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(57) ABSTRACT

A method of delivering a therapeutic and/or diagnostic agent
to tissue 1s provided including the steps of inserting a catheter
into a bodily cavity, the catheter having a proximal balloon
and a distal balloon, inflating the proximal and distal balloons
to create a chamber between the proximal and distal balloons,
delivering the therapeutic and/or diagnostic agent to the
chamber, measuring fluid pressure in the chamber, measuring
at least one fluid dynamic characteristic of a subject, and
adjusting the delivery of the therapeutic and/or diagnostic
agent based at least in part on the measured volumetric pres-
sure in the chamber and the at least one fluid dynamic char-
acteristic of the subject.
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MODULATED DRUG DELIVERY

FIELD OF THE INVENTION

[0001] The present invention relates to methods and sys-
tems for delivering therapeutic and diagnostic agents to spe-
cific locations within and adjacent to bodily tissues and cavi-
ties. More specifically, the invention relates to a system and
method of delivery of diagnostic and/or therapeutic agents to
bodily tissues and cavities, wherein the delivery of the agents
is adjusted based on a measurement of at least one fluid
dynamic characteristic of a subject.

BACKGROUND OF THE INVENTION

[0002] In diagnosing and treating diseases of various body
cavities and organs, it is necessary to deliver diagnostic and/
or therapeutic agents to the organs at specified locations.
Most common routes of drug delivery include a non-invasive
peroral (through the mouth), topical (skin), transmucosal (na-
sal, buccal/sublingual, vaginal, ocular and rectal) and inhala-
tion routes. However, many therapeutic and diagnostic agents
in general may not be delivered using these routes because
they might be susceptible to enzymatic degradation or cannot
be absorbed into the systemic circulation efficiently due to
molecular size and charge issues, and thus, will not be fully
therapeutically effective.

[0003] Because of that, many such drugs have to be deliv-
ered by injection. However, there are several known problems
associated with the injection process. One of such problems is
undesirable absorption of the diagnostic or therapeutic agents
into tissue, which is particularly prevalent with intravenously
injected agents. Once the intravenous absorption has
occurred, damage can continue for months and involve
nerves, tendons and joints. If treatment is delayed, surgical
debridement, skin grafting, and even amputation have been
known to be the unfortunate consequences. Undesirable
absorption during intravenuous administration is a particu-
larly significant problem with cytotoxic drugs used for treat-
ment of cancer (i.e. during chemotherapy) because of high
toxicity of such drugs.

[0004] Often, it is necessary to deliver medicinal or thera-
peutic substances to remote and not easily accessible blood
vessels and other lumens within body organs, such as lungs. It
is also important to be able to deliver defined doses of thera-
peutic and diagnostic substances directly into target tissue
because such substances are often very expensive or are
capable of causing serious harm if delivered in excess. There-
fore, there is a need for systems and methods capable of
delivering therapeutic and diagnostic agents directly to target
tissue sites inside a patient’s body.

[0005] However, the known drug delivery systems suffer
from a number of disadvantages and shortcomings. For
example, the prior art delivery systems are usually complex,
bulky and difficult to introduce into remote locations within a
patient’s body, and are typically specifically designed for
delivering drugs to particular body organs, and therefore, are
unsuitable for use on a variety of internal organs and tissues.
Additionally, the prior art devices are incapable of delivering
therapeutic or medicinal fluids in precise quantities. Further-
more, known delivery devices do not take into consideration
changing fluid dynamic characteristics of a patient to adjust
the delivery of the agent accordingly. For example, it is
important to take into account pressure of bodily fluids when
delivering agents such that the agent can be delivered at a
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pressure that exceeds the pressure of a bodily fluid in order to
facilitate absorption of the agent into target tissue. In some
applications, such as pulmonology, it is desirable to know the
degree to which the lung is inflated at any given time in order
to deliver a therapeutic and/or diagnostic agent at the right
time. It is also desirable to measure other bodily fluid
dynamic characteristics, such as fluid velocity, fluid density,
and fluid temperature, and to modulate the delivery of the
agents based on these characteristics.

[0006] What is desired, therefore, is an improved system
and method of delivery of diagnostic and/or therapeutic
agents to bodily tissues and cavities, wherein at least one fluid
dynamic characteristic of a patent is monitored and measured,
and the delivery of the agent is adjusted based on the at least
one measured fluid dynamic characteristic of a patient to
facilitate better absorption of the agent into target tissue.

SUMMARY OF THE INVENTION

[0007] Inorderto overcome the deficiencies of the prior art
and to achieve at least some of the objects and advantages
listed, the invention comprises a method of delivering a thera-
peutic and/or diagnostic agent to tissue, including the steps of
inserting a catheter into a bodily cavity, the catheter having a
proximal balloon and a distal balloon, inflating the proximal
and distal balloons to create a chamber between the proximal
and distal balloons, delivering the therapeutic and/or diagnos-
tic agent to the chamber, measuring fluid pressure in the
chamber, measuring at least one fluid dynamic characteristic
of a subject, and adjusting the delivery of the therapeutic
and/or diagnostic agent based at least in part on the measured
volumetric pressure in the chamber and the at least one fluid
dynamic characteristic of the subject.

