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(57) ABSTRACT 

The present invention features methods and devices for 
modulating the rate of delivery of a drug formulation from 
a drug delivery device by diverting drug aWay from a drug 
delivery pathway. In one embodiment, a How regulator is 
positioned relative to a drug delivery pathWay of a drug 
delivery system so that adjustment of the How regulator can 
provide for diversion of drug aWay from the drug delivery 
pathWay. Diverted drug can be either delivered into the 
systemic circulation of the subject, or can be captured in a 
Waste reservoir. 
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REGULATION OF DRUG DELIVERY THROUGH 
FLOW DIVERSION 

FIELD OF THE INVENTION 

[0001] This invention relates generally to catheters for use 
in delivery of drug, particularly in the context of site-speci?c 
drug delivery. 

BACKGROUND OF THE INVENTION 

[0002] Many diseases or indications require long term, 
chronic delivery of drugs or agents to a patient, e.g., cancer, 
arthritis, heart disease, etc. Long term delivery of drugs or 
agents can be accomplished by use of drug delivery systems 
comprising drug delivery devices Which may be implanted 
in a patient’s body or retained externally. Drug delivery 
systems can also deliver drugs or agents to a targeted site 
Within the body via catheters attached to drug delivery 
devices With the distal end of such catheters placed at the 
desired site of delivery in the body, With the catheter acting 
a conduit for the drug or desired agent from the drug 
delivery device to the desired site of delivery in the body. 
Drug delivery devices Which have adjustable drug delivery 
rates are knoWn in the art (see, e.g., U.S. Pat. No. 4,692,147). 
HoWever, such devices With variable or programmable drug 
delivery rates often include complex mechanical elements 
Which may make such drug delivery devices bulky and 
subject to failure. Constant drug delivery devices provide for 
delivery of drug at a pre-selected, substantially non-?uctu 
ating rate, thus providing for predictability of the dose 
delivered. HoWever, constant drug delivery devices have the 
limitation that the rate of drug or agent delivered cannot be 
readily adjusted, particularly Where the drug delivery device 
is implanted in the body. The ability to readily alter the rate 
at Which drug is administered is often desirable in that it 
provides ?exibility in a therapeutic regimen, and in certain 
cases, may be a requirement in certain therapies. For 
example, the drug requirements of a patient may not be 
ascertainable prior to the commencement of a therapy (e.g., 
dose titration may be required to determine appropriate 
dosage), or a patient may require increasing doses (e.g., due 
to development of tolerance) or decreasing doses (e.g., as the 
patient gets Well). In a constant drug delivery device, 
adjusting the rate of drug delivery can require the removal 
of the device from the body of a patient and/or detachment 
from a drug delivery system (e.g., detachment from a 
catheter) and adjustment or even replacement of the device. 

[0003] There is thus a need in the ?eld for a mechanism 
Which alloWs for adjustment of the rate of a drug delivery 
device yet obviates the need for complex or bulky regulatory 
elements associated With the drug delivery device. The 
present invention addresses this problem. 

SUMMARY OF THE INVENTION 

[0004] The present invention features methods and 
devices for modulating the rate of delivery of a drug 
formulation from a drug delivery device by diverting drug 
aWay from a drug delivery pathWay. In one embodiment, a 
How regulator is positioned relative to a drug delivery 
pathWay of a drug delivery system so that adjustment of the 
How regulator can provide for diversion of drug aWay from 
the drug delivery pathWay. Diverted drug can be either 
delivered into the systemic circulation of the subject, or can 
be captured in a Waste reservoir. 
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[0005] In one aspect the invention features a How regula 
tor comprising a delivery conduit de?ning a proximal deliv 
ery inlet, a distal delivery outlet, and a delivery lumen 
extending betWeen the proximal delivery inlet and the distal 
delivery outlet, the delivery conduit lumen de?ning a deliv 
ery pathWay; and a diversion element positioned at the 
diversion inlet so as to facilitate diversion of How of drug 
aWay from the delivery pathWay. 

[0006] In another embodiment, the How regulator further 
comprises a diversion conduit de?ning a diversion inlet, a 
diversion outlet, and a diversion lumen extending betWeen 
the diversion inlet and diversion outlet, the diversion conduit 
lumen de?ning a diversion pathWay, Wherein the diversion 
inlet is in ?uid communication With the delivery conduit 
lumen. In this latter embodiment, drug is diverted from the 
delivery pathWay and into the diversion pathWay de?ned by 
the diversion conduit. 

[0007] In another aspect the invention features a drug 
delivery system comprising a How regulator and a drug 
delivery device, and optionally a drug delivery catheter. 

[0008] In another aspect the invention features methods 
for administering drug to a subject and for controlling an 
amount of drug administered to a subject using the How 
regulator of the invention. 

[0009] A primary object of the invention is to provide a 
device and method for adjustment of the rate at Which drug 
is delivered from a drug delivery device. 

[0010] Another advantage of the invention is that the 
control of drug delivery from a drug delivery device to a 
treatment site is accomplished Without the need for adjust 
ment of any element the drug delivery device per se, e.g., 
Without adjusting the volume rate of delivery generated by 
a drug delivery device. This is particularly advantageous 
Where there may be particular dif?culties or inconveniences 
in adjusting the amount of drug delivered from the drug 
delivery device. 

[0011] Another important advantage of the invention is 
that the devices of the invention can be used in a manner that 
avoids the need to perform invasive procedures to adjust the 
dose delivered from a drug delivery device. For example, the 
How regulator can be provided such that the diversion 
element of the How regulator remains accessible outside the 
subject’s body. Alternatively, the diversion element can be 
remotely controllable, thus alloWing for adjustment of the 
implanted ?oW regulator from outside the body. 

