, the non-sterile nurse, doctor, technician or other non-sterile 

individual) may break or remove the seal 100 and remove or reposition the cover 
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16 to allow access to sterile vessel 12. The seal 100 may be any desired 

mechanism, structure, device or item for sealing cover 16 onto device 10, 

including frangible tabs, adhesive tape, gaskets, tamper indicating mechanisms, 

or any other suitable structure or mechanism for sealing cover 16 prior to removal 

or repositioning. Fig. 1 shows seal 100 as an adhesive tape at least partially 

encircling the connection between cover 16 and the rest of housing 14. In still 

other embodiments, a separate mechanism, structure, device or item is not 

necessary to seal cover 16 to the rest of housing 14 and the cover is formed 

integrally with the rest of housing 14. In such embodiments, cover 16 may be 

punctured, broken or otherwise destroyed once it is desired to access sterile 

vessel 12. In other embodiments, a seal is unnecessary. 

In yet other embodiments, cover 16 is unnecessary. For example, the 

housing 14 may include an aperture in which sterile vessel 12 is located. Sterile 

vessel 12 may be positioned deep enough within the housing 14 such that non­

sterile persons or things cannot easily contact sterile vessel 12. In such 

embodiments, device 10 may include a slider or other mechanism for facilitating 

access to the sterile vessel 12 at the appropriate time. For example, in some 

embodiments, actuation of the slider may raise sterile vessel 12 into an 

accessible position. In other embodiments, as the sterile vessel 12 fills with 

material (described further below), a plunger of the vessel may extend outside of 

the housing, allowing a sterile nurse, doctor or technician to grasp the end of the 

plunger and remove sterile vessel 12 from device 10. In some embodiments, the 

housing 14 may include a plastic film over the aperture or other portions of the 

housing 14, such that breaking the film allows access to the vessel 12. 

The device 10 of Fig. 1 also includes a material input 18. As discussed 

above, material may be any material that a user desires to transfer into a sterile 

vessel 12, including blood, blood components (such as platelets or blood 

plasma), bone cement, ceramics, allogenic bone, autologous bone, bone marrow, 

other fluids, or any other material. Material input 18 may be configured to receive 

and convey any desired material into device 10. In one embodiment, material 

input 18 includes an aperture that corresponds to the size and shape of a syringe 

tip such that material input 18 receives the tip in a manner that substantially 
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prevents leakage. In some embodiments, material input 18 is an aperture in 

housing 14 that allows the syringe or other vessel to interact with internal 

components such that the syringe can introduce material into device 10. Material 

input 18 may also include a gasket or other appropriate structures or 

mechanisms for lessening the chance of leakage. In other embodiments, 

material input 18 does not interact with a syringe to receive material, but is sized, 

shaped and positioned for material to be poured directly into material input 18. 

For example, in some embodiments, material input 18 may be a funnel. 

In still other embodiments, material input 18 may comprise other structures 

or mechanisms for facilitating the input of material into device 10. Additionally, 

material input 18 may or may not include a check valve or other appropriate 

structures and mechanisms for preventing material from flowing back out of 

material input. In some embodiments, material input 18 may include a filter, such 

as a screen, or other structure for separating impurities or other things from 

material during input into device 10. 

The device 10 shown in Fig. 1 also includes an ~ctuator 20. The actuator 

20 may be a slide (such as shown in Figs. 1 and 5(a)), a knob, a button (such as 

shown in Figs. 6(a), 7(a), 8(a) and 9(a)) or other suitable structure or mechanism 

for commencing processes or otherwise affecting structures inside device 10, 

some examples of which are discussed further below. Although Fig. 1 shows 

device 10 as only including a single actuator 20, devices 10 in accordance with 

embodiments of this invention may include any number of actuators 20 for 

controlling or affecting various internal components of device 10. In still other 

embodiments, an actuator 20 is unnecessary. 

The device 10 of Fig. 1 also includes a window 22. In some embodiments, 

window 22 may be a transparent or semi-transparent window. Window 22 may 

allow viewing of one or more of the internal components of device 10 and/or the 

progress of the inputted material through the same. As shown in Figs. 1, 5(a), 

6(a), 7(a), 8(a) and 9(a), the size, shape, number and position of windows 22 

may be varied to facilitate viewing various interior portions and/or components of 

device 10. In other embodiments, window 22 is unnecessary and/or other 

features of device 1 0 indicate the progress of the inputted material through 
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device 10. For example, sterile vessel 12 may include a plunger that extends as 

material fills the vessel 12, which may roughly indicate the amount of material 

that has moved into the vessel. In some embodiments, device 10 does not 

include any features or components for indicating the progress of material 

through device 10. 

