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(57) ABSTRACT 

The invention includes systems and methods for stimulating 
intramuscular angiogenesis by placing a biocornpatible 
device Within the tissue of a muscle. The biocornpatible 
device is dimensionally adapted for placement Within the 
tissue of a muscle. Placement of the biocornpatible device 
Within the muscle can take place according to the method of 
the invention by using techniques familiar to those of 
ordinary skill in the art. Illustrative techniques for placement 
of the device Within the myocardium comprise one practice 
of the method of the invention. 
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IMBEDDED INTRAMUSCULAR IMPLANTS 

TECHNICAL FIELD 

[0001] This invention relates to systems and methods for 
treating muscle ischemia. 

BACKGROUND OF THE INVENTION 

[0002] To function normally, muscle tissue requires 
adequate circulatory perfusion. With increases in muscle 
Work, there is an increased demand for blood ?oW. When 
arterial in?oW is compromised by peripheral vascular dis 
ease, this demand cannot be met. The resultant muscle 
ischemia leads to a syndrome of muscle pain termed clau 
dication. LoWer extremities are most commonly affected 
With peripheral vascular disease and concomitant claudica 
tion. Symptoms may abate With suf?cient rest, but may then 
resume With further exertion. Claudication thus can be 
debilitating. If there is suf?cient ongoing muscle ischemia, 
pain symptoms do not abate With cessation of exertion; the 
patient then experiences extremity pain at rest. As vascular 
disease advances, With progressive decrease in arterial 
in?oW, circulation becomes inadequate to support tissue 
metabolism even at rest. At this point, frank tissue death 
ensues, including muscle necrosis. Pharmacological treat 
ment offers only minimal palliation of this inexorable pro 
cess. Surgical intervention through successful arterial revas 
culariZation is required before the onset of tissue death if 
loWer extremity amputation is to be avoided. 

[0003] Acute vascular compromise can also result in tissue 
necrosis. Embolic phenomena or traumatic injury may 
occlude major arteries, causing acute ischemia. Emergent 
surgical intervention is required to prevent catastrophic 
tissue loss distal to the occlusion. Acute muscle ischemia 
also occurs folloWing non-vascular trauma. The most com 
mon instance of this type of ischemic insult is found in 
compartment syndromes of the extremities. Compartment 
syndrome takes place When an injured muscle begins to 
sWell but is restricted in its expansion by some type of local 
or circumferential compression. Compression may be 
applied externally, for example by a cylindrical cast or a 
dressing that is tightly applied, or compression may be 
applied internally by the fascia covering the muscles Within 
an extremity compartment. The result of a compartment 
syndrome is some degree of ischemic damage to the muscle, 
culminating in frank muscle necrosis if the ischemia persists 
long enough. Treatment of compartment syndromes requires 
relief of external circumferential compression and release of 
anatomical compression through surgery. Release of the 
con?ning anatomic structures may entail longitudinal inci 
sions in both the skin and the muscular fascia. Even after 
adequate compartment release, the local ischemia and its 
sequelae must resolve over time as the compartment pres 
sures and the intravascular perfusion pressures reach a more 
physiological equilibrium. During this period, further tissue 
damage may occur, With subsequent functional effects. No 
speci?c therapeutic interventions exist to decrease the extent 
of ischemic damage to muscle tissue folloWing restoration of 
effective circulation. One example of the outcome of exten 
sive muscle necrosis is Volkmann’s ischemic contracture, a 
condition that results from the death of the forearm ?exor 
Wad muscles folloWing a forearm compartment syndrome: a 
patient afflicted With Volkmann’s ischemic contracture posi 
tions the Wrist and ?ngers in a permanently ?exed position 
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due to the contracture of the damaged muscle mass, and the 
patient loses the ability either to ?ex or to extend the Wrist 
or the ?ngers. 

[0004] Muscle ischemia, When it occurs in the muscle of 
the myocardium, leads to similar symptoms of muscle pain 
and local muscle death and dysfunction. Myocardial 
ischemia is Well-knoWn to lead to angina pectoris and 
myocardial infarction, disorders that can be debilitating and 
life-threatening. The American Heart Association estimates 
that these disorders af?ict more than six million people 
(American Heart Association, Heart and Stroke Facts, 1994 
Statistical Supplement (Dallas: American Heart Association, 
1994)). All these conditions entail a mismatch betWeen 
coronary blood in?oW and myocardial oxygen demand. 
Medical therapies have been developed to alter the demand 
side of this equation, reducing cardiac preload, afterload, 
heart rate and contractility. In addition, thrombolytic thera 
pies are available in the setting of acute myocardial infarc 
tion to effect restoration of interrupted local blood ?oW. 
HoWever, despite the medical interventions that have 
evolved to treat or palliate the consequences of ischemic 
heart disease, morbidity and mortality remain substantial. 

[0005] In cases of life-threatening ischemia, or in cases 
that have been refractory to medical management, more 
invasive intervention is required. Available modalities 
include surgery and percutaneous transluminal coronary 
angioplasty (PTCA), both designed to improve the supply 
side of the in?oW/demand equation. The predominant sur 
gical procedure, since its introduction by Favaloro in 1967, 
(R. Favaloro, “Saphenous vein autograft replacement of 
severe segmental coronary artery occlusion: Operative tech 
nique,”Ann. T hor. Sarg. 5:334, 1968) is the coronary artery 
bypass graft (CABG) operation. Coronary artery bypass 
grafts, using the patient’s native veins or arteries, are con 
duits that bring blood from vessels proximal to a coronary 
vascular obstruction to the distal coronary artery. This 
procedure is long and technically complicated, With a pro 
longed convalescence and an extensive list of potential 
complications (S. Mehta and W. Pae, “Complications of 
cardiac surgery,” pp. 369-402 in Cardiac Surgery in the 
Adult, ed. L E Edmunds (NeW York: McGraW-Hill, 1997)). 
The operation usually requires cardiopulmonary bypass, 
With its oWn set of risks. Surgical access is through a 
thoracotomy or, more commonly, a median sternotomy; both 
access routes are associated With post-operative pain, 
atelectasis and Wound healing problems. 

