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(57) ABSTRACT 

The hydrogel for the treatment of aneurysms acts as a carrier 
for both a radiopaque agent allowing the hydrogel to be 
visualized under ?uoroscopy and a therapeutic agent such as 
one or more human groWth factors. The hydrogel is deliv 
ered through a catheter into the aneurysm, Where the hydro 
gel becomes rnore viscous upon reaching body temperature, 
or upon exposure to bodily ?uids, to block blood ?oW into 
the aneurysm. In addition to stopping blood ?oW into the 
aneurysm, the delivery of human groWth factors to the 
aneurysm site promotes the groWth of a cellular layer across 
the neck of the aneurysm. The hydrogel may be of a type that 
dissolves over time or one which remains as a permanent 

occlusive agent Within the aneurysm. 
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HYDROGEL FOR THE THERAPEUTIC 
TREATMENT OF ANEURYSMS 

RELATED APPLICATIONS 

[0001] This is a continuation of Ser. No. 09/641,985, ?led 
Aug. 17, 2000, Which is a continuation of Ser. No. 09/071, 
250 ?led May 1, 1998, now US. Pat. No. 6,113,629. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates generally to treatment of 
vascular aneurysms, and more particularly concerns the use 
of hydrogels for use in occluding aneurysms and in con 
trolled drug delivery for treatment of aneurysms. 

[0004] 2. Description of Related Art 

[0005] Aneurysms have been traditionally treated With 
externally placed clips, or internally by detachable vasooc 
clusive balloons or an embolus generating vasoocclusive 
device such as one or more vasoocclusive coils. The delivery 
of such vasoocclusive devices can be accomplished by a 
variety of means, including via a catheter in Which the 
device is pushed through the catheter by a pusher to deploy 
the device. The vasoocclusive devices can be produced in 
such a Way that they Will pass through the lumen of a 
catheter in a linear shape and take on a complex shape as 
originally formed after being deployed into the area of 
interest, such as an aneurysm. In current techniques, the 
vasoocclusive devices take the form of spiral Wound Wires 
that can take more complex three dimensional shapes as they 
are inserted into the area to be treated. By using materials 
that are highly ?exible, or even super-elastic and relatively 
small in diameter, the Wires can be installed in a micro 
catheter in a relatively linear con?guration and assume a 
more complex shape as it is forced from the distal end of the 
catheter. 

[0006] Adhesives that have been introduced to help heal 
aneurysms include cyanoacrylates, gelatin/resorcinol/for 
mol, mussel adhesive protein and autologous ?brinogen 
adhesive. Fibrin gels have also been used as sealants and 
adhesives in surgery, and hydrogels have been used as 
sealants for bleeding organs, and to create tissue supports for 
the treatment of vascular disease by the formation of shaped 
articles to serve a mechanical function. Catheters have 
commonly been used to introduce such therapeutic agents 
locally at diseased occluded regions of the vasculature to 
promote vessel healing. Typically a polymeric paving and 
sealing material in the form of a monomer solution, pre 
polymer solution, or as a preformed or partially preformed 
polymeric product, is introduced into the lumen of the blood 
vessel and positioned at the point of a stenosis. The poly 
meric material typically can incorporate additional thera 
peutic agents such as drugs, drug producing cells, cell 
regeneration factors, and progenitor cells either of the same 
type as the vascular tissue of the aneurysm, or histologically 
different to accelerate the healing process. 

[0007] Hydrogels have also been used to form expanding, 
sWelling stents, and as space-?llers for treatment of vascular 
aneurysms in a manner similar to other types of mechanical, 
embolus generating vasoocclusive devices. In one such 
procedure, an aneurysm is treated by inserting a stent formed 
of a hydrogel material into the vessel, and then hydrating 
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and expanding the hydrogel material until the stent occludes 
the vascular Wall, sealing it from the parent vessel. Biode 
gradable hydrogels have also been used as controlled-release 
carriers for biologically active materials such as hormones, 
enZymes, antibiotics, antineoplastic agents, and cell suspen 
s1ons. 

