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(57) ABSTRACT 

A device and methods for filtering blood clot particles from 
blood from patient undergoing treatment for a thrombotic 
condition with a catheter are described. The device com 
prises a housing having a first end defining a fluid port, an 
opposite end defining a Suction port, and a valve member 
disposed between the fluid port and the reservoir. The valve 
member has a Semipermeable membrane portion permeable 
to blood but impermeable to blood clot particles and a one 
way valve portion having an open position permitting pas 
Sage of fluid and particles from the fluid port to the reservoir 
and a closed position blocking passage of particles between 
the reservoir and the fluid port. 
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THROMBOASPIRATION VALVE-FILTER 
DEVICE AND METHODS 

FIELD OF THE INVENTION 

The present invention generally relates to the treatment of 
thrombotic conditions and more specifically to devices and 
methods for Salvaging or recovering blood to reduce net 
blood loSS during procedures and as a result improve the 
Safety of these procedures for health care workers and 
patients. 

BACKGROUND OF THE INVENTION 

Some of the current medical treatments of thrombotic 
conditions Such as arterial emboli and thrombosis, deep vein 
thrombosis and pulmonary thromboembolic disease often 
require the aspiration of clot fragments following their 
mechanical fragmentation with one of Several devices. In the 
process of removing these clot fragments, moderate to large 
amounts of blood can be aspirated along with the clot 
fragments. Obviously, keeping blood loSS to minimum is 
important in any Surgical procedure but it is particularly 
important in this Setting because of the frequently associated 
concurrent illnesses. In addition, blood loSS could be a factor 
limiting the Success of the procedure unless the blood can be 
returned to the patient in Someway. 

Turmel-Rodrigues, et al. advocated filtering aspirated 
blood through a gauze Sponge with reinjection of the blood 
with no adverse sequelae. (Manual thromboaspiration and 
dilation of thrombosed dialysis access: mid-term results of a 
simple concept. JVIR 1997, 8:813–824). During this 
procedure, the blood containing clot fragments are with 
drawn from the thrombus area with a 50 mL syringe. Then, 
the removed blood is Squirted through a gauze Sponge into 
a cup, aspirated back into a Syringe, and reinjected into the 
patient. Although this blood filtration proceSS reduces blood 
loSS, it has many drawbackS. First, a Substantial amount of 
blood is absorbed into the Sponge. Second, the additional 
filtration Steps prolong the overall thromboaspiration proce 
dure time. Thirdly, the prolonged procedure time creates a 
risk of overexposure to X-ray to the operators whose hands 
are working close to fluoroscopy. Id. Finally, the filtration 
procedure involves handling the blood, which creates addi 
tional risk of infection for the patient and contamination for 
the health care worker. 
At present, there are many complex devices available for 

use in major Surgical procedures, trauma and other Settings 
of uncontrolled blood loss. None of these are Suitable for 
Salvaging blood during thromboaspiration procedures. For 
example, the apparatus disclosed in U.S. Pat. No. 5,858.238 
to McRea et al. is designed for Salvaging blood from a 
patient and Selective removing water, fluids, and low 
molecular weight Solutes in the blood. The apparatus has 
Several connecting parts that perform these functions in a 
complicated blood treatment process. 

Other devices relating to the removal of blood clot 
fragments from the blood Stream include those for use in 
intravascular treatments, especially in patients with deep 
vein thrombosis conditions. These devices include filters or 
Valves that can be implanted inside a patient to filter par 
ticulate matter from a fluid flow or to regulate the fluid flow. 
For example, U.S. Pat. No. 5,800,457 to Gelbfish discloses 
an intravascularly deployable filtration device in a conical 
shape. This particular device has an access port which 
functions as a coupling element with a distal end of an 
elongated debris removal instrument. The design of this 
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2 
device allows for the blood clot particles to be trapped on the 
passive filter System. The clot particles can be removed by 
the debris removal instrument without having to remove the 
filtration device itself. Additionally, U.S. Pat. No. 5,925,063 
to Khosravi describes an apparatus deployable within a body 
vessel or organ that can function as a filter or a valve. This 
apparatus has a plurality of flaps comprising a fluid perme 
able mesh that can be configured to project toward one 
another and overlap each other to form a filter. The plurality 
of flaps can also comprise a resilient material capable of 
defecting and form a valve that opens when a preSSure 
differential across the flaps exceeds a predetermined valve. 

