
US 20050101942A1 

(43) Pub. Date: May 12, 2005 

Related US. Application Data 

(60) Provisional application No. 60/323,406, ?led on Sep. 
CA (US); 17, 2001. 

tiatine, Redwood City, 
es A. Filice, Los Gatos, Publication Classi?cation 

(51) Int. Cl.7 K 9/22 
(52) US. Cl. 4/8911 

(57) ABSTRACT 

reW L. Pou 

CA (US); 
r Wickman, San 

CA (US); John CulWell, Los 
(Us) 

Address: 

Gillis et al. 

DELIVERY OF AN ACTIVE AGENT 

: Edward M Gillis, San Jose, 
And 

J am 

CA (US); Pete 
Francisco, 
Gatos, CA 

Correspondence 
DURECT CORPORATION 

BB 

(12) Patent Application Publication (10) Pub. No.: US 2005/0101942 A1 

(54) DEVICE AND METHOD FOR ACCURATE 

. 44../. . 
4 V44,‘ .////1V//V// 

. 0 I _:j/ _ 

9 2m 2 6 . 

wmmm a 1mm mnzwn 
139s _ nmwaw _ 

Mg _ mmmmm m 

R, O 

m...... wmNomN mm?WT mcmrmm mmw 

(19) United States 

(76) Inventors 

r . 

Ormpsvmm 510. f H6 in 

nmoawma 1 
(an pscin C C 

%m.mmewm W a b 8 2 .mmmte m 2 a 8 8 1 1 3 

WPMQMS Wu 0 1 1 

deg.n ? 21/ J . 

ythlmOO m 0 

To... 1 Z / / . r Z r’ .7. 

0 / . _ . . 

Tali \ . \ .... 1. 



Patent Application Publication May 12, 2005 Sheet 1 0f 10 US 2005/0101942 A1 

' 18 [18d 10 
/ 

/20a 

1 16\ 1‘2b-\ 1% 18c 

14/ ( 

N\ \\\\\\\\\\ 5 



Patent Application Publication May 12, 2005 Sheet 2 0f 10 US 2005/0101942 A1 

18 

10 
/ 

20b 

22 

1 
12e _ K 

16 12e 

12C 

12d 

14 

FIG. 2 



Patent Application Publication May 12, 2005 Sheet 3 0f 10 US 2005/0101942 A1 

24 

2 1 

3 
v 

26 

.///////////m/////// 
FIG. 3 



Patent Application Publication May 12, 2005 Sheet 4 0f 10 

G 

US 2005/0101942 A1 

20 
1o 

/ 
—18 

FIG. 4 



Patent Application Publication May 12, 2005 Sheet 5 0f 10 US 2005/0101942 A1 

FIG. 5 



Patent Application Publication May 12, 2005 Sheet 6 0f 10 US 2005/0101942 A1 

/10 

a 

21 

12 

14 

3 

---12e 

q 

_/28 
20b 

./ 

26 
/ 

‘ 18g 

/ 

20 18h\@ r18 
: 7‘ ' 

.. \2//1¢/A7////////// 7//%//////////////L 
120 

V 2 

FIG. 6 



Patent Application Publication May 12, 2005 Sheet 7 0f 10 US 2005/0101942 A1 

@ 13 /10 

_,2ob 
2o 

_/ 

4/1 

22 

‘14 _ @ J2. 

3o 
\ 12c 

~—18k 
1s| 

18c. , ,- 3 

FIG. 7 



Patent Application Publication May 12, 2005 Sheet 8 0f 10 

{E 

120 

12f 

12 

US 2005/0101942 A1 

18 

\\\\\\\\\ 
\12i 



Patent Application Publication May 12, 2005 Sheet 9 0f 10 US 2005/0101942 A1 

20e 

20b 

L -5! 4 3 

J J 
.2. 4| 

-/ 20d 

V 

% . 0 2 

>\\\ \\\\\\ 
\ //Zv///////// //////////,7//////A 

@VV 

///////////*///////////////, .2 1 
y 

2 
V 

FIG. 9 



Patent Application Publication May 12, 2005 Sheet 10 0f 10 US 2005/0101942 A1 

34 

/ 3 

. ////J%///////////N///////A p 

w / 

//V7//\f/J//////////>V///////A 
FIG. 10 



US 2005/0101942 A1 

DEVICE AND METHOD FOR ACCURATE 
DELIVERY OF AN ACTIVE AGENT 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to implant 
able delivery devices, and more particularly to accurately 
controlling the delivery of an agent from a device, as Well as 
preventing release of an agent from a device during shelf 
storage. 

