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(57) ABSTRACT 

Featured are devices, systems and methods for localized heat 
ing of a vessel as well as devices, systems and methods for 
MR/NMR imaging of a vessel while locally heating a portion 
of the vessel. More particularly featured are such devices, 
systems and methods for use when administering or deliver 
ing therapeutic agents including genes and/or drugs to the 
tissues of the vessel. Such a method includes positioning a 
thermal energy delivery device proximal a target site within 
the vessel of a body and activating the thermal energy delivery 
device So as to heat the target site thereby locally increasing a 
temperature of tissue at the target site. In further embodi 
ments, the method includes introducing a therapeutic 
medium to the target site over a predetermined time period, 
and wherein said activating occurs at least one of before, 
during or after said step of introducing. 
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DEVICE, SYSTEMS AND METHODS FOR 
LOCALIZED HEATING OF AVESSEL 

AND/OR IN COMBINATION WITHMRANMR 
MAGING OF THE VESSEL AND 

SURROUNDING, TISSUE 

0001. This application is a divisional of co-pending U.S. 
application Ser. No. 10/404,903, filed Apr. 1, 2003, now 
allowed, which application claims the benefit of U.S. Provi 
sional Application Ser. No. 60/369,241, filed Apr. 1, 2002, the 
teachings of all of which are incorporated herein by reference. 

FIELD OF INVENTION 

0002 The present invention relates to devices, systems 
and methods for localized heating of a vessel as well as 
devices, systems and methods for MR/NMR imaging of a 
vessel while locally heating a portion of the vessel, more 
particularly such devices, systems and methods for use when 
administering or delivering a therapeutic medium including 
genes and/or drugs to the tissues of the vessel, and more 
specifically to Such devices, systems and methods when the 
vessel is more specifically a part of the vascular system of a 
body (e.g., a blood vessel). 

BACKGROUND OF THE INVENTION 

0003 Atherosclerotic cardiovascular disease remains the 
leading cause of mortality in the United States (see, e.g., 
American Heart Association, 1999 Heart And Stroke Statis 
tical Update, Dallas, Tex., American Heart Association). 
Gene therapy is a rapidly expanding field with great potential 
for the treatment of atherosclerotic cardiovascular diseases as 
well as diseases involving other organs or parts of a mamma 
lian body (e.g., human body) in which therapeutic agents can 
be delivered to a targeted site of a vessel lumen. Several 
genes, such as vascular endothelial growth factor (VEGF), 
have been shown to be useful for preventing acute thrombo 
sis, blocking post-angioplasty restenosis, and stimulating 
growth of new blood vessels (angiogenesis) (Nabel, 1995, 
Circulation 91: 541-548; Isner, 1999, Hosp. Pract. 34: 
69-74). 
0004. In the early days of vascular gene therapy, many 
investigators were searching for the ideal vector, one that 
would allow efficient transduction and long-term stable trans 
gene expression in target cells, including: (i) viral vectors, 
such as retroviral (Miller A. Retroviral vectors. Curr Top 
Microbiol Immunol 1992; 158:1-24), adenoviral (Kozarsky 
K. Wilson J. Gene therapy: adenovirus vectors (Review). 
Curr Opin genet Dev 1993; 3:499-503), and adeno-associated 
viral vectors (Muzyczka N. Use of adeno-associated virus as 
a general transduction vector for mammalian cells. Curr Top 
Microbiol Immunol 1992: 158: 97-129); and (ii) nonviral vec 
tors, such as DNA and RNA vectors (Wolff J. Maline R, 
Williams P. Direct gene transfer into mouse muscle in vivo. 
Science 1990: 247: 1465-1468), synthetic oligonucleotides 
(Stein C, Cheng Y. Antisense oligonucleotides as therapeutic 
agents is the bullet really magical? Science 1993; 26.1: 
1004-1012), and liposomes (Felgner P. Gadek T. Holm M. 
Lipofection: A highly efficient, lipid-mediated DNA-trans 
fection procedure. Proc Natl Acad Sci USA 1987: 84:7413 
7417). None of these types of vectors, however, were found to 
be ideal for both efficient gene transfection and stable gene 
expression. For example, plasmid DNA has a number of 
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advantages as a gene therapy vector, including (a) easy con 
struction, (b) no need for an infectious agent, (c) long-term 
transgene expression, and (d) no immune responses. Plasmid 
DNA, however, suffers a prominent disadvantage because of 
the relatively low efficiency of transduction in vivo. 
0005. Another challenge to vascular gene therapy is the 
ability to deliver therapeutic genes to the target site. Different 
gene delivery techniques have been developed, including: ex 
Vivo gene delivery, Such as endovascular stents seeded with 
genetically modified endothelial cells which are then reim 
planted into the target vessel, Surgically-based delivery, 
which involves directly injecting genes into Surgically-iso 
lated target vessels; percutaneous delivery, which involves 
the direct administration of genes into the target through a 
percutaneous approach; and catheter-based delivery (Thomas 
J. Kuo M. Chawla M. et al. Vascular gene therapy. Radio 
Graphics 1998; 18:1373-1394). Of these gene delivery tech 
niques, catheter-based delivery seems to hold the most prom 
ise for vascular applications. 
0006 Catheter-based gene delivery has some prominent 
advantages over other gene delivery methods, including (a) 
precise gene delivery to a specific anatomic location, (b) 
minimal morbidity, (c) no unwanted systemic effects, and (d) 
the ability to combine with conventional interventions, such 
as angioplasty and endovascular stent placement. Since 1990, 
several catheters have been tested as vector delivery systems, 
including double-balloon catheters Goldman, Atherosclero 
sis #154), porous and microporous infusion catheters (Wolin 
sky H, Thung S. Use of a perforated balloon catheter to 
deliver concentrated heparin into the wall of the normal 
canine artery. JAm CollCardiol 1990; 15:475-481), hydrogel 
catheters (Fram D. Aretz T. AZrin M. Localized intramural 
drug delivery during balloon angioplasty using hydrogel 
coated balloons and pressure-augmented diffusion. JAm Coll 
Cardiol 1994; 23:1570-1577), and dispatch catheters (Tahlil 
O, Brami M. Feldman L. Branellec D. Steg P. The Dispatch 
catheter as a delivery tool for arterial gene transfer. Cardio 
vasc Res 1997; 33:181-187). However, gene transfer with 
these delivery catheters is currently performed under X-ray 
fluoroscopy, which displays, using a contrast medium, only 
the lumen of the vessel without providing direct imaging 
information about the vessel wall or atherosclerotic plaques. 
Therefore, one cannot properly monitor either the interaction 
between the genes and the atherosclerotic lesion or the exist 
ence and the concentration of the genes in the target lesion 
during and after gene delivery. 
0007 As such, efficient gene transfection into a target 
specific cell is one of the challenges for vascular gene therapy 
in cardiovascular disease. Several studies have shown that 
gene transfection and expression can be significantly 
enhanced one- to four-fold with heating, which has been 
tested in different cells, such as prostate tumor cells, chon 
drocytes, kidney cells, and arterial SMCs (Blackburn R, 
Galoforo S. Corry P. Lee Y. Adenoviral-mediated transfer of 
a heat-inducible double Suicide gene into prostate carcinoma 
cells. Cancer Research 1998: 58:1358-1362; Greenleaf W. 
Bolander M. Sarkar G, Goldring M. Greenleaf J. Artificial 
cavitation nuclei significantly enhance acoustically induced 
cell transfection. Ultrasound in medicine & Biology 1998: 
24:p 587-595; Yang, et al. Unpublished data). Moreover, the 
incorporation of DNA with adjuvants or heat-sensitive pro 
moters may further enhance gene transfection and expression 
under heating. Proposed mechanisms for heat-enhancement 
of gene transfection may include heating efforts that cause 
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tissue fracture, increased permeability of the plasma mem 
brane and cell metabolism, and increase the activity of heat 
sensitive heat shock proteins. In clinical practice, however, it 
is not feasible to heat the entire body to temperatures (e.g., 
increase bulk body temperature by 4 deg) that have been 
shown to enhance transfection and expression. As such, the 
challenge now faced is how to place an internal heating Source 
within the body to generate heat only in a local heating region 
at the target site rather than through the entire body. In addi 
tion, the challenge also posed is to provide Such local heating 
in a fashion so as to allow for in vivo monitoring of the target 
site and Surrounding tissue and so as to be effective in enhanc 
ing the delivery/administering of the gene for therapy. 
0008. It thus would be desirable to provide a new device, 
systems and methods for localized heating of a target site of a 
vessel, such as for example, the endothelial tissues of a blood 
vessel to facilitate the administration or delivery of a thera 
peutic medium to the target site. It would be particularly 
desirable to provide such a device, system and method that 
also would allow for MR/NMR imaging of the tissues at, 
about and proximal the target site while administering or 
delivering the therapeutic medium to the target site and while 
locally heating the tissues of the target site. It also would be 
particularly desirable to provide Such devices, systems and 
methods that can allow a flow of fluid to be maintained within 
the vessel while performing any of localized heating, admin 
istering/delivering the therapeutic medium and MR/NMR 
imaging of the tissues at and proximal the target site. 

SUMMARY OF THE INVENTION 

0009. According to one aspect, the present invention fea 
tures devices, systems and methods for locally thermally 
heating a target site of a vessel or vessel lumen so as to thereby 
enhance the delivery or administering of a therapeutic 
medium to tissues of the target site. According to other 
aspects of the present invention, such devices, systems and 
methods are Such that thermal heating can be performed 
while MR/NMR imaging of the tissues at and about or proxi 
mal the target site of the vessel. In more particular embodi 
ments, the volume of the vessel being heated is different from 
the volume that is being MR/NMR imaged. More specifically, 
the Volume being imaged is typically greater than the Volume 
being heated. In an exemplary embodiment, the vessel is a 
blood vessel of a mammalian body (e.g., human body) and the 
tissues of the target site comprise the endothelial tissues or the 
wall of the blood vessel being targeted. 
0010. In other embodiments, such local thermal heating of 
the target site of the vessel lumen includes thermally heating 
the target site at least one of before, during or after adminis 
tering/delivering the therapeutic medium to the target site. In 
further embodiments, such thermal heating is performed dur 
ing one of (i) before and during administering/delivering the 
therapeutic medium; (ii) during and after administering/de 
livering the therapeutic medium; (iii) before and after admin 
istering/delivering the therapeutic medium; or (iv) before, 
during, and after administering/delivering the therapeutic 
medium. 
0011. According to a more particular aspect of the present 
there is featured a method for delivering a therapeutic 
medium to a target site of a vessel lumen that includes the 
steps of positioning a thermal energy delivery device proxi 
mal the target site; introducing the therapeutic medium to the 
target site, more particularly the tissues of the target site, over 
a time period; and activating the thermal energy delivery 
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device so as to supply thermal energy to the target site thereby 
locally increasing the temperature of the tissues at the target 
site. The activation of the thermal energy device is controlled 
so that said activating occurs at least one of before, during or 
after said step of introducing the therapeutic medium. In 
further embodiments, the activation of the thermal energy 
delivery device is controlled so that said activating occurs 
during one of (i) before and during administering/delivering 
the therapeutic medium; (ii) during and after administering/ 
delivering the therapeutic medium; (iii) before and after 
administering/delivering the therapeutic medium; or (iv) 
before, during, and after administering/delivering the thera 
peutic medium. 
0012. In a particular embodiment, said positioning 
includes providing a catheter in which is housed the thermal 
energy delivery device; introducing the catheter into the ves 
sel lumen and manipulating the catheter within the vessel 
lumen so the catheter is positioned proximal the target site. In 
a further particular embodiment, the catheter being provided 
includes a balloon member and said positioning further 
includes inflating the balloon member when the catheter is 
proximal the target site so as to position the thermal energy 
delivery device at a desired location with respect to the target 
site. In another particular embodiment, said inflating locates 
the thermal energy device so as to be located proximal or at 
the centerline of the vessel lumen. 

