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Cross-reference to Related Applications

[1001] This application claims priority to and the benefit U.S. Provisional Patent

Application No 61/830,218, filed June 3, 2013, entitled "Apparatus and Methods for

nsert io and Manipulation of Multi-Occlusion Catheter Device," the disclosure of which is

incorporated herein by reference in its entirety.

[1002] This application is also a continuation-in-part of U.S. Patent Application No.

12/958,711, entitled "Devices, Methods and Kits for the Delivery of Therapeutic Materials to

a Pancreas," filed December 2, 2010, which claims priority to and the benefit of U.S.

Provisional Patent Application No. 61/265,845 entitled "A Catheter System Adapted for

Endovascular Delivery of Therapeutic Materials to a Mammalian Pancreas, Method of

Treatment of Diabetes, and Kits Therefore," filed December 2, 2009, each of the disclosures

of which is incorporated herein by reference in its entirety.

Background

[1003] The embodiments described herein relate generally to medical devices and more

particularly, to apparatus, kits, and methods for insertion and manipulation of a multi-

occlusion catheter device to, for example, deliver a therapeutic material to a pancreas.

[1004] In some instances, systemic treatments are used to treat disease within a patient.

The effectiveness of some such systemic treatments can vary due a least in part to the

treatment (e.g., a biologic agent and/or drug formulation) not reaching target tissue. For

example, in the treatment of some diseases such as pancreatic cancer and/or diabetes, it may¬

be desirable to deliver biological cells to the pancreas where efficient and safe engraftment

can be achieved, especially to the pancreatic tail, for example, where a large number of the

endogenous islet cells reside. Specifically, in some instances, some systemic treatments of

diabetes, which affects the body's abilit to produce and/or regulate insulin, have attempted

to transplant insulin producing beta ceils into pancreatic tissue, however, with limited success

due to a lack of supply and a long term need for immunosuppression. In other forms of

treatment for diabetes, transplantation of autologous stem cells (mesenchymal, bone marrow,



and others) can increase and/or replace the supply of insulin, especially in Type II diabetes

where autoimmune reaction against these cells appears limited. In such treatments, various

methods have been used such as, for example, transplanting the cells surgically in the sub

capsular space in the kidney, the liver, and nonselective systemic injection both intravenously

and intra-arterially, with the hope of "homing" these cells to the pancreatic tissue to allow

engraflment, however, a best mode of transplantation has yet to established.

[ S] In some instances, a treatment can include transplanting such cells into the

pancreas itself. For example, one treatment has included sub-selective endovascular injection

of these cells into the arterial supply of the pancreatic tissue. Such an approach, however, is

subject to variation in the number of cells actually introduced to the pancreas (versus other

organs in the same vascular bed including the spleen, the liver, and/or the stomach).

Furthermore, inadvertent exposure of other organs to such cells can result in health risks for

the patient.

[1006] n some instances, treatments for pancreatic cancer can be similarly ineffective.

For example, pancreatic cancer is considered an almost chemoresistant tumor. The

ineffective result of systemic chemotherapy is at least in part due to an insufficient drug

concentration within the tumor because of dose-limited toxicity in bone marrow and

epithelial tissue. Since systemic chemotherapy is limited its effectiveness, treatments beyond

systemic chemotherapy can be desirable for advanced pancreatic cancer patients. For

example, one such treatment can include local intra-arterial delivery of chemotherapy. Intra

arterial infusion allows higher drug concentration to reach the tumor, overcoming the

problem of poor blood w to tumor mass in comparison to healthy tissue. Furthermore,

intra-arterial chemotherapy can also take advantage of the first pass effect of

chemotherapeutics, generating higher-level drug concentrations at the tumor cell membrane

and therefore, enhancing cellular drug uptake as compared to intravenous infusion. Lastly,

local delivery can reduce systemic side effects.

[ 07] Such a chemotherapy treatment is usually administered through catheters placed

in the celiac/hepatic artery or portal vein, however, a best mode of catheter placement has yet

to be established. The tumor response rates of pancreatic arterial infusion chemotherapy can

range widely, for example, from 7% to 65%, at least in part due to efficacy of drug delivery

where anticancer drugs were administered via the celiac artery without assessment of drug

distribution. An issue in catheter localization is the redundant nature of blood supply to the



pancreas overlapping adjacent organs. Furthermore, the small size and anatomical variability

of the branches of the hepatic and splenic arteries to the pancreas precludes reproducible

cannuiization via interventional techniques. Delivering the therapy to the correction location

in the pancreas therefore, can involve careful manipulation of the delivery catheters and, in

some instances, can involve the use of two hands to manipulate the delivery catheters

appropriately.

[1008] Thus, a need exists for improved apparatus, kits, and methods for delivering a

treatment such as a biologic agen and/or drag formation to target tissue of the pancreas with

minimal dosing to the surrounding organ.

Summary

[1009] Devices, kits, and methods are described herein that can be used, for example, for

the insertion and manipulation of a multi-occlusion catheter device to deliver a treatment to,

for example, the pancreas. n some embodiments, an apparatus includes a handle, an inner

catheter, an outer catheter, an actuator, a first occlusion element, and a second occlusion

element. The inner catheter is coupled to the handle and the first occlusion element is

coupled to the inner catheter. The inner catheter defines an inner catheter lumen that is

configured to receive a guidewire. The outer catheter is coupled to the housing and the

second occlusion element is coupled to the outer catheter. The outer catheter defines a first

lumen that is in fluid communication with a distal opening and is configured to introduce a

therapeutic agent through the distal opening into one or more target pancreatic arteries. The

outer catheter defines a second lumen that is configured to receive at least a portion of the

inner catheter. The actuator is coupled to the handle and is configured to move the outer

catheter relative to the handle. The second occlusion element is disposed proximal to the first

occlusion element and a distance therebetween is adjustable when the outer catheter is moved

relative to the handle by the actuator.

Brief Description of the Drawings

[ ; FIG. 1 is an illustration of a pancreas and related structure in a human.



[10 ] FIGS. 2 and 3 are schematic illustrations of a multi-occlusion catheter insertion

device according to an embodiment, in a first configuration and a second configuration,

respectively.

[1012] FIG. 4 is a side view of a multi-occlusion catheter insertion device according to an

embodiment, shown in a dilated configuration.

[1013] FIG. 5 is a side view of portion of the multi-occlusion catheter insertion device

of FIG. 4.

[1014] FIGS. 6- are each a cross-sectional view of a different portion of the multi-

occlusion catheter insertion device of FIG. 4, taken along lines 6-6, 7-7, 8-8, 9-9, 1 - 0, and

- , respecti vely, in FIG 5.

[1015] FIG. 12 is a side view of a multi-occlusion catheter insertion device according to

an embodiment.

[1016] FIG. 3 is a side view of a portion of the multi-occlusion catheter insertion device

of FIG. 12.

[1017] FIGS. 14-19 are each a cross-sectional view of a different portion of the multi-

occlusion catheter insertion device taken along lines 14-14, 15-15, 16-16, 17-17, 18-18, and

1 - , respectively, in FIG. 3 .

[1018] FIG. 20 is a top view of a multi-occlusion catheter insertion device according to

an embodiment, in a first configuration.

[1019] FIG. 2 is a side view of a handle included in the multi-occlusion catheter

insertion device of FIG. 20.

[1020] FIG . 22 is a top view of a handle included in the multi-occlusion catheter insertion

device of FIG. 20

[1021] FIG. 23 is an enlarged cross-sectional view of a portion of the handle of FIG. 21,

indicated by the region X j and taken along the line 23-23 in FIG. 22,

[1022] FIG. 24 is a cross-sectional view of a portion of the multi-occlusion catheter

insertion device of F G. 20, taken along the line 24-24.



[1823 FIG. 25 is an enlarged cross-sectional view of a portion of the handle of FIG. 21,

indicated by the region X ? and taken along the line 25-25 in FIG. 2.2.

024 FIG. 26 is a cross-sectional view of a portion of the multi- occlusion catheter

insertion device of F G. 2.0, taken along the line 2.6-26.

[1025] FIG. 27 is a cross-sectional view of a portion of the multi-occlusion catheter

insertion device of FIG. 20, taken along the ine 27-27.

[1026] FIG. 28 is a cross-sectional view of a portion of the multi-occlusion catheter

insertion device of F G. 2.0, taken along the line 2.8-28.

[1027] FIG. 29 is a top view of the multi-occlusion catheter insertion device of FIG. 20 in

a second configuration.

[1028] FIG. 30 is an illustration of portion of the multi -occlusion catheter insertion

device of FIG. 20 in use within a portion of a body.

[1 29] FIG. 3 is a flowchart illustrating a method for treating the pancreas, according to

an embodiment.

Detailed Description

[1030] Devices, kits, and methods described herein can be used, for example, for the

insertion and manipulation of a multi-occlusion catheter device to deliver a treatment to, for

example, the pancreas. n some embodiments, the devices, kits, and methods described

herein can be used, for example, in isolating a segment(s) of the arterial system of the

pancreas, and then introducing therapeutic cells/agents exclusively to a target area of the

pancreatic tissue. By way of example, such a use can include percutaneously isolating the

pancreatic portion of the celiac axis via an endovascular catheter that is configured to access

the target anatomy, and then exogenously introducing therapeutic cells/agents/biologics into

the isolated area, via an infusion por of the catheter. In such fashion, the cells/agents

biologies can be delivered to the pancreatic tail with high efficiency. In some embodiment, a

device with two sliding balloon catheters can be used to isolate a target area of the splenic

artery with major branches to the pancreatic tail. The isolated area can then be perfused with

cells via an infusion port disposed between the two balloon catheters. In some embodiments,



it may be desirable to temporarily isolate the two ends of the pancreatic section of the splenic

artery by other mechanisms including, for example, micro-filters configured to prevent

passage of cells, but enabling passage of other fluids n some embodiments, the devices

described herein can be arranged such that a user (e.g., a doctor, physician, technician, nurse,

surgeon, etc.) can manipulate a portion of the device substantially single handedly, to allow

for accurate delivery of a biological agent and/or drug formulation to an isolated segment or

portion of an organ.

[1031] In some embodiments, the devices and methods described herein can be used for

effective engraftment of stem cells into the pancreas using an endovascular approach.

Targeted intra-arterial injection of stem cells selectively in the splenic artery can achieve

engraftment of insulin producing cells in the tail of the pancreas with high efficiency and

without the systemic circulation of these cells to other organs in some embodiments, a

balloon catheter can be used to isolate the proximal and distal end of a pancreatic portion of

the splenic artery. n another embodiment, a filter basket or element can be used in lieu of a

balloon. Using such an endovascular approach, targeted delivery of a therapeutic agent, such

as, for example, stem cells to the pancreatic tail can be achieved for treatment of, for

example, diabetes. In some embodiments, an arterial section of the splenic artery can be

isolated for selective perfusion of a therapeutic agent/cells/drugs to the tail of the pancreas.

One application of such a device and method includes the introduction of stem ceils to the

pancreatic tail in treatment of diabetes. Another application can include delivery of

chemotherapeutic agents locally for treatment of pancreatic cancer.

[1032] In some embodiments, an apparatus includes a handle, an inner catheter, an outer

catheter, an actuator, a first occlusion element, and a second occlusion element. The inner

catheter is coupled to the handle and the first occlusion element is coupled to the inner

catheter. The inner catheter defines an inner catheter lumen that is configured to receive a

guidewire. The outer catheter is coupled to the housing and the second occlusion element is

coupled to the outer catheter. The outer catheter defines a first lumen that is in fluid

communication with a distal opening and is configured to introduce a therapeutic agent

through the distal opening into one or more target pancreatic arteries. The outer catheter

defines a second lumen that is configured to receive at least a portion of the inner catheter.

The actuator is coupled to the handle and is configured to move the outer catheter relative to

the handle. The second occlusion element is disposed proximal to the first occlusion element



and a distance therebetween is adjustable when the outer catheter is moved relative to the

handle by the actuator.

[1033] In some embodiments, an apparatus includes a handle, an inner catheter, an outer

catheter, a first occlusion element a second occlusion element and an actuator. The inner

catheter is coupled to the handle and the first occlusion element is coupled to the inner

catheter. The outer catheter is coupled to the housing and the second occlusion member is

coupled to the outer catheter. The outer catheter defines a first lumen that is in fluid

communication with a distal opening and that is configured to introduce a therapeutic agent

therethrough and into one or more targe pancreatic arteries. The outer catheter defines a

second lumen that is configured to receive at least a portion of the inner catheter. The second

occlusion element is disposed proximal of the first occlusion element. The actuator is

coupled to the handle and is configured to move the outer catheter relative to the handle

between a first position in which the second occlusion element is at a first distance from the

first occlusion element and second position in which the second occlusion element is at a

second distance from the first occlusion element, with the second distance being greater than

the firs distance.

