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DESCRIPTION

PRIORITY CLAIM

BACKGROUND

[0001] The present embodiments relate generally to medical devices, and more particularly, to
systems and methods for delivering therapeutic agents to a target site.

[0002] There are several instances in which It may become desirable to introduce therapeutic
agents into the human or animal body. For example, therapeutic drugs or bioactive materials
may be Introduced to achieve a biological effect. The biological effect may include an array of
targeted results, such as inducing hemostasis, sealing perforations, reducing restenosis
likelihood, or treating cancerous tumors or other diseases.

[0003] Many of such therapeutic agents are injected using an intravenous (lV) technique and
via oral medicine. While such techniques permit the general introduction of medicine, in many
Instances it may be desirable to provide localized or targeted delivery of therapeutic agents,
which may allow for the guided and precise delivery of agents to selected target sites. For
example, localized delivery of therapeutic agents to a tumor may reduce the exposure of the
therapeutic agents to normal, healthy tissues, which may reduce potentially harmful side
effects.

[0004] Localized delivery of therapeutic agents has been performed using catheters and
similar introducer devices. By way of example, a catheter may be advanced towards a target
site within the patient, then the therapeutic agent may be injected through a lumen of the
catheter to the target site. Typically, a syringe or similar device may be used to inject the
therapeutic agent into the lumen of the catheter. However, such a delivery technique may
result in a relatively weak stream of the injected therapeutic agent.

[0005] Moreover, it may be difficult or impossible to deliver therapeutic agents in a targeted
manner In certain forms, such as a powder form, to a desired site. For example, If a
therapeutic powder 1s held within a syringe or other container, it may not be easily delivered
through a catheter to a target site Iin a localized manner that may also reduce potentially
harmful side effects.

SUMMARY

[0006] The present embodiments provide systems and methods suitable for delivering a
therapeutic agent to a target site. The systems generally comprise a container for holding a
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therapeutic agent, and a pressure source configured to be placed In selective fluid
communication with at least a portion of a reservoir of the container.

[0007] In one embodiment, fluid from the pressure source Is directed through a first region of
the container in a direction towards a second region of the container. The fluid then i1s at least
partially redirected to urge the therapeutic agent in a direction from the second region of the
container towards the first region of the container and subsequently towards the target site.

[0008] In this embodiment, an Inlet tube may be disposed within the container, such that the
fluid from the pressure source flows through the Inlet tube and into the reservoir of the
container. The fluid from the inlet tube may be redirected to then flow in a direction from the
second region of the container towards the first region of the container. An outlet tube may be
disposed within the container, wherein fluid exiting the second end of the inlet tube urges the
therapeutic agent into the second end of the outlet tube.

[0009] In alternative embodiments, the fluid from the pressure source may be directed into the
container through the second region and flow in a direction towards the first region. The fluid
urges the therapeutic agent from the second region of the container towards the first region
and subsequently towards the target site.

[0010] The pressure source may comprise a compressed gas dispenser. Tubing may be
disposed between the pressure source and the container, and optionally, a pressure regulator
valve may be disposed between the pressure source and the container. The pressure
regulator valve may ensure that the fluid from the pressure source flows through the container
at a predetermined pressure.

[0011] In any of the embodiments, the system may comprise a housing configured to securely
retain the container and the pressure source. The housing may be adapted to be held In a
user's hand. A first actuator coupled to the housing may be configured to release the
pressurized fluid from the pressure source, while a second actuator coupled to the housing
may be configured to selectively permit fluid flow through at least a portion of the container.
Further, an orientation device may be used for indicating a vertical orientation of the container.

[0012] Other systems, methods, features and advantages of the invention will be, or will

become, apparent to one with skill in the art upon examination of the following figures and
detailed description. It Is Intended that all such additional systems, methods, features and
advantages be within the scope of the invention, and be encompassed by the following claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The invention can be better understood with reference to the following drawings and
description. The components In the figures are not necessarily to scale, emphasis Instead
being placed upon Illustrating the principles of the invention. Moreover, In the figures, like
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referenced numerals designate corresponding parts throughout the different views.

FIG. 1 1s a perspective view of a system in accordance with a first embodiment.

FIG. 2 I1s a schematic view of the system of FIG. 1 with a portion of a housing removed.

FIG. 3 Is a side-sectional view of the container of the system of FIGS. 1-2.

FIG. 4 1s a perspective view of a system in accordance with an alternative embodiment.

FIG. 5 Is a perspective view of a system In accordance with a further alternative embodiment.

FIG. 6 I1s a perspective view of a system In accordance with yet a further alternative
embodiment.

FIG. 7 1s a schematic view of the system of FIG. 6 with a portion of a housing removed.
FIG. 8 I1s a perspective view of the container of the system of FIGS. 6-7.

FIG. 9 I1s a schematic view of a system In accordance with yet a further alternative embodiment
with a portion of a housing removed.

FIG. 10 is a perspective view of the container of the system of FIG. 9.

FIG. 11 Is a side-sectional view of a portion of a system In accordance with an alternative
embodiment.