0013. In further embodiments, the method further com 
prises providing a power Source that is operably coupled to 
the thermal energy delivery device and wherein said activat 
ing further includes controlling operation of the power Source 
so as to selectively activate the thermal energy delivery device 
when delivery of thermal energy is desired. In yet further 
embodiments, the method further comprises providing a con 
trol mechanism operably coupled to the power source that 
controls the activation of the power source and so as to 
thereby control an amount of thermal energy; a duration of 
application of the thermal energy being delivered to the tissue 
of the target site; and when the thermal energy is to be deliv 
ered to the tissue of the target site. 
0014. In yet further embodiments, the provided catheter is 
configured and arranged so as to include a guide wire, where 
a portion of the guide wire comprises the thermal energy 
delivery device, which guide wire is operably coupled to the 
power source. In more particular embodiments, the power 
Source comprises an RF generator that is operably and elec 
trically coupled to the guide wire that Supplies RF signals to 
the guide wire so as to output thermal energy from the portion 
of the wire comprising the thermal energy delivery device. In 
further particular embodiments, the method includes provid 
ing a control mechanism that is operably coupled to the RF 
generator So as to control application of RF signals to the 
guide wire for the generation of thermal energy therefrom to 
the target site. 
0015. In yet further embodiments, the method further 
includes introducing the catheter into the vessel lumen and 
manipulating it within the vessel lumen while the balloon 
member is in a deflated condition and inflating the balloon 
member after determining that the catheter is positioned 
proximal the target site. In particular embodiments, the ther 
mal energy delivery device, or more particularly the portion 
of the guide wire comprising the thermal energy delivery 
devices is disposed within the balloon member such that 
when the balloon member is inflated the thermal energy deliv 
ery device or that related portion of the guide wire is at the 
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desired location with respect to the target site, for example at 
or proximal the centerline of the vessel lumen. 
0016. According to another aspect of the present inven 

tion, such a method further includes the step of MR/NMR 
imaging tissues at, about and/or proximal the target site, at 
least while activating the thermal energy delivery device and 
more particularly also at least while administering/delivering 
the therapeutic medium to the target site tissues. In further 
embodiments, the provided guide wire is configured and 
arranged so as to form a MR receiver antenna which detects 
MR/NMR signals from the tissues at, about and/or proximal 
the target site. In yet further embodiments, the method 
includes providing an MR/NMR receiving apparatus as is 
known to those skilled in the art that is operably coupled to the 
MR receiver antenna. The MR/NMR receiving apparatus is 
configured and arranged as is known to those skilled in that art 
so as to receive and process the MR/NMR signals from the 
MR receiver antenna and to provide outputs therefrom that 
are used to develop images of the Volume at, about or proxi 
mal the target site being MR/NMR scanned. 
0017. In yet further embodiments, the method includes 
providing a filtering mechanism operably coupled between 
each of (i) the power source and the guide wire/MR receiver 
antenna and (ii) the NR/NMR receiving apparatus and the 
guide wire/MR receiver antenna for selectively filtering sig 
nals communicable therebetween. In particular embodi 
ments, the filtering mechanism operably coupled between the 
NR/NMR receiving apparatus and the guide wire/MR 
receiver antenna is configured and arranged so signals ema 
nating from the power Source/RF generator comprising the 
power Source or signals having a frequency less than a first 
predetermined frequency, are not inputted into the MR/NMR 
receiving apparatus. Similarly the filtering mechanism dis 
posed between the power source/the RF generator compris 
ing the power source is configured and arranged so as to pass 
signals having a frequency greater than a second predeter 
mined frequency. In yet further particular embodiments, the 
MR/NMR signals are at a frequency that is different from the 
frequency of the signals emanating from the power Source/RF 
generator comprising the power source. 
0018 Consequently, MR/NMR images can be provided 
that image the delivery of the therapeutic medium to the target 
tissue including when thermal energy is being Supplied to the 
target site. In this way, a single device can be introduced into 
the vessel lumen and positioned proximal the target site 
thereof which device is capable of providing thermal energy 
to the target site to facilitate delivery/administration of the 
therapeutic medium and which also can be used to MR/NMR 
image the tissues at, about and/or proximal the target site. 
More specifically, the guide wire can be used to manipulate 
the catheter So it is positioned proximal the target site, to 
deliver heat energy to the target site and to MR/NMR image 
the tissues at, about and/or proximal the target site. Such 
MR/NMR imaging provides a mechanism by which delivery 
or administration of the therapeutic medium and its move 
ment within the tissues at the target site can be imaged and 
tracked. In further specific embodiments, the therapeutic 
medium is configured and arranged so as to include a 
MR/NMR contrast agent to facilitate MR/NMR imaging of 
the therapeutic agent. 
0019. As indicated above, also featured are systems and 
devices that embody and carry out the above-described meth 
odology of the present invention. 
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0020. Other aspects and embodiments of the invention are 
discussed below. 

DEFINITIONS 

0021. The instant invention is most clearly understood 
with reference to the following definitions: 
0022 AS used in the specification and claims, the singular 
form “a”, “an and “the include plural references unless the 
context clearly dictates otherwise. For example, the term “a 
cell includes a plurality of cells, including mixtures thereof. 
The term “a nucleic acid molecule' includes a plurality of 
nucleic acid molecules. 
0023. As used herein, the term “comprising or “includ 
ing is intended to mean that the compositions, methods, 
devices, apparatuses and systems include the recited ele 
ments, but do not exclude other elements. “Consisting essen 
tially of, when used to define compositions, devices, appa 
ratuses, systems, and methods, shall mean excluding other 
elements of any essential significance to the combination. 
Thus, a composition consisting essentially of the elements as 
defined herein would not exclude trace contaminants from the 
isolation and purification method and pharmaceutically 
acceptable carriers, such as phosphate buffered saline, pre 
servatives, and the like. “Consisting of shall mean excluding 
more than trace elements of other ingredients, elements and 
substantial method steps. Embodiments defined by each of 
these transition terms are within the scope of this invention. 
0024. As used herein, a “target cell' or “recipient cell 
refers to an individual cellor cell which is desired to be, or has 
been, a recipient of exogenous nucleic acid molecules, poly 
nucleotides and/or proteins. The term is also intended to 
include progeny of a single cell, and the progeny may not 
necessarily be completely identical (in morphology or in 
genomic or total DNA complement) to the original parent cell 
due to natural, accidental, or deliberate mutation. A target cell 
may be in contact with other cells (e.g., as in a tissue) or may 
be found circulating within the body of an organism. As used 
herein, a “target cell is generally distinguished from a “host 
cell” in that a target cell is one which is found in a tissue, 
organ, and/or multicellular organism, while as host cell is one 
which generally grows in Suspension or as a layer on a surface 
of a culture container. 
0025. As used herein, a “subject' is a vertebrate, prefer 
ably a mammal, more preferably a human. Mammals include, 
but are not limited to, murines, simians, humans, farm ani 
mals, sport animals, and pets. 
0026. The terms “cancer.” “neoplasm.” and “tumor, are 
used interchangeably and in either the singular or plural form, 
refer to cells that have undergone a malignant transformation 
that makes them pathological to the host organism. Primary 
cancer cells (that is, cells obtained from near the site of 
malignant transformation) can be readily distinguished from 
non-cancerous cells by well-established techniques, particu 
larly histological examination. The definition of a cancer cell, 
as used herein, includes not only a primary cancer cell, but 
any cell derived from a cancer cell ancestor. This includes 
metastasized cancer cells, and in vitro cultures and cell lines 
derived from cancer cells. When referring to a type of cancer 
that normally manifests as a solid tumor, a "clinically detect 
able” tumor is one that is detectable on the basis of tumor 
mass; e.g., by procedures such as CAT scan, MR imaging, 
X-ray, ultrasound or palpation, and/or which is detectable 
because of the expression of one or more cancer-specific 
antigens in a sample obtainable from a patient. 
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0027. As used herein, a “composition” refers to the com 
bination of an active agent (e.g., Such as a therapeutic agent, 
nucleic acid vector) with a contrast agent. The composition 
additionally can comprise a pharmaceutically acceptable car 
rier or excipient and/or one or more accessory molecules 
which may be suitable for diagnostic or therapeutic use in 
vitro or in vivo. The term “pharmaceutically acceptable car 
rier as used herein encompasses any of the standard phar 
maceutical carriers. Such as a phosphate buffered saline Solu 
tion, water, and emulsions, such as an oil/water or water/oil 
emulsion, and various types of wetting agents. The composi 
tions also can include stabilizers and preservatives. For 
examples of carriers, stabilizers and adjuvants, see Martin 
Remington's Pharm. Sci., 15th Ed. (Mack Publ. Co., Easton 
(1975)). 

BRIEF DESCRIPTION OF THE DRAWING 

0028. For a fuller understanding of the nature and desired 
objects of the present invention, reference is made to the 
following detailed description taken in conjunction with the 
accompanying drawing figures wherein like reference char 
acter denote corresponding parts throughout the several 
views and wherein: 
0029 FIG. 1 is a block diagram of a catheter system 
according to one aspect of the present invention; 
0030 FIG. 2 is a cross-section view of a therapeutic deliv 
ery device according to an embodiment of the present inven 
tion; 
0031 FIG.3 is a cross-section view of atherapeutic deliv 
ery device according to a further embodiment of the present 
invention; 
0032 FIG. 4 is a block diagram of a catheter system 
according to another aspect of the present invention; 
0033 FIG. 5 is a cross-section view of a therapeutic deliv 
ery device according to yet another embodiment of the 
present invention; 
0034 FIG. 6 is a schematic view of a blood vessel proxi 
mala target site illustrating full perfusion flow with the thera 
peutic delivery device of FIG. 5; 
0035 FIG. 7 is a schematic view of a blood vessel proxi 
mal a target site illustrating RF heating with the therapeutic 
delivery device of FIG. 5; 
0036 FIG. 8 is a schematic block diagram view to illus 

