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APPARATUSFOR ENDOLYMPHATICDRUG DELIVERY

CLAIM OF PRIORITY

Benefit of priority is hereby claimed to U.S. Patent Application Serial

Number 11/469,793, filed September 1, 2006, which application is herein

incorporated by reference.

RELATED APPLICATIONS

This application is related to co-pending application Ser. Nos.

11/422,414, filed on June 6, 2006 (Attorney Docket No. 279.A04US1);

11/422,417, filed on June 6, 2006 (Attorney Docket No. 279.A05US1);

11/422,418, filed on June 6, 2006 (Attorney Docket No. 279.A66US1);

11/422,421, filed on June 6, 2006 (Attorney Docket No. 279.A68US1) and

11/422,423, filed on June 6, 2006 (Attorney Docket No. 279.A69US1), the

disclosures of which are hereby incorporated by reference.

FIELD OF THE INVENTION

This invention pertains to methods and systems for treating disease with

implantable devices.

BACKGROUND

The lymphatic system and the cardiovascular system are closely related

structures that are indirectly joined by a capillary system. The lymphatic system

is important to the body's defense mechanisms by filtering out organisms that

cause disease and by producing lymphocytes that attack foreign organisms and

generate antibodies. It is also important for the distribution of fluids and

nutrients in the body, because it drains excess fluids and protein from interstitial

tissues. Fluid that seeps out of the blood vessels into the interstitial spaces of

body tissues and other interstitial components are then absorbed by lymphatic

capillaries to form lymph that flows back into the bloodstream through the

lymphatic vessels. The terminal structures of the lymphatic vessels include the



right lymphatic duct, which drains lymph fluid from the upper right quarter of

the body above the diaphragm and down the midline, and the thoracic duct,

located in the mediastinum of the pleural cavity which drains the rest of the

body. Through the flow of blood in and out of arteries, into the veins, and

through the lymph vessels and nodes, the body is able to eliminate the products

of cellular breakdown and foreign body invasion.

SUMMARY

Described herein are a method and apparatus for delivering a drug to

internal body locations via the lymphatic system. In one embodiment, an

implantable device containing a drug reservoir and control circuitry therefore is

connected to a drug delivery catheter that is adapted to be disposed within a

lymphatic vessel. The implantable device may also be configured, by means of

leads or wirelessly, to receive sensor signals for controlling the delivery of the

therapy. The implantable device may also communicate with an external system

or external control device via a telemetry link.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows an exemplary system for therapy delivery via the lymphatic

system.

Fig. 2 illustrates exemplary components of the electronic circuitry

depicted in Fig. 1.

Figs. 3 and 4A-B illustrate different embodiments of a drug delivery

catheter.

Fig. 5 shows an exemplary physical placement of an implantable drug

delivery device.

Fig. 6 shows an exemplary system for introducing a drug delivery

catheter into the lymphatic system.

DETAILED DESCRIPTION

The lymphatic vessels are part of the body's circulatory system and serve

as a pathway by which fluids can flow from the interstitial spaces into blood.

Lymphatic vessels also communicate with lymph nodes and facilitate the body's



immune function by transporting foreign antigens to the lymph nodes from the

interstitial spaces. With few exceptions, such as the brain and central nervous

system, all of the body's tissues communicate with lymphatic vessels. This

makes the lymphatic system a convenient conduit for delivering drugs directly to

selected internal body locations. (As the term is used herein, a drug is any

chemical or biological substance intended to have a therapeutic or diagnostic

effect.) As described below, an implantable device may be configured with a

drug delivery apparatus and a catheter adapted for disposition within a lymphatic

vessel that delivers the drug to a target location that is normally drained by the

lymphatic vessel. The catheter may be equipped with an inflatable balloon or

other occluding structure actuated by the implantable device that blocks the

normal antegrade flow of lymphatic fluid and permits the therapeutic agent to be

injected into the vessel and flow distally from the balloon and then retrogradely

to the target location. Other embodiments may employ no occluding structure

and deliver the therapeutic agent so that it flows in an antegrade direction. The

device may be further configured with one or more sensing modalities to enable

delivery of therapy in accordance with the physiological monitoring and/or with

a magnetically or tactilely actuated switch to enable patient control of therapy

delivery. The device may also be equipped with wireless telemetry capability to

allow control of drug delivery via telemetry commands.

