
IMPLANTABLE DRUG DELIVERY DEVICE A METHODS FOR TREATMENT OF THE BLADDER
AND OTHER BODY VESICLES OR LUMENS rence to Related Ap This application claims the benefit
of U.S. ProvisionalcNo. 61/007 77, filed December Ii, 2007, and U.S. :Provisional Application No.
61/084,927, 'filed My 30, 2008, each of which is incorporated by reference in its entirety. Background
of the Invention       This invention is generally in the field of implantable drug deli ven' devices, and
more particularly in the field of devices for the controlled release of a drug from device implantable in
the bladder or other body lumen or cavity.       Drug delivery is an important aspect of medical
treatment. The efficacy of mun drugs is directly related to the way in which they are administered,
Various 5.) methods of drug delivery include oral, intravenous, intramuscular, and trausdersual. These
Ic methods may produce undesirable side effects and may result in the metabolization of the drug by
physiological processes, ultimately reducing the quantity of drug to reach the desired site. Accordingly,
a variety of devices and methods have been developed to deliver drug in a more targeted manner. For
example, these devices and methods may deliver the drug locally, which may address many of the
problems associated 20with systemic drug delivery, hi recent years. the development of
microdevicesial drug delivery is one area that has proceeded steadily. Activation of drug ease can be
passively or actively controlled. Examples of controlled drug delivery devices are disclosed in U.S.
Patents No. 5,797,86,730,072, No. 6,808,522, and No. 6,875,208. These microdevices can be divided
roughly in two categories: resorbable polymer- based devices and nonresorbable devices. Polymer
devices have the potential for being biodegradable, therefore avoiding the need for removal after
implantation. These devices typically have been designed to provide controlled release of drug in Ow
by diffusion of the drug out of the polymer and/or by degradation of the polymer over a. predetermined
period 30following administration to the patient.       Interstitial cystitis (le) and chronic
prost.atios/chronic pelvic. pain. syndrome (CP/Care chronic painful disorders that affect approximately
67 per 100.000 women Klurhan et at, J Um/. 161(2): 549-52 (1999)) and 7 per 1001)00 men (Collins et
al.,/ 



`;".1.224-28 (1998)) in the United States. Both conditions are characterized by  WO
2009/076547PCT/US2008/086467 chronic pelvic pain., urinary frequency and urgenn dysfunction.
Pentosan polysulfate sodium (PPS) currenily iso t However, conventional methods and devices for
delivering the drug have significant shortcomings. For example, oral delivery (ELMIRONR1.
Ortho-McNeil) suffers from Im bioavailability, as low as % due to a high first pass effect (Parsons et al,,
J, Urol. 153(1.): 139-42 (199(J)), and causes some mild side effects, such as headaches. PPS
delivered intravesically through ei.,,stoscopy (with a catheter through the urethra) can provide
improved therapeutic effects while reducing the side effects of the drug (Bade et<I, rirol 79(2):
168-71(1997)). However, the instillation procedure is painful and requires 10 repeating the procedure
P,Oce per week for three months. The repetitive nature of this procedure also engenders high risks for
urinaty tract infection and bacterernia. Thus, a pronounced need en' device that Will substantially
the number of cystoscopic procedures necessary to deliver an effective amount of PPS or other drugs
needed for local delivery over an extended period. ISOne treatment for IC/PBS entails delivering a
lidocaine solution to the bladder via instillation (R. Henry, et al., 'Absorption of alkalized intravesical
lidocaine in normal and inflamed bladders: a simple method for improving bladder anesthesia," Lind,
165:1900-0 2001; CI. Parsons, "Successful downregulation of bladder sensory nerves with
combination of heparin and alkalinized lidocaine in patients with interstitial c.ystins," 20Urology.
65:45-48, 2005). The bladder lining has such a strong mucous barrier that normal lidocaine has
difficulty crossing through it. However, researchers found that i f the anesthetic agent is alkalinized
with a precise amount of sodium bicarbonate, it improved the anesthetic agent's ability to pass
-through the mucous to reach and soothe the irritated nerves and tissues beneath. In a conventional
procedure, the instillation delivers a bolus dose of 25 lidocaine (or marcaine), heparin, and sodium
bicarbonate to the bladder. Over relatively short time that the solution is present in the bladder, the
bladder tissue absorbs the lidocaine to provide the patient with immediate relief from pain and
urgency. The absorbed lidocaine also provides continued relief as the lidocaine degrades from the
bladder tissue. However, lidocaine has a relatively short half life, and therefore a relatively high initial
concentration 30of lidocaine may be needed to provide continued relief and the period of relief limited
in duration. To achieve sustained relief, subsequent distillations may be required, such as three times
per week for two weeks. The frequency of such instillations may be undesirable, as each instillation
entails the inconveniencediscomfort and risk of infection associated with urinary catheterization. The
duration I relief may be increased by  increasing the initial concentration of lidocaine absorbed into The
bladder such is by increasing the concentration in the solution. However, undesirable systemic effects
may result if the initial concentration of lidocaine is too high. Other therapies could benefit from
improved intravesi cal drug delivery dex 



particularly where local delivery of a drug to the bladder is preferred or necessary-sod when the side
effects associated with systemic. delivery of the drug are unbearable and/or when bioavailability from
oral administration is too low. For instance, oxybutynin is used for the treatment of overactive bladder
syndrome. Currently, oxybutynin is delivered orally or transdermally. Unfortunately, however,
approximately 61 % of patients taking the drug expenence side effects and approximately 7 to 11 'Xi of
the patients actually stop treatment due to the severity of the side effects.       Situs Corporation
developed an ithravesical drug delivery system (UROS inthser device) for the delivery of
pharmaceutical solutions of druns, such as oxybutynin (for the treatment of overactive bladder) and
MilOnly C111 C (for the treatment of bladder cancer). 15The tIROS infuser device and methods of
making and implanting the device are described in U.S. Patents-No. 6;111,298, No. 6.183,461, and
No. til3Q535. The UROS infuser device has an elastomeric outer tubing and contains i.nextensi ble
wire which connects both inner ends. The device has a linear shape during the cystoscopic insertion
into the bladder, changes to a. crescent shape following implantation and. filling of the device with the
pharmaceutical solution, and returns -to a linear shape after releasing all of the pharmaceutical
solution. Extended release of the pharmaceutical solution is controlled by means of a
pressure-responsive valve andior flow-resistive element inside the tubing. The size of the ROS infuser
device depends an the size of each inner component, and a. considerable portion of the inner volume
is used to contain the mechanical components.not 25drug solution.length of approxiniately 10 cm and
an outer diameter of approximately 0,6 cm, the large size of the UROS infuser device can cause
tilalificant discomfort and pain to patients, particularly during urolouical deployment and retrieval of the
device. The U.ROS infuser device also requires an. additional surgical procedure for loading of the
pharmaceutical solution into the device following implantation. Accordingly. 30armed exists for all
intravesical drug delivery device that is smaller in size, to avoid unnecessary discomfort and pain in
patients. In addition, it would he desirable to provide an intravesical drug delivery device that can
minimize the number of surgical procedures required for implantation and delivery of dna: over the
treatment period.        There is also a need to provide sustained delivery over a period of time, and, to
accomplish this in the bladder, the device desirably should be retained in the bladder and not excreted
before the drug payload can be at least substantially released, even when the drug payload needs to
be delivered over a period of several days or weeks. In general, better devices are needed for
controlled delivery of drug to the bladder. Desirably, the implantable device should be easy to deliver
into (and if necessary, remove from) the bladder with minimum pain or discomfort to the patient.
Summary of the Invention       According to an aspect, there is provided an implantable medical device
for controlled drug delivery to the bladder of a patient comprising: at least one drug reservoir
component comprising an elastomeric tube and a drug formulation positioned within the tube, the drug
foimulation comprising a drug; and a vesicle retention frame which comprises an elastic wire, wherein
the drug reservoir component is attached to the vesicle retention frame, which is elastically deformable
between a relatively expanded shape for retaining the device within the bladder and a relatively lower
profile shape for insertion through the urethra and into the bladder.       In one embodiment, an
implantable medical device is provided for controlled drug delivery within the bladder, or other body
vesicle. In one embodiment, the device includes at least one drug reservoir component comprising a
drug; and a vesicle retention frame which comprises an elastic wire having a first end, an opposing
second end, and an intermediate region therebetween, wherein the drug reservoir component is
attached to the intermediate region of the vesicle retention frame. The retention frame has been
deteimined to be crucial to prevent accidental voiding of the device from the bladder. It preferably has
a spring constant selected for the device to effectively stay in the bladder during urination while
minimizing the irritation of the bladder.        In one embodiment, the elastic wire may include or consist
of a low modulus elastomer, such as silicone, polyurethane, styrenic thermoplastic elastomer,
poly(glycerol-sebacate), or a combination thereof In another embodiment, the elastic wire may include
or consist of a superelastic alloy or other shape memory material. For example, the superelastic alloy
may comprise a biocompatible nickel-titanium alloy (e.g., Nitinol) or a titanium-molybdenum alloy (e.g.,
Flexium). In one embodiment, the elastic wire may have a biocompatible polymeric coating, such as
silicone, polyurethane, styrenic theimoplastic elastomer, Silitek, Tecoflex, C-flex, and Percuflex.       In
one embodiment, the elastic wire in its uncompressed state may be in a curled form, for example, in
the foim of two or more loops, spirals, or turns. The first and second ends of the elastic wire may be
bounded within said one or more loops. The first and second ends of the elastic wire preferably are
soft and blunt. The elastic wire in its uncompressed state may be curled in the form of two or more
loops, such that the wire can be uncurled into an approximately linear shape to permit the device to be
passed through a lumen of a catheter sized for insertion through the urethra of a patient.       In one
embodiment, the drug reservoir component includes at least one elongated elastomeric tube having a
first end portion and an opposing second end portion and  WO 2009/076547PCT/US2008/086467 



compdrug' formulation therein, the tube being operable to dispense the drug m vivo at at controlled
rate. M one embodiment. the tube is formed of a water permeable material, such as a silicone. In one
embodi y be formed of a resorbable material. In a preferred embodiment. the 'tube is Conned of a
material which comprises or consists of a biocompatible, low modulus elastomeL       A drug
formulation may be positioned as a core within the tube,drug may be dispensed from the device, i.e.,
released from the tube in viva (e.g" within the bladder), at a controlled rate by osmosis and/or by
diffusion. in one embodiment, the tube may have no aperture, and the drug may, depending on its
molecular size and/or structure, diffuse 10throufth the tube. ID one embodiment, the tube may include
one or more apertures, and the drug may be released at a rate controlled by osmosis. In an
embodiment, the drug is dispensed at antic controlled at least in part by diffusion and/or resorption or
dissolution of a matrix material, e.g., wherein the tube comprises a composite, such as a polymer/drug
composite. The drug formulation preferably' is in a solid or semi-solid form. This may 15facilitate
loading the required dosage in a relatively small Yolume, to minimize undue irritationand discomfort to
the patient during and following. implantation of the device.       The device may include at least one
magnetic element to facilitate cytoscopic withdrawal of the device from the bladder, e.g., after drug
delivery has been completed. la certain embodiments, the magnetic element may he located at: the
first end, the second end, or both the first and second ends of the vesicle retention frame. A soft
polymeric coating may be provided over the magnetic elements.       In an alternative embodiment, the
device may be formed orresorbable materials such that retrieval of the device is unnecessary,. in that
it will degrade completely or at least enough to void the -remnants of the device. 25The aperture(s) for
release of the drug are, in at: least a preferred em.hodim a size range where release is controlled
osmotically. In one embodiment, the aperture is circular and has a diameter between aboutand about
500 um. Drug release may    occur too quickl>, if the aperture is tool defnrm the drug reservoir tubing
and possil 30small. d it was fottnd that hydraulic pressure may ter the aperture, if the aperture size is
too   includetion feature by the use of low density id/or the inclusiongas in some pan oldie  device, The
imize the possible nation of the trigone of the urinary bladder, 



The device also may include, e.g., embedded, radioopaque materials for possible x-ray monitoring of
the device.       The size of the tubing lumen of the drug reservoir component determines the possible
drug payload volume. In one embodiment, the hollow tube of the drug reservoir component may have
an inner diameter between about 0.3 mm and about 2 mm and an outer diameter between about 0.6
mm and about 3 mm. The length(s) of the tubing between the end seals may vary, as may the number
of tubing segments attached to any one retention frame.       In a particular embodiment, the
implantable medical device for controlled drug delivery may include at least one drug reservoir
component which comprises an elongated, water permeable, elastomeric tube having a first end and
an opposing second end, a solid or semi-solid drug formulation core within the tube, wherein the tube
has one or more apertures for dispensing the drug at a controlled rate; and a vesicle retention frame
which comprises an elastic wire having a first end, an opposing second end, and an intermediate
region therebetween, wherein the elastic wire comprises a superelastic alloy or other shape memory
material, or a low modulus elastomer, and the elastomeric tube of the drug reservoir component is
attached to the vesicle retention frame about the intermediate region. In a preferred embodiment, the
elastomeric tube is formed of a silicone.       Disclosed herein is a method is provided for administration
of a drug to a local tissue site within/adjacent a body lumen of patient, for example, into a patient's
bladder. In one case, the method may comprise providing a lumen device, such as a urethral catheter
or cytoscope, which has a distal end, an opposing proximal end, and an open lumen extending
therebetween; inserting the distal end of the urethral catheter into the bladder of a patient in need of
treatment, where the proximal end of the urethral catheter remains outside of the patient; defouning
(e.g., uncurling) the implantable drug delivery device and passing it into the proximal end of the lumen
of the urethral catheter; driving the deformed device through the lumen and out of the lumen,
whereupon the device returns to its undeformed shape for retention in the bladder; and removing the
urethral catheter from the patient. Thereafter, the drug is released in a controlled manner from the drug
reservoir component of the device. In certain embodiments of this method, the patient may be in need
of treatment for interstitial cystitis, overactive bladder syndrome, or bladder cancer.        Disclosed
herein is a method of treatment of the bladder in a patient is provided. In one embodiment, the method
comprises implanting wholly within the patient's bladder a drug release device; and controllably
releasing a local anesthetic agent from the drug  delivery device in a manner providing a sustained,
therapeutically effective concentration of the anesthetic agent in the urothelium of the bladder, while
avoiding high peak plasma concentrations of the anesthetic agent. The anesthetic agent may be
lidocaine. In one embodiment, the concentration of the anesthetic agent in the urothelium is at least
1000 times higher than the plasma concentration. In one embodiment, the therapeutically effective
concentration of the anesthetic agent in the urothelium is sustained for between 1 and 30 days.
Disclosed herein is a method is provided for treatment of the bladder in a patient, in which the method
includes implanting wholly within the patient's bladder a drug release device; and controllably releasing
a drug from the drug delivery device in a manner providing a sustained, therapeutically effective
concentration of the drug in the urothelium of the bladder, while avoiding high peak plasma
concentrations of the anesthetic agent, wherein the drug has a half-life that is equivalent to or within
25% of that of lidocaine. Brief Description of the Drawings        FIG. 1 is a plan view of an embodiment
of a drug delivery device in a relatively expanded shape.        FIG. 2 is a plan view of the embodiment
of the drug delivery device shown in FIG. 1, illustrating the drug delivery device in a relatively lower
profile shape inside of a catheter.        FIG. 3 illustrates an embodiment of a drug reservoir portion of
the drug delivery device, wherein FIG. 3A is a side view, FIG. 3B is a cross-sectional view, and FIG.
3C is a cross-sectional view.        FIG. 4 is a cross-sectional view of an embodiment of a drug reservoir
portion that includes multiple reservoirs separated by partition structures.        FIG. 5 is a
cross-sectional view of an embodiment of a drug reservoir portion having an orifice structure at one
end and an aperture foinied through the orifice structure.        FIG. 6 illustrates example shapes for a
vesicle retention frame portion of the drug delivery device, the shapes including one or more loops,
curls, or sub-circles.        FIG. 7 illustrates example shapes for the frame that include one or more
circles or ovals arranged in a two-dimensional or a three-dimensional configuration.        FIG. 8
illustrates examples embodiments of a pretzel shaped retention frame having one or more drug
reservoirs attached at an intermediate region of the retention frame.        FIG. 9 shows another
embodiment of a retention frame having a number of drug reservoir portions attached at an
intermediate region of the retention frame, with FIG. 9A  