trate positioning and heating of target tissue of a blood vessel 
using the catheter system of FIG. 4; 
0037 FIG. 9 is a schematic view of an exemplary mag 
netic resonance imaging (MRI) system having MR signal 
detection apparatus for use with a therapeutic delivery device 
an RF excitation according to the present invention; and 
0038 FIG. 10 is a schematic view of the in vivo experi 
mental setup in a rabbit aorta. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0039 Referring now to the various figures of the drawing 
wherein like reference characters refer to like parts, there is 
shown in FIG. 1 a block diagram of a catheter system 10 
according to one aspect of the present invention that includes 
that capability of performing any of a number of discrete 
functions or capabilities alone, in combination and/or collec 
tively. Such functions or capabilities, which are described 
further hereinafter, include: delivering therapeutic composi 
tions/agents to the tissues of a target site of a lumen or body 
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cavity (e.g., target cells); manipulating the therapeutic deliv 
ery device 100 of catheter system so it is positioned proximal 
the target site, localizing the therapeutic delivery device to the 
target site, and delivering thermal or heatenergy to the tissues 
of the target site including the target cells. In addition, there is 
shown in FIG. 4 a block diagram of a catheter system 400 
according to another aspect of the present invention, that 
includes that capability of performing, alone, in combination 
and/or collectively, any of the discrete functions or capabili 
ties described above as well as MR/NMR imaging of the 
tissues at, about and/or proximal the target site more particu 
larly performing such imaging using a MR/NMR receiver 
antenna that is disposed within the lumen or body cavity 
proximal the target site. As also further described hereinafter, 
this catheter system is more particularly adaptable and 
capable of delivering heat energy to the target tissues while 
also performing such MR/NMR imaging of the tissues at, 
about and/or proximal the target site. 
0040. It also should be recognized that while the following 
discussion may describe the systems, method and devices of 
the present invention with respect to the administration and/or 
delivery of therapeutic agents/compositions to the target site 
or wall of a blood vessel of the vascular of a human, this shall 
not be construed as limiting the present invention to that 
specific application. It is contemplated and considered as 
being within the scope of the present invention, for the cath 
eter systems 10, 400 of the present invention as well as related 
device and methods of the present invention to be adapted for 
use so as to deliver therapeutic agents/compositions to any 
tissues of a human or other mammalian body that can be 
accessed using a therapeutic delivery device of the present 
invention via a lumen, Vessel lumen, cavity or the like that 
exists within Such body. Such tissues or target cells include, 
but are not limited to, cells of the heart, the vascular system, 
liver, prostrate, breasts, kidneys, brain, thyroid, and muscles 
as well as tissues/cells of sinuses, esophagus, ear canal and air 
passages. For example, it is contemplated that the catheter 
systems 10, 400 of the present invention can be adapted for 
use along with known colonoscopy procedures so therapeutic 
compositions/agents could be delivered to the intestinal tract 
and/or colon of the body. 
0041. It also should be recognized that the methods or 
techniques for navigating or manipulating catheters or deliv 
ery devices such as those of the present invention, including 
methods and techniques for inserting Such catheters or deliv 
ery devices into a lumen, Vessel lumen, body cavity or blood 
vessel of a body, are well known to those skilled in the art and 
thus are not explicitly recited in their entirety herein. An 
example of methods for navigating catheters to desired target 
locations as is known in the art are described in, for example, 
Rutherford, Vascular Surgery, Pedition (Saunders Co 1989). 
0042. The catheter system 10 as shown in FIG. 1 includes 
a RF power source 20, an inflation source 30, a therapeutic 
source 50, a therapeutic agent delivery device 100 and tubing 
40, 60 that fluidly couples the therapeutic delivery device to 
each of the inflation source and the therapeutic source. In 
further embodiments, such a catheter system 10 further 
includes a thermoprobe or temperature sensor 70 and a tem 
perature monitoring/recording device 80. 
0043 Referring now to FIGS. 2-3, which show cross 
sectional views of exemplary therapeutic delivery devices 
100, 200 according to the present invention that includes that 
capability of performing any of a number of discrete func 
tions or capabilities including delivering therapeutic compo 
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sitions/agents to the tissues of a target site of a vessel lumen 
(e.g.: target cells), delivering thermal or heat energy to the 
tissues of the target site, and, for the therapeutic delivery 
device 200 shown in FIG.3, MR/NMR imaging of the tissues 
at, about and/or proximal the target site more particularly 
performing Such imaging using a MR/NMR receiver antenna 
that is disposed within the vessel lumen proximal the target 
site. As also further described hereinafter, such a therapeutic 
delivery device 200 is more particularly adaptable and 
capable of delivering heat energy to the target tissues while 
also performing such MR/NMR imaging of the tissues at, 
about and/or proximal the target site. It should be recognized 
that while a porous or perfusion type of balloon catheter is 
illustrated and described hereinafter for purposes of describ 
ing the therapeutic delivery devices 100, 200 of the present 
invention it should be recognized that the catheter systems 10, 
400 of the present invention are adaptable for use with any of 
a number of other types of catheters or delivery devices as is 
known to those skilled in the art including those used in 
connection with interventional vascular procedures such as 
angiographic catheters or embolization catheters including 
other therapeutic delivery devices described herein. 
0044. It also should be recognized that while a porous or 
perfusion type of balloon catheter is illustrated and described 
hereinafter for purposes of describing the catheter systems of 
the present invention it should be recognized that the catheter 
system of the present invention is adaptable for use with any 
of a number of other types of catheters as is known to those 
skilled in the art including those used in connection with 
interventional vascular procedures such as angiographic 
catheters, or embolization catheters. Also, and while the fol 
lowing discussion may describe the systems, method and 
devices of the present invention with respect to the insertion 
and delivery of therapeutic agents/compositions to the target 
site or wall of a blood vessel of the vascular of a human, this 
shall not be construed as limiting the present invention to that 
application. It is contemplated and considered as being within 
the scope of the present invention, for the catheter systems of 
the present invention as well as related device and methods of 
the present invention to be adapted for use so as to deliver 
therapeutic agents to any tissues of the human or other mam 
malian body that can be accessed by means of an existing 
lumen, vessel lumen or cavity of the body. Such tissues or 
target cells include, but are not limited to, cells of the heart, 
the vascular system, liver, prostrate, breasts, kidneys, brain, 
thyroid, muscles, sinuses and air passages. For example, it 
contemplated that the catheter system of the present invention 
could be adapted for use in conjunction with known colonos 
copy procedures so therapeutic compositions/agents could be 
delivered to the intestinal tract and/or colon of the body. 
0045. Now referring to FIG. 2, there is shown atherapeutic 
delivery device 100 according to one embodiment of the 
present invention for delivering therapeutic agents/composi 
tions and heat energy to the tissues or target cells of a target 
site of a vessel, vessel lumen, lumen, blood vessel or body 
cavity. Although reference hereinafter may be to one or more 
of a lumen, vessel lumen, body cavity or blood vessel it shall 
be understood that such reference is not intended to be limit 
ing as to the scope of the functional capabilities of the thera 
peutic devices of the present invention as it is within the scope 
of the present invention, as hereinabove described, that the 
delivery devices and catheter systems of the present invention 
to be adapated for use in wide range of applications where the 
tissues or cells of the body being targeted can be accessed or 
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reached via the use of a delivery device of the present inven 
tion. Such a therapeutic delivery device 100 includes a hous 
ing 110 and a heating guide wire 140. 
0046. The delivery device housing 110 is re-configurable 
from a first, deflated or reduced cross-section state (not 
shown) to a second expanded, inflated or increased cross 
section state. In the first state, the housing 110 is substantially 
tubular along it length and has a size or cross-section that 
allows the housing to be inserted into the body as well as the 
vessel lumen or body cavity and manipulated/navigated 
therein so the housing is positioned proximal the target site. It 
should be recognized, however, that other shapes and con 
figurations appropriate for the insertion and manipulation/ 
navigation of the housing 110 in a given application are 
contemplated for use and are considered within the scope of 
the present invention. 
0047. In a particular embodiment, the housing comprises a 
balloon member 112, a flexible porous outer member 114 that 
is disposed generally about the balloon member and a channel 
member 130. The balloon member 112 may also be referred 
to as an angioplasty balloon or a dilation balloon by those 
skilled in the art as the balloon member 112 of the present 
invention in use is generally expanded outwardly to contact 
and occlude a portion of the lumen, body cavity or blood 
vessel the housing is disposed in for a given application as is 
illustrated for example in FIGS. 6-8. When the housing is in 
the first state, the balloon member 112 is deflated so the 
flexible outer member 114 and the balloon member are com 
pressed about a channel member 130 to provide the desired 
shape and cross-section for insertion and navigation/manipu 
lation. 

0048. In an illustrated embodiment, the flexible outer 
member 114 is shown as extending about the entire outer 
surface of the balloon member 112. It is within the scope of 
the present invention, however, for the flexible outer member 
114 to be configured and arranged so as to extend at least 
about those portions of the balloon member 112 outer surface 
such that the flexible outer member contacts the tissues of the 
target site when the balloon member is in its second, 
expanded or inflated State. 
0049. The housing channel member 130 extends generally 
lengthwise within the housing 110. The channel member 130 
includes a through aperture, channel or lumen 132 that also 
extends generally lengthwise to the housing 110. The delivery 
device guide wire 140 also is received within the channel 
member lumen 132, and in particular embodiments, the guide 
wire extends through the channel member lumen and extends 
outwardly from a distal end of the housing. The balloon 
member 112 also is connected to the channel member 118 so 
as to define a volume or first region 120 there between. Simi 
larly, the flexible outer member 114 is secured to the channel 
member 130 and/or also to the balloon member 112 so as to 
generally define another Volume or second region 122 that is 
substantially between the flexible outer member and the bal 
loon member. 

0050. It should be recognized that the balloon member 112 
and the flexible member 114 are well known elements to 
those skilled in the art of balloons that are used in medical 
access devices and, thus, although described and shown with 
reference to a particular embodiments herein, the general 
features (e.g. size, shape, materials) of the balloon member 
112 and/or flexible member 114 may be in accordance with 
conventional balloons. For example, and as known to those 
skilled in the art, the exact dimensions of the balloon member 
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112 and flexible member 114 should be configured to the type 
of lumen/vessel/cavity being accessed by the therapeutic 
delivery device 100 of the present invention. In a particular 
exemplary preferred embodiment, the balloon member 112 
and the flexible member 114 are made of a biocompatible, 
distendable material that is capable of being inflated to a size 
Sufficient to compress a target lumen’s walls. Such biocom 
patible, distendable materials include, but are not limited to, 
flexible medical-grade silicone rubber or polyethylene 
terepthalate (PET). 
0051. Similarly, the channel member 130 should be made 
of a of a biocompatible material that is appropriate for use 
with the materials being used for the balloon member 112 and 
the flexible member 114 as well as being appropriate for the 
intended use. Such biocompatible materials include, but are 
not limited to, flexible medical-grade silicone rubber or poly 
ethylene terepthalate (PET). It should be recognized that the 
size and shape of the channel member 130 are based on the 
type of lumen/vessel/cavity being accessed by the therapeutic 
delivery device 100 of the present invention. It also should be 
recognized that the size and shape of the axially extending 
lumen 132 of the channel member 130 are based on the size 
and shape of the guide wire 140 being received therein. In 
more particular embodiments, the axially extending lumen 
shall have a cross-section or size such that the housing 110 
remains secured to the guide wire while manipulating the 
guide wire 140 during insertion of the therapeutic delivery 
device type into the lumen/vessel/cavity being accessed by 
the therapeutic delivery device 100. 
0052. The balloon member 112 also is configured to 
include an input port 116, which input port includes an axial 
extending lumen that is in fluid communication with the 
delivery device first region 120. As illustrated in FIG. 1, the 
balloon member input port 116 is coupled, fluidly coupled to 
tubing 40, which in turn is fluidly coupled to the inflation 
source 30. Thus, and in this fashion, the delivery device first 
region 120 is fluidly coupled to the inflation source 30. In use, 
and is knownto those skilled in the art, the inflation source 30 
selectively supplies an inflation medium to the delivery 
device first region 120 so as to cause the balloon member 112 
to inflate and expand outwardly from the channel member 
130. Typically, the inflation source 30 includes a mechanism 
for selectively pumping or otherwise moving the inflation 
medium at a pressure sufficient to inflate the balloon member 
112 as well as to maintain the balloon member in an inflated 
condition during the procedure. In an illustrative embodi 
ment, such a mechanism comprises an infusion pump (e.g., 
such as the Harvard Apparatus, Holliston, Mass.). The inflat 
ing medium is any of a number of mediums known to those 
skilled in the art that is appropriate for the intended use and 
includes for example a saline Solution (i.e., warm saline Solu 
tion) for vascular applications or a gas when the lumen or 
body cavity is a gaseous environment. 
0053. The flexible outer member 114 preferably is a 
porous member, and in particular embodiments includes a 
plurality or more of microholes therein. In this way, and as 
known to those skilled in the art, a therapeutic medium Such 
as a therapeutic composition/agent disposed within the deliv 
ery device second region 122 and underpressure traverses the 
microholes and is dispersed or delivered to the tissues or the 
like of the vessel lumen/body cavity that the surface of the 
flexible outer member 114 is in contact with. The term 
“microhole' implies no particular limitation on size. In one 
particular embodiment, a plurality of linearly-arrayed, 15-25 
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um microholes are disposed on at least one lateral Surface of 
the flexible outer member 114 that is in contact with the 
tissues or the like of the vessel lumen/body cavity. It also is 
within the scope of the present invention for the surface(s) of 
the flexible member 114 that come into contact with the 
tissues of the target site to be configured and arranged with 
Surface artifacts, such as needles or other penetrating ele 
ments, that enhance of otherwise facilitate the infusion of the 
therapeutic medium to such tissues or target cells. 
0054 The flexible outer member 114 also is configured to 
include an input port 118, which input port includes an axial 
extending lumen that is in fluid communication with the 
delivery device second region 122. As illustrated in FIG. 1, 
the flexible member input port 118 is coupled, fluidly coupled 
to tubing 60, which in turn is fluidly coupled to the therapeutic 
agent/composition Source 50. Thus, and in this fashion, the 
second region 122 is fluidly coupled to the source 50 of the 
therapeutic composition/agent to be administered/delivered 
to the cells or tissues of the target site. The particulars of the 
therapeutic medium including the therapeutic composition(s) 
or therapeutic agent(s) that can comprise Such a therapeutic 
medium that can be administered/delivered to the target site 
tissues or cells are described hereinafter. 

0055. In use, and is known to those skilled in the art, the 
therapeutic source 50 selectively supplies a therapeutic 
medium comprising atherapeutic composition or agent to the 
delivery device second region 122 under a pressure sufficient 
to cause this therapeutic medium to pass through the plurality 
of microholes of the flexible outer member 114 and thus be 
dispersed to the tissues at the target site. The Supplying of this 
therapeutic medium to the second region 122 also may cause 
the flexible outer member 114 to inflate and expand out 
wardly from the channel member 130. Typically, the thera 
peutic source 50 includes a mechanism for selectively pump 
ing or otherwise moving the therapeutic medium at a pressure 
sufficient to cause the delivery of the medium to the target site 
tissues. In an illustrative embodiment, Such a mechanism 
comprises an infusion pump (e.g., Such as the Harvard Appa 
ratus, Holliston, Mass.). 
0056. During vascular interventional procedures, the 
inflation of the balloon member 112 along with the flexible 
outer member 114 may cause intimal tears and Subintimal 
dissection (see, e.g., Zollikofer, et al., 1992, In Interventional 
Radiology, W. Castaneda-Zuniga and S. Tadavarthy, Editors, 
Williams & Wilkins: Baltimore, Md., pp. 249-297). This is 
exploited in the design of the porous flexible member 114 that 
essentially directly injects the therapeutic medium from the 
therapeutic source 50 to these areas. Also, and in the case of 
MR/NMR imaging of these areas, the effects ofballoon mem 
ber inflation "injury' and accumulation of the contrast agents 
at these areas results in contrast enhancement of the target 
vessel wall, which is visualized during high-resolution MRI. 
0057 The flexible tubing 40, 60 is any of a number of 
biocomaptable tubing materials known to those skilled in the 
art that are appropriate for the intended use. In particular 
exemplary embodiments, the tubing 40, 60 is of the size and 
material of the tubing that is used for interventional vascular 
procedures. 
0058. The heating guide wire 140 of the present invention 