[0012] The invention is also advantageous for use Where 
microquantities of drug are to be delivered to a treatment 
site, Where the treatment site is a relatively con?ned space, 
and/or Where the drug delivery is site-speci?c. In these 
contexts, diversion of even a small volume of drug can elicit 
a proportionately greater effect upon the total volume of 
drug delivered to the treatment site and/or the biological 
effect at the treatment site. 

[0013] Another advantage of the invention is that Where 
the invention is used in connection With delivery of drug to 
a speci?c treatment site. The diverted, Waste drug can be 
dumped into the systemic circulation, Where the drug is 
rapidly metaboliZed, inactivated, and/or eliminated and thus 
has no substantial systemic effect upon the subject. Only 
drug delivered to a speci?c treatment site has the desired 
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biological effect. Thus the invention can be particularly 
attractive Where the delivery of a therapeutically effective 
amount of drug can be accomplished through delivery at a 
relatively loW volume rate (e.g., from about 0.01:1/day to 
about 200:1/day, usually about 0.04:1/day to about 20:1/day, 
more usually about 0.1:1/day to about 8.0:1/day) or in 
microquantities, Where only a very small amount of drug 
need be diverted to provide for adjustment of dose delivered 
to a speci?c treatment site. 

[0014] These and other objects, advantages and features of 
the present invention Will become apparent to those skilled 
in the art upon reading this disclosure in combination With 
draWings Wherein like numerals refer to like components 
throughout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIGS. 1A, 1B, and 1C are schematics outlining the 
method of drug delivery control and use of a How regulator 
to accomplish same. 

[0016] FIG. 1D is a cut-aWay vieW of a solenoid useful as 
a diversion element in the How regulator of the invention. 

[0017] FIG. 2 is a cut-aWay vieW of a How regulator 10 
comprising a rotatable valve 42 With the delivery conduit 20 
open. 

[0018] FIG. 3 is a cut-aWay vieW of a How regulator 10 
comprising a rotatable valve 42 With the diversion conduit 
30 open. 

[0019] FIG. 4 is a cut-aWay vieW of a How regulator 10 
comprising a rod element 52 positioned so that the delivery 
conduit 20 is open and the diversion conduit 30 is closed. 

[0020] FIG. 5 is a cut-aWay vieW of a How regulator 10 
comprising a rod element 52 positioned so that the delivery 
conduit 20 is closed and the diversion conduit 30 is open. 

[0021] FIG. 6 is a cut-aWay vieW of a How regulator 10 
comprising a rod 52 and toggle sWitch 54 positioned so that 
delivery conduit 20 is open and diversion conduit 30 is 
closed. 

[0022] FIG. 7 is a cut-aWay vieW of a How regulator 10 
comprising a rod 52 and toggle sWitch 54 positioned so that 
delivery conduit 20 is closed and the diversion conduit 30 is 
open. 

[0023] FIG. 8 is schematic illustrating regulation of How 
rate of a delivery pathWay 60 by modulation of relative 
resistance upon delivery pathWay 60 and diversion pathWay 
70. 

[0024] FIG. 9 is a cut-aWay vieW of How regulator 10 
comprising an substantially unin?ated cuff 57 positioned 
over a deformable distal portion of delivery conduit 20. 

[0025] FIG. 10 is a cut-aWay vieW of How regulator 10 
comprising an in?ated cuff 57 positioned over a deformable 
distal portion of delivery conduit 20 to impede ?oW through 
delivery pathWay 60 and increase ?oW through diversion 
pathWay 70. 

[0026] FIGS. 11 and 12 are cut-aWay vieWs of How 
regulator 10 comprising a hydraulic cuff 57 positioned over 
a deformable distal portion of delivery conduit 20 and over 
a deformable portion of diversion conduit 30. 
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[0027] FIG. 13 is a cut-aWay vieW of How regulator 10 
comprising a rod 52 positioned for impinging upon deform 
able surfaces of delivery conduit 20 and diversion conduit 
30, With rod 52 in position for substantial closing of diver 
sion conduit 30. 

[0028] FIG. 14 is a cut-aWay vieW of How regulator 10 
comprising a rod 52 positioned for impinging upon deform 
able surfaces of delivery conduit 20 and diversion conduit 
30, With rod 52 in position for substantial closing of delivery 
conduit 20. 

[0029] FIG. 15 is a cut-aWay vieW of a How regulator 10 
in a Y-shaped con?guration, With valve 31 positioned for 
diversion of approximately 50% of drug into diversion 
conduit 30. 

[0030] FIG. 16 is a cut-aWay vieW of a How regulator 10 
in a Y-shaped con?guration, With valve 31 positioned for 
substantial closure of diversion conduit 30. 

[0031] FIG. 17 is a cut-aWay vieW of a How regulator 10 
in a Y-shaped con?guration, With valve 31 positioned for 
substantial closure of delivery conduit 20. 

[0032] FIG. 18 is a cut-aWay vieW of a How regulator 10 
in a U-shaped con?guration, With rod-like valve 57 posi 
tioned for substantially complete closure of diversion con 
duit 30 and substantially complete opening of delivery 
conduit 20. 

[0033] FIG. 19 is a cut-aWay vieW of a How regulator 10 
in a U-shaped con?guration, With rod-like valve 57 posi 
tioned for substantially complete closure of delivery conduit 
20 and complete opening of diversion conduit 30. 

[0034] FIG. 20 is cut-aWay vieW of a How regulator 10 of 
the invention comprising a Waste reservoir 90. 

[0035] FIG. 21 is a cut-aWay vieW of a How regulator 10 
of the invention operably attached to a drug delivery device 
110 and to a Waste reservoir 90. 

[0036] FIG. 22 is a cut-aWay vieW of a delivery system 
100 of the invention comprising a drug delivery device 110 
and a How regulator 10. 

[0037] FIG. 23 is cut-aWay vieW of a How regulator 10 
provided as a single, attachable unit. 