FIG. 12 1s a side-sectional view of an alternative actuator arrangement.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0014] In the present application, the term "proximal” refers to a direction that is generally
towards a physician during a medical procedure, while the term "distal” refers to a direction
that is generally towards a target site within a patient's anatomy during a medical procedure.

[0015] Referring now to FIGS. 1-3, a first embodiment of a system suitable for delivering one
or more therapeutic agents is shown. In this embodiment, the system 20 comprises a container
30 that 1s configured to hold a therapeutic agent 38, and further comprises at least one
pressure source 68 that i1s configured to be placed in selective fluid communication with at least
a portion of the container 30, to deliver the therapeutic agent 38 through a catheter 90 to a
target site within the patient, as explained more fully below.

[0016] The system 20 further comprises a housing 22, which Is suitable for securely holding,
engaging and/or covering the container 30, pressure source 68, catheter 90, and other
components described below. Preferably, the housing 22 comprises an upright section 24 that
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may be grasped by a user and a section 25 for engaging the container 30. Actuators 26 and
28 may be engaged by a user and selectively operated to perform the functions described
below.

[0017] The container 30 may comprise any suitable size and shape for holding the therapeutic
agent 38. In FIGS. 1-3, the container 30 comprises a generally tube-shaped configuration
having a first region 31, a second region 32, and a reservoir 33 defined by an interior of the
container 30. A platform 35 may be positioned within the container 30 above a curved end
region 34, as best seen in FIG. 3.

[0018] The platform 35 preferably forms a substantially fluid tight seal with an inner surface of
the container 30, thereby preventing the therapeutic agent 38 that i1s disposed in the reservoir
33 from reaching an inner portion of the curved end region 34, as shown In FIG. 3. In this
embodiment, the platform 35 comprises an opening 36 though which fluid from the pressure
source 68 Is directed via a u-shaped tube 37 disposed within the curved end region 34, as
shown In FIG. 3 and explained in further detail below.

[0019] The container 30 may further comprise an inlet tube 40, an outlet tube 50, and a cap
60, wherein the cap 60 1s configured to be secured to the first region 31 of the container 30, as
depicted In FIG. 3. The Inlet tube 40 has first and second ends 41 and 42 with a lumen 43
extending therebetween, while the outlet tube 50 has first and second ends 51 and 52 with a
lumen 53 extending therebetween. The first end 41 of the Inlet tube 40 is placed In fluid
communication with an inlet port 61 formed In the cap 60, while the first end 51 of the outlet

tube 50 Is placed In fluid communication with an outlet port 62 formed in the cap 60, as shown
in FIG. 3.

[0020] The second end 42 of the Inlet tube 40 extends towards the platform 35, and may be
coupled to an adapter 44, which may be integral with the platform 35 or secured thereto. The
adapter 44 places the second end 42 of the inlet tube 40 In fluid communication with a first end
45 of the u-shaped tube 37, which iIs disposed within the curved end region 34, as shown In
FIG. 3. Asecond end 46 of the u-shaped tube 37 is In fluid communication with the opening 36
In the platform 35.

[0021] Accordingly, fluid passed through the inlet port 61 of the cap 60 iIs directed through the
Inlet tube 40, through the u-shaped tube 37, and into the reservoir 33 via the opening 36.
Notably, the u-shaped tube 37 effectively changes the direction of the fluid flow by
approximately 180 degrees, such that the fluid originally flows Iin a direction from the first
region 31 of the container 30 towards the second region 32, and then from the second region
32 back towards the first region 31. In the embodiment of FIGS. 1-3, the first region 31 of the
container 30 Is disposed vertically above the second region 32 of the container 30 during use,
however, 1t Is possible to have different placements of the first and second regions 31 and 32
relative to one another, such that they are disposed at least partially horizontally adjacent to
one another.
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[0022] The second end 52 of the outlet tube 50 may terminate a predetermined distance
above the platform 35, as shown In FIGS. 1-3. While the second end 52 i1s shown relatively
close to the platform 35 In this embodiment, any suitable predetermined distance may be
provided. For example, the outlet tube 50 may be shorter in length, e.g., about half of the
length shown In FIGS. 1-3, and therefore, the second end 52 may be spaced apart further
from the platform 35. In a presently preferred embodiment, the second end 52 of the outlet
tube 50 i1s radially aligned with the opening 36 In the platform 35, as depicted In FIGS. 1-3.
Accordingly, as will be explained further below, when fluid from the pressure source 68 Is
directed through the opening 36 In the platform 395, the fluid and the therapeutic agent 38
within the reservoir 33 may be directed through the outlet tube 50, through the outlet port 62,
and towards a target site. Alternatively, the outlet tube 50 may be omitted and the therapeutic
agent 38 may flow directly from the reservoir 33 into the outlet port 62. Other variations on the
container 30 and outlet port 62 may be found in U.S. Pat. App. Serial No. 12/633,027, filed
December 8, 2009, which Is hereby incorporated by reference in its entirety.

[0023] The cap 60 may comprise any suitable configuration for sealingly engaging the first
region 31 of the container 30. In one example, an O-ring 65 Is held In place around a
circumference of the cap 60 to hold the therapeutic agent 38 within the reservoir 33. Further,
the cap 60 may comprise one or more flanges 63 that permit a secure, removable
engagement with a complementary internal region of the section 25 of the housing 22. For
example, by rotating the container 30, the flange 63 of the cap 60 may lock Iin place within the
section 25.

