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WOUND CLOSURE SYSTEM AND METHODS

Field of the Invention

The invention relates to wound closure systems that use a patient's own blood. More
specifically, the invention relates to withdrawing blood from a patient and readministering the blood

as a wound closure system.

Background of the Invention

Patients are often treated systemically with anticoagulants that prevent their blood from
clotting. Amnticoagulants are typically used during medical procedures that require introducing a
medical instrument into a patient's body through an artery. An example of such a procedure is a
percutaneous transluminal coronary angioplasty (PTCA), which involves introducing a stent
through the arteries. Such procedures leave a punctﬁre wound in the artery where the medical
instruments, such as a PTCA catheter, are introduced. The puncture extends through the skin,
through the tissue under the skin, and into the artery.

Arterial punctures do not close readily, especially when a patient has been treated with an
anticoagulant such as heparin. A conventional solution to sealing arterial punctures is to apply
pressure to the wound site for many hours after the medical procedure. Another technique is to
introduce a small deflated balloon into the artery, inflate it, and pull it up against the puncture so as
to seal the artery off from the puncture. Then a coagulant or other clotting agent may be introduced
into the puncture without entering the artery. See, for example, U.S. Patent Nos. 5,108,421;
5,383,896; 5,626,601; and 6,017,359. Once the puncture has sufficiently sealed, the balloon is
deflated and removed. Another method involves introducing a temporary or permanent barrier such
as a plug, sponge, or gelation slurry. See, for example, U.S. Patent Nos. 4,890,612; 4,852,568;,

5,437,631, 5,782,860; 6,045,570; 6,071,301; and 6,315,753.
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Another method includes injecting a wound site or pseudoaneurysm with a coagulant such
as thrombin to accelerate clotting at the treatment site. Yet another solution to treating arterial
punctures involves treatment of blood in a patient that has been given an anticoagulant such as
heparin. In such a procedure, anticoagulated blood is removed from the patient. The blood is then
treated to remove the heparin from the blood and then the blood is reintroduced into the patient, see,
for example, U.S. Patent No. 6,159,232 and PCT Application No. PCT/US00/15068. Such
treatments conventionally require the use of complicated devices, bioactive coagulants, extra steps
for removal of the anticoagulant, or a long delay before the patient can be released.

What is needed is a simple system that reproducibly, safely, and inexpensively provides a
quick and effective seal to the wound site of a patient treated with anticoagulants. The use of
products derived from blood not taken from the patient or recombinantly produced molecules

should preferably be avoided for reasons of safety, cost, and simplicity.

Summary of Preferred Embodiments of the Invention

The invention provides a solution for the above-described problems. Before a patient's blood
is treated with an anticoagulant, a quantity of blood is taken from the patient. This blood is treated
with a reversible anticoagulant so that it is unclottable under normal circumstances. When the
blood is required to seal a wound, it is treated so that it will clot when administered to the patient.
Figure 1 depicts a flow chart of preferred embodiments of the invention. Anticoagulated blood is
optionally preactivated, then treated with a counteracting agent, optionally undergoes further
activation, and is administered to the patient. Storage steps may be included between the
treatments.

Preferred embodiments of the invention include a system for closing a wound in a patient
that involves a chamber that holds a volume of blood from the patient; a reversible anticoagulant

associated with the chamber, an apparatus for transferring the blood between the chamber and the
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patient; and a counteracting agent for counteracting the reversible anticoagulant. Embodiments of
the invention include closing a wound in a patient by withdrawing non-anticoagulated blood from
the patient, inhibiting clotting with an anticoagulant; optionally preactivating the blood; storing the
blood; reversing the blood by counteracting the activity of the anticoagulant; optionally activating
the blood; and applying the blood to the wound.

Another preferred embodiment is a system for closing a puncture wound in a patient. The
system includes chamber associated with an anticoagulant; an activating material that a user causes
to selectively interact with at least a portion of a volume of blood taken from the patient before the
patient is treated with an anticoagulant; and a device to transfer blood from the patient to the
chamber after the user causes the activating agent to selectively interact with the portion of the

volume of blood. The blood is activated to clot at the wound area of the patient.

Brief Description of the Drawings

Figure 1 depicts a flowchart of preferred embodiments of the invention.

Figure 2a depicts an embodiment of the invention having a chamber that may be used to
transfer blood to and from a patient.

Figure 2b depicts an embodiment of the invention having a vial that may be used in
combination with the chamber of Fig 2a.

Figure 2¢ depicts an embodiment of the invention having a vial that may be used in
combination with the chamber of Fig 2a.

Figure 2d depicts an embodiment of the invention having a chamber that may be used in
combination with the chamber of Fig 2a.

Figure 3 depicts the use of the embodiment of the invention depicted in Fig 2.