[1034] In some embodiments, a kit includes a catheter device and one or more therapeutic

agents for delivery to a pancreas via the catheter device. The catheter device includes a

handle, an outer catheter coupled to the handle, an inner catheter coupled to the handle, and

an actuator. A distal occlusion element is coupled to the inner catheter and a proximal

occlusion element is coupled to the outer catheter. The outer catheter defines a first lumen in

fluid communication with a distal opening and is configured to introduce one or more

therapeutic agents to one or more target pancreatic arteries. The outer catheter defines a

second lumen that is configured to receive at least a portion of the inner catheter. The

actuator is coupled to the handle and is configured to move the outer catheter relative to the

inner catheter to vary a distance between the distal occlusion element and the proximal

occlusion element.

[1035] In some embodiments, an apparatus includes a first catheter, a second catheter, a

handle, and an actuator. The handle includes a first set of ports and a second set of ports.

The first catheter has a proximal end portion and a distal end portion. The proximal end

portion of the first catheter is disposed within a portion of the handle and is in fluid

communication with the first set of ports. The distal end portion of the first catheter includes



an occlusion member. The second catheter has a proximal end portion and a distal end

portion and is movabiy disposed about a portion of the first catheter. The proximal end

portion of the second catheter is movabiy disposed within the handle and is fluidicaliy

coupled to the second set of ports. The distal end portion of the second catheter includes an

occlusion member. The actuator is coupled to the handle and is movable between a first

position and a second position relative to the handle to move the occlusion member of the

second catheter between a first position and a second position relative to the occlusion

member of the first catheter.

[1 36 n some embodiments, a system and/or device(s) is provided for endovascular

introduction of therapeutic biologies selectively to one or more target pancreatic vessels via a

splenic artery for treatment of diabetes. The introduced therapeutic biologies, such as cells,

thereafter engraft to a tai or a body of a pancreas n some embodiments, a device and/or

system can include, for example, an inner catheter having a distal retractable occlusion

element and an inner catheter lumen adapted and configured to -introduce a guidewire, and an

outer catheter having a distal retractable occlusion element, an infusion lumen adapted and

configured to introduce cells to one or more target pancreatic vessels, and a lumen for

slidably receiving the inner catheter. In such an embodiment, the distal retractable occlusion

element of the outer catheter can be positioned proximal to the distal retractable occlusion

element of the inner catheter; and a sealing element can be included th a is configured to

selectively isolate or seal an end of the outer catheter to prevent therapeutic biologies from

entering into the lumen of the outer catheter in which the inner catheter is slidably disposed.

[1037] In some embodiments, occlusion elements described herein can be used to isolate

a targeted region of the tail or body of the pancreas. In some embodiments, the infusion

lumen of the outer catheter can further be configured to allow atraumatic introduction of

biologies or cells, such as stem cells, into the isolated region. The infusion lumen can also be

configured to allow rapid infusion of biologies or ceils without causing damage to the cells

during the infusion process.

[1038] In some embodiments, a selective sealing element can include, for example, a

ring, membrane, or any other suitable element configured to prevent loss of cells into the

lumen of the outer catheter in which the inner catheter is disposed to maximize engraftment

efficiency. The lumen provided in the inner catheter can be configured to perfuse a distal

organ bey ond the targeted isolation region of the artery.



[1(539] In some embodiments, a distance between the proximal retractable occlusion

element and the selective sealing element can be configured for external adjustment, thus

allowing a user to customize the isolated area (between the two occlusion elements) to better

target the tail or body of the pancreas during delivery of biologies. The proximal retractable

occlusion element and the selective sealing element can have a cross-sectional diameter, for

example, between 2.-12 mm.

[1 (54 ] In some embodiments, the devices and methods described herein can be used for

isolating the perfusion area of the pancreas for introduction for chemotherapy for treatment of

pancreatic cancer or other therapeutic agents targeted to the pancreas.

[1041] In some embodiments, devices and methods described herein can be used for

occlusion of a vessel segment. For example, a catheter device as described herein can be

percutaneously introduced via a femoral artery and fluoroscopically guided to a splenic

artery. A n area or region of the pancreatic branches of the splenic artery can be isolated and

a dye marker can be introduced that can demarcate where perfusion in the pancreatic tissue

has occurred. The devices and methods described herein can perfuse the pancreatic tissue

without perfusion of the surrounding organs such as the spleen and stomach. Further, the

perfusion can occur with no back flush inside the lumen of the outer catheter in which the

inner catheter is slidably disposed.

[11)42] n some embodiments, methods of selectively and endovascularly introducing a

biologic, such as stem cells, to one or more target pancreatic vessels via a splenic ar ter are

provided Endovascular delivery can be used for the treatment of diabetes and can enable

engrafting of cells into the tail or body of the pancreas. In some embodiments, a method can

include introducing into a patient a device that includes 1) an inner catheter having a distal

retractable occlusion element and an inner catheter lumen configured to receive a guidewire,

2) an outer catheter having a proximal retractable occlusion element, an infusion lumen

configured to introduce stem cells to one or more target pancreatic vessels, and a lumen for

slidably receiving the inner catheter, and 3) a selective sealing element coupled to the outer

catheter and configured to selectively isolate an end of the outer catheter to prevent the stem

ceils from flowing from an isolated region of the one or more target pancreatic vessels and

into the lumen of the outer catheter in which the inner catheter is disposed. The catheter

device can be advanced to a target pancreatic vessel and a target pancreatic vessel can be

selectively isolated. A therapeutic biologic can then be injected into the isolated area. In



some embodiments, the catheter device can be advanced to an ostium of a celiac artery. In

some embodiments, it may also be desirable to inject a contrast dye into the isolated area.

Use of such a contrast dye can be used to confirm isolation of a pancreatic magnum arteiy

and a dorsal pancreatic artery prior to injecting the biologies. Suitable therapeutic biologies

include, for example, stem cells.

[1 43] In some embodiments, a kit for use in the treatment of diabetes is provided. In

some embodiments, kit can include catheter device including an inner catheter having a

distal retractable occlusion element and an inner catheter lumen configured to introduce a

guidewire, an outer catheter having a proximal retractable occlusion element, an infusion

lumen configured to introduce stem cells to the one or more target pancreatic vessels, and a

lumen for receiving the inner catheter. The catheter device can also include a selective

sealing element coupled to the outer catheter and configured to selectively isolate an end of

the outer catheter to prevent the stem cells from leaving an isolated region of the one or more

target pancreatic vessels and flowing into the lumen of the outer catheter in which the inner

catheter is disposed. In some embodiments, such a kit can also include one or more of each

of a biologic agent for deliv er ' to a pancreas, a stylet, a dilator, a guidewire, a guide catheter,

capsules for direct connection of biological materials/ceils to an infusion port of a delivery-

catheter, a manometer to monitor a pressure in an isolated area, and/or a pump to regulate the

infusion rate of cells/bioiogics.

[1044] In some embodiments, a catheter device is provided for isolating major branches

to cancerous tissue residing in the pancreas. This can be achieved through isolation of the

splenic artery, but may also apply to the hepatic artery and or superior mesenteric artery,

which supply the head of the pancreas via branches to the pancreas. By selective isolation of

branches to the pancreas, higher concentrations of chemotherapy can be delivered locally to

the tumor.

1 45] As used in this specification, the singular forms "a," "an" and "the" include plural

referents unless the context clearly dictates otherwise. Thus, for example, the term "a

member" is intended to mean a single member or a combination of members, "a material" is

intended to mean one or more materials, or a combination thereof.



[1(546] As used herein, the term "set" can refer to multiple features or a singular feature

with multiple parts. For example, when referring to a set of ports, the set of ports can refer to

single port or to multiple ports.

[1047] As used herein, the words "proximal" and "distal" refer to direction closer to

and away from, respectively, an operator of, for example, a medical device. Thus, for

example, the end of the medical device closest to the patient's body (e.g., contacting the

patient's body or disposed within the patient's body) would be the distal end of the medical

device, while the end opposite the distal end and closest to, for example, the user of the

medical device, would be the proximal end of the medical device. Said another way, the

distal end portion is the end that is located furthest from a point of reference, such as an

origin or a point of attachment. For example, the distal end portion would be the end farthest

away from a user's hand. The proximal end portion, thus, would be the position nearer to

point of reference such as an origin, i.e., the user's hand.

[1048] The embodiments described herein can be formed or constructed of one or more

biocompatible materials. Examples of suitable biocompatible materials include metals,

glasses, ceramics, or polymers. Examples of suitable metals include pharmaceutical grade

stainless steel, gold, titanium, nickel, iron, platinum, tin, chromium, copper, and/or alloys

thereof A polymer material may be biodegradable or non-biodegradable. Examples of

suitable biodegradable polymers include polylactides, polyglycolides, polylaetide-co-

glycolides (PLGA), polyanhydrides, polyorthocsters, polyetheresters, polycaprolactones,

polyesteramides, polyibutyric acid), poiy(valeric acid), polyurethanes, and/or blends and

copolymers thereof. Examples of non-biodegradable polymers include nylons, polyesters,

polycarbonates, polyacrylates, polymers of ethylene -vinyl acetates and other acyl substituted

cellulose acetates, non-degradable polyurethanes, polystyrenes, polyvinyl chloride, polyvinyl

fluoride, poly(vinyl imidazole), chlorosulphonate polyolefins, polyethylene oxide, and/or

blends and copolymers thereof.

[1049] FIG. 1 illustrates the spleen 10, the stomach 20, and the pancreas 30 situated

within an abdominal cavity (not shown) of a mammal (e.g., a human). The pancreas 30 is

gland organ which is part of the digestive and endocrine system of vertebrates. The pancreas

30 is both an endocrine gland producing hormones, including insulin, glucagon, and

somatostatin, as well as an exocrine gland, secreting pancreatic juice containing digestive

I !



enzymes that pass to the s all intestine. These enzymes help in the further breakdown of the

carbohydrates, protein, and fat in the chyme.

[1050] As shown, the pancreas 30 has a tail 32, a body 34, a neck 36, and a head 38.

Arterialiy, the pancreas 30 is accessed by the splenic artery 40, which originates from the

abdominal aorta 50. The splenic artery 40 includes four segments, namely, a peripancreatic

segment, a pancreatic segment, a perihiiar segment, and a hilar segment. Generally, there is

wide variability to the length of the total artery and each respective segment. There is also

variation in the actual location and presence of major branches of the splenic artery 40

supplying the pancreatic parenchyma (e.g., the function parts of the pancreas 30). For

example, the dorsal pancreatic artery 42 is the major branch supplying the pancreatic body 34

that arises from the pancreatic and peripancreatic portion of the splenic artery 40. The

pancreatic magnu artery 44 (also referred to as the great pancreatic artery or greater

pancreatic artery) is the largest blood vessel that arises from the peripancreatic segment of the

splenic artery 40 to supply oxygenated blood to an anterior portion of the pancreatic tail 32.

These two arteries form an arch anastomosis in the pancreas. However, there is variability in

the origination of both arteries. For example, the dorsal pancreatic artery 42 generally arises

from the celiac trunk (artery) 46 and or splenic artery 40 but can also arise from the superior

mesenteric artery 52. The pancreatic magnum artery 44 commonly branches from the splenic

artery 40 but can branch from a variety of locations along approximately a centimeter

(cm) length of the splenic artery 40 spanning from a proximal end to a distal end.

Furthermore, each of these arteries can, in turn, have multiple branches/takeoffs that arise

therefrom.

[1851 In the course of the pancreatic portion of the splenic artery 40, other arteries arise

therefrom that supply other organs including, for example, the accessor}' left gastric artery 48,

which supplies blood to the stomach and subsequently, the arteries supplying the spleen. Due

to the anatomical variability in the individual arteries as described above, systems used to

intra-arterially access, for example, the pancreas can be configured to provide visualization of

the common branches in this area and flexibility in the isolated distance to allow for the

individual variation in the origin and 'or the multiple possible takeoffs of the dorsal pancreatic

artery 42 and/or the pancreatic magnum artery 44. Additionally, devices can be adapted to

enable delivery of a target biologic, such as insulin producing beta cells, and autologous stem



cells (mesenchymal, bone marrow, and others). Beta cells are a type of cell in the pancreas in

areas called the islets of Langerhans. Beta cells make and release insulin.