WO 20091076547PCT/US2008/086467 illustrating the device shown in a relatively expanded shape
and FIG. 9B filth device in a relatively lower profile shape within a catheter.       FIG. 1.0 illustrates
cross-sectional views of example embodiments ofa drug deli device having a drug reservoir portion
substantially aligned with a retention frame. FIG. 11 illustrates cross-sectional views of example
embodiments of a drug delivery number of drug reservoir portions substantially aligned with a retention
frame. FIG. 12 illustrates an embod. MOM of a drug delivery device wherein a rete      frame
component extends through a portion or a drug reservoir component to attach the two .10components
together.       FIG. 13 is a side view of art embodiment of a drug delivery device, illustrating controlling
coatings or sheaths positioned near a release aperture, with interior components of the device being
illustrated with cross-hatching. FIG.. His a block diagram illustrating an embodiment oft method
olniaking an implantable drug delivery device, FIG 15 illustrates a. method FIG. 16 is a block diagram il
bladder.           F1& .17 illustrates cross-sectional views of three different embodiments of a. drug
20delivery device. FIG. .18 is a graph illustrating in vitro drugprofiles for the three embodiments of the
drug delivery device shown in FIG 7.       FIG. 19 illustrates an embodiment of a pretzel shaped
retention frame, at three different points during a compression test wherein a. compressive force was
applied to the frame.       FIG. 20 is a graph illustrating force and displacement data collected during
the compression test performed on the device shown in FIG. :1.9.       FIG. 211s a graph illustrating the
release of lidocaine over time exhibited in vitro by various implantable drug deliver), devices.       FIG.
22 is a graph illustrating lidocaine plasma. concentration over time exhibited fbi various instillations
and implanted devices zn. vivo in rabbit bladder.       FIG. 23 a graph illustrating lidocaine plasma
concentration over time, exhibited. for various instillations and implanted devices in vivo in rabbit
bladder, with the y-axis modified, 



WO 2009/076547PCT/US2008/086467 for v   . 24 is a. graph illustrating the lidocaine tissue cot us
implanted devices In vivo m. rabbit bladder. exhibited  2llustrating the correlation between lidocaine
tissue coricentrat     and I idacame plasma concentration,. exhibited for various instillations and
implanted cdevices in vivo in rabbit bladder.       FIG. 26 is a [4raph illustrating lidocaine concentration
i.n tissue and. urine, by devices implanted in vivo in rabbit. bladder for three days and for six days.
FIG. 27 is a graph illustrating the effect of pH on the absorption el Udocaine, exhibited, during studies
performed in vitro on rat bladder for one hour and for one day, respectively.       FIG. 28 is a graph
illustrating lidocaine tissue conc.entrat:ion over time, exhibited during studies performed in ith 0'54/land
1% hdocmre solutions of varying pH.. Detailed Description of the invention       Improved drug delivery
devices are provided for implantation and retention in the bladder or Miler body vesicles or lumens.
The device can be tailored -to release one or more drugs over an extended period of time in a
predefined manner, for therapies requiring bolus (one-time), pulsatile, or constant drug delivery.
Importantly, the implantable device is designed for retention within the body, such as within the
bladder. That is, the device is designed to resist excretion, such as in response to the forces
associated with urination. For example, the device may include a retention frame. The retention frame
may be confunitexi into a relatively low profile for deployment into he body, and once implanted may
assume a relatively expanded profile to facilitate ti on. The device may be highly flexible, so that the
drug-loaded device can easily be 25deformed, such as from a coiled shape to a straightened shape, to
permit deployment: -through a lumen of a catheter into the bladder. 



The device may he non-surgically implanted, such as through a cytoscope, and the e may continue del
iverina a drug long Mier the cytoscope is removed., to contrast to              ling catheter, which may act
as a path for bacteria to migrate into the bladder, the 30implanted device advantageously is able to be
located entirely within the bladder. Thus, the opportunity for infection is greatly diminished with the
present device.       Regarding the bladder spec-idea the device also advantageously addresses many
of the deficiencies of conventional treannent options, such as drug delivery via instillation, systemic
drug delivery, and drug delivery via devices cysioscopically implanted in the  bladder. The present
device can be implanted once and can release the dams over an extended period, without requiring
surgery or frequent interventions (such as to re-fill the drug reservoir ofa conventional device),. By litI
procedures required to he performed on the patient: during the treatment process, the present local
drug delivery system can improve the quality of life of the patient during the treatment process. The
drug delivery device can also avoid potential side effects associated with systemic administration of
the drug while increasing the amount of drug delivered locally to the bladder.       in one embodiment,
the drug delivery device may permit delivering lidocarne tor another cocaine analogue) locally to the
bladder over a relatively extended period of time, Thus, the device may provide a beneficial alternative
to frequent intravesical instillations of a lidocaine. solution for the treatment of IC/PBS. The device may
be a passive, nonresorbable device that may be deployed and retrieved by a. conventional
catheterization, a. simple non-surgical outpatient procedure. Unlike intravesical instillation, which loads
the bladder with a relatively high concentration of lidocaine over a relatively shon time span, 15the
present device may permit continuously releasing a relatively tower level of iidocaine over a relatively
longer time span. Thus, the patient may experience sustained relief from the symptoms oflC/P135
without receiving a high initial concentration of lidocaine and without experiencing the discomfort and
inconvenience of repeated intravesical installations. Further, it is not necessary to deliver the lidocaine
in an alkaline solution in order to achieve 20effective bladder tissue concentrations. I. The Implantable
Deng Delivery Device In embodiments, the drug delivery device mayo primary pans or portions: the
drug reservoir portion and the vesicle retention frame portion. The drug reservoir portion may be
referred to herein as the 'device body" and may hold the drug to be delivered into the body. The
retention frame portion may be associated with the drug reservoir portion and may facilitate retaining
the device in the body, FIG. I illustrates an example embodiment: of the device 10, the device having
both a drug reservoir portion 12 and a retention frame portion 14. In embodiments in which the device
is designed for                bladder, the retention frame portion may impede accidental voiding of the
device, and thus the drug reservoir portion, from the bladder.       More specifically, the drug delivery
device may be elastically deformable betwe relatively expanded shape and. a relatively lower profile
shape. The relatively lower profile                     iserfing the drug delivery device, into the body. For
example, the relatively lower profile shape may be suited for inserting the drug delivery device through
a 



catheter into a. cavity of the body, such as through a urethral catheter into the bladder. An example in
shown in FIG. 2, which illustrates the device 10 of FIG. 1 in a channel 20, such as a working channel
of a cystoscope or other catheter. In such embodiments, the relatively lower profile shape may be a
relatively tubular, elongated, or linear shape, such as the shape shown in FIG. 2, so that the device
may pass through the catheter. Following passage into the body, the device may assume the relatively
expanded shape, such as the shape shown in FIG, 1, which may facilitate retention of the drug den
vety device in the body cavity.        In embodiments, the drug delivery device may naturally assume the
relatively expanded shape. The device may be elastically deformed into the relatively lower profile
shape for insertion into the body, and the device may spontaneously or naturally return to the initial,
relatively expanded shape once implanted for retention within the body.        The retention frame may
have a certain elastic limit and modulus that allows the device to be introduced into the body in a
relatively lower profile shape but then permits the to return the relatively expanded shape once inside
the body. The device nun' also have a sufficient elastic modulus to impede the device from assuming
the relatively lower profile shape once implanted, so as to limit or prevent accidentally expulsion of the
device from the body under expected forces. For example, the characteristics of the :retention frame
may be selected to facilitate retaining the device in the relatively expanded shape despite expected
forces in the bladder, such as the hydrodynamic forces associated with 20urination or contraction of
the detrusor muscle, Thus expulsion from the bladder is impeded or prevented.        hi embodiments in
which the drug delivery device is designed to he implanted in the bladder, the drug delivery device
may he designed to be inserted into and retrieved from the bladder through the urethra cystosc. Thus,
the device may be sized. and shaped to fit through a narrow tubular path of a cytoscope. Typically, a
cytoscrme for an adult human has an outer diameter of about 5 mm and a working channel having a.
diameter of about 2.4 mm. Thus, the device may be relatively small in size. For example, when the
device is elastically deformed to the relatively lower profile shape, die device may have a. total outer
diameter that is less than about 14 nun, such as between about 2.0 mm and about 2.3 mm. 30 In
addition to permitting insertion, the relatively small size of the device may also reduce patient
discomfort and. trauma to the bladder. For example, the relatively small size of the device may reduce
irritation of the bladder trigone, which is responsible for creating the sensation of urgency of urination.
The device may also have a density that is less than the density of urine or water, so that the device
may float inside the bladder. Such  WO 2009/076547PCT/1JS2008/086467          " although not
required. may prevent the device from touching the sensitiv region of the bladder near the bladder
neck, For example, the device may be formed from relatively low density materials: of construction, or
air or other gas may be entrapped in the device, The outer surface of the device, furthermore, May be
soft and smooth without sharp edges or ups. The exact configuration and shape of the inI drug delivery
selected depending upon a variety of factors including the specific site of implantation, route of
implantation, drug, dosage regirnen, and therapeutic, application of the device. Preferably, the design
of the device will minimize the- patient's pain and discomfort, while IDdelivering a therapeutically
effective dose of the drug locally to the patient. The intravesical drug &lively device can be made to be
completely or partially 



resorbabie so that. no explamation of the device is required following release of the drug formulation.
As used herein, the tem "resorhable- means that the device, or part thereof, degrades in Vilt, by
dissolution, enzymatic hydrolysis, erosion, or a combination thereof 15This degradation Man at a time
that does not interfere with the intended kinetics of release of the drug from the device. For example,
substantial resorption of the device may not occur until Mier the drug formulation is substantially or
completely released. Alternatively, the intravesical drug delivery device may' be at least partially
non-resorbable, such that the device may be removed following release of the drug formulation. In
such embodiments, 20 the device may not be completely resorbable; for example, the device may be
partially resorbable so that the device, upon. partial resorption, breaks into non-resorbable pieces
small enough to be excreted from the 'bladder. Useful biocompatible resorbable and nonrasorbable
materials of construction are known in the an, in embodiments, the device may be formed. from
materials suited for urologicid applications, such as medical grade silicone, 25natural latex, PTFE
oPTFE, stainless steel, niunul, elgiloy (non Ferro magnetic metal alloy), polypropylene, 'polyethylene,
polycarbonate, polyester, nylon, or combinations thereof: The Drug Reservoir Portion The drug
reservoir portion of the device may irciude an longated tube. The tube ,e a first end and an opposing
second end. An interior f the tube may- define a 30 reservoir, and a drug termulation core may be
housed in the reservoir. The drug formulation may be in a substantially solid form, such as a drug rod,
although other configurations are possible. The tube may have one or more apertures for dispensing
the drug, such as via osmosis, diffusion, or a combination thereof, among others. In embodiments, the
release rate of the drug from the drug reservoir portion may' be controlled.  WO
2009/076547PCT/US2008/086467 For example, a degradable membrane mayne or more of the
apertures to control the initiation of release of the druu formulation from the reservoir. As another
example, a sheath may be positioned over a portion of the tube to reduce the release rate, such as by
reducing the osmotic. surface area of the tube or by reducing diffusion 5 through the tube waif Also,
the drug reservoir portion may be lommAl from a drug polymer composite designed, to release at a
known. rate.        An example of such a drug reservoir portion is shown in FIGS. 34-3C. As shown, the
drug reservoir portion generally includes a body conned from an elastomeric tube 30. The tube 30
defines a reservoir 32 that contains a drug rod 34. Ends of the tube 30 may be 10sealed with sealing
structures 35, further described below. An array of apertures 36 may be disposed in. 'thetube. 30
closed off by degradable timing membranes 38. 