[0038] FIG. 24 is a schematic illustrating use of drug 
delivery system 100 implanted for use in site-speci?c drug 
delivery to a treatment site 7, With diverted drug delivered 
to a systemic site Within the subject’s body 5. 

[0039] FIG. 25 is a cut-aWay vieW of a drug delivery 
system 100 comprising a drug delivery device 110 attached 
to a catheter 120, Which catheter 120 comprises a How 
regulator 10 as an integral component. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0040] Before the present methods and devices are 
described, it is to be understood that this invention is not 
limited to the particular embodiments described, as such 
may, of course, vary. It is also to be understood that the 
terminology used herein is for the purpose of describing 
particular embodiments only, and is not intended to limit the 
scope of the present invention Which Will be limited only by 
the appended claims. 
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[0041] It must be noted that as used herein and in the 
appended claims, the singular forms “a,”“an,” and “the” 
include plural referents unless the context clearly dictates 
otherWise. Thus, for example, reference to “a formulation” 
includes mixtures of different formulations, and reference to 
“the method of delivery” includes reference to equivalent 
steps and methods knoWn to those skilled in the art, and so 
forth. 

[0042] Where a range of values is provided, it is under 
stood that each intervening value, to the tenth of the unit of 
the loWer limit unless the context clearly dictates otherWise, 
betWeen the upper and loWer limits of that range is also 
speci?cally disclosed. Each smaller range betWeen any 
stated value or intervening value in a stated range and any 
other stated or intervening value in that stated range is 
encompassed Within the invention. The upper and loWer 
limits of these smaller ranges may independently be 
included or excluded in the range, and each range Where 
either, neither or both limits are included in the smaller 
ranges is also encompassed Within the invention, subject to 
any speci?cally excluded limit in the stated range. Where the 
stated range includes one or both of the limits, ranges 
excluding either or both of those included limits are also 
included in the invention. 

[0043] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although any methods and materials 
similar or equivalent to those described herein can be used 
in the practice or testing of the present invention, the 
preferred methods and materials are noW described. All 
publications mentioned herein are incorporated herein by 
reference to disclose and describe the speci?c methods 
and/or materials in connection With Which the publications 
are cited. 

[0044] The publications discussed herein are provided 
solely for their disclosure prior to the ?ling date of the 
present application. Nothing herein is to be construed as an 
admission that the present invention is not entitled to ante 
date such publication by virtue of prior invention. Further, 
the dates of publication provided may be different from the 
actual publication dates Which may need to be independently 
con?rmed. 

[0045] De?nitions 

[0046] “Drug delivery system” is meant to refer to any 
device or combination of devices that can provide for 
transfer of drug from a drug reservoir to a treatment site. 
“Drug delivery device” thus encompasses, for example, a 
drug delivery device (e.g., implantable pump) With a How 
regulator of the invention; a drug delivery device, ?oW 
regulator, and drug delivery catheter combination; and the 
like. 

[0047] The term “treatment site” as used herein is meant 
to refer to a desired site for delivery of drug from a drug 
delivery device of the invention. “Treatment site” is thus 
meant to include, although is not necessarily limited to, a 
subcutaneous, percutaneous, intravenous, intrathecal, intra 
muscular, intra-arterial, intravascular, intraperitoneal, 
intraspinal, epidural, intracranial, peritumoral, or intratu 
moral (i.e., Within a cancerous groWth) site Within a subject, 
as Well as sites Within or near a selected organ or tissue (e.g., 
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central nervous system (e.g., intraspinal (e.g., epidural, 
intrathecal, etc.) Within the spinal ?uid, brain, etc.), periph 
eral nervous system, kidney, liver, pancreas, heart (e.g., 
intrapericardial), lung, eye, ear (e.g., inner ear), lymph 
nodes, breast, prostate, ovaries, testicles, thyroid, spleen, 
etc.), digestive system (e.g., stomach, gastrointestinal tract, 
etc.), skeletal muscle, bone, urinary bladder, gall bladder, 
adrenal gland, adipose tissue, parathyroid gland, uterus, 
fallopian tube, skin, into a vessel associated With the circu 
latory system (e.g., artery, arteriole, blood vessel, vein, 
capillary bed, lymph vessel, particularly arteries that feed a 
selected organ or tissue)), a tumorous groWth (e.g., cancer 
ous tumor (e.g., solid tumor), cyst, etc.), at a site associated 
With a microbial infection (e.g., bacterial, viral, parasitic or 
fungal infection), or to an autologous or synthetic graft (e. g., 
a vascular graft). 

[0048] The term “access site” or “implantation site” is 
used to refer to a site on or in a subject at Which a catheter 
of the invention is introduced for implantation and position 
ing Within the subject’s body, e.g., for delivery of drug to a 
desired treatment site. For example, Where a catheter is 
implanted in a subject for delivery of drug to the spinal cord, 
the access site or implantation site can be a subcutaneous site 
at Which a proximal end of the catheter is substantially 
retained, and the treatment site is a position Within or 
adjacent the spinal cord (treatment site) at Which a distal end 
of the catheter is positioned for delivery of drug. 

[0049] The term “subject” is meant any subject, generally 
a mammal (e. g., human, canine, feline, equine, bovine, etc.), 
to Which drug delivery is desired. 

[0050] The terms “drug,”“therapeutic agent,” or “active 
agent” as used herein are meant to encompass any substance 
suitable for delivery to a treatment site of a subject, Which 
substances can include pharmaceutically active drugs, as 
Well as biocompatible substances that do not exhibit a 
pharmaceutical activity in and of themselves, but that pro 
vide for a desired effect at a treatment site, e.g., to ?ush or 
irrigate a treatment site (e.g., saline), provide for expression 
or production of a desired gene product (e.g., pro-drug, 
polynucleotide, and the like), etc. In general, “drug” and the 
like are used to encompass any drug administered by 
parenteral administration, particularly by injection (e.g., 
intravascularly, intramuscularly, subcutaneously, intrathe 
cally, etc.). Drugs compatible for delivery using the devices 
and methods of the invention are discussed beloW, and are 
readily apparent to the ordinarily skilled artisan upon read 
ing the disclosure provided herein. Drugs may optionally be 
provided in combination With pharmaceutically acceptable 
carriers and/or other additional compositions such as anti 
oxidants, stabiliZing agents, permeation enhancers, etc. 

