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(57) ABSTRACT 

An apparatus for promoting the clotting of blood comprises 
a receptacle, at least a portion of Which is de?ned by a mesh 
having openings therein, and particles of clay retained in the 
receptacle. In similar apparatuses, bioactive glass or chito 
san is retained in the receptacle. An apparatus also comprises 
a receptacle de?ned by a mesh having openings therein, and 
?rst and second blood clotting materials enclosed in the 
mesh. In a method of dressing a bleeding Wound, a ?rst 
blood clotting material in particle form is provided and 
retained in a mesh structure, and a second blood clotting 
material is provided and incorporated into a material of the 
mesh structure. The mesh structure is placed on a bleeding 
Wound such that the second blood clotting material contacts 
Wounded tissue of the bleeding Wound. 
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DEVICES AND METHODS FOR THE DELIVERY 
OF BLOOD CLOTTING MATERIALS TO 

BLEEDING WOUNDS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part applica 
tion of US. patent application Ser. No. 11/054,918, ?led 
Feb. 9, 2005, the contents of Which are incorporated herein 
by reference in their entirety. 

TECHNICAL FIELD 

[0002] The present invention relates generally to blood 
clotting devices and, more particularly, to blood clotting 
materials, devices incorporating such materials, and meth 
ods for the delivery of such materials for use as bleeding 
control devices. 

BACKGROUND OF THE INVENTION 

[0003] Blood is a liquid tissue that includes red cells, 
White cells, corpuscles, and platelets dispersed in a liquid 
phase. The liquid phase is plasma, Which includes acids, 
lipids, solubliZed electrolytes, and proteins. The proteins are 
suspended in the liquid phase and can be separated out of the 
liquid phase by any of a variety of methods such as ?ltration, 
centrifugation, electrophoresis, and immunochemical tech 
niques. One particular protein suspended in the liquid phase 
is ?brinogen. When bleeding occurs, the ?brinogen reacts 
With Water and thrombin (an enzyme) to form ?brin, Which 
is insoluble in blood and polymeriZes to form clots. 

[0004] In a Wide variety of circumstances, animals, includ 
ing humans, can be Wounded. Often bleeding is associated 
With such Wounds. In some circumstances, the Wound and 
the bleeding are minor, and normal blood clotting functions 
in addition to the application of simple ?rst aid are all that 
is required. Unfortunately, hoWever, in other circumstances 
substantial bleeding can occur. These situations usually 
require specialiZed equipment and materials as Well as 
personnel trained to administer appropriate aid. If such aid 
is not readily available, excessive blood loss can occur. 
When bleeding is severe, sometimes the immediate avail 
ability of equipment and trained personnel is still insufficient 
to stanch the How of blood in a timely manner. 

[0005] Moreover, severe Wounds can often be in?icted in 
remote areas or in situations, such as on a battle?eld, Where 
adequate medical assistance is not immediately available. In 
these instances, it is important to stop bleeding, even in less 
severe Wounds, long enough to alloW the injured person or 
animal to receive medical attention. 

[0006] In an effort to address the above-described prob 
lems, materials have been developed for controlling exces 
sive bleeding in situations Where conventional aid is 
unavailable or less than optimally effective. Although these 
materials have been shoWn to be someWhat successful, they 
are sometimes not effective enough for traumatic Wounds 
and tend to be expensive. Furthermore, these materials are 
sometimes ineffective in some situations and can be dif?cult 
to apply as Well as remove from a Wound. 

[0007] Additionally, or alternatively, the previously devel 
oped materials can produce undesirable side effects. For 
example, prior art blood clotting material is generally a 
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poWder or a ?ne particulate in Which the surface area of the 
material often produces an exothermic reaction upon the 
application of the material to blood. Oftentimes excess 
material is unnecessarily poured onto a Wound, Which can 
exacerbate the exothermic effects. Depending upon the 
speci?c attributes of the material, the resulting exothermia 
may be su?icient to cause discomfort to or even burn the 
patient. Although some prior art patents speci?cally recite 
the resulting exothermia as being a desirable feature that can 
provide clotting effects to the Wound that are similar to 
cauteriZation, there exists the possibility that the tissue at 
and around the Wound site may be undesirably impacted. 

[0008] Furthermore, to remove such materials from 
Wounds, irrigation of the Wound is often required. If an 
amount of material is administered that causes discomfort or 
burning, the Wound may require immediate ?ushing. In 
instances Where a Wounded person or animal has not yet 
been transported to a facility capable of providing the 
needed irrigation, undesirable effects or over-treatment of 
the Wound may result. 

[0009] Bleeding can also be a problem during surgical 
procedures. Apart from suturing or stapling an incision or 
internally bleeding area, bleeding is often controlled using a 
sponge or other material used to exert pressure against the 
bleed site and/or absorb the blood. HoWever, When the 
bleeding becomes excessive, these measures may not be 
suf?cient to stop the How of blood. Moreover, any highly 
exothermic bleed-control material may damage the tissue 
surrounding the bleed site and may not be con?gured for 
easy removal after use. 

[0010] Based on the foregoing, it is a general object of the 
present invention to provide devices for controlling bleeding 
and methods of their use that overcome or improve upon the 
prior art. 