BACKGROUND OF THE INVENTION 

[0002] Controlled delivery of bene?cial agents such as 
drugs in the medical and veterinary ?elds has been accom 
plished by a variety of methods that may employ various 
types of drug delivery device. Arange of exemplary devices 
and methods are Well described in “Encyclopedia of Con 
trolled Drug Delivery” 1999, published by John Wiley & 
Sons Inc, edited by Edith MathioWitZ. Drug delivery devices 
including an implantable device, Which device can be based 
on, for example, diffusive, erodible or convective systems, 
e.g., pumps, such as osmotic pumps, that may or may not be 
connected to a catheter, biodegradable implants, electrodif 
fusion systems, electroosmosis systems, vapor pressure 
pumps, electrolytic pumps, effervescent pumps, pieZoelec 
tric pumps, electrochemical pumps, erosion-based systems, 
electromechanical systems, liposomes, depots, or micro 
spheres. Every containeriZed device requires an ori?ce of 
one sort or another, and such an ori?ce must address the 
particular needs of drug delivery in a certain situation, such 
as the need for loW ?oW rate, steady, predictable ?oW rate 
and the need to keep the ori?ce closed until How is required. 

[0003] One approach for delivering a bene?cial agent 
involves the use of implantable diffusional systems. For 
example, subdermal implants for contraception are 
described by Philip D. Darney in Current Opinion in Obstet 
rics and Gynecology, 1991, 3:470-476. Norplant.RTM. 
requires the placement of 6 levonorgestrel-?lled silastic 
capsules under the skin. Protection from conception for up 
to 5 years is achieved. The implants operate by simple 
diffusion, that is, the active agent diffuses through the 
polymeric material at a rate that is controlled by the char 
acteristics of the active agent formulation and the polymeric 
material. 

[0004] Another method for controlled prolonged delivery 
of a bene?cial agent involves the use of an implantable 
osmotic delivery system. Osmotic delivery systems are very 
reliable in delivering the bene?cial agent over an extended 
period of time. The osmotic pressure generated by an 
osmotic pump also produces a delivery rate of the bene?cial 
agent into the body Which is relatively constant as compared 
With other types of delivery systems. 

[0005] In general, osmotic delivery systems operate by 
imbibing ?uid from the outside environment and releasing 
corresponding amounts of the bene?cial agent. Osmotic 
delivery systems, commonly referred to as “osmotic 
pumps”, generally include some type of a capsule having 
Walls Which selectively pass Water into an interior of the 
capsule Which contains a Water-attracting agent. The absorp 
tion of Water by the Water-attracting agent Within the capsule 
reservoir creates an osmotic pressure Within the capsule 
Which causes the bene?cial agent to be delivered from the 
capsule. The Water-attracting agent may be the bene?cial 

May 12, 2005 

agent delivered to the patient, hoWever, in most cases, a 
separate agent is used speci?cally for its ability to draW 
Water into the capsule. 

[0006] When a separate osmotic agent is used, the osmotic 
agent may be separated from the bene?cial agent Within the 
capsule by a movable dividing member or piston. The 
structure of the capsule is such that the capsule does not 
expand When the osmotic agent takes in Water. As the 
osmotic agent expands, it causes the movable dividing 
member or piston to move, Which in turn causes the ben 
e?cial agent to be discharged through an ori?ce at the same 
volumetric rate that Water enters the osmotic agent by 
osmosis. 

[0007] Another method for controlled prolonged delivery 
of a bene?cial agent involves the use of an implantable 
chemical or electrochemical delivery system. A controlled 
delivery device for holding and administering a biologically 
active agent includes a housing Which encloses a displacing 
member, a chemical or electrochemical cell that generates 
pressure, and may include activation and control circuitry. 
The electrochemical or chemical cell generates gas Within 
the housing, forcing the displacing member against the 
bene?cial agents contained Within the housing and forcing 
the bene?cial agents through an outlet port and into the 
environment of use at a predetermined rate. 

[0008] The ori?ce in any of the above devices controls the 
interaction of the bene?cial agent With the external ?uid 
environment. The ori?ce serves the important function of 
isolating the bene?cial agent from the external ?uid envi 
ronment, since any contamination of the bene?cial agent by 
external ?uids may adversely affect the utility of the ben 
e?cial agent. For example, the inWard ?ux of materials of the 
external ?uid environment due to diffusion or osmosis may 
contaminate the interior of the capsule, destabiliZing, dilut 
ing, or otherWise altering the bene?cial agent formulation. 
Another important function of the ori?ce is to control or 
limit diffusional How of the bene?cial agent through the 
ori?ce into the external ?uid environment. 

[0009] In knoWn delivery devices, these functions have 
typically been performed by How moderators. A How mod 
erator may consist of a tubular passage having a particular 
cross sectional area and length. The cross sectional area and 
length of the How moderator is chosen such that the average 
linear velocity of the exiting bene?cial agent is higher than 
that of the linear inWard ?ux of materials in the external 
environment due to diffusion or osmosis, thereby attenuating 
or moderating back diffusion and its deleterious effects of 
contaminating the interior of the osmotic or diffusion pump. 