Although the aforementioned devices can be used for 
blood filtration, they are indicated for a long-term intravas 
cular treatment, which requires implantation and removal of 
the device during Surgical procedures. These devices do not 
Satisfy the need for extracorporeal blood treatment associ 
ated with thromboaspiration procedures. 
A need has remained for devices and methods for filtering 

blood clot particles from blood, salvaging the filtered blood, 
and quickly returning the filtered blood to the patient. 
A need has also remained for blood filter devices that are 

disposable, inexpensive and easy to operate. 

SUMMARY OF THE INVENTION 

Briefly describing one aspect of the invention, a device for 
filtering blood clot particles from blood is provided. The 
device includes a housing having a first end defining a fluid 
port and an opposite end defining a Suction port. The fluid 
port is engagable to the Side arm of a catheter that is used to 
withdraw blood from a patient. The housing further defines 
a reservoir in fluid communication with the fluid port. A 
valve member is disposed between the fluid port and the 
reservoir. The valve member has a Semipermeable mem 
brane portion permeable to blood and impermeable to blood 
clot particles. The valve member is further provided with a 
one way valve portion having an open position permitting 
passage of fluid and particles from the fluid port to the 
reservoir and a closed position blocking passage of particles 
between the reservoir and the fluid port. 

In one Specific embodiment, the device has a valve 
member that includes at least one leaflet composed of a 
resilient material capable of deflecting to achieve the open 
position upon receiving Suction pressure from the Suction 
port and returning to the closed position when Suction is 
removed. 

In another specific embodiment, the valve member 
includes a plurality of Valvate leaflets, each composed of a 
resilient material capable of deflecting to the open position 
and returning to the closed position. 

In yet another aspect, the housing comprises a first 
housing portion and a Second housing portion. The first 
housing portion includes the first end defining a fluid port 
and an opposite end defining a first opening. The first 
housing portion further defines a chamber in fluid commu 
nication with the fluid port and the first opening. The Second 
housing portion has a first end defining the Suction port and 
an opposite end defining a Second opening. The Second 
housing portion further defines the reservoir, which is in 
fluid communication with the Suction port and the Second 
opening. The opposite end of the Second housing portion is 
hermetically Sealingly engagable to the opposite end of the 
first housing portion. 

In preferred embodiments, a first engagement member is 
disposed on the opposite end of the first housing portion and 
a Second engagement member is disposed on the opposite 
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end of the Second housing portion. The first engagement 
member is matable with the Second engagement member to 
releasably Secure the housing portions together. In one 
embodiment, the engagement members are Screw threads. 

In yet another aspect, the engagement member is a hinge 
hingedly connecting the first housing portion to the Second 
housing portion and a lock member releasingly engaging the 
first housing portion to the Second housing portion. 

The invention further provides methods for filtering blood 
clot particles from blood of a patient undergoing treatment 
for a thrombotic condition. The methods include: providing 
a catheter having a side arm port for Suction and introducing 
the catheter into a blood vessel, engaging the fluid port of a 
device of this invention to the Side arm port of the catheter, 
applying Suction pressure to the Suction port of the device to 
open the valve and draw blood containing blood clot par 
ticles through the catheter, past the valve and into the 
reservoir, and then removing the Suction pressure to close 
the valve and trap particles in the reservoir. 

In yet another embodiment, the methods include the Step 
of reinjecting the blood from the reservoir into the patient 
through the catheter. The invention contemplates repeating 
the steps until the blood clot particles are removed. The 
methods also include disengaging the first housing portion 
from the Second housing portion, removing blood clot 
particles from the valve, and then re-engaging the first 
housing portion to the Second housing portion. 