[0008] Insomeembodiments, the atleast one fluid dynamic
characteristic of the subject is measured viaatleastone sensor
positioned on the subject.

[0009] In certain embodiments, the at least one fluid
dynamic characteristic of the subject includes at least one of
fluid velocity, fluid pressure, fluid density, and fluid tempera-
ture.

[0010] Insomeembodiments, the atleastone fluid dynamic
characteristic of the subject includes at least one of a diastolic
pressure and a systolic pressure.

[0011] In certain embodiments, the at least one fluid
dynamic characteristic of the subject includes at least one of
lymphatic fluid dynamic characteristic, blood dynamic char-
acteristic, cerebrospinal fluid dynamic characteristic, intersti-
tial fluid dynamic characteristic, and intracellular fluid
dynamic characteristic.

[0012] Insome cases, the step of adjusting the delivery of
the therapeutic and/or diagnostic agent includes increasing or
decreasing volumetric pressure inside the chamber. In certain
of these cases, the step of decreasing volumetric pressure
inside said chamber includes allowing fluid to escape said
chamber via an outflow lumen. In additional of these cases,
the catheter further includes a middle balloon positioned
between the proximal and distal balloons, and the volumetric
pressure inside the chamber is increased or decreased by
adjusting the inflation of the middle balloon.

[0013] In some embodiments, the step of adjusting the
delivery of the therapeutic and/or diagnostic agent includes
increasing or decreasing pressure at which the agent is deliv-
ered to the chamber.

[0014] In some embodiments, the step of measuring fluid
pressure in the chamber includes measuring pressure via at
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least one sensor positioned at a fluid source. In additional
embodiments, the step of measuring volumetric pressure in
the chamber includes measuring pressure via at least one
sensor positioned inside the chamber. In yet further embodi-
ments, the step of measuring volumetric pressure in the cham-
ber includes measuring pressure via at least one sensor posi-
tioned in a catheter lumen.

[0015] A method of delivering a therapeutic and/or diag-
nostic agent to tissue is also provided, including the steps of
inserting a catheter into a bodily cavity, delivering the thera-
peutic and/or diagnostic agent to tissue via the catheter, mea-
suring pressure at which the therapeutic and/or diagnostic
agent is delivered to tissue, measuring at least one fluid
dynamic characteristic of a subject, and adjusting the delivery
of the therapeutic and/or diagnostic agent based at least in part
onthe measured pressure of the agent and the at least one fluid
dynamic characteristic of the subject.

[0016] Insomeembodiments, the at least one fluid dynamic
characteristic of the subject is measured viaatleastone sensor
positioned on the subject.

[0017] In certain embodiments, the at least one fluid
dynamic characteristic of the subject includes at least one of
fluid velocity, fluid pressure, fluid density, and fluid tempera-
ture. In additional embodiments, the at least one fluid
dynamic characteristic of the subject includes at least one of
adiastolic pressure and a systolic pressure. In further embodi-
ments, the at least one fluid dynamic characteristic of the
subject includes at least one of lymphatic fluid dynamic char-
acteristic, blood dynamic characteristic, cerebrospinal fluid
dynamic characteristic, interstitial fluid dynamic characteris-
tic, and intracellular fluid dynamic characteristic.

[0018] In some cases, the step of adjusting the delivery of
the therapeutic and/or diagnostic agent includes increasing or
decreasing pressure at which the agent is delivered to tissue.
[0019] Incertain embodiments, the step of measuring pres-
sure at which the therapeutic and/or diagnostic agent is deliv-
ered to tissue includes measuring pressure via at least one
sensor positioned at a fluid source. In additional embodi-
ments, the step of measuring pressure at which the therapeutic
and/or diagnostic agent is delivered to tissue includes mea-
suring pressure via at least one sensor positioned in a catheter
lumen.

[0020] A system for delivering a therapeutic and/or diag-
nostic agent to tissue is further provided, including a catheter
having a delivery port and a lumen through which a therapeu-
tic and/or diagnostic agent is communicated to the delivery
port, at least one first sensor that measures pressure of the
therapeutic and/or diagnostic agent being delivered via the
port and generates a signal indicating the pressure, a proces-
sor that receives the signal from the at least one first sensor,
and at least one second sensor that measures at least one fluid
dynamic characteristic of a subject and transmits a signal
indicating the at least one fluid dynamic characteristic to the
processor, wherein the processor adjusts the delivery of the
therapeutic and/or diagnostic agent based at least in part on
the measured pressure of the agent and the at least one fluid
dynamic characteristic of the subject.

[0021] Insomeembodiments, the at least one fluid dynamic
characteristic of the subject includes at least one of fluid
velocity, fluid pressure, fluid density, and fluid temperature.
In additional embodiments, the at least one fluid dynamic
characteristic of the subject includes at least one of a diastolic
pressure and a systolic pressure. In further embodiments, the
at least one fluid dynamic characteristic of the subject
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includes at least one of lymphatic fluid dynamic characteris-
tic, blood dynamic characteristic, cerebrospinal fluid
dynamic characteristic, interstitial fluid dynamic characteris-
tic, and intracellular fluid dynamic characteristic.