[0024] The Inlet and outlet tubes 40 and 50 may be held in place within the container 30 by
one or more support members. In the example shown, a first support member 48 Is secured
around the inlet and outlet tubes 40 and 50 near their respective first ends 41 and 51, as
shown In FIG. 3. The first support member 48 may be permanently secured around the Inlet
and outlet tubes 40 and 50, and may maintain a desired spacing between the tubes. Similarly,
a second support member 49 may be secured around the inlet and outlet tubes 40 and 50
near their respective second ends 42 and 52, as shown In FIGS. 1-3. As will be apparent,
greater or fewer support members may be provided to hold the inlet and outlet tubes 40 and
50 In a desired orientation within the container 30. For example, iIn one embodiment, the
second support member 49 may be omitted and just the first support member 48 may be
provided, or greater than two support members may be used.

[0025] In a loading technique, the Inlet and outlet tubes 40 and 50 may be securely coupled to
the first support member 48, the second support member 49, the platform 35 and the u-
shaped tube 37. The platform 35 may be advanced towards the second region 32 of the empty
container 30 until the platform rests on a step 47 above the curved end region 35 of the
container 30, as shown In FIG. 3. In a next step, a desired quantity of the therapeutic agent 38
may be loaded through slits 57 formed adjacent to, or within, the first support member 48, as
depicted In FIG. 3. Notably, the container 30 also may comprise measurement indicia 39,
which allow a user to determine a quantity of the therapeutic agent 38 that is loaded within the
reservoir 33 as measured, for example, from the top of the platform 35. With the therapeutic
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agent 38 loaded into the reservoir 33, the cap 60 may be securely coupled to the first region
31 of the container 30, and the container 30 then Is securely coupled to the section 25 of the
handle 22 as described above.

[0026] The pressure source 68 may comprise one or more components capable of producing
or furnishing a fluid having a desired pressure. In one embodiment, the pressure source 68
may comprise a pressurized fluid, such as a liquid or gas. For example, as shown Iin FIG. 2,
the pressure source 68 may comprise a pressurized fluid cartridge of a selected gas or liquid,
such as carbon dioxide, nitrogen, or any other suitable gas or liquid that may be compatible
with the human body. The pressurized fluid cartridge may contain the gas or liquid at a
relatively high, first predetermined pressure, for example, around 1,800 psi inside of the
cartridge. The pressure source 68 optionally may comprise one or more commercially
avallable components. The pressure source 68 therefore may comprise original or retrofitted
components capable of providing a fluid or gas at an original pressure.

[0027] The fluid may flow from the pressure source 68 through a pressure regulator, such as
regulator valve 70 having a pressure outlet 72, as depicted In FIG. 2, which may reduce the
pressure to a lower, second predetermined pressure. Solely by way of example, the second
predetermined pressure may be In the range of about 30 to about 80 psi, although any suitable
pressure may be provided for the purposes described below.

[0028] The actuator 26 may be actuated to release the fluid from the pressure source 68. For
example, a user may rotate the actuator 26, which translates into linear motion via a threaded
engagement 29 between the actuator 26 and the housing 22, as shown In FIG. 2. When the
inear advancement Is imparted to the pressure source 68, the regulator valve 70 may pierce
through a seal of the pressure cartridge to release the high pressure fluid. After the regulator
valve 70 reduces the pressure, the fluid may flow from the pressure outlet 72 to an actuation
valve 80 via tubing 75.

[0029] The actuation valve 80 comprises an inlet port 81 and an outlet port 82. The actuator
28, which may be In the form of a depressible button, may selectively engage the actuation
valve 80 to selectively permit fluid to pass from the inlet port 81 to the outlet port 82. For
example, the actuation valve 80 may comprise a piston having a bore formed therein that
permits fluid flow towards the outlet port 82 when the actuator 28 engages the actuation valve
80. Fluid that flows through the outlet port 82 is directed into the inlet port 61 of the cap 60 via
tubing 85, and subsequently is directed Iinto the container 30, as explained above. It will be
appreciated that any suitable coupling mechanisms may be employed to secure the various
pieces of tubing to the various valves and ports.

[0030] The system 20 further may comprise one or more tube members for delivering the
therapeutic agent 38 to a target site. For example, the tube member may comprise a catheter
90 having a proximal end that may be placed In fluild communication with the outlet port 62.
The catheter 90 further comprises a distal end that may facilitate delivery of the therapeutic
agent 38 to a target site. The catheter 90 may comprise a flexible, tubular member that may be
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formed from one or more semi-rigid polymers. For example, the catheter may be
manufactured from polyurethane, polyethylene, tetrafluoroethylene, polytetrafluoroethylene,
fluorinated ethylene propylene, nylon, PEBAX or the like. Further details of a suitable tube
member are described in U.S. Patent Serial No. 12/435,574 ("the '574 application”), filed May
5, 2009. As explained further Iin the '574 application, a needle suitable for penetrating tissue
may be coupled to the distal end of the catheter 90 to form a sharp, distal region configured to
pierce through a portion of a patient's tissue, or through a lumen wall to perform a
translumenal procedure.