Accordingly, it is one object of the invention to provide 
devices and methods for safely Salvaging blood to reduce net 
blood loss during treatment for thrombotic disorders. This 
and other objects, advantages and features are accomplished 
according to the devices and methods of the present inven 
tion. 

DESCRIPTION OF THE FIGURES 

FIG. 1 is a Side elevational view of an assembly according 
to one embodiment of this invention. 

FIG. 2 is a Side perspective view of a first housing portion 
according to one embodiment of this invention 

FIG. 3 is a side elevational view of a second housing 
portion according to one embodiment of this invention. 

FIG. 4 is a Side perspective view of a first housing portion 
with a valve of this invention. 

FIG. 5 is an end elevational view of a valve of this 
invention. 

FIG. 6 is a side elevational view of a device of this 
invention in operation with the valve in the open position 
allowing blood and clot particles into the reservoir. 

FIG. 7 is a side elevational view of the device shown in 
FIG. 1 with the valve in the closed position and trapping clot 
particles. 

FIG. 8 is a side perspective view of housing portions of 
this invention that are engagable with Screw threads. 

FIG. 9 is a side perspective view of a housing of this 
invention having a hinge and lock. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

For the purposes of promoting an understanding of the 
principles of the invention, reference will now be made to 
the embodiments illustrated in the drawings and Specific 
language will be used to describe the same. It will never 
theless be understood that no limitation of the scope of the 
invention is thereby intended. The invention includes any 
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4 
alterations and further modifications in the illustrated 
devices and described methods and further applications of 
the principles of the invention that would normally occur to 
one skilled in the art to which the invention relates. 
The present invention provides devices and methods for 

filtering blood clot particles from blood from a patient 
undergoing treatment for a thrombotic condition. The device 
is elegant in construction, economical, and easy to assemble 
and use. The methods allow the blood to be salvaged, filtered 
and returned to the patient quickly. The present invention 
promotes the Safety of both the patient and the operator. 
An assembly 10 according to one embodiment of this 

invention is shown in FIG.1. The assembly is provided for 
filtering blot clot particles from blood from a patient under 
going treatment for a thrombotic condition, Such as arterial 
emboli and thrombosis, deep vein thrombosis and pulmo 
nary thromboembolic disease. Assembly 10 includes a cath 
eter 15 defining a primary lumen (not shown) and having a 
first end 16 that is insertable into a blood vessel (not shown) 
near a blood clot within the vessel. The term catheter is used 
herein to mean generally any of the various devices that can 
be used to address a thrombotic disorder, Such as deep vein 
thrombosis, including but not limited to a Standard Vascular 
introducer sheath with a high flow side arm. Side arm 18 has 
a Suction lumen (not shown) in fluid communication with 
the primary lumen as is known in the art. Such catheters are 
typically used by applying Suction to end 19 to remove blood 
clot particles along with blood. 
Assembly 10 includes a device 20 for filtering and sal 

vaging the removed blood. Device 20 includes a housing 22 
having a first end 34 defining a fluid port 35 that is engagable 
to the end 19 of the side arm 18 of catheter 15 and an 
opposite end 44 defining a Suction port 45. In one specific 
embodiment, the fluid port 35 is a large bore male Luer type 
adaptor that is configured in luminal dimension to Securely 
engage the end 19 of the side arm 18 of the catheter 15. The 
Suction port 45 in a Specific embodiment is a female Luer 
type adaptor to which a Standard Syringe or other device can 
be attached to provide Suction. 

In the particular embodiment shown in FIG. 1, housing 22 
includes first and second housing portions 30, 40. First 
housing portion 30 includes the first end 34 defining the fluid 
port 35 and an opposite end 36 defining a first opening 37 as 
shown more clearly in FIG. 2. First housing portion 30 
further defines a chamber 38 in fluid communication with 
the fluid port 35 and first opening 37. 