[0022] In certain embodiments, the catheter further
includes a fluid source and the at least one first sensor is
positioned at a fluid source.

[0023] In some cases, the at least one first sensor is posi-
tioned in a catheter lumen.

[0024] In certain embodiments, the processor adjusts the
delivery ofthe therapeutic and/or diagnostic agent by increas-
ing or decreasing pressure at which the agent is delivered via
the port.

[0025] Insomeembodiments, the catheter includes a proxi-
mal balloon and a distal balloon and a fluid source that inflates
the proximal and distal balloons by supplying fluid thereto to
create a chamber between the proximal and distal balloons,
and the port is positioned between the proximal and distal
balloons. In certain of these embodiments, the at least one first
sensor is positioned inside the chamber between the proximal
and distal balloons. In additional embodiments, the processor
adjusts the delivery of the therapeutic and/or diagnostic agent
by increasing or decreasing volumetric pressure inside the
chamber. In yet further of these embodiments, the catheter
also includes a middle balloon positioned between the proxi-
mal and distal balloons and the processor adjusts the delivery
of the therapeutic and/or diagnostic agent by adjusting the
inflation of the middle balloon.

[0026] In certain embodiments, the catheter further
includes an outflow lumen that allows fluid to escape the
chamber.

[0027] Other objects of the invention and its particular fea-
tures and advantages will become more apparent from con-
sideration of the following drawings and accompanying
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1isaschematic view ofa system for delivering
a therapeutic and/or diagnostic agent to tissue in accordance
with the invention.

[0029] FIG. 2 is a schematic view of the system of FIG. 1,
using a multi-balloon construct.

[0030] FIGS.3A-3C are partially exposed, isometric views
of the system of FIG. 2 with an additional multi-balloon
construct, being operated in a bodily cavity.

DETAILED DESCRIPTION OF THE INVENTION

[0031] The basic components of one embodiment of a sys-
tem for delivering a therapeutic and/or diagnostic agent to
tissue in accordance with the invention are illustrated in FIG.
1. As used in the description, the terms “top,” “bottom,”
“above,” “below,” “over,” “under,” “above,” “beneath,” “on
top.” “underneath.” “up,” “down,” “upper,” “lower,” “front,”
“rear,” “back,” “forward” and “backward” refer to the objects
referenced when in the orientation illustrated in the drawings,
which orientation is not necessary for achieving the objects of
the invention.

[0032] As illustrated in FIG. 1, the system (10) for deliver-
ing a therapeutic and/or diagnostic agent to tissue includes a
catheter (12) and a fluid source (14). The catheter (12) may
have any suitable diameter and length depending on a par-
ticular application, and may be flexible, rigid or semi rigid.
The catheter (12) may be made with any commercially avail-
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able material, such as polyethylene, that is flexible enough to
allow the shaft to be safely inserted through the available
opening of a bodily cavity such that it will bend instead of
puncturing the walls of the cavity, and at the same time is rigid
enough such as it will maintain its shape as it is passed
alongside and/or through the available opening of the bodily
cavity. A distal end of the catheter (12) may include a safety
tip (not shown) that, when the catheter (12) is inserted into a
bodily cavity, will bend instead of puncturing the walls of the
cavity.

[0033] Any suitable fluid source may be used in accordance
with the present invention. In the embodiment shown in FIG.
1, the fluid source (14) is an electro-pneumatic pump having
controls on the front thereof, from which a physician or
assistant can control the system (as well as a remote control
unit), such as that disclosed in U.S. Pat. No. 8,226,601 to
Gunday et al., the specification of which is hereby incorpo-
rated by reference herein in its entirety. A proximal end of the
catheter (12) is connected to the pump (14) via any suitable
connection. The pump (14) supplies a fluid, such as a gas,
liquid, or mixture thereof, to the catheter (12). The fluid may
be used to inflate one or more inflatable balloons connected to
the catheter (12), as shown in FIGS. 2 and 3A-3C. The fluid
may also be the therapeutic and/or diagnostic agent that is
supplied to tissue via a port (16) in the catheter. The pump
(14) also includes a variety of capabilities, such as feedback
measurements, proper inflation/deflation of the balloons and
delivery of the agents, balloon identification and such, many
details of which are described in U.S. Pat. No. 8,226,601 and
also described in more detail below. In certain advantageous
embodiments, the pump (14) further includes a vacuum
source to evacuate fluid from the catheter (12).

[0034] The agent may be delivered to target tissue via any
suitable agent delivery device. For example, the agent may be
delivered directly via one or more openings (16) at the distal
end of the catheter (12), as shown in FIG. 1. In other embodi-
ments, the agent may be delivered via the wall of one or more
inflatable balloons. It yet further embodiments, the agent may
be delivered via a needle used alone, or in combination with
oneor more inflatable balloons. It is understood that the agent
delivery devices are not limited to what is described above
and any other suitable device may be used in accordance with
the present invention.