Fig. 1 shows an exemplary implantable drug delivery device that includes

a delivery catheter adapted for disposition in a lymphatic vessel system to enable

drug delivery via the lymphatic system. The implantable drug delivery device

1105 includes a hermetically sealed housing 1130 that may be placed

subcutaneously or submuscularly in a patient's chest, similar to a cardiac

pacemaker, or other convenient location. The housing 1130 may be formed from

a conductive metal, such as titanium, and may additionally serve as an electrode

for sensing electrical activity and/or delivering electrical stimulation. Contained

within the housing 1130 is the electronic circuitry 1132 which may include a

power supply and control circuitry for controlling the operation of the device

(e.g., a programmable electronic controller or other types of logic circuitry). The

electronic circuitry may also include sensing circuitry for sensing physiological

variables and a telemetry transceiver for communicating with an external



programmer 1190 or other external device such as a remote monitor or a wireless

sensor. A header 1140 is mounted on the housing 1130 for receiving a drug

delivery catheter 1 1 10 which communicates with a drug delivery apparatus 1200

contained within the housing and controlled by the control circuitry. At the

distal end of the catheter 1110 is an inflatable balloon 111 1 that may be inflated

by a balloon inflation apparatus within the housing through a lumen of the

catheter to occlude lymphatic flow as described above. The header may also

receive one or more leads 1112 having one or more electrodes or other types of

sensors incorporated therein that may be used for sensing a physiological

variable such as cardiac electrical activity and controlling the delivery of the drug

in accordance therewith. In certain embodiments, the drug delivery device also

incorporates cardiac rhythm management functionality, and a lead may be used

to deliver electrical stimulation such as pacing or shock therapy.

Fig. 2 illustrates components of the electronic circuitry 1132 and drug

delivery apparatus 1200 depicted in Fig. 1 according to one particular

embodiment. A controller 1135 is provided which may be made up of discrete

circuit elements but is preferably a processing element such as a microprocessor

together with associated memory for program and data storage which may be

programmed to perform algorithms for delivering therapy. (As the terms are

used herein, "circuitry" and "controller" may refer either to a programmed

processor or to dedicated hardware components configured to perform a

particular task.) The controller is interfaced to the drug delivery apparatus 1200

which communicates with the catheter 1110 to effect delivery of a drug through

the catheter to a target location. In one embodiment, the drug delivery apparatus

is a mechanical pump with a reservoir for containing the drug, where the

reservoir may be refillable after implantation. Pumping may also be

accomplished in certain embodiments electronically, osmotically, or by

electrophoresis. As aforesaid, the drug delivered by the device may be any type

of therapeutic agent deliverable by the catheter such as a pain relieving agent, a

cancer chemotherapeutic agent, an anti-inflammatory agent, an embolizing agent,

a cardiac drug, an antibiotic agent, a gene therapeutic agent, and a biological

cellular agent. The controller is also interfaced to sensing circuitry 1136 which

receives signals generated by one or more sensors 1137. The controller may be



configured to control the delivery of drugs by the device in response conditions

or events in a closed-loop manner. The sensing circuitry may include, for

example, circuitry for amplification, filtering, and/or analog-to-digital conversion

of voltages generated by a sensor such as an electrode. As discussed above, in

certain embodiments, the sensor 1137 may be an electrode attached to a lead that

can be disposed in the heart for sensing cardiac electrical activity. In other

embodiments, the sensor 1137 is a lymphatic sensor such as described in co-

pending application Serial No. 11/422,417 which may be incorporated into the

catheter 1110, or a sensor located on the device housing..