Second housing portion 40 includes a first end 44 defining 
a Suction port 45 and an opposite end 46 defining a Second 
opening 47 as shown more clearly in FIG. 3. Second housing 
portion 40 defines a reservoir 48 in fluid communication 
with the suction port 45 and the second opening 47. A 
Syringe or other Suitable means is used to create Suction 
preSSure in direction of arrow S. 
The opposite end 46 of the second housing portion 40 is 

hermetically Sealingly engagable to the opposite end 36 of 
the first housing portion 30. Any suitable means for her 
metically Sealingly engaging the opposite ends 36, 46 is 
contemplated. For example, a Seal ring 50 may be disposed 
between the housing portions 30, 40 or the housing portions 
may be integrally formed into a Single housing. In the 
embodiment shown in FIG. 2, seal ring 50 is shown disposed 
at the opposite end 36 of first housing portion 30. 

Referring again to FIG. 1, device 10 includes a valve 
member 60 disposed between the fluid port 35 and the 
reservoir 48. In the preferred embodiment shown in FIG. 4, 
valve 60 is fitted into the opposite end 36 of first housing 
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portion 30. The valve members of this invention include a 
Semipermeable membrane portion that is permeable to blood 
but impermeable to blood clot particles. The valve members 
further include a valve portion having an open position 
permitting passage of fluid and particles from the fluid port 
to the reservoir and a closed position blocking passage of 
particles between the reservoir and the fluid port. AS Such, 
the valve portion is a two-way valve for blood and a 
one-way valve for blood clots and blood clot particles. 

The Semipermeable membrane portion is composed of 
any Suitable material that is biocompatible, has appropriate 
stiffness and flexibility, and is permeable to blood but 
impermeable to blood clots and blood clot particles. The 
membrane could be composed of one of the following 
materials that has been manufactured to the requirements of 
this invention: porous polyethylene, cellulose diacetate, 
polycarbonate, polyvinylchloride, polymethylmethacrylate, 
polyethylene and polyethylenevinylalocohol. For example, 
the membrane portion might be a medical grade mesh 
material with a pore size between about 0.01 mm and about 
1.0 mm. In a preferred embodiment, the pore size of the 
membrane is similar to the pore size of Standard gauze 
Sponge materials that are commercially available to health 
care workers. 

Preferably, the valve member includes at least one leaflet 
composed of a resilient material capable of deflecting to 
achieve the open position upon receiving Suction pressure 
from the Suction port and returning to the closed position 
when Suction is removed. In the preferred embodiment 
shown in FIGS. 1, 4 and 5, the valve member 60 includes a 
plurality of valvate leaflets 61, 62, 63 that resemble the 
valves of a human heart. Although FIGS. 4 and 5 show three 
leaflets, the invention contemplates any Suitable number of 
leaflets. 

In the particular embodiment shown in FIGS. 1, 4 and 5, 
each leaflet 61, 62, 63 is composed of a semipermeable 
membrane material, which is also a resilient material 
capable of deflecting to achieve the open position. Leaflets 
61, 62, 63 are disposed circumferentially adjacent to one 
another from an interior Surface of either the first housing 
portion 30 or the second housing portion 40. Leaflets 61, 62, 
63 are deformable from the closed position to the open 
position in which their tips or ends 61, 62,63' are deflected 
toward the direction of the Suction force S. When first 
housing portion 30 is engaged to Second housing portion 40, 
the tips 61', 62', 63' are deflected towards the reservoir to the 
open position as shown in FIG. 4 upon application of the 
Suction force S. 

Suction force S provides Sufficient preSSure to open valve 
60. In the particular embodiment shown in FIG. 6, as the 
piston 72 of the syringe 70 is withdrawn in the direction of 
arrow S, the valve 60 opens to allow blood and clots c to 
enter the reservoir 48 in the direction of arrows b. Blood and 
clot material may or may not enter the cylinder 74 of Syringe 
70. Any suitable suction means is contemplated. For 
example, an electric pump, Suction bottle or other Suitable 
device can be used in place of Syringe 70. 

Once the Suction force is removed, pressure is applied that 
is Sufficient to push blood through the membrane along 
arrows b' but is not sufficient to deflect the leaflets in the 
direction of arrow R (FIG. 7). The pressure could be 
Supplied by gravity or could be hydraulic pressure Supplied 
by action of the syringe 70. 