[0035] The system (10) also includes at least one first sen-
sor (18) that measures pressure of the therapeutic and/or
diagnostic agent being delivered via the port (16) in the cath-
eter (12). Any suitable sensor type may be used in accordance
with the presentinvention. As shown in FIG. 1, the sensor (18)
may be positioned at the fluid source (14), at a particular
location in the catheter lumen, and/or at the port (16). More
than one sensor (18) may also be used, if desirable, and the
sensors may be positioned at various locations, including
those illustrated in this figure.

[0036] The system (10) further includes at least one second
sensor (20) that measures at least one fluid dynamic charac-
teristic of a patient. Again, any type of suitable sensor may be
used, depending on what characteristic is being measured.
The fluid dynamic characteristics of the patient include at
least one of fluid velocity, fluid pressure, fluid density, and
fluid temperature. It may be desirable to measure the fluid
dynamic characteristics of the following bodily fluids: lym-
phatic fluid, blood, cerebrospinal fluid, interstitial fluid, and
intracellular fluid. In one advantageous embodiment, the fluid
dynamic characteristic of the patient being measured includes
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hemodynamics of the patient that can be measured by at least
one of a finger sensor, near infrared sensor, and blood pres-
sure cuff.

[0037] One or more first sensors (18) and one or more
second sensors (20) are connected to a processor (22). The
processor may be incorporated into the fluid source (14) or
may be a separate device connected to the fluid source via a
cable or wireless connection. The sensors (18) and (20) may
likewise be connected to the processor (22) via a cable or
wireless connection. The processor (22) receives and pro-
cesses the measured pressure of the agent being delivered and
the at least one fluid dynamic characteristic of the patient.
Based on these measurements, the processor (22) then adjusts
the delivery of the therapeutic and/or diagnostic agent. This
way, the delivery of the agent is controlled and regulated by
monitoring and taking into account one or more vital signs of
the patient, such as body temperature, heart rate, blood pres-
sure, and respiratory rate. For example, in certain applica-
tions, it will be desirable to know the degree to which the lung
is inflated at any given time in order to deliver a therapeutic
and/or diagnostic agent at the right time. In other cases, it is
desirable to measure the systolic and diastolic blood pressure,
and at appropriate times, apply a pressure that exceeds the
systolic pressure in order to facilitate absorption of the agent
into target tissue.

[0038] In some embodiments, the processor (22) also
includes a display for displaying the datato the user and a user
interface for the user’s control of the operation of the device.
In additional embodiments, the catheter (12) includes a data
device, which may, for example, be optical, RFID, flash
memory, etc. As a result, the fluid source (14) is able to
identify the type of catheter that is connected and read cath-
eter characterization data (including pressure, volume,
dimensions, etc.) included thereon, and then adjust its control
accordingly based on user input.

[0039] The delivery of the agent to tissue based on the
measured characteristics may be adjusted in various ways. In
some embodiments, the processor (22) adjusts the delivery of
the therapeutic and/or diagnostic agent by increasing or
decreasing pressure at which the agent is delivered via the
port (16). In additional embodiments described in more detail
below, one or more inflatable balloons may be used to adjust
the delivery of the agent by increasing or decreasing a pres-
sure exerted on a tissue wall.

[0040] Thesystem (10)may also include animaging device
(not shown) disposed in one of the lumens of the catheter (12)
to facilitate positioning of the catheter (12) at the proper
location. For example, the lumen that delivers the therapeutic
and/or diagnostic agent may be large enough to also accom-
modate the imaging device, such that the imaging device can
exit the port (16), through which the agent is delivered to
tissue. In other embodiments, the imaging device extends out
of the opening at the distal end of the catheter (12), such that
thetissue in front of the catheter can be viewed by theimaging
device during the insertion of the catheter into a bodily cavity.
In additional embodiments, the distal end of the catheter (12)
has a transparent membrane made out of any suitable mate-
rial. The imaging device is extended through one of the
lumens of the catheter to the membrane, which allows for
visualization of the area ahead of the catheter (12).

[0041] The imaging device can be any device suitable for
viewing the target area, such as a coherent fiber bundle or
appropriate optical element and lens assembly in conjunction
with an imaging sensor (e.g., CMOS, CCD), having a suffi-
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ciently small outer diameters, such as, for example, 0.75
mm-1.5 mm. In some cases, the imaging device has a pre-
shaped distal tip that enables it to easily extend through one of
the aforementioned openings. The distal tip of the imaging
device is preferably flexible such that it can be translated
linearly or rotationally thereby allowing for 360° visualiza-
tion of the surrounding area. The imaging device may also
include an illumination source, such as LED or any other
suitable illumination source, for illuminating tissue being
viewed by the imaging device.