[0006] Today, several hundred thousand CABG proce 
dures are performed annually. Survival bene?t has been 
described in patients With higher risk disease, and relief of 
symptoms occurs in 80-90% of patients for Whom medical 
management had proven inadequate (Yusef et al., “Effect of 
coronary artery bypass graft surgery on survival: OvervieW 
of ten-year results from randomiZed trials by the Coronary 
Artery Bypass Graft Surgery Trialist Collaboration,”Lancet 
344:1449, 1994). HoWever, these effects are not permanent. 
Recurrence of angina folloWing CABG surgery occurs in 
3-20% of patients, and 31% Will require repeat surgical or 
interventional cardiologic revasculariZation by year tWelve 
(Weintraub et al., “Frequency of repeat coronary bypass or 
coronary angioplasty after coronary artery bypass surgery 
using saphenous vein grafts,”Am. J. Cardiol. 73:103, 1994). 
[0007] Before the CABG operation became accepted, 
various other methods Were attempted to improve arterial 
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in?ow. Pedicle grafts of muscle and omentum Were 
employed in the 1930’s by Beck and O’Shaughnessy (C. 
Beck, “The development of a neW blood supply to the heart 
by operation,”Ann. Surg. 102:801, 1935; L. O’Shaughnessy, 
“An experimental method of providing a collateral circula 
tion to the heart,”Br. J. Surg. 23:665, 1935). In the early 
1940’s, Vineberg developed the technique for implanting a 
distally ligated internal mammary artery With its side 
branches not ligated into a bluntly created tunnel in the 
myocardium (A. Vineberg, “Coronary anastomosis by inter 
nal mammary implantation,”Can. Med. Assoc. J. 78:871, 
1958), With clinical application beginning in 1950. Murray 
et al. used the internal mammary artery experimentally as a 
pedicled bypass in 1954 (Murray et al., “Anastomosis of a 
systemic artery to the coronary,”Can. Med. Assoc. J. 71:594. 
1954). By the 1960’s, experimenters Were Working on the 
techniques that matured into present-day aortocoronary 
bypass and segmental coronary artery bypass (Johnson et al., 
“Extended treatment of severe coronary artery disease,”Ann. 
Surg. 170:460, 1969). 
[0008] The technique for percutaneous transluminal 
angioplasty Was introduced in the early 1970’s by 
GruentZig, initially for Work in the peripheral vasculature. 
By 1978, he had applied this technique to the coronary 
arteries (A. GruentZig, “Transluminal dilatation of coronary 
artery stenosis,”Lancet 1:263, 1978). Although this proce 
dure avoids the draWbacks of coronary artery surgery, it is 
limited by its oWn risks of abrupt vessel closure, incomplete 
revasculariZation at the time of the procedure, and resteno 
sis. A restenosis rate of 30% is the average reported in the 
literature (M. Bevans and E. Mclimore, “Intracoronary 
stents: a neW approach to coronary artery dilatation,”J. 
Cardiovascular Nursing 7:34, 1992). Studies shoW that all 
arteries undergoing any type of intervention—balloon 
angioplasty, atherectomy, stent placement or laser balloon 
angioplasty—shoW similar restenosis rates at 6 months 
(KuntZ et al., “Novel approach to the analysis of restenosis 
after the use of three neW coronary devices,”J. Am. Coll. 
Cardiol. 19:1493, 1992). Other neW technologies are under 
going evaluation for treatment of coronary artery disease, 
including various types of stents With different characteris 
tics, loW speed rotators, transluminal extraction catheters, 
laser angioplasty and adjunctive therapies. As yet, the prob 
lems of acute complications and restenosis remain unsolved. 

[0009] In addition to the technical difficulties that beset 
surgical and cardiological interventions are their anatomical 
constraints: all these technologies are limited to macroscopic 
lesions in the larger coronary arteries. Although these inter 
ventions increase proximal arterial in?oW When successful, 
this may not bene?t myocardial tissue if there is extensive 
distal or small vessel disease. Furthermore, none of these 
techniques addresses the problem of ischemia at the tissue 
level Which may result from uncorrected multivessel macro 
disease, from uncorrected small vessel disease or from 
disease progression after successful revasculariZation. 

[0010] To circumvent these anatomical constraints, tech 
niques have been described to alloW blood to enter the 
myocardium transmurally, directly from the ventricular cav 
ity. Early techniques have focused on the placement of 
conduits from the ventricle into the myocardial Wall (Gold 
man et al., “Experimental method of producing a collateral 
circulation to the heart directly from the left ventricle,”J. 
Thor. Surg. 31:364, 1956; Massimo et al., “Myocardial 
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revasculariZation by a neW method of carrying blood 
directly from the left ventricular cavity into the coronary 
circulation,”J. T hor Surg. 34:257, 1957). More recently, 
techniques have been proposed that create channels into the 
myocardium, providing a supply of blood extravascularly 
(Mirhoseini et al., “RevasculariZation of the heart by laser, 
”J. Microsurg. 2:253, 1981). None of these techniques 
directly connects With the local vascular system, depending 
instead on intramural diffusion into the myocardial sinusoids 
to supply tissue needs. None of these techniques, therefore, 
provides a method for small vessel or microvessel arterial 
revasculariZation Within the myocardium. 

SUMMARY OF THE INVENTION 

[0011] Accordingly, it is an object of the invention to 
improve vascular in?oW to ischemic muscle tissue. Revas 
culariZation at the level of the microcirculation Would serve 
to complement or supplement existing macrovascular tech 
niques (e.g., peripheral vascular bypass, CABG and PTCA) 
for increasing arterial in?oW. 

[0012] It is a further object of the invention to stimulate 
angiogenesis Within muscle tissue. 

[0013] It is yet another object of the invention to improve 
the balance betWeen muscle tissue oxygen supply and oxy 
gen demand by improving small vessel circulation and 
microcirculation through stimulation of local intramuscular 
angiogenesis. 

[0014] Other objects of the invention Will, in part, be set 
forth beloW and, in part, be obvious to one of ordinary skill 
in the art given the folloWing description. 

[0015] The invention includes, inter alia, methods for 
treating muscle ischemia. In one embodiment, the invention 
described herein can be understood as methods for stimu 
lating angiogenesis Within muscle tissue. According to this 
practice, the method includes accessing the muscle With a 
delivery system, penetrating the muscle and using the deliv 
ery system so as to enclose Within the muscle at least one 
body formed of a biocompatible material and dimensionally 
adapted for being enclosed Within the muscle. A delivery 
system can include any system adapted for accessing a 
muscle. The delivery system, in one embodiment, can 
include a catheter. Access to the muscle can take place by 
guiding a catheter delivery system through the patient’s 
vascular system. Once the muscle has been accessed, it can 
be penetrated. The delivery system then operates to enclose 
Within the muscle at least one body formed of a biocom 
patible material and dimensionally adapted for being 
enclosed Within the muscle. 

[0016] The method can include stimulating angiogenesis 
by enclosing Within the muscle a body that is of an appro 
priate siZe and shape to be implanted Within the designated 
muscle. The delivery system can operate to enclose the body 
in the muscle by substantially sealing the body Within the 
muscle. In one embodiment, penetrating the muscle can 
include driving the distal portion of the delivery system into 
the muscle. Penetrating the muscle can include driving the 
biocompatible body into the muscle. The delivery system is 
adapted for enclosing at least one biocompatible body Within 
the muscle. Alternatively, the delivery system can be 
adapted for implanting a plurality of bodies in muscle tissue. 
In one embodiment, the delivery system is adapted for 
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delivering into the muscle an agent for promoting angio 
genesis. An agent capable of promoting angiogenesis can 
include any substance Whose biological effects include 
stimulating the groWth and development of blood vessels. 

[0017] Angiogenesis, as the term is used herein, is under 
stood to be those processes of forming or developing blood 
vessels in a tissue. It is understood that angiogenesis is 
promoted through contact of the surfaces of said body With 
the muscle tissue. Accordingly, a body can be any three 
dimensional structure With surfaces that contact the muscle 
tissue. It is desirable that the body described herein be made 
of materials compatible With the tissues of the human body, 
so that the materials do not incite toxic reactions. The term 
biocompatible, as used herein, refers to any material that 
does not incite toxic reactions. In one embodiment, the 
materials used for the implantable device can be conducive 
to thrombus formation. In this embodiment, the implantable 
device can have the effect of keeping patent a space Within 
the muscle tissue surrounding the device so that blood 
pooling can take place adjacent to the device. HoWever, any 
method conducive to thrombus formation can be used. 
Furthermore, any agent capable of promoting angiogenesis 
can be delivered into the muscle. 