In a preferred embodiment, the drug reservoir portion operates as an osmotic pump. In such
embodiments, the tube may be formed from a water permeable material, such as a silicone. Following
implantation, water or urine permeates through the wall of the tube, enters the reservoir, and is
imbibed by the dill2 formulation. Solubili zed drug is dispensed at a. controlled rate out of the reservoir
through the one or more apertures, dnVell by osmotic pressure in the reservoir. The delivery rate is
affected by the surface area of the tube, the f the tube wall, the permeabihtv to liquid of the material
used to form the tube, the shape, size, number and placement of the apertures, among others. The del
i von? rate can be predicted from the physicochemical parameters defining the particular drug
ystem, according to well, known principles, which are described for example in Theeuw Sci.,
64(12).1987-91 (1975.) Example osmotic pump designs, and equations for such selecting such
designs, are described below with reference to Examples In an alternative embodiment, the device
nsaidly by diffusion of the drug from the tube throuah, for example, one or more of the apertures, the
wall of the tube, or a. coinbination thereof. In still other embodiments, the device may operate by a
combination of osmosis and diffusion. In embodiments, the drug res0M00" pmay be formed from an
elas'romeric 30material, which may permit elastically del:Om-kw the device for insertion. For example,
the tube may be elastically deformed along with the vesicle retention frame for intravesical
implantation, as described in further detail below.        in embodiments. the drug reservoir -portion may
be made of a biocompatiblewater permeable material known in the art, which may permit releasing the
drug from the  WO 2009/076547PCT/US2008/086467 reservoir via osmosis The drug reservoir
pot-nora, be substantially water impermeable. In embodiments,drug reservoir portion may be. fonned
fromat is both elastomenc and water permeableN' ple materidl is silicone that is both elastomeric and
water permeabgh other biocomparible materials may be used. The length, diameter, and thickness of
the tube may be selected based on the volume formulation to be contained, the desired rate of delivery
of the drue from the tube, 



the intended site of implantation of the device within the body, the desired mechanical integrity for the
device, the desired release rate or permeability to water and urine, and the desired. method or route of
insertion into the body, among others. In embodiments, the dnig reservoir portion. has a length in the
range 'about 1 cm to about 10 cm, an inner diameter mm ci     of about 0.3 mm to about 2 mi d about 3
mm. hi one embodiment, the devi                tar in the range of about 0.6 s nonresorba.bie. It may be
formed of a  medical made silicone tubing, as known in the art. Other examples of suitable
nonresorbabie materials include synthetic polymers selected from poly(ethers),
polytactylatpoly(rnethactylates), poly(vinyt pyrolidones), poly(vinyi acetates), poix(urethanes),
celtu'loses. cellulose acetates, poly(siloxanes), poly(ethylene), poly(tetralluoroethylene) and other
fluorinated polymers, poly(siloxanes), copolymers thereof: and combinations thereof       In another
embodiment, the device 'body is resorbable. In one embodiment of a resorbable device, the tube of the
body is formed of a biodegradable or bioerodible polymer. Examples of suitable resorbable materials
include synthetic polymers selected from poh''angdes), poly(esters), poly(ester amides), po
anhydrides), polytorthoesters), polyphosphazenes, pseudo poly (amino acids), poly( lycerol-sebacate),
copolymers thereof,.    mixtures thereof In a preferred emboditnent, the resorbahle svathetic polymers
are selected from poly(lactic acids), pplytglycolic acids),acne-co-glycolic acids), poly(caprolactones),
and mixtures thereof Other curable bioresorbable elastomers include poly(caprolacione) (PC)
derivatives, amino alcohol-based poly(ester antides) (PEA) and poly (octane-diol citrate) (POC).
PC-based polymers may require additional cross-linking 30agents such as lysine thisocyanate or
2,2-his( -captolacton-4-yl)proparie to obtain &storm/lc properties, The drug reservoir portion max, be
made as described in U.S. 'Patent Application Publication No. 200-7/0202151 to Lee et al., which is
incorporated herein by reference.  WO 2009/076547PCT/US2008/086467        As mentioned, ilk,. tube
may he hollow. so that the drug reservoir is defined therein. For example, the tube may be
substantially linear, such as substantially cylindrical in shape. Thus, the tube may have a. circular
cross-section, however, other cross-sectional shapes of the tube are envisioned, such as square,
triangle, hexagon, and other polygons,. among othets. The ends of the tube may be sealed to limit
escape of the drug. For example, each end of the tube may be closed off using, a sealing structure, a
medical grade silicone adhesive, other sealing means known in the art, or combinations thereof In
embodim e is sealed with a sealing structure, the sealing structure may he a. ball,: a 



or anv other shape suited to plug, close, the end of the tube. An embodiment of a ball-shaped sealing
structure 35 in shown in FIG, 311. Such a sealing structure may be formed from a material a
hiocompatible metallic material such as stainless steel or a biocompatible polymeric material, such as
a biodegradable or bioerodible polymer, although. other materials may be used. The sealing, structure
may have a relatively larger diameter than the inner diameter of the tube, such that the tube stretches
to fit snugly about the sealing 15structure, In one embodiment,tube has multi!le rksapertures nay either
share a common drug reservoir or have separate reservoirs. Stith a multi-reservoir device is useful in
at least two particular types of device embodiments; (I) when two or more separate drug formulations
are to be delivered from a. single device, or (2) when a single drug is to be delivered at two different
rates or at different times following implantation. such as when a first dose of the drug is
pre-programmed to release at a first time and a second dose is pre-programmed to release at a
second, later time. This different preprogramming can be achieved by using different timing
membranes for the different reservoirs, for instance with two or more reservoirs, the reservoirs being
defined by the 25inner surface of the tube and at least one partition. The partition structure in the tube
may he in 'the form of a spheroidal object, such as a ceramic bead or other microsphere. The partition
structure also may be in the shape of a disk or cylinder. Other configurations are also possible. The
partition may be non-resorbable or resorbable. In one embodiment, the partition structure may be
made of a. biocompatible polymeric material, such as a. 30biodegradable or bioerodible polymer. An
embodiment of such a. drug reservoir portion is shown in FIG. 4. The drug reseion has a body that
includes a linear tube 40. The hollow space in the tube 40 is partitioned into three reservoirs Ca, 42b,
Cc, each of which has a single corresponding aperture 44, 44b, 44c, The reservoirs 42 are defined by
the inner surface of the tube 40,  WO 2009/076547PCT/US2008/086467 meanig the sidewallof the
lute, and by spherical partition structures 4 464 spaced within the interior space of the tube. As can be
seen, the partition struc secured in place within the tube 40 by having, a larger diameter than the inner
diameter of the unstretche.d elastomeric tube, which causes the tube to stretch and snugly fit around
the 5partition structures, sealing each reservoir. In embodiments, partitioned reservoirsan aperture
with a faster biodegradable membrane from monopolizing the release of the loaded drug material,
potentialg little or no drug material for release from apertures with subsequently degrading
membranes. Providing a separate reservoir for each release aperture may increase the effect of
multiple biodegradable timing membranes. 



In a preferred embodiment, the total volume of the reservoir (or combined reservoirs) is sufficient to
contain all the drug needed for local delivery over the course of a      therapy. That is, the drug
reservoir portion desirably contains all of the doses of drug anticipated, so that multiple eystoscopic
procedures are not needed, or are reduced in 15number/frequency to complete the therapy prescribed
for a given disease or condition.       in one embodiment, the device body includes one or more
apertures or orifices throughsidewall or end of the tube. The one or more apenores provide a
passagewaY to release the drug formulation from the drug delivery device. In one embodiment, the
device 20 includes an array of two or more discrete apertures in spaced positions in the tube. The two
or more apertures may he in fluid communication with. a single reservoir or with a plurality of
-reservoirs. The placement of apertures near the portion or the tube which will be folded during
cystoscopie insertion may be avoided in order to prevent the possible tear of polymer biodegradable
membranes on the apertures. Embodiments of apertures 36 are shown on the tube 30 of the drug
reservoir portion shown in FIG. 34.       The size of the aperture may be selected to provide a
controlled rate of release of the drug. In embodiments in which the device is intended to operate
primarily as an osmotic pump, the size of the aperture may be selected such that the aperture is small
enough to minimize or otherwise reduce diffusion of the drug through the aperture. The apen tues may
30also he configured to prevent excessive buildup of hydrostatic pressure in the tube, which may
increase the N,-olume of fluid in the reservoir, resulting in swelling of tube. For example, an increase in
hydrostatic pressure within the reservoir may be prevented by the ensuring the size of the aperture is
large enough andlor by spacing a lumber of apertures  WO 2009/076547PCT/US2008/086467 then
vary theumber of such a:pertures employed in a single devicea reservoir) in order to provide a needed
total, rate of drug released. In exemplary embodiments, the diameter of the aperture is between about
2.0 pm and about $00 pm (e,52., 20 10Mal, 25 to 73 um, etc.). In one example, the aperture is circular
and has a     eter between about 25 pm and about 500 pm. In another example, the aperture is circular
and has a. diameter between about 20 pm and about 75 um. in one particular example, the aperture
has a diameter of about 50 tun. In embodiments where the device operates primarily by diffusion, the
apertures may be in this ramie or larger.      A single device may have apertures of two or more
different sizes. The e u ically is circular in shape, although other shapes are possible and envisioned,
and will v -s" -ally depend on manufacturing considerations. In one embodiment, the apertures are
drilled by laser ablation tubethe silicone tube. For example, the aperture may be generated us
ultraviolet excimer laser microinachining system. In such embodiments, the aperture may be slightly
tapered from an exterior of the tube to an interior of the tube. For example, the aperture may have a
diameter of about 55 tin along the outer surface of the tube wall, and the aperture may have a
diameter of about 45 pm along the rimer surface of the tube wall, although any other configuration is
possible. The apertures may then be covered with biodegradable timing membranes. A person of skill
may be able to use laser ablation to 



20drill in a medical grade polymer, via either through-hole drilling or depth-controlled        to create a
well-defined hole with a diameter as small as 0.050 mm. Therefore, the apertures may be created
before or after the drug is loaded into -the tube.       in another embodiment, one or more apertures
may be formed in an orifice structure disposed in. an end of the tube. Such an embodiment is shown in
FIG. 5. The drug reservoir portion may have, a tubular silicone body 50 with a precision orifice
structure plugging one end of the central bore of the body. The orifice structure 52 may include an
apenure 54. A sealing structure, such as a microbead 56, may plug the opposing end of the tube, and
a drug formulation 58 -may be disposed in the reservoir defined between the orifice structure 52 and
the microbead 56. The orifice structure may be a precision orifice 30known in the art (available for
example front Bird Precision Orifices, Swiss Jewel Company). The orifice can be inserted within and/or
attached to the silicone tubing with adhesives. In. one example, the device may include silicone tubing
having an inner  diameter of 305 pro and outer diameter of 635 pm, with a precision orifice structure of
ruby or sapphire and having an outer diameter of about 1.5 mm or smaller. Degradable Membranes In
one embodiment, each. of the one or more apedegradable n disposed over or in each of the apertures
(e.g., in register with the aperwrei, to control the time at which release of the drug formulation begins.
In one embodiment, the degradable membrane is in the form of a uniform coating covering the outer
surface of the tube of the device body. In another embodiment, discrete degradable membranes may
he provided substantially within the aperture. Combinations of two or more degradable membranes n
he used to control release from one aperture.        The thickness of the degradable membranein a
particular system will depend for example on the chemistry and mechanical properties of the material
of construction selected for the degradable membrane (which primarily govern the rate of
degradation), as well as on the desired time of delay of drug release for the particular drug delivery
device. See, e.g.,: Richards Cirayson, et al., "Molecular release from a polymeric microreservoir
device: Influence of chemistry, polymer swelling, and loading. on device performance" Wiley
lnterScience (6 April 2004); Grayson, et al., "Multi-pulse drug delivery form a resorbable polymeric
microchip device" Nature Materials, Advance Online Publication (19 October 2003); U.S. Patent No.
6,808,522. In one embodiment, the degradable membrane has a 20 thickness between about 100 pm
and about 2.00 pm, such as between 145 pm and 160 pm.        The membranes may he formed of a.
biocompatible material. In one embodiment, the menahnnes are formed of a resorhable synthetic
polymer such as polyester, a poly(anhydride), or a. polycaprolactone. In another embodiment:, the
membranes are formed of a resorbable biological material such as cholesterol, other lipids and fats.
For embodiments of these devices in which it is desired to release drug over a short period of time, the
degradable membrane may be fabricated from quickly disintegrating materials including, for example,
poly(lactide-co-glycolide) copolymers containing a high atycolide content, copolymers of poly(tactones)
with fast degradation times,, certain poly(anhydrides), hydrogels, oligosaccharides, and
polysaccharides. For applications in 30which a longer or delayed release time is desirable, the
degradable membrane may be fabricated from materials that take longer to disintegrate, for example,
resorbable biological 



materials such as cholesterol, other lipids and fats, and lipid bi layers, polymers such as  WO
2009/076547PCT/CTS2008/086467 pa.or certain poly*riandcopoly iners with high lactic Cant-ern.
In certain embodiments, the degradable membranes permit achieving cot elease profits from a single
drug d ,ery device. In one emhodrmerw. this may be accomplished by having different metdifferent
anertures. either to the same reservoir or different reservoirs, M one c,e of the membranes is formed
of a first material and another of the membranes is formed of a second material, wherein the first
material has a different degradation rate in wtv compared to the second material. in another case, one
of the membranes has a. first thickness and the other of the membranes has a second, greater
thickness. These approaches may he mixed. and. matched to design a particular release profile, alone
or in combination with kinetics altering approaches based an formulating the drug with a release
controlling excipierd material, or covering a. portion of the drug reservoir portion with a release altering
sheath, as described below, The Drug Formulation  The drug formulation can inc ride esse,any them
ufictylactic, or diagnostic agent that would be useful to deliver locally to a body cavity, The drug
formulation may consist only of the drug, or may include one or more pharmaceutically acceptable
excipients. En a preferred embodiment, the drug formulation is a solid omi-solid 20order to reduce the
overall volume of the drug formulation and thereby reduce the size of the device--to promote ease of
implantation. The semi-solid form may be, for example, an emulsion or suspension: a get or a paste. in
one example, the drug formulation is in the form of a solid drug rod. Embodiments of drug rods, and
methods of making such drug rods, are described in U.S. Patent Application No. El1463,956, which is
incorporated by 25reference in its entirety. The drug rods may be formed by adapting other extrusion
or casting 'techniques known in the art. For example, a drug rod comprising chondroinn 6- sulfate or
chondmitin sulfate C ma he formed by filling a tube with an aqueous CSC solution and then allowing
th.e solution to evaporate. As another example, a drug rod comprising lidocaine may he formed may
be formed by filling a tube with an aqueous 