is any of a number of guide wires known to those skilled in the 
art including guide wires that are used in connection with 
interventional vascular procedures that are capable of gener 
ating heating energy therefrom when coupled to a power 
Source. In more particular embodiments, the heating guide 
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wire 140 is any of a number of known MR imaging guide 
wires that comprises a Soft conducting tip wire that is an 
extended inner conductor from a coaxial cable. In exemplary 
embodiments, the guide wire is about 100-120 cm in length, 
where the conducting tip is about 4 cm in length and 0.4 mm 
in diameter and the remainder of the coaxial cable is about 
96-116 cm in length and about 0.6 mm in diameter. In further 
exemplary embodiments, the inner conductor of the coaxial 
cable comprising the heating guide wire 140 according to the 
present invention is a gold-plated nitinol wire, the dielectric is 
polytetrafluoroethylene and the outer conductor comprises 
nitinol, more particularly the outer conductor is a nitinol tube 
with a copper coating on the inner surface thereof. It should be 
recognized that foregoing is merely illustrative and exem 
plary of a few dimensions and constructions of a heating 
guide wire 140 of the present invention and that other sizes, 
shapes, constructions, materials for Such heating guide wires 
are contemplated for use with the present invention. 
0059. As illustrated in FIG. 1, the heating guide wire 140 

is coupled; more particularly coupled electrically to an RF 
power source 20 that includes an RF generator 22 and an RF 
amplifier 24. The RF generator 22 is any of a number of 
devices known to those skilled in the art that can generate an 
RF signal having a given frequency (e.g., center frequency 
with a given bandwidth) and power output. Similarly, the RF 
amplifier 24 is any of a number of amplifiers or devices 
known to those skilled in the art that can amplify, more 
particularly selectively amplify, such an RF signal having a 
given frequency and power output, and to output the inputted 
RF signal at a higher power output. Preferably, such RF 
amplifier 24 amplifies the input RF signal without introduc 
ing an un-acceptable amount of noise. In further embodi 
ments, and as illustrated in FIG. 4, the RF power source 20 
further includes matching/tuning and coupling circuitry, as is 
known to those skilled in the RF and MR imaging arts, that 
couples the heating guide-wire 140 to the RF power source, 
more particularly the output of the RF amplifier 24. It also 
should be recognized that other RF power amplification cir 
cuits as known to those skilled in the art, such as feedback 
type of circuits are contemplated for use with the present 
invention and are considered within the scope of the present 
invention. 

0060. In particular embodiments, the RF generator 22 is 
configured and arranged so as to provide a RF signal output 
having a frequency greater than 1 GHZ, more particularly a 
frequency greater than 2 GHZ, yet more particularly a fre 
quency in the range of 2 GHZsfreqs3 GHZ, more specifi 
cally a frequency of about 3 GHz. In preferred embodiments, 
particularly when MR/NMR imaging of the tissue at, about 
and/or proximal the target site is to be conducted, the RF 
generator 22 is configured and arranged so the RF signals 
being inputted into the heating guide wire 140 are separated 
significantly from the MR/NMR signals being detected as 
well as the RF signals outputted in conjunction with Such 
MR/NMR imaging processes. In exemplary embodiments, 
the RF generator 22 is configured and arranged so the RF 
signals inputted into the heating guide wire 140 are one of 
separated from the frequencies of the signals associated with 
the MR/NMR imaging process by at least 800 MHZ or is at a 
frequency that is about at least 3 times or more (e.g., 5 times) 
greater than the frequencies of the signals associated with the 
MR/NMR imaging process. In a specific exemplary embodi 
ment, the RF generator 22 is a sinusoidal RF generator (e.g., 
Model PTS160, Programmed Test Sources, Littleton, Mass.), 
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operating at 3 GHZ, and the RF amplifier 224 is an RF power 
amplifier (e.g., Model 100L, ENI, Rochester, N.Y.). 
0061. In further embodiments, the RF power source 20 is 
configured and arranged so as to selectively output RF signals 
to the heating guide wire 140 so that thermal or heating 
energy is controllably applied to the tissues of the target site. 
In more particular embodiments, the RF power source 20 
includes a controller 26, or the catheter system 10 further 
includes a controller that is coupled to the RF power source 
20, said controller being configured and arranged so as to 
selective control the signal outputs (e.g., turn the outputs on 
and off) from the RF power source. In further particular 
embodiments, the controller 20 also is configured and 
arranged so as to control the RF power source 20, more 
particularly the RF amplifier 24, so as to adjust and control the 
power amplitude or output of the outputted RF signals using 
any of a number of techniques known to those skilled in the 
art. In this way, the duration and timing of the application of 
the heating or thermal energy to the target site can be con 
trolled as well so as to be optimal for administration or deliv 
ery of the therapeutic medium and so the amount of heating or 
thermal energy being applied can be controlled to optimize 
the temperature for delivery of the therapeutic medium as 
well as controlling the temperature to minimize adverse effect 
to the target site tissues. 
0062. As indicated above, there is shown in FIG.3 athera 
peutic delivery device 200 according to another embodiment 
of the present invention which therapeutic delivery device 
includes a housing 210 and a heating guide wire 140. The 
housing 210 comprises a balloon member 112, a flexible 
porous outer member 114 that is disposed generally about the 
balloon member, a channel member 130 and one or more 
perfusion channels 135. Reference shall be made to the heat 
ing guide wire 140, the balloon member 112, the flexible 
outer member 114, the input ports 116, 118 for the balloon 
member and the flexible outer member, the second channel 
122, the channel member 130 and the heating guide wire. 
0063. The one or more perfusion channels 135 are 
arranged so as to extend lengthwise within the housing 110. 
Each of the one or more perfusion channels 135 are config 
ured so as to include a through aperture, channel or lumen 
therein that also extends generally lengthwise to the housing 
110 and so as to be open at both the distal and proximal ends 
of the housing. The lumen in each of the one or more perfu 
sion channels 135 thus allows a biological fluid, such as 
blood, in the cavity/lumen/vessel being accessed that is oth 
erwise blocked by the therapeutic device 200, to flow through 
the delivery device via the one or more perfusion channels. In 
this way, the administration or delivery of the therapeutic 
medium as well as heating of the tissues at the target site can 
be done without interruption that would be occasioned by 
temporary deflation of the balloon member or other action to 
temporarily re-establish flow of the biological fluid in the 
cavity/lumen/vessel being accessed. In more particular 
embodiments, the housing includes a plurality of perfusion 
channels 135 and the lumen for each of the one or more, or the 
plurality of, perfusion channels 135 is about 100 to about 500 
um in diameter. 
0064. In this delivery device embodiment, the balloon 
member 112 also is connected to the channel member 118 and 
the one or more perfusion channels 135 so as to define a 
volume or first region 220 there between. Reference shall be 
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made to the foregoing discussion regarding the delivery 
device first region 120 as shown in FIG.2 for further details of 
the first region 220 of FIG. 3. 
0065. As indicated above, in further embodiments of the 
catheter system 100 shown in FIG. 1, such a system includes 
a thermoprobe or temperature sensor 70 and a temperature 
monitoring device 80 operably coupled thereto electrical or 
optically depending upon the particulars of the temperature 
sensing device being used. In particular embodiments the 
temperature sensor 70 is a fiber-optic temperatures sensor 
(e.g., FISO Technologies, Step-Foy, Quebec, Canada) or a 
fiber-optic temperature probe (Luxtron Cooperation, Santa 
Clara, Calif.). In a more particular exemplary embodiment, 
two fiber-optic temperature probes are run in parallel where 
one temperature probe is disposed proximal to or fixed onto 
the tip of the heating guide wire 140 and another is disposed 
between the surface of the flexible outer member 114 and the 
inner surface of the target wall of the lumen or body cavity. 
This ensures direct contact of the probe with the inner vessel 
wall during inflation of the balloon member 112. 
0066. In lieu of direct measurement oftemperature, and in 
an alternative embodiment, temperature images are devel 
oped using known MR/NMR thermometry techniques. MR 
thermometry is used to create temperature mapping, which 
describes the location and distribution of RF heating in the 
tissues being imaged. MR temperature imaging is performed 
using an ECG-gated, segmented k-space spoiled gradient 
echo (SPGR) pulse sequence, which allows phase difference 
maps to be reconstructed. In this technique, an initial baseline 
MR image is taken to calculate temperature changes in Sub 
sequent maps. The data is typically processed during data 
acquisition by a program written on ADW (Advantage Win 
dow Workstation, GE) to construct temperature maps and 
from these maps, the RF heating region is identified. Real 
time temperature maps can be used to maintain the local 
heating region at an elevated temperature of from between, 
for example 1-11° C. 
0067. In yet further embodiments, the housing 110,210, is 
configured and arranged so as to include a one or more chan 
nels to receive therein one or more optical fibers (not shown), 
to aid in imaging of the body cavity/lumen/vessel. For 
example, the optical fiber(s) can be used to receive fluorescent 
light from cells that have incorporated a vector comprising a 
fluorescent reporter gene as described above. The optical 
fibers also can be used to monitor the navigation of the device 
itself. To this latter end, the surface of the housing 110, 210 
(e.g., surface closer to the walls of the body cavity/lumen/ 
vessel) may be marked with one or more radio-opaque mark 
ers. Instill other embodiments, a channel may be provided for 
accepting an ultrasonic probe for providing treatment to a 
target tissue in the form of ultrasound, this can be used to 
complement the therapeutic medium delivery treatment 
methods. 

0068 Referring now to FIG. 4, there is shown a catheter 
system 400 according to another aspect of the present inven 
tion, which catheter system is more particularly configured 
and arranged so as to be capable of using the therapeutic 
delivery device according to the present invention to 
MR/NMR image the tissues at, about or proximal the target 
site. Such a catheter system 400 includes a RF power source 
420, a therapeutic medium delivery device 100', 200', 300' 
that includes a housing 110 and a MR/NMR imaging and 
heating (MRIH) guide wire 440. In further embodiments, the 
catheter system 10 further includes a thermoprobe or tem 
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perature sensor 70 and a temperature monitoring/recording 
device 80. Although not specifically shown in FIG. 4, such a 
catheter system 400 also includes an inflation source 30, a 
therapeutic source 50 and tubing 40, 60 that fluidly couples 
the therapeutic delivery device 100', 200', 300' to each of the 
inflation source and the therapeutic source. In further embodi 
ments, such a catheter system 10 further includes a thermo 
probe or temperature sensor 70 and a temperature monitor 
ing/recording device 80. As to the elements, features or 
structure having reference numerals in common with FIGS. 
1-3, reference shall be made to the discussion above regarding 
these figures for details and description not otherwise provide 
below. For purposes of better describing the catheter system 
400 according to this embodiment of the present invention, 
the illustration of the catheter system also includes a portion 
of the MR/NMR receiving subsystem 500 of a MR/NMR 
imaging system that would be connected thereto. 
0069. According to this embodiment, the therapeutic 
delivery device 100, 200 includes a MR/NMR imaging and 
heating MRIH guide wire 440 according to the present 
invention. More particularly, the MRIH guide wire 440 is in 
the form of a loopless MR/NMR receiver antenna as is known 
to those skilled in the art, more particularly loopless 
MR/NMR receiver antennas that are used in connection with 
interventional vascular procedures. In more particular 
embodiments, the MRIH guide wire 440 is any of a number of 
known MR imaging guide wires that comprises a Soft con 
ducting tip wire that is an extended inner conductor from a 
coaxial cable. In exemplary embodiments, the MRIH guide 
wire 440 is about 100-120 cm in length, where the conducting 
tip is about 4 cm in length and 0.4 mm in diameter and the 
remainder of the coaxial cable is about 96-116 cm in length 
and about 0.6 mm in diameter. In further exemplary embodi 
ments, the inner conductor of the coaxial cable comprising 
the MRIH guide wire 440 according to the present invention 
is a gold-plated nitinol wire, the dielectric is polytetrafluoro 
ethylene and the outer conductor comprises initinol, more 
particularly the outer conductor is a nitinol tube with a copper 
coating on the inner Surface thereof. It should be recognized 
that foregoing is merely illustrative and exemplary of a few 
dimensions and constructions of a MRIH guide wire 440 of 
the present invention and that other sizes, shapes, construc 
tions, materials for Such heating guide wires are contemplated 
for use with the present invention. 
(0070. As illustrated in FIG.4, the MRIH guide wire 440 is 
coupled; more particularly coupled electrically to an RF 
power source 420 and to the MR/NMR receiving subsystem 
500 of a MR/NMR imaging system. The RF power source 
includes an RF generator 22, an RF amplifier, matching/ 
tuning and coupling circuitry 426, a filter 428 and a controller 
26. As indicated above reference shall be made to the forego 
ing discussion regarding the RF generator 22 and the RF 
amplifier 24 as well as the foregoing discussion regarding the 
controller 26 thereof for further details regarding the opera 
tion and characteristics of these functional components of the 
RF power Source. The matching/tuning and coupling cir 
cuitry 426 is any of a number of circuits/circuit arrangements 
known to those skilled in the RF and MR/NMR arts that are 
appropriate for the intended application. 
0071. The power source filter 428 is any of a filtering 
number of mechanisms known to those skilled in the RF and 
MR/NMR arts, that allows frequencies above a predeter 
mined frequency to pass therethrough and blocks the trans 
mission of frequencies that are less than the predetermined 
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frequency and in more specific embodiments, the filter 428 is 
a high pass type of filter. In preferred embodiments, the pre 
determined frequency for the filter 428 is established so the 
RF signals being inputted into the MRIH guide wire 440 are 
separated significantly from the MR/NMR signals being 
detected as well as the RF signals outputted in conjunction 
with such MR/NMR imaging processes. In addition, the pre 
determined frequency is established Such that any noise that 
may be generated by the RF generator 22 or during signal 
amplification by the RF amplifier 24 is separated significantly 
from the MR/NMR signals being detected as well as the RF 
signals outputted in conjunction with such MR/NMR imag 
ing processes. 
0072. In exemplary embodiments, the filter 428 is config 
ured and arranged so the RF signals inputted into the MRIH 
wire 440 are one of separated from the frequencies of the 
signals associated with the MR/NMR imaging process by one 
at least 800 MHZ or is at a frequency that is about at least 3 
times or more (e.g., 5 times) greater than the frequencies of 
the signals associated with the MR/NMR imaging process. In 
particular exemplary embodiments, the RF power source fil 
ter 428 is configured and arranged so as to pass RF signals 
having a frequency greater than 1 GHZ, more particularly a 
frequency greater than 2 GHZ, yet more particularly a fre 
quency in the range of 2 GHZsfreqs3 GHZ, more specifi 
cally a frequency of about 3 GHz. 
0073. In this way, even in the case where the RF generator 
22 is configured so as to generate RF signals at a frequency 
above the predetermined frequency of the filter 428, any noise 
being generated by the RF generator 22 and/or during the 
amplification process by the RF amplifier 24 that might lie 
below the predetermined frequency is effectively blocked. 
Consequently, the generation of any noise while generating 
RF signals to generate heatenergy will not result in this noise 
being communicated or received by the MR/NMR receiving 
subsystem 500. 
0074 The MR/NMR receiving subsystem 500 includes 
the MRI RF and preamplifier circuitry 502 associated with 
the reception and processing of the MR/NMR signals 
received by the MRIH guide wire 440 as well as the matching/ 
tuning and coupling circuitry 504 that comprises any of a 
number of circuits/circuit arrangements known to those 
skilled in the RF and MR/NMR arts that are appropriate for 
facilitating the coupling of the received MR/NMR signals 
from a MR receiver antenna to the MRI RF and preamplifier 
circuitry 502. 
0075. The MR/NMR receiving subsystem 500 also 
includes a filter 506 that is any of a number of filtering 
mechanisms known to those skilled in the RF and MR/NMR 
arts, that allows frequencies below a predetermined fre 
quency to pass therethrough and blocks the transmission of 
frequencies that are above than the predetermined frequency 
and in more specific embodiments, the filter 428 is a low pass 
type of filter. In preferred embodiments, the predetermined 
frequency for the filter 428 is established so the RF signals 
being inputted into the MRIH guide wire 440 to generate heat 
energy are blocked and thus do not pass through with the 
MR/NMR signals being detected by the MRIH guide wire 
440. In exemplary embodiments, the filter 506 is configured 
and arranged so that the predetermined frequency of the filter 
506 is set so as to be above the frequency of the signals that 
would be detected during the MR/NMR imaging process. In 
particular exemplary embodiments, the MRI receiving filter 
506 is configured and arranged so as to pass RF signals having 