SUMMARY OF THE INVENTION 

[0011] According to one aspect, the present invention 
resides in an apparatus for promoting the clotting of blood. 
This apparatus comprises a receptacle, at least a portion of 
Which de?ned by a mesh having openings therein, and a clay 
in particulate form retained in the receptacle. The clay 
provides a blood clotting function such that When treating a 
bleeding Wound, application of the apparatus causes at least 
a portion of the clay to come into contact With blood through 
the openings of the mesh. In another aspect, the present 
invention resides in a similar apparatus in Which bioactive 
glass is retained in the receptacle. In still another aspect, the 
present invention resides in a similar apparatus in Which 
chitosan is retained in the receptacle. 

[0012] According to another aspect, the present invention 
resides in an apparatus for promoting the clotting of blood. 
This apparatus comprises a receptacle de?ned by a mesh 
having openings therein; a ?rst blood clotting material 
enclosed in the mesh; and a second blood clotting material 
included in a material of the mesh. The second blood clotting 
material may be a clay, bioactive glass, chitosan, or a 
combination of the foregoing. When treating a bleeding 
Wound, application of the apparatus causes at least a portion 
of the second blood clotting material to come into contact 
With blood. 

[0013] According to another aspect, the present invention 
resides in a method of dressing a bleeding Wound. In the 
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method, a ?rst blood clotting material in particle form is 
provided and retained in a mesh structure, and a second 
blood clotting material is provided and incorporated into a 
material of the mesh structure. The mesh structure is placed 
on a bleeding Wound such that the second blood clotting 
material contacts Wounded tissue of the bleeding Wound. 
Pressure may be applied to the mesh structure. 

[0014] An advantage of the present invention is that upon 
completion of the application of any of the devices of the 
present invention to a bleeding Wound, the devices can be 
easily removed. In particular, because the blood clotting 
material is clay, bioactive glass, or chitosan in granule, bead, 
or pellet form and encased in a pouch or mesh structure, the 
material can be cleanly pulled aWay from the treated Wound 
and disposed of. Accordingly, little or no irrigation of the 
Wound is required to ?ush aWay remaining blood clotting 
material. 

[0015] Another advantage is that the clay, bioactive glass, 
or chitosan produces little or no exothermic reaction With 
blood. The physical structures of each type of blood clotting 
agent still alloW liquid blood constituents to be Wicked aWay 
to cause thickening of the blood, thereby facilitating the 
formation of clots. 

[0016] With regard to embodiments in Which clay, bioac 
tive glass, chitosan, or other materials are included in the 
mesh, one advantage is that the contacting surface area 
betWeen blood clotting agent and the tissue of the Wound site 
is increased. In particular, the How of blood to the mesh 
results in immediate clotting effects because a time delay 
due to the blood having to How around the mesh material to 
the blood clotting material is avoided. 

[0017] Still another advantage of the present invention is 
that the proper dose of blood clotting material can be readily 
applied to an open Wound. Particularly When the device is a 
porous pouch containing clay, bioactive glass, or chitosan, 
the device can be readily removed from sterilized packaging 
and held directly at the points from Which blood emanates to 
facilitate clotting of the blood Without spilling poWder or 
pellets outside the Wound area. GuessWork, estimation, or 
calculation of the amounts of blood clotting material for 
application to a bleeding Wound is eliminated. Accordingly, 
little or no blood clotting material is Wasted. 

DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a schematic representation of a blood 
clotting device of the present invention. 

[0019] FIG. 2 is a side vieW of the blood clotting device 
of FIG. 1 illustrating the retaining of blood clotting particles 
in a mesh container. 

[0020] FIG. 3 is a side vieW ofa pressure pad incorporat 
ing the blood clotting particles encapsulated in a mesh 
container for pressure application to a bleeding Wound. 

[0021] FIG. 4 is a perspective vieW of a bandage incor 
porating the blood clotting particles in a mesh container for 
application to a bleeding Wound. 

[0022] FIG. 5 is a side vieW of a blood clotting device 
incorporating blood clotting particles retained in a mesh 
impregnated With clay particles. 

[0023] FIG. 6 is a side vieW of one embodiment of the 
mesh of the device of FIG. 5. 
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[0024] FIG. 7 is a side vieW of another embodiment of the 
mesh of the device of FIG. 5. 

[0025] FIG. 8 is a side vieW of another embodiment of the 
mesh of the device of FIG. 5. FIG. 9 is a side vieW of a 
bandage incorporating blood clotting particles retained in a 
clay-impregnated mesh material. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0026] Disclosed herein are devices and methods for 
delivering materials to Wounds to promote the clotting of 
blood and the dressing of the Wounds. The devices generally 
comprise expedients or apparatuses that can be applied to 
bleeding Wounds such that the materials contact the tissue of 
the Wound to minimize or stop blood ?oW by absorbing at 
least portions of the liquid phases of the blood, thereby 
promoting clotting. One apparatus comprises a receptacle 
for retaining molecular sieve material in particulate form, 
oxidized cellulose material in particulate form, particles of 
layered clay, bioactive glasses, chitosan, and the like, as Well 
as combinations of the foregoing. At least a portion of the 
receptacle is de?ned by a mesh having openings therein, and 
at least a portion of the particulate molecular sieve material, 
oxidized cellulose material, clay, bioactive glass, or chitosan 
is in direct contact With blood through the openings. As used 
herein, the terms “particle” and “particulate” are intended to 
refer to balls, beads, pellets, rods, granules, polymorphous 
shapes, and combinations of the foregoing. 