30solution comprising lidocaine, allowing the solution to evaporate, and then crystallizing the ing gel.
In many embodiments, the drug formulation desirably includes no or a mumi y of excipiem for the
same reasons of volumesize minimization. in other embodiments, the drug formulation may be in the
form of a liquid, solution., 'on, emulsion, emulsions, colloidal suspensions, slurries, gel mixtures such
as  WO 2009/076547PCT/1JS2008/086467 hvdrogels, microparlicle for   iof The drug formulation may
be in a powder or pie. as a li dratable or water soluble solid.  Pharmaceutically acceptable excipients
are known in the art and may include viscosity modifiers, hulking agents, surface active agents"
dispersants. osmotic agents, 5diluents, and other non-active ingredients of the formulation intended to
facilitate handling. stability, dispersibility. wettabil ay. and/or release kinetics of the drug (i.e., the active
aceutical ingredient or diagnostic agent).       in a particular embodiment, the intravesical drug delivery
device is used to provide pain relief to the patient. A variety of anesthetic agent, analgesic agents, and
combinations thereof may be used. Representative examples of suitable such agents include lidocaine
hydrochloride,. procaine hydrochloride, salicyl alcohol, tetracattie hydrochloride, phenazopyridine
hydrochloride, acetaminoph.en, acetylsalicylic acid, flurenisal, ihi indoprofen, indomethacin, naproxen,
codeine, oxycodone, and fentanyl citrate. In. a preferred embodiment, the device is used to deliver one
or more local anesthetic ISagents. The local anesthetic agent may be a cocaine =Thane. In particular
embodiments of the device, the local anesthetic agent is an aminoamide, an aminoester, or a. mix hire
thereof. Combinations of different aminoamides or combinations of different aminoesters are
envisioned, Representative examples of possible aminoamides include lidocaine, prilocaine,
inepivacaine, and ropivacaine. Representative examples of possible aminoesters 



toinclude benzocaine, procaine. propara.caine, and tetracaine. These local anesthetics typically are
weak bases and are usually formulated as a salt, stic"h as the hydrochloride salt, to render them
water-soluble. In a preferred embodiment,present intravesical drug delidevice is used to treat
inflammatory conditions such as interstitial cystitis, radiation cvstitis, painful bladder syndrome,
prostatitis, and urethriiis. Non-limiting examples of specific drugs for these conditions include lidocaine
hydrochloride, glycosaminoglycanschondroitin sulfate, idek pemosan polysulfate sodium (PPS),
di.methvl. sulfoxide (DMS0), oxvbutv.nin. tin C. heparin, flavoxate, or a. combination thereof The
present intravesical drug delivers' device can be used to tr 3oincontinence, including urge incontinence
and neurogenic incontinence. Drugs that used include anticholinergie agents. antispasmodic agents,
anti-muscarinic agents, f3-2 ago-M.31s, norepinephrine uptake inhibitors, serotoni.n uptake; inhibitors,
calcium channel Mockers, potassium channel openers. and muscle relaxants. Representafive
examples of  WO 2009/076547PCT/US2008/086467 suitable drugs for the treatment of incontinence
include oxybutynin. S-oaytin, emepronium, verapamil, imipraminc, flavoxate, atropine, propainheline,
tolterodine, rociverine, clenbuterol, darifenacin, terodiline, trospium, hyoscyamin., propiverine,
desmopressin" vamicamide, YM-46303 (Yamanouehi Co., Japan), lanperisone (Nippon Kayaku
Co"Tapan), inaperisone, NS-21 (Nippon Shinyaku Orion., Fomienti, Japan,/Italy), NC-1 sou (Nippon
Chemiphar Co., Japan), ZD-61.69 (Zeneca Co., United Kingdom), and stilonium iodide,       In another
embodiment., the present intraxesicril drug dehverv device is used to  reat urinary tract cancer, such
as bladder cancer and prostate cancer. Drugs that may be used 10include antiproliferative agents,
cytotoxic agents, chemotherapeutic agents, or a combination thereof Representative. examples of
suitable drugs for the treatment of urinary' tract cancer include Bacillus Calmette Guerin (13CO)
vaccine, cisplatin, doxorubicin, methotrexate, vinblastine, thiotepa, mitomycin, fluorouracil, leuprolide,
flutamide, diethylstilbestr61, estramustine, megestrol acetate, cypcoterone, flutamide, and
cyclophosphamide. The drug treatment may be coupled with a conventional radiation or surgical
therapy targeted to the cancerous tissue.       In still another embodiment, the present intrayesical drug
delivery device is used to treat infections involving the bladder, the prostate, and the urethra.
Antibiotics, antibacterial, antifungal. a.ntiproto/..al, antiviral and other amithfective agents can be
administered, for treatment of such infections. Representative examples of suitable drugs the
treatment of infections include mitomycin, ciprofloxacin, norfloxacin, ofloxacin, methanamine,
ithrofurantoin, arupicillin, amoxicillin. nafcilhn. trimethoprim, sulfa, 



toprimsulfamethoxazole, erythromycin, doxycycline, metronidazole, tetracyclii kanamycin, peniciluins.
cephalosporins, and aminogiycosides.       Other drugs and excipient may he used for other therapies
and at other non-bladder body cavity sites. Combinations of two or MOM drugs, stored in (and
released from) the same or separate reservoirs in the device are envisioned. The excipient of the drug
fammimion may be a matrix mawnal, selected to modulate or control the rate of release of the drug
from the reservoir, In one embodiment, $0the matrix material may hen. resorbahle or non-resorbable
polymer as described above. in another embodiment, the excipient comprises a hydrophobic or
amphiphilic compound, such as a lipid (e.g., selected from fatty acids and derivatives, mono-, di- and
trialycerides, phospholipids, sphingolipids, cholesterol and steroid derivatives, oils, vitamins and
terperies),  WO 2(109/076547PCT/US2008/086467       The drug 'formulation may provide a
temporally modulated release profile or a. more continuous or consistent release profile 'Pulsatile
release can be achieved from a plurality of reservoirs. For example., different degradable membrane
can be used to by temporally stagger the release from each of several reservoirs. The Vesicle
Retention Frame As mentioned above, the drug delivery device includes portion. The retention frame
portion is associated with the drug reservoir portion and its retaining, the Maw reservoir portion in the
body, such as in the bladder. The retention frame may be elastically deformed between a relatively
expanded shape and a relati Niels; lower profile shape. For example, the retention flame may naturally
assume the relatively expanded shape. may be manipulated into the relatively lower prote for insertion
into the body, and may spontaneously return to the relatively expani insertion into the body. The
retention frame in the r at v ly expanded. shape may be shaped for retention In 15a body cavity, and
the retention frame in the relatively lower profile shape may he shaped         ion into the body through
a. lumen of a catheter For example, the retention frame may be elastically delommble between a.
shape suited. for insertion into the body through the working channel of cytosc.ope, and a shape
suited for retention in the bladder even when exposed to the forces associated with urination or
contraction of the de,trusor muscle. An example of such an embodiment is shown in FIGS. I.-2,
wherein the retention name assumes a pretzel shape when in the expanded position, and the retention
frame assumes a relatively elongated, linear shape when in the lower profile position. To achieve such
a result, the retention frame may have an elastic limit, modulus. pring constant selected to impede the
device from assuming the 



25profile shape once implanted. Such a configuration may limit or prevent accidenta expulsion of the
device from the body under expected forces. For example, the device may be retained in the bladder
during urination or contraction of the detrusor muscle. In a preferred embodiment, the retention frame
includes an elastic wire. in one embodiment, the elastic wire may comprise a superelastic alloy or
other shape memory material, known in the art For example, the superelastic alloy may comprise a
Mocompatible nickel-titanium alloy (e.g., Nitinol) or a titainiummolybdenum alloy fe.g.. FlexturM.
Biodegradable, biocompatible shape memory polymers are described in U.S. Patent No. 6,160,04 to
Langer et al. in another entbodiment, the elastic wire is or includes a relatively low modulus e/astomer.
Low modulus elastomers may be relatively less likely  WO 20091076547PCT/US2008/086467 to
cause trntalion to the bladder or to cause an ulcer once implanted. Furthermore, some low modulus
elastomers may be completely biodegradable, which may permit creating a device that need not be
removed following implantation and drug delivery. Examples of low modulus elastomers rethane,
silicone. sty rank'. thermoplastic elastomer, 5and poly(glycerol-sebacate) (PCiS). The elastic wire may
he coated with a hiocompatible polymer, such as a coating formed from one or more of silicone,
polyurethane, styrenic thermoplastic eiastomer, Silitek,,Tecoflex, C-flex, and Parent:lex. For example,
in the embodiment shown in FIGS. 1-2, the retention frame 14 includes an elastic wire 16 formed from
a superelastic alloy and covered in a polymer coating 18. The elastic wire 16 may be, for example, a
nitinol wire. The polymer coating 1.8 may be, for example, a silicone sheath. In the, relatrvely
expanded or pretzel shape. shown in FIG. I, the device 10 may occupy an area having dimensions
suited to impeded expulsion from the bladder. In the relatively lower profile shape, shown in FIG. 2, the
device 10 may occupy an area stated for insertion into die body. Thus, the device 10 may 15lit in a.
catheter 20 when in the relatively lower profile shape, such as the working channel of a cytoscope.
Due to the properties of the elastic wire, the device may function as a spring. Thus, the device may
deform in response to a compressive load but may spontaneously ret un to its initial shape once the
load is removed. The polymer coa make the outer surface of the device relatively smooth and soh, so
that irritation of the bladder is avoided,        In embodiments, the retention frame may also include a
radio-opaque mateth whicrove the visibility of the device to N.-ray or other map embod min FIGS. I-2.
for example, the radio-opaque material is a plan 20 wound aboutelasticds of thewire 16, although the
platinum wire 20 may be wound about other portions of the elasticloot honing. materiai may also be
applied  to 



ends of the elastic wire to reduce the bluntness of the ends. In the embodiment shown in FIGS. I-2, for
example, the smoothening material 22 is an ultraviolet-curable epoxy applied to the ends. The
ultra-violet epoxy may also assist with retaining the platinum wire 20 in Place. ,30In embodiments
inx.shich the retention frame assunpretzel shape, the retention frame may he relatively resistant to
compressive forces. A pretzel shape essentially comprises two sub-circles, each sub,circle having its
mvri smaller arch and the sub-circles sharing a Common lamer arch. When the two sub-circles are first
compressed together, the t arch absorbs the majority of the compressive force and begins deforming,
With  WO 2009/076547PCT/US20081086467 continued apphcauon of the compressive Laere two
sub-circl oveilap. Subsequently, all three of the arches resistth.e compressiveforce. The resistance to
compression of the device as a whole increases once the two sub-circles overlap. Such a
configuration may prevent collapse of the device as the bladder contracts during urination. 5to impede
accidental voiding from the bladder. Example 4 explains this result in greater In embodiments in which
the retention frame comprises a shape; memory in the material used to form the frame -may
'memorize" the relatively expanded shape and may spontaneously assume the relatively expanded
shape upon the application of heat to the device. For example, the retention frame may be designed to
return to the relatively expanded shape when exposed to body -temperatures, so that the, device may
expand upon entering the bladder. The retention frame mayhigh enough spring constant to retain the
device within a body cavity, such as the bladder.This may be accomplished by forming 15 the retention
frame from a high modulus mat in embodiments in which the retention frame is material, the retention
frame may be formed into a. con   ulus material. Particularly, a. relatively low modulus -anon having a
diameter and/or a  



shape that provides an appropriate spring constant. In one case, the elastic wire may comprise a.iow
modulus elastomer in a thrill having a spring constant without which the elastic wire would otherwise
experience significant deformation when subjected to the forces associated with urination. For
example, the elastic wire of the retention frame may include one or more windings,. coifs, spirals, or
combinations thereof, which may reduce the tendency of the elastic wire to deform during urination. In
other words, the elastic wire may act as a spring due to the windings, coils, and/or spirals, even in
cases in which the elastic 25wire is formed from a low modulus elastomer, such as polyurethane or
silicone. The windings, coils, or spirals may he specifically designed to achieve a desirable .onstant. In
various embodiments, the spring constant may be in the range of about 3 .1Vm to about 60 NM]. For
example, the spring constant may be in the range of about 3.6 Nini to about 3.8 Nlm. Such a spring
constant may be achieved by one or more of the $0thilowing techniques: increasing the diameter of
the elastic wire used to form the frame, increasing the curvature of one or more windings of the elastic
wire, and adding additional          to the elastic wire. Example spring constants for certain low modulus
wires are provided in Example S. below.  WO 2009/076547PCT/US2008/086467       The windings
coils. For example, the frame may comprising one, or more loop the frame that include one or
5connected in a linear fashion. spirals of the frame may have a number. figurations. auration, such as
in a configuration .u.ds or sub-circles. FIG. 6 illustrates example shapes for s, curls, or sub-circles, The
curls may be integrally in Examples 13. C, D. and E, or in a radial fashion,  as shown in Examples F
and CI. The curls may turn in the same direction, as shown in Examples B and E, or in alternating
directions as. shown in Examples C and a The curls may also overlap, as shown in Examples .A. B.
and .E. The opposing ends of the elastic wire may be adapted to avoid tissue irritation and scarring.
For example, the ends may be I()soft, blunt, inwardly directed, joined together, or a combination
thereof. The frame may also include a one or more circles or ovals arranged in a two-dimensional or a.
three-dimensional configuration. FIG. 7 illustrates example shapes for the frame that include one 



or more circles or ovals arrangedtwo-dimensional or a three-dimensional configuration. The frame may
include a number of concentric circles, as shown in Example A. or a number of concentric ovals, as
shown in Examples B and C. Each of the circles or ovals may be closed, and the circles or ovals may
be joined at a common connecting point. Alternatively, one or more of the circles and ovals may be
open. The circles and ovals nay also he connected at ahumber of connecting points. The frame may
also include a number of overlapping circles or ovals. The overlapping circles or ovals may each be
substantially the 70same size, as shown in Example IX or the circles or ovals may vary in size,: as
shown in Examples E and F. Circles may also be combined with ovals, depending on the embodiment
Further, the frame may he an open-ended spiral, as shown in Example U. or the frame may be a spiral
having closed ends. Combination of the Components 25The vesicle retention frame is associated with
the drug reservoir portion to form the drug delivery device. A variety of different associations are
envisioned. Far example, the drug reservoir portion may he attached to an intermediate region of the
vesicle retention       More specifically, the vesicie retention frame may have a first end, an opposing
second end;and an intermediate region therebetween, and the drug reservoir portion may 30have first
and second end portions that are attached to the intermediate region of the vesicle ion frame. The end
portions of the drug reservoir may terminate at the vesicle retention frame, the end portions may
overlap the vesicle retention frame, or a combination      I The drug reservoir portion may be oriented
with reference to the retention frame such that the drug reservoir portion lies within the perimeter of the
retention frame, beyond  the perimeter of the retention frame, or a combination thereof. Additionally, a
number of drug reservoir portions may be associated a single retention frame, depending on the
configuration of the device. FIG. 8 illustrates example embodiments of a pretzel shaped retention fram
SO 5having One o.r more drug reservoirs 82 attached at an intermediate region of the retention frame
80. Specifically, Example A illustrates an embodiment having one di' wherein the drug reservoir lies
within the perimeter of the retention frame and has end portions attached to the intermediate region of
the retention frame terminating at the retention frame. Example B illustrates an embodiment having
one drug reservoir, wherein .10 the drug reservoir lies outside of the perimeter of the retention frame
and has end portions attached to Me intermediate region of the retention frame slightly overlapping the
retention frame. Example C illustrates an embodiment having a number of drug reservoir portions,
each drug reservoir portion lying within the perimeter of the retention frame, and Example D illustrates
an embodiment havine a number of drue reservoir portions, some of the drug 



