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(57) ABSTRACT 

The present invention includes systems, devices and meth 
ods for delivering and injecting a solution or agent into a 
target site Within the body for the purpose of treating or 
diagnosing the target site. The target site may be bodily 
tissue (such as an organ, vessel or bodily lumen), bodily 

substances (such as a tumor, plaque and thrombus) or 
synthetic material attached to bodily tissue (such as an 
arti?cial graft). The systems and devices of the present 
invention include injection systems and components for 
accurately and precisely delivering, injecting and perfusing 
a therapeutic or diagnostic agent, preferably in a ?uid form, 
directly into the target site Without the need to penetrate the 
tissue With anything other than the agent itself. More spe 
ci?cally, none of the embodiments employ a needle or other 
penetrating device for creating a space Within Which the 
agent is injected. The injection systems include embodi 
ments for use in intraoperative and interventional clinical 
settings, and generally comprise, at least in part, a propul 
sion apparatus, a reservoir, often called a syringe or ampule, 
for receiving and holding the solution or agent, and a 
dispersion means for transporting the solution or agent from 
the reservoir to the target site and for perfusing or dispersing 
it Within the target site. The surgical and endovascular 
methods of the present invention include methods for inject 
ing an agent into a target site Within the body for the purpose 
of treating and/or diagnosing a target site or tissue adjacent 
a target site. Various therapeutic applications in Which the 
invention may be employed include but are not limited to the 
treatment of cardiac, cardiovascular, peripheral vascular, 
and neurovascular diseases, AV access graft stenosis and 
thrombus formation, cancer, rheumatoid arthritis, etc. More 
speci?c examples of the types of applications that can be 
accomplished by the present invention include, for example, 
the administration of angiogenic solutions to an ischemic 
area of myocardium, the delivery of a thrombolytic drug to 
a thrombus Within a chamber of the heart or to the peripheral 
or neuro vasculature, administration of a solution to a 

portion of the atria contributing to atrial ?brillation, or the 
delivery of an anti-angiogenic solution to a solid tumor or 
through the vasculature supplying blood to a malignancy. 
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DEVICES AND METHODS FOR THE DELIVERY 
AND INJECTION OF THERAPEUTIC AND 
DIAGNOSTIC AGENTS TO A TARGET SITE 

WITHIN A BODY 

FIELD OF THE INVENTION 

[0001] This invention includes various medical devices 
and systems for use in surgical and interventional proce 
dures. More particularly, the invention relates to devices and 
systems for the delivery and injection of therapeutic and 
diagnostic agents, solutions or injectates into bodily tissue, 
bodily substances or synthetic materials attached to bodily 
tissue, such as an arti?cial graft. Additionally, the invention 
relates to methods of delivering and injecting a solution at a 
target site Within the body for the treatment or diagnosis of 
that target site. 

BACKGROUND OF THE INVENTION 

[0002] Despite the continual advances in medical technol 
ogy, particularly in the treatment of heart disease, vascular 
disease, cancer, pain, allergies, orthopedic repair and many 
other diseases and conditions, there are a signi?cant number 
of patients for Whom conventional surgical and interven 
tional therapies are not feasible or are insufficient to treat the 
disease or condition. For many patients, medical treatment 
With drugs and the like is the only feasible treatment 
available. 

[0003] There have been many recent advances in drug 
therapies, particularly With regard to cell or site-speci?c 
therapeutics (as opposed to systemic therapeutics) such as 
pharmacologic agents (e.g., anesthetics and analgesics) and 
biologic agents (e.g., genetically engineered material). 
Unlike the systemic administration of therapeutics, typically 
taken orally or given intravenously, much of the effective 
ness of cell- or site-speci?c therapeutics is based on the 
ability to accurately and precisely deliver the therapeutics to 
the targeted site Within the body. 

[0004] Needle injection devices are the most commonly 
used means for the site-speci?c administration of agents or 
solutions. Although there have been advances in needle 
based drug delivery injection systems, these systems have 
signi?cant shortcomings and disadvantages. These short 
comings and disadvantages are exempli?ed, for example, in 
gene therapy applications—the implantation of genetic 
material or engineered cells in speci?c targets in the human 
anatomy to create a therapeutic or preventative effect. 

[0005] Depending on the disease being treated, gene 
therapy can be angiogenic or anti-angiogenic. The intended 
result of angiogenic therapy is the promotion of angiogen 
sis—a complex biological process that results in the groWth 
of neW blood vessels. Angiogenic therapy has been used 
experimentally for treating, for example, cardiac ischemia, 
coronary artery disease (e.g., atherosclerosis), and ischemia 
in peripheral vascular beds. Conversely, anti-angiogenic 
therapy involves the reduction in the proliferation of blood 
vessels, for example, to cut-off the supply of blood to a 
tumor or to proliferating pannus-type tissue, and to inhibit 
the abnormal groWth of retinal vessels that leads to blind 
ness. 