Figure 4 depicts the chamber of Fig 1a being used with the vial of Fig 2b.
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Figure 5 depicts the chamber of Fig 2a being used to administer treated blood into the

wound of the patient.
_ Figure 6 depicts an alternative embodiment of the invention that includes a chamber for

activating blood introduced into a patient's wound.

Figure 7 depicts an embodiment of the invention that includes a valve for introducing
materials into a chamber.

Figure 8 depicts an embodiment of the invention that includes a valve for mixing materials
in a multi-chambered apparatus.

Figure 9 depicts an embodiment of the invention having a valve for mixing the contents of a

1

multi-chambered device.

Detailed Description of Preferred Embodiments of the Invention

Many aspects of the invention relate to the clotting mechanism of blood. Blood circulates
with many blood clotting factors present in an unactivated state. An injury normally causes these
factors to become activated and to interact with each other to produce a blood clot. The interaction
of the activated blood factors occurs in a cascade of events that lead to blood clot formation. There
are at least twelve procoagulating clotting factors that can be involved in the blood clotting cascade.
Blood that has been stimulated to make these factors active is referred to as activated blood.
Stimulation and activation can occur by chemical and mechanical means.

The clotting mechanism can be inhibited by blocking the activity of the clotting factor called
thrombin. Thrombin activity is blocked by the binding of antithrombin III to thrombin. Heparin
accelerates the inhibition effect exerted by antithrombin on thrombin.  Heparin is a commonly
used anticoagulant that is added to blood to suppress blood clotting. Blood that is treated with an

anticoagulant is referred to as anticoagulated blood.
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Some embodiments of the invention involve adding a counteracting agent to anticoagulated
blood. JThe counteracting agent reverses the effect of the anticoagulant so that the blood can clot.
Blood that has been anticoagulated and treated with a counteracting agent is termed reversed blood.

Other embodiments of the invention involve activating anticoagulated blood. Some
factor(s) of the blood are activated but the blood does not clot because it continues to be
anticoagulated. This blood is referred to as preactivated anticoagulated blood. Preactivation causes
the blood to be ready to clot so that the clotting mechanism begins to form a clot as soon as the
blood is reversed. Table 1 shows some of the combinations of anticoagulation, preactivation,
reversal, and activation that are possible. Blood that has been anticoagulated, reversed, activated, or
preactivated after its removal from the patient and treatment according to the methods and systems
of this invention is referred to as treated blood.

TABLE 1: Treatment of anticoagulated blood

Preactivation | Reversal of | Post Combination
Anticoagulation | Activation
NO NO NO Anticoagulated blood
YES NO NO Preactivated anticoagulated blood
NO YES NO Reversed blood
NO YES YES Reversed activated blood
YES YES NO Reversed preactivated blood
YES YES YES Preactivated reversed activated blood

Referring to Figures 2a, 2b, 2¢, and 2d, an embodiment of system 10 for closing wound 50
includes chamber 20 that has distal portion 22 and proximal portion 24. Plunger 26 is disposed in
proximal portion 24 of chamber 20 and functions to transfer blood 60 to and from patient 70.
Needle 28 is fluidly connected to distal portion 22 of chamber 20 via connector 21. Reversible
anticoagulant 30 is in chamber 20. Vial 41 contains counteracting agent 43 for counteracting
anticoagulant 30. Vial 40 contains material 42 for chemically or mechanically activating blood.

Chamber 100 has connectors 104, 102 for connecting to chamber 20 and needle 28, respectively,
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and contains material 106 for chemically or mechanically activating blood. As described below,
chamber 10, vial 40, 41, and chamber 100 may be used in any variety of combinations.

Referring to Figures 2-5, the embodiment of Figure 2 is shown in use for closing wound 50.
Blood 60 is withdrawn from patient 70 before patient 70 is given systemic anticoagulants.
Anticoagulant 30 is introduced into chamber 20 and blood 60 is drawn into chamber 20 by
introducing needle 28 into patient 70 and pulling plunger 26 away from distal portion 22 of
chamber 20. Blood 60 is gently agitated to mix reversible anticoagulant 30 with blood 60. The
treated blood is thus anticoagulated and may be stored until needed for further uses.

The anticoagulated blood is introduced into vial 40 via needle 28 where it interacts with
activating material 42 and withdrawn back into chamber 10. The blood is now preactivated
anticoagulated blood and may be used immediately or stored. The treated blood is then mixed with
counteracting agent 43 in vial 41, whereby it becomes more readily clottable. The blood is now
reversed preactivated blood. The treated blood is then reintroduced into the patient at wound site
50. Alternatively, chamber 100 may be fitted to chamber 20 via connector 104 and to needle 28 via
connector 102. The treated blood is then passed through chamber 100, where it interacts with
activating material 106 and passes through needle 28 into wound 50.