[0008] From the above, it can be seen that vasoocclusive 
devices and materials and their deployment systems provide 
valuable treatments for diseased vascular regions. HoWever, 
there remain important limitations in the technology pres 
ently available, since treating an aneurysm With adhesive or 
occluding the aneurysm With a stent may not be completely 
effective in healing the vascular damage. Furthermore, When 
an embolus generating vasoocclusive device or space-?lling 
device such as a vasoocclusive coil is used to treat an 

aneurysm, the ability to treat the aneurysm depends upon 
Whether the embolus generating vasoocclusive device can 
migrate out of the aneurysm through the neck of the aneu 
rysm. It Would therefore be desirable to provide a method for 
sealing off the neck of an aneurysm or all of the aneurysm, 
either in addition to or as an alternative to the introduction 
of a vasoocclusive device in the aneurysm, in order to 
prevent the danger of migration of an embolus generating 
device out of the aneurysm, to avoid the danger to a patient 
from the bursting of the aneurysm, and to promote healing 
of the diseased vasculature, in a manner that can be visual 
iZed under ?uoroscopy. The present invention meets these 
and other needs. 

SUMMARY OF THE INVENTION 

[0009] The present invention solves these and other prob 
lems by providing, in its broadest aspect, an improved 
method for treating an aneurysm by delivering a hydrogel 
carrying groWth factors to promote cellular groWth across 
the neck of the aneurysm, to eliminate and heal the aneu 
rysm With the body’s oWn cellular groWth. In addition to 
delivering the groWth factor, the hydrogel acts as an embolic 
agent blocking the ?oW of blood into the aneurysm and 
eliminating the chance for hemorrhage, and can be used 
either separately, or in combination With other occlusive, 
embolus generating devices in treatment of aneurysms. 

[0010] Brie?y, and in general terms, a presently preferred 
embodiment of the present invention provides for a method 
for the treatment of aneurysms non-mechanically, through 
the delivery of human groWth factors and/or gene therapy to 
the site of an aneurysm. The invention utiliZes a hydrogel 
that acts as a carrier for both a radiopaque agent alloWing the 
hydrogel to be visualiZed under ?uoroscopy and a therapeu 
tic agent such as one or more human groWth factors. The 
hydrogel is delivered through a catheter into the aneurysm, 
Where, in one currently preferred embodiment, the hydrogel 
becomes more viscous upon reaching body temperature, or 
upon exposure to bodily ?uids. In our presently preferred 
embodiment, the hydrogel is constituted so as to remain a 
liquid at temperatures beloW about 37° C., to thereby 
facilitate the placement and retention of the gel and gel 
contained agents Within the aneurysm. The hydrogel pref 
erably then solidi?es to block blood ?oW into the aneurysm. 
In addition to stopping blood ?oW into the aneurysm, the 
delivery of human groWth factors to the aneurysm site 
promotes the groWth of a cellular layer across the neck of the 
aneurysm. The hydrogel may be of a type that dissolves over 
time or one Which remains as a permanent occlusive agent 
Within the aneurysm. 
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[0011] These and other aspects and advantages of the 
invention Will become apparent from the following detailed 
description. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0012] Treatment of an aneurysm by sealing it With adhe 
sive, blocking it With a stent, or placement of a vasoocclu 
sive device to occlude it may not be completely effective in 
healing the vascular damage. A vasoocclusive or space 
?lling device placed Within an aneurysm can also migrate 
out of the aneurysm through the neck of the aneurysm. 

[0013] The invention accordingly provides for a hydrogel 
that acts as a carrier for both a radiopaque agent alloWing the 
hydrogel to be visualiZed under ?uoroscopy and a therapeu 
tic agent such as one or more human groWth factors. As used 
in this application, the term “hydrogel” refers to a broad 
class of polymeric materials that have an af?nity for Water 
and typically sWell in Water, but Which do not necessarily 
dissolve in Water. In general, hydrogels are formed by 
polymeriZation and crosslinking of a hydrophilic monomer 
in an aqueous solution to cause the solution to gel. In a 
presently preferred embodiment, the hydrogel can be con 
stituted to be liquid at a temperature beloW body temperature 
and to gel at body temperature so that the gel can be easily 
introduced into the aneurysm, but rapidly gels in the space 
to occlude at least a portion of the aneurysm. 