[0027] In embodiments incorporating a molecular sieve 
material as the blood clotting material, the molecular sieve 
material used in the present invention may be a synthetic 
polymer gel, cellulosic material, porous silica gel, porous 
glass, alumina, hydroxyapatite, calcium silicate, zirconia, 
zeolite, or the like. Exemplary synthetic polymers include, 
but are not limited to, stylene-divinylbenzene copolymer, 
cross-linked polyvinyl alcohol, cross-linked polyacrylate, 
cross-linked vinyl ether-maleic anhydride copolymer, cross 
linked stylene-maleic anhydride copolymer or cross-linked 
polyamide, and combinations thereof. 

[0028] The molecular sieve material is preferably a zeo 
lite. Other molecular sieve materials that may be used 
include, but are not limited to, faujasite. As used herein, the 
term “zeolite” refers to a crystalline form of aluminosilicate 
having the ability to be dehydrated Without experiencing 
signi?cant changes in the crystalline structure. The zeolite 
may include one or more ionic species such as, for example, 
calcium and sodium moieties. Typically, the zeolite is a 
friable material that is about 90% by Weight calcium and 
about 10% by Weight sodium. The calcium portion contains 
crystals that are about 5 angstroms in size, and the sodium 
portion contains crystals that are about 4 angstroms in size. 
The preferred molecular structure of the zeolite is an 
“A-type” crystal, namely, one having a cubic crystalline 
structure that de?nes round or substantially round openings. 

[0029] The zeolite may be mixed With or otherWise used 
in conjunction With other materials having the ability to be 
dehydrated Without signi?cant changes in crystalline struc 
ture. Such materials include, but are not limited to, magne 
sium sulfate, sodium metaphosphate, calcium chloride, dex 
trin, a polysaccharide, combinations of the foregoing 
materials, and hydrates of the foregoing materials. 
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[0030] Zeolites for use in the disclosed applications may 
be naturally occurring or synthetically produced. Numerous 
varieties of naturally occurring Zeolites are found as deposits 
in sedimentary environments as Well as in other places. 
Naturally occurring Zeolites that may be applicable to the 
compositions described herein include, but are not limited 
to, analcite, chabaZite, heulandite, natrolite, stilbite, and 
thomosonite. Synthetically produced Zeolites that may also 
?nd use in the compositions and methods described herein 
are generally produced by processes in Which rare earth 
oxides are substituted by silicates, alumina, or alumina in 
combination With alkali or alkaline earth metal oxides. 

[0031] Various materials may be mixed With, associated 
With, or incorporated into the Zeolites to maintain an anti 
septic environment at the Wound site or to provide functions 
that are supplemental to the clotting functions of the Zeolites. 
Exemplary materials that can be used include, but are not 
limited to, pharmaceutically-active compositions such as 
antibiotics, antibacterial agents, antifungal agents, antimi 
crobial agents, anti-in?ammatory agents, analgesics, anti 
histamines (e.g., cimetidine, chloropheniramine maleate, 
diphenhydramine hydrochloride, and promethaZine hydro 
chloride), bacteriostatics, compounds containing silver ions, 
Wound healing agents, and the like. Other materials that can 
be incorporated to provide additional hemostatic functions 
include ascorbic acid, tranexamic acid, rutin, and thrombin. 
Botanical agents having desirable effects on the Wound site 
may also be added. 

[0032] In embodiments incorporating oxidiZed cellulose 
as the blood clotting material, the oxidiZed cellulose used in 
the present invention is a chemically oxidiZed form of a 
common cellulose ?ber such as cotton and is also knoWn as 

cellulosic acid, absorbable cellulose, or polyanhydroglucu 
ronic acid. The degree of oxidation of the ?ber is a function 
of the carboxylation content of the ?brous cellulose mate 
rial. In particular, as the number of carboxyl groups on the 
cellulose structure is increased, the oxidation content cor 
respondingly increases. Oxidized cellulose may be manu 
factured by the action of nitrogen dioxide gas (NO2) on 
cellulose ?ber. Other methods of manufacturing oxidiZed 
cellulose include oxidation of cellulose ?ber With aqueous 
oxidiZing agents such as hypochlorite salts, although the use 
of such agents is less preferred than the use of nitrogen 
dioxide gas. 

[0033] In embodiments incorporating clay as the blood 
clotting material, the clay may be attapulgite, bentonite, 
kaolin, kaolinite, or the like, as Well as combinations of the 
foregoing. The present invention is not limited in this regard, 
hoWever, as other types of clays may be used. Although the 
term“kaolin” is used hereinafter to describe the present 
invention, it should be understood that kaolinite may also be 
used in conjunction With or in place of kaolin. 

[0034] As used herein, the term“clay” refers to a crystal 
line form of hydrated aluminum silicate. The crystals of clay 
are irregularly shaped and insoluble in Water. The combi 
nation of some types of clay With Water may produce a mass 
having some degree of plasticity. Depending upon the type 
of clay, the combination thereof With Water may produce a 
colloidal gel having thixotropic properties. 

[0035] As used herein, the term“kaolin” refers to a soft, 
earthy aluminosilicate clay (and, more speci?cally, to a 
dioctahedral phyllosilicate clay) having the chemical for 
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mula Al2Si2O5 (OH)4. Kaolin is a naturally occurring layered 
silicate mineral having alternating tetrahedral sheets and 
octahedral sheets of alumina octahedra linked via the oxy 
gen atoms of hydroxyl groups. Kaolin comprises about 50% 
alumina, about 50% silica, and trace impurities. 