[0018] The term implant may be used to refer to certain 
embodiments of these devices, although this term is not 
intended to limit the scope of the descriptions that folloW. 
Biocompatible materials can be made biostable or biode 
gradable, bioactive or inert, depending upon the selected 
composition. Biocompatible materials can include bioarti 
?cial polymeric materials, formed as a hybrid or composite 
of synthetic and biological polymers that thereby overcomes 
the lack of biocompatibility associated With certain synthetic 
polymers and enhances the mechanical properties of natural 
polymers. Biocompatible materials can include hydrogels, 
Which are materials comprising Water-sWollen polymer net 
Works. Conventional hydrogels change little in sWelling 
With environmental conditions While stimuli-responsive 
hydrogels may sWell or desWell, depending on changes in 
environment such as temperature, pH, ionic strength, elec 
tric ?eld, chemical or biological agents, mechanical stress or 
radiation. Hydrogels may be biostable or biodegradable. 
Hydrogels can be combined With other biocompatible mate 
rials to make implants. Further descriptions of exemplary 
types of bodies are presented herein. Other embodiments 
and materials for manufacture Will be apparent to those 
ordinarily skilled in the art. 

[0019] One practice of these methods involves stimulating 
angiogenesis Within the myocardium, although it is under 
stood that these methods are not thereby limited but rather 
can be applied to any muscle tissue. According to this 
practice, the method can include the steps of accessing the 
myocardium, penetrating the myocardial Wall of the heart, 
and releasing Within the myocardial Wall a device that 
stimulates angiogenesis. Myocardial access can be via a 
transepicardial or a transendocardial route. Access can be 
provided intraoperatively or transvenously. In one practice, 
the physician uses the transvenous, transendocardial route 
for access and, under ?uoroscopic control, manipulates a 
catheter to the intended site for device implantation. In one 
practice of this method, penetration of the myocardium can 
be accomplished by the device that is to be implanted. In an 
alternative method, penetration can be accomplished by a 
catheter-directed mechanism that serves as a guideWire over 
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Which the device is implanted. Other methods for delivering 
the device into the myocardium Will be apparent to those of 
ordinary skill in the art. 

[0020] According to one method, the device implanted in 
the tissues of a muscle has been deformed before its inser 
tion and dynamically tends to revert to its pre-deformation 
shape after it is implanted. Deformation can occur by the 
application of deforming stresses. Deforming stresses are 
those forces that alter the shape of a body, commonly by 
compression or extension. The native con?guration of a 
body is the shape in Which it exists in the absence of these 
deforming stresses. Dimensions that have been altered can 
vary in siZe or in shape. The implantable devices as 
described herein may be made of resilient or ?exible mate 
rials. A ?exible device can be characteriZed by its ability to 
be deformed. A device deformed prior to insertion can revert 
toWards its pre-deformation shape after implantation. Alter 
natively, a device may be susceptible to deformation after 
implantation, either from the action of the contracting and 
relaxing muscle, as exempli?ed by the beating heart or from 
reaction to body heat, upon application of an activating 
agent, or by any other suitable means. Representative mate 
rials include metallics and plastics. Metallic materials 
include stainless steel, MP35N, NitinolTM, Elgiloy, and 
Titanium, materials With suf?cient resilience to be employed 
to form ?exible bodies. Plastic materials include polymers, 
for example silicone. 

[0021] According to another method, the device implanted 
in the myocardium is made of a heat responsive material. A 
material that changes its shape in response to heat is termed 
a heat responsive material. In one embodiment, the implant 
able body changes its shape in response to intramuscular 
heat. Intramuscular heat can include that heat intrinsic to the 
muscle or that heat obtained from a source external to the 
muscle that is conveyed into the muscle’s interior. Some 
heat responsive materials Will return to a pre-selected shape 
in response to a change in thermal condition. These mate 
rials are termed thermal shape memory materials, an 
example of Which is NitinolTM. 

[0022] In one embodiment, the systems and methods 
produce biological reactions for purposes of stimulating 
angiogenesis. The methods described herein include those 
methods of promoting angiogenesis by implanting in a 
muscle tissue a body formed of a biocompatible material 
that incites an in?ammatory reaction Within the tissue of the 
muscle. It is understood that in?ammation can be incited by 
the implantation of substances that trigger the in?ammatory 
cascade to stimulate angiogenesis. The in?ammatory cas 
cade can be triggered by those processes related to Wound 
healing and tissue repair. In certain embodiments, the meth 
ods described herein further include the implantation of 
devices that can produce blood coagulation by biochemical 
stimulation, and thereby form thrombus. An example of a 
device that produces blood coagulation by biochemical 
stimulation is a device that includes substances that trigger 
the coagulation cascade such as thrombin. Such biochemical 
substances can be imbedded in the structural material of the 
device, or can be carried on or af?xed to its surfaces. 

[0023] In one embodiment, angiogenesis can be stimu 
lated by inciting local healing reactions in the muscle tissue. 
These local healing reactions are understood to trigger the 
in?ammatory cascade and stimulate angiogenesis. Mechani 
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cal stimulus for in?ammation is produced by the presence of 
a rigid or ?exible device Within muscle tissue that provides 
resistance to normal muscle contraction and relaxation. 
Mechanical stimulus for in?ammation is also produced by a 
?exible body introduced into the muscle in a deformed state 
that has the inherent tendency to return to its native con 
?guration. Such a body, as it reverts to its native con?gu 
ration following implantation, applies a force to the sur 
rounding tissues and is understood to provide thereby a 
mechanical stimulus for triggering in?ammation. 

[0024] One embodiment of the systems and methods 
described herein can include a kit for promoting angiogen 
esis. In one embodiment, the kit can include a delivery 
system for accessing a muscle, an implantable body dimen 
sionally adapted for being enclosed Within the tissues of the 
muscle, and an implantation device to insert the implant 
Within the muscle. 

[0025] In one embodiment, the systems and methods 
described herein include apparatus for promoting angiogen 
esis. In one embodiment, this apparatus has at least one 
surface carrying a substance capable of promoting localiZed 
angiogenesis. As one embodiment, this apparatus can 
include an implant formed of a biocompatible material that 
has a drug releasing compound af?xed to at least one of its 
surfaces. The surface carrying the substance capable of 
promoting localiZed angiogenesis can be coated With said 
substance or can be made of a material that comprises said 
substance. The substance capable of promoting localiZed 
angiogenesis can be a drug releasing compound. The term 
drug releasing compound as employed herein Will be under 
stood to include any substance that conveys a pharmaco 
logical or therapeutic agent. The drug releasing compound 
can include a pharmacological agent combined With an 
appropriate vehicle, or alternatively, the drug releasing com 
pound may entirely consist of a pharmacological agent. One 
example of a drug releasing compound is the coagulation 
factor thrombin. In one embodiment, this apparatus can have 
at least one drug releasing compound af?xed to the implant 
able device beneath a timed release coating. Alternatively, 
the drug releasing compound can be admixed With a timed 
release agent. In an alternate embodiment, the implantable 
device is entirely made of a drug releasing compound. 