[0014] The hydrogel of the present invention can be one or 
more hydrogels selected from organic gels and inorganic 
gels. Organic gels from Which the hydrogel of the invention 
can be selected include, by Way of eXample and not by Way 
of limitation, gels formed from polysaccharides and muco 
polysaccharides including, but not limited to hyaluronic 
acid, deXtran, heparin sulfate, chondroitin sulfate, heparin, 
agar, starch, and alginate; polyaminoacids; proteins that 
support cell groWth and healing, including but not limited to 
?bronectin, gelatin, collagen, ?brin, pectins, albumin, oval 
bumin, and polyamino acids; collagen-hydroXyethyl-meth 
acrylate (HEMA); polyphosphaZines; polyphosphoesters; 
polyethylene glycol; polyethylene oXide; polyvinyl alcohol; 
polyvinylpyrrolidone; polyethyloXaZoline; polyethylene 
oXide-co-polypropyleneoXide block copolymers; PGA 
PEG-PGA block copolymers; PGA-PEG diblock copoly 
mers; acrylates, including but not limited to diacrylates, 
oligoacrylates, methacrylates, dimethacrylates and oligo 
methoacrylates; PEGoligoglycolylacrylates, such as 
described in Us. Pat. No. 5,626,863, Which is incorporated 
by reference herein; carboXy alkyl celluloses, including but 
not limited to carboXymethyl cellulose; partially oXidiZed 
cellulose; biodegradable polymers including but not limited 
to polymers and oligomers of glycolide, lactide, polylactic 
acid, polyesters of ot-hydroXy acids, including lactic acid 
and glycolic acid, such as the poly(ot-hydroXy) acids includ 
ing polyglycolic acid, poly-DL-lactic, poly-L-lactic acid, 
and terpolymers of DL-lactide and glycolide; e-caprolactone 
and e-caprolactone copolymeriZed With polyesters; polylac 
tones and polycaprolactones including poly(e-caprolactone), 
poly(o-valerolactone) and poly(gamma-butyrolactone); 
polyanhydrides; polyorthoesters; other hydroXy acids; poly 
dioXanone; and other biologically degradable polymers that 
are non-toXic or are present as metabolites in the body; as 
Well as non-degradable polymers such as styrene and 
acrolein. 
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[0015] Collagen-hydroXyethyl-methacrylate (HEMA) 
hydrogel polymer is commonly formed from a gelled and 
crosslinked hydrophilic monomer solution to form a three 
dimensional polymeric meshWork anchoring macromol 
ecules. Crosslinking of the hydrophilic monomer solution 
can be accomplished by free radical polymeriZation of 
hydrophilic monomers, such as hydroXyethyl-methacrylate 
(HEMA). Hydrogel polymers formed by free radical poly 
meriZation of monomer solutions require crosslinking to 
form the three dimensional netWork to gel the aqueous 
solution. HEMA monomer solutions typically can be 
crosslinked to gel by dimethacrylate, although other 
crosslinking agents, such as ethylene glycol dimethacrylate 
or methylmethacrylate, can also be used during polymeriZa 
tion to modify the hydrogel. A Wide variety of other hydro 
philic monomers may also be suitable for purposes of the 
invention. 

[0016] Inorganic gels from Which the hydrogel of the 
invention can be selected include, by Way of eXample and 
not by Way of limitation, silica, alumina, and ferric oXide. In 
addition, an adhesive can be introduced via a catheter to 
initially help seal the neck of an aneurysm, and can be 
selected from the group consisting of cyanoacrylates, gela 
tin/resorcinol/formol, mussel adhesive protein and autolo 
gous ?brinogen adhesive. It should thus be apparent that the 
hydrogel of the invention can be of a type that dissolves over 
time or one that remains as a permanent occlusive agent 
Within the aneurysm. 

[0017] The radiopaque material that is incorporated into 
the hydrogel of the invention is preferably ?ne particles of 
a selected radiopaque metal, such as gold, platinum, tanta 
lum or the like. The therapeutic agent incorporated into the 
hydrogel of the invention is preferably one or more human 
groWth modulating factors such as interleukins, transforma 
tion groWth factor b, gene therapy agents, congeners of 
platelet derived groWth factor, and monoclonal antibodies 
directed against groWth factors, drugs, drug producing cells, 
cell regeneration factors, progenitor cells of the same type as 
those from the aneurysm, and progenitor cells that are 
histologically different from those of the aneurysm, to 
accelerate the healing process. The therapeutic agent can be 
administered in the form of ?ne particles miXed With the 
polymer so that it gels Within the aneurysm to concentrate 
the effect of the therapeutic agent Within the aneurysm. 