[0042] FIG. 2 illustrates an advantageous embodiment of
the system of the present invention. In this embodiment, the
catheter (32) has a proximal balloon (34) and a distal balloon
(36) positioned near a distal end of the catheter (32). The
balloons (34) and (36) may be made of latex, Yulex, polyeth-
ylene, nylon or other suitable material, and may come in a
variety of sizes and diameters, which allow the catheter sys-
tem (30) to be used in bodily cavities of various diameters and
dimensions.

[0043] In some embodiments, one or both of the proximal
and distal balloons (34) and (36) has a wall with an outer
surface that comprises a textured surface intended to act as a
gripping surface for attachment to bodily tissues to anchor the
balloons at a target tissue site. The textured outer surface of
the balloons (34) and (36) may be formed by a fiber mesh
affixed to the surface of the balloons during or after the
molding process. The fiber mesh may be made of elastane,
lycra, polyurethane, nylon, nylon coated with other materials
such as cotton, composite springs, or other appropriate mate-
rial. In other embodiments, dimensional surface structures or
inflatable sinuses that are encapsulated in the surface sub-
strate of the balloons (34) and (36) may be used to produce the
surface protrusions. The protrusions forming the textured
surface can have various shapes and configurations, depend-
ing on a particular application.

[0044] The catheter (32) has a first lumen for inflation of the
proximal balloon (34) and a second lumen for inflation of the
distal balloon (36). It is understood that the proximal and
distal balloons (34) and (36) may be inflated via the same
catheter lumen. In use, after the catheter (32) is positioned
adjacent the target tissue site, the proximal and distal balloons
(34) and (36) are inflated via the fluid source (42) in sequence
or simultaneously to create a fluidly isolated chamber
between the balloons. The chamber functions to isolate the
target treatment site from the surrounding tissue, which is
particularly desirable during delivery of highly toxic chemo-
therapy agents to decrease exposure to such agents.

[0045] The balloons (34) and (36) or the catheter (32) or
both may include imaging markers, such as radio opaque
rings, located at or near the ends thereof. Such markers can be
selected and appropriately positioned in order to reflect the
relevant waves of various imaging modalities (e.g., X-ray) in
order to allow the use of such modalities to assist with the
precise positioning of the catheter and the balloons within a
bodily cavity. Similarly, the balloons and/or the catheter may
include a radiopaque material to facilitate positioning in a
bodily cavity.

[0046] After the balloons (34) and (36) are inflated, the
therapeutic and/or diagnostic agent is delivered to the cham-
ber via a port (38) positioned between the proximal and distal
balloons. In some advantageous embodiments, the agent is
delivered via a plurality of ports positioned along the catheter
(32) between the proximal and distal balloons (34) and (36).
In additional advantageous embodiments, the agent is deliv-
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ered via one or more openings in the wall of the proximal
balloon (34) and/or distal balloon (36). The catheter (32) may
have one or more agent delivery lumens to allow for sequen-
tial and/or simultaneous delivery of various agents.

[0047] Similar to the embodiment described above in con-
nection with FIG. 1, the catheter (32) includes one or more
first sensors (40) that measure the pressure at which the agent
is delivered to the chamber. The sensors (40) may be posi-
tioned inside the chamber between the proximal and distal
balloons (34) and (36), at the fluid source (42), and/or at any
locationin the catheter lumen. More than one sensor (40) may
also be used, if desirable.

[0048] The catheter system further includes one or more
second sensors (46) that measure one or more fluid dynamic
characteristics of a patient, as described above in connection
with FIG. 1. The data from the first sensor (40) and the second
sensor (46) is sent to a processor (44), which processes the
data and adjusts the delivery of the therapeutic and/or diag-
nostic agent based on this data. The delivery of the agent is
adjusted by increasing or decreasing the pressure at which the
agent is supplied to the fluidly isolated chamber between the
proximal and distal balloons (34) and (36). This, in turn,
changes volumetric pressure within the chamber to facilitate
absorption of the agent into target tissue.

[0049] The catheter system also includes an outflow port
and lumen for decreasing pressure inside the chamber
between the proximal and distal balloons (34) and (36). The
port (38) may be used as an outflow port, or an additional port
positioned between the proximal and distal balloons may be
provided for that reason. It is understood that the outflow port
may be positioned at any desired location along the catheter.
In additional embodiments, one or more outflow ports are
provided in the wall of the proximal and/or distal balloons
(34) and (36).

[0050] The outflow port is fluidly connected to a catheter
lumen that functions to allow the therapeutic/diagnostic agent
and/or air to flow out of the chamber and out of the catheter to
decrease the pressure within the chamber. The lumen used for
delivery of the agent may be used as an outflow lumen, or an
additional lumen may be provided in the catheter (32) for that
purpose. Itis particularly important to be able to let the air out
of the chamber between the balloons (34) and (36) to prevent
embolism in a bodily lumen, in which this catheter system is
being used.

[0051] In some advantageous embodiments, the outflow
port and lumen supply vacuum from the fluid source (42) to
the chamber between the proximal and distal balloons (34)
and (36). This allows for faster decrease of the pressure inside
the chamber, if desired.