[0026] In yet another embodiment, the device is designed 
to contain an internal reservoir into Which can be placed a 
drug releasing compound that is able to diffuse through the 
Wall of the device. The reservoir can be constructed as an 
empty cavity Within the device to be ?lled With a drug 
releasing compound. In this embodiment, the device is made 
of a material that is speci?cally permeable to the drug 
releasing compound Within it, so that the contained drug can 
penetrate the device and contact the surrounding tissue. 
Alternatively, the drug releasing compound can be contained 
Within the lumen of a spring, to be released betWeen the 
spring coils as the heart contracts, or the compound can be 
formulated as a gel or resin that is deployed betWeen the 
coils of the spring, to be released into the tissues With 
myocardial contraction. 

[0027] In another embodiment, the implantable device 
includes a radiation source. Abody made of a biocompatible 
material can be made to deliver localiZed amounts of radia 
tion to surrounding tissues by incorporating a radiation 
source. The radiation source can be af?xed to a surface of the 
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implantable device. Alternatively, the radiation source can 
be carried Within the implantable device. In yet another 
embodiment, the radiation source can be incorporated into 
the material employed to form the implantable device. When 
a bioceramic material such as glass is used to form the 
implanted device, radioactivity present Within the implant 
able body Will degrade the glass and dissolve it in time, 
resulting in biodegradation. 

[0028] Not to be bound by theory, nonetheless it is under 
stood that angiogenesis may be promoted by causing blood 
to pool in a localiZed area and the pooling of blood is 
understood to result in thrombus formation With the subse 
quent stimulation of angiogenesis. Accordingly, in one 
embodiment, the system described herein provides an 
implantable body that includes a surface that alloWs blood to 
pool. This surface may be on the external or the internal 
aspect of the device. In one embodiment, the surface of the 
device may provide at least one concave area in Which blood 
can pool. The external face may have a projection that 
imbeds itself into the muscle tissue and prevents normal 
muscle contraction or relaxation. The action of the projec 
tion upon the muscle tissue during a cycle of muscle 
contraction and relaxation results in the creation of lacunae 
Within the muscle that become ?lled With pooled blood. 

[0029] In one embodiment, the devices described herein 
include a ?exible structure. Flexible materials may be 
arranged in a variety of shapes, including springs and 
belloWs. The spring can comprise a regularly coiled ?lament 
of a metal or plastic material arranged in a tubular shape. In 
other embodiments the spring is arranged in alternative 
geometries, each of Which provides a deformable resilient 
body. The term tubular Will be understood to include any 
shape de?ned by a sideWall that includes at least tWo 
openings With a space extending therebetWeen, and Wherein 
the sideWall can be generally cylindrical, rectangular, trian 
gular or any other suitable shape. A belloWs device is able 
to be compressed and to be expanded as it is acted upon by 
the myocardium. A belloWs may enclose a cavity having 
drug-releasing compounds contained therein and optionally 
the belloWs may include a port for releasing the compound 
from the cavity upon compression and expansion of the 
belloWs spring. Blood pooling can take place Within the 
lumen of the spring, thereby to stimulate angiogenesis. The 
spring may be close-Wound, such that adjacent coils are in 
contact, or the spring may be open pitch With a space 
betWeen adjacent coils. 

[0030] In one embodiment, the biocompatible body com 
prises a heat responsive material. This term is understood to 
include thermal shape memory or superelastic materials. In 
an alternative embodiment, the biocompatible body com 
prises a rigid material. The implantable devices described 
herein can include rigid materials that are suf?ciently stiff to 
prevent or reduce deformation of the implantable device. A 
rigid material can resist deforming stresses such as those 
produced by muscle contraction. Rigid materials can be 
bioabsorbable, subject to local degradation and resorption 
over time. Representative materials include metallics and 
plastics. Metallic materials include stainless steel, MP35N, 
NitinolTM, Elgiloy, and Titanium. Plastic materials include 
Te?on, polymethyl methacrylate (PMMA) and bioabsorb 
able materials such as Polyglycolide (PGA) and Lactide 
Polylactide (LPLA). Biocompatible materials conforming to 
these de?nitional parameters are Well-known in the art of 
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biomedical engineering and any suitable biomaterial, includ 
ing polymers, metals, ceramics, carbons, processed col 
lagen, chemically treated animal or human tissues, or bio 
absorbable materials may be used. 

[0031] In one embodiment, the apparatus can include a 
scaffold that supports tissue ingroWth. The scaffold can be a 
structural matrix of solid supporting elements that surround 
interstitial spaces. The interstitial spaces provide foramina 
for tissue ingroWth throughout the scaffold, and the support 
ing elements organiZe the arrangement of the tissue elements 
Within the scaffold. Tissue groWth factors deployed in the 
interstitial spaces or carried on or affixed to the supporting 
elements enhance tissue ingroWth and angiogenesis. Tissue 
groWth factors are agents that act to initiate or accelerate the 
processes of tissue proliferation. Examples of tissue groWth 
factors include Fibroblast groWth factor (FGF) types I and II, 
and vascular endothelial groWth factor (VEGF). 

[0032] In one embodiment, the devices can be substan 
tially solid scaffolding, With relatively small channels pro 
vided Within this solid material to permit and organiZe tissue 
ingroWth. This embodiment can be con?gured to enclose a 
space Within it into Which tissue can groW. Apertures in the 
solid body are openings that permit tissues to groW into the 
interior cavity. The cavity may be entirely enclosed by solid 
Walls on all sides, With apertures providing the route for 
tissue ingroWth. Alternatively, the device may be tubular in 
shape With at least one sideWall removed, so that the internal 
cavity is in communication With the milieu external to the 
device. In another embodiment, the scaffold can include 
channels extending through the biocompatible body to sup 
port tissue ingroWth. 

[0033] Other aspects and embodiments of the invention 
Will be apparent from the folloWing description of certain 
illustrative embodiments. 

[0034] The invention provides systems and methods for 
promoting angiogenesis in muscle tissue. These systems can 
be employed for treating ischemia caused by acute or 
chronic circulatory insuf?ciency, for example, arterial occlu 
sions or compartment syndromes. For purposes of clarity, 
the system and methods of the invention Will noW be 
described With reference to treating ischemia Within the 
myocardium. HoWever, it Will be understood that the system 
and methods of the invention are not to be restricted to 
application Within the myocardium, but rather can be 
applied to any muscle of the body, and that these applica 
tions of the system and methods of the invention in muscle 
tissue Will be apparent to those of ordinary skill in the art 
from the folloWing description of the illustrated embodi 
ments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] For a better understanding of the invention together 
With the objects, advantages and capabilities thereof, refer 
ence is made to the accompanying draWings in Which like 
reference numbers refer to like elements: 

[0036] FIG. 1a depicts an anatomical cross-section dia 
gram of the heart With a catheter positioned Within the left 
ventricle and a body disposed Within the cardiac muscle for 
stimulating angiogenesis. 
[0037] FIG. 1b depicts in more detail the position of a 
body located Within the tissue of a muscle causing blood 
pooling. 

Nov. 4, 2004 

[0038] FIG. 1c depicts a pluralities of bodies disposed 
Within the tissue of a muscle for stimulating angiogenesis. 