[1852 FIGS. 2 and 3 are schematic illustrations of a multi- occlusion catheter insertion

device 100 according to an embodiment, in a first configuration and a second configuration,

respectively. The multi-occlusion catheter insertion device 100 (also referred to herein as

"device") can be arranged to allow for substantially single handed use to, for example, isolate

a segment of a bodily lumen such as an artery of the pancreas, thereby allowing a procedure

to be performed within the isolated segment and/or allowing a targeted deliver}' of a

biological or therapeutic agent. 'T'he device 100 includes a handle 10, an actuator 50, a first

catheter 160, and a second catheter 70. The handle 110 can be any suitable shape, size, or

configuration. For example, in some embodiments, the handle 110 can have a shape and size

that are configured to enhance the ergonomics of the device 100. As described in further

detail herein, the handle 1 0 can be grasped by a user (e.g., a doctor, physician, surgeon,

technician, etc. ) to insert a portion of the first catheter 160 and a portion of the second

catheter 70 into bodily lumen of a patient and can be manipulated to move, inflate, deflate,

adjust, and/or otherwise reconfigure the portion of the first catheter 160 and the portion of the

second catheter 170 within the bodily lumen. For example, the second catheter 0 can be

moved relative to the first catheter 160, or vice-versa, to adjust a distance between a first

occlusion element 68 coupled to a distal end portion of the first catheter 60 and a second

occlusion element 178 coupled to a distal end portion of the second catheter 170. The device

100 can be used to isolate a segment of a bodiiy lumen within the space defined between the

first occlusion element 68 and the second occlusion element 178. Thus, a procedure can

then be performed within the isolated segment such as for example, delivering a therapeutic

agent to the isolated segment.

10 3] The handle 0 has a proximal end portion 1 and a distal end portion 12. As

described in further detail herein, the handle 0 can be arranged to enclose, house, and/or be

disposed about a portion of the first catheter 0 and the second catheter 170. For example,

the first catheter 160 and the second catheter 70 can each be coupled to the handle 1 . A

first port 120 and a second port 125 (collectively referred to herein as a first set of ports 128)

are each disposed at the proximal end portion 11 of the handle . The first port 120 and

the second port 25 can each define a lumen (not shown in FIGS. 2 and 3). In some

embodiments, the first port 20 and the second port 125 can be formed monolithically or



integrally with the first catheter 160. The first port 120 and the second port 125 can be any

suitable size, shape, or configuration. For example, in some embodiments, the first port 120

and the second port 5 can extend from the proximal end portion 11 of the housing 0

such that at least a portion of the first port 20 and the second port 125 is accessible outside

of the handle 0. Although not shown in FIGS. 2 and 3, the first port 120 and the second

port 125 can each be physically and iiuidically coupled to a device, mechanism, and/or the

like, such as, for example, a source of an inflation medium as described in more detail below.

For example, in some embodiments, the first port 20 and the second port 125 can each

include a Luer-Lok® 1or the like that can physically and iiuidically couple the first port 120

and/or the second port 125 to such a device. As described in further detail herein, the first set

of ports 8 can be in fluid communication with at least a portion of the first catheter 160 to

place at least the portion of the first catheter 160 in fluid communication with a device (e.g., a

source of an inflation medium) coupled to the handle 110 via the first port 120 and ' r the

second port 125. For example, the lumen of the first port 120 can be in fluid communication

with a first lumen defined by the first catheter 60 and the lumen of the second port 125 can

be in fluid communication with a second lumen defined by the first catheter 160.

[10S4] The distal end portion 112 of the handle 1 0 includes a third port 130, a fourth

port 135, and a fifth port 140 (collectively referred to herein as a second set of ports 143).

The second set of ports 3 can be any suitable arrangement such as, for example, described

above with reference to the first set of ports 128. For example, the third port 130, the fourth

port 135, and the fifth port 140 can each define a lumen (not shown in FIGS. 2. and 3) and can

each include a Luer-Lok® or the like that can physically and fiuidically couple the third port

130, the fourth port 135, and/or the fifth port 140 to any suitable attachment, device,

mechanism, and/or the like. For example, the third port 130, the fourth port 135, and' r the

fifth port 140 can each be coupled to an external device such as a device supplying a

therapeutic agent, a device supplying an inflation medium or a device supplying an irrigation

solution as described in more detail below with reference to, for example, device 400. In

some embodiments, the second set of ports 143 includes the fifth port 140 and only one of the

third port 30 and the second port 135.

[1 5 As described in further detail herein, the second set of ports 143 can be in fluid

communication with at least a portion of the second catheter 0 to place at least the portion

of the second catheter 0 in fluid communication with such external devices coupled to the



handle 1 via the third port 130, the fourth port 135, and/or the fifth port 140. For example,

the third port 130 and/or the fourth port 135 can be coupled to and in fluid communication

with a first lumen defined by the second catheter 0, and the fifth port 140 can be coupled to

and fluid communication with a second lumen defined by the second catheter 170. n

some embodiments, the third port 130, the fourth port 135, and/or the fifth port 140 can be

monolithically or integrally formed with the second catheter 0. Moreover, the second set

of ports 143 can be coupled to or opcrahiy coupled to the actuator 50 as described in more

detail herein.

[1056] The first catheter 0 (also referred to herein as "inner catheter") and the second

catheter 170 (also referred to herein as "outer catheter") can be any suitable catheter device.

For example, in some embodiments, the first catheter 160 and the second catheter 170 are

multi-lumen catheters. As shown in F G. 2, the first catheter 160 has a proximal end portion

161 and a distal end portion 2. The proximal end portion 1 of the first catheter 0 is

disposed within a portion of the handle 1 . More specifically, the proximal end portion 16

of the first catheter 0 can be fixedly disposed within the portion of the handle 1 0 to place

the first catheter 160 in fluid communication with one or more of the ports 120 and 125 of the

first set of ports 128. In some embodiments, the first catheter 160 can define a first lumen

that can be physically and fluidically coupled to the first port 120 and a second lumen that

can be physically and fluidically coupled to the second port 5. in other embodiments, a

first catheter can be coupled to the handle and can be operabiy coupled to a first port and a

second port (e.g., poiis 120, 125) via an intervening structure such as, for example, flexible

tubing or the like in this manner, the first port 1 0 can be placed in fluid communication

with a first lumen (not shown in FIGS. 2 and 3) defined by the first catheter 0, as described

in further detail herein. Similarly, the second port 125 can be placed in fluid communication

with a second lumen (not shown in FIGS. 2 and 3) defined by the first catheter 160. In some

embodiments, the second port 5 and the second lumen of the first catheter 60 can receive

a guidewire or the like, as described in further detail herein.

[1057] The distal end portion 62 of the first catheter 0 extends beyond a distal end

portion of the handle 0 and includes the occlusion member 68. The occlusion member

168 can be any suitable device or mechanism that is configured to selectively limit, block,

obstruct, or otherwise occlude a bodily lumen (e.g., artery) in which the occlusion member

68 is disposed. For example, in some embodiments, the occlusion member 68 can be an



inflatable balloon or the like that can be transitioned between a collapsed (e.g., deflated)

configuration and an expanded (e.g., inflated) configuration. In some embodiments, the

arrangement of the first catheter 160 and the handle can be such that the first port 120 is

in fluid communication with the occlusion member 168. Thus, in use, the first port 20 can

be fluidically coupled to a device that can supply a pressurized fluid (e.g., air, inert gas, or

liquid) to the occlusion member 168 to transition the occlusion member 168 between a

collapsed configuration and an expanded configuration, as described in further detail herein.

1 58] The second catheter 170 of the device 00 has a proximal end portion 17 and a

distal end portion 172. As shown in FIGS. 2 and 3, the second catheter 170 is movably

disposed about a portion of the first catheter 160. More specifically, the second catheter 0

can be, for example, a multi-lumen catheter and can be arranged such that the first catheter

60 is movably disposed within a first lumen (not shown in FIGS. 2 and 3) defined by the

second catheter 170. The proximal end portion 171 can be movably disposed within the

handle such that a portion of the second catheter 70 is in fluid communication with the

second set of ports 143. In some embodiments, the second catheter 70 can be physically and

fluidically coupled to the third port 130 and the fourth por 135, and/or the fifth port 140. In

other embodiments, the second catheter can be disposed within a handle and can be operabiy

coupled to one or more ports via an intervening structure such as, for example, flexible tubing

or the like. In this manner, the third port 30 and/or the fourth por 35 can be placed in fluid

communication with the second lumen (not shown in FIGS. 2 and 3) defined by the second

catheter 70, as described in further detail herein; the fifth port 140 can be placed in fluid

communication with a third lumen (not shown in FIGS. 2 and 3) defined by the second

catheter 70, as described in further detail herein.

[1059] The distal end portion 172 of the first catheter 170 extends beyond a distal end

portion of the handle 0 and includes an occlusion member 178. The occlusion member 178

can be any suitable device or mechanism that is configured to selectively limit, block,

obstruct or otherwise occlude a lumen (e.g., artery ) in which the occlusion member 178 is

disposed. For example, in some embodiments, the occlusion member 178 can be

substantially similar to the occlusion member 68 of the first catheter 160. In some

embodiments, the arrangement of the second catheter 170 and the handle 0 can be such that

the third port 30 and/or the fourth port 35 is in fluid communication with the occlusion

member 78. Thus, in use, the third port 30 and/or the fourth port 135 can be fluidically



coupled to a device that can supply a pressurized fluid (e.g., air, inert gas, or liquid) to the

occlusion member 178 to transition the occlusion member 178 between a collapsed

configuration and an expanded configuration, as described in further detaii herein in some

embodiments, at least a portion of the occlusion member 78 can be selectively permeable to

allow a biological agent to pass therethrough. Although not shown in FIGS. 2 and 3, in some

embodiments, the distal end portion 172. of the second catheter 170 can define one or more

openings n such embodiments, the fifth port 140 can be flutdically coupled to a device that

can supply irrigation, therapeutic material or agents, biological agents, and/or the like to a

volume or region disposed between the occlusion member 168 of the first catheter 160 and

the occlusion member 8 of the second catheter 170.

[ 860] As described above, the actuator 150 of the device 0 can be operably coupled to

the second se of ports 43. For example, in some embodiments, the actuator 0 is included

in and/or coupled to the handle 110 and arranged relative to the second set of ports 143 to be

operably coupled thereto. The actuator 150 can be any suitable device, mechanism,

assembly, etc. that is movable between first position relative to the handle 1 0, associated

with the device 100 in the first configuration (FIG. 2), and a second position relative to the

handle 0, associated with the device 100 in the second configuration (FIG. 3).

Furthermore, with the actuator 150 operably coupled to the second set of ports 143, the

actuator 50 can be operable in moving the second set of ports 143 between a first position

relative to the handle 0 (e.g., the distal position) and a second position relative to the

handle (e.g., the proximal position), as indicated by the arrow AA in FIG. 3. Thus, when

the second catheter 70 is coupled to the second set of ports 143, the actuator 0 can also

move the second catheter 170 relative to the handle 1 0 and/or relative to the first catheter

60 as described in more detail below.

[1061] n some embodiments, the actuator 150 can be a push or pull slide that can move

within a track (not shown in FIGS. 2 and 3) defined by the handle 10. In other

embodiments, the actuator 50 can be coupled to an energy storage device (e.g., a spring,

compressed gas, etc.) that is configured to move the actuator 0. For example, the actuator

150 can include a push button that allows a spring to transition from a compressed

configuration towards an uncompressed coniiguration to move the actuator 150 relative to the

handle 10. In other embodiments, portion of the actuator 50 can be rotated to move the

actuator 150 between its first position and its second position relative to the handle 10.



With the second catheter 170 physically and fluidically coupled to the second set of ports 43

(as described above), the movement of the actuator 150 can move the second catheter 170

relative to the handle 10. More specifically, the proximal end portion 171 of the second

catheter 170 can be movably disposed within the handle 0 (as described above) such that

when the actuator 50 is moved from its first position to its second position, the proximal end

portion 1 of the second catheter 170 is moved from a first position relative to the handle

0 (e.g., FIG. 2) to a second position relative to the handle 0 (e.g., FIG. 3).

1 62] With the second catheter 0 movably disposed about the first catheter 160, the

movement of the actuator 50 moves the second catheter 170 relative to the first catheter 60.

For example, when the device 0 is in the first configuration, a first distance D is defined

between the occlusion member 168 of the first catheter 160 and the occlusion member 178 of

the second catheter 170. Therefore, with the first catheter 60 fixedly disposed within the

handle , the movement of the second catheter 170 in the proximal direction (e.g., the AA

direction) increases the distance between the occlusion member 68 of the first catheter 160

and the occlusion member 178 of the second catheter 70 to a second distance D , shown

in F G. 3.