15reservoir portions lying within the perimeter of the retention frame and some of the drug reservoir
portions lying outside of the of the perimeter oithe retention frame.        In one embodiment, multiple
drug reservoir portions are associated with a. single retention frame. For example, FIG. 9 shows an
embodiment of a retention frame 90 having a number of drug reservoir portions 92 attached at an
intermediate region of the retention 20 frame 90, with the device shown in a relativek expanded shape
in FIG. 9A and the device shown in a relatively lower profile shape within a catheter in FIG, 9B.
Including multiple discrete drug reservoir portions may facilitate delivering multiple different drugs into
the body, delivery different forms of drugs into the body, delivery drugs at varying rates into the both',
or a. combination thereof 25In other embodiments, the drug reservoir portion and the esicle reternio
east partially aligned. In other words, the drug reservoir portion may extend along at least a. portion of
the length of the retention frame portion, substantially parallel or coincident with the retention frame
portion. For example, the drug reservoir portion may extend along the entire length of the retention
frame portion. Examples of such 30 embodiments are shown in FIG. 10, which illustrates several
alternative embodiments in cross-section. Although only one cross-section is shown, the device may
have the same cross-section, or a similar cross-sectional configuration, along substantially the entire
length of the device Or along a substantial portion of the device. The retention frame may comprise an
elastic wire 102 associated with the tube 100 of the drug reservoir portion, as  shown in Examples A,
13, C. and a The elastic wire 102 may extend along an exterior surface of the tube 100 as shown in
Example A. The elastic wire 102 also may extend atom; art interior surface of the tube 100, as shown
in Example C. The elastic wire 102 may also extend through the. surface of the tube 100, as shown in
Exampleembodiments, the tube 100 may be strengthened near the elastic wire 102 with a
reinforcement area 104, which may reduce the risk of the elastic wire 1.02 tearing through or
becoming detached from the tube 100. For example, the reinforcement area 104 may be an area of
additional silicone. The elastic wire 102 may also be positioned within the interior of the tube 100
supported by a web 106, as shown in Examples E, F, and G. In addition To supporting the IDelastic
wire 102, the web 106 may partition the tube 100 into multiple compartments. For example, the web
106 partitions the tube 1.00 into two compartments in Example E, three compartments in Example F.
and four compartments in Example. 6, although other con fiL,Yurations are possible. The web 106
may be perforated or otherwise non-continuous so that the compartments are. in communication with
each other. Alternatively, the web 106 15may be relatively continuous such that the compartments are
segregated from each other. In such embodiments, the discrete compartments may form different
reservoirs that may be suited for holding different drug formulations. The web 106 may he formed from
the same material as the tube, or from a material having a. different permeability to water or urine,
depending, on the embodiment. 20in still other embodiments, the elastic wire may be associatedmutt
pie tubes, extending along or between the tubes. Examples of such embodiments are shown in FIG.
11., which illustratesseveral alternative embodiments in cross-section. in such embodiments, multiple
discrete tubes 110 may be joined together by a reinforcement: area 114, with the elastic wire 112
embedded in the reinforcement area 114, as shown in Examples A,13, and C. The number of tubes
110 may vary, For example, two tubes 110 are shown in Example A. three tubes 110 are shown in
Example 13, and four tubes 110 are shown in Example C. although additional tubes may be provided
in embodiments not shown. In such embodiments, the same OF different drug formulations may be
loaded in the discrete tubes 11.0. The discrete tubes 'LW may also be formed from the same or
different 30materials of construction, such as materials that differ in permeability to urine or other
aqueous or bodily fluids. 



The enabodiments described above may be combined and varied to produce other drug delivery
devices that fall within the scope of the present disclosure. For example, the drug reservoir portion
may be attached to any portion of the retention frame in any manner,  WO
2009/076547PCT/US2008/086467 than the intermediate region. Also, the drug reservoir portion
may'ed. around the elastic wire of the retention frame, onebar of times. 11 shoul.d be noted that the
retention frame is generally describedbeing an elastic wire for the sake of simplicity, and that the
elastic wire may be coated with a polvme.r tubing in arty of these embodiments, as described above
with reference to FIG. I. Also he term "drug reservoir portion" generally refers to the discrete tube that
is associated with the retention frame, although this tube may he separated or otherwise partitioned
into any number of discrete. drug reservoirs, as described above with reference to FIG. 4 and FIG. 11.
Providing multiple drug reservoir portions, partitioning a single drug reservoir portion into multiple drug
reservoirs, or a 10combination thereof, may facilitate delivering multiple different drugs into the body,
delivery ditibn.nt forms of drugs into the body, delivery drugs at varying rates into the body, or a
combination. thereof. For example, the device may hold a drug in both a. liquid form. for earlier release
upon implantation and in solid or semi-solid form for later release after the drug is solubilized. ISThe
drug reservoir component can he attached to the reside retention frame using essentially any
biocompatible material or structure_ For example, the drug reservoir portion may be attached to the
retention frame using a. medical grade silicone adhesive.       to embodiments, the drug reservoir
component may be attached to the vesicle retention frame by at least partially imbedding the elastic
wire of the retention frame within the elastomeric tube of the drug reservoir portion. in he embodiment
illustrated in FIG. 12, a portion of a pretzel shaped elastic wire )20 extends through. first and. second
ends of a drug reservoir portion 122, although other configurations are possible. In such embodiments,
the tubing of the drug reservoir portion mar be formed with the wtre in it, or the tube may be penetrated
by the wire after both parts are formed, to connect them,       In still other embodiments, the drug
reservoir portion may be integrally fommd with the retention frame. For example, a casting method
may he used, which may include pounng a curable silicone into a mold and allowing the silicone to
cure. hi. some such embodiments, the elastic wire may, be positioned in the mold along with the
silicone. Further, the drug reservoir portion and the retention .frame portion may be the same
30component in some embodiments. in such cases, the device may comprise a silicone tubing formed
in a configuration having a sufficient spring constant to retain the device in the body, as described
above, in such cases, attachment may not be necessary,  



Other I        The rate and total amount: of drug delivered from a single, device may depend on for
example, the surface area of the druu reservoir portion, the type, and permeability of the
matertonstructi on of the drug reservoir portion, the number of apertures formed through the drug
reservoir portion, and the total mass of drug load, among others_ Particular         rapeutic dosages and
acceptable implant dimensions for a particular body cavity and route of implantation can be selected.
for different drugs and therapies.        in embodiments, the drug reservoir portion can be partially or
wholly coated with coating or a. sheath, which may facilitate controlling the release rate. The coaling or
sheath may be relatively less permeable to water than the drug reservoir portion. Thus, the coating or
sheath max mod'ula:te or reduce. the water permeability of the drug reservoir portion to control or slow
the rate of release of the drug from the device. In some cases, the coating or sheath may be partially
permeable to water, in. which case the coating or sheath may cover all oraportion of thedrug reservoir
portion. For example, the coating or sheath may 15comprise a mesh that covers substanM ly the
entire device. In other cases,. the coating or sheath may be substantially impermeable to water, in
which case the coating or sheath may cover only a portion of the device body. Regardless, the coating
or sheath may reduce or alter the osmotic surface area. of the device body. Due to the reduced or
altered osmotic surface area, the release rate of drug from the drug reservoir portion may. be reduced
or 20altered. Because the coating orpermit controlling the release rate, the drug reservoir portion may
be sized, shaped, and constructed to house a certain drug payload volume, to achieve a certain
flexibility or spring constant, or to assume a certain shape during implantation or once implanted,
among others. These characteristics of the drug 25reservoir portion may be selected without regard to
how such. characteristics affect the release rate, as the release rate may be independently controlled
by controlling the osmotic surface area with the coating or sheath. Thus, the release rate may be
altered without changing the overall size of the device body, the shape of the device body, or the
materials used to form the device body, 30In cases in which the drug reservoir portion 18 formed from
silicone tubing, the coating or sheath may be formed from a material that is relatively less permeable
to water or urine than silicone. For example, the coating or sheath may be formed from a polymer,
paryiene, a curable silicone, or another biocompatible coating or sheath material known in  



the art, In one embodiment. h  device body sheath may be formed from. polyurethane. The coating or
sheath may have be relatively 'elatively uniform release of the drug for n tubing, while the ong the
device body to 'natively, the.  coating or sheath maw vary along the device body, so that certain parts
of the device body have higher or lower water permeability relative to other parts of the device body.
For example:, one or more characteristics of the coating or sheath may var,, over the device body to
achieve the desired release rate. Example characteristics ofoating or sheath that may vary include
thickness, size, or shape of the coating or sheath; position, location, or ICorientation of the coating or
sheath. on the device body; and material used to form the coating or sheath, among others. Further,
multiple coatings or sheaths may he provided along different portionshe device body. In some cases,
the multiple coatings or sheaths may correspond to multiple reservoirs /brined in the device body, each
of the multiple reservoirs containing a different 15drug. In such cases, the multiple coatings or sheaths
may have the same characteristics to permit relatively uniform release of the different drugs from the
different reservoirs, Alternatively, the multiple coatings or sheaths may have differing characteristics to
permit differing release rates of the different drugs from the different reservoin. Example coating or
sheath characteristics 'that may differ to vary the release rate include thickness, size, 20shape.
position, and material. among others,. as described above. 'For example* the tube around a first
reservoir may be coated with a. first coating of a first material and a first thickness, while the tube
around a second reservoir may be uncoated, coated with a second (different) coating 'material, or
coated with the first coining material but at a second (different) thickness. Thus, the release rate from
the first reservoir may differ from the 



25release rate from the second reservoir.        In embodiments, the positioning of the coating or sheath
about the device body' may be selected to augment or otherwise control dissolution of solid or
seml-solid forms of the drug. An example i.s shown in FIG. :13. As shown, the device body 130 may
be formed from a tube 132, such as a silicone tube. The tube 132 may have two opposed ends 133. A
30 rolcrosphere1.34 may enclose each of the ends 133, and a reservoir 135 may he formed          he
ends 133. An orifice 136 formed through the rube I32 may' permit releasing a drug from the reservoir
135. To control the release of the drug from the orifice 1.36, at least one sheath 138 may be positioned
about thee 132. For example, a sheath 138 may be positioned on each side of the tube 132 between
the orifice 136 and -the end 133. So that the  WO 2009/076547PCT/US2008/086467  drug does not
become stagnated below the.th from the end 133. As shown, the sheath 138 to the end 133, such as
directly adjacent to the possible. Such placement of the sheath118 may  le sheath 138 may be spaced
inward atively closer to the orifice 136 than      ugh other configurations are e releasing he drug from
the  5orifice 136, as the positioning may permit water to permeate the tube 132. adjacent to the end.
1.33. As water permeates through the tube 132 adjacent to the end. 1.33, the drug may be driven
through the portion of the tribe 132 covered by the sheath 138 and out of the orfice 136. Thus,
isolation or stagnation of the drug positioned under the sheath 138 in avoided. Examples 11 and 12,
below, provide release rate dam for a drug delively device having a sheath, and also provide example
equations for selecting the length of sheath to achieve a desired release rate.       In a preferred
embodiment, the tube prelenthly includes at. leastradio-opaque portion or structure to facilitate
detection or viewing of the device as part of the implantation or explantation procedure. in one
embodiment, the tube is constructed of material that includes a radio-opaque filler material, such as
barium sulfate or another radio-opaque material known in the an. 