[0036] More preferably, the clay is Edgar’s plastic kaolin 
(hereinafter“EPK”), Which is a Water-Washed kaolin clay 
that is mined and processed in and near Edgar, Fla. Edgar’s 
plastic kaolin has desirable plasticity characteristics, is 
castable, and When mixed With Water produces a thixotropic 
slurry. 

[0037] The kaolin material of the present invention may be 
mixed With or otherWise used in conjunction With other 
materials to provide additional clotting functions and/or 
improved ef?cacy. Such materials include, but are not lim 
ited to, magnesium sulfate, sodium metaphosphate, calcium 
chloride, dextrin, combinations of the foregoing materials, 
and hydrates of the foregoing materials. 

[0038] As With the Zeolites, various materials may be 
mixed With, associated With, or incorporated into the clay to 
maintain an antiseptic environment at the Wound site or to 
provide functions that are supplemental to the clotting 
functions of the clay. Exemplary materials that can be used 
include, but are not limited to, pharmaceutically-active 
compositions such as antibiotics, antibacterial agents, anti 
fungal agents, antimicrobial agents, anti-in?ammatory 
agents, analgesics, antihistamines (e.g., cimetidine, chlo 
ropheniramine maleate, diphenhydramine hydrochloride, 
and promethaZine hydrochloride), bacteriostatics, com 
pounds containing silver ions, Wound healing agents, and the 
like. Other materials that can be incorporated to provide 
additional hemostatic functions include ascorbic acid, tran 
examic acid, rutin, and thrombin. Botanical agents having 
desirable effects on the Wound site may also be added. 

[0039] For use in the present invention, the kaolin (or 
other clay material) is preferably in particle form. As used 
herein,“particles” include beads, pellets, granules, rods, or 
any other surface morphology or combination of surface 
morphologies. Irrespective of the surface morphology, the 
particles are about 0.2 mm (millimeters) to about 10 mm, 
preferably about 0.5 mm to about 5 mm, and more prefer 
ably about 1 mm to about 2 mm in effective diameter. 

[0040] The clay particles can be produced by any of 
several various methods. Such methods include mixing, 
extrusion, spheroniZing, and the like. Equipment that can be 
utiliZed for the mixing, extruding, or spheroniZing of the 
clay is available from Caleva Process Solutions Ltd. in 
Dorset, United Kingdom. Other methods include the use of 
a ?uid bed or a pelletiZing apparatus. Fluid beds for the 
production of clay particles are available from Glatt Air 
Technologies in Ramsey, N.J. Disk pelletiZers for the pro 
duction of clay particles are available from Feeco Intema 
tional, Inc., in Green Bay, Wis. Preferably, the clay is 
extruded through a suitable pelletiZing device. The present 
invention is not limited in this regard, hoWever, as other 
devices and methods for producing particliZed clay are 
Within the scope of the present invention. 

[0041] The EPK used in the present invention is parti 
cliZed, dried, and ?red to about 600 degrees C. In order to 
achieve a suitably homogenous mixture of the EPK to form 
the particles, a relatively high shear is applied to a mass of 
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the EPK using a suitable mixing apparatus. Prior to shearing, 
the Water content of the clay is measured and adjusted to be 
about 20% by Weight to give a su?iciently workable mixture 
for extrusion and subsequent handling. 

[0042] During the ?ring of the EPK to about 600 degrees 
C, the material is vitri?ed. vitri?cation is effected via 
repeated melting and cooling cycles to alloW the EPK (or 
other clay material) to be converted into a glassy substance. 
With increasing numbers of cycles, the crystalline structure 
is broken doWn to result in an amorphous composition. The 
amorphous nature of the EPK alloWs it to maintain its 
structural integrity When subsequently Wetted. As a result, 
the EPK maintains its structural integrity When Wetted 
during use, for example, When applied to blood. The present 
invention is not limited to the use of vitri?ed clays, hoWever, 
as clay material that has not been vitri?ed is still Within the 
scope of the present invention. In particular, unvitri?ed clay 
can still be applied to a bleeding Wound to provide hemo 
stasis. 

[0043] It is believed that the cellular clotting mechanism 
of clay activates certain contact factors When applied to 
blood. More speci?cally, it is believed that kaolin (particu 
larly EPK) initiates mechanisms by Which Water in blood is 
absorbed to facilitate clotting functions. 

[0044] In some embodiments, bioactive glass is used as 
the blood clotting agent. Bioactive glass is a biocompatible 
surface-reactive glass-ceramic material comprising silicon 
dioxide and calcium oxide. Some formulations of bioactive 
glass may include sodium oxide and diphosphorous pentox 
ide. The glass-ceramic materials that comprise bioactive 
glasses are formed as traditional glassy materials (amor 
phous structure), then they are made to crystalliZe partly by 
heat treatment. The bioactive glasses are formed as particles, 
the particles being about 0.2 mm to about 10 mm, preferably 
about 0.5 mm to about 5 mm, and more preferably about 1 
mm to about 2 mm in effective diameter. The particles may 
be produced by any suitable process. 

[0045] As With the Zeolites and clays, various materials 
may be mixed With, associated With, or incorporated into the 
bioactive glass to maintain an antiseptic environment at the 
Wound site or to provide functions that are supplemental to 
the clotting functions of the bioactive glass. Exemplary 
materials that can be used include, but are not limited to, 
pharmaceutically-active compositions such as antibiotics, 
antibacterial agents, antifungal agents, antimicrobial agents, 
anti-in?ammatory agents, analgesics, antihistamines (e.g., 
cimetidine, chloropheniramine maleate, diphenhydramine 
hydrochloride, and promethaZine hydrochloride), bacterio 
statics, compounds containing silver ions, Wound healing 
agents, and the like. Other materials that can be incorporated 
to provide additional hemostatic functions include ascorbic 
acid, tranexamic acid, rutin, and thrombin. Botanical agents 
having desirable effects on the Wound site may also be 
added. 