[1063] In use, a guidewire (not shown) can be inserted into the second por 125 and

through a lumen defined by the first catheter 0. n this maimer, the guidewire can be

advanced through a bodily lumen and the device 00 can be manipulated to advance the first

catheter 160 along the guidewire to place the distal end portion 162 of the first catheter 60

and the distal end portion 172 of the second catheter 70 at a target location within the bodily

lumen. Once at the target location, the actuator 50 can be moved in the AA direction (e.g.,

the proximal direction) to define a desired distance between the occlusion member 68 of the

first catheter 160 and the occlusion member 178 of the second catheter 170, thereby placing

the device 100 in the second configuration (FIG. 3). As described above, an inflation source

can be coupled to the second port 25 of the first catheter 60 and the same inflation source

or a second inflation source can be coupled to the third port 130 and/or the fourth port 135 of

the second catheter 70. With the desired distance defined between the occlusion members

68 and 78, the inflation source(s) can be used to inflate the occlusion members 8 and

178. Thus, the occlusion members 168 and 178 can be transitioned from the collapsed (e.g.,

deflated) configuration to the expanded (e.g., inflated) configuration to substantially isolate a

segment of the bodily lumen disposed therebetween. With the occlusion members 68 and



178 substantially occluding the bodily lumen, a biological or therapeutic agent can be

delivered to the substantially isolated segment via the fourth port 135. For example, he

biological or therapeutic agent can be delivered through the fourth port 35 into a lumen of

the second catheter that is in fluid communication with the opening (see, e.g., opening 479 in

FIG. 20) defined by the distal end portion 72 of the second catheter 70. In some instances,

the substantially isolated segment can be irrigated by coupling an irrigation source to the fifth

port 140. Thus, the irrigation is delivered to the substantially isolated segment via the

opening (described above) defined by the distal end portion 2 of the second catheter 70.

[1064] FIGS. 4- illustrate a dilation catheter 200 according to an embodiment. FIG. 4

is a side view of the dilation catheter device 200 (also referred to herein as "catheter device").

In this embodiment, dilatation of two balloons is used to occlude a desired length of an artery

such as, for example, the splenic artery 40 (see, e.g., FIG. 2). Specifically, the catheter

device 200 includes a first catheter 260 (also referred to herein as "inner catheter") and a

second catheter 270 (also referred to herein as "outer catheter"), a first Y-adaptor 228 (also

referred to herein as "first set of ports") and a second Y-adaptor 243 (also referred to herein

as "second set of ports"), a first occlusion element 268 (also refeiTed to herein as "dilation

element", "occluder," or "distal occlusion element"), and a second occlusion element 278

(also referred to herein as "dilation element", "occluder," or "proximal occlusion element")

each configured to occlude a portion of an artery. The first occlusion element 268 is coupled

to the first catheter 260 and the second occlusion element 278 is coupled to the second

catheter 270.

[1065] The occlusion elements 268 and 278 can each be moved between a collapsed

configuration (also referred to as "retracted configuration") for insertion of the catheter

device 200 into a body of a patient (e.g., into an artery) and an expanded configuration (also

refeiTed to as "dilated configuration" or "inflated configuration") for occluding a portion of

an artery. The occlusion elements 268 and 278 when in the collapsed configuration have a

smaller outer perimeter (or diameter) than when in the expanded configuration.

[1066] The catheter device 200 includes a distal end portion 212. and a proximal end

portion 2 1 . In this embodiment, the occlusion elements 2.68 and 278 are expandable

balloons coupled to an outer surface of the first catheter 260 and an outer surface of the

second catheter 270, respectively, and are disposed at the distal end portion 2 of the

catheter device 200. The catheter device 200 is shown in a dilated configuration in FIG. 4



with the occlusion elements 268 and 278 (i.e., balloons) in their expanded configuration (i.e.,

inflated, dilated)

[1067] FIG. 5 is a side view of the distal end portion 212 of the catheter device 200 (e.g.,

a distal end portion of the first catheter 260 and the second catheter 270) and FIGS. 6-1

illustrate cross-sections a various locations along the distal end portion 212 of the catheter

device 200 to illustrate the various lumens of the catheter device 200. As shown in FIGS. 6-

1 , the first catheter 2.60 defines a first lumen 265 and a second lumen 263 that each can

extend a length of the first catheter 260. The firs lumen 265 can be configured to receive a

guidewire 280 (shown, for example, in FIG. 4) The second lumen 263 can be used to

communicate an inflation medium to and from the first occlusion element 268 via an aperture

264 in fluid communication with the first occlusion element 268 (see, e.g., FIG. 1 ).

[1(568] As shown, for example, in FIGS. 6 and 7, the second catheter 270 defines a first

lumen 273, a second lumen 274, and a third lumen 276. The first lumen 273 can be used to

communicate an inflation medium to and from the second occlusion element 278 via an

aperture 275 in fluid communication with the second occlusion element 278 (see, e.g., FIG.

7). The second lumen 274 is configured to slidably receive at least a portion of the first

catheter 260 therethrough, as shown in FIGS. 6-9. The third lumen 276 can terminate and be

in fluid communication with an infusion aperture 279 near a distal end 272 of the second

catheter 270 (see, e.g., FIG. 8). The infusion aperture 279 can be used to communicate a

cell/biological/therapeutic material to a desired location within body/artery of a patient.

[1069] The first Y-adaptor 228 is coupled to the first catheter 260 and includes two ports

220 and 225, as shown in FIG. 4 . The port 220 defines a lumen (not shown) that is in fluid

communication with the first lumen 263 of the catheter 260 and can be used to communicate

an inflation medium to the first occlusion element 268 through the second lumen 263. For

example, a source of an inflation medium (not shown) can be coupled to the catheter device

200 via the port 220 of the first Y-adaptor 228. The port 225 defines a lumen (not shown)

that is in fluid communication with the second lumen 265 of the first catheter 260 (see, e.g.,

FIGS. 6-1 ) and can be used for introduction of the guidewire 280 into the second lumen 265.

1 7 ] The second Y-adapter 243 is coupled to the second catheter 270 and includes

three ports 230, 235 and 240, as shown in FIG. 4. The port 230 defines a lumen (not shown)

tha is in fluid communication with the first lumen 273 of the second catheter 270 (see, e.g.,



FIGS. 6- ) and can receive the first catheter 260 therethrough. The port 235 defines a

lumen (not shown) that is in fluid communication with the second lumen 274 of the second

catheter 270 and can be used to communicate an inflation medium to and from the second

occlusion element 278 in a similar manner as described above for port 225 and lumen 263.

The port 240 defines a lumen (not shown) that is in fluid communication with the third lumen

276 of the second catheter 270 (see e.g., FIG. 6-11) and can be used to introduce

ceils/biological/therapeutic materials into and through the third lumen 276 and out through

the infusion aperture 279.

[1071] The catheter device 200 can also include a seal element 285 (see, e.g., FIG. 9)

(also referred to a as a "seal", "sealing element", "selective sealing element", or "filter-ring")

disposed at or near a distal end 272 of the second catheter 270. The seal element 285 can

prevent the entry of ce ls and or biologies that have been injected into an artery from flowing

back into the lumen 273. By doing so, a maximum number of cells can be delivered to the

treatment area, and improve engraftment efficiency. The seal element 285 can be for

example, a ring, a membrane or other known sealing elements used in medical devices.

[1072] The siidabie coupling of the first catheter 260 within the first lumen 273 of the

second catheter 270 allows a collective length of the first catheter 260 and the second catheter

270 to be adjusted by slidably moving the fi rs catheter 260 and the second catheter 270

relative to each other. Because the first occlusion element 268 is coupled to the first catheter

260 and the second occlusion element 278 is coupled to the second catheter 270, the siidabie

adjustment of the first catheter 260 and the second catheter 270 can thus allow adjustment of

a distance between the second occlusion element 278 and the first occlusion element 268.

The first lumen 273 of the second catheter 270 can be sized to receive the first catheter 260

with sufficient clearance to allow for ease of sliding/adjustment.

[1(573] In use, the catheter device 200 can be placed at a desired location within an artery,

such as for example, within a splenic artery 40 (see e.g., FIG. 1) and used to infuse a

cell/biological material to a pancreas 30. A length of the first catheter 260 and the second

catheter 270 can be adjusted such that a selected portion (e.g., a pancreatic portion) of the

splenic artery 40 is isolated between the first occlusion element 268 and the second occlusion

element 278. A cell/biologic material can be injected through the catheter device 200 and

into the isolated region of the splenic artery 40.



[1074] The infusion of a cell/biological agent can occur in the localized region

surrounding the isolated region or segment of vessel 40. In some instances, however, the

presence of one or more additional, side-branching vessels forming a flow-restricting

configuration in the isolated region of vessel 40 can allow infusion to occur in a larger semi-

localized region. To allow the operator to accommodate the location of these side branches

to fail within the isolated region, the first catheter 260 can be configured such that it is

siidably associated with the second catheter 270 and the space between (e.g., distance

between) occlusion elements 268 and 278 can be varied according to the circumstances of the

desired treatment. The positioning of the distal occlusion element 268 within an artery can be

individualized based on the specific anatomy to allow an enclosed or isolated area between

the two occlusion elements 268 and 278 with a linear length ranging, for example, from 3 cm

to 22 cm.

[1075] The cells targeted to the pancreas 30 (see e.g., FIG. I) can be infused through

infusion port 240, traverse through the third lumen 276, and exit through the infusion aperture

279 into the area isolated between the two occlusion elements 268 and 278. The catheter

device 200 can be configured to enable delivery of target ceils, such as insulin producing beta

cells, and autologous stem cells (mesenchymal, bone marrow, and others) to blood vessels in

communication with the pancreas in situ. The infusion pressure in the isolated blood vessel

region can be measured with pressure monitoring through the infusion lumen of the catheter

(with a monometer (not shown) in line with infusion port 279). The pressure in the third

lumen 276 can be based on the size of the cells being delivered, on the flow rate, the viscosity

of the solution, and/or flow resistance of the third lumen 276 of second catheter 270. The

f w resistance of the catheter device 200 can in turn be determined based on, for example,

the inner coating material, the size and the length of the third lumen 276, the size of the third

port 240, and/or the size of the distal infusion aperture 279. The catheter device 200 can

allow for rapid infusion of cells (e.g., up to 2 milliliter per second (ml/sec)). In some

applications, the rapid infusion of cells can enhance uptake and eventual engraftment.

Smaller aperture size (e.g., the infusion aperture 279), lumen size (e.g., the third lumen 276),

and increased flow resistance may cause "sludging" of cells, leading to poor intra- arterial

flow and diminished uptake. Lastly, the infusion aperture 279 and luminal design of t e

catheter device 200 can be configured to minimize risk of mechanical cell damage during the

infusion process.



[1(576] FIG. 12 illustrates an embodiment of a catheter device 300 that uses two filter

elements, instead of expandable balloons to occlude and isolate the area of interest for

infusion of ceils or hen otherapeut agents, without inhibiting the flow of plasma through

the isolated area. The filter elements can be formed with, for example, a medical mesh

material. The size of the pores of the filter elements can be, for example, about 2 microns

(µη ) or less in length, which can inhibit cells from passing through the filter element, but not

impede seram/plasma and other components from passing through the filter element. The

catheter device 300 can be used for the same or similar functions as described above for

catheter device 2.00 For example, the catheter device 300 can be used for introduction of

cells or other biologic or therapeutic material into a desired location within a patient's body,

such as within a splenic artery.

[1077] The catheter device 300 includes a first catheter 360 and second catheter 370

that can be slidably coupled together as described above for catheter device 200, a first Y-

adaptor 328 (also referred to herein as "first set of ports") coupled to the first catheter 360, a

second Y-adaptor 343 (also referred to herein as "second set of ports") coupled to the second

catheter 370, a first occlusion element 368 (also referred to herein as "dilation element",

"occluder", "distal occlusion element") and a second occlusion element 378 (also referred to

herein as "dilation element", "occluder", "proximal occlusion element") to occlude a portion

of an artery. The first occlusion element 368 is coupled to the first catheter 360 and the

second occlusion element 378 is coupled to the second catheter 370.

[1 78 n this embodiment, the occlusion elements 368 and 378 are filter elements that

can be moved between a collapsed configuration (also referred to as "retracted configuration"

or "closed configuration") for insertion of the catheter device 300 into a body of a patient

(e.g., into an artery) and an expanded configuration (also referred to as "dilated

configuration" or "open configuration"), as shown in FIG. 12, for occluding a portion of an

artery. The occlusion elements 368 and 378 when in the collapsed configuration have a

smaller outer perimeter (or diameter) than when in the expanded configuration.

[1079] The catheter device 300 includes a distal end portion 312. and a proximal end

portion 3 1 . FIG. is a side view of the distal end portion 312 of the catheter device 300

and FIGS. 4-1 illustrate cross-sections at various locations along the distal end portion 3 2

of the catheter device 300. As shown in FIGS. 14-19, the first catheter 360 defines a first

lumen 363 and a second lumen 365 that each can extend a length of the first catheter 360.



The first lumen 363 can be configured to receive a wire deployment device 382 that can be

coupled to the filter element 368 and configured to move the filter element 368 from its

expanded or open configuration and its collapsed or closed configuration. The second lumen

365 can be configured to receive a guidewire 380 (shown in FIG. 12).