The preactivation step of using material 43 in vial 41 to preactivate the anticoagulated blood
is optional in some embodiments of the invention. The reversal step of mixing counteracting agent
42 with the treated blood is also optional. The processing of anticoagulated blood requires at least
one of the following steps: preactivation, reversal of the anticoagulation agent, or activating the
blood after anticoagulation.

The system 10 may be provided in a package or kit that contains chambers 20, 100 and vials
40, 41 with reversible anticoagulant 30, and activating materials 42, 106. Such a kit or package
may have reversible anticoagulant 30, blood activating material 42, 106 and counteracting agent 43

preweighed, prealiquoted, in solid-phase or in solution. The members of the kit or package may be
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associated with each other in a container such as a box or other container such as a cardboard
backing equipped with plastic "blisters.” An embodiment of the invention includes instructions
with the kit. Instructions may be written or graphical and, for example, include a plot of blood
volume versus reversible anticoagulant 30/counteracting agent 43. System 10 may include devices
for mixing the blood with other components of system 10. System 10 may include indicators for
indicating when the treated blood is ready to be reintroduced. Chamber 20 may be multi-
chambered to accommodate storage of reversible anticoagulant 30, blood activating material or
technique 42 and counteracting agent 43 within a common structure. Plunger 26 may be manual or
automated and multiple plungers may be used, for example, if counteracting agent is contained in a
portion of a multichamber arrangement of chamber 20.

Figure 6 depicts an alternative embodiment of the invention. In this embodiment, needle 28
is removed from chamber 20 after counteracting agent 43 is added to chamber 20 and ancillary
chamber 80 containing glass beads 82 that act to accelerate and or initiate clotting of blood 60 in
attached chamber 20. Ancillary chamber 80 includes application needie 88 for reintroducing blood
60 into patient 70 at wound site 50.

Figure 7 depicts an embodiment of the invention having chamber 200 with connector 204
attached to needle 206 with plunger 208 partially disposed in chamber 200. Valve 212 allows fluids
to be introduced or withdrawn from chamber 200, for example by connecting another syringe or
insertion of a needle. In use, blood is drawn into chamber 200 through needle 206A and connector
204 by operation of plunger 208. Chamber 200 is preferably preloaded with anticoagulant (not
shown) and preactivating agents (not shown). Counteracting agent (not shown) is introduced into
chamber 200 through valve 212 to reverse blood in the chamber prior to the reintroduction of the
blood to the patient.

Figure 8 depicts an embodiment of the invention having compartments 300, 302 with

connector 304 attached to needle 306 with plungers 308, 309 partially disposed in compartments
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300, 302 respectively. Valve 312 allows fluids to communicate between compartments 300, 302.
Optional valve 314 allows fluids to be introduced or removed from compartment 300, for example
by connecting another syringe or insertion of a needle. In use, blood is drawn into compartment
302 through needle 306 and connector 304 by operation of plunger 309. Compartment 302 is
preferably preloaded with anticoagulant (not shown) and preactivating agents (not shown).
Counteracting agent (not shown) is moved from compartment 300 into compartment 302 through
valve 312 to reverse blood in the chamber prior to the reintroduction of the blood to the patient.

Figure 9 depicts an embodiment of the invention having compartments 400, 402 with
connectors 404, 405 attached to conduits 416, 418, respectively, with plungers 408, 409 partially
disposed in chambers 400, 402 respectively. Conduits 416, 418 communicate with three-way valve
412. Three-way valve 412 allows fluids to communicate between compartments between any two
of conduits 416, 418 and needle 406. In use, blood is drawn into compartment 402 through needle
406, conduit 418, and connector 405 by operation of plunger 409. Compartment 402 is preferably
preloaded with anticoagulant (not shown) and preactivating agents (not shown). Counteracting
agent (not shown) is moved from compartment 400 into compartment 402 through three-way valve
412 to reverse blood in the chamber prior to the reintroduction of the blood to the patient. Three-
way valve 412 is moved so that blood is forced from compartment 402 out through needle 406 by
operation of plunger 409.

An embodiment of the invention includes the use of a reversible anticoagulant that binds
calcium ions in blood to prevent clotting. Most chemical species that contain anionic groups
including sulphates, sulphonates, carboxyl groups, phosphates, oxalates, and citrates are suitable
calcium-binding materials. Drugs such as ciproflaxin, quinolones, doxycycline, lymecycline,
minocycline, and penicillamine may also used as a reversible anticoagulant to bind calcium ions to
prevent clotting. Ion exchange resins may also be used for example, to remove calcium ions to

prevent clotting via calcium ion dependent serine proteases. Preferably, the reversible anticoagulant
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that binds calcium ions is either sodium citrate, citric acid, biscitrate, ethylenediaminetetraacetic
acid (EDTA) or ethylene glycol-bis(2-aminoethyl)tetraacetic acid (EGTA). Thus counteracting
agents that include materials /compounds that add or replace calcium ions to blood may be used to
counteract reversible anticoagulants that bind calcium ions.