The devices of the present invention are preferably dis 
posable. In preferred embodiments, however, the housing 
portions 30, 40 are detachable so that the valve can be 
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6 
cleaned if needed during the procedure. Preferably, matable 
engagement members are disposed on the opposite ends of 
the housing portions. In the embodiment shown in FIG. 8, 
the opposite end 136 of the first housing portion 130 of 
device 120 defines a set of internal Screw threads 139. The 
opposite end 146 of second housing portion 140 defines a set 
of external Screw threads 149 that are matable with the 
internal screw threads 139. Any suitable arrangement is 
contemplated So long as the housing portions can be effi 
ciently and easily engaged and disengaged. 

In another embodiment, the first and Second housing 
portions 170, 180 of device 160 are partially detachable by 
way of a hinge and lock arrangement as shown in FIG. 9. 
Hinge 190 hingedly connects the first housing portion 170 to 
the second housing portion 180 so that device 160 can 
assume open and closed positions yet still remain attached. 
For example, the device 160 in FIG. 7 opens in a clam-shell 
type fashion. In the closed position, a lock assembly Secures 
the device in the closed position. In the particular embodi 
ment shown in FIG. 9 the lock assembly is a snap fastener 
having a knob 185, positioned or disposed on portion 180 
and which engages a Socket member 186 disposed at a 
corresponding location on portion 170. Any Suitable locking 
mechanism is contemplated. For example, the lock assembly 
might include a Velcro fastener. The particular design of the 
lock member is not critical as long as lock member 185 
revealingly engages the first housing portion 170 to the 
second housing portion 180. 
The present invention also provides methods for remov 

ing a blood clot from a patient, Separating blood clot 
particles from the patient's blood and Salvaging the removed 
blood. The methods include providing a thromboaspiration 
catheter with a side arm port for Suction and introducing the 
catheter into the blood vessel over a guide wire to make 
contact with or approach the thrombus. Typically, the throm 
buS is fragmented or reduced as is known in the art, Such as 
with a device inserted through the hemostatic valve of the 
catheter device. A device of this invention is provided and 
the fluid port is engaged to the Side arm port. A Syringe or 
other Suction device is engaged to the Suction port of the 
device. 

Suction pressure is applied from the Suction device to the 
Suction port of the device of present invention. The Suction 
preSSure is Strong enough to open the valve and draw blood 
containing blood clot particles through the fluid port into the 
chamber and through the valve into the reservoir. The 
Suction pressure is then removed causing the valve to 
assume the closed position and trap particles in the reservoir. 
Pressure is then applied by gravity or hydraulic preSSure 
from ejection action of the Syringe. The ejection pressure is 
sufficient to push blood through the membrane but insuffi 
cient to open the valve in the wrong direction. 

In Some cases, it is necessary to repeatedly remove, filter 
and return the blood. If the valve becomes full or clogged, 
the housing portions can be disengaged to acceSS and clean 
the valve. This step can be performed while the assembly is 
Still engaged to the patient. 

Devices of any Suitable Size are contemplated by the 
invention. Preferably, the devices will range in diameter 
from about 1 cm to over 20 cm, with the most typical 
diameter being about 10 cm. 
While the invention has been illustrated and described in 

detail in the foregoing description and examples, the same is 
to be considered as illustrative and not restrictive in 
character, it being understood that only the preferred 
embodiments have been shown and described, and that all 
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changes and modifications that come within the Spirit of the 
invention are desired to be protected. 
What is claimed is: 
1. A device for filtering blood clot particles from blood, 

compromising: 
a housing having a first end defining a fluid port for fluid 

communication with the blood vessel System of a 
patient and an opposite end defining a Suction port, the 
housing comprising a reservoir in fluid communication 
with the fluid port; and 

a valve disposed in Said housing between Said fluid port 
and Said Suction port, Said valve comprising at least one 
Semipermeable membrane member permeable to blood 
and impermeable to blood clot particles, Said mem 
brane member moveable to a first open Valve position 
to permit passage of fluid and particles from Said fluid 
port into Said reservoir, and Said membrane member 
movable to a Second closed valve position to block 
passage of particles between Said reservoir and Said 
fluid port and to permit passage of blood through Said 
membrane member to the fluid port for delivery to the 
patient. 