Also interfaced to the controller in Fig. 2 is a telemetry transceiver 1150

capable of communicating with an external programmer 1190 or other external

device as shown in Fig. 1. An external programmer wirelessly communicates

with the device 1105 and enables a clinician to receive data and modify the

programming of the controller. In the case where the device 1105 has sensing

capability, a remote monitoring device similarly communicates with the device

1105 and may further interfaced to a network (e.g., an internet connection) for

communicating with a patient management server that allows clinical personnel

at remote locations to receive data from the remote monitoring device as well as

issue commands. The controller may be programmed such that when particular

conditions are detected by the sensing circuitry (such as when a measured

parameter exceeds or falls below a specified limit value) the device transmits an

alarm message to the remote monitoring device and to the patient management

server to alert clinical personnel.

The telemetry transceiver 1150 allows drug delivery to be initiated or

stopped by commands received from an external programmer or other device.

The telemetry transceiver may also be used to wirelessly receive signals from

other types of physiological monitoring devices. The controller may use such

signals to control the delivery of drug therapy in a manner similar to the signals

received from a sensor 1137. Also interfaced to the controller in Fig. 2 is a

tactilely or magnetically actuated switch 1151 that may be used by the patient to

initiate or stop the deliver of drug therapy. In certain embodiments, the

controller may be programmed to deliver a specified dosage of the drug upon

receiving a command to initiate delivery of drug therapy via the switch 1151.



The controller may also be programmed to initiate drug therapy on command

only if certain conditions are met such as the total amount of drug delivered over

a certain period of time not exceeding a specified limit and one or more sensed

physiological variables being within a specified range.

In certain embodiments, such as that illustrated in Fig. 1, the drug

delivery catheter 1 1 10 may include an occluding structure an inflatable balloon

for blocking the antegrade flow of lymphatic fluid to allow delivery of the drug

to the target location in a retrograde direction through the lymphatic vessel. Fig.

2 shows a balloon inflation apparatus 1113 interfaced to the controller that

allows the balloon to be inflated during drug delivery through an inflation lumen

of the catheter and deflated otherwise to allow normal lymphatic flow. Other

embodiments may employ no occluding structure or may employ another type of

actuated or passive occluding structure such as a tapered tip that is intubated

within a lymph vessel to occlude flow.

The catheter 1110 in one embodiment may also incorporate plurality of

chambers that may be individually pressurized to effect selective stiffening of

different portions of the catheter and facilitate passage of the catheter through a

lymphatic vessel during implantation. Fig. 3 shows an example of such a

catheter 3000 that includes a plurality of pressurizable chambers 3001 each of

which communicates with a lumen in the catheter that may be connected to an

external pressure source during the implantation procedure. In another

embodiment, the drug delivery catheter comprises a plurality of concentric layers

each of which is selectively permeable to different molecules to enable control of

drug flow out of the catheter. Fig. 4A illustrates a partial view of such a catheter

showing the outer layer 4001. Fig. 4B illustrates a partial sectional view of the

catheter showing the inner layer 4002. A catheter having multiple layers with

different permeabilities may also be used in conjunction with a chemosensor to

sense the concentrations of different molecules in the lymphatic fluid.

Fig. 5 shows an exemplary physical placement within a body 101 of a

system 200 for drug delivery via the lymphatic system that includes an

implantable drug delivery device 110 that is placed subcutaneously on the

patient's chest or abdomen, similar to a standard cardiac pacemaker. The

implantable drug delivery device 110 communicates via a telemetry link 125



with an external system 130, such as an external programmer or remote

monitoring unit and provides for access to implantable device 110 by a physician

or other caregiver. In one embodiment, telemetry link 125 is an inductive

telemetry link. In another embodiment, telemetry link 125 is a far-field radio-

frequency (RF) telemetry link. Telemetry link 125 provides for data

transmission from implantable device 110 to external system 130. This includes,

for example, transmitting real-time physiological data acquired by implantable

device 110, extracting physiological data acquired by and stored in implantable

device 110, extracting patient history data such as occurrences of predetermined

types of pathological events and therapy deliveries recorded in implantable

device 110, and/or extracting data indicating an operational status of implantable