1 8 ] The second catheter 370 defines a firs lumen 373, a second lumen 374, and a

third lumen 376. The first lumen 373 is configitred to slidably receive at least a portion of the

first catheter 360 therethrough. The second lumen 374 can be configitred to receive a wire

deployment device 381 . The wire deployment device 3 can be coupled to the filter element

378 and used to move the filter element 378 between its expanded or open configuration and

its collapsed or closed configuration. The third lumen 376 can terminate and be in fluid

communication with an infusion aperture 379 (see, e.g., FIG. 6) near a distal end 372 of the

second catheter 370. The infusion aperture 379 can be used to communicate, for example, a

cell or cells (or other therapeutic or biologic material) to a desired location within a body of a

patient.

[1081] The first Y-adaptor 328 includes a port 320 and a port 325 as shown in FIG. 12.

The port 320 defines a lumen (not shown) that is in fluid communication with the first lumen

363 of the catheter 360. The port 325 defines a lumen (not shown) that is in fluid

communication with the second lumen 365 of the catheter 360, and can be used for

introduction of the guidewire 380 into the second lumen 365. The second Y-adapter 343

includes three ports 330, 335 and 340, as shown in FIG. 1 . The port 330 defines a lumen

(not shown) that is in fluid communication with the first lumen 373 of the second catheter

370 and can receive the first catheter 360 therethrough. The port 335 defines a lumen (not

shown) that is in fluid communication with the second lumen 4 of the second catheter 0,

and the port 335 defines a lumen (not shown) that is in fluid communication with the third

lumen 376 of the second catheter 370.

[1082] The filter elements 368 and 378 can each be shaped as a cone when in their

expanded or open configurations as shown in FIGS. 12 and 13. The filter elements 368 and

378 can each be sized when in their expanded or open configurations to meet the size of a

particular vessel diameter in which the catheter device 300 is to be deployed. After infusion

of cells or a therapeutic/biologic material through the catheter device 300, the filter elements

368 and 378 can be collapsed to a smaller size for removal of the catheter device 300 from

the patient.



[1(583] In some embodiments a diameter of the occlusion elements (e.g., 268, 278, 368,

and 378) when expanded within an artery, such as, for example, the splenic artery 40, can be

adjustable to meet anatomical variations including a) individual variability in the size of the

splenic artery 40 and b) end to end variation as the artery size can taper down between the

two ends of the artery. As such, in some embodiments, to allow successful isolation of the

area for treatment, the proximal occlusion element (e.g., the balloon 278 and/or the filter

element 378) can be sized (e.g., have an outer diameter or outer perimeter) between, for

example, 3- 2 m and the distal occlusion element (e.g., the balloon 268 and/or the filter

element 368) between, for example, 3- 2 mm. The proximal occlusion element can be larger

than the distal occlusion element, smaller than the distal occlusion element, or the same size

as the distal occlusion element

[1084] Referring now to FIGS. 20-29, a multi-lumen catheter insertion device 400 is

illustrated according to an embodiment. The multi-occlusion catheter insertion device 400

(also referred to herein as "catheter device" or ''device") includes a handle 4 0, an actuator

450, a first catheter 460 (also referred to herein as "inner catheter"), and a second catheter

470 (also referred to herein as "outer catheter") and can be movable between a first

configuration and a second configuration. As described in further detail herein, the device

400 can be grasped by a user (e.g., a doctor, physician, surgeon, technician, etc.) and

manipulated substantially single handedly to insert a portion of the first catheter 460 and a

portion of the second catheter 470 into a bodily lumen of a patient and to move, inflate,

deflate, adjust, and/or otherwise reconfigure the portion of the first catheter 460 and the

portion of the second catheter 470 within the bodily lumen. For example, the second catheter

470 can be moved relative to the first catheter 460, and vice-versa, to adjust a distance

between a first occlusion elemeni 468 coupled to a distal end portion of the first catheter 460

and a second occlusion element 478 coupled to a distal end portion of the second catheter

470. The device 400 can be used to isolate a segment of a bodily lumen within the space or

region defined between the first occlusion element 468 and the second occlusion element

478. Thus, a procedure can then be performed within the isolated segment such as, for

example, delivering a cell or a therapeutic/biological agent to the isolated segment.

[1085] The handle 4 0 of the device 400 can be any suitable shape, size, or configuration.

For example, in some embodiments, the handle 410 can have a shape and size that can

enhance the ergonomics of the device 400. More specifically, the handle 4 10 has a proximal



end portion 4 1, a distal end portion 412, and a medial portion 4 that can he shaped in such

a manner as to be easily gripped by user (e.g., a doctor, physician, surgeon, technician,

etc.). In some embodiments, the handle 410 can include a grip section 4 7 (see, e.g., FIG.

21) or the like that can have, for example, a rough surface finish, detents, protrusions, or the

like that can enhance the ergonomics of the handle 410. In other embodiments, the grip

section can be, for example, an insert, an over-mold, or the like that is formed from a

relatively deformable material and that can have a relatively high coefficient of friction,

thereby enhancing the ergonomics of the handle 4 0.

[1 86 The proximal end portion 4 of the handle 4 1 includes a first port 420 and a

second port 425 collectively referred to herein as a first set of ports 428). The first port 420

and the second port 425 can be any suitable size, shape, or configuration. In some

embodiments, the first port 420 and the second port 425 can be coupled together via any

suitable method (e.g., an adhesive, ultrasonic welding, mechanical fastener, and/or the like).

In other embodiments, the first port 420 and the second port 425 can be monolithicaily

formed.

[1 87 The first port 420 and the second port 425 can extend from the proximal end

portion 4 11 of the handle 0 such that at least a portion of the first port 420 and the second

port 425 is accessible, as shown in FIGS. 20 and 21. In some embodiments, the first set of

ports 428 can be, for example, a first Y-adapter, substantially similar to the Y-adapter 228

and/or 328. In other embodiments, a first port and a second port can be, for example,

substantially parallel in a stacked configuration. In yet other embodiments, a handle can

include a first port and a second port that are substantially coaxial and arranged in a

substantially concentric configuration such that at least a portion of the first port is disposed

within the second port, or vice versa.

[1(588] Although not shown in FIGS. 14-29, the first port 420 and the second port 425 can

be physically and fluidically coupled to an exterior device, mechanism, and/or the like as

described above, for example, with reference to insertion device 0. For example, the first

port 420 and the second port 425 can each define a lumen (described in more detail below) in

fluid communication with such a device. The first port 420 and the second port 425 can each

include a Luer-Lok® and/or any other attachment mechanism that can physically and

fluidically couple the first port 420 and/or the second port 425 to any suitable device either

directly or indirectly (e.g., by an intervening structure such as a flexible tubing to the like).



The first set of ports 428 cars be physically and fluidicaliy coupled to the first catheter 460

such that when an external device is coupled to the handle 4 0 via the first port 420 and ' r

the second port 425, at least the portion of the first catheter 460 is placed in fluid

communication with that external device via the first port 420 and/or the second port 425.

For example, the first port 420 can be coupled to a device that can, for example, supply a

pressurized fluid (e.g., an inert gas, air, saline, water, and ' r any other suitable fluid in

gaseous or liquid form) that can flow through the first port 420 to be delivered to a portion of

the first catheter 460, as described in further detail herein. Furthermore, the second port 425

can be coupled to a device that can advance a guidewire or the like through the second port

425 and into a portion of the first catheter 460, as described in further detail herein. n some

embodiments, a guidewire or the like can be manually inserted through the second port 425

without the use of an external device.

1 89] The distal end portion 4 1 of the handle 410 includes a third port 430, a fourth

port 435, and a fifth port 440 (collectively referred to as a second set of ports 443) In some

embodiments, the second set of ports 443 includes the fifth port 440 and only one of the third

port 430 and the second port 435. The second set of ports 443 can be any suitable size,

shape, or configuration as described above with reference to the first set of ports 428. For

example, the second set of ports 443 can be, for example, monolithiealiy and/or unitarily

formed. In some embodiments, the second set of ports 443 can be monolithiealiy formed

with the catheter 470. In some embodiments, the second set of ports 443 can be formed with

and'or coupled to any suitable structure or component of the handle 4 1 such that the second

set of ports 443 can be moved relative to the handle 410 as described in more detail below.

[189 The third port 430, the fourth port 435, and the fifth port 440 can each include a

Luer-Lok® and/or any other attachment mechanism th t can physically and fluidicaliy couple

the third port 430, the fourth port 435, and ' r the fifth port 440 to any suitable attachment,

device, mechanism, and'or the like. The second set of ports 443 can be physically and

fluidicaliy coupled to the second catheter 470 such that when an external device is coupled to

the handle 410 via the third port 430, the fourth port 435, and/or the fifth port 440, at least a

portion of the second catheter 470 is placed in fluid communication with that external device.

For example, in some embodiments, the third port 430 and'or the fourth port 435 can be

coupled to a device that can supply a pressurized fluid (as described above) that can flow

through the third port 430 and/or the fourth port 435, respectively, to be delivered to a portion



of the second catheter 470, as described in further detail herein. In some embodiments the

fifth port 440 is coupled to, for example, an infusion device that is configured to deliver a

biological or therapeutic agent and/or other suitable drug formulation to a target tissue via the

fifth port 440 and a portion of the second catheter 470. n some embodiments, the fifth port

440 can be coupled to, for example, an irrigation device that can deliver an irrigation fluid to,

for example, an isolated segment of a bodily lumen vi the fifth port 440 and a portion of the

second catheter 470 In some embodiments, the fifth port 440 can be coupled to, for

example, the infusion device configured to deliver the biological agent and'Or other suitable

drug formulation, as described in further detail herein.

[1091] As shown in FIGS. 20-22, the handle 4 0 defines a first track 4 4 and a second

track 416. The first track 414 slidably receives a portion of the actuator 450 More

specifically, at least a portion of the actuator 450 can extend through the track 414, thereby

allowing a user to engage the actuator 450. As such, the track 414 can define a path along

which the actuator 450 can be moved between a first position relative to the handle 4 and a

second position relative to the handle , as described in further detail herein. In a similar

manner, the second track 4 6 slidably receives a portion of the fifth port 440. In this manner,

the fifth port 440 can extend through the second track 4 to be accessed by a user.

Moreover, the second track 416 can define a path along which the fifth port 440 can be

moved, as described in further detail herein

[1092] Although the device 400 is particularly shown in FIGS. 20-29, the arrangement of

the first set of ports 428, the second set of ports 443, the first track 4 4 and the second track

416 can be arranged along a surface of the handle 4 0 in various orientations. For example,

although the first track 414 is shown as being defined by a top surface of the handle 410 (see,

e.g., FIG. 20) and the second track 416 as being defined by a side surface of the handle 410

(see, e.g., FIG. 21), in other embodiments, a first track configured to receive an actuator can

be defined by a side surface of a handle and a second track configured to receive a fifth port

can be defined by a top surface of the handle. Similarly, while the first set of ports 428 and

the second set of ports 443 are s w extending from the handle 4 in a specific orientation,

the first set of ports 428 and'Or the second set of ports 443 can be oriented in any suitable

manner relative to a surface of the handle 4 .

[1 93 The actuator 450 of the device 400 is operably coupled to the second set of ports

443. For example, in some embodiments, the actuator 450 is included in and/or coupled to



the handle 410 and arranged relative to the second set of ports 443 to be operably coupled

thereto. In other embodiments, a handle can be arranged such that at least a portion of an

actuator is monolithicaliy formed with a least a portion of a second set of ports. n some

embodiments, an actuator is operably coupled to a second set of ports via an intervening

structure or the like. For example, in some embodiments, the second set of ports 443 can be

coupled to a shuttle or the like, which in turn, is coupled to an actuator. The actuator 450 can

be any suitable device, mechanism, assembly, etc that is movable between the first position

relative to the handle 4 , associated with the device 400 in the first configuration (FIGS. 20-

22), and a second position relative to the handle 4 0, associated with the device 400 in the

second configuration (FIG. 29).

[1094 In some embodiments, the actuator 450 can be a mechanism that can be pushed or

pulled to slide within the first track 14 defined by the handle 4 between its first position

and its second position. In some embodiments, the actuator 450 can be arranged to slide

relatively smoothly within the track 414 when moved between its first position and its second

position in other embodiments, the handle 410 and/or the actuator 450 can include a set of

ribs, teeth, detents, protrusions, etc. that are sequentially engaged as the actuator 450 is

moved between its first position relative to the handle 410 and its second position relative to

the handle 4 . In this manner, a user can move the actuator 450 a desired distance that can

be quantified by the actuator 450 and/or the handle 4 engaging a particular surface (e.g., a

particular rib, tooth, detent, protrusion, etc.). In some embodiments, the handle 4 and/or

the actuator 450 can be arranged at a predetermined setting that can correspond to a

predetermined distance (e.g., 2 cm, 3 cm, etc) between an end portion of the first catheter

460 and an end portion of the second catheter 470. in some embodiments, the set of ribs,

teeth, detents, protrusions, etc. included in the handle 4 and/or the actuator 450 can be

associated with pre-defined settings and/or adjustments.