Silicone tubing may be made radio-opaque (for X-ray imaging or fluoroscopy) by blending
radio-opaque fillers, such as barium sulfate Of other suitable materials. during the processing of the
tubing. Ultrasound imaging can also detect silicone n Wyo., but it may 20suffer from lack of resolution
to be able to correctly image the device if the. latter is kept small. Fluoroscopy may be the preferred
method during deploymentiretrieval of the nonresotbable device by providing accurate real-time
imaging of the position and orientation of the device to the practitioner performingprocedure. In one
embodiment, the body of the intravesical drug delivery device fLmr 25includes at least one retrieval
feature. The retrieval feature may be a structure that facilitates removal of the device from the body
cavity, for example for removal of anon- resorbable device body following release of the drug
formulation. Embodiments of retrieval features are described in U.S. Patent Application No,
11/463.956. In these and in other embodiments, the. device may be retrieved using conventional
endoseopie grasping $0instruments, such as alligator forceps, three or four-pronged optical. graspers.
For example, device has an 0-shaped or coiled ,ose grasping instruments,   In embodiments, the
device may be desu"i ;dine affect during an acute phase and to ach oval of the device can be
facilitated     administer drugs to achieve an eve a prolonged effect during a  WO
2009/076547PCT/US2008/086467 e, the device may have two drug reservoirs c           tions, oneis
configured to release:a drug relatively quickly after implantation and one of which speriences an
induction time before beginning release. To accomplish such a result, the two drug reservoirs or drug
reservoir portions may have 



LIons, such as different permeabilnies, or the two drug reservoirs or drug reservoir ponions may store
different forms of the drug, such as a liquid form for immediate release and a solid form to be
solubilized prior to release. These embodiments can be combined and varied with other embodiments
described herein to achieve the desired release profile. ID It Method of Making th In another aspect, a
method of makingmlantable drug delivery device provided. FIG. 14 is a block diagram
illustratingModiment of such a. method 140. In block 142, a drug reservoir portion is formed. In block
144, a vesicle retention frame portion is formed, in block 146, the drug reservoir portion is associated
with the vesicle retention frame portion.       In embodiments, forming the drug reservoir portion in
block 142 may include one or more of the following sub-steps:: forming the drug reservoir tube,
forming a relatively solid drug rod, loading the drug rod into the tube, inserting a sealing material into
the tithe between an end. of the drug rod and an end of the tube, and forming one or more apertures in
20the tube.       The drug reservoir tube may be formed using conventional methods, such as intecuon
molding, compression molding, extrusion molding, transfer molding, insert molding, thermoforming,
casting, or a combination thereof The hollow tube may be formed, from a material that is
biocompatible" water permeable, elastic, or any combination thereof For example, the tube may
comprise silicone.       The drug rod may be formed by filling a mold with an aqueous solution
comprising the drug and allowing a solvent to evaporate from the solution. For example,, a lidocaine
drug rod may he formed by filling a mold with ateous solution of lidocaine. allowing at /east a portion of
the solvent to evaporate to form a saturated or super saturated solution of 30the drug, and then
crystallizing the resulting gel to form a lidocaine drug rod. A seed crystal xi-Awed into the saturated or
supersaturated solution to initiate cty.stal s,rowtb and thus precipitation of the drug. In such cases, the
evaporation and crystallization step be done at one or more controlled temperatures. As another
example, lidocaine hydrochloride may be combined, e.g., in a 70,30 mixing ratio, with chondroitin
sulfat  produce a drug rod with somestiffness to enhance handling of the device, although such a
process sacrifices some of the payload of lidocaine hydrochloride. Whether that sacrifice is acceptable
depends on the particular device design and application/use       In embodiments in which a drug rod is
formed, the tube of the drug reservoir portion may or may not serve as the mold. in embodiments in
which the tube does not serve as the mold, the completed drug rod may be loaded into the tube by
manipulating the drug rod into the tube using, xample, a guide vire and/or tweezers. 



hi embodiments in which the drug tbrinulation is in liquid form, the drug formulation may be loaded into
the drug reservoir portion through the apertures or through another open i.ng that it subsequently
sealed. However, it may he relatively easier to load the drug in solid or semi-solid form, and such
forms may further reduce the site of the device, which may facilitate reducing irritation to surrounding
The one or more apertures may be formed i.n one or more of the following: the side wall of the tube,
an end of the tube, or a combination thereof The one of more apertures may be formed by laser drilling
one or more holes in the tube. The laser drilling may occur before or after the drug rod is loading into
the rube. Alternatively, theures may be formed simultaneously with the device body, such as by
molding with an indenter as described in U.S. Patent No. 6,808,522 to Richards et. al. in
embodiments. forming the drug reservoir portion in block 142 may comprise 20 forming ingle drug
reservoir portion. in such embodiments, one, or more partition tr, structures may be inserted into and
positioned within the tube, for example using a guide wire"in cases in vschich multiple reservoirs and
are used, the installation a the partition structures may be alternated with the loading of the drug
formulation. The position of the partition structure may be secured sive or by frictional engagement
with the tube, such as in cases in which the n has a slightly larger outer diameter than the inner
diameter of the. tube.        in embodiments, forming the drui2 reservoir portion in block 142 may further
include associating one or more release controlling structures with the drug reservoir portion. For
example, a sheath or coating may he placed over at least a portion of the surface of the tube to control
the rate of release of the drug, Additionally, a degradable: membrane mm he positioned over or in one
Or more of the apertures to control the initial time of release of the drug therethrough. The degradable
membranes may be .formed by microinjeciing or inkjet printing a fluid to form a membrane at one end
of the aperture, e:.g., in/on the outer surface opening in the tube. For example, the fluid may be a.
solution  comrtsing a resorhable material dissolved in a solvent, a suspension resorbable material in a
nonsolvent, or a liquefied resorbable material, Also, the drug reservoir portion may be formed from a
drug polymer composite designed to release, at a known rate. 5In embodi merits,13 of forming a
vesicle retention frame portion may vary depending, on the material used to form the frame In
embodiments in which the retention frame comprises an elastic wire formed from a superelastio alloy
or shape memory material, for example, the step of forming the vesicle retention frame may comprise
forming the elastic Wire intoelatively expanded shape and 'programming" the shape into the elastic
wire via heat treatment, For example, the retention frame 14 shown in FIG." may be formed by forming
the elastic wire 16 into a pretzel shape and heat treating the elastic wire 16 at a temperature over 500
PC for a period over five minutes. Also in such embodiments, forming the vesicle retention frame
portion may include one or more of the following: forming a polymer coating or sheath over the elastic
wire, smoothenintt the ends of the 15elastic. wire, and applying a radio-opaque material to at least a
portion of the elastic wire. in 



such embodiments the polymer sheath, the radio-opaque material, and the smoothening material may
he applied to the elastic vire in any order. For example, a platinum wire may be wound around ends of
the elastic wire to improve the radio-opacity of the device to x-ray, the ends of the elastic wire may be
smoothened with an ultraviolet-curable epoxy, and 70the polymer sheath or coating may. he placed
over the elastic wire.       In embodiments in which the retention, frame comprises a. low modulus
elastonier. the step of forming the vesicle retention frame may comprising forming one or more
windings, coils, loops or spirals in the frame so that the frame functions as a spring. For example, the
retention frame may be formed by extrusion, liquid injection molding, transfer molding, or insert
molding, among others.       in embodiments, the step of associating the drug reservoir portion with a
vesicl retention frame portion may comprise orienting the drug reservoir pardon with reference to the
retention frame portion and applying an adhesive therebemeen. The drug reservoir portion may he
oriented in a variety of orientations as described above. In other :30embodiments, the step of
associatingrug reservoir portion with the vesicle retention frame portion may comprise inserting elastic
wire of the retention frame portion at least partially throueh the drug reservoir portion, in still other
embodiments, the step of associating the drug reservoir portion with the vesicle retention frame portion
may comprise integrally forming the 'two portions together.  WO 2009/076547PCT/U S2008/086467
HI.Use and Applications of the Device The intravesicat drug delivery device may be used to deliver
drug loci' essentially any body cavity site. In a preferred embodiment, the body cavity may be the
bladder of a male of female human patient in need of treatment. For example, the hurayesical drug
delivery device may be used in the treatment of interstitial cystitis, radiation cystitis, overactive bladder
syndrome, or bladder cancer, although the device also may deliver dmg to the bladder for the
treatment of other conditions. In other embodiments, the present intravesical devices may be used in
other body cavities of a patient. For example, the small devices may he implanted in a space in the
vagina, a gastric cavity, the peritoneal cavity, or an ocular cavity.        In one embodiment, the
i.ntraYesical drug delivery device is implanted into a. patient's bladder to locally deliver a local
anesthetic agent arising from any source. For example, it may be pain from any disease or disorder
genitourinaiy tissues, .pain stemming from any bladder catheterizanon procedure itsel post-operative
catheterization. The device may be implanted in the bladder by any suitable lumen device, generally
referred to herein as a catheter, urethral catheter, or cystoscope, as known in the art These terms are
used interchangeably herein, unless otherwise expressly indicated. The catheter may be a.
commercially available device or one specially adapted to 20 accommodate an embodiment of the
present drug delivery devices.        In. one example, a method of implanting an intravesical drug
delivery device in a. body cavity comprises passing the intravesical drug delivery device through a
catheter in a relatively low-profile shape, and releasing the device from the catheter into the body
cavity, the device assuming a. relatively expanded shape once the device emerges from the catheter
for retention in the body cavity, In embodiments, the relatively lower profile shape may be 



a relatively linear, folded, expanded, or compressed form. Theserted into the urethra to permit access
to the bladder. FIG. 15 illustrates an embodiment1 releasing step of the method. As shown in FIG. 15,
the device 152 may be pushed through a catheter 150 using a. sty,,let 154. As shown, the device 1.52
changes shape as it emerges 30from the catheter 150, returning to the relatively expanded shape for
retention in the bladder U.S. Patent No. 6,139,535 also describes a method and apparatus for
placement of a medical device in the bladder through the urethra.         In embodiments, the
intravesical drug delivery device comprises a drug in a relaly solid form, such as a drug rod or a
powder form. Elution of drug from the device  WO 2009/076547PCT/US2008/086467 occurs upon
dissolution of the drug rod. That is. as the.c:ts and becomes solubilized in bodily fluid that eaters the
device, the dissolved drug diffuses or flows under osmotic pressure from the implanted device. For
example, the device may be delivered Uno the bladder. in which case the drug may be solubilized
upon contact with urine tn the bladder.       In one embodiment, the intravesical drug delivery device is
nori-resorbable or otherwise. needs to be removed following implantation. In one such a case,, the
method descr bed in the preceding paragraph further includes removing the intravesical drug delivery
device from the body cavity following release of the drug. Specialized retrieval todevices are known in
the art, or can readily be produced, for this purpose. For example, U.S. Patent No. 5,499,997
describes an endoscopic grasping method and apparatus.       The device may be used to deliver
drugs locally to the bladder as an alternative to systemic delivery, which may be desirable in cases in
which systemic delivery may cause undesirable side effects or result in insufficient bioavallability of the
drug. 15The present intravesical drug deliver y device treatment method provides extended,
continuous, intermittent, or periodic release of a desired quantity or drug over a desired
(predetermined) period of time. In one embodiment, the device can deliver the desired dose of drug
over an extended period or time, e.g., 24 hours, 5 days,? days, 1.0 days, 14 days, or 5. 30, 45, 60, or
90 days, or more. The rate of delivery and dosage of the drug can be 20selected depending upon the
drug being delivered and the disease/condition being treated. The use of different degradation rates
and/or excipient materials, along \ vith varying the number and size of apertures in the device, can be
used to tailor the device to have different release kinetics. 



In a preferred embodiment, the device is adri bladder of a patient at d delivers in a. controll.ed manner
a drug formulation to the bladder. In particular embodiments, the drug formulation includes one or
more drugs useful in the .erbladder syndrome, bladder cancer, interstitial cystitis. or pain relief For
example, the device may be used to deliver lidocaine locally to the bladder over ed time period, such
as a period of more than one day. Advantageously, the 30device tables the delivery, of lidocaine for
extunple, to the bladder to provide an increase in the local concentration of lidocaine in the bladder
tissue without producing high systemic       FIG. 16 is a block diagram illustrating a method 160 of
delivering idocaine to the bladder. In block 162, a device having a payload of lidocaine is delivered to
the bladder. hi  WO 2009/076547PCT/US2008/086467 block164, the Mr wine is continuously released
from the deviextended penod of time. In such embodiments, the device may be an embodiment of the
devicedescribed above, or the device may be any other device. In embodiments, the payload of
lidocaine may be in the range of about 50 mg to about 100 1312, The extended period Nine may be in
the range of about one day to about fourteen days, for example. Such a method may achieve a
sustained level of lidocaine in the urothelium of the bladder. Advantageously, the sustained level Of
lidocaine in the urothelium achievable with the present devices and methods can exceed the level that
is generally considered to be tolerable systemically. High local concentrations of drug are provided
without significant    temic concentrations. This enables the effective use of a relatively small payload
of lidocaine to create a. therapeutically effective concentration of lidocaitt in the urothelium, The
urothelramlidocaine concentration may exceed the concentration that could be obtained systemically
without causing systemic effects. The urothelium lidocaine concentration may also exceed the
concentration that could be obtained via instillation, and 15further, the high initial peak concentration
associated with instillation may be avoided. The small payload may facilitate device safety, as the
payload may be sufficiently small to avoid undesirable systemic effects even in the event of device
failure. Yet, the small payload may create an effective concentration oflidocaine in the urothelium, due
to the local nature of the delivery. See Example 8 below. 



70In embodiments, the method may delthe lidocaine without regard to the pH of the urine. For
example, the lidocaine need not be administered with a buffering agent, such as sodium bicarbonate.
See Example 9 below.        In embodiments, the method may deliver he lidocaine in relatively solid
form, which may permit reducing the device to avoid bladder irritation I patient discomfort. In
embodiments. ) delivering a. device hasidocaine to the bladder omprise delivering a device to the
bladder that has first and second payloads of                  continuously releasing the lidocaine trom the
device over an extended period of time may comprise initialing release of the first payload of lidocathe
and $0 subseque.dv initiatine release of the second payload of lidocaine. The first payload may be
adapted for relatively quick release, while the second payload may be adapted for more continuous
release. For example, the first payload mar be in liquid form while the second payload may be in solid
form. As another example, the first payload may he housed in a relatively fast-acting osmotic pump,
such as a silicone tube having a relatively thinner wall,  WO 2009/076547PCT/US2008/086467 while
the second payload may he mused in an osmotic pump that experiencesphial delay or induction time
before releasing, such as a silicone tube haying a relativeb thicker Wall. Thus, the method may
continuously release lidocathe into the bladder du initial, acute phase and during a maintenance
phase. Such a method may compensate for an initial induction time of the device, as described below
with reference to Example li.       The present invention may be thriller understood. with reference to
the following non-limiting examples. Exampkk I: Design of a Tubular Osmotic Pump Described below
is the design of a tubular osmotic pump made ci silicone. Other IQhiocompatibie polymer tubes such
as polyurethane can he used depending on the permeability to water (and drug) and mechanical
properties. Design equations for the tubular osmotic pump permit obtaining the desired drug payload
and release rate. Tube thickness is related to mechanical integrity and water permeability. Tube inner
diameter and. tube wall thickness determine the drug payload and outer diameter of the tube. Tube
length affects both drug payload as well as the macro site or loop diameter of the tubular osmotic
pump. Osmotic surface area over which water or urine can permeate through the tube is affected by
tube outer diameter and tube length. These parameters influence the overall performance of the
osmotic pump.       The tubular osmotic pump holds a drug on an Interior reservoir. and is capable of
transfer the drug to an outside medium. Parameters of the tubular osmotic pump are defined below,
instantaneous drug concentration in th 



p: drug density 5: drug solubith d: tube inner diameter h: tube wall thickness D: diameter of macro loop
made of tube L: tube loud length. L,: tithe length. without permeation blocking sheath 30Ls: tube length
with permeation blocking sheath, I.,,=L-L" V: volume of drug reservoir, V4  WO 2009/076547
PCT/US2008/086467  in: instantaneous drug amount remaining in the device reservoir, tn. = L.:17 L
mE,: total drug payload,,  