device 110 (e.g., battery status and lead impedance). Telemetry link 125 also

provides for data transmission from external system 130 to implantable medical

device 110. This includes, for example, programming implantable device 110 to

acquire physiological data, to perform at least one self-diagnostic test (such as

for a device operational status), and/or to deliver one or more therapies and/or to

adjust the delivery of one or more therapies. In certain embodiments, the

implantable drug delivery device may also incorporate cardiac pacing and/or

cardioversion/defibrillation functionality with leads and associated circuitry for

that purpose. The implantable device may also be configured to deliver

additional therapies such as cardiac ^synchronization therapy (CRT) and cardiac

remodeling control therapy (RCT).

The implantable drug delivery device 110 in this embodiment is

connected to a drug delivery catheter 112, having a distal member that may

incorporate a balloon or other structure for occluding a lymphatic vessel as

described above. The catheter 112 passes subcutaneously from the device 110 to

a point of venous access in the upper chest or neck such as the subclavian vein.

As described below, the catheter may be positioned within the lymphatic system

using a venous approach which involves initial entry into the venous blood

system.

FIG. 5 also illustrates portions of the lymphatic and venous system

including portions of thoracic duct 105, a subclavian vein 102, a left external

jugular vein 103, and a left internal jugular vein 104. Thoracic duct 105 connects



to subclavian vein 102 at the juncture of subclavian vein 102 and a left internal

jugular vein 104. Lymphatic fluid from the lower body flows up to thoracic duct

105 and empties into the subclavian vein 102 from thoracic duct 105. The

thoracic duct 105 is located in the posterior mediastinal area of the body 101,

which is adjacent to the heart and includes various portions of the nervous

system including portions of the vagus, sympathetic, and phrenic nerves.

Thoracic duct 105 can also be used as a conduit for advancing the drug delivery

catheter to a location in a lymphatic vessel from which a drug can be delivered to

a target region of the body 101 . Electrodes or other sensors incorporated into the

catheter 112 may also be used to sense neural activity as well other physiological

signals.

Catheter 112 includes a proximal end 114, a distal end 116, and an

elongate catheter body 118 between proximal end 114 and distal end 116.

Proximal end 114 is coupled to the implantable device 110. Distal end 116

includes at least one drug delivery port through which a drug may be injected

into a lymphatic vessel. In the embodiment illustrated in FIG. 5, distal end 116

also includes electrodes 120 and 122 for sensing and/or stimulation. The

implantable device 110 may include a hermetically sealed conductive housing

that functions as a reference electrode. During the implantation of catheter 112,

distal end 116 is inserted into subclavian vein 102 through an incision, advanced

in subclavian vein 102 toward thoracic duct 105, inserted into thoracic duct 105

from subclavian vein 102, and advanced in thoracic duct 105 until a

predetermined location in thoracic duct 105 or a lymphatic vessel

communicating with the thoracic duct is reached.

Also shown in the illustrated embodiment is an additional lead 232 that

includes a proximal end 234, a distal end 236, and an elongate lead body 238

between proximal end 234 and distal end 236. The lead 232 may be configured

for subcutaneous placement, external to thoracic duct 105. Proximal end 234 is

coupled to implantable device 110, and, in this embodiment, distal end 236

includes an electrode 240 that may be used for sensing and/or stimulation or for

use as a reference electrode with any of the other electrodes of the implantable

device 110.