[0046] In some embodiments, chitosan may also be used 
as the blood clotting agent. One method of producing 
chitosan is by the deacetylation of chitin, Which is a polysac 
charide constructed from linked units of N-acetylglu 
cosamine and having the molecular formula (C8H13NO5)n. 
Chitosan is hypoallergenic and has inherent anti-bacterial 
properties. When used as the blood clotting agent in the 
present invention, chitosan is formed into particles, i.e., 
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beads, pellets, granules, rods, or any other surface morphol 
ogy or combination of surface morphologies. Irrespective of 
the surface morphology, the particles are about 0.2 mm to 
about 10 mm, preferably about 0.5 mm to about 5 mm, and 
more preferably about 1 mm to about 2 mm in effective 
diameter. The particles may be produced by any suitable 
process. 

[0047] As With the Zeolites, clays, and bioactive glass, 
various materials may be mixed With, associated With, or 
incorporated into the chitosan to maintain an antiseptic 
environment at the Wound site or to provide functions that 
are supplemental to the clotting functions of the chitosan. 
Exemplary materials that can be used include, but are not 
limited to, pharmaceutically-active compositions such as 
antibiotics, antibacterial agents, antifungal agents, antimi 
crobial agents, anti-in?ammatory agents, analgesics, anti 
histamines (e.g., cimetidine, chloropheniramine maleate, 
diphenhydramine hydrochloride, and promethaZine hydro 
chloride), bacteriostatics, compounds containing silver ions, 
Wound healing agents, and the like. Other materials that can 
be incorporated to provide additional hemostatic functions 
include ascorbic acid, tranexamic acid, rutin, and thrombin. 
Botanical agents having desirable effects on the Wound site 
may also be added. 

[0048] In one embodiment of the present invention, a 
device for facilitating the clotting of blood directly at a 
Wound site is shoWn With reference to FIG. 1. The device is 
a permeable pouch that alloWs liquid to enter to contact 
blood clotting Zeolite, molecular sieve material, oxidiZed 
cellulose material, clay, bioactive glass, or chitosan retained 
therein. Although the devices of the present invention are 
described hereinafter as including clay as the blood clotting 
agent, it should be understood that the blood clotting agent 
may be bioactive glass, chitosan, Zeolite, or oxidiZed cellu 
lose, or any combination thereof. Sealed packaging (not 
shoWn) provides a sterile environment for storing the device 
until it can be used. The device, Which is shoWn generally at 
10 and is hereinafter referred to as “pouch 10,” comprises a 
screen or mesh 12 and clay particles 14 retained therein by 
the screen or mesh. The mesh 12 is closed on all sides and 
de?nes openings that are capable of retaining the clay 
particles 14 therein While alloWing liquid to How through. As 
illustrated, the mesh 12 is shoWn as being ?attened out, and 
only a feW clay particles 14 are shoWn. 

[0049] The clay particles 14 are substantially spherical or 
irregular in shape (e.g., balls, beads, pellets, or the like) and 
about 0.2 mm to about 10 mm in diameter, preferably about 
1 mm to about 7 mm in diameter, and more preferably about 
2 mm to about 5 mm in diameter. In any embodiment (balls, 
beads, pellets, etc.), less particle surface area is available to 
be contacted by blood as the particle siZe is increased. 
Therefore, the rate of clotting can be controlled by varying 
the particle siZe. Furthermore, the adsorption of moisture 
(Which also has an effect on exotherrns produced When 
Zeolite is used as the blood clotting agent) can also be 
controlled. 

[0050] The mesh 12 is de?ned by interconnected strands, 
?laments, or strips of material. The strands, ?laments, or 
strips can be interconnected in any one or a combination of 
manners including, but not limited to, being Woven into a 
gauZe, intertWined, integrally-formed, and the like. Prefer 
ably, the interconnection is such that the mesh can ?ex While 
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substantially maintaining the dimensions of the openings 
de?ned thereby. The material from Which the strands, ?la 
ments or strips are fabricated may be a polymer (e.g., nylon, 
polyethylene, polypropylene, polyester, or the like), metal, 
?berglass, or an organic substance (e.g., cotton, Wool, silk, 
or the like). 

[0051] Referring noW to FIG. 2, the openings de?ned by 
the mesh 12 are dimensioned to retain the clay particles 14 
but to accommodate the ?oW of blood therethrough. 
Because the mesh 12 may be pulled tight around the clay 
particles 14, the particles may extend through the openings 
by a distance d. If the clay particles 14 extend through the 
openings, the particles are able to directly contact tissue to 
Which the pouch 10 is applied. Thus, blood emanating from 
the tissue immediately contacts the clay particles 14, and the 
Water phase thereof is Wicked into the clay material, thereby 
facilitating the clotting of the blood. HoWever, it is not a 
requirement of the present invention that the clay particles 
protrude through the mesh. 

[0052] To apply the pouch 10 to a bleeding Wound, the 
pouch is removed from the packaging and placed on the 
bleeding Wound. The clay particles 14 in the mesh 12 contact 
the tissue of the Wound and/or the blood, and at least a 
portion of the liquid phase of the blood is adsorbed by the 
clay material, thereby promoting the clotting of the blood. 