[0031] In operation, the distal end of the catheter 90 may be positioned In relatively close
proximity to the target site. The catheter 90 may be advanced to the target site using an open
technique, a laparoscopic technique, an Intraluminal technique, using a gastroenterology
technique through the mouth, colon, or using any other suitable technique. The catheter 90
may comprise one or more markers configured to be visualized under fluoroscopy or other
Imaging techniques to facilitate location of the distal end of the catheter 90. If desired, the
catheter 90 may be advanced through a working lumen of an endoscope.

[0032] When the catheter 90 Is positioned at the desired target site, the pressure source 68
may be actuated by engaging the actuator 26. As noted above, the pressurized fluid may flow
from the pressure source 68 through a regulator valve 70 and be brought to a desired
pressure and rate. The fluid then flows through the tubing 75, and when the actuator 28 Is
selectively depressed, the fluid flows through the valve 80 and through the tubing 85 towards
the container 30. The fluid Is then directed through the inlet port 62, through the inlet tube 40
within the container 30, and through the u-shaped tube 37. At this point, the u-shaped tube
effectively changes the direction of the fluid flow. Regulated fluid then flows through the
opening 36 In the platform 35 and urges the therapeutic agent 38 through the outlet tube 50.
The fluid and the therapeutic agent 38 then exit through the first end 51 of the outlet tube 50,
through the outlet port 62 of the cap 60, and through the catheter 90, thereby delivering the
therapeutic agent 38 to the target site at a desired pressure.

[0033] Optionally, a control mechanism may be coupled to the system 20 to variably permit
fluid flow into and/or out of the container 30 at a desired time Interval, for example, a
predetermined quantity of fluid per second. In this manner, pressurized fluid may periodically
flow Iinto or out of the container 30 periodically to deliver the therapeutic agent 38 to a target
site at a predetermined interval or otherwise periodic basis.

[0034] The system 20 may be used to deliver the therapeutic agent 38 In a wide range of
procedures and the therapeutic agent 38 may be chosen to perform a desired function upon
ejection from the distal end of the catheter 90. Solely by way of example, and without limitation,
the provision of the therapeutic agent 38 may be used for providing hemostasis, closing
perforations, performing lithotripsy, treating tumors and cancers, treat renal dialysis fistulae
stenosis, vascular graft stenosis, and the like. The therapeutic agent 38 can be delivered
during procedures such as coronary artery angioplasty, renal artery angioplasty and carotid
artery surgery, or may be used generally for treating various other cardiovascular, respiratory,



DK/EP 3150240 T3

gastroenterology or other conditions. The above-mentioned systems also may be used In
transvaginal, umbilical, nasal, and bronchial/lung related applications.

[0035] For example, If used for purposes of hemostasis, thrombin, epinephrine, or a sclerosant
may be provided to reduce localized bleeding. Similarly, If used for closing a perforation, a
fibrin sealant may be delivered to a localized lesion. In addition to the hemostatic properties of
the therapeutic agent 38, it should be noted that the relatively high pressure of the fluid and
therapeutic agent, by itself, may act as a mechanical tamponade by providing a compressive
force, thereby reducing the time needed to achieve hemostasis.

[0036] The therapeutic agent 38 may be selected to perform one or more desired biological
functions, for example, promoting the ingrowth of tissue from the interior wall of a body vessel,
or alternatively, to mitigate or prevent undesired conditions Iin the vessel wall, such as
restenosis. Many other types of therapeutic agents 38 may be used In conjunction with the
system 20.

[0037] The therapeutic agent 38 may be delivered Iin any suitable form. For example, the
therapeutic agent 38 may comprise a powder, liquid, gel, aerosol, or other substance.
Advantageously, the pressure source 68 may facilitate delivery of the therapeutic agent 38 In
any one of these forms.

[0038] The therapeutic agent 38 employed also may comprise an antithrombogenic bioactive
agent, e.g., any bioactive agent that inhibits or prevents thrombus formation within a body
vessel. Types of antithrombotic bioactive agents include anticoagulants, antiplatelets, and
fibrinolytics. Anticoagulants are bioactive materials which act on any of the factors, cofactors,
activated factors, or activated cofactors in the biochemical cascade and inhibit the synthesis of
fibrin. Antiplatelet bioactive agents inhibit the adhesion, activation, and aggregation of platelets,
which are key components of thrombi and play an important role in thrombosis. Fibrinolytic
bioactive agents enhance the fibrinolytic cascade or otherwise aid in dissolution of a thrombus.
Examples of antithrombotics include but are not limited to anticoagulants such as thrombin,
Factor Xa, Factor Vlla and tissue factor inhibitors; antiplatelets such as glycoprotein lIb/llla,
thromboxane A2, ADP-induced glycoprotein lIb/llla, and phosphodiesterase inhibitors; and
fibrinolytics such as plasminogen activators, thrombin activatable fibrinolysis inhibitor (TAFI)
Inhibitors, and other enzymes which cleave fibrin.