[0051] The term “therapeutically effective amount” is 
meant an amount of a drug, or a rate of delivery of a drug, 
effective to facilitate a desired therapeutic effect. The precise 
desired therapeutic effect Will vary according to the condi 
tion to be treated, the drug to be administered, and a variety 
of other factors that are appreciated by those of ordinary skill 
in the art. Determinations of precise dosages are routine and 
Well Within the skill in the art. 

[0052] The term “treatment” is used here to cover any 
treatment of any disease or condition in a mammal, particu 
larly a human, and includes: a) preventing a disease, con 
dition, or symptom of a disease or condition from occurring 
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in a subject Which may be predisposed to the disease but has 
not yet been diagnosed as having it; b) inhibiting a disease, 
condition, or symptom of a disease or condition, e.g., 
arresting its development and/or delaying its onset or mani 
festation in the patient; and/or c) relieving a disease, con 
dition, or symptom of a disease or condition, e.g., causing 
regression of the disease and/or its symptoms. 

[0053] OvervieW 

[0054] The present invention encompasses methods and 
devices for regulating the rate of drug delivery from a drug 
delivery device. As illustrated in the schematic of FIGS. 
1A-1C, the invention accomplishes regulation of drug deliv 
ery rate from a drug delivery device 110 by diverting the 
How of drug aWay from a primary drug delivery pathWay 60 
(?oW direction indicated by arroW 61) and into diversion 
pathWay 70 (?oW direction exempli?ed by arroW 71). Diver 
sion of drug aWay from the drug delivery pathWay 60 is 
accomplished using a How regulator 10. In general, ?oW 
regulator 10 comprises: 1) a delivery conduit, Which de?nes 
delivery pathWay 60 that ?oWs toWard a treatment site 
during use; and 2) a diversion element 40 (represented 
schematically by a valve symbol), Which may be a valve or 
other element that facilitates diversion of drug ?oW from the 
delivery pathWay 60, e.g., out of the delivery conduit 
through a proximal drug exit outlet positioned along the 
delivery conduit body. In another embodiment, the How 
regulator comprises a diversion conduit, Which is in ?uid 
communication With the delivery conduit and de?nes diver 
sion pathWay 70 that ?oWs aWay from delivery pathWay 60. 
For clarity, the majority of embodiments of the invention 
exempli?ed herein comprise both a delivery conduit and a 
diversion conduit; hoWever, the invention is not meant to be 
so limited. 

[0055] The How regulator can be provided in a variety of 
embodiments. For example, the diversion element of the 
How regulator can be positioned at the juncture of the 
delivery and diversion pathWays (see, e.g., FIG. 1A), at a 
site of the delivery pathWay distal to the diversion outlet 
(see, e.g., FIG. 1B), or, Where the How regulator comprises 
a diversion conduit that de?nes the diversion pathWay, the 
diversion element can be positioned along the body of the 
diversion conduit (see, e.g., FIG. 1C). 

[0056] In one embodiment, the diverted drug is collected 
in a Waste reservoir. This embodiment is particularly useful 
Where the drug delivery system is for systemic drug delivery, 
i.e., the rate of systemic drug delivery can be regulated by 
diverting the drug into a Waste reservoir. 

[0057] In another embodiment, drug diverted into the 
diversion pathWay 70 can be delivered to a site Within the 
subject Where the drug Will have feW or no undesirable side 
effects, e.g., to a site in the body aWay from the site of action 
of a drug. This embodiment of the invention is particularly 
useful Where there is a local advantage to delivery of drug 
to a target site, Which local advantage can be due to, for 
example, delivery of drug to directly to the desired site of 
action (e.g., to avoid side effects associated With systemic 
delivery), concentration effects (e.g., site-speci?c delivery 
provides for a drug concentration at the treatment site that is 
dif?cult or undesirable to accomplish through systemic 
delivery routes), and/or characteristics of the drug itself 
(e.g., short half-life, inactivation in the systemic circulation, 
etc.). This embodiment of the invention provides an elegant 
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means for regulating drug delivery rate by taking advantage 
of the difference in the amount of drug that elicits a 
biological effect at a speci?c site relative to an amount of 
drug that elicits a biological effect When delivered systemi 
cally. The invention takes advantage of this difference in 
relative therapeutic thresholds to use the systemic circula 
tion as a “Waste reservoir” for drug diverted from a drug 
delivery pathWay that targets a speci?c treatment site. 

[0058] Speci?c exemplary embodiments of the invention 
are described beloW in more detail. The embodiments 
described beloW and in the ?gures are only exemplary and 
are not meant to be limiting in any Way. 

[0059] Exemplary FloW Regulator Embodiments 

[0060] The How regulator of the invention can comprise 
any element suitable for facilitating a degree of opening and 
closing of the drug diversion pathWay and/or for redirecting 
a portion of the drug How in delivery pathWay into the 
diversion pathWay. Diversion elements suitable for use in a 
How regulator of the invention include, but are not neces 
sarily limited to, any of a variety of remotely controllable or 
manually actuated valves, pieZoelectric valves, solenoids, 
and sWitches, as Well as any of a variety of devices that can 
provide for varying relative resistance to How through the 
drug delivery pathWay and the drug diversion pathWay of the 
drug delivery system. 