2. The device of claim 1 wherein said membrane member 
includes at least one leaflet comprising a resilient material 
capable of deflecting to achieve the open position upon 
receiving Suction pressure from Said Suction port and 
capable of returning to the closed position when Suction is 
removed. 

3. The device of claim 2 wherein said at least one leaflet 
comprises a plurality of Valvate leaflets, each composed of 
a resilient material capable of deflecting to achieve the open 
position upon receiving Suction pressure from Said Suction 
port and capable of returning to the closed position when 
Suction is removed. 

4. A device for filtering blood clot particles from blood, 
comprising: 

a first housing portion having a first end defining a fluid 
port and an opposite end defining a first opening, Said 
first housing portion defining a chamber in fluid com 
munication with Said fluid port and Said first opening, 

a Second housing portion having a first end defining a 
Suction port and an opposite end defining a Second 
opening, Said Second housing portion defining a reser 
voir in fluid communication with Said Suction port and 
Said Second opening, Said opposite end of Said Second 
housing portion hermetically Sealingly engagable to 
Said opposite end of Said first housing portion; and 

a valve disposed between Said chamber and Said reservoir, 
Said valve having an open position for allowing blood 
and blood clots to enter Said reservoir from Said cham 
ber and a closed position preventing return of blood 
clots to Said chamber, Said valve including a plurality of 
leaflets disposed circumferentially adjacent to one 
another from an interior Surface of one of Said first 
housing portion and Said Second housing portion, at 
least one of Said leaflets having a Semipermeable mem 
brane portion permeable to blood and impermeable to 
blood clot particles, at least one of Said leaflets being 
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8 
composed of a resilient material capable of deflecting 
to achieve the open position upon receiving negative 
preSSure from Said Suction port and capable of returning 
to the closed position when Suction is removed. 

5. The device of claim 4, further comprising a first 
engagement member disposed on Said opposite end of Said 
first housing portion and a Second engagement member 
disposed on Said opposite end of Said Second housing 
portion, Said first engagement member matable with Said 
Second engagement member. 

6. The device of claim 4 wherein said opposite end of said 
first housing portion defines a first Set of Screw threads and 
Said opposite end of Said Second housing portion defines a 
Second Set of Screw threads, Said first Set of Screw threads 
matable with Said Second Set of Screw threads. 

7. The device of claim 4 further comprising: 
a hinge hingedly connecting Said first housing portion to 

Said Second housing portion and a lock member reveal 
ingly engaging Said first housing portion to Said Second 
housing portion. 

8. A method for separating blood clot particles from 
blood, comprising: 

providing a device of claim 1, 
applying Suction to the Suction port to open the valve and 
draw blood containing blood clot particles through the 
chamber and into the reservoir; and 

removing Suction form the Suction port to close the valve 
and trap the particles within the reservoir. 

9. A method of filtering blood clot particles from blood of 
a patient undergoing treatment for a thrombotic condition, 
comprising the Steps of: 

(a) providing a catheter having a side arm port for Suction; 
(b) introducing the catheter into a blood vessel; 
(c) engaging the fluid port of a device of claim 4 to the 

Side arm port; 
(d) applying Suction pressure to the Suction port of the 

device to open the valve and draw blood containing 
blood clot particles through the valve into the reservoir; 

(e) after drawing blood into the reservoir, removing the 
Suction pressure to close the valve and trap particles in 
the reservoir. 

10. The method of claim 9, further comprising the step of: 
(f) reinjecting the blood from the reservoir into the patient 

through the catheter. 
11. The method of claim 9 further comprising the step of: 
(g) disengaging the first housing portion from the Second 

housing portion and removing blood clot particles from 
the valve. 

12. The method of claim 11 further comprising the step of: 
(h) after removing blood clot particles from the valve, 

engaging the first housing portion to the Second hous 
ing portion. 

13. The method of claim 10 further comprising repeating 
steps (d) through (f) until the blood clot particles have been 
removed from the blood. 
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