Another embodiment includes the use of a reversible anticoagulant that activates and/or
potentiates natural inhibitors of the clotting cascade. Examples of these inhibitors include heparin
salts (e.g., ammonium, lithium, and sodium salts), their derivatives, and pentasaccharide (e.g.,
heparan's). Counteracting agents 43 used to counteract heparin salts and their derivatives include
protamine, polybrene, and heparinase. Counteracting agents of heparin salts may also include
chemical/mechanical removal of the inhibitor, as described, for example, in PCT application WO
00/74575, entitled "Clotting Cascade Initiating Apparatus And Methods Of Use" which is hereby
incorporated by reference herein. NEUTRALASE™ may be used as a counteracting agent for
pentasaccharide.

Other reversible anticoagulants contemplated in embodiments of the invention include
materials that directly bind clotting factors or inhibit activation. Examples of reversible
anticoagulants that are clotting factor binders include hirudin and its derivatives. Other reversible
anticoagulants include materials or processes that change the ionic balance of the blood, the pH
balance of the blood, or cool the blood. The ionic balance can be changed by the addition of salts,
e.g., sodium chloride; the pH can be changed by the addition of a base or acid.

One advantage of the invention is that blood may be treated with a known amount of
anticoagulant and reverse with a precise amount of counteracting agent that has been calculated to
counter the anti-coagulant. Alterrnatively, an excess or undersupply of anticoagulant or
counteracting agent may be used so as to tightly and reproducibly control blood behavior.

A clotting agent, as used herein, means factors that stimulate, activate, or potentiate blood to

clot, e.g., collagen and thrombin, and other agents that cause blood to clot, e.g., such as shear
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forces, glass particles, and many types of polymeric fibers. Examples of polymeric fibers include
polyester, polyamide, polypropylene, polyethylene, and others.

Clotting agents work by chemical pathways and mechanical pathways. Chemical pathways
include biologic and non-biologic materials and/or factors that activate blood. A clotting agent
includes non-biologic materials that cause blood clotting because of their physical origin, e.g., sand,
diatomaceous earth, silicates of many types kaolin, (hydrated aluminum silicate), celite, aluminum
ions, e.g. styptic stick used to close wound after shaving, titanium, dextran sulfate, and certain ions
linked to a solid phase. A clotting agent also includes clotting agents having a biological origin,
e.g., skin, cotton wool, fatty acids, ellagic acid, cartilage, collagen, gelatin, sulfatide,
thromboplastin, certain membranes, phospholipids and cytokines. Other clotting agents of biologic
origin are natural or synthetic components of the clotting cascade, e.g., activating serine proteases,
activating platelet factors and proteins and activating cofactors, and clot activating venoms.
Contact activation occurs when a member of the blood's clotting cascade is activated by contact
with a surface. Contact activation, e.g., via the intrinsic pathway, is considered part of a chemical
pathway‘of activation, as the term is used herein, since it usually acts by activating a member of the
contact pathway.

The mechanical pathways of clotting agents include the use of devices or fluid flow forces
to elicit blood stimulation or activation. Mechanical pathways include, for example, the creation of
shear forces sufficient to activate blood. Blood may be forced through, for example, a bed of beads,
throuéh a sponge or matrix, between two plates to create sufficient shear. Alternatively, a device
that is introduced into a chamber holding blood may be used to agitate the blood and create shear
forces; for example, a fan, a crank, and a multi-armed rotating mechanism. Alternatively, an
agitation device, e.g., a vortex mixer, may be used to rapidly move blood to create shear or.
turbulence. Alternatively, a device, e.g., spheres, may be introduced such a chamber while it is

agitated to enhance activation.
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Another embodiment of the invention includes using material or techniques that activate
blood to cause or accelerate blood clotting in addition to counteracting reversible anticoagulants.
Such Atechniques may be used to initiate and/or accelerate the clotting of blood. Such techniques
include, for example, exposing the withdrawn blood to glass (or sintered glass, or glass-equivalent)
beads, fibers, matrices, sponges, or filters; introducing thrombin-like enzymes and/or analogues; or
using other agents known to those skilled in these arts. Such materials may be solid, non-round,
irregularly shaped, porous, and/or permeable to blood.

Certain embodiments of the invention include the use of methods and materials for the
preventing the break down of blood clots by lytic agents. Lytic agents are agents that chemically
break down blood clots, for example by enzymatic action. Lytic agents include plasmin,
plasminogen, plasminogen activators, tissue plasminogen activator, streptokinase, and urokinase
plasminogen activator. Anti-lytic agents are agents that inhibit lytic agents and include aprotinin,
epsilon amino caproic acid, antibodies against lytic agents, peptides that bind to lytic agents,
peptides or chemicals that bind to the binding sites of Iytic agents or the sites of a blood clot that
lytic agents bind, and other agents and peptides known to those skilled in these arts. The
breakdown of clots can also be inhibited in some embodiments of the invention by removing lytic
agents. Lytic agents can be removed by exposing the blood to matrices that contain factors that
bind the lytic agents.