[0061] For example, in one embodiment, the diversion 
element 40 is a valve, Which, as exempli?ed in FIG. 1D, can 
be in the form of a solenoid 47. Any of a variety of solenoids, 
Which are Well knoWn in the art, are suitable for use as 
valves in the diversion element. For example, the diversion 
element can be a valve in the form of a solenoid. The 
solenoid can be positioned for opening and closing of a 
proximal drug exit outlet of a delivery conduit, for opening 
and closing of the delivery conduit lumen (e.g., thereby 
increasing ?oW through a proximal drug exit outlet of a 
delivery conduit), or Within a diversion conduit. 

[0062] Various solenoids suitable for use in the invention 
are Well knoWn in the art. As exempli?ed in FIG. 1D 
solenoid 47 can comprise a rod or piston 52 Which is slidably 
received Within shaft 53. Seals 47 provide a ?uid-tight seal 
to inhibit back?oW into the solenoid mechanism. FIG. 1D 
depicts the solenoid positioned for opening and closing of a 
conduit lumen, e.g., positioned Within the body 24, 34 of a 
delivery conduit 20 or of a diversion conduit 30 to facilitate 
varying degrees of opening and closing of the delivery 
conduit lumen 24 or diversion conduit lumen 34. When the 
solenoid 47 is in the open position, rod 52 is completely or 
partially WithdraWn into shaft 53 to alloW ?oW through 
lumen 24, 34. When the solenoid 47 is in the fully closed 
position, rod 52 is received Within abutment 48, providing a 
?uid seal betWeen rod 52 distal end 51 and the abutment 48. 
Supplying poWer to electrical coils 49 surrounding rod 52 
causes movement of rod 52 Within shaft 53 to facilitate 
varying degrees of opening and closing of the lumen or other 
opening. 

[0063] In another embodiment, illustrated in FIGS. 2 and 
3, How regulator 10 comprises a diversion element in the 
form of rotatable valve 42 comprising a substantially 
T-shaped conduit 43 seated Within a ring-like structure 44. 
The rotatable valve is positioned in a drug delivery conduit 
20 and a drug diversion conduit 30. Drug delivery conduit 
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20 comprises a substantially elongate member de?ning a 
lumen through Which drug delivery pathway 60 travels from 
a proximal drug inlet opening 21 to a distal drug delivery 
outlet opening 22 When the valve 42 is in a position as 
illustrated in FIG. 2. Drug diversion conduit 30 comprises 
a substantially elongate member de?ning a diversion inlet 31 
and a diversion outlet 32, and further de?ning a lumen 
through Which a drug diversion pathWay 70 travels When the 
valve 42 is in a position as illustrated in FIG. 3. Delivery 
conduit 20 and diversion conduit 30 can be provided as 
separate, attached components, or molded as a single piece 
(e.g., the diversion conduit can be an extended ori?ce from 
a side Wall of the delivery conduit). The valve 42 and at least 
portions of drug delivery conduit 20 and diversion conduit 
30 are mounted Within a housing element 45 to maintain the 
lumen of conduits 20, 30, and 43 Within substantially the 
same plane and to optionally provide a liquid tight or liquid 
resistant compartment for the How regulator 40, e.g., to 
prevent How of environmental ?uid into the openings of the 
valve conduit 43. Housing element 45 may comprise ele 
ments to facilitate positioning of How regulator valve 40 
and/or to ensure that rotation of valve 40 is stopped at a 
position that provides for ?uid communication betWeen drug 
inlet opening 21, through valve 40 and out either distal outlet 
22 (FIG. 2) or diversion outlet 32 (FIG. 3). Seals 47 
positioned around the outer circumference of rotating valve 
40 and/or at the openings of the drug delivery conduit 20, 
drug diversion conduit 30, and at a position Within housing 
element 45 to ensure closure of an end of T-shaped conduit 
43 that is not in communication With either delivery conduit 
20 or diversion conduit 30 during use (see, e.g., FIGS. 2 and 
3) provide for a liquid-tight seal to facilitate ?oW through the 
valve conduits. The rotatable valve 42 of the How regulator 
can be manually or remotely actuated, and can be rotated 
using mechanical, electromechanical (e.g., a microdrive 
engine), or electromagnetic (e.g., a solenoid) means. 

[0064] In another embodiment, the How regulator 10 com 
prises diversion element in the form of a slidable rod 
element 52 in a gearshift-type valve mechanism (see, e.g., 
FIGS. 4 and 5). The ends of the rod 52 are slidably received 
Within side openings of the diversion conduit 30 and of the 
drug delivery conduit 20. Seals 47 at each of these openings 
provide a liquid-tight seal With rod 52. FIG. 4 shoWs rod 52 
positioned such that drug delivery conduit 20 is completely 
open and diversion conduit 30 is completely closed, e.g., all 
drug formulation introduced at inlet 21 ?oWs through drug 
delivery pathWay 60 to drug outlet 22. Sliding of rod 52 into 
the lumen of drug delivery conduit 20 can providing for 
varying and inversely proportional degrees of closing of 
drug delivery conduit 20 and opening of diversion conduit 
30, up to and including complete closure of drug delivery 
conduit 20 and complete opening of diversion conduit 30 
such that substantially all drug introduced into inlet 20 ?oWs 
through diversion pathWay 70. The How regulator can be 
housed Within a housing element 45 to protect the mechanics 
of the How regulator from environmental ?uids. Movement 
of rod 52 can be accomplished manually or remotely actu 
ated, and can be rotated using mechanical, electromechani 
cal (e.g., a microdrive engine), or electromagnetic (e.g., a 
solenoid) means. 