In the configuration shown in Fig. 1, device 10 includes a second material 

input 24. Like embodiments of material input 18 described above, second 

material input 24 may interact with the tip of a syringe 54 (shown in Figs. 2 - 4) to 

receive and convey a material into device 10 or may include other structures and 

mechanisms as discussed above for material input 18. Second material input 24 

is also discussed further below. 

In the configuration shown in Fig. 1, device 10 also includes a base 26. 

Base 26 may maintain the device 10 in an upright orientation when placed on a 

surface. Moreover, if desired, a user may push down on base 26 to stabilize 

device 10 during use. As shown in Figs. 5(a) - 9(b), base 26 may be formed in a 

wide variety of shapes, sizes and configurations. 

The devices 10 shown in Figs. 1 - 9(b) are configured to separate the 

platelet component of a blood material and transfer those platelets into sterile 

vessel 12. Devices 10 in accordance with other embodiments of the present 

invention, however, may be configured to perform a wide variety of processes on 

a wide variety of materials. Exemplary processes include, but are not limited to, 

filtering, mixing, separating, reacting, fabrication, or sterilization. In still other 

embodiments, device 10 does not process the inputted material at all, but merely 

transfers the material into sterile vessel 12. Exemplary materials useable in 

conjunction with devices 10 in accordance with the present invention are 

discussed above. 

Figs. 2 - 4 illustrate various configurations of internal components of device 

1 O for filtering and transferring the blood platelet component of an inputted blood 

material into sterile vessel 12. As shown in Figs. 2 - 4, the locations and 

orientations of the internal components can be varied based on the shape and 

size of housing 14 (e.g., the configuration of Fig. 2 may be suitable for the 

housings 14 of Figs. 5(a), 5(b), 7(a), 7(b), 8(a) and 8(b), the configuration of Fig. 
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3 may be suitable for the housing 14 of Figs. 6(a), 6(b) and 6(c), and the 

configuration of Fig. 4 may be suitable for the housing 14 of Figs. 9(a) and 9(b)). 

In the configurations shown in Figs. 2 - 4, device 1 O includes the following 

internal components: material reservoir 28, conduits 30, filter 32, waste reservoir 

34, and various valves 36, 38, 40, 42, 44 and 46. Device 10 configurations in 

accordance with other embodiments of the present invention may exclude some 

or all of these components and/or include other components. 

In the configurations of Figs. 2 - 4, introduction of blood material into 

device 10 via material input 18 (as discussed above) directs the material into 

material reservoir 28. Syringe 48 interacts with material input 18 to facilitate the 

introduction of blood material into device 10 in the embodiments of Figs. 2 - 4, 

however, other vessels, devices or methods can also be used to introduce a 

material into devices 10 in accordance with the present invention (some 

examples of which, but not all, are discussed above). In the configurations of 

Figs. 2 - 4, depressing a plunger 50 associated with the syringe 48 may increase 

the pressure on blood material within syringe 48, causing it to flow through 

material input 18 into material reservoir 28. 

Figs. 2 - 4 show a conduit 30 for directing material from syringe 48 into 

material reservoir 28. Other portions of conduit 30 shown in Figs. 2 - 4 direct the 

movement of materials and components of materials between other components 

of device 10. In the embodiments shown in Figs. 2 - 4, conduit 30 is a plastic 

tubing, although in other embodiments, conduit 30 may be any suitable device, 

structure or mechanism for containing and/or facilitating the movement of 

material between various components of device 10. In some embodiments, 

integral portions of material input 18 are a conduit for directing material into 

material reservoir 28 or other components of device 10. 

The devices 10 of Figs. 2 - 4 include a check valve 36 positioned where 

material is input into material reservoir 28. Check valve 36 may regulate the flow 

of material such that material can enter material reservoir 28 through check valve 

36, but may not exit material reservoir 28 through check valve 36. Check valve 

36 may prevent leakage of material from device 10 once the material has entered 

material reservoir 28. In other embodiments, check valve 36 is unnecessary. For 
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