[0039] FIG. 1a' depicts in more detail the position of a 
body located Within the tissue of a muscle for stimulating 
angiogenesis. 
[0040] FIG. 16 depicts in more detail the interaction of a 
body positioned Within the myocardial tissues creating 
intramyocardial cavities in Which blood pooling and throm 
bus formation occur. 

[0041] FIG. 2 depicts a device that has a ?exible body. 

[0042] FIG. 3 depicts a device con?gured as a double 
helix spring. 

[0043] FIG. 4 depicts an alternative embodiment of an 
implantable body adapted for intramuscular implantation. 

[0044] FIG. 5a depicts an embodiment having belloWs 
formed into the body. 

[0045] FIG. 5b depicts the belloWs of FIG. 5a in a 
contracted form. 

[0046] FIG. 6a depicts an embodiment comprising a rigid 
body adapted for penetrating a muscle. 

[0047] FIG. 6b depicts a cross-sectional vieW of the 
embodiment shoWn in FIG. 6a. 

[0048] FIG. 6c depicts the embodiment of FIG. 6a posi 
tioned Within the tissues of a muscle. 

[0049] FIGS. 7a-7e illustrate one practice of implanting 
bodies Within the myocardium to promote angiogenesis. 

[0050] FIG. 8 depicts a cross-sectional vieW of an 
embodiment of a delivery system for placement of the 
implantable body Within the myocardium. 

[0051] FIG. 9a-c illustrate a practice of implanting bodies 
in a deformed con?guration Within a muscle. 

DETAILED DESCRIPTION OF ILLUSTRATED 
EMBODIMENTS 

[0052] The invention includes, inter alia, methods for 
treating symptoms of muscle ischemia by stimulating local 
angiogenesis and thereby increasing the availability of oxy 
genated blood at the tissue level. In one embodiment, these 
systems and methods can be applied to the ischemic myo 
cardium. Inadequate myocardial perfusion can persist at the 
tissue level despite revasculariZation techniques in the coro 
nary system that increase the total amount of arterial in?oW. 
By stimulating angiogenesis, the systems and methods 
described herein improve the delivery of oxygenated blood 
to the heart muscle. This, in turn, can lead to an improve 
ment of pathological conditions attributable to myocardial 
ischemia, including angina, infarction and pain. 

[0053] FIG. 1a illustrates one embodiment of an implant 
able device capable of promoting angiogenesis in muscle 
tissue, depicted here as implanted Within the myocardium. 
Speci?cally, FIG. 1a depicts in cross-section the myocar 
dium 10, the aorta 12, an implantable body 14, the aortic 
valve 16 and a delivery system 18. As illustrated in FIG. 1a, 
the body 14 can be placed Within the myocardium 10, 
Wherein the body 14 ?ts betWeen the endocardium and 
epicardium, to be contained fully Within the myocardial 
Wall. 
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[0054] FIG. 1a further shows that the delivery system 18 
can be passed through the aorta 12 and the aortic valve 16 
into the chamber of the left ventricle 20, thereby providing 
access to the myocardium 10. The delivery system 18 is 
typically a catheter that has been adapted for the delivery of 
the body 14 into the myocardium 10. The technique for 
introducing the delivery system 18 into the aorta 12 is 
Well-knoWn to those skilled in the art. Percutaneous arterial 
puncture of a distal artery alloWs access to the arterial 
system. Femoral or brachial arteries are commonly selected. 
After intra-arterial access is accomplished, the delivery 
system 18 is threaded proXimally until the aorta 12 is 
reached. Progress of the catheter through the great vessels is 
monitored ?uoroscopically. Once the left ventricular cham 
ber 20 is reached, the delivery system 18 is directed toWards 
the segment of myocardium 10 Where the implantable 
device 14 is to be delivered. The delivery system 18 is 
positioned Within the left ventricle 10 using techniques 
Well-knoWn in the art. The appropriate segment of the 
endocardium is identi?ed, With care taken to avoid trauma to 
the papillary muscles or intraventricular trabeculations. 
While the embodiment illustrated in FIG. 1a shoWs the left 
ventricle 20 being accessed With the delivery system 18, 
placement is not limited to the left ventricle 20, as Would be 
apparent to a practitioner of ordinary skill in the art. Trans 
venous introduction of the delivery system provides access 
to the right ventricular Wall and the interventricular septum 
if clinical conditions Warrant implantation of the device 
Within these myocardial structures. Methods for introduction 
of the implantable body 14 into other muscles Will be 
apparent to practitioners skilled in the art. 

[0055] The embodiment of the system for promoting intra 
muscular angiogenesis that is illustrated in FIG. 1a com 
prises a body 14 that is of appropriate siZe to ?t betWeen the 
Walls of the myocardium 10. Dimensions of the myocardium 
are different at different anatomical locations, and can 
change dynamically With contraction and relaxation. Fur 
thermore, there is physiological and pathological variability 
to myocardial thickness. Hypertrophy of the myocardium 
occurs With increasing myocardial Work, for eXample, in 
hypertensive patients. Thinning of the myocardium occurs 
With ischemic injury, seen most extremely With ventricular 
aneurysm formation. In this embodiment, dimensions of the 
body 14 are selected to ?t Within the myocardial region 
Where it is implanted. A standard siZe can be used under 
routine circumstances, although variations of dimensions to 
correspond With speci?c anatomic needs are possible. Tech 
niques for measuring myocardial thickness are knoWn to 
practitioners of the art, alloWing customiZation of implant 
able devices in accordance With the particular dimensions 
measured in a patient. Implantable bodies 14 can also be 
selected in dimensions adapted for intramuscular placement 
at any anatomic site. 

[0056] The depicted body 14 is made of a biocompatible 
material. Biocompatibility, as understood for these systems 
and methods, is understood to describe, inter alia, a char 
acteristic of a material Wherein there are no or limited toXic 
reactions to the materials of Which the device is composed, 
although the material can be thrombogenic and can elicit a 
foreign body reaction. A foreign body reaction is a form of 
a nonimmune in?ammatory response With an in?ltrate pre 
dominately composed of macrophages. Since the body 14 is 
made of a biocompatible material, if it elicits an immuno 
logical reaction characteriZed by antibody formation, such a 
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reaction is understood not to result in local, distant or 
systemic pathological effects. Biocompatible materials con 
forming to these de?nitional parameters are Well-knoWn in 
the art of biomedical engineering and any suitable bioma 
terial, including polymers, metals, ceramics, carbons, pro 
cessed collagen, chemically treated animal or human tissues, 
or bioabsorbable materials may be used. Biocompatible 
material can be made biostable or biodegradable, bioactive 
or inert, depending upon the selected composition. Biocom 
patible materials can include bioarti?cial polymers formed 
as a hybrid or composite of synthetic and biological poly 
mers fabricated to overcome the lack of biocompatibility 
associated With certain synthetic polymers While enhancing 
the mechanical properties of natural polymers. 