[0065] In another embodiment, ?oW regulator 10 com 
prises a diversion element comprising a rod element 52 and 
a toggle sWitch 54 contained Within housing element 45 
(FIGS. 6 and 7). As in the exemplary embodiments illus 
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trated in FIGS. 4 and 5, rod 52 is slidably received Within 
a side opening of the diversion conduit 30 and a side opening 
of the drug delivery conduit 20, With seals 47 at each of these 
openings providing a liquid-tight seal With rod 52. Toggle 
sWitch 54 is attached to rod 52, and hinged Within housing 
element 45 at pivot point 55 and rod 52 at pivot point 56. 
Movement of toggle sWitch 54 in a direction toWard delivery 
conduit 20 results in simultaneous opening of delivery 
conduit 20 and closing of diversion conduit 30; movement 
of toggle sWitch 54 in a direction toWard the diversion 
conduit 30 results in simultaneous closing of delivery con 
duit 20 and opening of diversion conduit 30. The toggle 
sWitch 54 and rod 52 can be adjusted to provide for any 
relative degree of opening and closing of the conduits 20 and 
30. Movement of toggle sWitch 55 and rod 52 can be 
accomplished manually or remotely actuated, and can be 
rotated using mechanical, electromechanical (e.g., a gear 
drive engine), or electromagnetic (e.g., a solenoid) means. 

[0066] In another embodiment, ?oW diversion is accom 
plished by deformation of the diversion conduit 30 and/or 
delivery conduit 20 to vary their relative inner diameters. As 
illustrated schematically in FIG. 8, increasing the resistance 
on delivery path 60 (e.g., at point A) relative to the resistance 
on diversion pathWay 70 (e.g., at point B) Will result in 
diversion of drug into diversion pathWay 70, e.g., out a 
proximal drug exit outlet 25 Which may be in ?uid commu 
nication With a diversion conduit 30 (represented by dashed 
lines in FIG. 8). Likewise, increasing the resistance on 
diversion path 70 relative to the resistance on delivery 
pathWay 60 Will result in less drug ?oWing through diversion 
pathWay 70 and more ?oWing through delivery pathWay 60. 
Resistance at diversion pathWay 70 and/or delivery pathWay 
60 can be provided by application of external pressure Which 
can be provided by mechanical force, hydraulic pressure and 
the like to impinge against a deformable conduit Wall 
portion and/or to pinch the conduit closed. 

[0067] A starting delivery conduit ?oW rate greater than a 
diversion conduit ?oW rate can be established in order to 
prevent drug from simply ?oWing through the diversion 
pathWay With little or no drug reaching delivery outlet at the 
delivery conduit distal end. For example, the delivery con 
duit inner diameter can be greater than the diversion conduit 
inner diameter, thus providing for a sloWer ?oW rate through 
the diversion conduit. Alternatively or in addition, the proxi 
mal drug exit outlet of the delivery conduit can be of a small 
diameter Which alloWs only a “sloW drip” through the 
proximal drug exit outlet unless ?oW resistance is increased 
in the delivery conduit at a site distal to the drug exit outlet. 
Alternatively or in addition, the diversion conduit inner 
diameter can be of a smaller diameter relative to the delivery 
conduit inner diameter, alloWing only a sloW drip into the 
diversion conduit in the absence of external pressure on the 
delivery conduit. Alternatively or in addition, the proximal 
drug exit outlet and/or diversion conduit can be completely 
or partially ?lled With a porous or semi-porous material to 
increase ?oW resistance in the diversion conduit relative to 
the delivery conduit. 

[0068] Modulating the relative ?oW resistance of the 
delivery pathWay 60 relative to the diversion pathWay 70 can 
be accomplished in a variety of Ways. For example, the 
diversion element of the How regulator can comprise a 
compression element that provides a means for alternately 
decreasing and increasing the inner diameter of the delivery 



US 2004/0054333 A1 

conduit, of the diversion conduit, or both. In one embodi 
ment exempli?ed in FIGS. 9 and 10, ?oW regulator 10 
comprises a diversion element in the form of a compression 
element, Where the compression element is an in?atable cuff 
57 positioned over a deformable distal portion of delivery 
conduit 20. Cuff 57 can be in?ated using a balloon-like 
in?ating element 58, Which comprises a balloon, a connector 
that communicates the balloon With the cuff, and a one-Way 
valve positioned betWeen the balloon and the cuff. When 
substantially unin?ated, cuff 57 does not cause any substan 
tial deformation of delivery conduit 20. Depression of the 
balloon 58 results in in?ation of cuff 57, Which in turn results 
in deformation of delivery conduit 20 beneath cuff 57 and 
restriction of ?oW of drug through delivery pathWay 60, thus 
increasing ?oW through diversion pathWay 70. 
[0069] In another embodiment, the relative ?oW resistance 
in delivery conduit 20 and diversion conduit 30 is controlled 
using a hydraulic cuff 80, Which comprises balloon elements 
81 and 82 positioned over a deformable distal portion of 
delivery conduit 20 and over a deformable portion of 
diversion conduit 30, respectively. The hydraulic cuff 80 
comprises a rod 52 that is slidably positioned Within shaft 
53. Movement of rod 52 Within shaft 53 in a direction toWard 
diversion conduit 30 increases pressure on gas or ?uid in 
balloon element 82, and a concomitant decrease in pressure 
on gas or ?uid in balloon element 81, resulting in relatively 
increased ?oW through delivery conduit 20 and relatively 
decreased ?oW through diversion conduit 30 (FIG. 11). 
Movement of rod 52 Within shaft 53 in a direction toWard 
delivery conduit 20 increases pressure on gas or ?uid in 
balloon element 81, and a concomitant decrease in pressure 
on gas or ?uid in balloon element 82, resulting in relatively 
increased ?oW through diversion conduit 30 and relatively 
decreased ?oW through delivery conduit 20 (FIG. 12). 
[0070] In another embodiment exempli?ed in FIGS. 13 
and 14, the diversion element of ?oW regulator 10 is a 
compression element comprising a rod element 52 slidably 
positioned Within shaft 53 so as to be in alternate or 
simultaneous contact With a deformable portion of diversion 
conduit 30 and a deformable portion of delivery conduit 20 
distal to the diversion conduit 30. FloW regulator 10 is 
contained With housing 45, Which housing can provide for a 
?uid-resistant seal to inhibit entry of environmental ?uids 
into the ?oW regulator mechanism. Abutment Walls 85 are 
positioned adjacent delivery conduit 20 and diversion con 
duit 20 at a Wall opposite the deformable Wall to be 
contacted by rod 52. Abutment Walls 85 provide resistance 
to the pressure generated by rod 52 When impinging upon 
the opposite conduit Wall to deform the conduit and modu 
late the conduit inner diameter, e.g., to facilitate deformation 
of the conduit Wall in contact With rod 52 rather than 
movement of the entire conduit. Movement of rod 52 Within 
shaft 53 in a direction toWard diversion conduit 30 results in 
deformation of a deformable portion of diversion conduit 
30, resulting in complete or partial pinching of the deform 
able portion of diversion conduit 30 (see, e. g., FIG. 13) With 
simultaneous opening of delivery conduit 20. Movement of 
rod 52 in a direction toWard delivery conduit 20 results in 
deformation of a deformable portion of delivery conduit 20, 
resulting in complete or partial pinching of the deformable 
portion of delivery conduit 20 With simultaneous opening of 
diversion conduit 30 (see, e.g., FIG. 14). Rod 52 can be 
positioned to provide any of a variety of gradations of 
relative opening and closing of delivery conduit 20 and 
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diversion conduit 30. Movement of rod 52 can be accom 
plished manually or remotely actuated, and can be rotated 
using mechanical, electromechanical (e.g., a microdrive 
engine), or electromagnetic (e.g., a solenoid) means. In a 
similar embodiment, rod 52 is provided in association With 
a toggle sWitch that facilitates movement of rod 52, similar 
to the embodiment described above and in FIGS. 6 and 7. 