Arf: osmouc pressure differencethe inside and outside of osmotic pressure difference at saturation
between the mside and outsid.e of the tube lc: permeability coefficient for solvent translxwt A.: osmotic
surface area for water permeation.. A1 )1l," t" duration of zero order release dindm : the rate of drug
mass change in the reservoir, - didt    amount released during zero order retell The parameter 'dm/di is
defined as the rate of drug mass lossthe device reservoir since 'ir; indicates the instantaneous drug
amount remaining in the device reservoir. The minus sign in the expression 'dmidt' reflects the fact that
the device will lose its drug by osmotic 15release once the device is immersed in water or urine. When
the osmotic pressure of the surrounding medium is small enough compared to the osmotic pressure of
the formulation inside the drug reservoir, van't HofFs law can he used to obtain: AILS where the
proportional relationship between the osmotic pressure and concentratioiiused. The drug release rate
from the device remains constant at the when the concentration inside the drug reservoir is the
solubility of drug loaded. The amount of drug released during this initial 'zero-order release period' can
be expressed as 



The drug release rate decreases after the zero-order release; period as the drug concentration inside
the reservoir becomes reduced. The rate of drug mass change Om/0.in the reservoir can still be
expressed in terms of zero order release rate (  The expressio s for the amount of drug remaining in
the reservoir 1) and the rat mass change (dmidt) are different for two time periods, the zero order
release period and the non-zero order release period. The expressions for the zero-order release
period (0 is:)  Eq. (1.integrated to find the expressions for the non-zero order release period (t c.). Drug
concentration (C) and drug mass (m) are time-dependent variables and are related by m =CV Afier
combining Eq. (I.6) with Eq. (1ay be integrated from 0 t to obtain Drug mass  (1.7) 1p -1  S rnP and
where   



The drug MASs in the device reservoir levond t7 can. be expressed as    where a is the ratio
parameter indicatingng drug mass compared to the initial loading (for example, if a is 0.05; then 5% of
the total payload remains in the device or 95% of the total loading is released out). Substi tutinglEq.
(.11) into Eq. (1.g) gives the time r as  delivery time scale. This result implies that total payload and
initial zerorelease rate decides the overall behavior of drug release profile over time. Example 2:
Comparison of Release Profiles for Differing Devices         Examples of the application of Eq. (1.12)
are presented here. FIG. 17 illustrates -three different devices A, 13. and C, and FIG. 18 is a graph
illustrating in vitro drug release profiles for the three different devices A,13. and C. Each device was a
tube that functioned as an osmotic pump. The tubes were formed from silicone. Each tube defined an
interior 10reservoir, and a volume of lidocaine was loaded into the reservoir. Each tube also defined
sot osmotic surface area, and an orifice was .formed in the osmotic surface area.. The orifice permitted
releasing the lidocaine from the reservoir under osmotic pressure.        More specifically, Device A was
a silicone tube having an osmotic surface area of about 2 cm and a reservoir volume of about 2 mg.
Device B was a silicone tube having an osmotic surface area of about 1 cm and a reservoir volume of
about I me,. Device C was a silicone tube having an osmotic surface area of about 2 cm, one half of
which was covered with two polyurethane Sheaths near the release orifice, and a reservoir volume of
about 2 rag. Due to the sheaths, the effective osmotic surface area of Device C was about Me same
as the osmotic surface area of Device B,. and yet the reservoir volume of Device C was 20about the
same volume as the reservoir volume Device A. For each device, the ends of the silicone tube were
sealed with micro spheres, and the reservoir was loaded with lidocaine            of Device C, the
sheaths were placed relatively near the orifice to limit isolation of the lidocaine during release. The
devices were then tested in v/no in water37" C, and the resulting relea profiles were plotted in FIG)rug
payload,ro-order drug release rate ( 



and deliveryscale (m,for each device are shown in Table 1, as relative values with respect to the
values for DeviceBecause Device B had a length that was about one half the length of Device. A, both
the drug payload and the. zero order release rate for Device B were about half the values of the
Device A. which results in the same delivery time scale for Device A and Device B. FIG. IS shows that
overall in vitro release profiles with  WO 2009/076547PCT/US2008/086467 respect to time :ere similar
for Device A and Device B. Device C had a length that was about the same as the length of Device A.
but about one half of the length of Device C was covered with polyurethane sheaths to reduce or Milli
mize water permeation. Thus, the zero order release rate for Device C was about half the zero order
release rate for Device A. 5Therefore, the delivery time scale of Device C was about tvitice that of
Device A. EI.G. IS shows that the drue release for Device C is twice as slow as that for Device A.
Variable A  Drug payload  Zero order release rate    



1  TableComparison for three A C shown in  Ex.3: Selection of Device Characteristics to Achieve, a
Desired Release Rate I 0Listed below are equations that permit selecting device characteristics to
achieve a desired release rate, More specifically, the equations may permit determining how much of a
device should be covered with a coating or sheath to achieve a certain release rate for a certain
payload. The device characteristics may he determined with reference to a control device of control
dimensions that releases a control drug payload according to a control release profile during in vitro
testing. Once theses control. parameters are known, the equations may determine the characteristics
of adevice that exhibits a target release rate in comparison to the control device. For purposes of
example, Device .A of FIG. 17 was the control device. Device A hadte followine design parameters:
70Tube inner diameter: d, 0,3048 mm Tube wall thickness: k. =, 0. 1 651 mm Tube length: 1,0= 2 cm
Payload: mr.,"= 2 mg Treatment duration: about 3 days 25of release rate in3 for Device A is plottedCth
uch parameters on the control device, the equations below permit obtaining device characteristics for a
target device that will ekhibif a desired delivery rate for a desired payload in comparison to Me control
device. More specifically, two variables are defined: 



WO 2009/076547PCT/U52008/086467 = multiplicat on factor of the target Zen). orde  delivery rate
multiplication factors of the tartlet payload, respectively. The definitio the desired target condition as
follows: Zero order delivery rate (7hease compared with the base conditio Drug payload (m,): b times
increase compared with the base condition It is assumed here that drug and tube, material remain the
same for both the base condition and the target condition. The parameters for the target condition
have no subscripts here. The zero-order deli yen, rate condition gives    and the drug payload
condition gives = Tube wall thickness  It is not:ed that a tube vc'-.1.11 that is too thin may not have
sufficient mechanical integrity 15a tube wall that is too thick may experience an undesirably long
induction time for initial drug release from the device. Thus, a reasonable range of tube wail thickness
may be determined based on the mechanical properties and. water permeability of the material used
to form the polymer tube. A silicone tube with art appropriately thin \ ,vall may act as a. water
permeable 20membrane When a drug is loaded inside the tube. The equations below first consider the



case where the water permeable tube is not covered with a polymer sheath. Device A and Device B in
FIG. 18 show such a case. Water can permeate into the drug reservoir through the entire length of the
tube, and so 16) The quadratic equae inner diameter can be obtained from Eq. (1.13) anand Eq. (114).
as. cOd, (.117) .h. where one solution is positive and the other is negative. The positive solution is
designated as ci." and thus the solution for the tube length is  WO 2009/076547PCT/US2008/086467
(1.18)  Thus, the lube inner diameter,t can he calculated o factors: for the delivery rate and the drug
payload are chosen. below in Table 2. For tubes formed from different polymers or he additional in
vitro release studies may be performed to obtain base specific combination of polymer tube and drug
itulti p11 cation examples are shown lding other drugs. conditions for that        As mentioned above,
the length covered with sheath is denoted as I.. The previous section corresponds to the case Where
4= 0 , which is often the caw as it is usually 10desirable to reduce the diameter of the device. For
example, omitting the sheath may facilitate inserting the device through the working channel of a
cystoscope, which may have a diameter of about 2.4 min of less. Nonetheless, the equations next
consider the case where the water permeable tube is at least partially covered with a material that
reduces the 



water permeability of the tube, meaning 45> 0" Device C in FIG. IS show such a case. 15The Device
C. may be at least partially coated with a sheath or coating made of a polymer having a relatively low
permeability to water, such as polyurethane, which may reduce or minimize water permeation into the
tube. A special coating such as paryiene may also be used to reduce water permeation. Ect, (1.13)
and Eq. G.14) show that the tithe length (.0 es faster than the sheath covered length (1,0 as the tube
inner diameter (d) deceases 20(1, x I id' and ./". 'x. liV-1.0). The length of the portion covered with
sheath is Using Ect, (1.13). 1 1 'len!th covered wnit sheath isssed as 44 (.1.19)  gD or using Eq. (1_the
followingb in D d 317." 11- 4 d h where subscript I indicates the case where no sheath is used The
porti 5 covered with sheath can be expressed in terms of the tube inner diameter id) a   in terms 'the
loop diameter (D) 



Example 4: Selecting the Characteristics of anst A compression test was performed on a
pretzel-shaped retentic FIG. 19, to demonstrate how various design factors affect the spring constant
ofti frame. The pretzel-shaped elastic wire was made of super-elastic Miami wire having diameter of
0.009 inch, or 0,2.286 min. As the compression test was performed, data regarding force and
displacement was collected. This data is plotted on the graph shown in iSFIG. 20. As a compressive
load was applied to the retention frame,deformed. from the shape shown in A to the shape shown in B,
and finally, to the shape sh Specifically, the three shapes of the device A. IL and C. shown in HG. 19
correspond o three data points A, B. and C on the graph in FIG, 20. As shown in FIG. 19, the
compressive Wee was generally absorbed by a laner. common arch of the pretzel-shaped elastic wire
as the frame deformed from shape A and shape B. Once the frame assumed shape B, the two
semi-circles that make up the elastic: wire overlapped. The force/displacement plot demonstrates an
increase in slope (approximately 15 dines), which was sustained as the frame deformed from shape
25 shape C. The test and subsequent analysisthat a small 'Youmodulus Efor modulus elastomers can
be compensated for by one or more of the following: by decrea the radius of the arch, by increasing
the wire diameter, and by having multiple and/or overlapped circles or windings. For example,
decreasing the radius of an arch formed by  WO 2009/076547PCT/US2008/086467 he frame by a
factor of twoureter O.to r the  factor of two (2) can-- the spri 



nt by a factor of 27  Example 5: Sample SpringCertain Low Modulus Wires 5A nitinot wire having a.
Young's modulus or about 30 CIPa, a. diameter of about 0.2286 mm, an arc radius of about 1.5 cm,
and one coil may have a spring constant of about 3.7 Nim. A polyurethane wtre having a Young's
modulus of about 25 N4Pa, a diameter of about 1 mm, an arc radius of about 1 cm, and one coil mat.,
have a spring constant of about 3.8 NMI. A silicone wire having a Young's modulus of about 2.41
M.Pa, a diameter of about 1.2 mm, an arc radius of about 0.75 cm, and two coils may have a sprinu
constant of about 3.6 NM. A poly(glyceml-sebacate) (PG'S) wire having a Young's modulus of about
1.7 MPa, a diameter of about .1.2 mm, an arc radius of about 0.76 cm, and three coils may.,, have a.
spring constant of about 3.7 Min. Example 6: hi Vitro Delivery of Lidocaine from Variouse       An in
vitro lidocaine release study was performed with five di.iferatt devic. Each device was a silicone tube
loaded with crystallized lidocaine pieces. Two different sizes of silicone tubes were used.
Specifications for the devices are shown in Table 3. Each tube was sealed with stainless steel
microbails inserted into the ends. Except for the control device, an orifice was drilled in each tube
between the inicroballs. Each orifice had a diameter of about 50 pm. The diameter was selected to
obtain a first-order release profile based on the results from in vitro release experiments performed
with CSC. The device designated Type 11.1 in the table has a polyurethane sheath, similar to the one
shown in FIG. O. to reduce water permeation into the device. The: device designated Control in the
table did not have an orifice. During the experiment, the micmhalls were pushed outward due to         I
buildup of hydrostatic pressure within the tube. in vitro lidocaine release curves for the devices are
shown in. FIG. 21.   x 0.D. (inches) Tuball (inches) Total tube lemtth (cm) mg 0.012 x 0.025 