[0039] Additionally, or alternatively, the therapeutic agent 38 may include thrombolytic agents
used to dissolve blood clots that may adversely affect blood flow In body vessels. A
thrombolytic agent is any therapeutic agent that either digests fibrin fibers directly or activates
the natural mechanisms for doing so. Examples of commercial thrombolytics, with the
corresponding active agent In parenthesis, Include, but are not Imited to, Abbokinase
(urokinase), Abbokinase Open-Cath (urokinase), Activase (alteplase, recombinant), Eminase
(anitstreplase), Retavase (reteplase, recombinant), and Streptase (streptokinase). Other
commonly used names are anisoylated plasminogen-streptokinase activator complex; APSAC;
tissue-type plasminogen activator (recombinant); t-PA; rt-PA.
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[0040] In one example, the therapeutic agent 38 comprises a hemostasis powder
manufactured by TraumaCure, Inc. of Bethesda, MD. However, while a few exemplary
therapeutic agents 38 have been described, it will be apparent that numerous other suitable
therapeutic agents may be used in conjunction with the system 20 and delivered through the
catheter 90.

[0041] Advantageously, the system 20 permits localized delivery of a desired quantity of the
therapeutic agent 38 at a desired, regulated pressure. Since the distal end of the catheter 90
may be placed in relatively close proximity to a target site, the system 20 provides significant
advantages over therapeutic agents delivered orally or through an IV system and may reduce
accumulation of the therapeutic agent 38 In healthy tissues, thereby reducing side effects.
Moreover, the delivery of the therapeutic agent 38 to the target site is performed In a relatively
fast manner due to the relatively high pressure of the fluid, thereby providing a prompt delivery
to the target site compared to previous devices.

[0042] Further, if an optional needle Is employed at the distal end of the catheter 90, as
explained in the '574 application, the system 20 advantageously may be used to both perforate
tissue at or near a target site, then deliver the therapeutic agent 38 at a desired pressure in the
manner described above. For example, the needle may comprise an endoscopic ultrasound
(EUS) needle. Accordingly, in one exemplary technique, a sharpened tip of the needle may be
capable of puncturing through an organ or a gastrointestinal wall or tissue, so that the
therapeutic agent 38 may be delivered at a predetermined pressure In various bodily locations
that may be otherwise difficult to access. One or more delivery vehicles, such as an endoscope
or sheath, may be employed to deliver the catheter 90 to a target site, particularly iIf the distal
end of the catheter 90 comprises the optional needle.

[0043] Referring now to FIGS. 4-5, alternative systems 20" and 20" are similar to the system
20 of FIGS. 1-3, with main exceptions noted below. In FIG. 4, the alternative system 20
comprises an inlet tube 40" having a J-shaped curvature 93 that causes a second end 42’ of
the Inlet tube 40" to direct fluid flow In a substantially opposing direction relative to the first end
41 of the Inlet tube 40'. In use, fluid from the pressure source 68 flows through the first end 41
of the Inlet tube 40, through the J-shaped curvature 93 and exits the second end 42, thereby
directing the therapeutic agent 38 (not shown in FIG. 4) into the outlet tube 50 for delivery to a
target site via the catheter 90, as generally explained above. In this embodiment, the platform
35 may be omitted and the therapeutic agent 38 may settle on a lower region of the reservoir
33. Measurement Iindicia 39" may measure a quantity of the therapeutic agent 38 from the
lower region of the reservoir 33.

[0044] In the embodiment of FIG. 4, as well as FIGS. 1-3, a filter may cover the second end 52
of the outlet tube 50. The filter may be sized to ensure that only relatively small particles of the
therapeutic agent 38 enter into the outlet tube 50, thereby reducing the risk of clogging. If
relatively large particles become present in the reservoir 33, the fluid from the pressure source
68 entering into the container may break up the larger particles until they are small enough to
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pass through the filter and into the outlet tube 50.

[0045] In FIG. 5, the alternative system 20" comprises an inlet tube 40" having a curvature 94
that directs fluid into a flow assembly 95. The flow assembly 95 has an inlet 96 comprising at
least one bore configured for fluid communication with the second end 42" of the Inlet tube 40",
The flow assembly 95 further comprises an outlet 98 that is coupled to, and In fluid
communication with, the second end 52 of the outlet tube 50. At least one opening 97 Is
formed In a lateral surface of the flow assembly 95 between the Inlet 96 and the outlet 98,
wherein the openings 97 are sized to permit suctioning of the therapeutic agent 38
therethrough. The openings 97 may comprise slits, as generally depicted, or alternatively
circular bores or other shapes. In use, fluid from the pressure source 68 flows through the first
end 41 of the Inlet tube 40", through the curvature 94 and the second end 42", and into the
flow assembly 95 via the Inlet 96. The fluid thereby directs the therapeutic agent 38 within the
reservoir 33 Into the outlet tube 50, via the openings 97, for delivery to a target site via the
catheter 90.

[0046] In particular, as fluid from the pressure source 68 passes from the inlet 96 to the outlet
98, a localized low pressure system will be provided In the vicinity of the openings 97 In
accordance with Bernoulli's principle of fluid dynamics. The low pressure system formed by the
presence of the pressurized fluid passing through the flow assembly 95 will form a strong
suction force when it passes by the openings 97. As a result, the therapeutic agent 38 may be
suctioned out of the reservoir 33, through the openings 97 and through the outlet 98 and outlet
tube 50. Notably, the slits or other openings may be sized to ensure that only relatively small
particles of the therapeutic agent 38 enter into the outlet tube 50, thereby reducing the risk of

clogging.