[0071] Conduit Con?guration 

[0072] While the above exemplary embodiments have 
illustrated the ?oW regulators comprising both a delivery 
conduit and diversion conduit as comprising a T-shaped 
intersection betWeen a delivery conduit and a diversion 
conduit, other embodiments are contemplated by the inven 
tion. As exempli?ed in FIGS. 15-17, a proximal portion of 
delivery conduit 20a extends from a drug inlet 21 to a 
Y-shaped branch point at Which the conduit diverges to 
provide a diversion conduit 30 and a distal portion of the 
delivery conduit 20b. FloW regulator 10 comprises a ?ap 
valve 87 positioned at the conduit branch point, Which ?ap 
valve 87 pivots at a point Within the conduit branch point to 
provide for relative opening and closing of delivery conduit 
20b and diversion conduit 30. FIG. 15 illustrates positioning 
of ?ap valve 87 so as to divert approximately half of the ?oW 
of drug from drug inlet 21 into delivery conduit 20b and half 
into diversion conduit 30. FIGS. 16 and 17 illustrate ?ap 
valve 87 positioned for substantially complete closure of 
diversion conduit 30 (FIG. 16) and substantially complete 
closure of delivery conduit 20b (FIG. 17). 

[0073] In another embodiment, ?oW regulator 10 com 
prises a tuning-fork or U-shaped con?guration (see, e.g., 
FIGS. 18 and 19). In this embodiment a proximal portion of 
delivery conduit 20a and intersects at a connector conduit 88 
Which in turn is in communication With a distal delivery 
conduit portion 20b and With diversion conduit 30. A rod 52 
is slidably received Within shaft 53 and Within openings in 
distal delivery conduit 20 and diversion conduit 30. Seals 47 
positioned around the conduit openings provide for a liquid 
tight or liquid resistant seal to prevent leaking of drug from 
the conduits. Sliding of rod 52 toWard diversion conduit 30 
results in closing of diversion conduit 30 and simultaneous 
opening of distal delivery conduit 20 to alloW ?oW through 
delivery pathWay 60. Sliding of rod 52 toWard distal delivery 
conduit 20b results in closing of distal delivery conduit 20b 
and simultaneous opening of diversion conduit 30 to alloW 
?oW of drug through diversion pathWay 70. Rod 52 can be 
moved through mechanical, electromechanical, or electro 
magnetic means, and can be activated manually or remotely. 
For example, rod 52 can be a solenoid or a piston-like 
element. 

[0074] Waste Reservoir Embodiments 

[0075] In all embodiments described herein and contem 
plated by the invention, drug that ?oWs through the proximal 
drug exit outlet of the delivery conduit can be optionally 
collected in a Waste reservoir. Embodiments With Waste 
reservoirs are particulary useful When the ?oW regulator is 
used as part of a drug delivery system Wherein drug is 
administered systemically instead of locally. In general, the 
Waste reservoir is a bag, pouch, container, receptacle, bel 
loWs (e. g., metal belloWs) or other receiving element in ?uid 
communication With the diversion conduit outlet and/or 
delivery conduit proximal drug exit outlet. The Waste res 
ervoir can be provided as an extension of the catheter body, 
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or can be provided as a separate component that is either 
removably or permanently attached. Where the Waste res 
ervoir is to be positioned Within the subject’s body during 
use, it is preferably permanently attached and comprises an 
implantable, biocompatible material. 

[0076] The Waste reservoir can be of any siZe or shape 
suitable for use With the delivery exit catheter With Which it 
is to be used. For example, the Waste reservoir can be 
provided as a separate, closed lumen Within the Wall of the 
diversion conduit, the delivery conduit, or Within a Wall of 
a catheter used in connection With the How regulator. Alter 
natively, the Waste reservoir can be provided Within a 
housing element of the How regulator or Within a chamber 
of a drug delivery device used in connection With the How 
regulator of the invention. The Waste reservoir can comprise 
any suitable, substantially drug-impermeable material (e.g., 
multilaminate impermeable polymers/metaliZed polymer or 
metal/plastic laminate), and preferably does not react in an 
unintended manner With the active agent formulation. The 
Waste reservoir can be designed to facilitate removal of drug 
it contains, e.g., by means of a self-sealing septum that 
alloWs needle access. 