[0006] An important factor in achieving the desired result 
of gene therapy is direct exposure of the genetic material to 
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a speci?c target site for a sustained period of time. This is 
particularly challenging for gene therapies that require deliv 
ering genetic material to the nuclei of cells. Depending on 
the location of the targeted tissue and the type of condition 
being treated, exposure of the genetic material to the target 
site may involve direct approaches, such as an open or less 
invasive surgical approach, or endovascular approaches by 
means of a catheter. With any approach, there are signi?cant 
challenges in the delivery of genetic material to the appro 
priate cells of the patient in a Way that is speci?cally 
targeted, ef?cient and safe. 

[0007] For optimum “up regulation” of the gene therapy 
agent, the agent must undergo some atomiZation in order to 
be effectively perfused Within the target site. If the gene 
therapy drug is not suf?ciently atomiZed (i.e., broken up into 
very small micro-particles), dispersion and then absorption 
of the drug may be greatly reduced, resulting in minimal to 
no positive affect on the patient. Needle-based syringes are 
not capable of such atomiZation and, instead, deliver the 
injectate in the form of a bolus, Which is less likely to be 
effectively dispersed and absorbed Within tissue. 

[0008] Moreover, in certain applications of gene therapy, 
it is important to minimiZe the systemic exposure of the gene 
therapy agent in order to avoid unWanted side-affects. The 
use of a needle or other penetrating means to inject the 
targeted tissue area unavoidably involves making a hole into 
the target site. This results in much of the injectate leaking 
back out of the hole, and being released systemically 
throughout the body or being Wasted. This also results in 
increased treatment costs and requires more injections, time 
and agent to achieve the desired affect. 

[0009] Gene therapy has been used, for example, to create 
angiogenesis in hypoxic (i.e., oxygen-deprived) heart tissue. 
In a cardiac surgical procedure, the angiogenic solution is 
typically delivered by making a number of syringe injec 
tions, typically in a grid-like pattern, directly through the 
epicardium (i.e., the outer surface of the heart) at the 
ischemic portion of the myocardium. An equivalent 
endocardial approach (i.e., through the inside surface of the 
heart) involves delivering a catheter employing a distal 
needle to Within a ventricular chamber and injecting the 
angiogenic solution through the endocardium to the myo 
cardium. The intent of both approaches is to cause the cells 
in the target tissue to express the desired groWth factor 
protein continuously for a desired time period. Other means 
of delivering cardiac angiogenesis agents include injecting 
the agent Within the pericardial sac (i.e., intrapericardial), 
Within the coronary arteries (i.e., intracoronary) or directly 
into the myocardium (i.e., the middle layer of the heart Wall). 

[0010] Although some recent clinical studies have sug 
gested that there is some marginal resulting angiogenic 
response With syringe/needle-based injection, there are de? 
nite disadvantages of employing a syringe/needle-based 
injector or other tissue-penetrating device. For example, 
myocardial ischemia typically involves an affected surface 
area in the range of approximately 3 mm2 to 10 mm2. A 
single needle injection in ischemic tissue can only provide a 
solution dispersion in a much smaller area de?ned by the 
siZe of the needle and the limited ability of the agent to 
diffuse through the tissue. Thus, multiple needle-based 
injections may be required in order to suf?ciently disperse 
the solution over the entire affected area. As the number of 
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injections increases, the procedure time is increased and a 
greater volume of the gene therapy agent is required to 
effectively treat the ischemic area. More time and greater 
drug volume increase the cost of the procedure. 

[0011] Furthermore, it is knoWn that needle injections or 
penetration into the tissue can traumatiZe or destroy tissue 
cells and, as a result, increase a patient’s risk of post 
operative arrhythmia. This is particularly due to the diffi 
culty in precisely controlling the penetration of the needle 
during injection. The more injections or penetrations, the 
greater the cell destruction and risk of arrhythmia. Still 
another disadvantage of multiple needle-based injections of 
groWth factor is the need to carefully track the location of 
each injection site so as to prevent the accidental delivery of 
groWth factor to non-diseased tissue. 

[0012] There are some gene therapies that do not involve 
needle-based drug delivery. Instead, indWelling catheters 
and drug-infused stents have been used for releasing the 
therapeutic agent in a steady, controlled-release fashion. 
These approaches present a greater risk of releasing the 
agent systemically. Additionally, it is more dif?cult to assess 
the actual dosing of the target area that takes place. Thus, 
these approaches have the disadvantages of being less 
effective, not as safe, and more costly than injections. 