[0047] Referring now to FIGS. 6-8, a system 120 according to an alternative embodiment Is
described. The system 120 comprises a housing 122, which s suitable for securely holding,
engaging and/or covering the components described below. A user may hold the system 120
during use by grasping an upright support 125 and/or an outer surface of a container 130.
Actuators 126 and 128, which are similar to actuators 26 and 28 above, may be engaged by a
user and actuated to perform the functions described below.

[0048] The container 130 may comprise any suitable size and shape for holding the
therapeutic agent 38 described above (not shown In FIGS. 6-8 for illustrative purposes). The
container 130 has a first region 131 and a second region 132. An upper cap 160 may securely
engage the first region 131, while a lower cap 165 may securely engage the second region
132, thereby holding the therapeutic agent 38 within a reservoir 133. Measurement indicia 139
are provided to determine a quantity of the therapeutic agent 38 within the reservoir 133.

[0049] In this embodiment, an outlet tube 150 having first and second ends 151 and 152 Is
positioned within the container 130. The second end 152 of the tube 150 terminates a
predetermined distance above an upper surface 168 of the lower cap 165, as shown In FIGS.
6-8. Further, the second end 152 of the outlet tube 150 may be aligned with an opening 166 In
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the upper surface 168 of the lower cap 165, as depicted in FIGS. 6 and 8.

[0050] The system 120 further comprises at least one linkage 177 having first and second
ends 178 and 179. The first end 178 of the linkage 177 Is coupled to the actuator 128, while
the second end 179 of the linkage 177 Is coupled to the valve 80. Accordingly, when the
actuator 128 is depressed, the valve 80 may be selectively actuated. The container 130 may
comprise a groove 137, as best seen in FIG. 8, for accommodating the linkage 177. The upper
and lower caps 160 and 165 also may comprise corresponding grooves 162 and 167/,
respectively, for accommodating the linkage 177. It will be apparent that any number of
inkages may be used, and their positioning within the housing 122 may be varied, as needed,
to impart a desired motion from the actuator 128 to selectively actuate the valve 80.

[0051] Optionally, an orientation device 193 may be used for indicating a vertical orientation of
the container 130. The orientation device 193 may be formed integrally with the housing 122,
or coupled to an exterior surface of the housing 122. The orientation device 193 may comprise
a captive liquid, ball, arrow or other member, or an electronic display, which provides an
Indication of the vertical orientation of the container 130. Therefore, when the system 120 is
held In a user's hand, the user may determine whether the container 130 Is oriented vertically,
which may enhance flow of the therapeutic agent 38 and other functionality. Notably, the
orientation device 193 shown In FIGS. 6-7 also may be used in the embodiments of FIGS. 1-5
and 8-9.

[0052] Operation of the system 120 is similar to the operation of the system 20 described
above. After the catheter 90 Is positioned at a desired location, the pressure source 68 may be
actuated by engaging the actuator 126. As noted above, the pressurized fluid may flow through
a regulator valve 70 and be brought to a desired pressure and rate. The fluid then flows
through the tubing 75, and when the actuator 28 1s selectively actuated, the fluid flows through
the valve 80 and through the tubing 85 towards the container 130. Regulated fluid then flows
through the opening 166 within the lower cap 165, into the reservoir 133, and urges the
therapeutic agent 38 through the outlet tube 150 In a direction from the second end 152
towards the first end 151. The fluid and the therapeutic agent 38 then exit through the first end
151 of the outlet tube 150, through the opening 161 of the upper cap 160, and through the
catheter 90, which is In fluid communication with the opening 161. Accordingly, the therapeutic
agent 38 Is delivered to the target site at a desired interval and pressure.

[0053] Referring now to FIGS. 9-10, a system 220 according to a further alternative
embodiment 1s described. The system 220 comprises a housing 222, which is suitable for
securely holding, engaging and/or covering the components described below. A user may hold
the system 220 during use by grasping a generally upright support 225. Actuators 226 and

228, which are similar to actuators 26 and 28 above, may be engaged by a user and actuated
to perform the functions described below.

[0054] In this embodiment, an alternative container 230 comprises a reservoir 233 for holding
the therapeutic agent 38 described above (not shown In FIGS. 9-10 for illustrative purposes).
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The container 230 has a first region 231 and a second region 232. Measurement indicia 239
are provided to determine a quantity of the therapeutic agent 38 within the reservoir 233.

[0055] In this embodiment, the second region 232 of the container 230 Is securely coupled to a
lower cap 234. The lower cap 234 comprises an inlet port 243, which is In fluid communication
with an opening 236 formed In an upper surface 235 of the lower cap 234. A flexible u-shaped
tube 237 may be coupled between the Inlet port 243 and the opening 236 to provide fluid
communication therebetween, as depicted in FIG. 9.