[0057] Biocompatible materials can include hydrogels, 
Which are materials comprising Water-sWollen polymer net 
Works. Conventional hydrogels change little in sWelling 
With environmental conditions While stimuli-responsive 
hydrogels may sWell or desWell, depending on changes in 
environment such as temperature, pH, ionic strength, elec 
tric ?eld, chemical or biological agents, mechanical stress or 
radiation. Hydrogels may be biostable or biodegradable. 
Hydrogels can be combined With other biocompatible mate 
rials to make implants. A body made of a biocompatible 
material can be made to deliver localiZed amounts of radia 
tion to surrounding tissues by incorporating a radiation 
source. When a bioceramic material such as glass is used to 
form the implanted device, radioactivity present Within the 
implantable body Will degrade the glass and dissolve it in 
time, resulting in biodegradation. Biocompatible materials 
include porous materials. Porous materials contain passages 
or channels that permit the passage of ?uids or particulate 
matter. Porous materials include open pore structures and 
closed pore structures. Open pore structures are those mate 
rials that permit ?uids to move from one surface to an 
opposing surface in the material through a convoluted 
pathWay of interconnecting netWorked channels. Closed 
pore structures are those materials in Which the pathWays or 
channels are blocked so that ?uid is not afforded a continu 
ous and interconnected netWork of channels to move from 
one surface of the material to an opposing surface. 

[0058] FIG. 1b shoWs in more detail the position of the 
implantable body 14 Within the tissue of a muscle 26. 
Surrounding the body 14 are intramuscular cavities 36 
Within Which blood can pool. With blood pooling, thrombus 
formation occurs. Coagulation proteins, complement prod 
ucts, platelets and other blood and tissue ?uid products are 
understood to be involved in the interaction betWeen pooled 
blood and a biocompatible implantable body 14. FIG. 1c 
depicts a plurality of implantable bodies 14 Within the tissue 
of a muscle 26. 

[0059] FIG. 1a' shoWs in more detail the position of the 
body 14 Within the myocardium 10. It is understood that 
muscle tissue reacts to the implantation of this body 14 by 
processes of angiogenesis and neoangiogenesis. It is further 
understood that for most biomaterials implanted into solid 
tissue encapsulation by a relatively thin ?brous capsule 
composed of collagen and ?broblasts ultimately occurs. An 
ongoing in?ammatory in?ltrate consisting of monocytes/ 
macrophages and foreign body giant cells may also occur, 
indicating persistent tissue irritation. Varying degrees of 
foreign body reaction are understood to occur With different 
biocompatible materials. Representative polymers provok 
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ing in?ammation include polyethylene terephthalate, polyg 
lycolic/polylactic acid, polycaprolactone and polyhydroxy 
butyrate valerate, although other materials Will be apparent 
to those skilled in the art. Concomitant With these in?am 
matory processes, there is a localiZed proliferation of blood 
vessels 24 adjacent to the external surface 22 of this body 14. 
The implantable body 14 can have a coating of a drug 
containing or releasing compound to provide for delivery of 
a therapeutic agent into the tissue, or to provide drugs that 
promote or aid angiogenesis or the implantable body can be 
entirely formed of such drug releasing compounds. The 
density of the coating on the device can also be controlled 
to improve radiopacity. 

[0060] FIG. 16 shoWs in more detail one type of interac 
tion betWeen the body 14 and the myocardium 10. The 
external projections 28 of the body 14 may impede the 
motion of the implant, restraining it Within the myocardium 
10. Tearing or distortion of the ?laments of the myocardium 
10 result in the formation of intramyocardial cavities 30 
surrounding the body 14. The space that is formed by these 
intramyocardial cavities 30 can be partially ?lled by pooled 
blood 32 Which can culminate in thrombus formation 34. 
Coagulation proteins, complement products, platelets and 
other products are understood to be involved in the interac 
tion betWeen pooled blood 32 and a biocompatible body 14. 
The external surface 22 of the body 14 can provide nucle 
ation sites for such thrombus formation 34 to occur. Throm 
bus formation 34 can occur in the absence of formation of 
intramyocardial cavities 30, With blood pooling 32 taking 
place on the concavities 38 formed by the external surfaces 
22 of the apparatus of the invention. Alternatively, blood 
pooling 32 may occur on the internal face 40 of the body 14. 
Thrombus formation involves platelet adherence, activation 
and aggregation, With erythrocytes adsorbed onto the plate 
let plug thus formed. 

[0061] FIG. 2 depicts one embodiment of an implantable 
body adapted for intramuscular implantation according to 
the systems and methods described herein con?gured as a 
?exible structure 42. The embodiment depicted in FIG. 2 
includes tWo spring components, a close pitch spring 44 and 
an open pitch spring 48. In this embodiment, the tWo spring 
elements are made from a ?at rolled strand of metal 50. The 
edges 52 of the open pitch spring 48 are angulated in this 
embodiment. Effective dimensions include a range of thick 
ness to Width from 0.002“ to 0.005“ by 0.008“ to 0.018“ in 
stainless steels, although the selection of aspect ratio may be 
even greater. Flat Wire is typically rolled from a round 
geometry during the rolling procedure, producing a ?at 
strand With curved edges. During fabrication of the ?exible 
structure 42, a ?nal edge dressing may be applied to improve 
the sharpness of the edges. Varying degrees of axial ?ex 
ibility can be attained to correspond to the speci?cations of 
the delivery device. Different degrees of ?exibility may be 
appropriate for placement in muscles in different anatomic 
areas. For example, Within the heart muscle, a more rigid 
device may be more suitable for implantation in the apical 
myocardium, While a more ?exible device may be more 
appropriate for implantation in the free ventricular Wall. 

[0062] The preferred embodiment of the ?exible structure 
42 is fabricated as a canted helical spring by Winding 
0.005“><0.015“ 316 stainless steel ribbon on a specially 
prepared mandrel. This mandrel is machined With 0.032“ 
diameter barrels spaced approximately 0.2“ apart. BetWeen 
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these tWo sections is a thread-like spiral With a 0.034“ 
diameter root. The Winding side of the thread is approxi 
mately 40 degrees to the perpendicular. The ?exible struc 
ture 42 in the preferred embodiment is prepared by Winding 
the ribbon along the axis of the mandrel With approximately 
tWo to three pounds of tension, beginning on the ?at section, 
continuing along the threaded spiral and ending along the 
opposite ?at. The Wound device is then removed by care 
fully rotating the device to unthread it from the mandrel. 
Axial stretching may be necessary to siZe the device to the 
appropriate ?nal length. The ?at coils are trimmed, provid 
ing approximately 1.5 to 2 coils. As a ?nal step, the distal ?at 
coil is dressed With 600 grit-Wet sandpaper creating a less 
blunt leading edge to minimiZe the insertion forces to embed 
the device. As ?nished, the overall length is approximately 
0.28“ and the maximum diameter is 0.06“. Approximately 7 
coils at a 40 degree angle to the perpendicular axis provide 
both an anchor and a porous design to permit blood to enter 
the cavity as Well as partial ingroWth of the muscle tissue. 

[0063] For example, the device described herein can be 
formed of alternate materials, including heat responsive 
materials such as NitinolTM, Which can alloW devices, or 
portions of devices, to change shape once implanted, such as 
by raising projections that more securely hold the body 
Within the myocardium. Additionally, the devices described 
herein can be coated With or can carry drugs. In still other 
embodiments, the devices can be formed of a mesh material 
that facilitates tissue in groWth. Still other variations, sub 
stitutions, additions and modi?cations can be made Without 
departing from the scope of the invention. 