1 95] Although not shown in FIGS. 20-29, in some embodiments, a handle 4 0 can

include a visual indicator such as a measuring scale or the like. For example, in some

embodiments, the handle 4 10 can include indicia (e.g., lines, markings, tic marks, etc.) that

represents a gradation of a length of travel associated with moving the actuator 450 between

its first position relative to the handle 410 and its second position relative to the handle 410.

n some embodiments, the markings can represent distances of, for example, a centimeter,

ha f a centimeter, a millimeter, and/or the like. In this manner, a user can view the indicia to



determine a desired distance to move that actuator 450 that would otherwise be challenging

or indeterminate. In some embodiments, the visual indicator can substantially correspond

with the ribs, teeth, detents, protrusions, etc. of the handle 410 and/or actuator 450.

[1096] In some embodiments, the actuator 450 can be operably coupled to one or more

energy storage device (e.g., a spring or the like) tha can facilitate the movement of the

actuator 450. For example, the actuator 450 can include a push button that can rearrange or

reconfigure at least a portion of the actuator 450 to allow a spring to transition from a

compressed configuration towards an uncompressed configuration to move the actuator 450

relative to the handle 4 0.

[1097] With the actuator 450 coupled to or monolithicaliy formed with a portion of the

second set of ports 443, the actuator 450 can be operable in moving the second set of ports

443 between a first position relative to the handle 410 (e.g., a distal position) and a second

position relative to the handle 410 (e.g., a proximal position). Moreover, with the second

catheter 470 physically and fluidicaily coupled to the second set of ports 443 (as described

above), the movement of the actuator 450 and the second set of ports 443 can move the

second catheter 470 between a first position relative to the handle 4 and a second position

relative to the handle 410, as described in further detail herein.

[1(598] The first catheter 460 and the second catheter 470 can be any suitable catheter

device. For example, in some embodiments, the first catheter 460 and the second catheter

470 are multi-lumen catheters. The first catheter 460 has a proximal end portion 46 (see,

e.g., FIGS. 21, 23 and 29) and a distal end portion 462 (see, e.g., FIGS 20 and 29), and

defines a first lumen 463 and a second lumen 465 (see, e.g., FIGS. 24-28). The proximal end

portion 46 of the first catheter 460 is disposed within a portion of the handle 4 . More

specifically, the proximal end portion 461 of the first catheter 460 can be fixedly disposed

within the portion of the handle 410 to place the first catheter 460 in fluid communication

with the firs se of ports 428. n some embodiments, the first catheter 460 can be physically

and fluidicaily coupled to the first set of ports 428. In other embodiments, a device can

include a first catheter that is monolithicaliy formed with a first set of ports. In this manner,

the proximal end portion 461 of the first catheter 460 is arranged such tha the first lumen 463

of the first catheter 460 is in fluid communication with a lumen 421 defined by the firs port

420 and the second lumen 465 of the first catheter 460 is in fluid communication with a

lumen 426 of the second port 425, as shown in FIG. 23. Therefore, an external device (e.g., a



device that can supply a pressurized fluid, as described above) can be physically and

iiuidicallv coupled to the first port 420 to piace the extemai device in fluid communication

with the first lumen 463 of the first catheter 460. Similarly, an external device including at

least a gui e ire (not shown) can be coupled to the second port 425 and can be manipulated

to advance the guidewire through the second port 425 and into the second lumen 465, as

described in further detail herein.

[1(599] Referring back to FIG. 20, the distal end portion 462 of the first catheter 460

extends beyond a distal end portion of the handle 410 and includes an occlusion member 468.

The occlusion member 468 can be any suitable device or mechanism tha is configured to

selectively limit, block, obstruct, or otherwise occlude a body lumen (e.g., artery) in which

the occlusion member 468 is disposed. For example, in some embodiments, the occlusion

member 468 can be an inflatable balloon or the like that can be transitioned between

collapsed (e.g., deflated) configuration and an expanded (e.g., inflated) configuration.

0 ] The arrangement of the first catheter 460 can be such tha the first lumen 463 is in

fluid communication with the occlusion member 468. For example, as shown in FIG. 24, the

distal end portion 462 of the first catheter 460 can define a channel 464 that places the first

lumen 463 in fluid communication with the occlusion member 468. Thus, when the first port

420 is fluidicaily coupled to a device th a supplies a pressurized fluid (e.g., air, inert gas, or

liquid), the pressurized fluid can be delivered to the occlusion member 468 via the lumen 421

of the first port 420, the first lumen 463 of the first catheter 460, and the channel 464 of the

first catheter 460. In this manner, the pressurized fluid can transition the occlusion member

468 between a collapsed configuration (not shown) and an expanded configuration (see e.g.,

FIG 20), as described in further detail herein.

[1101] The second catheter 470 of the device 400 has a proximal end portion 471 (see,

e.g., FIGS. 20-22) and a distal end portion 472 (see, e.g., FIGS. 20 and 29), and defines a first

lumen 473, a second lumen 474, a third lumen 476 and an opening 479 (also refeiTed to

herein as "infusion aperture") (as shown, for example, in FIGS. 25-28). The second catheter

470 is movably disposed about a portion of the first catheter 460 (see, e.g., FIGS. 2 1-23).

More specifically, the second catheter 470 can be arranged such that the first catheter 460 is

movably disposed within the first lumen 473 defined by the second catheter 470, as shown,

for example, in FIGS. 26-28.



[1102] The proximal end portion 471 of the second catheter 470 is movably disposed

within the handle 410 to place the second catheter 470 in fluid communication with the

second set of ports 443 n some embodiments, the second catheter 470 can be physically and

l idica y coupled to the third port 430 and the fourth port 435, and/or the fifth port 440. n

other embodiments, a catheter insertion device can include a second catheter that can be

movably disposed within a handle and can be operably coupled to one or more ports via an

intervening structure such as, for example, flexible tubing or the like. n yet other

embodiments, a catheter insertion device can include a second catheter that is monolithically

formed with a third port, a . fourth port, and'or a fifth port. In this manner, ihe second catheter

470 is arranged such that the first lumen 473 of the second catheter 470 movably receives the

first catheter 460, the second lumen 474 of the second catheter 470 is in fluid communication

with a lumen 43 defined by the third port 430 and a lumen 436 defined by the fourth port

435, and ihe third lumen 476 of the second catheter 470 is in fluid communication with a

lumen 44 defined by the fifth port 440, as shown in FIG. 25

[1103] Referring back to FIG. 20, the distal end portion 472 of the first catheter 470

extends beyond a distal end portion of the handle 410 such that an occlusion member 478 of

the second catheter 470 is disposed in a proximal position relative to the occlusion member

468 of the first catheter 478. Expanding further, the first catheter 460 extends within the

proximal end portion 471 and the distal end portion 472. when disposed in the first lumen

473. Thus, the occlusion member 468 of the first catheter 460 can be disposed in a distal

position relative to the occlusion member 478 of the second catheter 470. The occlusion

member 478 can be any suitable device or mechanism that is configured to selectively limit,

block, obstruct, or otherwise occlude a body lumen (e.g., artery) in which the occlusion

member 478 is disposed. For example, in some embodiments, the occlusion member 478 can

be substantially similar to the occlusion member 468 of the first catheter 468.

[1104] The arrangement of the second catheter 470 can be such that the second lumen

474 is in fluid communication with the occlusion member 468. For example, as shown in

FIG. 27, the distal end portion 472 of the second catheter 470 defines a channel 475 that

places the second lumen 474 in fluid communication with the occlusion member 478. Thus,

when the third port 430 (and/or the fourth port 435) is fluidically coupled to a device thai

supplies a pressurized fluid, the pressurized fluid can be delivered to the occlusion member

478 via the lumen 4 of the third port 430 (and/or the lumen 436 of the fourth port 435), the



second iumen 474 of the second catheter 470, and the channel 475 of the second catheter 470.

In this manner, (he pressurized fluid can transition the occlusion member 478 between a

collapsed configuration (not shown) and an expanded configuration (as shown in FIGS 20

and 29). n a similar manner, the arrangement of the second catheter 470 can be such tha the

third lumen 476 is in fluid communication with the opening 479 (see, e.g., FIG. 28). For

example, the distal end portion 472 of the second catheter 470 defines a channel 477 thai

places the third lumen 476 in fluid communication with the opening 479, as shown in FIG.

28. Thus, when the fifth port 440 is fluidically coupled to an external device that supplies

irrigation or to a device that supplies a therapeutic agent, the irrigation fluid or therapeutic

agent ca be delivered to an isolated segment of a bodily lumen via the lumen 441 defmed by

the fifth por 440 and the third lumen 476, the channel 477, and the opening 479 defined by

the second catheter 470.

[1105] The device 400 can be moved from the first configuration to the second

configuration by moving the actuator 450 from its first position (e.g., distal position)

relative to the handle 410 to its second position (e.g., a proximal position) relative to the

handle 4 , as indicated by the arrow BB in FIG. 29. Expanding further, with the second

catheter 470 movably disposed about the first catheter 460 and with the proximal end portion

471 of the second catheter 470 operably coupled to the actuator 450, the movement of the

actuator 450 from its first position to its second position moves the second catheter 470

relative to the first catheter 460, as indicated by the arrow CC in FIG. 29. For example, when

(he device 400 is in the first configuration, a first distance D (FIG. 20) can be defined

between the occlusion member 468 of the first catheter 460 and the occlusion member 478 of

the second catheter 470. With the first catheter 460 fixedly disposed within the handle 410,

the movement of the second catheter 470 in the CC direction (e.g., the proximal direction)

increases the distance between the occlusion member 468 of the first catheter 460 and the

occlusion member 478 of the second catheter 470 to a second distance D as shown in FIG.

29. Thus, a segment or volume having a desired length can be defined between the occlusion

member 468 of the first catheter 460 and the occlusion member 478 of the second catheter

470.

[1106] In use, a guidewire can be inserted into the lumen 426 of the second port 425 and

through the second lume 465 defined by the first catheter 460. in this manner, the guidewire

can be advanced through a bodily lumen and the device 400 can be manipulated to advance



the first catheter 460 and the second catheter 470 along the guidewire. Thus, the distal end

portion 462 of the first catheter 460 and the distal end portion 472 of the second catheter 470

can be placed at a target location within the bodily lumen such as, for example, the haptic or

splenic artery of the pancreas, as shown in FIG. 30. At the target location, the actuator 450

can be moved between its first position and its second position relative to the handle 4 0

(e.g., the BB direction in FIG 29) to define a desired distance (e.g., the distance D in FIG.

29) between the occlusion member 468 of the first catheter 460 and the occlusion member

478 of the second catheter 470. With the desired distance defined between the occlusion

members 468 and 478, and with an inflation source coupled to the first port 420 and the same

or a different inflation source coupled to the third port 430 (and/or the fourth port 435), the

occlusion member 468 of the first catheter 460 and the occlusion member 478 of the second

catheter 470, respectively, can be transitioned from a collapsed or deflated configuration to

an expanded or inflated configuration to substantially isolate a segment of the bodily lumen

disposed therebetween (e.g., the pancreatic segment or portion of the splenic artery 40

associated with, for example, the dorsal pancreatic artery 42 and/or the pancreatic magnum

artery 44), as shown in FIG. 30. FIG. 30 is an illustration of the catheter device 400 disposed

in situ within the splenic branch of the celiac artery. As shown in FIG. 30, the occlusion

elements 468 and 478 define or isolate an area of interest in between the occlusion elements

468 and 478. Specifically, in this example, the region or area of interest with blood supply to

the pancreas is isolated vi the occlusion elements 468 and 478, spaced according to the

location of the dorsal pancreatic artery 42 and the pancreatic magnum artery 44.

[ 07] With the occlusion members 468 and 478 substantially occluding the body lumen,

a biological/therapeutic agent can be delivered to the substantially isolated segment via the

fifth port 440, the third lumen 476, and the opening 479 (i.e., the infusion aperture), into the

area substantially isolated between the occlusion elements 468 and 478. In some instances,

the substantially isolated segment can be irrigated by coupling an irrigation source to the fifth

port 440. Thus, the irrigation can be delivered to the substantially isolated segment via the

lumen 44 of the fifth port 440 and the third lumen 476, the channel 477, and the opening

479 of the second catheter 470. In some instances, such irrigation can be delivered prior to

the delivery of the biological/therapeutic agent, after the delivery of the biological/therapeutic

agent, or substantially concurrently with the biological/therapeutic agent.



[1108] FIG. 3 1 is a flowchart illustrating a method of accessing and treating a pancreas.