[0056] The system 220 further comprises at least one linkage 277 having first and second
ends 2/8 and 279. The first end 278 of the linkage 277 Is coupled to the actuator 228, while
the second end 279 of the linkage 277 may be pivotable about an inner element of the housing
222. For example, the second end 279 may comprise a bore, as shown in FIG. 9, which may
be secured around a prong (not shown) extending within the housing 222, thereby allowing the
second end 279 to pivot around the prong. Accordingly, when the actuator 228 is depressed, a
central region of the linkage 277 may engage the valve 80 to selectively actuate the valve and
permit flow therethrough. As will be apparent, any number of linkages may be used, and their
positioning within the housing 222 may be varied, as needed, to impart a desired motion from
the actuator 228 to selectively actuate the valve 80.

[0057] Operation of the system 220 is similar to the operation of the system 20 described
above. After the catheter 90 Is positioned at a desired location, the pressure source 68 may be
actuated by engaging the actuator 226. As noted above, the pressurized fluid may flow through
a regulator valve 70 and be brought to a desired pressure and rate. The fluid then flows
through the tubing 75, and when the actuator 228 is selectively actuated, the fluid flows
through the valve 80 and through the tubing 85. Fluid then flows through the inlet port 243,
through the u-shaped tube positioned within the lower cap 234, through the opening 236 and
Into the reservoir 233. Fluid entering the reservoir 233 then urges the therapeutic agent 38
through an outlet port 261 at the first region 231 of the container 230. The first region 231 may
comprise a curve or taper 249 to direct the fluid and the therapeutic agent 38 through the
opening 261. Subsequently, the fluid and the therapeutic agent 38 flow through the catheter
90, which i1s In fluid communication with the opening 261, thereby delivering the therapeutic
agent 38 to the target site at a desired pressure.

[0058] As noted above, In alternative embodiments the outlet tubes 50 and 150 of FIGS. 1-5
and 6-8, respectively, may be omitted. Therefore, fluid entering into the reservoirs 33 and 133
may urge the therapeutic agent 38 in a direction through outlet port in the caps 60 and 160. A

taper or curve may be provided to guide the therapeutic agent 38 out of the containers 30 and
130.

[0059] Referring to FIG. 11, In an alternative embodiment, an outlet tube 350 has a first end
351 that I1s coupled to an outlet port 362 formed In a distal tip of the housing 322. The outlet
port 362 has proximal and distal regions 363 and 364, whereby the proximal region 363 Is
configured to securely engage the first end 351 of the outlet tube 350, and the distal region
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364 Is configured to be coupled to the catheter 90 of FIGS. 1-2. Aluer-type connection may be
provided. Advantageously, by disposing the outlet tube 350 near the distal tip of the housing,
and exposed to a user via a luer-type connection, a physician may easily exchange the
catheter 90 during a procedure, for example, If the catheter 90 becomes occluded.

[0060] Further, FIG. 11 depicts an alternative connection of a container 330 to the housing
322. The container 330 i1s similar to the container 30 described above, but In the embodiment
of FIG. 11, a cap of the container 330 comprises a flanged region 363 having an O-ring 365
disposed therein, wherein the flanged region 363 Is configured to be secured between upper
and lower internal stops 388 and 389 of the housing 322. In this manner, the flanged region
363 of the cap may be held in place without the ability to be removed, thereby permanently
securing the container 330 to the handle 322 and eliminating the opportunity for the container
330 to be reusable. Notably, other features of the cap of FIG. 11 that are not shown may be
provided in a manner similar to the cap 60 of FIG. 3, such as the inlet port 61.

[0061] Referring to FIG. 12, an alternative actuator 426 is provided, which Is generally similar
to the actuator 26 of FIGS. 1-2, with a main exception that there Is provided a lower handle
portion 427 and a generally upright portion 428 that extends vertically within the housing 422
and upwards beyond a portion of a regulator valve 70. An upper region of the generally upright
portion 428 comprises threading 429, which 1s configured to engage threading on an outer
surface of the regulator valve 70.

[0062] In use, a user may rotate the lower handle portion 427 of the actuator 426, which
translates into linear motion relative to the regulator valve 470 via the threaded engagement
429. When the linear advancement is imparted to a pressure source 468 In a chamber, the
regulator valve 470 may pierce through a seal of the pressure cartridge to release the high
pressure fluid. After the regulator valve 470 reduces the pressure, the fluid may flow from the
pressure outlet 72 to an actuation valve 80 via tubing 75, in the manner explained in FIG. 2
above. Optionally, a safety ledge or interference may be provided on the housing 422 to
prevent the actuator 426 from becoming disengaged, which could otherwise allow the pressure
cartridge to be ejected from the device.