[0018] According to the method of the invention, a cath 
eter is typically positioned in a parent vessel of the aneu 
rysm, and the hydrogel of the invention is delivered through 
the catheter into the aneurysm, Where the hydrogel becomes 
more viscous upon reaching body temperature, or upon 
exposure to bodily ?uids. During introduction of the hydro 
gel into the aneurysm, the hydrogel can be imaged by 
common ?uoroscopic techniques to alloW the physician to 
monitor the treatment of the aneurysm. Once introduced into 
the aneurysm, the hydrogel preferably further crosslinks to 
solidify to block blood ?oW into the aneurysm, and the one 
or more therapeutic agents carried by the hydrogel gradually 
diffuse and disperse from the hydrogel into the aneurysm, to 
promote the groWth of a cellular layer across the neck of the 
aneurysm. 

[0019] It Will be apparent from the foregoing that While 
particular forms of the invention have been illustrated and 
described, various modi?cations can be made Without 
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departing from the spirit and scope of the invention. Accord 
ingly, it is not intended that the invention be limited, except 
as by the appended claims. 

What is claimed is: 
1. A method for treating an aneurysm, the aneurysm 

having a dome portion and a neck opening into a parent 
vessel, the method comprising the steps of: 

introducing an occlusive, embolus generating device into 
the aneurysm; and 

delivering a hydrogel into the dome portion of the aneu 
rysm and adjacent to the neck of the aneurysm, the 
hydrogel containing a radiopaque material and a 
groWth factor that is released from the hydrogel in the 
aneurysm to promote cellular groWth across the neck of 
the aneurysm. 

2. The method of claim 1, Wherein said hydrogel is 
selected from the group consisting of organic gels and 
inorganic gels. 

3. The method of claim 1, Wherein said hydrogel is 
selected from the group consisting of biodegradable poly 
mers and non-degradable polymers. 

4. The method of claim 1, Wherein said hydrogel is 
selected from the group consisting of gels formed from 
polysaccharides, mucopolysaccharides, polyaminoacids, 
proteins that support cell groWth and healing, polyphosp 
haZines, polyphosphoesters, polyethylene glycol, polyethyl 
ene oxide, polyvinyl alcohol, polyvinylpyrrolidone, poly 
ethyloXaZoline, polyethylene oXide-co-polypropyleneoXide 
block copolymers, PGA-PEG-PGA block copolymers, 
PGA-PEG diblock copolymers, acrylates, carboXy alkyl 
celluloses, partially oXidiZed cellulose, polymers and oligo 
mers of glycolide and lactide, polylactic acid, polyesters of 
ot-hydroXy acids, polylactones, polycaprolactones, polyan 
hydrides, polyorthoesters, polydioXanone, styrene, acrolein 
and combinations thereof. 
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5. The method of claim 1, Wherein said hydrogel is 
selected from the group consisting of gels formed from 
hyaluronic acid, deXtran, heparin sulfate, chondroitin sul 
fate, heparin, agar, starch, alginate, ?bronectin, gelatin, 
collagen, ?brin, pectins, albumin, ovalbumin, collagen-hy 
droXyethyl-methacrylate (HEMA); diacrylates, oligoacry 
lates, methacrylates, dimethacrylates, oligomethoacrylates, 
PEG-oligoglycolylacrylates, carboXymethyl cellulose, poly 
esters of lactic acid, polyesters of glycolic acid, poly(ot 
hydroXy) acids including polyglycolic acid, poly-DL-lactic, 
poly-L-lactic acid, and terpolymers of DL-lactide and gly 
colide, e-caprolactone, e-caprolactone copolymeriZed With 
polyesters, poly(e-caprolactone), poly(o-valerolactone), 
poly(gamma-butyrolactone), and combinations thereof. 

6. The method of claim 1, Wherein said hydrogel is 
selected from the group consisting of gels formed from 
silica, alumina, ferric oXide, and combinations thereof. 

7. The method of claim 1, Wherein said radiopaque 
material is selected from the group consisting of ?ne par 
ticles of gold, platinum, tantalum and combinations thereof. 

8. The method of claim 1, Wherein said groWth factor is 
selected from the group consisting of interleukins, transfor 
mation groWth factor b, congeners of platelet derived groWth 
factor, and monoclonal antibodies directed against groWth 
factors, drugs, drug producing cells, cell regeneration fac 
tors, progenitor cells of the same type as those from the 
aneurysm, and progenitor cells that are histologically dif 
ferent from those of the aneurysm. 

9. The method of claim 1, Wherein said hydrogel is 
constituted to be a liquid at a temperature beloW body 
temperature and gels at body temperature. 