The method can be used, for example, to occlude a portion of the splenic branch of the celiac

artery supplying the pancreatic tail. The method includes introducing a catheter (e.g., the

catheter device 100, 200, 300, and/or 400) into a mammalian body over a guidewire (21 ,

311) into a celiac artery, at 501. The catheter device can include an inner catheter (e.g., the

first catheter 160, 260, 360, and/or 460) slidably coupled to an outer catheter (e.g., the second

catheter 70, 270, 370, and/or 470). in some embodiments, guide catheter can be

exchanged over the guidewire into the celiac artery for support and introduction of the

catheter device. After the guidewire is in place, the catheter device can be positioned over

the guidewire, at 502, and positioned to allow placement of a distal occlusion element (e.g.,

the distal occlusion element 68, 268, 368, and/or 468) of the inner catheter at a distal edge of

the pancreatic portion of the splenic artery (see, e.g., FIG. 30). The distal occlusion element

and a proximal occlusion element (e.g., the proximal occlusion element 178, 278, 378, and/or

478) of the outer catheter are positioned to isolate a target portion of the pancreatic artery and

moved to an expanded configuration, at 503. After the occlusion elements are deployed,

contrast dye is injected through an injection port of the outer catheter a d the isolated area of

the splenic artery is visualized to identify the pancreatic branches, at 504. Visualization

enables the clinician to confirm isolation of the pancreatic magnum artery and dorsal

pancreatic artery or any other large artery supplying the pancreatic body or tail in the area, at

505. If desired, the catheter device can be moved back and the procedure repeated until the

clinician can confirm that the catheter is correctly positioned. Some example isolation

regions include: (a) the pancreatic magnum artery 44 (and its branches), (b) the dorsal

pancreatic artery 42 if the origin is within the splenic artery 40, and (c) both pancreatic

magnum artery 44 and dorsal pancreatic artery 42 arteries are isolated in one contiguous area

(if other extra-pancreatic arteries do not arise between the origin of the two within the splenic

artery 40).

[1109] After the first takeoff of the pancreatic magnum artery 44 is identified (or the

dorsal pancreatic artery), the placement of the outer catheter of the catheter device can allow

the edge of the distal occlusion element to be placed beyond this artery. At this point, the

inner catheter can be secured in place, and the outer catheter can be moved relative to the

inner catheter to allow the maximum perfusion area to the body and tail of the pancreas.

Frequent injection of contrast through the infusion port can be made to ensure no extra-

pancreatic vessels are included in the isolated area.



[1110] After the desired area is isolated and the occlusion elements are positioned at a

desired location, the therapeutic eelis/biologics/agent is introduced to the isolated area of the

splenic artery through the infusion port of the outer catheter, at 506. The infusion port design

can allow rapid and atraumatic infusion of eelis/biologics/agent into the isolated area. This

allows the clinician to adjust rate of infusion of therapeutic ceils/biologics/agents into the

isolated area based on specific pharmacodynamics and or engraftment efficiency

requirements. The infusion of the therapeutic material can be followed by heparinized blood

to exclude any residual cells left behind in the dead space of the catheter device. During

isolation of the artery described above, perfusion to the end organ to the artery spleen can be

disrupted, but the redundancy in the arterial perfusion system to the spleen, and limited time

during which the arterial supply is interrupted, should prevent any long-term sequela, or

abnormal condition of the splenic cells. If needed and/or desired, the guidewire port can be

used to perform perfusion of the splenic artery beyond the isolated area. For example, the

guidewire can be removed from its port after the catheter device is in place, and the

guidewire port can be connected to a source of arterial blood with suitable pressure (i.e. the

side port of an arterial sheath or guide sheath). At the end of the infusion, both occlusion

elements are moved to a collapsed configuration and the catheter device is removed from the

body over the guidewire as one unit, followed by the guidewire and the guide catheter.

[1111] n a variation of the method described above using balloons as the occlusion

elements, the same catheter can be used to isolate arterial branches supplying the head of the

pancreas via the hepatic artery or superior mesenteric artery. One such clinical possibility is

treatment of pancreatic cancer with the tumor located in the head of the pancreas. After

placement of the catheter device in the respective artery, the infusion of contrast through the

infusion port can identify the branches most proximate to the tumor, and then after occluding

the distal and proximal portion of the artery around the braneh(es), the chemotherapeutic

agent can be delivered selectively to the area of interest in the pancreas.

[1112] In some embodiments, a method can include introducing a catheter device into a

splenic artery. The catheter device can include an inner catheter, a first expandable occlusion

element coupled to the inner catheter, an outer catheter defining a first lumen configured to

introduce a therapeutic biologic/agent to one or more target pancreatic vessels, a second

lumen configured to slidably receive at least a portion of the inner catheter, and a second

expandable occlusion element coupled to the outer catheter and disposed proximaily to the



first occlusion element. The catheter is advanced to a target pancreatic portion of the splenic

artery. A region of (he target pancreatic portion of the splenic artery is selectively isolated

a d the therapeutic biologic/agent is injected into the isolated region. In some embodiments,

the therapeutic biologic/agent includes stem cells. In some embodiments, the method further

includes advancing at least a portion of the catheter device to an ostium of a celiac artery, its

hepatic branch, or if necessary, the superior mesenteric artery (based on individual anatomy).

In some embodiments, a contrast dye is injected into the isolated region and isolation of a

pancreatic magnum artery and/or a dorsal pancreatic artery can be confirmed. In some

embodiments, a guidewire can be disposed through the infusion lumen to locally perforate

the vascular lumen in the isolated area to increase exogenous cell penetration into the

pancreatic tissue. n some embodiments, the therapeutic biologic can be introduced into the

isolated segment or region to enhance cellular transmigration across the endothelial cells

prior to introduction of the therapeutic biologic.

[ 3] The devices described herein can also be provided in a kit. In some embodiments,

a kit for use in the delivery of a biological agent to an area proximal to the pancreas can

include, for example, one or more catheter devices (e.g., the catheter devices 0, 200, 300,

and/or 400) as described herein and one or more biologic/therapeutic agent for delivery to the

pancreas. The catheter devices can include, for example, a proximal end portion, a distal end

portion and one or more expandable devices, such as a balloon or a filter, associated

therewith. In some embodiments, the catheter device can include a first catheter configured

to be slidably received within a lumen of a second catheter, a first occlusion element coupled

to the first catheter and a second occlusion element coupled to the second catheter. In such

an embodiment, a distance between the first and second occlusion elements can be varied or

adjusted. The occlusion elements can be expandable to engage a wall of a blood vessel

thereby substantially isolating an interior region of the vessel between the first and second

occlusion elements. Moreover, the first and second catheters can be configured such that at

least one of the first and second catheters has a lumen configured to deliver a

biological/therapeutic agent to the isolated interior region via an infusion port. The infusion

port can allow for rapid and atraumatic deliveiy of cells/biologies into the isolated area. In

some embodiments, a pressure regulator can be provided that is configured to regulate the

fluid pressure of the agent or the materials used to dilate the occlusion elements) (e.g., in a

balloon embodiment).



11 ] In some embodiments, a kit can further include one or more biologic/therapeutic

agents for delivery to the pancreas, a stylel(s); one or more catheters adapted and configured

for accessing the pancreatic vessels; a dilator; a guidewire; a guide catheter; capsules for

direct connection of biological materials/cells to the infusion port of the delivery catheter; a

manometer to monitor the pressure in the isolated area; and'Or a pump to regulate the infusion

rate of cells/biologies.

[11 IS] In some embodiments, any of the components of a kit can be packaged together

and collectively so d as a catheter device or can be packaged independently or in subgroups

and sold together or separately. For example, in some embodiments, the handle 4 can be

packaged independently from the first catheter 460 and the second catheter 470. Moreover,

the first catheter 460 and the second catheter 470 can be packaged independent from one

another or packaged together. As such, the handle 4 0 can be so d independent of the first

catheter 460 and the second catheter 470. The first catheter 460 and the second catheter 470

can be sold independent of one another or together. Thus, in some embodiments, the handle

410 can be packaged independent of the first catheter 460 and the second catheter 470 and,

prior to use, can be coupled to the first catheter 460 and the second catheter 470 such that the

first set of ports 428 are in fluid communication with the corresponding lumen of the first

catheter 460 and the second set of ports 443 are in fluid communication with the

corresponding lumen of the second catheter 470. In some embodiments, the handle 410 can

be, for example, reusable, while the first catheter 460 and the second catheter 470 are

disposable. In other embodiments, the handle 4 1 can be coupled to the first catheter 460 and

the second catheter 470 during, for example, a manufacturing process and packaged together

to be sold as a complete catheter device.

[1116] In some embodiments, placement of the occlusion elements (e.g., the distal

occlusion elements 68, 268, 368, and/or 468 and the proximal occlusion elements 78, 278,

378, and or 478) and the lengths of each region therebetween can be varied based on the

needs of the individual application. The catheter devices 100, 200, 300 and/or 400 can retain

sufficient trackabiiity to allow advancement into the target region of the patient in some

embodiments, the catheter material can be flexible enough to traverse local anatomy yet have

enough tensile strength to be able to be placed in position in place over a guidewire (e.g., the

guidewire 280 and/or 380). Furthermore, for the first catheters 160, 260, 360, and 460 and



the second catheters 0, 270. 370, and 470, respectively, to he slidable relative to each other

in situ, various radial and tensile strengths can be incorporated in each.

[1 17] The first catheters 160, 2.60, 360, and/or 460 (i.e., the inner catheters) and the

second catheters 0, 270, 370, and/or 470 (i.e., the outer catheters) can be fabricated of any-

material suitable for catheters, such as linear low density or high density polyethylene, nylon,

polyurethane, polypropylene, silicone rubber, or other non-thrombogenic materials. In some

embodiments, an outer catheter can be formed from a linear low-density polyethylene, while

an inner catheter can be formed from a nylon. In some embodiments, the outer catheters

described herein can be fabricated to include a structure for reinforcement (not shown), such

as a metal braid or the like located between an inner and outer layer. The reinforcement

structure can exiend along any desired length of such outer catheters. In some embodiments,

a reinforcement structure can extend along the entire length of an outer catheter.

[11 8] In some embodiments, regions of a first catheter (i.e., an inner catheter) such as

those described herein can also be fabricated in any manner that allows the relative stiffness

of each region to vary. In some embodiments, an outer layer in each region of an outer

catheter and/or an inner catheter can include a material with a different durometer

measurement of hardness. For example, the material used in an intermediate region can be

relatively harder than that used in a distal region, and the material used in a proximal region

can be relatively harder than that used in the intermediate region. Other manners of varying

the stiffness of an inner catheter and/or an outer catheter (i.e., a first catheter and a second

catheter, respectively, such as those described herein) can include varying the length of a

reinforcement structure, varying the degree of reinforcement provided by the reinforcement

structure along the length of the inner catheter and/or the outer catheter, changing a cross-

sectional size and/or shape of the inner catheter and/or the outer catheter, introducing and/or

forming one or more discontinuities along a length of the inner catheter and/or the outer

catheter (e.g., one or more ribs, notches, grooves, protrusions, etc.), and/or any other suitable

means for varying stiffness.

[1119] In some embodiments, the catheter devices described herein can include one or

more sensors that can provide relative information such as, for example, position of the

occlusion members, movement of the actuator, flow rate of the biological agent, and/or any

other suitable information. For example, in some embodiments, a sensor can be operably

coupled to the actuator 450 of the device 400 and can be configured to provide information



associated with a distance that the actuator 450 has been moved. In such embodiments, a

user and/or an electronic device can determine a distance between the occlusion member 468

of the first catheter 460 and the occlusion member 478 of the second catheter 470 based on

the information from the sensor in some embodiments, a sensor can be disposed within the

third lumen 476 of the second catheter 470 tha can be configured to determine a flow rate of

irrigation and/or a biological/therapeutic agent therethrough.

[1 12 ] In some embodiments, radiopaque markers of gold or tantalum, for example, can

also be provided on or in an inner catheter positioned, within or on an occlusion element(s)

(e.g., the occlusion elements 168, 78, 268, 278, 368, 378, 468, and/or 478), and/or on an

outer catheter to aid in visualization and to assist in monitoring the position of at least a

portion of a catheter device (e.g., the catheter devices 100, 200, 300, n /or 400) on an

imaging device (e.g., a fluoroscope, an X-Ray, a Magnetic Resonance imaging (MRI) scan,

computerized tomography (CT) scan, and/or the like) dui ng a procedure. In some

embodiments, an inner catheter can optionally be coated with a lubricous material, such as

silicone, acrylamide, or a hydrophiiic polyurcthane coating, to ease retraction. Similarly, the

outer catheter and the occlusion elements can be coated with the lubricous material to ease

advancement through a guiding catheter and'or a tortuous vessel

[1121] In some embodiments, an outer diameter of an outer catheter (e.g., the second

catheters 100, 200, 300 and/or 400) and non-deployed occlusion elements (e.g., the occlusion

elements 168 and 8, 268 and 278, 368 and 378, and/or 468 and 478) can be, for example,

between about 6 French and about 8 French and thus, can be used with, for example, a 7-9

French guiding catheter (if need be).