[0063] While various embodiments of the invention have been described, the invention is not
to be restricted except Iin light of the attached claims and their equivalents. Moreover, the
advantages described herein are not necessarily the only advantages of the invention and it is
not necessarily expected that every embodiment of the invention will achieve all of the
advantages described.
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p—

1. System, der er egnet ti1l fremforing af et terapeutisk

middel ti1l et malsted, hvilket system omfatter:
en beholder (30) til at 1ndeholde det terapeutiske middel,
hvor beholderen omfatter et forste (31) og et andet (32)

omrade,

hvor det forste omrade rummer det terapeutiliske middel 1 en

—

udlegb til malstedet,

forfremforingstilstand, og hvor det forste omrade omfatter et

0y

en trykkilde (68) med fluid under trvk, hvilken trvykkilde er 1

pre——

selektiv fluidforbindelse med mindst en del af beholderen,

hvor fluid fra trykkilden 1ledes 1nd 1 det forste omrade af

p—
-

pre——

beholderen ti1l drivning af det terapeutiske middel mod udlgbet

—

kendetegnet ved, at

af det forste omrade og mod malstedet,

— —
-

det andet omrade er adskilt fra det fgorste omrade af en

platform (35), der er placeret 1 beholderen, hvilken platform

danner en 1 det vaesentlige fluidtet forsegling med en 1ndre

pre——

overflade af beholderen,

det terapeutiske middel tilbageholdes over platformen, nar

systemet er 1 en handholdt poslition, 0g der er

omrade; og

fluidforbindelse via platformen mellem det forste og det andet

pr—

fluid fra trykkilden ledes fra det andet omrade af beholderen

—

ind 1 det forste omrade af Dbeholderen wvia platformen til

—

drivning af det terapeutiske middel 1 en retning fra det andet

pre——

omrade mod udlgbet a:

det forste omrade og mod malstedet.

2. System 1fglge krav 1, som vderligere omfatter et hus
(22), der er konfigureret t1l sikker fastholdelse af
beholderen og tryvkkilden, hvor huset er tillpasset til at blive

holdt 1 en brugers hand 1 den handholdte position.

pr—

3. System 1folge et hvilket som helst af ovennevnte krav,

som vderlligere omfatter en orlenteringsanordning (193) til

p—

—

visning af en lodret orientering af beholderen, nar den holdes

1 en brugers hand.



10

15

20

29

30

39

4, System 1folge et hvil

som vyderligere omfatter en
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ket som helst af ovennavnte Kkrav,

haette (160), der er

det forste omrade af Dbeholderen, hvilken

indlgbsport og en udlgbsport, hvor fluiden

ledes gennem 1ndlgbsporten

beholderen til drivning a

udleobsporten 1 haetten.

o. System 1folge et hvil

som vderligere omfatter et

mindst delvist 1 beholderen,
ende, der er placeret tet pa det

og en anden ende, der er placeret tet pa det andet omrade af

beholderen, hvor fluiden fra trykkilden strgmmer
indlgbsreogret 1 retningen fra det forste omrade
omrade.

o . System 1folge krav 5, hvor den anden ende af

omfatter mindst en 90 gr

fluildstrogmmen 1 en retniling

pre——

haette
trykkilden

p—

1 I'a

har

fastgjort til

cIl

1 hetten, og hvor flulden omledes 1

—

—

f det terapeutiske

milddel

gennem

ket som helst af ovennavnte Kkrav,

indlegbsror (40), der er disponeret

aders krumning t1

mod det fgogrste omrade af beholderen.

7. System 1fglge krav b5,

pr——

som yderligere omfa

forste omrade a

fra det andet omrade af

hvilket 1ndlgbsrgor har en

forste

- beholderen,

pr——

gennem

c11 det ande

Wt

af 1ndlgbsroret

1 omledning

pr—

LLlerl €

pr—

aft
beholderen
C u-—-formet

ror (37), der er koblet til den anden ende af 1i1ndlgbsroret,

hvor det u—-formede ror

fluildstrogmmen 1 en retniling

pre——

er konfigureret

mod det fgogrste omrade af beholderen.

3 . System 1fglge et hvilket som helst a

som vyderligere omfatter et

pr—

fra det andet omrade af

til at

pr—

omlede

beholderen

kravene 5 til 7,

udlegbsror (50), der er disponeret

mindst delvist 1 beholderen, hvilket udlgbsrgr har en fors

og en anden ende, hvor fluid,

pr——

der passerer ud af

—

NS

den anden

ende af 1ndlgbsrgoret, driver det terapeutiske middel 1nd 1 den

—

anden ende af udlgbsrgret og mod den

udlgbsroret.

9. System 1folge krav 8,

forste

—

ende

3

p—
-

hvor den anden ende af udlgbsroret
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—

er anbragt med afstand fra den anden ende af i1ndlgbsrgoret.

10. System 1feolge krav 8 eller krav 9, som vyderligere

omfatter en stromningsindretning, der har et 1ndlgb o0og et
udlob og mindst én abning, der er disponeret derimellem, hvor
indlgbet 1 stromningsindretningen er koblet til den anden ende

—

af 1ndleobsrgret, udlgbet 1 strgmningsindretningen er koblet

pr——

11l den anden ende af 1indlegbsrgret, og den mindst ene abning

er dilmensioneret til at modtage det terapeutiske middel, nar

fluid passerer mellem 1ndlgbet Og udlgbet 1

stromningsindretningen.

pr—

11. System 1fglge et hvilket som helst af ovennavnte krav,

som vyderligere omfatter en trvkregulatorventil (80), der er

disponeret mellem trvkkilden og beholderen.

pr—

12. System 1fglge et hvilket som helst af ovennavnte krav,

hvor det terapeutiske middel omfatter et pulver.
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