The system and method described above for delivering agents via the

lymphatic system makes use of an implantable device to delivery therapy on a

more or less chronic basis. A similar catheter system may be used to deliver

agents in an acute setting as well where an external device rather than an

implantable device is used to deliver the agent through the catheter. In this

embodiment, a one-time use catheter is positioned strategically in a lymphatic

vessel. The distal tip may be configured to occlude normal lymphatic flow by

either lodging in a smaller vessel or employing a balloon structure to inflate and

occlude flow. After the agents have been deployed in the lymphatic vessel(s)

the catheter is removed. This acute catheter system may be used, for example,

to inject embolic material into portions of the thoracic duct that are ruptured and

causing chylothorax. This condition sometimes occurs following thoracic

surgery. The acute catheter system may also be used to locally treat lymphomas

where it is used to inject chemotherapy directly to the tumor

In order to implant a drug delivery catheter into a selected location within

lymphatic vessel, the lymphatic system may be visualized using

lymphangiograpy. hi this technique, dye is injected into the subcutaneous tissue

of an extremity such as the foot, or other peripheral lymph vessel, and the

lymphatic system drains the dye making the lymphatic vessels visible. A

lymphatic vessel is cannulated, and radiopaque contrast is injected to illuminate

major lymph vessels including the thoracic duct and its ostium into the

subclavian vein. The catheter may then be guided into the thoracic duct ostium

via the venous system using fluoroscopy techniques and positioned at a selected

location within the lymphatic system. Initial cannulation of the lymph ostium

may be achieved through the left or right subclavian vein, the left jugular veins,

or the femoral veins. In order to facilitate navigation through the lymphatic

vessels and position the catheter at a selected anatomical location, an

overlapping technique may be employed whereby fluoroscopic images produced

by the injected dye are used in conjunction with anatomical images of the patient

produced by other modalities such as conventional x-ray, CAT scans, MRI scans,

or ultrasonic scans. The fluoroscopic image may be overlaid with the anatomical

image and the catheter then guided to the selected location.



The catheter may be introduced into the venous system and from there

into the thoracic duct ostium using conventional over-the-wire techniques that

employ a guide wire. The guide wire is manually or mechanically pushed and

manipulated to guide its travel and upon which catheters and/or leads may be

advanced. A catheter having multiple pressurizable chambers such as described

above may also be used to selectively stiffen portions of the catheter during

implantation. A stereotaxis technique in which external magnets or other means

are used to guide the catheter may also be used to improve maneuverability and

precision as well as provide increased safety. An example of this technique is

described in U.S. Patent No. 6,475,223, hereby incorporated by reference. Once

the catheter is in the lymphatic system, it must also traverse valves in the

lymphatic vessels whose function is to allow flow of lymphatic fluid in only one

direction to the thoracic duct. As the catheter is guided through a vessel to one

of these valves, the catheter may incorporate a vacuum system to open the

valves. When the vacuum system is actuated, it draws negative pressure to

create a pressure gradient that opens the valve. An alternative technique for

opening lymphatic valves involves using a catheter incorporating a compliant

balloon on its distal tip. When the catheter reaches a lymphatic valve, the balloon

is inflated to mechanically dilate the vessel which opens the valve and allows a

wire or the catheter to pass through. This may be the same balloon used to

occlude lymphatic flow during drug delivery as described above. In still another

technique, the catheter incorporates an electrode at its tip (which may or may not

be a lymphatic instrument intended to be left in the lymphatic vessel) that is used

to cause smooth muscle contraction of the lymphatic vessel. Such smooth

muscle contraction can create a pressure gradient that opens the valve and allows

the catheter to advance past the valve.

The implantation of a drug delivery catheter may be performed using the

same techniques and apparatus as described in co-pending application Ser. No.