[0053] Another embodiment of the present invention is a 
pad Which is shoWn at 20 With reference to FIG. 3 and is 
hereinafter referred to as“pad 20.” The pad 20 comprises the 
mesh 12, clay (or other) particles 14 retained therein by the 
mesh 12, and a support 22 to Which pressure may be applied 
in the application of the pad 20 to a bleeding Wound. The 
mesh 12, as above, has openings that are capable of retaining 
the clay particles 14 therein While alloWing the ?oW of blood 
therethrough. 
[0054] The mesh 12 is stitched, glued, clamped, or other 
Wise mounted to the support 22. The support 22 comprises 
an undersurface 24 against Which the clay particles 14 are 
held by the container 12 and a top surface 26. The under 
surface 24 is impermeable to the clay particles 14 (migration 
of the particles into the support 22 is prevented) and is 
further resistant to the absorption of Water or other ?uids. 
The top surface 26 is capable of having a pressure exerted 
thereon by a person applying the pad 20 to a bleeding Wound 
or by a Weight supported on the top surface 26. The entire 
support 22 is rigid or semi-rigid so as to alloW the applica 
tion of pressure While minimiZing discomfort to the patient. 

[0055] To apply the pad 20 to a bleeding Wound, the pad 
20 is removed from its packaging and placed on the bleeding 
Wound. As With the pouch of the embodiment of FIGS. 1 and 
2, the clay particles 14 are either in direct contact With the 
tissue of the Wound or are in direct contact With the blood. 
Pressure may be applied to the Wound by pressing on the top 
surface 26 With a hand or by placing a Weight on the surface, 
thereby facilitating the contact betWeen the clay particles 14 
and the Wound and promoting the adsorption of the liquid 
phase of the blood. The pad 20 (With or Without a Weight) 
may also be held onto the Wound using a strapping device 
such as a belt, an elastic device, hook-and-loop material, 
combinations of the foregoing devices and materials, and the 
like. 

[0056] Referring noW to FIG. 4, another embodiment of 
the present invention is a bandage, shoWn at 50, Which 
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comprises clay particles 14 (or some other molecular sieve 
material or oxidiZed cellulose in particle form) retained in a 
mesh 12 and mounted to a ?exible substrate 52 that can be 
applied to a Wound (for example, using a pressure-sensitive 
adhesive to adhere the bandage 50 to the skin of a Wearer). 
The mesh 12 is stitched, glued, or otherWise mounted to a 
substrate 52 to form the bandage 50. 

[0057] The substrate 52 is a plastic or a cloth member that 
is conducive to being retained on the skin of an injured 
person or animal on or proximate a bleeding Wound. An 
adhesive 54 is disposed on a surface of the substrate 52 that 
engages the skin of the injured person or animal. Particularly 
if the substrate 52 is a non-breathable plastic material, the 
substrate may include holes 56 to alloW for the dissipation 
of moisture evaporating from the skin surface. 

[0058] Referring noW to FIG. 5, another embodiment of 
the present invention comprises a device 110 having the clay 
particles 14 (or other blood clotting material such as Zeolite, 
bioactive glass, chitosan, or oxidiZed cellulose) as described 
above retained Within a fabric pouch. The fabric pouch is a 
clay-impregnated mesh 112 having hemostatic qualities, 
namely, the hemostatic properties of clay. The mesh 112 is 
not limited to being impregnated With clay, hoWever, as 
other materials such as bioactive glass, chitosan, poly-N 
acetylglucosamine (derived from algae), thrombin, ?brin, 
microporous polymer particles, microporous polysaccharide 
particles, gelatin sponge, micro?brillar collagen, oxidiZed 
cellulose, Zeolite, or combinations of the foregoing may also 
be impregnated or otherWise incorporated into the mesh 
Without deviating from the broader aspects of the present 
invention. The device 110 may include a support 122, 
thereby de?ning a pad. When the device 110 is a pad, the 
support 122 provides a surface at Which pressure may be 
applied in the application of the device to a bleeding Wound. 
Without the support 122, the device 110 may be used as a 
surgical sponge. 

[0059] The clay-laden mesh 112 is de?ned by intercon 
nected strands, ?laments, or strips of material that are 
interconnected by being Woven, inter‘tWined, or integrally 
formed as in the above-disclosed embodiments. The mesh 
112 includes particles of clay poWder 15. Although the 
particles of clay poWder 15 are shoWn as being concentrated 
along portions of the edges of the mesh 112, it should be 
understood that the clay poWder is dispersed throughout the 
material from Which the mesh is fabricated. Preferably, the 
interconnection of the strands, ?laments, or strips to form 
the mesh 112 is such that the device 110 can ?ex While 
substantially maintaining the dimensions of the openings, 
thereby alloWing the clay (or other) particles 14 to be 
retained. 

[0060] Referring noW to FIGS. 6 and 7, clay is impreg 
nated into or otherWise retained by the material of the 
strands, ?laments, or strips that de?ne the mesh 112. In 
particular, the particles of clay poWder 15 may be captured 
Within a matrix material 130 such that the particles contact 
the bleeding tissue When the strands, ?laments, or strips 
de?ning the mesh 112 are brought into contact With the 
Wound. As is shoWn in FIG. 6, the clay poWder 15 may be 
captured and held Within the outer surface of the matrix 
material 130. In such an embodiment, the matrix material 
130 is preferably su?iciently porous to facilitate the ?oW of 
blood therethrough, thus alloWing liquid phases of the blood 
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to be at least partially absorbed by the clay powder 15 prior 
to contacting the clay particles (or other materials) retained 
in the mesh 112. As is shoWn in FIG. 7, the clay poWder may 
be captured so as to protrude above the surface of the matrix 
material 130. 