[0064] It is understood that one advantage of the ?exible 
structure 42 is the maximiZation of surface area of the device 
in contact With the tissues, thereby maximiZing the volume 
of tissue responses. The ?exible structure 42 illustrated in 
this ?gure shoWs one embodiment capable of maximiZing 
this surface area. In this embodiment, the muscle is under 
stood to herniate betWeen the coils of the ?exible structure 
42. Other embodiments that maximiZe the surface area of the 
implantable body and thereby maximiZe contact of the 
device With the tissues can be fabricated by those skilled in 
these arts Without departing from the scope of the systems 
and methods described herein. 

[0065] FIG. 3 depicts an alternative embodiment of an 
implantable body adapted for intramuscular implantation 
according to the systems and methods described herein 
con?gured as a double helix spring 54 that encloses a lumen 
58. This spring 54 has an inner helical structure 64 With an 
open pitch section 60 and a tighter pitch section 62. Sur 
rounding this inner helical structure 64 is an outer helix 68 
in an open pitch con?guration. 

[0066] FIG. 4 depicts an alternative embodiment of an 
implantable body adapted for intramuscular implantation 
according to the systems and methods described herein 
con?gured as a ?exible structure 70 comprised of a plurality 
of tighter pitch spring sections 72 connected by tWo open 
pitch spring elements 74. The ?exible structure 70 is made 
of a continuous strand of ?at rolled metal 78, enclosing a 
lumen 80. The canted edges 82 of the inner tighter Wound 
spring sections 72 provide a series of concavities 84 on the 
external surface 88 that can provide pockets for blood to 
collect. Alternatively, there can be surfaces disposed on the 
internal face 90 of this ?exible structure 70 that provide sites 
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for blood to collect and coagulate. A device such as that 
depicted in FIG. 4 may be made of rigid or ?exible 
materials. 

[0067] FIG. 5a shoWs an embodiment of a device for 
implantation into a muscle that is con?gured to include 
belloWs 92. BelloWs 92 is commonly a tubular structure With 
?exible sideWalls 94 made out of a solid material that 
responds to stresses applied along the longitudinal axis 98 
by compressing and extending lengthWise. As illustrated, the 
belloWs 92 of FIG. 5a is shoWn in an elongated state. FIG. 
5b shoWs the same belloWs 92 in a contracted state, With a 
reduced length. The belloWs 92 contains a central lumen 100 
into Which can be dispersed various materials, including 
drug releasing compounds. The mechanical motion of the 
belloWs 92 Would then result in the expulsion of the drug 
releasing compounds from its lumen 100. FIG. 5a illustrates 
an embodiment of a belloWs 92 having an anterior solid 
metal obturator head 102 and a ?exible metal cylinder 104 
attached to it. The ?exible metal cylinder 104 may be 
con?gured as a series of annular ripples 108 to permit 
?exion and extension of the device at speci?c locations 
along its length. The annular ripples 108 can pleat and 
unpleat in an accordion-like manner in response to axially 
directed stress. In continuity With the ?exible metal cylinder 
104 and the ?exible annular ripple 108 is a terminal posterior 
cuff of deformable metal foil 110. 

[0068] FIG. 6a depicts an alternative embodiment of an 
implantable body, and provides a longitudinally sectioned 
vieW of a cone-shaped body 112 made of rigid materials 
including a nondeformable housing 114 surrounding a cen 
tral tapered cavity 118. The cavity ends before the distal tip 
120 of the cone shaped body 112 so that the distal tip 120 is 
a solid, cone-shaped structure that culminates in an acutely 
angulated insertion point 122. The external surface of the 
body 112 has a series of exterior barbs 124. FIG. 6b shoWs 
a cross-sectional vieW of this embodiment illustrating the 
nondeformable housing 114, the central cavity 118 and the 
exterior barbs 124. These exterior barbs 124 may be arrayed 
circumferentially around the device, aligned in roWs, dis 
posed on the surface of the housing 114 in a helical pattern 
or in any other pattern. The exterior barbs 124 secure the 
body 112 in the muscle 128 at the location Where it Was 
disposed by the physician, as shoWn in FIG. 6c. This 
quill-like con?guration, although adaptable for insertion in 
any muscle, is Well adapted for the method of the invention 
described hereinafter With reference to FIGS. 7a, 7b, 7c, 7d, 
76. 

[0069] FIGS. 7a, 7b and 7c illustrate steps for a practice 
of one method of the invention. FIG. 7a shoWs a delivery 
system 18 being positioned in the left ventricle 20 across the 
aortic valve 16. The myocardium 10 is accessed by the 
delivery system 18. This ?gure shoWs the transendocardial 
route of accessing the myocardium 10, Whereby the delivery 
system 18 transgresses the endocardium 132. Alternatively, 
an access route across the epicardium 134 is available if a 
transthoracic approach is chosen. Transepicardial access 
may take place at the time of a surgical procedure When the 
epicardium 134 is directly visualiZed. Alternatively, thora 
coscopic techniques may permit transepicardial access. 
Once the myocardium 10 has been accessed, it is penetrated 
and the implantable device 14 is inserted Within its tissues, 
as shoWn in FIG. 7b. Penetration into the myocardium 10 
requires aligning the endocardial surface 132 With the distal 
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end of the delivery system 18, then advancing the body 14 
into the tissues of the myocardium 10, as shoWn in more 
detail in FIG. 7c. Thereafter, WithdraWal of the delivery 
system 18 then occurs in the standard manner, as shoWn in 
FIG. 7d. One practice of this method requires repositioning 
the delivery system 18 Within the left ventricular chamber 20 
after it is WithdraWn from the myocardium 10 so that another 
body 14 can be deposited Within the myocardium 10. After 
the intended number of bodies 14 are positioned in the 
myocardium 10, the delivery system 18 is WithdraWn as 
shoWn in FIG. 7d. FIG. 76 illustrates that multiple bodies 14 
can be placed Within the myocardium 10. 

[0070] FIG. 8 shoWs a cross-sectional vieW of an embodi 
ment of the delivery system 18. In this embodiment, a 
delivery device 140 passes through the lumen 138 of a 
positioning catheter 142 to alloW contact of the implantable 
body 14 With the myocardium 10. Once the positioning 
catheter 142 reaches the surface of the myocardium 10 by 
passage through the left ventricular chamber 20, the 
implantable body 14 is delivered through the epicardium 
134 into the myocardial tissue 10. The delivery system 18 
may contain Within it a mechanism for positioning the body 
14 Within the myocardium 10. Alternatively, the body 14 
itself may be located at the distal tip of the delivery system 
18 and thereby provide the means for myocardial penetra 
tion, as shoWn in FIG. 8. One suitable delivery system 18 
includes a catheter system that includes an injection mecha 
nism mounted at its distal end operated under the control of 
an activator disposed at the proximal end and manipulated 
by the treating physician. The activator can cause the distal 
end of the delivery device 140 to penetrate the endocardium 
132 and can cause the body 14 to be driven from the catheter 
and into the tissue of the myocardium 10. In one embodi 
ment, Wherein the delivery system 18 can deliver myocar 
dial implants such as those depicted in FIGS. 6a-6b, the 
activator of the delivery system 18 can drive the implant 
from a chamber or catheter lumen, so that the pointed end of 
the implant pierces the tissue Wall and the implantable body 
14 passes into the myocardium 10. Other delivery systems 
can be employed Without departing from the scope of the 
invention. 