11/422,423 for implanting endolymphatic instrumentation. Fig. 6 shows an

exemplary system for introducing a drug delivery catheter into the lymphatic

system using the techniques described above. A system in accordance with the

invention may have any or all of the components depicted in the figure. A

workstation 601 is a computer in communication with the other system

m



components and provides a user interface for controlling the operation of the

system. The workstation provides an output for actuating the catheter controller

605 that mechanically pushes a drug delivery catheter 651 into the lymphatic

system of patient 650. An electro-stimulator 606 and vacuum actuator 607 are

also interfaced to the workstation for facilitating passage of the catheter 65 1

through valves in the lymph vessels. As described above, the electro-stimulator

provides electrical energy to an electrode of the catheter 651 in order to cause

contraction of smooth muscle in the lymphatic vessel walls and create a pressure

gradient to open lymphatic valves. The vacuum actuator 607 draws a vacuum

through a lumen of the catheter 651 in order to open lymphatic valves. The

system also has the capability for magnetically guiding a ferrromagnetic tip of

the catheter 651 (or guide wire) by means of movable guiding magnets 611, and

a magnet actuator 610 is interfaced to the workstation for this purpose. In order

to provide the operator with information as to the location of the catheter within

the lymphatic system, a fluoroscope 620 is interfaced to the workstation. When

the patient's lymphatic system is injected with a radio-opaque dye through a port

of the catheter, the fluoroscope provides images of the lymphatic vessels as the

catheter travels therethrough. The workstation is also interfaced to an image

repository 630 that stores images of the patient's anatomy obtained with one or

more other imaging modalities such as conventional x-ray, CAT, MRI, and

ultrasound. The operator may overlap an image from the image respository with

the fluoroscopic image in order to provide anatomical landmarks for guiding the

catheter to a selected location in the patient's body.

Although the invention has been described in conjunction with the

foregoing specific embodiments, many alternatives, variations, and modifications

will be apparent to those of ordinary skill in the art. Such alternatives,

variations, and modifications are intended to fall within the scope of the

following appended claims.



What is claimed is:

1. A device, comprising:

an implantable housing;

drug delivery apparatus contained within the implantable housing;

a catheter adapted for disposition within a lymphatic vessel and having a

lumen communicating with the drug delivery apparatus;

an occluding structure incorporated into the catheter for blocking flow of

lymphatic fluid in the lymphatic vessel;

control circuitry contained within the implantable housing for controlling

operation of the occluding structure and drug delivery apparatus to enable

delivery of a drug out of the catheter distally from the occluding structure and

into the lymphatic vessel.

2. The device of claim 1 wherein the occluding structure is an inflatable

balloon mounted on the catheter and further comprising an inflation apparatus

contained within the implantable housing for inflating the balloon through a

balloon inflation lumen of the catheter.

3 . The device of claims 1 or 2 wherein the catheter incorporates a plurality

of chambers that may be individually pressurized to effect selective stiffening of

different portions of the catheter and facilitate passage of the catheter through a

lymphatic vessel.

4 . The device of any of claims 1 through 3 wherein the catheter comprises a

plurality of concentric layers each of which is selectively permeable to different

molecules to enable control of drug flow out of the catheter.

5. The device of any of claims 1 through 4 wherein the drug delivery

apparatus is a mechanical pump connected to a drug reservoir.

19



6 . The device of any of claims 1 through 5 further comprising sensing

circuitry for sensing a physiological signal and wherein the control circuitry is

configured to deliver the drug in a manner responsive to the physiological signal.

7. The device of claim 6 further comprising an electrode connected to the

sensing circuitry by a lead adapted for disposition within the heart and wherein

the sensing circuitry is configured to sense cardiac electrical activity.

8. The device of claim 6 further comprising a lymphatic sensor connected to

the sensing circuitry for sensing the lymphatic fluid within the lymphatic vessel.

9. The device of any of claims 1 through 8 further comprising a tactilely or

magnetically actuated switch operable to initiate or stop delivery of the drug.

10. The device of any of claims 1 through 9 further comprising a telemetry

transceiver interfaced to the control circuitry for enabling wireless

communication with the device.
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