[0013] Another condition in Which site-speci?c or local 
drug delivery is commonly employed is in the treatment of 
peripheral vascular disease (such as deep vein thrombosis 
and embolisms). One such treatment is venous lytic therapy, 
the dissolving of blood clots (thrombus) in the peripheral 
vasculature (e.g., femoral and illiac arteries and veins). Lytic 
therapy involves systemically infusing thrombolytics, such 
as urokinase, streptokinase, reteplase and tPA. Other more 
recently developed procedures involve directly delivering 
the thrombolytics into the thrombus site through the use of 
indWelling infusion catheters. In order to effectively lyse the 
thrombus, the thrombolytics are typically infused for many 
hours, even as much as a day or more, increasing the 
necessary length of hospital stay and the overall cost of the 
procedure. 

[0014] Still another area in Which the localiZed delivery of 
therapeutics is indispensable is in the treatment of arterial 
venous (AV) access routes for renal dialysis. There are 
several Ways in Which AV access is established. One is by 
means of an AV graft, a tube made of a synthetic material 
such as te?on (e.g., PTFE), Which is implanted to connect an 
artery and vein in the arm, for eXample. The graft takes 
approximately tWo Weeks to mature and should be placed at 
least a feW Weeks before use for hemodialysis. Unfortu 
nately, these grafts are prone to stenosis and the spreading of 
infection, and typically only survive for not more than about 
11/2 years. Another type of AV access route is an AV ?stula. 
This is a surgical connection made betWeen an artery and a 
vein. The ?stula, once surgically placed, takes around tWelve 
Weeks to mature, and thus must be placed several months 
before hemodialysis is anticipated. Although the infection 
and stenosis rate of ?stulas is far less than that of AV grafts, 
infection and stenosis are not uncommon. 

[0015] Double lumen catheters are another type of AV 
access means. The may be used for long-term or temporary 
applications. Those used long term are surgically placed in 
a tunneling fashion under the skin. AV access catheters are 
typically placed into either the subclavian or jugular vein. 
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Occasionally, they are temporarily placed in the femoral 
vein. Short-term AV access catheters are generally placed 
When dialysis is needed emergently either When the referral 
of the patient to dialysis is unduly delayed, or When a 
permanent AV access fails and the patient is too unstable to 
have it revised until after an emergency treatment. AV access 
catheters may develop serious infections, or may thrombose, 
ultimately leading to failure of the device. Moreover, the 
veins they are placed in-are prone to clotting. 

[0016] Conventional treatments for problems (e.g., steno 
sis, infection and thrombus formation) that may arise With 
AV access grafts, ?stulas or catheters typically involve 
surgical intervention, including the repair or replacement of 
the AV access device, the physical removal of stenotic 
plaque and the chemical or physical removal of blood clots. 
Clearly the elimination of any surgical procedure is advan 
tageous to reducing morbidity and pain. Thus, there is still 
a need for an improved means and method for treating and 
preventing conditions related to the use of AV access 
devices. 

[0017] The disadvantages of conventional drug delivery 
systems also eXist in the treatment of other conditions such 
neurovascular disease, cancer, rheumatoid arthritis, etc. 
Accordingly, there is a need for devices and methodologies 
for delivering drugs and other solutions to bodily tissue 
Which are more precise, ef?cient, and effective, and less 
costly than conventional devices and methods. Additionally, 
it is highly desirable to have devices and methods for 
delivering solutions to bodily tissue that are safer and less 
invasive than current devices and methods. There is also a 
need for medical agent delivery devices that are packaged 
and supplied in Ways that make their use convenient and 
easy for self-application and institutional use. Thus, there 
still eXists a need for enabling technology for the more 
effective and safe local delivery of therapeutic agents. 

SUMMARY OF THE INVENTION 

[0018] The present invention includes novel means and 
methods for delivering and injecting a solution or agent into 
a target site Within the body for the purpose of treating or 
diagnosing the target site. The target site may be an area of 
tissue or a substance af?Xed or adjacent to the tissue area or 
its cells. More speci?cally, the target site may be an organ, 
a body lumen, a vessel lumen, a solid tumor, a synthetic 
graft, plaque, thrombus, etc. 

[0019] The devices of the present invention include injec 
tion systems and components for accurately and precisely 
delivering, injecting and perfusing a therapeutic or diagnos 
tic agent, preferably in a ?uid form, directly into the target 
site Without the need to penetrate the tissue With anything 
other than the agent itself More speci?cally, none of the 
embodiments employ a needle or other penetrating device 
for creating a space Within Which the agent is injected. 

[0020] The injection systems of the present invention 
include embodiments for use in intraoperative and interven 
tional clinical settings as Well as in certain non-clinical 
settings in Which the patient injects himself or herself. More 
speci?cally, they are con?gured for delivering a solution 
from an ampule and injecting it into a target site Within the 
body or Within an arti?cial graft af?Xed to the body through 
either a surgical opening, a less invasive surgical opening 
(such as through a trocar port), or endovascularly. 




