[0052] FIGS.3A-3C illustrate an additional embodiment of
the system of the present invention being used in a bodily
cavity. In this embodiment, the catheter (52) includes a proxi-
malinflatable balloon (54), a distal inflatable balloon (56) and
amiddleinflatable balloon (58) positioned between the proxi-
mal and distal balloons. The balloons may be made of any
suitable material, as described above, and may come in a
variety of sizes and diameters. In some advantageous embodi-
ments, the middle balloon (58) has a wall with a textured outer
surface intended to abrade bodily. The textured outer surface
may be formed by a fiber mesh affixed to the surface of the
balloon, or may comprise dimensional surface structures or
inflatable sinuses that are encapsulated in the surface sub-
strate of the balloon.
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[0053] The textured outer surface of the balloon (58) func-
tions to abrade bodily tissues. The abrasion of the bodily
tissues stimulates bleeding and instigates flow of white blood
cells, i.e. leukocytes, out of the circulatory system towards the
site of tissue damage. This process, together with the adjust-
ment of the delivery of the agent based on measurement of
one or more fluid dynamic characteristics of a patient, facili-
tates absorption of the diagnostic and/or therapeutic agents
into the adjacent tissues. The middle balloon (58) may be
repeatedly inflated and deflated by the fluid source in pulsed
fashion to gradually abrade tissue. The proximal and distal
balloons (54) and (56) may also have a textured outer surface,
whichisusedto abrade tissue and/or acts as a gripping surface
for attachment to bodily tissues to anchor the balloons at a
target tissue site.

[0054] As shown in FIG. 3A, the catheter (52) is first
inserted into a bodily cavity, with the balloons in a deflated
state. Then, as shown in FIG. 3B, the proximal and distal
balloons (54) and (56) are inflated by supplying fluid to the
balloons via a fluid source to create a fluidly isolated chamber
(62) between the balloons. The proximal and distal balloons
(54) and (56) may be inflated simultaneously or sequentially.
Next, the therapeutic and/or diagnostic agent is delivered to
the chamber (62) via one or more ports (60) positioned on the
catheter between the proximal and distal balloons (54) and
(56). It is noted that the agent may also be delivered through
one or more openings in the wall of the middle balloon (58)
and/or the wall of the proximal balloon (54) and the distal
balloon (56). It is understood that any suitable method of
delivering the agent to the chamber may be used in accor-
dance with the present invention.

[0055] One or more first sensors (64) positioned in the
chamber (64) and/or in the catheter lumen and/or at the fluid
source measure the pressure of the agent being supplied to the
chamber (62). The first sensor (64) positioned in the chamber
(60) also measures volumetric pressure within the chamber
(60) once it is filled with the agent. The measured data is then
transmitted to a processor for processing.

[0056] Next, data from at least one second sensor posi-
tioned on a patient is measured and transmitted to the proces-
sor. As described above, at least one second sensor measures
atleast one fluid dynamic characteristic ofa patient, including
fluid velocity, fluid pressure, fluid density, and fluid tempera-
ture. Fluid dynamic characteristics of various bodily fluids,
such as lymphatic fluid, blood, cerebrospinal fluid, interstitial
fluid, and intracellular fluid, may be measured depending on
a type of tissue the agent is being delivered to.

[0057] This measured fluid dynamic characteristic data is
processed by the processor, which then adjusts the delivery of
the therapeutic and/or diagnostic agent based on the mea-
sured volumetric pressure in the chamber (62) and the at least
one fluid dynamic characteristic of the patient. The delivery
may be adjusted by increasing or decreasing the pressure at
which the agent is supplied to the chamber and/or by deliv-
ering more agent to the chamber, as described above. In some
embodiments, the fluid dynamic characteristic data and volu-
metric pressure in the chamber are monitored continuously
and the delivery of the agent is adjusted continuously. In
additional embodiments, the data is measured and analyzed in
cycles and the delivery of the agent is adjusted cyclically. In
further advantageous embodiments, the system is capable of
monitoring and data and adjusting the delivery of the agent
both cyclically and continuously, as desired.
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[0058] As shown in FIG. 3C, the delivery may also be
adjusted by adjusting the inflation of the middle balloon (58).
As the middle balloon (58) is inflated and deflated, the fluid
pressure inside the chamber (62) is increased and decreased
respectively. The first and second sensors continuously moni-
tor the pressure of the agent and fluid pressure within the
chamber, together with the fluid dynamic characteristics of
the patient, and continuously adjust the delivery of the agent
to tissue. This allows for agent delivery adjustments based on
changing fluid dynamics of the patient and facilitates more
efficient and precise delivery of the agent.

[0059] The inflation of the middle balloon (58) having an
abrasive outer surface may also causes abrasion of surround-
ing tissue, which stimulates bleeding and instigates flow of
white blood cells out of the circulatory system towards the
site of tissue damage. This process, together with the adjust-
ment of the delivery of the agent based on measurement of
one or more fluid dynamic characteristics of a patient, facili-
tates absorption of the diagnostic and/or therapeutic agents
into the adjacent tissues. The middle balloon (58) may be
inflated and deflated repeatedly in a pulsed fashion to gently
abrade the tissue and/or facilitate extravasation of the agent
into the tissue, as set forth in U.S. Pat. Nos. 8,540,667 and
8,597.239 to Gerrans et al., the specifications of which are
incorporated herein in their entirety.