A pseudoaneurysm sometimes forms when blood seeps from the puncture into the tissue
outside of the artery or vein. Blood in the ﬁseudoaneurysm, since it has often undergone systemic
anticoagulation, is slow to clot and dissipate. The pseudoaneurysm may grow with time and cause
discomfort and tissue damage. Some embodiments of the invention may be used to treat
pseudoaneurysms by drawing blood from the pseudoaneurysm or other portion of the body into
chamber 20, preactivating it, treating it to counteract the anticoagulants in the blood, and

reintroducing the treated blood into the patient. Steps of removing anticoagulants and activating the
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blood after it has been reversed may optionally be included. Treatment of a wound under the skin
of a patient includes, but is not limited to, treatment of a pseudoaneurysm, arterial puncture, and
venous puncture. The term skin, as used herein, means the surface of a patient's epidermis.

Blood, as used herein unless otherwise indicated, is a broad term that includes whole blood,
fluids that contain whole blood or fractions of whole blood, blood that has been treated with
anticoagulants, and blood that has been reacted to remove anticoagulants or to clot. Anticoagulants
means substances administered to a living patient that inhibit or slow the blood clotting time of the
patient, including those that work through activating or potentiating natural inhibitors of the clotting
cascade, e.g., heparin, heparin derivatives, pentasaccharides; and those that work by directly
binding the clotting factors or inhibiting activation, e.g., hirudin and its derivatives, enzyme
inhibitors, or conditions that minimize enzyme activity, and calcium binders, e.g., EDTA.

Clotting agents may be used in a chamber that receives the blood or in other chambers or
compartments that contact the blood, be immobilized to portions of the device, or entrapped in
matrices associated with the device. Clotting agents may be used to accelerate blood clotting so
blood cleansed of anticoagulants maybe more readily clotted. Such agents may be present, for
example, in the blood receiving chamber. Immobilization is preferably by covalent bonding but
adsorption to a surface or entrapment in a matrix may also be used. Covalent immot;ilization
techniques are known to skilled artisans, see, for example, "Bioactive Biomaterials", Curr Opin
Biotechnol 1999 Apr;10(2):123-9. Another embodiment of the invention includes immobilizing
coagulant molecules such as thrombin in the solid phase such that it does not leave the solid phase
within vial 40 or chambers 80, 100. For example, thrombin may be immobilized to the solid phase
of a non-specifically acting polymer such as polyethyleneimine (PEI) by adsorption, trapped in a
matrix, or covalently bound.

The chambers and vials of the system are preferably sterile so that blood may be returned to

the patient without infection. Chambers 20, 100 and/or vials 40, 41 may be substituted with other
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suitable vessels or be part of a multi-chambered device. A blood filter that filters blood to remove
infectious agents before it is returned to the patient may also be used. A preferred filter selectively
removes infectious agents. The chamber(s) and/or vial(s) are preferably fully enclosed so as to
prevent the entry of contaminants after sterilization. Suitable include syringes, chambers in a dual-
or multi-barreled syringes, vials, catheters, tubes, pipettes, and mixers. Agents may be introduced
in the containers as is suitable, for example, as solutions, fluids, solids, and powders.

Experiments showed that a patient's blood can be withdrawn, treated with a reversible
anticoagulant, stored, reversed, and clotted with or without clotting agents (Table 2). Testing was
conducted with 15 human volunteers to demonstrate certain aspects of the invention. 15 ml of
blood was drawn into a 20 ml syringe containing 1 ml of sodium citrate buffer and, in certain
samples, 0.3 g of glass wool. The blood was stored at 37° C or at room temperature for 1 hour and
then transferred to a glass tube or a siliconized polypropylene syringe having the amount of calcium
ions calculated to reverse the effect of the sodium citrate. The resultant clotting time was measured
at 37° C, with clotting determined to be the point at which inversion of tube or syringe did not
dislodge the clot from its bottom and essentially no fluid flowed out of the clot. Thus the blood was
anticoagulated by the sodium citrate and reversed upon exposure to the calcium ions. Samples
exposed to a glass test tube were indicative of an activation step after reversal because glass is
highly contact-activating compared to the siliconized syringes. The glass wool was indicative of
preactivation since glass activates blood and the glass wool was present in the blood while it was
anticoagulated.