[0061] Referring to FIG. 8, the clay poWder 15 may be 
impregnated into a substrate material 132 and retained 
therein by any suitable method. In the impregnation of the 
clay poWder 15 into the substrate material 132, the substrate 
material is generally su?iciently soft (e.g., ?uid When 
exposed to heat) to alloW for its deformation to accommo 
date the clay poWder. The clay poWder 15 may be impreg 
nated completely into the substrate material 132, or it may 
be partially impregnated so as to extend out of the substrate 
material. 

[0062] In either the embodiment of FIGS. 6 and 7 or of 
FIG. 8, the matrix material or the substrate material may be 
a polymer (e.g., nylon, polyethylene, polypropylene, poly 
ester, or the like), metal, ?berglass, or an organic substance 
(e.g., cotton, Wool, silk, or the like). The matrix material or 
the substrate material may also be cellulose or a cellulose 
derivative. 

[0063] The clay-laden mesh 112 may be utiliZed in con 
junction With a bandage, as is shoWn in FIG. 9. The mesh 
112 (Which comprises the clay poWder 15) may be mounted 
to a ?exible substrate 152 that can be applied to a Wound in 
a manner similar to that described above With reference to 
FIG. 4. The mesh 112 may be stitched, glued, or otherwise 
mounted to the substrate 152, Which may be a plastic or cloth 
member that is retained on the skin of an injured person or 
animal on or proximate the bleeding Wound (e.g., via an 
adhesive 154). 

[0064] In the preparation of Zeolite material for the 
devices of the present invention (i.e., formation of the 
material into particle form), an initial level of hydration of 
the Zeolite may be controlled by the application of heat to the 
Zeolite material either before or after the material is formed 
into particles. HoWever, it has also surprisingly been found 
that as the particle siZe of the Zeolite is increased, the 
moisture content has less of a correlative effect on any 
exotherrnia produced as the result of mixing the particliZed 
Zeolite in blood. As such, formation of the Zeolite material 
into the Zeolite particles may be by extrusion, milling, 
casting, or the like. 

[0065] Although this invention has been shoWn and 
described With respect to the detailed embodiments thereof, 
it Will be understood by those of skill in the art that various 
changes may be made and equivalents may be substituted 
for elements thereof Without departing from the scope of the 
invention. In addition, modi?cations may be made to adapt 
a particular situation or material to the teachings of the 
invention Without departing from the essential scope thereof. 
Therefore, it is intended that the invention not be limited to 
the particular embodiments disclosed in the above detailed 
description, but that the invention Will include all embodi 
ments falling Within the scope of the appended claims. 

What is claimed is: 
1. An apparatus for promoting the clotting of blood, 

comprising: 
a receptacle, at least a portion of said receptacle being 

de?ned by a mesh having openings therein; and 
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a clay in particulate form retained in said receptacle, said 
clay providing a blood clotting function; 

Wherein When treating a bleeding Wound, application of 
said apparatus causes at least a portion of said clay to 
come into contact With blood through said openings. 

2. The apparatus for promoting the clotting of blood of 
claim 1, Wherein said clay is selected from the group 
consisting of attapulgite, bentonite, kaolin, kaolinite, and 
combinations of the foregoing. 

3. The apparatus for promoting the clotting of blood of 
claim 1, Wherein said clay is Edgar’s plastic kaolin. 

4. The apparatus for promoting the clotting of blood of 
claim 1, Wherein said mesh is ?exible. 

5. The apparatus for promoting the clotting of blood of 
claim 1, Wherein a material of said mesh de?nes a matrix in 
Which clay material is captured. 

6. The apparatus for promoting the clotting of blood of 
claim 1, Wherein a material of said mesh includes clay 
material. 

7. The apparatus for promoting the clotting of blood of 
claim 1, Wherein a material of said mesh includes bioactive 
glass. 

8. The apparatus for promoting the clotting of blood of 
claim 1, Wherein a material of said mesh includes chitosan. 

9. The apparatus for promoting the clotting of blood of 
claim 1, Wherein a material of said mesh includes a material 
selected from the group consisting of poly-N-acetylglu 
cosamine (derived from algae), thrombin, ?brin, 
microporous polymer particles, microporous polysaccharide 
particles, gelatin sponge, micro?brillar collagen, oxidiZed 
cellulose, Zeolite, and combinations of the foregoing. 

10. The apparatus for promoting the clotting of blood of 
claim 1, Wherein a material from Which said mesh is 
fabricated is selected from the group consisting of polymers, 
metals, ?berglass, organic substances, oxidiZed cellulose, 
and cellulose-based materials. 

11. The apparatus for promoting the clotting of blood of 
claim 1, Wherein said clay further comprises a material 
selected from the group consisting of antibiotics, antibacte 
rial agents, antifungal agents, antimicrobial agents, anti 
in?ammatory agents, analgesics, antihistamines, bacterio 
statics, compounds containing silver ions, Wound healing 
agents, ascorbic acid, tranexamic acid, rutin, thrombin, 
botanical agents, and combinations of the foregoing mate 
rials. 