[0060] Any of various agents useful in therapeutic applica-
tion can be delivered in the above described manner. For
example, the agent may comprise one or more chemical or
biological drugs with useful pharmacological properties, as
well as any other medicaments or other substances with
medicinal or other therapeutic uses. Such agents may be
synthetic or natural, so long as they have an advantageous
therapeutic effect that can obtained by delivering the agent to
atarget site. In certain embodiments, agents particularly use-
ful for chemotherapies, radiation therapies, or immunothera-
pies are delivered as described above.

[0061] Various agents may also be employed to assist in
making diagnostic observations or monitoring procedures.
For example, in some advantageous embodiments, the above
described system may be used to deliver a contrast agent that
allows or improves visualization via one or imaging modali-
ties, which can be used to image the extravasation of the agent
into the surrounding tissues throughout the course of a pro-
cedure. Such agents may include, for example, radiocontrast
agents, such as iodine or barium, to improve X-ray based
imaging techniques; MRI contrast agents, such as gado-
linium, to improve magnetic resonance imaging; and
microbubble contrast agents, to improve ultrasound imaging.
[0062] In some advantageous embodiments, biomarkers
are used together with a therapeutic agent to observe and
monitor the extravasation of the agent into the surrounding
tissues. In some of these advantageous embodiments,
CF3PM & MTFN-1 fluorinated radio-opaque biomarkers are
used. The biomarkers may be detected by various non-inva-
sive imaging modalities, such as X-Ray, MRI, CT, ultra-
sound, spectroscopy, etc.

[0063] With the addition of an appropriate inert dye or
contrast media (e.g., radioactive, polarized, florescent, tem-
perature sensitive) to a drug to be extravasated, the drug
infusion rate and the amount of drug infused into the tissue
can be monitored, quantified, and recorded/displayed, such
as, for example, by capturing and storing sequential video
frames under different illumination conditions (UV, IR,
polarized, color filters, etc.). Further, by deploying a contrast
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agent along with a therapeutic agent, one can visually identify
the extravasation depths and/or discern the requisite volumet-
ric pressure, force, temperature, frequency and/or time to
achieve efficacious delivery of the therapeutic agent to the
desired depth of penetration at the intended treatment site.

[0064] It should be understood that the foregoing is illus-
trative and not limiting, and that obvious modifications may
be made by those skilled in the art without departing from the
spirit of the invention. Accordingly, reference should be made
primarily to the accompanying claims, rather than the fore-
going specification, to determine the scope of the invention.

What is claimed is:

1. A method of delivering a therapeutic and/or diagnostic
agent to tissue, comprising the steps of:

inserting a catheter into a bodily cavity, said catheter com-

prising a proximal balloon and a distal balloon;
inflating the proximal and distal balloons to create a cham-
ber between the proximal and distal balloouns;
delivering the therapeutic and/or diagnostic agent to said
chamber;

measuring fluid pressure in said chamber;

measuring at least one fluid dynamic characteristic of a

subject; and

adjusting the delivery of the therapeutic and/or diagnostic

agent based at least in part on said measured fluid pres-
sure in said chamber and said at least one fluid dynamic
characteristic of the subject.

2. The method of claim 1, wherein said at least one fluid
dynamic characteristic of the subject is measured via at least
one sensor positioned on the subject.

3. The method of claim 1, wherein said at least one fluid
dynamic characteristic of the subject comprises at least one of
diastolic pressure and systolic pressure.

4. The method of claim 1, wherein said at least one fluid
dynamic characteristic of the subject comprises at least one of
a lymphatic fluid dynamic characteristic, a blood dynamic
characteristic, a cerebrospinal fluid dynamic characteristic,
an interstitial fluid dynamic characteristic, and an intracellu-
lar fluid dynamic characteristic.

5. The method of claim 1, wherein said at least one fluid
dynamic characteristic of the subject comprises at least one of
fluid velocity, fluid pressure, fluid density, and fluid tempera-
ture.

6. The method of claim 1, wherein the step of adjusting the
delivery of the therapeutic and/or diagnostic agent comprises
increasing or decreasing volumetric pressure inside said
chamber.

7. The method of claim 6, wherein the step of decreasing
volumetric pressure inside said chamber comprises allowing
fluid to escape said chamber via an outflow lumen.

8. The method of claim 6, wherein the catheter further
comprises a middle balloon positioned between the proximal
and distal balloons and the volumetric pressure inside said
chamber is increased or decreased by adjusting the inflation
of the middle balloon.

9. The method of claim 1, wherein the step of adjusting the
delivery of the therapeutic and/or diagnostic agent comprises
increasing or decreasing the pressure at which the agent is
delivered to said chamber.

10. The method of claim 1, wherein the step of measuring
fluid pressure in said chamber comprises measuring pressure
via at least one sensor positioned at a fluid source.