The fastest mean clotting time was 2.2 minutes (Table 2) when the reversed blood was
preactivated by being exposed to glass wool. In contrast, reversed blood that was not preactivated
required a mean time of 14.6 minutes to clot in the same container. When no preactivation step
glass wool was omitted, the mean clotting time was 15.9 minutes. When the glass wool was

omitted and a glass test tube was substituted for the polypropylene syringe, the mean clotting time
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was 5.2 minutes. When the blood storage step and the glass wool were both omitted, the mean
clotting time in a glass test tube was 5.7 minutes and in a polypropylene syringe was 15.9 minutes.
For each set, n=3. Table 2, below, summarizes the results of the testing.

Apparatus and methods for transferring blood 60 between chamber 20 and patient 70
include use of syringes, catheters, introducers, and other techniques known to those skilled in these
arts, including techniques for accurately placing the introduced blood in wound 50.

Table 2: Clotting times for anticoagulated reversed blood

Treatment Blood Condition | Mean Time | Standard Range
to Full Clot* | Deviation (min)
(min) (min)
Pre-Activation PP Reversed, 2.2 0.4 2.0-3.0
Siliconized Syringe, 1-hr preactivated
Storage
PP Siliconized Syringe Reversed 15.9 3.3 12.1-20.3
No Storage, no glass wool
Baseline-PP Siliconized Reversed 14.6 1.8 15.0-15.3
Syringe
1-hr Storage, no glass wool
Baseline-Glass Tube Reversed, 5.7 0.3 5.3-6.4
No Storage, no glass wool activated
Baseline-Glass Tube Reversed, 5.2 0.4 4.8-6.0
1-hr Storage, no glass wool | Activated

*The clotting times are the same irrespective of the blood being stored at 37°C or at room temperature.

The embodiments described herein merely illustrate examples of the present invention and
actual compositions or materials used may vary somewhat. The invention is not to be unduly
limited to the exact materials and methods described herein but is also to include materials and

methods known to those skilled in these arts. Patents and patent applications cited in this document

are hereby incorporated herein by reference.
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CLAIMS

A system for closing a puncture wound in a patient to be treated with an anticoagulant
comprising:

a chamber that accommodates a volume of blood from the patient;

a reversible anticoagulant operably associated with the chamber;

a counteracting agent for counteracting the reversible anticoagulant that a user
causes to selectively interact with at least a portion of the volume of blood; and

an apparatus to transfer the volume of blood from the patient to the chamber prior to
treatment of the patient with the anti-coagulant aﬂd to transfer the portion of the volume of
blood from the chamber to the puncture wound after the user causes the counteracting agent

to selectively interact with the portion of the volume of blood.
The system of claim 1 further comprising:
an activating material for activating the portion of the volume of blood after the user

causes the counteracting agent to selectively interact with the portion of the volume of

blood.
The system of claim 2 wherein the activating material is non biological in origin.

The system of claim 3 wherein the activating material is chosen from a group consisting of

glass, silica sand, dextran sulfate, and celite.

5.

The system of claim 3 wherein the activating materjal is chosen from a group consisting of

ions and metals.

25
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6. The system of claim 5 wherein the activating material comprises titanium.
7. The system of claim 3 wherein the activating material is a polymer.
8. The system of claim 7 where the polymer is selected from a group consisting of silicone,

polyester, polyurethane, polycarbonate, nylon, polyvinylchloride, polyethylene and

polyethyleneimine.

9. The system of claim 2 wherein the activating material is biological in origin.

10.  The system of claim 9 wherein the activating material is chosen from a group consisting of

cotton, diatomaceous earth, collagen, and gelatin.

11.  The system of claim 9 wherein the activating material is chosen from a group consisting of

thromboplastin, cephalin, ellagic acid, fatty acid, and sulfatide.

12. The system of claim 9 wherein the activating material is a procoagulating or coagulating

member of the clotting cascade or an analogue thereof.

13.  The system of claim 1 wherein the apparatus utilizes a common conduit to transfer the
volume of blood to the chamber and to transfer the portion of the volume of blood to the puncture

wound.

14.  The system of claim 1 wherein the apparatus includes at least one conduit selected from a set

consisting of a needle and a catheter.



10

15

20

25

WO 02/089675 PCT/IB02/02864

-17-

15.  The system of claim 1 wherein the chamber includes multiple compartments, at least one of
which accommodates the volume of blood and at least another of which accommodates the
counteracting agent and is selectively brought into fluid communication with the at least one
compartment accommodating the volume of blood.

16.  The system of claim 1 wherein the reversible anticoagulant is pre-loaded into the chamber.

17.  The system of claim 1 wherein the counteracting agent is contained in a vial separate from

the chamber that the user causes to selectively interact with the portion of the volume of blood.

18. The system of claim 1 wherein the reversible anticoagulant is an agent that binds calcium

ions in the volume of blood.