Aug. 28, 2008 

a frequency less than about 1 GHZ, more particularly a fre 
quency less than about 500 MHZ, yet more particularly a 
frequency in the range of 200 MHZsfreqs500 MHz, more 
specifically a frequency less than about 200 MHz. 
0076. In this way, even in the case where the RF power 
Source 20 is generating RF signals to generate heatenergy, the 
MRIH guide wire 440 can detect MR/NMR signals and pass 
these signals to the MR/NMR receiving subsystem 500 with 
out the RF generator signals becoming noise to the MR/NMR 
receiving Subsystem. Consequently, the catheter system 400 
of this embodiment can generate RF signals to generate heat 
energy for heating the tissue at the target site while concur 
rently using the MRIH guide wire 440 as a MR/NMR receiver 
antenna so as to detect MR/NMR signals. Thus, the catheter 
system 400 of this embodiment is capable of MR/NMR imag 
ing of the tissues at, about or proximal the target site concur 
rent with the heating of the tissues at the target site. Further 
Such a system also is capable of administering or delivering 
the therapeutic medium concurrent with MR/NMR imaging 
of the tissues at, about or proximal the target site and/or 
concurrent with the heating of the tissues at the target site. 
(0077. As indicated above, the catheter systems 10, 400 or 
the present invention are configured and arranged so as to 
administer/deliver a therapeutic medium to the target tissues 
of a target site. As also indicated above the therapeutic 
medium can comprise a therapeutic agent or a therapeutic 
agent in combination with a contrast agent to facilitate the 
MR imaging of the therapeutic agent. In the present inven 
tion, therapeutic agent shall be understood to encompass or 
include, but are not limited to drugs, genes, nucleic acid 
molecules including encoding different types of nucleic acid 
molecules, an angiogenic factor, a growth factor, a chemo 
therapeutic agent, a radionuclide, a protein, a polypeptide, a 
peptide, a viral protein, a lipid, an amphiphile, a nuclease 
inhibitor, a polymer, a toxin, a cell, and modified forms and 
combinations thereof that are used in therapeutic procedures 
in connection with the injury, insult, trauma or ischemia to the 
tissues or cells of the target site that is accessed via alumen or 
body cavity of the mammalian body, more particularly a 
human body, more specifically, the vascular system of a 
human body. 
0078. The nucleic acid molecule is preferably provided in 
a nucleic acid delivery vehicle which is lipid-based, viral 
based, or cell-based. More preferably, the vector comprises a 
gene operably linked to an expression control sequence. In 
one aspect, the nucleic acid molecule comprises a sequence 
encoding a polypeptide for preventing, correcting and/or nor 
malizing an abnormal physiological response, such as a dis 
ease. Exemplary polypeptides include, but are not limited to, 
hirudin, tissue plasminogen activator, an anchored urokinase 
activator, a tissue inhibitor of metalloproteinase, proliferating 
cell nuclearantigen, an angiogenic factor, a tumor Suppressor, 
a Suicide gene and a neurotransmitter. The vector may com 
prise sequences to facilitate its delivery to, or expression in, a 
target cell. For example, the vector may comprise a marker 
gene (e.g., encoding a fluorescent protein) and/oran origin of 
replication for a host cell and/or target cell. 
0079. In the case where the therapeutic medium is being 
delivered and MR/NMR imaging is to be performed to track 
and observe the efficacy of such delivery, the therapeutic 
medium is a therapeutic composition that includes a thera 
peutic agent as hereinabove described and a magnetic reso 
nance imaging contrast agent. 
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0080 MRI contrast agents primarily act by affecting T1 or 
T2 relaxation of water protons. Most MRI contrast agents 
generally shorten T1 and/or T2. When contrast agents shorten 
T1, this increases signal intensity on T1 weighted images. 
When contrast agents shorten T2, this decreases signal inten 
sity particularly on T2 weighted pulse sequences. Thus, pref 
erably, contrast agents used in the invention have adequate 
nuclear or relaxation properties for imaging that are different 
from the corresponding properties of the cells/tissue being 
imaged. Suitable contrast agents include an imageable 
nucleus (such as 'F), radionuclides, diamagnetic, paramag 
netic, ferromagnetic, Superparamagnetic Substances, and the 
like. In a preferred aspect, iron-based or gadilinium-based 
contrast agents are used. Iron-based agents include iron 
oxides, ferric iron, ferric ammonium citrate and the like. 
Gadolinium based contrast agents include diethylenetri 
aminepentaacetic (gadolinium-DTPA). Manganese para 
magnetic Substances also can be used. Typical commercial 
MRI contrast agents include Omniscan, Magnevist (Ny 
comed Salutar, Inc.), and ProHance. 
0081. In one preferred embodiment, gadolinium is used as 
the MRI contrast agent. Less than about 28.14 mg/mL gado 
linium (such as less than 6% Magnevist) is an adequate con 
centration for imaging and is minimally destructive of nucleic 
acid delivery vehicles. However, it is well within the skill of 
those in the art to vary and optimize the amount of contrast 
agent to add to the compositions depending on the nature of 
the contrast agent (e.g., their osmotic effects) and the length 
of time during which a target cell is exposed. 
0082 In other embodiments, the composition comprises a 
pharmaceutically acceptable carrier. Preferably, the carrier is 
non-toxic, isotonic, hypotonic or weakly hypertonic and has 
a relatively low ionic strength (e.g., such as a Sucrose solu 
tion). Furthermore, it may contain any relevant solvents, 
aqueous or partly aqueous liquid carriers comprising sterile, 
pyrogen-free water, dispersion media, coatings, and equiva 
lents, or diluents (e.g. Tris-HCI, acetate, phosphate), emulsi 
fiers, solubilizers and/or adjuvants. The pH of the pharma 
ceutical preparation is suitably adjusted and buffered in order 
to be appropriate for use in humans or animals. Representa 
tive examples of carriers or diluents for an injectable-compo 
sition include water or isotonic saline Solutions which are 
preferably buffered at a physiological pH (e.g., Such as phos 
phate buffered saline, Tris buffered saline, mannitol, dex 
trose, glycerol containing or not polypeptides or proteins such 
as human serum albumin). The compositions also can com 
prise one or more accessory molecules for facilitating the 
introduction of a nucleic acid delivery vector into a cell and/or 
for enhancing a particular therapeutic effect. 
0083. The foregoing is illustrative and shall not be consid 
ered limiting as to the drugs or therapeutic compounds or 
agents, carriers, and accessory molecules that can be used to 
comprise the therapeutic medium of the present invention. 
Applicants also herein incorporate by reference the teachings 
and disclosures in their entirety of pending U.S. application 
U.S. Ser. No. 10/116,708 entitled Imaging Nucleic Acid 
Delivery and in particular those teachings and disclosures of 
the various therapeutic agents described therein. 
0084. Referring now to FIG. 5, there is shown a therapeu 

tic delivery device 300 according to another embodiment of 
the present invention which therapeutic delivery device 
includes a housing 310 and a heating guide wire 140. As 
indicated above, such a therapeutic delivery device also can 
include a MRIH guide wire 440. The housing 310 comprises 
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a balloon member 112, a flexible porous outer member 114 
that is disposed generally about the balloon member, a chan 
nel member 330. The channel member 330 includes one or 
more perfusion through apertures or lumens 332. Reference 
shall be made to the heating guide wire 140, the balloon 
member 112, the flexible outer member 114, the input ports 
116,118 for the balloon member and the flexible outer mem 
ber, the second channel 122, the channel member 130 and the 
heating guide wire for details not otherwise described here 
inafter. 