Mar. 17, 2016

11. The method of claim 1, wherein the step of measuring
volumetric pressure in said chamber comprises measuring
pressure via at least one sensor positioned inside said cham-
ber.

12. The method of claim 1, wherein the step of measuring
volumetric pressure in said chamber comprises measuring
pressure via at least one sensor positioned in a catheter lumen.

13. A method of delivering a therapeutic and/or diagnostic
agent to tissue, comprising the steps of’

inserting a catheter into a bodily cavity;

delivering the therapeutic and/or diagnostic agent to tissue
via said catheter;

measuring pressure at which the therapeutic and/or diag-
nostic agent is delivered to tissue;

measuring at least one fluid dynamic characteristic of a
subject; and

adjusting the delivery of the therapeutic and/or diagnostic
agent based at least in part on said measured pressure of
the agent and said at least one fluid dynamic character-
istic of the subject.

14. The method of claim 12, wherein said at least one fluid
dynamic characteristic of the subject is measured via at least
one sensor positioned on the subject.

15. The method of claim 12, whetein said at least one fluid
dynamic characteristic of the subject comprises at least one of
diastolic pressure and systolic pressure.

16. The method of claim 12, wherein said at least one fluid
dynamic characteristic of the subject comprises at least one of
a lymphatic fluid dynamic characteristic, a blood dynamic
characteristic, a cerebrospinal fluid dynamic characteristic,
an interstitial fluid dynamic characteristic, and an intracellu-
lar fluid dynamic characteristic.

17. The method of claim 12, wherein said at least one fluid
dynamic characteristic of the subject comprises at least one of
fluid velocity, fluid pressure, fluid density, and fluid tempera-
ture.

18. The method of claim 12, wherein the step of adjusting
the delivery of the therapeutic and/or diagnostic agent com-
prises increasing or decreasing pressure at which the agent is
delivered to tissue.

19. The method of claim 12, wherein the step of measuring
pressure at which the therapeutic and/or diagnostic agent is
delivered to tissue comprises measuring pressure via at least
one sensor positioned at a fluid source.

20. The method of claim 12, wherein the step of measuring
pressure at which the therapeutic and/or diagnostic agent is
delivered to tissue comprises measuring pressure via at least
one sensor positioned in a catheter lumen.

21. A system for delivering a therapeutic and/or diagnostic
agent to tissue, comprising:

a catheter having a delivery port and a lumen through
which a therapeutic and/or diagnostic agent is commu-
nicated to the delivery port;

at least one first sensor that measures pressure of the thera-
peutic and/or diagnostic agent being delivered via said
port and generates a signal indicating the pressure;

a processor that receives the signal from said at least one
first sensor; and

at least one second sensor that measures at least one fluid
dynamic characteristic of a subject and transmits a sig-
nal indicating the at least one fluid dynamic character-
istic to said processor;

wherein said processor adjusts the delivery of the thera-
peutic and/or diagnostic agent based at least in part on
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said measured pressure of the agent and said at least one
fluid dynamic characteristic of the subject.

22. The system of claim 21, wherein said at least one fluid
dynamic characteristic of the subject comprises at least one of
diastolic pressure and systolic pressure.

23. The system of claim 21, wherein said at least one fluid
dynamic characteristic of the subject comprises at least one of
a lymphatic fluid dynamic characteristic, a blood dynamic
characteristic, a cerebrospinal fluid dynamic characteristic,
an interstitial fluid dynamic characteristic, and an intracellu-
lar fluid dynamic characteristic.

24. The system of claim 21, wherein said at least one fluid
dynamic characteristic of the subject comprises at least one of
fluid velocity, fluid pressure, fluid density, and fluid tempera-
ture.

25. The system of claim 21, further comprising a fluid
source, wherein the at least one first sensor is positioned at
said fluid source.

26. The system of claim 21, wherein the at least one first
sensor is positioned in a catheter lumen.

27. The system of claim 21, wherein the processor adjusts
the delivery of the therapeutic and/or diagnostic agent by
increasing or decreasing pressure at which the agent is deliv-
ered via the delivery pott.
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28. The system of claim 21, wherein said catheter com-
prises a proximal balloon and a distal balloon and a fluid
source that inflates said proximal and distal balloons by sup-
plying fluid thereto to create a chamber between the proximal
and distal balloons, and wherein said delivery port is posi-
tioned between the proximal and distal balloons.

29. The system of claim 28, wherein the at least one first
sensor is positioned inside the chamber between the proximal
and distal balloons.

30. The system of claim 28, wherein the processor adjusts
the delivery of the therapeutic and/or diagnostic agent by
increasing or decreasing volumetric pressure inside said
chamber.

31. The system of claim 28, wherein said catheter further
comprises a middle balloon positioned between the proximal
and distal balloons and wherein the processor adjusts the
delivery of the therapeutic and/or diagnostic agent by adjust-
ing the inflation of the middle balloon.

32. The system of claim 28, wherein said catheter further
comprises an outflow lumen that allows fluid to escape said
chamber.
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