[0077] In one embodiment of particular interest, the Waste 
reservoir is provided as part of the delivery pump such that 
on removal of the pump from the drug delivery system (e.g., 
detachment of the pump from a drug delivery catheter) the 
reservoir is automatically removed. The Waste reservoir can 
also be co-located With the pump or molded Within the pump 
body. 

[0078] In one embodiment, exempli?ed in FIG. 20, the 
Waste reservoir 90 is provided as a component of How 
regulator 10. The proximal end of the delivery conduit can 
be adapted for receiving a drug delivery device, exempli?ed 
in FIG. 20 as device receiving chamber 98. The Waste 
reservoir 90 of FIG. 20 comprises a Waster receiving 
chamber 91. As Wasted is delivered into Waste receiving 
chamber 91, piston 92 is advanced in a direction toWard vent 
hole 93, Which alloWs for displacement of ?uid or gas 
contained Within the proximal portion of Waste reservoir 90. 
Where the Waste reservoir is provided as a detachable 
component, the Waste reservoir can be removed When 
descried, e.g., When the Waste reservoir is full such that 
piston 92 has reached the Waste reservoir proximal end. In 
another embodiment, exempli?ed in FIG. 21, Waste is 
received Within an expandable belloWs 94. 

[0079] How Regulator as Element of Drug Delivery Sys 
tem 

[0080] The How regulator of the invention can be provided 
as an integral or detachable element of a drug delivery 
system component. For example, the How regulator and 
optional Waste reservoir can be an integral or detachable 
portion of a drug delivery device. For example, FIG. 22 
illustrates a drug delivery system 100 comprising a drug 
delivery device 110 and a How regulator 40, Which drug 
delivery system 100 can further comprise a drug delivery 
catheter 120. In this embodiment, ?oW regulator 10 is 
permanently attached to (e.g., via Welding, adhesive bond 
ing, etc.) or an integral component of drug delivery device 
110. 

[0081] The drug delivery device minimally comprises a 
drug release device (e.g., a constant rate drug delivery 
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device, such as an osmotic pump) having a proximal end and 
a distal end, Which distal end de?nes a drug delivery ori?ce. 
The distal end of the drug delivery device is attached to a 
proximal end of the catheter so that the drug ?oW pathWay 
from the drug delivery device reservoir continues through 
the drug delivery device ori?ce and into the delivery conduit 
of the How regulator. The present invention ?nds particular 
use With those drug release devices that provide for delivery 
of drug at a pre-selected rate that cannot be readily adjusted, 
but can be used With any of a Wide variety of drug delivery 
devices including, but not limited to, diffusion-based deliv 
ery system (e.g., erosion-based delivery systems (e.g., poly 
mer-impregnated With drug placed Within a drug-imperme 
able reservoir in communication With the drug delivery 
conduit of the catheter of the invention), electrodiffusion 
systems, and the like) and convective drug delivery systems 
(e.g., systems based upon electroosmosis, vapor pressure 
pumps, electrolytic pumps, effervescent pumps, pieZoelec 
tric pumps, osmotic pumps, etc.). Drug release devices 
based upon a mechanical or electromechanical infusion 
pump, may also be suitable for use With the present inven 
tion. Examples of such devices include those described in, 
for example, US. Pat. Nos. 4,692,147; 4,360,019; 4,487, 
603; 4,360,019; 4,725,852, and the like. In general, the 
present invention can be used in conjunction With re?llable, 
non-exchangeable pump systems that are normally used to 
deliver a substance through a relatively impermeable cath 
eter. 

[0082] In a preferred embodiment, the drug release device 
is an osmotically-driven device. Exemplary osmotically 
driven devices suitable for use in the invention include, but 
are not necessarily limited to, those described in Us. Pat. 
Nos. 3,760,984; 3,845,770; 3,916,899; 3,923,426; 3,987, 
790; 3,995,631; 3,916,899; 4,016,880; 4,036,228; 4,111, 
202; 4,111,203; 4,203,440; 4,203,442; 4,210,139; 4,327, 
725; 4,627,850; 4,865,845; 5,057,318; 5,059,423; 5,112, 
614; 5,137,727; 5,234,692; 5,234,693; 5,728,396; and the 
like. In one embodiment, the drug release device is an 
osmotic pump, more particularly an osmotic pump similar to 
that described in US. Pat. No. 5,728,396, e.g., a DUROSTM 
osmotic pump. 

[0083] The drug delivery system 100 can further comprise 
a drug delivery catheter 120, Which can be attached to drug 
delivery device 110 and How regulator 40 via an attachment 
element 130 provided at a distal end of delivery conduit 20 
of How regulator 40. The attachment element facilitates 
permanent or reversible attachment of the catheter to the 
drug delivery device and/or stabiliZes such attachment, e.g., 
substantially diminish movement of the catheter aWay from 
the drug delivery device (e.g., to provide strain relief), so as 
to reduce risk of breakage of the catheter at the attachment 
site. The attachment element can be provided as a portion of 
or component associated With the catheter proximal end, 
?oW regulator delivery conduit, a combination of both, or as 
a separate element. Any of a variety of attachment elements 
are suitable for use including, but not limited to, a press ?t 
lock, threaded connector elements, luer lock elements, bayo 
net connectors, etc. 

[0084] How Regulator as Element of a Drug Delivery 
Catheter 

[0085] In one embodiment, the How regulator is provided 
as an element of a drug delivery catheter, Which catheter is 