[1122] In some embodiments, after a guidewire (e.g., the guidewire 280 and/or 380) is

removed, a corresponding lumen (e.g., the second lumen 165, 265, 365, and/or 465 of the

first catheter 160, 260, 360, and/or 460, respectively ) can be used to establish arterial blood

f ow distal to the occlusion end (e.g., the distal end portion) of a catheter device or infusion of

other therapeutic agents if desired.

[1123] In some embodiments, any suitable configuration of the catheter devices can be

used to achieve the objectives described herein including, for example, employing one or

more catheter devices 0, 200, 300, and'or 400, employing a contiguous inflation/occluding



section having differing stiffness along its length to achieve the two occluding elements,

and/or the like.

[1124] In some embodiments, to allow endovascular isolation of the pancreatic portion of

the splenic artery 40 (see e.g., FIG. 1) as a mechanism to achieve substantially exclusive

delivery of a therapeutic agent/ceils to the pancreatic parenchyma, a catheter device such as

those described herein can include anatomical and mechanical features such as, for example,

isolation of the two ends of the pancreatic portion of the artery using two occlusion elements;

adjustment of the diameter of the occlusion elements to meet the specific anatomical needs;

adjustment of the distance between the two occlusion elements (based on individual variation

to selectively isolate for instance the portion of the splenic artery 40 to the pancreas 30 on

one hand and maximize the perfusion area on the other hand); an infusion port where

injection of contrast can be used to visualize the area of the artery isolated; an infusion port,

shaft, and/or aperture design to allow atraumatic and rapid delivery of cells/therapeutic

agents; and/or recovery of the occlusion element along with the catheter at the end of the

procedure, prior to which flushes through the infusion port can assure clearance of the ceils

from the isolated space.

1 25] In some instances, any portion of the catheter devices 00, 200, 300, and/or 400

can be rotated to allow for a more targeted delivery of the biological/therapeutic agent to a

selected tissue. For example, while (he infusion apertures 279, 379 and 479 are shown as

being disposed at a specific position relative to the pancreas 30, in some instances, the

catheter device 100, 200, 300, and/or 400 can be rotated to rotate the second catheter 470

relative to the pancreas 30. Thus, the infusion aperture 279, 379, and/or 479 is rotated about

a longitudinal axis (not shown) defined by the second catheter 270, 370, and/or 470. As such,

the infusion aperture 279, 379, and/or 479 can be positioned adjacent to a target tissue for a

more accurate delivery of the biological agent than would otherwise be possible. In some

embodiments, any portion of the catheter device 200, 300, and/or 400 can include indicia

and/or markings that can be associated with the relative position of the infusion aperture 279,

379, and/or 479. n this manner, a user can visualize the radial position of, for example, an

actuator (e.g., the actuator 450) to determine the radial position of the infusion aperture 279,

[1126] Any catheter device described herein and or any combination of the catheter

devices described herein can allow the above goals to be achieved. For example, a catheter

4!



device ca include two catheters slidably coupled where an inner catheter defines a guidewire

housing port and a distal occlusion element, and an outer catheter forms an infusion port and

a proximal occlusion element, along with an inner lumen allowing the insertion of the inner

catheter. The two catheters can be assembled outside the body with a distance between the

two occlusion elements set to a desired length. For example, in some embodiments, the

minimum distance between the two occlusion elements can be 3 cm, and the length can be

adjusted up to a distance between the two occlusion elements of 25 cm as needed.

[ 27] In some embodiments, a catheter device such as those described herein, which is

suitable for accessing the pancreas 30 (see e.g., FIG. 1) can include features and/or functions,

such as, for example, selective isolation of the targeted portion of the pancreatic portion of

the splenic artery 40 for targeted delivery of the therapeutic agent to the pancreas 30; an

adjustable distance between the two ends of the perfusioii/infusion area (e.g., an isolated

region) to accommodate individual anatomy to allow isolation of the largest portion of the

splenic artery 40 with branches only supplying the pancreatic tail 32 and body 34 (see e.g.,

F G. 1) and if clinically indicated, the same catheter can be used to isolate portions of the

hepatic artery 54 and/or superior mesenteric arteiy 52 supplying the head of the pancreas 38;

an infusion port allowing first, injection of contrast into the isolated segment to allow direct

visualization of the origin of the branches of the splenic artery 40 supplying the pancreatic

tissue, and second, introduction of therapeutic drugs/cells, the dimensions and design of the

infusion port and catheter shaft allowing rapid and atraumatic delivery of cells; adjustable

diameter of the proximal and/or distal occluders to allow both mtravariabie and intervariable

sizes of the splenic artery 40; and/or a self-contained assembly uni with easy retrieval after

completion of the procedure.

[1 8] While various embodiments have been described above, it should be understood

that they have been presented by way of example only, and no limitation. Where schematics

and/or embodiments described above indicate certain components arranged in certain

orientations or positions, the arrangement of components may be modified. While the

embodiments have been particularly shown and described, it will be understood tha various

changes in form and details may be made. Although various embodiments have been

described as having particular features and/or combinations of components, other

embodiments are possible having a combination of any features and/or components from any

of embodiments as discussed above. For example, the size and specific shape of the various



components cars be different from the embodiments shown, while still providing the functions

as described herein. Furthermore, each feature disclosed herein may be replaced by

alternative features serving the same, equivalent or similar purpose, unless expressly stated

otherwise. Thus, unless expressly stated otherwise, each feature disclosed is one example

only of a generic series of equivalent or similar features.

[1129] For example, although the outer catheters 170, 270, 370, and/or 470 of the

catheter devices 100, 200, 300, and/or 400 include an infusion lumen (i.e., a third lumen) and

infusion port and/or aperture to deliver a celi/biologic/therapeutic material to a desired blood

vessel, in other embodiments, the inner catheter 160, 260, 360, and/or 460, respectively, can

include the infusion lumen. Similarly, although the guidewire lumen (i.e., a second lumen) is

described as being defined by the inner catheter 60, 260, 360, and/or 460, a guidewire lumen

can be alternatively, or in addition to, included in and/or defined by the outer catheter 170,

270, 370, and/or 470. Thus, any of the lumens of the catheter devices 100, 200, 300, and/or

400 can be defined by either the first catheter 160, 260, 360, and/or 460 (i.e., an inner

catheter) or the second catheter 70, 270, 370, and/or 470 (i.e., an outer catheter). n another

example, although shown coupled to the second catheter 270 and' r 370, the sealing element

285 and/or 385 can alternatively be coupled to the first catheter 260 and/or 360.

1 30] Although the catheter devices 100, 200, 300, and/or 400 have been shown and

described as having either two balloon occlusion elements or two filter elements, in

alternative embodiments, a catheter device can include a combination of occlusion elements.

For example, a catheter device such as those described herein can include one or more

balloon occlusion elements (e.g., the balloon elements 268 and/or 278) and one or more filter

element occlusion elements (e.g., the filter elements 368 and/or 378 ).

[1131] Where methods and/or events described above indicate certain events and/or

procedures occurring in certain order, the ordering of certain events and/or procedures may

be modified. Additionally, certain events and/or procedures may be performed concurrently

in a parallel process when possible, as well as performed sequentially as described above.



What is claimed is:

. An apparatus, comprising:

a handle;

an inner catheter defining an inner catheter lumen configured to receive a

guidewire, the inner catheter coupled to the handle;

an outer catheter movahiy coupled to the handle, the outer catheter defining a first

lumen in fluid communication with a distal opening and configured to introduce a therapeutic

agent through the distal opening and into one or more target pancreatic arteries, and a second

lumen configured to receive at least a portion of the inner catheter;

an actuator coupled to handle and configured to move the outer catheter relative to

the handle;

a first occlusion element coupled to the inner catheter: and

a second occlusion element coupled to the outer catheter, the second occlusion

element disposed proximal to the first occlusion element, a distance between the first

occlusion element and the second occlusion element being adjustable when ihe outer catheter

is moved relative to the handle by the actuator.

2. The apparatus of claim 1, wherein the actuator is configured to move between a

first position in which the first occlusion element is at a first distance form ihe second

occlusion element and a second position in which the first occlusion element is at a second

distance from the second occlusion element.

3 . The apparatus of claim , further comprising a port coupled to the handle, the port

defmmg a lumen in fluid communication with the first lumen of the second catheter, the port

configured to be coupled to a source of a therapeutic agent to be introduced through the first

lumen and into the one or more target pancreatic arteries.

4. The apparatus of claim 3, wherein the port moves with the second catheter when

the second catheter is moved relative to the handle by the actuator.

5. The apparatus of claim I, further comprising:

a sealing element coupled to the outer catheter and configured to prevent a

therapeutic agent from entering the second lumen of the outer catheter.



6. The apparatus of claim 1, wherein when the first occlusion element and the second

occlusion element are disposed within a target pancreatic artery, the first occlusion element

and the second occlusion element define an isolated region of the target pancreatic arteiy, the

first lumen of the outer catheter being configured to introduce a therapeutic agent into the

isolated region vi the distal opening

7. The apparatus of claim , wherein when the first occlusion element and the second

occlusion element are disposed within a target pancreatic arteiy, the first occlusion element

and the second occlusion element define an isolated region of the target pancreatic arteiy, the

distal opening being disposed between the first occlusion element and the second occlusion

element within the isolated region.

8 . An apparatus, comprising:

a handle;

an inner catheter coupled to the handle;

an outer catheter movably coupled to the handle, the outer catheter defining a first

lumen in flu communication with a distal opening and configured to introduce a therapeutic

agent through the distal opening and into one or more target pancreatic arteries, and a second

lumen configured to receive at least a portion of the inner catheter;

a first occiusion element coupled to the inner catheter;

a second occlusion element coupled to the outer catheter, the second occlusion

element being disposed proximal of the first occiusion element; and

an actuator coupled to the handle and configured to move the outer catheter

relative to the handle between a first position in which the second occlusion element is at a

first distance from the first occlusion element and a second position in which the second

occlusion element is at a second distance from the first occlusion element, the second

distance being greater than the first distance

9. The apparatus of claim 8, wherein the actuator is configured to move the outer

catheter relative to the inner catheter when the outer catheter is moved between the first

position and the second position.



10. The apparatus of claim 8, further comprising a port coupled to the handle, the port

defining a lumen in fluid communication with the first lumen of the second catheter, the port

configured to be coupled to a source of a therapeutic agen to be introduced through the first

lumen and into the one or more target pancreatic arteries.

1. The apparatus of claim 8, wherein the port moves belween a first location relative

to the handle when the second catheter is in the first position and a second location relative to

the handle when the second catheter is in the second position.

12. The apparatus of claim 8, further comprising:

a sealing element coupled to distal end portion of the outer catheter and

configured to prevent a therapeutic agent from entering the second lumen of the outer

catheter.

13. The apparatus of claim 8, wherein when the first occlusion element and the second

occlusion element are disposed within a target pancreatic arteiy, the first occlusion element

and the second occlusion element define an isolated region of the target pancreatic arteiy, the

first lumen of the outer catheter being configured to introduce a therapeutic agent into the

isolated region via the distal opening.

4 . The apparatus of claim 12, wherein a distance between the first occlusion element

and the sealing element can be adjusted.

5. The apparatus of claim 8, wherein when the first occlusion element and the second

occlusion element are disposed within a target pancreatic artery, the first occlusion element

and the second occlusion element define an isolated region of the target pancreatic arteiy, the

distal opening being disposed belween the first occlusion element and the second occlusion

element within the isolated region.

16. A kit, comprising:

a catheter device including a handle, an outer catheter movabl coupled to the

handle, an inner catheter coupled to the handle, a distal occlusion element coupled to the

inner catheter, a proximal occlusion element coupled to the outer catheter, and an actuator

coupled to the handle, the outer catheter defining first lumen in fluid communication with a



distal opening configitred to introduce one or more therapeutic agent to one or more target

pancreatic arteries, and a second umen configured to receive at least a portion of the inner

catheter,

the catheter device including an actuator coupled to the handle and configured to

move the outer catheter relative to the inner catheter such that a distance between the distal

occlusion element and the proximal occlusion element varies; and

one or more therapeutic agent for delivery to a pancreas via the catheter device

17. The kit of claim 16, wherein the inner catheter defines a lumen, the kit further

comprising:

at least one of a stylet, a dilator, a guidewire, or a guide catheter configured to be

slidably received within the lumen of the inner catheter.

8. The kit of clai 16, further comprising:

a manometer to monitor a pressure in an isolated area of a pancreatic artery.

. The kit of claim 16, further comprising:

a pump configured to be coupled to the catheter device via a port coupled to the

handle and to regulate an infusion rate of the one or more therapeutic agent being delivered

through the first lumen of the outer catheter and into a pancreatic artery.

20. The kit of claim 16, wherein the catheter device further includes a sealing element

coupled to the outer catheter and configured to seal the second lumen of the outer catheter

and prevent a therapeutic agent from entering into the second lumen.

21. The kit of claim 16, wherein the one or more therapeutic agent includes stem cells.
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