[0071] FIG. 9a illustrates another method of promoting 
angiogenesis Within muscle tissue, here illustrated by depict 
ing the method as employed in the myocardium 10. In FIG. 
9a, a delivery system 18 is shoWn crossing the aortic valve 
16 and the left ventricle 20 to gain access to the myocardium 
10 by penetrating the endocardium 132. This ?gure shoWs a 
body 14 implanted in the myocardium 10 using the delivery 
system 18. FIG. 9b shoWs in more detail the deformed 
con?guration 144 of this structure, While FIG. 9c shoWs the 
native con?guration 148 of the structure Within the myocar 
dium 10. A practice according to this method involves 
inserting the body 14 in its deformed con?guration 144 and 
relying upon its innate physical characteristics to restore it to 
approximately its native con?guration 148. This process can 
take place because of the elastic memory of the body 14. 
Alternatively, a change in shape in the body 14 can occur 
because the body 14 is comprised of a thermal shape 
memory material. 

[0072] Although the present invention has been described 
With reference to preferred embodiments, Workers skilled in 
the art that changes may be made in form, detail and 
technique Without departing from the spirit and the scope of 
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the invention. Accordingly, the systems and methods of the 
invention are not to be limited by any of the above descrip 
tions, Which are provided to enable one to make and use the 
invention. Rather, the systems and methods of the invention 
are to be understood from the language of the claims beloW, 
Which are to be interpreted as broadly alloWed under the laW. 

1. Amethod for stimulating angiogenesis Within a muscle, 
comprising 

employing a delivery system for accessing the muscle, 

penetrating the muscle, and 

operating the delivery system for enclosing Within the 
muscle at least one body formed of a biocompatible 
material and dimensionally adapted for being enclosed 
Within the muscle. 

2. A method according to claim 1, Wherein employing a 
delivery system includes employing a catheter delivery 
system. 

3. A method according to claim 1, Wherein employing a 
delivery system for accessing the muscle includes 

guiding a catheter delivery system through a patient’s 
vascular system. 

4. Amethod according to claim 1, Wherein penetrating the 
muscle includes penetrating a muscle comprising the myo 
cardial Wall of a heart. 

5. Amethod according to claim 1, Wherein penetrating the 
muscle includes driving a distal portion of the delivery 
system into the muscle. 

6. Amethod according to claim 1, Wherein penetrating the 
muscle includes driving the at lest one body into the muscle. 

7. A method according to claim 1, Wherein operating the 
delivery system includes operating a delivery system that 
substantially seals the at least one body Within the muscle. 

8. A method according to claim 1, Wherein operating the 
delivery system for enclosing at least one body Within the 
muscle includes implanting a plurality of bodies Within the 
muscle. 

9. A method according to claim 1, Wherein operating the 
delivery system for disposing at least one body Within the 
muscle includes implanting at least one body adapted for 
promoting blood pooling Within the muscle. 

10. A method according to claim 1, Wherein operating the 
delivery system includes operating the delivery system for 
delivering into the muscle an agent for promoting angio 
genesis. 

11. A method for stimulating angiogenesis Within the 
tissue of a muscle, comprising: 

accessing the muscle With a delivery system, 

penetrating the muscle, and 

releasing Within the muscle at least one body formed of a 
biocompatible material and dimensionally adapted for 
being enclosed Within the muscle, said biocompatible 
material being capable of inciting an in?ammatory 
reaction With the tissue of the muscle. 

12. A method for promoting angiogenesis Within the 
tissue of a muscle, comprising: 

accessing the muscle With a delivery system, 

penetrating the muscle, 

releasing Within the muscle at least one ?exible body 
dimensionally adapted for implantation Within the 
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muscle, said body having been subjected to deforming 
stress prior to its release Within the muscle and said 
body dynamically approximating the recovery of its 
native con?guration after its implantation, and 

WithdraWing the delivery system from its proximity to the 
muscle. 

13. A method for promoting angiogenesis Within the 
tissue of a muscle, comprising: 

accessing the muscle With a delivery system, 

penetrating the muscle, 

releasing Within the muscle a body formed of a heat 
responsive material, said body undergoing dimensional 
change upon exposure to intramuscular heat, and 

WithdraWing the delivery system from its proximity to the 
muscle. 

14. A kit for promoting angiogenesis Within a muscle 
comprising: 

a delivery system for accessing the muscle, 

an implantable body dimensionally adapted for being 
enclosed Within the tissues of the muscle, and 

an implantation device capable of inserting the implant 
able body Within the muscle, 

Whereby the placement of the implantable body Within the 
tissues of the muscle promotes angiogenesis. 

15. Apparatus for promoting angiogenesis comprising: 

a body formed of a biocompatible material and being 
dimensionally adapted for implantation Within tissues 
of a muscle, said body having at least one surface 
carrying a substance capable of promoting localiZed 
angiogenesis. 

16. Apparatus according to claim 15, Wherein said at least 
one surface is coated With a drug releasing compound. 

17. Apparatus according to claim 15, Wherein said at least 
one surface is formed of a biocompatible material that 
includes at least one drug releasing compound. 

18. Apparatus according to claim 15, Wherein said body 
encloses a reservoir containing at least one drug releasing 
compound, and said body being formed of a biocompatible 
material permeable to said drug releasing compound. 

19. Apparatus according to claim 15, Wherein said body 
has af?xed to at least one surface a radiation source. 

20. Apparatus according to claim 15, Wherein said body 
contains a radiation source. 

21. Apparatus according to claim 15, Wherein said bio 
compatible material comprises at least one radiation source. 

22. Apparatus for promoting angiogenesis, comprising: 

a body formed of a biocompatible material and being 
dimensionally adapted for implantation Within tissue of 
a muscle, Wherein said body de?nes a lumen that is 
adapted to maintain an open cavity in the tissue suf? 
cient to permit blood pooling and external projections 
con?gured to create cavities betWeen the tissue and the 
body to thereby stimulate angiogenesis. 

23. Apparatus according to claim 22, Wherein said surface 
includes a concavity to provide a nucleation site for throm 
bus formation. 
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24. Apparatus according to claim 22, wherein said surface 
includes a projection adapted for impeding muscular motion 
and thereby creating intramuscular cavities for blood pool 
mg. 

25. Apparatus according to claim 22, Wherein said body 
comprises a ?exible structure. 

26. Apparatus according to claim 25, Wherein said ?exible 
structure includes a spring. 

27. (cancelled) 
28. Apparatus according to claim 22, Wherein said body 

comprises a thermal shape memory material. 

29. Apparatus according to claim 22, Wherein said body 
comprises a rigid material. 
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30. Apparatus for promoting angiogenesis, comprising: 
a body formed of a biocompatible material and being 

dimensionally adapted for implantation Within the tis 
sue of a muscle, said body being con?gured as a 
scaffold that provides support for tissue ingroWth, 
Whereby said body promoting tissue ingroWth to 
thereby stimulate angiogenesis. 

31. Apparatus according to claim 30, Wherein said body 
comprises at least one tissue groWth factor. 

32. Apparatus according to claim 30, Wherein said body 
has channels extending therethrough for providing the scaf 
fold that provides support for tissue ingroWth. 

* * * * * 