I0085. The one or more perfusion lumens 334 are arranged 
in the channel member 330 so as to extend substantially 
radially from the channel member lumen 332 to the outer 
surface of the channel member. More particularly, the perfu 
sion lumens 334 are disposed and arranged within the channel 
member so as to be located on the proximal end of the housing 
310. Each of the perfusion lumens 334 are configured and 
arranged so as to allow the biological fluid, Such as blood, in 
the cavity/lumen/vessel being accessed that is blocked other 
wise blocked by the therapeutic device 300, to flow through 
the lumen 332 of the channel member 330 and via the one or 
more perfusion lumens channels. In this way, the administra 
tion or delivery of the therapeutic medium as well as heating 
of the tissues at the target site can be done without interrup 
tion that would be occasioned by temporary deflation of the 
balloon member or other action to temporarily re-establish 
flow of the biological fluid in the cavity/lumen/vessel being 
accessed. In more particular embodiments, the housing 310 
includes a plurality of perfusion lumens 334 and the lumenfor 
each of the one or more, or the plurality of perfusion lumens 
334 is about 100 to about 500 um in diameter. 
0086 Now with reference also to FIGS. 6-7, there is 
shown schematic views of a blood vessel to illustrate the 
flowing of the biological fluid with use of the therapeutic 
delivery device 300 of FIG. 5. As shown in FIG. 5, when full 
perfusion flow of biological fluid is desired, the user manipu 
lates the heated guide wire 140 so as to partially withdraw it 
from the channel member so the substantially thicker portion 
of the heated guide wire 140 is withdrawn a sufficient distance 
So as to put at least one of the one or more perfusion lumens 
334, more particularly each of the one or more perfusion 
lumens in full fluid communication with the axially extending 
lumen 332 of the channel member 330. In this way, the 
biological fluid (e.g., blood) upstream of the therapeutic 
delivery device 310 can pass through the channel member 
lumen332 and thence through the one or more channel mem 
ber perfusion lumens 334 to the downstream side of the 
therapeutic delivery device. As a result, flow of the biological 
fluid is established even though the balloon member 112 of 
the therapeutic delivery device remains in its inflated state. 
Further, it is with the scope of the present invention for the 
delivery/administering of the therapeutic medium to continue 
or occur while the biological fluid is flowing through the 
therapeutic delivery device. It should be recognized that it is 
well within the knowledge of those skilled in the art to deter 
mine how often and when to partially withdraw the heated 
guide wire 140 to obtain such full perfusion flow of the 
biological fluid. 
I0087. As shown in FIG. 6, the differential pressure 
between the upstream and downstream sides of the therapeu 
tic delivery device 310, can be such as to cause the biological 
fluid (e.g., blood) to flow about the heated guide wire 140 in 
the channel memberlumen332 and to be communicated to at 
least one of the perfusion lumens 334. Thus, at least some of 
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the biological fluid (e.g., blood) can continue to be supplied to 
the blood vessel on the downstream side of the therapeutic 
delivery device even in the case where the heated guide wire 
is generating and distributing thermal energy (i.e., RF heat) to 
the tissues at the target site. It should be recognized that it is 
within the scope of the present invention for the heated guide 
wire 140 and/or the inner surface of the channel member 
lumen 332 to further include one or more surface artifacts 
(e.g., axially extending grooves or depressions) that facilitate 
the flow of biological fluid while maintaining good thermal 
contact between the channel member and the heated guide 
wire for distribution of thermal or heatenergy to the tissues of 
the target site. 
0088. It should be recognized that it is well within the 
knowledge of those skilled in the art to determine how often 
and when to partially withdraw the heated guide wire 140 or 
MRIH guide wire 440 to obtain such full perfusion flow of the 
biological fluid. 
0089. The methodology of the present invention as to heat 
ing, administering/delivering the therapeutic medium and 
MR/NMR imaging can be best understood from the follow 
ing discussion in conjunction with FIG. 8. It should be rec 
ognized that while the catheter system of FIG. 4 is illustrated 
this shall not be construed as limiting the methodology of the 
present invention to the illustrated system. In use, before the 
catheter/delivery device 100', 200' of the present invention is 
inserted into the body, and using known MR/NMR tech 
niques an image of the Volume to be treated as well as the 
region(s) to be traversed by the delivery device are initially 
acquired to develop baseline images for tracking. Using 
known techniques, the medical personnel or user accesses the 
body cavity, Vessel lumen, vascular system and the like that is 
used to access the target site. After accessing this body struc 
ture, the medical personnel insert the therapeutic delivery 
device 100', 200' into the lumen used to traverse the body to 
the target site of the body cavity, vessel and the like to be 
treated. 

0090. Using known techniques for manipulating cath 
eters, for example, the medical personnel manipulate the 
therapeutic delivery device 100', 200', 300' within the body 
lumen (e.g., vascular structure) until the housing 110, 210, 
310 of the therapeutic delivery device is disposed or localized 
proximal the target site. Such manipulation and localizing is 
accomplished using any of a number of techniques known to 
those skilled in the art for monitoring and tracking the thera 
peutic deliver device, including MR/NMR imaging tech 
niques and optical viewing as well as techniques using 
gamma or X-rayS. 

0091. In the case of MR/NMR imaging the patient is typi 
cally disposed upon a moving platform that is moveable 
within the bore of the main field magnet, as hereinafter 
described. The MR/NMR images are acquired using any one 
of a number of techniques including use of imaging coils 
external to the body (see FIG.9) and/or the MR/NMR loop 
less antenna formed by a MRIH guide wire 440 that is dis 
posed within the therapeutic delivery device. 
0092. After localizing the therapeutic delivery device 
100', 200', 300' to the target site, the medical personnel typi 
cally verify Such localization using an appropriate imaging 
technique such as an MR/NMR imaging technique. In any 
event after completing such localization, the balloon member 
112 of the therapeutic delivery device 100,200,300 is inflated 
by admitting a fluid Such as warm saline into the first region 
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120. The fluid is continued to be admitted until the flexible 
outer member 114 comes into contact with the surface of the 
target site tissues. 
0093. After contacting and engaging the tissues, the 
heated guide wire or MRIH guide wire 440 is also located 
with respect to the Surface of the target site tissues. In more 
particular embodiments, the MRIH guide wire 440 is local 
ized about the midpoint of the housing and thus also should be 
located at about the centerline or midpoint of the lumen in 
which the therapeutic delivery device is located. As herein 
described, the medical personnel coordinate activation of the 
RF power source 420 and the administration/delivery of the 
therapeutic medium So that the tissues of the target site are 
heated and the therapeutic medium is delivered in the planned 
a. 

0094. As illustration, the medical personnel activate the 
RF power source 420 prior to administering the therapeutic 
medium so as to raise the temperature of the target tissues to 
a desired value. This can be determined using MR thermom 
etry, optical thermal sensors or any of a number of other 
sensing devices or techniques known to those skilled in the 
art. After the target tissues are so heated, the medical person 
nel inject the therapeutic medium into the second region 122 
so that the therapeutic medium is distributed to the target site 
tissues/target cells via the porous flexible outer member 114 
as hereinabove described. The injection process is continued 
until for example the desired amount of therapeutic medium 
is delivered. In the case where the therapeutic medium is a 
therapeutic composition including a MR/NMR contrastagent 
as well as the therapeutic agent, the medical personnel can 
MR/NMR image the target tissues and the movement of the 
therapeutic medium. It should be recognized that such imag 
ing can be accomplished using the MRIH guide wire 440 as a 
loopless MR/NMR antenna even while heat energy is being 
generates and being distributed from the MRIH guide wire. 
0095. After distributing the therapeutic medium, the 
medical personnel de-activate the RF power source 420 and 
the therapeutic delivery device and the target tissues begin to 
cool down. Thereafter, and using techniques known to those 
skilled in the catheter and MR/NMR arts, the balloon member 
112 is deflated and the therapeutic delivery device 100', 200', 
300' is withdrawn from the body. 
0096 Referring now to FIG. 9 there is shown a schematic 
view of an exemplary MRI system 900 having a RF excitation 
and MR signal detection apparatus 920 embodying a catheter 
system 400 according to the present invention. Although the 
RF excitation and MR signal detection apparatus 500 is 
referred to in the illustrated embodiment, this shall not com 
prise a limitation and other RF excitation and MR signal 
detection apparatus in accordance with the teachings of the 
present invention are contemplated for use in such an MRI 
system. Additionally, although a MRI system having a main 
magnet comprising a C-type magnet is illustrated, this also 
shall not constitute a limitation as it is with the contemplated 
Scope of the present invention to adapt any of a number of 
known MRI magnets including Superconducting magnet sys 
tems so as to be capable of using the RF excitation and MR 
signal detection apparatus of the present invention. Other 
exemplary MRI magnet systems are found in U.S. Pat. No. 
4,689,563, the teachings of which are incorporated herein by 
reference. 
0097 Magnetic resonance imaging (MRI) is a technique 
that is capable of providing three-dimensional imaging of an 
object. A conventional MRI system typically includes a main 
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or primary magnet that provides the main static magnetic field 
Bo, magnetic field gradient coils and radio frequency (RF) 
coils, which are used for spatial encoding, exciting and 
detecting the nuclei for imaging. Typically, the main magnet 
is designed to provide a homogeneous magnetic field in an 
internal region within the main magnet, for example, in the air 
space of a large central bore of a solenoid or in the air gap 
between the magnetic pole plates of a C-type magnet. The 
patient or object to be imaged is positioned in the homoge 
neous field region located in Such airspace. The gradient field 
and the RF coils are typically located external to the patient or 
object to be imaged and inside the geometry of the main or 
primary magnet(s) surrounding the air space. There is shown 
in U.S. Pat. Nos. 4,689,563; 4,968,937 and 5,990,681, the 
teachings of which are incorporated herein by reference, 
some exemplary MRI systems. 
0098. In MRI, the uniform magnetic field B. generated by 
the main magnetis applied to an imaged object by convention 
along the Z-axis of a Cartesian coordinate system, the origin 
of which is within the imaged object. The uniform magnetic 
field B, being applied has the effect of aligning the magneti 
Zation arising from the nuclei of the atoms comprising the 
imaged object, along the Z-axis, such nuclei possess a nuclear 
magnetization due to their having an odd number of protons 
or neutrons. In response to RF magnetic field pulses of the 
proper frequency, with field direction orientated within the 
XY plane, the nuclei resonate at their Larmor frequencies, 
(0-yB, where Y is called the gyromagnetic ratio. In a typical 
planar imaging sequence, the RF signal centered about the 
desired Larmor frequency is applied to the imaged object at 
the same time a magnetic field gradient G is being applied 
along the Z-axis. This gradient field G causes only the nuclei 
in a slice of limited thickness through the object perpendicu 
lar to the Z-axis, to satisfy the resonant condition and thus be 
excited into resonance. 

0099. After excitation of the nuclei in the slice, magnetic 
field gradients are applied along the X- and Y-axes respec 
tively. The gradient G, along the X-axis causes the nuclei to 
precess at different frequencies depending on their position 
along the X-axis, that is, G. spatially encodes the precessing 
nuclei by frequency. Thus, this gradient is often referred to as 
a frequency encoding or read-out gradient. The Y-axis gradi 
ent G, is incremented through a series of values and encodes 
the Y position into the rate of change of the phase of the 
precessing nuclei as a function of gradient amplitude, a pro 
cess typically referred to as phase encoding. 
0100. The MRI system 900 includes an electromagnet 
902, a computer 906, a main magnetic field control 908, a 
gradient coil Sub-system 910, gradient magnetic field power 
amplifiers 912, an imager914, a display device 916 and a RF 
excitation and MR signal detection apparatus 920 according 
to the present invention. 
0101 The electromagnet 902 produces a strong main 
magnetic field Bo in which a body 2 to be imaged, a patient, 
is placed on a suitable support or table (not shown). The 
strength of the magnetic field in the gap between the pole 
pieces 904, and hence in the body 2, is controlled by a com 
puter 906 via a main magnetic field control 908, which con 
trols the Supply of energizing current to the electromagnet 
energizing coil. Alternatively, for Superconducting MRI elec 
tromagnets, with inherently highly-stable fields, the field is 
charged and set to an exact value upon installation, and not 
altered during normal operation. 
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0102 The gradient coil sub-system 910, comprising one 
or more gradient coils, whereby a magnetic field gradient can 
be imposed on the static magnetic field in the sample Volume 
in any one or more of three orthogonal directions X,Y, and Z. 
The gradient coil sub-system 910 is energized by a gradient 
field power amplifiers 912 that are under the control of the 
computer. 
0103) The RF excitation and MR signal detection appara 
tus 920 according to the present invention includes an RF 
transmitter 922, MR signal detection circuitry 924, transmit 
ter coils 926, the MRIH guide wire 440 of the therapeutic 
delivery device 100',200', 300' of the present invention form 
ing a loopless MR/NMR antenna and other coils or MR 
antennas 960. The RF transmitter 922 is under the control of 
the computer 906 so that RF field pulses or signals are selec 
tively generated and applied to the body transmit coil for 
excitation of magnetic resonance in the body. It should be 
recognized that the computer 906 also can be configured and 
arranged so as to comprise the RF power source controller 26 
and to also control the RF power source and when and for how 
long thermal energy is to be supplied to the tissues of the 
target site. 
0104. While these RF excitation pulses are being applied 
to the body, T/R switches of the MR signal detection circuitry 
924 are actuated so as to de-couple the MR/NMR signal 
detection coils 960 and loopless MR/NMR antenna 440 from 
the MR signal detection circuitry. Following application of 
the RF excitation pulses, the T/R switches are again actuated 
to couple the MR/NMR signal detection coils and/orantennas 
to the MR signal detection circuitry 924. 
0105. The MR/NMR coils 960 orantennas external to the 
body detector sense the MR signals resulting from the excited 
nuclei in the body and conducts the MR signals onto the MR 
signal detection circuitry 924 (e.g., the receivers/preamplifi 
ers thereof). Similarly, the loopless MR/NMR antenna com 
prised by the MRIH guide wire 440 detect or sense the MR 
signals resulting from the excited nuclei in the body and 
proximal the MRIH guide wire and conducts the MR signals 
onto the MR signal detection circuitry 924 (e.g., the receivers/ 
preamplifiers thereof). In an exemplary embodiment, the MR 
signal detection circuitry 924 includes a multi-channel 
receiving device and the signals from each of the coils and/or 
antennas are provided to a different channel thereof. These 
detected MR signals are in turn passed onto the imager 914. 
The imager 914, under the control of the computer 906, 
processes the signals to produce signals representing an 
image of a region of interest in the body 2. These processed 
signals are sent onto a display device 516 to provide a visual 
display of the image. 
0106. In operation, the uniform magnetic field B. gener 
ated by the main magnet 902 is applied to the body 2 by 
convention along the Z-axis of a Cartesian coordinate system, 
the origin of which is at the center of the magnet and typically 
near or within the region of interest being imaged in the 
object. The uniform magnetic field B, being applied has the 
effect of aligning the nuclear magnetization of the nuclei in 
the body 2, along the Z-axis. In response to RF pulses of the 
proper frequency being generated by the RF transmitter 922, 
that are orientated within the XY plane, the nuclei resonate at 
their Larmor frequencies, producing a time-dependent XY 
magnetization at the NMR frequency which can be detected 
by a coil orantenna. In one typical imaging sequence, the RF 
signal centered about the desired Larmor frequency is applied 
to the body 2 at the same time a magnetic field gradient G is 
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being applied along the Z-axis by means of the gradient 
control sub-system 910. This gradient field G causes only the 
nuclei in a slice with a limited width through the body 2 along 
the XY plane, to have the resonant frequency and to be excited 
into resonance, a process typically referred to as selective 
excitation. 