0.012 x 0.025 0.006.5 0.0065  2 mg 0.01.2 N. 0.025 0.0065 If coveredvtth sheath) 4 ma 0.020 x 0.037
0.0085 46   Control4 MC,'0.020 x 0,037(10085 Table 3. Specilkations for the devices used. for in vitro
lidoc.ai.ne relstudy Example 7: lit Vivo Delivery and Retention of Device in Rabbit Bladder        A
vesicle retention frame was made of a. Nitinol wire (diameter 0.009 inch) covered with silicone tubing.
Platinum wire was coiled at the lip end of Me Nitinol wire, and a biocompatible UV epoxy was applied
and cured to fabricate a blunt tip end onto the Nitinol wire. The tips are blunt and soft to avoid possible
irritations and scarriim of the vesicle tissue surface, e.g., the bladder. The coated wire device was in
the shape of two overlapping loops with the ends positioned inside of the circle-like outer perimeter
defined by the loops. The vesicle retention frame was substantially pretzel. shaped.. JOThe retention
device was implanted into a rabbit bladder by a ,10 Fr. urinary catheter. The shape of the device was
Chosen as the resistance to the compression increases upon compression of the two loops fte.
sub-circles). This spring-like feature was intended to prevent collapse of the structure so that it may
not enter the urethra. The device 



immediately returned to its original shape once the compression was removed, due to the superclastic
property of Nitinol. Instead of compressing the device. into a catheter core, the device was uncurled
and pushed through the catheter lumen using a.stylet. The device curled back into its original form
after emerging from the distal end of the catheter. The device was not excreted from the bladder.
Example ti; In Vivo Delivery of [Attar:ante in Rabbit Bladder        Drug exposure studies were
performed. in vivo in rabbit to investigate the absorption of lidocaine by the bladder, The study was
conducted with male New Zealand White rabbits, Lidocaine was delivered to some of the rabbits via
intravesically implanted drug: delivery devices, while instillations were perfoimed on other rabbits for
comparative        For the rabbits treated via instillation. 10 nit, of aqueous lidocain.e solution was
instilled into the bladder. Based on prior clinical studies, the lidocaine dose was either or 5 mg per kg
of body weight The solution was instilled using a 10-Fr pediatric Foley catheter inserted through the
urethra, and the solution was retained in the bladder for on.e or two hours. Blood samples were
collected at multiple time points before and after 30instillation. Bladders were collected from the rabbits
one day after instillation, and urine samples were also collected at that lime.  WO
2009/076547PCT/US21108/086467 Rabbits treated via intravesical implant received either a "th -day"
device. Both devices were comparable in form to the device show each having a pretzel shaped
retention frame associated with a silicone drug reservoir component. The drug reservoir component of
the three-day device had a length of about 0.0065 inches, an inner diameter of about 0.012 inches, an
outer diameter of about 01)25         nd a drug load of about 2 mg of lidocaine, while the drug reservoir
component of the six-day device had a length of about 0.0085 inches, an inner diameter of about
0.020 inches, an outer diameter of about 0.037 inches, and a drmg load of about 2 mg of hdocaine.
The terms "three-day device" and "six-day device" refer to the configuration of the device and not the
length of implantation. For each rabbit the device was inserted via a modified 10 Fr. urethral catheter
using the procedure described above with reference to FIG, 16. The catheter was removed after the
device was implanted. Blood. samples Were collected at multiple points before and after the device
implantation. Additionally, x-ray images were taken for one rabbit immediately after implantation, two
days after implantation, and nine 15 days after implantation, in both the right lateral recumbent position
and the supine position. Multiple .x-ray images taken at different times revealed that the. device moved
freely within the bladder rather than staying in one position. The device was well MI erated by the
rabbits over the coarse of the in Ow study without any health problems. Bladders were collected from
the rabbits at multiple time points after implantation, including one day, two.days, 20three days, and
six days. Urine samples were also collected at the time the bladders were removed..        The blood,
bladder and urine samples wore analyied to determinelidocaine concentration in plasma, bladder
'surine. FIG. 22 is a graph illustrating lidocaine 



plasma concentration. over time for the various treatments, and FIG. 23 is the same graph 25with the
x-axis modified. In these graphs, instillation treatments are shown with dotted lines and. the device
treatments are shown with solid lines. The. key indicates the weight of each rabbit aim: with the
treatment type. The data presentation in FIG. 22 generally permits comparing the. various instillation
treatments to the various intravesi cal implant treatments, while the data presentation in FIG. 23
generally permits comparing the various mplant treatments to each other.        As shown in FIG. 22,
instillation of the lidocame solution resulted in an initial surge of lidocaine plasma concentration, but
lidocaine was no longer detected in the plasma after one day. Thus, instillation treatment permits a
sudden increase in lidocaine plasma concentration, but this increase is quickly followed by a rapid
decline. In the case of the  rabbit treated via. instillation of a. 5 mg/kg lid mine sOlutical for two hours,
the peak. plasma concentration exceeded 100 n.e/mL, which is within the known toxicity limit of
lidocaine by a factor of ten. However, such high initial peak concentrations may be necessary to
provide relief between repeated instillations, eventhough systemically undesirable.        FIG.. 22 also
shows that lid0Caille plasma concentration was relativelylower in rabbits treated. with the implanted
device than in rabbits treated via instillation.. However, the rabbits treated with the implanted device
maintained a relatively higher lidocaine plasma concentration with the passage of time. FIG. 23 shows
that release from the three-dayslowed after twelve hou          onsistem with the results obtained in the
in v.itro releaseExample 6. The six-day device, which had twice the payload of the three-day device,
demonstrated a more extended release profile. However, the six-day device demonstrated an initial
induction      which is consistent with the results obtained in the in vitro release study of Example 6,
The induction time is attributable to the thicker tube used for the six-day device, which is IShydrated
over the induction time to initiate lidocaine release from the, device. All in all, the results show that the
delivery of a depot of lid tine via an implanted. device, when compared to delivery via. instillation, may
permitg relatively higher lidocaine plasma concentrations with the passage of time while avoiding high
peak lidocaine plasma concentrations. 20Because the target site for intravesical treatment is bladder
tissue, the bladder tissue concentration of lidocaine is a more direct index of the efficacy of treatment
via an intravesical implant than the plasma concentration. FIG. 24 shows lidocaine concentration in
bladder tissue over time for various treatments via intravesical implant. Lidocaine tissue concentrations
are shown for a three-day device at multiple time points after implantation, 



25including one day after implantation, two days after implantation, and three days after      nation. In
other words, the device was not necessarily retained in the bladder for three days. Lidocaine tissue
concentrations arc also shown ('hr a six-day device at the time point of six days after implantation. As
shown, the three-day device exhibited decreasing lidocalne tissue concentration over the course of
three days, while the si, 30exhibited lidocaine tissue concentrations after six days that: compared to
the lidocaine tissue concentrations exhibited by the three-day device after one day. Lidocaine tissue
concentrations were also measured one day after intravesical instillation, but the tissue concentration
was below the level or detection. It also should be noted that the lidocaine tissue concentration is on
the order of micrograms per gram of tissue.          FIG. 25 shows the en tissue concentration -
tween lidocaine plasma concentration and lidocaine esical implants. Correlations are also shown for
the             reatments one day after instillation, but these concentrations are negligible in comparison
with the device treatments. As shown, higher lidocaine plasma concentrations are generally
associated with higher lidocaine tissue concentrations. However, the lidocaine tissue concentrations
are approximately one thousand times higher than the lidocaine plasma concentration. Therefore, del
i-very of a depot of hdocaine via an implanted device      provide higher drug exposure to the bladder
tissue while avoiding the high peak plasma concentration 10Lidocaine urine concentration, was also
measured for two annuals d with the three-day device and six-day device, respectively. The results are
shown FIG. 26. Bladder tissue and urine samples were collected three days after implantation for the
rabbit that received the three-day device and six days after implantation for the rabbit that received the
six-day device. As shown, the order of magnitude of the lidocaine urine concentration was comparable
to the lidocaine tissue concentration, which comports With vitro Indies described below with reference
to Example 9 and FIG. 27, below_ mile 9: In Vitro Absorption of Lidocaine in Rat Bladder A
studyperformed on rat bladders iii Vitro to investigate- of pH and time, on lidocaine absorption into the
-urothel i um of the bladder. A number ofent lidocaine solutions were made from artificial urine and
radiolabeled lidocaine, Each lidocaine solution had a lidocaine concentration of either lo-5% t' 0'4
mg,/n314 or 1% 10 mgirnLL and a pH ranging from 4.0 to 8.5. 



Rat bladders were inverted, to expose the urothelium or inner lining of the bladder. The inverted
bladders were placed in. the lidocaine solutions, each lidocaine solutions having a different
concentration andThe bladders were incubated in the lidocaine solutions for one of the following
amounts of time: ten minutes, one hour, one day, three days or five days. After the designated
incubation time expired, each bladder was removed :cairn the lidocaine solution and the lidocaine
concentration lathe in the tissue was determined, 30FIG. 27 is a graph illustrating the effect of pH on
the absorption of lidocairte solution 112 vitro into the, tissue of rat bladder, for time periods of one hour
and for one day. The graph pertains -to the lidocaine solution having a. 1 'N)lidocaine concentration
only. As shown, the pH of the lidocaine solution shandy affected the absorption of lidocaine into the
bladder tissue after one hour, but the pH did not significantly affect lidocaine absorption after one day.
For each bladder, the plateau tissue concentration (or absorbed lidocaine mass per bladder tissue
mass) was about:10000 mg/kg or 1%, which was the lidocaine concentration of the idocain e solution
in which the bladder was immersed. This result 5implies that the topical absorption of lidocaine into the
bladder over an extended time period can he independent of the pH of the lidocaine solution. This
result also indicates that blifirina the lidocaine solution may not be necessary for topical absorption of
lidoc.aine by the urotheli um via long. term in Ow exposure in the bladder. FIG.. 28 is a graph
illustrating lidocaine tissue concentration over time, exhibited 10during studies performed in PU-ro an
rat bladder with Ws% and 1% lidocaine solutions of varying pH. The graph shows the effect oflidocaine
concentration and pH on th.e absorption of lidocaine into rat bladder tissue over time. Results for
lidocaine solutions .oncentration are plotted separatelye having 1% concentration. As showm lidocaine
tissue concentration increases quicklyn about ten minutes) and 15reach a plateau tor both i0% and 1%
lidocaine solutions,, the plateau lidocaine     e concentration for the 10% lidocaine solution is in the
order of 0.1 triglkg or while he plateau lidocaine tissue concentration for the .1% lidocalne solution is
in. the order of 10000 nuzikg or 1%. This result shows that the partition coefficient for lidocame tissue
to lidocaine solution is about unity for in Oro lidocaine absorption into mothellum. Higher 20lidocaine
concentration shows higher lidocaine absorption into uratheli um.        Modifications and variations of
the methods and devices described herein will be Obvious to those skilled in the an from the foregoing
detailed description. Such modifications and variations are intended to come within the scope of the
appended claims.  



CLAIMS: An implantable medical device for controlled drug delivery to the bladder of a patient
comprising:       at least one drug reservoir component comprising an elastomeric tube and a drug
formulation positioned within the tube, the drug formulation comprising a drug; and a vesicle retention
frame which comprises an elastic wire,       wherein the drug reservoir component is attached to the
vesicle retention frame, which is elastically deformable between a relatively expanded shape for
retaining the device within the bladder and a relatively lower profile shape for insertion through the
urethra and into the bladder. 2. The device of claim 1, wherein the drug reservoir component extends
along the length of the vesicle retention frame substantially parallel with the vesicle retention frame,
both the drug reservoir component and the vesicle retention frame being deformable between the
relatively lower profile and the relatively expanded shape . 3. The device of claim 1 or 2, wherein the
drug reservoir component is elastically deformable together with the vesicle retention frame. 4. The
device of claim 1, wherein the elastic wire has a spring constant between 3 N/m and 60 N/m. 5. The
device of claim 4, wherein the elastic wire has a spring constant between about 3.6 N/m and about 3.8
N/m. 6. The device of claim 1, wherein the elastic wire comprises a low modulus elastomer. 7. The
device of claim 6, wherein the low modulus elastomer comprises silicone, polyurethane, styrenic
thermoplastic elastomer, or poly(glycerol-sebacate). 8. The device of claim 1, wherein the elastic wire
comprises a biocompatible nickel-titanium alloy, a titanium-molybdenum alloy, or another superelastic
alloy or shape memory material. 9. The device of claim 1, wherein the elastic wire has an
uncompressed state which is curled in the form of two or more loops.  10. The device of claim 9,
wherein the first and second ends of the elastic wire are bounded within said two or more loops. 11.
The device of claim 1, wherein the drug reservoir component is operable in vivo to dispense the drug
at a controlled rate. 12. The device of claim 11, wherein the elastomeric tube is formed of a water
permeable silicone or other water permeable material. 13. The device of claim 11 wherein the
clastomeric tube controls release of the drug by osmosis, diffusion, or a combination thereof 14. The
device of claim 11, wherein the elastomeric tube controls release of the drug by osmosis. 15. The
device of claim 14, wherein the elastomeric tube comprises one or more apertures for dispensing the
drug at a controlled rate. 



16. The device of claim 15, wherein each of the one or more apertures is circular and has a diameter
between about 25 um and about 500 pm. 17. The device of claim 11, wherein the elastomeric tube is
cylindrical with an inner diameter between about 0 3 mm and about 2 mm and an outer diameter
between about 0.6 mm and about 3 mm. 18. The device of claim 11, wherein the drug is in a drug
formulation core disposed within a central channel in the elastomeric tube. 19. The device of claim 1,
wherein the drug formulation is in a solid or semi-solid form. 20. The device of claim 11, wherein the
elastomeric tube comprises a composite of a bioresorbable matrix material and the drug. 21. The
device of claim 1, wherein the drug comprises a local anesthetic agent, heparin, sodium hyaluronate,
glycosaminoglycans, dimethyl sulfoxide, oxybutynin, mitomycin C, flavoxate, pentosan polysulfate
sodium, or a combination thereof  22. The device of claim 1, wherein the drug comprises a local
anesthetic agent that is a salt of an aminoamide or a salt of an aminoester. 23. The device of claim 22,
wherein the drug comprises lidocaine, prilocaine, mepivacaine, ropivacaine, benzocaine, procaine,
proparacaine, tetracaine, bupivacaine, or a combination thereof 24. The device of claim I, which is
resorbable in vivo. 25. The device of claim 1, wherein the drug reservoir portion comprises:       a first
end attached to a first location on the intermediate region of the vesicle retention frame; and       a
second end attached to a second location on the intermediate region of the vesicle retention frame. 26.
The device of claim 1, wherein the drug reservoir portion comprises a central portion between the first
end and the second end, the central portion being unattached to the vesicle retention frame. 27. The
device of claim 1, wherein the drug reservoir portion is substantially aligned with the vesicle retention
frame along at least the intermediate region. 28. The device of claim 1, wherein the device comprises
at least two drug reservoir portions substantially aligned with the vesicle retention frame along at least
the intermediate region. 29. The implantable medical device of claim 1, wherein:       the elastomeric
tube is an elongated, water permeable silicone tube having a first end and an opposing second end,
the drug formulation is a solid or semi-solid drug fon'illation core within the tube, and 



the elastic wire comprises a low modulus elastomer or a superelastic alloy. 30. The device of claim 29,
which has a high profile form in which the elastic wire is curled into two or more loops incapable of
passing through a lumen of a catheter or cystoscope and a low profile form in which the device is
capable of passing through said catheter or cystoscope lumen.  31. The device of claim 29, wherein
the elastic wire has a spring constant between 3 N/m and 60 N/m. 32. The device of claim 29, wherein
the elastomeric tube has an aperture through which the drug can be released in vivo at an osmotically
controlled rate 33. The device of claim 32, wherein the elastic wire has a spring constant between
about 3.6 N/m and about 3.8 N/m. 34. The device of claim 29, wherein the low modulus elastomer
comprises silicone, polyurethane, a styrenic thermoplastic elastomer, or poly(glycerol-sebacate). 35.
The device of claim 29, wherein the drug comprises a local anesthetic agent. 36. The device of claim
29, wherein the elastomeric tube has an exterior osmotic surface, an orifice formed through the
osmotic surface, and a coating or sheath covering at least a portion of the osmotic surface to reduce
the permeability of the osmotic surface. 