19.  The system of claim 1 wherein the apparatus for transferring blood between the chamber and

the patient is selected from a set consisting of a needle and a catheter.

20.  The system of claim 1 wherein the chamber for receiving the blood is multi-chambered.

21.  The system of claim 1 wherein the reversible anticoagulant is pre-loaded into the chamber.

22.  The system of claim 1 wherein the counteracting agent is contained in a vial separate from

the chamber.

23.  The system of claim 1 wherein the reversible anticoagulant binds calcium ions.
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24.  The system of claim 1 wherein the reversible anticoagulant competitively inhibits the action

of calcium ions and results in inhibition of clotting factors.

25.  The system of claim 1 wherein the anticoagulant effect can be reached via a physical change

of pH or temperature.

26.  The system of claim 25 wherein the physical change is a change of temperature.

27.  The system of claim 1 wherein the reversible anticoagulant is selected from a group

consisting of sodium citrate, isocitrate, citric acid , EDTA and EGTA.

28. The system of claim 1 wherein the reversible anticoagulant is selected from a group

consisting of oxalates, phosphates, phylate, and cation chelators.

29. The system of claim 1 wherein the reversible anticoagulant is selected from a group
consisting of heparin, hirudin, pentasaccharide, low molecular weight heparin, low molecular

weight heparinoid, and heparan sulfate.

30.  The system of claim 1 wherein the counteracting agent is selected from a group consisting of

protamine, polybrene, and heparinase.

31.  The system of claim 1 further comprising anti-lytic agents selectively exposable to the

volume of blood by a user.
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32.  The system of claim 1 further comprising lytic-binding materials that bind lytic agents in at

least a portion of the blood.

33.  The system of claim 1 wherein the system is disposed in a kit contained in a sterile package.

34.  The system of claim 33 further comprising instructions on use of the kit.

35. A system for treating a wound in a patient comprising:
means for storing blood,;
10 means for transferring blood between means for storing blood and the patient;
means for inhibiting blood clotting operably associated with the means for storing
blood; and
means for treating blood selectively interactable by a user with the means for storing
the blood.

15

36. A method for treating a puncture wound in a patient comprising:
withdrawing a volume of blood from the patient into a chamber, the blood being substantially free
20 of anticoagulants;
inhibiting clotting of the volume of blood with an anticoagulant;
storing the volume of blood;
applying a counteracting agent to at least a portion of the volume of blood to counteract
the action of the anticoagulant; and

25 applying the portion of the volume of blood to the wound.
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37.  The method of claim 36 further comprising applying the volume of blood to the wound by

introducing the portion of the volume of the blood to the vicinity of the wound.

38.  The method of claim 36 further comprising activating the portion of the volume of blood

with an activating material.
39.  The method of claim 38 wherein the activating material is non biological in origin.

40.  The method of claim 39 wherein the activating material includes a material chosen from a
group consisting of glass, silica sand, and celite, ions, metals, titanium, dextran sulfate, and

polymer.
41.  The method of claim 38 wherein the activating material is biological in origin.

42.  The method of claim 41 wherein the activating material is chosen from a group consisting’ of
cotton, diatomaceous earth, collagen, and gelatin, thromboplastin, cephalin, ellagic acid, fatty acid,
sulfatide, a procoagulating member of the clotting cascade, and procoagulating member of the

clotting cascade analogues.
43, The method of claim 36 wherein applying the counteracting agent includes moving-the
counteracting agent from a first compartment in the chamber to a second compartment in the

chamber.

44,  The method of claim 36 further comprising pre-loading the anticoagulant into the chamber.
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45.  The method of claim 36 further comprising transferring blood between the chamber and the

patient using a member of the set consisting of a needle and a catheter.

46.  The method of claim 37 further comprising pre-loading the reversible anticoagulant into the

chamber.

47.  The method of claim 37 wherein the reversible anticoagulant is selected from a group
consisting of calcium ion binders, sodium citrate, isocitrate, citric acid, EDTA, EGTA, oxalates,

phosphates, phylate, and cation chelators.

48.  The method of claim 37 wherein the reversible anticoagulant is selected from a group
consisting of heparin, hirudin, pentasaccharide, low molecular weight heparin, DANAPAROID™,

protamine, polybrene, and heparinase.

49.  The method of claim 37 further comprising exposing the volume of blood to anti-lytic

agents.

50. A system for treating a wound in a patient to be treated with an anticoagulant comprising:
a chamber that accommodates a volume of blood from the patient;
a reversible anticoagulant operably associated with the chamber;
an activating material that a user causes to selectively interact with at least a portion
of the volume of blood; and
an apparatus to transfer the volume of blood from the patient to the chamber prior to

treatment of the patient with the anti-coagulant and to transfer the portion of the volume of
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blood from the chamber to the puncture wound after the user causes the activating material

to selectively interact with the portion of the volume of blood.