0107 After excitation of the nuclei in the slice, magnetic 
field gradients are applied along the X- and Y-axes respec 
tively. The gradient G, along the X-axis causes the nuclei to 
precess at different frequencies depending on their position 
along the X-axis, that is, G. spatially encodes the precessing 
nuclei by frequency (i.e., frequency encoding). The Y-axis 
gradient G, is incremented through a series of values and 
encodes the Y position into the rate of change of the phase of 
the precessing nuclei as a function of gradient amplitude, a 
process typically referred to as phase encoding. Phase-encod 
ing can be extended to more than one dimensions for 
example, by replacing selective excitation of the single slice 
using a G gradient pulse applied during excitation as 
described above, with Z-gradient incrementation after the 
excitation. By such means full three-dimensional (3D) vol 
ume imaging is achieved, for example, by phase-encoding in 
two dimensions (Z. Y) and applying frequency encoding in 
the third dimension (X). 

Example #1 

0108. A study was undertaken to demonstrates the use the 
magnetic resonance imaging guidewire (MRIG) as a multi 
functional device, not only as a receiver antenna to generate 
intravascular high-resolution MR images of atherosclerotic 
plaques and as a conventional guidewire to guide endovascu 
lar interventions under MR imaging, but also as an intravas 
cular heating source to produce local heat for thermal 
enhancement of vascular gene transfection. More particu 
larly, this study focused on the use of a clinical size, 0.032 
inch diameter MRIG as an intravascular heating Source to 
deliver controlled thermal energy from an external micro 
wave generator into the target vessels for the enhancement of 
catheter-based vascular gene transfection. 
0109. A clinical size, 0.032-inch diameter MR imaging 
guidewire was used which has been Successfully used to 
generate intravascular high-resolution MR images of the ath 
erosclerotic vessel wall and for guidance of vascular inter 
ventions under MR imaging. The MRIG was a loopless 
antenna, which consisted of an 8-cm long conducting wire 
that was an extended inner conductor from a 25-inch long 
coaxial cable. The inner conductor of the MIG consisted of a 
gold-plated nitinol wire with a radius of 0.1 mm. The dielec 
tric was polytetrafluoroethylene (6.2) and had a radius of 
0.33 mm. The outer conductor consisted of nitinol (o 1x10' 
S/m) with a radius of 0.42 mm. The MIG was connected either 
to an external 2.45 GHz microwave generator (Opthos Instru 
ments, Rockville, Md.) for heating, or connected to an MR 
Scanner for imaging. 
0110 A New Zealand white rabbit, approximately 5 kg in 
weight, with the aorta approximately 6 mm in diameter was 
used to investigate the use of an MRIG to deliver microwave 
power to the vessel and to establish aheating protocol for the 
enhancement of vascular gene transfection in vivo. All ani 
mals were treated according to the “Principles of Laboratory 
Animal Care” of the National Society for Medical Research 
and the "Guide for the Care and Use of Laboratory Animals' 
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(NIH Publication No. 80-23, revised 1985). The Animal Care 
and Use Committee at our institution approved the experi 
mental protocol. 
0111. Through a laparotomy, a 5F balloon catheter with a 
balloon portion of 6 mm in diameter and 2 cm in length 
(Boston Scientific, Boston, Mass.), and a 0.6-mm fiber-optic 
temperature sensor (FISO Technologies, Step-Foy, Quebec, 
Canada) were positioned into the lower abdominal aorta at a 
level 2 cm below the renal arteries as shown in FIG. 10. The 
sensor portion of the fiber-optic probe was attached side-by 
side onto the balloon. Thus, inflation of the balloon with 37° 
C. saline propelled the fiber-optic probe against the arterial 
wall. 
0112 The MRIG was placed into the balloon catheter, so 
that the active imaging/heating region of the MRIG was posi 
tioned in the center of the balloon. The MRIG was connected 
to an external 2.45 GHZ, microwave generator, and the fiber 
optic sensor was connected to a digital thermometer (FISO 
Technologies, Canada). Subsequently, the microwave gen 
erator was operated, at different power levels from 2 to 24 
watts (W), to deliver thermal energy to the MRIG. The 
steady-state temperature increases after several seconds were 
recorded using a digital thermometer. The heating experi 
ments were repeated in triplicate. 
0113. In the experimental setting, the target vessel wall 
was locally heated during mechanical compression by the 
inflated balloon. The mechanical compression facilitated the 
microwave heating-induced thermal damage on the balloon 
stressed target vessel wall. The potential thermal damage in 
Vivo from microwave heating/balloon compression was 
evaluated by examining the histological difference before and 
after microwave heating at the target in living animals. In 
addition, during the in Vivo experiments, the possibility of 
simultaneously generating high-resolution MR images of the 
target vessels using the same heat-delivery MRIG was inves 
tigated with the inflated balloon in the same target vessel. 
0114 Six New Zealand white rabbits, approximately 5 kg 
in weight were used and using the same Surgical method 
mentioned above, the 0.032-inch MRIG, along with the 5F 
balloon and the 0.6-mm fiber-optic temperature sensor, were 
positioned into the aorta. Then, while inflating the balloon 
with saline, the targeted aorta was heated with the MRIG for 
20 minutes by operating the microwave generator at 20-25 
watts, which resulted in a temperature increase to 41° C. at the 
target aortic wall. 
0115 MR imaging was performed in a 1.5 Tesla MR scan 
ner (GE Medical System, Milwaukee, Wis.). High-resolution 
axial and Sagittal images were acquired with two pulse 
sequences: (i) T1-weighted imaging with an SE sequence of 
500/11 ms TR/TE, 4 and 8-cm FOV, and 256x256 matrix; and 
(ii) T2-weighted imaging with an FSE sequence of 2000/100 
ms TR/TE, 15.6-kHz bandwidth, 4 and 8-cm FOV, and 256x 
256 matrix. During MR imaging, the MRIG was connected to 
the MRI preamplifier and operated in the receive-only mode. 
0116. Immediately after the heating, the heat-targeted 
aorta and non-heated aorta (as a control) were harvested for 
histological examination. The specimens were embedded in 
paraffin, cut into 5-lum slices on a cross-sectional view, and 
stained with Masson Trichrome stain. 
0117 The pattern of simulated power distribution was 
found to be cylindrically symmetric, analogous to the geom 
etry of vessels, and was localized to the target vessel area 
(FIG. 2). The calculated half-power heating length was 1.7 
cm at the microwave frequency, which is close to the 2-cm 
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length of the 5F catheter balloon. Although some microwave 
energy was lost through the MRIG during microwave energy 
transfer, the desired temperature of 41°C. was achieved at the 
target vessel wall in vivo. 
0118 Under MR imaging, the inflation/deflation of the 
balloon could be monitored. On T1- and T2-weighted MR 
images, the balloon-inflated target aortic wall also could be 
imaged at a resolution of 157 um (FIG. 4). 
0119 Clinically, all rabbits survived during the experi 
ments. Histopathologically, in both gross and microscopic 
examinations, there were no findings of thermal damages, 
Such as vacuolization, coagulation, or carbonization. Also 
there was not found any evidence of possible mechanical 
injury to the vessel wall due to the insertion of the MRIG. 
0120. The study demonstrates the potential of using an 
MR imaging-guide wire as a multi-functional device for vas 
cular gene therapy, not only as a receiver antenna to generate 
intravascular high-resolution MR imaging of the target vessel 
wall and as a conventional guide wire to guide endovascular 
interventions, but also as an intravascular local heating Source 
to deliver controlled therapeutic heat into target vessels. The 
advantages of using the MRIG as an intravascular local heat 
ing source include (i) the thin MRIG can be easily positioned, 
via any endovascular interventional device, into a target ves 
sel to generate local and axisymmetric heating at the target; 
(ii) the MRIG produces a power distribution that is cylindri 
cally symmetric and analogous to the geometry of vessels and 
localized to the target vessel area; and (iii) the MRIG can be 
used as a multi-functional device to simultaneously generate 
imaging and heating at the target vessels, and thermal power 
input through the MRIG can be easily controlled at the exter 
nal microwave generator. In addition, it should be greatly 
beneficial to combine MR thermal mapping techniques with 
the current design, to monitor and control the location, dis 
tribution, and extent of the delivered therapeutic heat at the 
target vessels under MR imaging. 

Example #2 
0121. An MR-imaging/radiofrequency (RF)-heating sys 
tem was used to determine the feasibility for enhancement of 
vascular gene transduction in vivo. Green fluorescent protein 
(GFP) gene/lentivirus was transferred into the bilateral femo 
ral artery walls of 7 pigs via a catheter-based delivery. During 
and after infusion of GFP/lentivirus, the targeted right femo 
ral arteries were heated from 37° C. to 41° C. using the 
MR-imaging/RF-heating system. Quantitative Western Blot 
analysis of harvested vessels showed that GFP expression 
was significantly higher in the heated group than in the non 
heated group. 
0122) The right carotid arteries of anesthetized domestic 
pigs were cannulated with 7F introducers. Based on an X-ray 
angiogram of the pelvic artery tree, a 5F Remedy gene deliv 
ery balloon catheter was inserted into the left femoral artery. 
The catheter was composed of an angioplasty balloon, which 
was Surrounded by multiple gene infusion channels with 
many micropores on the surface. After inflation of the balloon 
with a saline/contrast agent mixture, 1.5-ml GFP/lentivirus 
Solution was infused into the target vessel wall at an infusion 
flow of 10 ml/hr. 
0123. The balloon catheter was re-positioned into the right 
femoral artery and a 0.014-inch MR imaging-guidewire 
(MIG) placed into the guidewire channel of the catheter, with 
the hot-spot of the MRIG in the middle of the balloon. The 
MRIG was then connected to the MR-imaging/RF-heating 
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system. Subsequently, GFP/lentivirus was transferred into 
the arterial wall using the same infusion protocol described 
above, while 180 MHz. RF, operated at 4-watt output power, 
was delivered via the MRIG into the target vessel during and 
after infusion for 20 minutes. A temperature increase from 
37° C. to 41° C. was previously confirmed using this heating 
protocol. At day 6 after infusion, the pigs were sacrificed and 
the bilateral target vessels were harvested for quantitative 
Western Blot analysis. 
0.124 Gene delivery procedures with RF-heating in all 
pigs were successful. All seven pigs transduced with GFP/ 
lentivirus survived with no clinical abnormalities. GFPs were 
expressed in all cases, with a 4.7-fold higher GFP gene 
expression in the heated arteries than in the non-heated arter 
ies (P=0.026, paired t-test, n=7). 