12. An apparatus for promoting the clotting of blood, 
comprising: 

a receptacle, at least a portion of said receptacle being 
de?ned by a mesh having openings therein; and 

a bioactive glass in particulate form retained in said 
receptacle, said bioactive glass providing a blood clot 
ting function; 

Wherein When treating a bleeding Wound, application of 
said apparatus causes at least a portion of said bioactive 
glass to come into contact With blood through said 
openings. 

13. The apparatus for promoting the clotting of blood of 
claim 12, Wherein a material of said mesh includes clay 
material. 

14. The apparatus for promoting the clotting of blood of 
claim 12, Wherein a material of said mesh includes bioactive 
glass. 
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15. The apparatus for promoting the clotting of blood of 
claim 12, wherein a material of said mesh includes chitosan. 

16. The apparatus for promoting the clotting of blood of 
claim 12, Wherein a material of said mesh includes a 
material selected from the group consisting of poly-N 
acetylglucosamine (derived from algae), thrombin, ?brin, 
microporous polymer particles, microporous polysaccharide 
particles, gelatin sponge, micro?brillar collagen, oxidized 
cellulose, Zeolite, and combinations of the foregoing. 

17. The apparatus for promoting the clotting of blood of 
claim 12, Wherein said bioactive glass further comprises a 
material selected from the group consisting of antibiotics, 
antibacterial agents, antifungal agents, antimicrobial agents, 
anti-in?ammatory agents, analgesics, antihistamines, bacte 
riostatics, compounds containing silver ions, Wound healing 
agents, ascorbic acid, tranexamic acid, rutin, thrombin, 
botanical agents, and combinations of the foregoing mate 
rials. 

18. An apparatus for promoting the clotting of blood, 
comprising: 

a receptacle, at least a portion of said receptacle being 
de?ned by a mesh having openings therein; and 

chitosan in particulate form retained in said receptacle, 
said chitosan providing a blood clotting function; 

Wherein When treating a bleeding Wound, application of 
said apparatus causes at least a portion of said chitosan 
to come into contact With blood through said openings. 

19. The apparatus for promoting the clotting of blood of 
claim 18, Wherein a material of said mesh includes clay 
material. 

20. The apparatus for promoting the clotting of blood of 
claim 18, Wherein a material of said mesh includes bioactive 
glass. 

21. The apparatus for promoting the clotting of blood of 
claim 18, Wherein a material of said mesh includes chitosan. 

22. The apparatus for promoting the clotting of blood of 
claim 18, Wherein a material of said mesh includes a 
material selected from the group consisting of poly-N 
acetylglucosamine (derived from algae), thrombin, ?brin, 
microporous polymer particles, microporous polysaccharide 
particles, gelatin sponge, micro?brillar collagen, oxidized 
cellulose, Zeolite, and combinations of the foregoing. 

23. The apparatus for promoting the clotting of blood of 
claim 18, Wherein said chitosan further comprises a material 
selected from the group consisting of antibiotics, antibacte 
rial agents, antifungal agents, antimicrobial agents, anti 
in?ammatory agents, analgesics, antihistamines, bacterio 
statics, compounds containing silver ions, Wound healing 
agents, ascorbic acid, tranexamic acid, rutin, thrombin, 
botanical agents, and combinations of the foregoing mate 
rials. 
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24. An apparatus for promoting the clotting of blood, 
comprising: 

a receptacle de?ned by a mesh having openings therein; 

a ?rst blood clotting material enclosed in said mesh; and 

a second blood clotting material incorporated into a 
material of said mesh, said second blood clotting mate 
rial being selected from the group consisting of clay, 
bioactive glass, chitosan, and combinations of the fore 
going; 

Wherein When treating a bleeding Wound, application of 
said apparatus causes at least a portion of said second 
blood clotting material to come into contact With blood. 

25. The apparatus for promoting the clotting of blood of 
claim 24, Wherein said ?rst blood clotting material is 
selected from the group consisting of Zeolite, oXidiZed 
cellulose, clay, bioactive glass, chitosan, and combinations 
of the foregoing. 

26. The apparatus for promoting the clotting of blood of 
claim 25, Wherein said ?rst blood clotting material further 
comprises a material selected from the group consisting of 
antibiotics, antibacterial agents, antifungal agents, antimi 
crobial agents, anti-in?ammatory agents, analgesics, anti 
histamines, bacteriostatics, compounds containing silver 
ions, Wound healing agents, ascorbic acid, tranexamic acid, 
rutin, thrombin, botanical agents, and combinations of the 
foregoing materials. 

27. The apparatus of claim 24, Wherein said ?rst blood 
clotting material is in particle form. 

28. The apparatus of claim 24, further comprising a 
substrate on Which said receptacle is mounted. 

29. The apparatus of claim 28, further comprising an 
adhesive disposed on said substrate to form an adhesive 
bandage. 

30. A method of dressing a bleeding Wound, said method 
comprising the steps of: 

providing a ?rst blood clotting material in particle form 
and retained in a mesh structure; 

providing a second blood clotting material incorporated 
into a material of said mesh structure; 

placing said mesh structure on a bleeding Wound such that 
said second blood clotting material contacts Wounded 
tissue of said bleeding Wound; 

applying pressure to said mesh structure; and 

removing said mesh structure from said Wound. 
31. The method of claim 30, further comprising the step 

of holding said mesh structure on said bleeding Wound using 
a strapping device. 