51.  The system of claim 50 wherein the activating material is non biological in origin.

52.  The system of claim 51 wherein the activating material includes a material chosen from a

‘group consisting of glass, silica sand, celite, ions, metals, titanium, dextran sulfate, and polymer.

53.  The system of claim 50 wherein the activating material is biological in origin.

54.  The system of claim 53 wherein the activating material is chosen from a group consisting of
cotton, diatomaceous earth, collagen, and gelatin, thromboplastin, cephalin, ellagic acid, fatty acid,
sulfatide, a procoagulating member of the clotting cascade, and procoagulating member of the

clotting cascade analogues.

55.  The system of claim 50 wherein the apparatus utilizes a common conduit to transfer the
volume of blood to the chamber and to transfer the portion of the volume of blood to the puncture

wound.

56.  The system of claim 50 wherein the reversible anticoagulant is pre-loaded into the chamber.

57.  The system of claim 50 wherein the activating material is contained in a vial separate from

the chamber.
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58.  The system of claim 50 wherein the reversible anticoagulant binds calcium ions.

59. The system of claim 50 wherein the reversible anticoagulant is selected from a group

consisting of sodium citrate, isocitrate, citric acid , EDTA and EGTA.

60. The system of claim 50 wherein the reversible anticoagulant is selected from a group

consisting of oxalates, phosphates, phylate, and cation chelators.
61. The system of claim 50 wherein the reversible anticoagulant is selected from a group
consisting of heparin, hirudin, pentasaccharide, low molecular weight heparin, and

DANAPAROID™,

62. The system of claim 50 wherein the counteracting agent is selected from a group consisting

of protamine, polybrene, and heparinase.

63. The system of claim 50 further comprising anti-lytic agents selectively exposable to the

volume of blood by a user.

64.  The system of claim 50 further comprising lytic-binding materials that bind lytic agents in at

least a portion of the blood.

65. The system of claim 50 wherein the system is disposed in a kit contained in a sterile

package.

66.  The system of claim 50 further comprising instructions on use of the kit.
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67. A method for treating a wound in a patient comprising:
withdrawing an volume of blood from the patient into a chamber, the blood being
substantially free of anticoagulants;
5 inhibiting clotting of the volume of blood with an anticoagulant;
storing the volume of blood;
exposing at least a portion of the volume of blood to an activating material; and

applying the portion of the volume of blood to the wound.

10 68. The method of claim 67 further comprising applying the volume of blood to the wound by

introducing the portion of the volume of the blood to the vicinity of the wound.
69.  The method of claim 67 wherein the activating material is non biological in origin.

15 70. The method of claim 69 wherein the activating material includes a material chosen from a

group consisting of glass, silica sand, celite, ions, metals, titanium, dextran sulfate, and polymer.
71.  The method of claim 67 wherein the activating material is biological in origin.

20 72.  The method of claim 71 wherein the activating material is chosen from a group consisting of
cotton, diatomaceous earth, collagen, and gelatin, thromboplastin, cephalin, ellagic acid, fatty acid,
sulfatide, a procoagulating member of the clotting cascade, and a procoagulating member of the

clotting cascade analogues.
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73.  The method of claim 67 wherein applying the counteracting agent includes moving the
counteracting agent from a first compartment in the chamber to a second compartment in the

chamber.

74.  The method of claim 67 further comprising pre-loading the anticoagulant into the chamber.

75.  The method of claim 67 further comprising transferring blood between the chamber and the

patient using a member of the set consisting of a needle and a catheter.

76.  The method of claim 67 further comprising pre-loading the reversible anticoagulant into the

"chamber.

77.  The method of claim 67 wherein the reversible anticoagulant is selected from a group
consisting of calcium ion binders, sodium citrate, isocitrate, citric acid, EDTA, EGTA, oxalates,

phosphates, phylate, and cation chelators.

78.  The method of claim 67 wherein the reversible anticoagulant is selected from a group
consisting of heparin, hirudin, pentasaccharide, low molecular weight heparin, DANAPAROID™,

protamine, polybrene, and heparinase.

79.  The method of claim 67 further comprising exposing the volume of blood to anti-lytic

agents.
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FLOW CHART SHOWING EMBODIMENTS OF SYSTEMS AND
METHODS FOR WOUND CLOSURE

PREFERRED SYSTEM AND METHODS

Blood taken from patient prior to
patient's treatment with
anticoagulant

v

Blood treated with anticoagulant

v

Blood preactivated chemically
and/or mechanically (optional
step)

Blood treated with counteracting
agent to reverse effect of
anticoagulant

Blood activated mechaﬂically
and/or chemically to initiate or
accelerate blood clotting (optional

step) '

Blood introduced into patient for
healing wounds, e.g., arterial
puncture or pseudoaneurvsms
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