Example #3 

0.125. An MR imaging-guide wire (MRIG) was used to 
conduct microwave (MW) heating during green fluorescent 
protein (GFP) gene-lentiviral transduction in human vascular 
smooth muscle cell (SMC) phantoms to evaluate the effect of 
heating on the enhancement of vascular gene transduction. 
The purpose was to evaluate the use of an MR imaging-guide 
wire (MRIG) as a vehicle to deliver external thermal energy 
into cell culture phantoms for the enhancement of gene trans 
duction expression in human vascular Smooth muscle cells 
(SMC). 
I0126. A four-chamber, cell culture slide was placed on a 
37°C. water surface in a heating bath. The “hot spot” of an 
MR imaging-guide wire, 0.047 inchin diameter, was attached 
under the bottom of one end-chamber of the slide, and the 
MRIG was connected to an external 2.45 GHz microwave 
(MW) generator (Opthos, Rochville, Md.). Four fiber-optic 
probes were then attached on the bottoms of four chambers of 
the slide. During heating, temperature increase in each cham 
ber was recorded using a multi-channel, digital thermometer 
(Fiso, Quebec, Canada). The MRIG-attached chamber was 
heated from 37° C. to 40-41° C. 
I0127 Human arterial SMCs (Clonetics, San Diego, Calif.) 
were cultured in the four chambers of the slide at a concen 
tration of 10,000 cells per chamber and then incubated at 37° 
C. for 24 hours to produce the GFP lentiviral vector used for 
gene transduction. 
I0128. Before transduction, the SMC layer on the bottom of 
the MRIG-attached chamber was heated by MW at 40°C. for 
15 minutes. Then, the SMCs in the four chambers were trans 
ducted with GFP-lentivirus for 15 minutes using a protocol 
provided by Life Technologies, Inc. (Rockville, Md.). The 
desired temperature increase to 40-41° C. at the bottom of the 
MRIG-attached chamber was achieved with an MW output 
power of 24-26 watts. The temperature increase was reduced 
as the distance increased between the chamber and the MRIG. 
I0129. During the transduction, the MRIG-attached cham 
ber bottom was constantly heated at 40-41° C. After heating, 
the untransducted GFP-lentiviral vectors were removed by 
washing the chambers three times with the SmCM-2 culture 
medium. Then, the SMCs were further incubated for 5 days to 
allow sufficient GFP expression. At day 6, a confocal micros 
copy was used to calculate and compare GFP transduction 
rates among the four-chamber cell groups using cell-plating 
efficiencies in triplicate. 
I0130. The GFP transduction rate was the highest at 41° C. 
(75.6%), followed by 38°C. (32.1%), and the lowest at 37° C. 
(17.2%). These results were also confirmed by confocal 
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microscopic correlations. More particularly, the results 
showed that the transduction rate at 41° C. was 4.4-fold 
higher than that at 37°C. 
0131. In sum, the investigation showed that gene transduc 
tion invascular SMCs can be enhanced by microwave heating 
through an MR imaging-guide wire in vitro, which offers the 
potential to use the MRIG/MW system to intravascularly 
enhance vascular gene transduction in vivo. 
0132 Although a preferred embodiment of the invention 
has been described using specific terms, such description is 
for illustrative purposes only, and it is to be understood that 
changes and variations may be made without departing from 
the spirit or scope of the following claims. 

1-12. (canceled) 
13. A device for delivering thermal energy to a target site 

within a vessel lumen of a body, the thermal energy delivery 
device comprising: 

a catheter, said catheter including a heating element; and 
a power source operably coupled to the heating element 

and being configured so as to selectively energize the 
heating element. 

14. The thermal energy delivery device of claim 13, further 
including a control mechanism that controls activation of the 
power source and the selective energization of the heating 
element, thereby controlling an amount of thermal energy and 
a duration of application of thermal energy to the target site. 

15. The thermal energy delivery device of claim 13, 
wherein said catheter includes a guide wire, that provides a 
mechanism for remote manipulating and guiding of the cath 
eter within a lumen or body cavity of the body and wherein a 
portion of the guide wire comprises the heating element. 

16. The thermal energy delivery device of claim 15, 
wherein the guide wire is operably coupled to the power 
SOUC. 

17. The thermal energy delivery device of claim 16, 
wherein the power source comprises an RF generator and an 
RF amplifier operably coupled to the RF generator. 

18. The thermal energy delivery device of claim 15, 
wherein the guide wire is further configured and arranged so 
as to form a MR Receiver antenna tuned to a predetermined 
frequency. 

19. The thermal energy delivery device of claim 15, 
wherein: 

said catheter further includes an inflatable balloon that is 
configured and arranged so as to be selectively inflat 
able, where the balloon is in a deflated condition as the 
catheter is being manipulated with the lumen or body 
cavity and capable of being inflated when positioned 
proximal to the target site; and 

wherein said inflatable balloon is configured and arranged 
So the portion of the guide wire comprising the heating 
element is disposed within the inflatable balloon. 

20. The thermal energy delivery device of claim 15, 
wherein said inflatable balloon is configured and arranged so 
that the portion of guide wire comprising the heating element 
is in a desired arrangement with respect to tissue of the target 
site when the balloon is inflated. 

21. The thermal energy delivery device of claim 20, 
wherein said inflatable balloon is configured and arranged so 
that the portion of the guide wire comprising the heating 
element is disposed proximal the center of the vessel lumen 
when the balloon is inflated proximal the target site. 

22. The thermal energy delivery device of claim 15, 
wherein the inflatable balloon further includes a porous outer 
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layer, where a therapeutic medium is inputted into the region 
between the porous outer layer and the balloon so as to be 
dispersed therefrom. 

23. A device for delivering atherapeutic medium to a target 
site within a vessel of a body, the therapeutic delivery device 
comprising: 

a catheter, said catheter including a heating element and 
being configured and arranged so as to disperse there 
from the therapeutic agent; and 

a power source operably coupled to the heating element 
and being configured so as to selectively energize the 
heating element. 

24. The therapeutic delivery device of claim 23, further 
including a control mechanism that controls activation of the 
power source and the selective energization of the heating 
element, thereby controllinganamount of thermal energy and 
a duration of application of thermal energy to the target site 
including the timing of Such application with respect to the 
dispersing of the therapeutic medium from the catheter. 

25. The therapeutic delivery device of claim 23, wherein 
said catheter includes a guide wire, and wherein a portion of 
the guide wire comprises the heating element. 

26. The delivery device of claim 25, wherein the guide wire 
is operably coupled to the power source. 

27. The therapeutic delivery device of claim 25, wherein 
said catheter further includes: 

a balloon member that is configured and arranged so as to 
be selectively inflatable: 

a flexible outer member configured and arranges so as to be 
about at least a portion of the balloon member; and 

wherein said balloon member is configured and arranged 
So the portion of the guide wire comprising the heating 
element is disposed within the balloon member. 

28. The therapeutic delivery device of claim 25, wherein 
the guide wire is further configured and arranged so as to form 
a MR receiver antenna tuned to a predetermined frequency. 

29. The therapeutic delivery device of claims 28, wherein 
the guide wire is operably coupled to an MR/NMR imaging 
system and wherein said therapeutic delivery device further 
includes a mechanism operably coupled between said guide 
wire and each of the power source and the MR/NMR imaging 
system so that signals in a frequency band are coupled to the 
MR/NMR imaging system and so signals outside said fre 
quency band are not coupled to the MR/NMR imaging sys 
tem. 

30. The therapeutic delivery device of claim 28 further 
comprises another filtering mechanism operably coupled 
between said guide wire and the MR/NMR imaging system 
so that signals at or below a predetermined frequency are 
coupled to the MR/NMR imaging system and those above the 
predetermined frequency are essentially blocked. 

31. The therapeutic delivery device of claim 30, wherein 
said further includes a filtering mechanism operably coupled 
between said guide wire and the power source so that power 
output signals at or above another predetermined frequency 
are outputted to the guide wire from the power source and so 
power output signals below said another predetermined fre 
quency are essentially blocked. 

32. An MR/NMR imaging and therapeutic medium deliv 
ery system comprising: 

a delivery device including a guide wire configured and 
arranged so as to form a loopless MR/NMR receiver 
antenna being tuned to receive signals at a predeter 
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mined frequency and also to generate heat energy 
responsive to power signals inputted to the guide wire; 

an MR/NMR signal receiving apparatus operably coupled 
to the guide wire; 

a power source operably coupled to the guide wire; and 
a mechanism operably coupled between said guide wire 

and each of the power source and the MR/NMR imaging 
system so that signals in one frequency band are coupled 
to the MR/NMR imaging system and so signals outside 
said one frequency band are not coupled to the 
MR/NMR imaging system. 

33. The MR/NMR imaging and therapeutic medium deliv 
ery system of claim 32, wherein said mechanism comprises a 
first filtering mechanism operably coupled between said 
guide wire and the MR/NMR imaging system so that signals 
at or below a predetermined frequency are coupled to the 
MR/NMR imaging system and those above the predeter 
mined frequency are essentially blocked. 

34. The MR/NMR imaging and therapeutic medium deliv 
ery system of claim 33, wherein said mechanism further 
includes a second filtering mechanism operably coupled 
between said guide wire and the power source so that power 
output signals at or above another predetermined frequency 
are outputted to the guide wire from the power source and so 
those power output signals below said another predetermined 
frequency are essentially blocked. 

35. The MR/NMR imaging and therapeutic medium deliv 
ery system of claim 32, further comprising: 

a control mechanism that controls operations of the power 
Source generator and selective energization of the guide 
wire so as to selectively generate an amount and duration 
of thermal energy therefrom. 

36. The MR/NMR imaging and therapeutic medium deliv 
ery system of claim 32, wherein said delivery device further 
includes: 

a balloon member that is configured and arranged so as to 
be selectively inflatable: 

a flexible outer member configured and arranged so as to be 
about at least a portion of the balloon member; and 

wherein said balloon member is configured and arranged 
So a portion of the guide wire comprising a source of 
thermal/heating energy for the tissues at the target site is 
disposed within the balloon member. 

37. The MR/NMR imaging and therapeutic medium deliv 
ery system of claim 36, wherein said balloon member is 
configured and arranged so as to define a first region in which 
is received an inflation medium and wherein said balloon 
member and said flexible outer member are configured and 
arranged so as to define a second region in which is received 
the therapeutic medium to be dispersed from said delivery 
device. 

38. The MR/NMR imaging and therapeutic medium deliv 
ery system of claim 37, further comprising a source of infla 
tion medium and a source of therapeutic medium, said 
Sources of inflation medium and therapeutic medium being 
fluidly coupled respectively to the first region and the second 
region. 

39. An apparatus that selectively delivers therapeutic 
medium to a target site of a vessel of a body and is capable of 
being coupled to a MR/NMR imaging system for imaging 
tissues at least at, about or proximal the target site, said 
apparatus comprising: 

atherapeutic medium delivery device being configured and 
arranged so as to selectively deliver the therapeutic 
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medium to tissues of the target site; said therapeutic 
delivery device including a guide wire; 

a power source operably coupled to the guide wire; 
wherein the guide wire is configured and arranged so as to 

form a loopless MR/NMR receiver antenna being tuned 
to receive signals at a predetermined frequency and also 
to generate heat energy responsive to power signals 
inputted to the guide wire from the power source; and 

a mechanism operably coupled between said guide wire 
and each of the power source and the MR/NMR imaging 
system so that signals in one frequency band are coupled 
to the MR/NMR imaging system and so signals outside 
said one frequency band are not coupled to the 
MR/NMR imaging system. 

40. The apparatus of claim 39, further comprising: 
a control mechanism operably coupled to the power source 

that controls operations of the power Source and selec 
tive energization of the guide wire so as to selectively 
generate an amount and duration of thermal energy 
therefrom. 

41. The apparatus of claim 39, wherein said therapeutic 
medium delivery device further includes: 

a balloon member that is configured and arranged so as to 
be selectively inflatable: 

a flexible outer member configured and arranged so as to be 
about at least a portion of the balloon member; and 

wherein said balloon member is configured and arranged 
so a portion of the guide wire comprising a source of 
thermal/heating energy for the tissues at the target site is 
disposed within the balloon member. 

42. The apparatus of claim 41, wherein said balloon mem 
ber is configured and arranged so as to define a first region in 
which is received an inflation medium and wherein said bal 
loon member and said flexible outer member are configured 
and arranged so as to define a second region in which is 
received the therapeutic medium to be dispersed from said 
catheter. 

43. The apparatus of claim 42, further comprising a source 
of inflation medium and a source of therapeutic medium, said 
Sources of inflation medium and therapeutic medium being 
fluidly coupled respectively to the first region and the second 
region. 

44. The apparatus of claim 39, wherein the power source 
comprises an RF generator and an RF amplifier operably 
coupled to the RF generator. 

45. The apparatus of claim39, further comprising a mecha 
nism operably coupled between said guide wire and each of 
the power source and the MR/NMR imaging system so that 
signals in one frequency band are coupled to the MR/NMR 
imaging system and so signals outside said one frequency 
band are not coupled to the MR/NMR imaging system. 

46. The apparatus of claim 39, further comprising: 
a first filtering mechanism operably coupled between said 

guide wire and the MR/NMR imaging system so that 
signals at or below a predetermined frequency are 
coupled to the MR/NMR imaging system and those 
above the predetermined frequency are essentially 
blocked and 

a second filtering mechanism operably coupled between 
said guide wire and the power source so that power 
output signals at or above another predetermined fre 
quency are outputted to the guide wire from the power 
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Source and so those power output signals below said 
another predetermined frequency are essentially 
blocked. 

47. (canceled) 
48. A device for delivering thermal energy to a target site 

within a vessel lumen of a body, the thermal energy delivery 
device comprising: 

a catheter, said catheter including a heating element. 
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49. A device for delivering atherapeutic medium to a target 
site within a vessel of a body, the therapeutic delivery device 
comprising: 

a catheter, said catheter including a heating element and 
being configured and arranged so as to disperse there 
from the therapeutic agent. 

c c c c c 