[0010] In addition, the dimensions of the How moderator 
may be chosen such that the diffusive ?ux of the bene?cial 
agent out of the ori?ce is small in comparison to the 
convective ?ux. One problem with How moderators, hoW 
ever, is that the passage may become clogged or obstructed 
With particles suspended in the bene?cial agent or in ?uid 
from the external environment. Such clogging may be 
reduced or eliminated by increasing the diameter of the 
passage to 5 mil or more, for example. HoWever, this 
increase results in a greater rate of diffusion of the bene?cial 
agent out of the pump. Acorresponding increase also occurs 
in the back diffusion of the external ?uid into the pump 
Which may contaminate the bene?cial agent and adversely 
affect the desired delivery rate of the bene?cial agent. 
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Tolerances during fabrication also frequently dictate that the 
ori?ce diameter be greater than about 5 mils. 

[0011] Systems With a long straight ?oW moderator are 
also impractical for implantation applications because they 
increase the siZe of the implant signi?cantly making the 
system dif?cult to implant. 

[0012] Leakage of the bene?cial agent from the pump or 
device, prior to implanting the same, may occur due to 
pressure changes in the reservoir containing the bene?cial 
agent caused by changes in temperature of the environment 
that the pump is being stored in. Loss of bene?cial agent to 
the environment through evaporation is another common 
occurrence to varying degrees during the storage or shelf life 
of various implantable pumps. 

[0013] Another problem associated With pressure driven 
implantable drug delivery devices is knoWn as the burst 
effect, Wherein, due to thermal expansion of a drug or other 
bene?cial agent upon removing the implantable device from 
a room temperature, shelf environment and implanting it 
into an environment at body temperature, an initial volume 
or bolus of the drug or bene?cial agent is delivered from the 
device Which is often much larger than a predetermined 
measured dose called for. This phenomenon can be a critical 
problem, causing severe damage or even death to the patient 
in the Worst scenarios. 

[0014] Current ?oW modulators also cause separation of 
bene?cial agents Which contain suspensions of bioactive 
macromolecules (proteins, genes, etc.). When such suspen 
sions pass along a restriction in current ?oW modulators, the 
suspension separates and the delivery concentration of bio 
active macromolecules varies. 

[0015] Additionally, if a drug formulation is alloWed to sit 
in a delivery outlet channel during storage, then precipita 
tion of solutes out of solution (due to evaporation and 
surface effects) may cause the delivery outlet channel to 
become blocked With precipitated solute. 

[0016] The above problems are particularly acute When 
the drug to be delivered is highly potent, When the volume 
to be delivered is small, and When delivery is done aver a 
prolonged period of time. 

[0017] Thus, there is a need for methods and devices that 
solve the problems of keeping the system closed until 
needed, controlling drug burst due to differential thermal 
expansion of the drug and the container, reducing precipi 
tation of drug causing blockage of the out?oW channel, and 
providing a uniform, even and predictable How of drug out 
of the drug delivery device. The current invention ful?lls 
these needs. 

SUMMARY OF THE INVENTION 

[0018] The invention is a manually or positively actuated 
valve on the exit ori?ce of the reservoir of an implantable 
pumping device. The valve alloWs for the system to be 
closed during its shelf life and thus prevents the exit of ?uid 
out of the reservoir of the system during storage. Prior to 
operation of the system, the valve is positively actuated (this 
can be a manual actuation performed by the user through 
pushing, pulling, or turning a component of the valve) by the 
user. Examples of valve designs Which incorporate each of 
the three mechanisms are disclosed in the attached ?gures. 
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[0019] The valve designs must contain several important 
features. The ?rst feature is that the valve must alloW room 
for thermal expansion of the contents of the pump after it has 
been actuated. This is important so as to control the release 
of drug substance Which is contained in the pump due to the 
increase of the temperature of the pump contents from room 
temperature to body temperature. The next feature Which is 
important to the valve is that it be positively or manually 
actuated so as to alloW for a fully patent out?oW track or exit 
ori?ce once it is actuated. This is important so as to alloW for 
even How of the contents from the pump during operation. 
Systems Which are spring loaded or Which use the buildup 
of pressure in the system as a means to actuate the valve 
have been shoWn to provide erratic pumping performance 
due to the buildup and relieving of pressure in the pump 
reservoir during operation. A fully patent ori?ce Which is 
yielded from positive manual actuation of the valve does not 
alloW for this buildup and release of pressure on the reser 
voir and the subsequent erratic release of drug formulation 
Which results. The next feature the valve needs to have is the 
ability to be produced of substantially biocompatible mate 
rials if used in an implant application. In addition, the valve 
needs to be able to Withstand the pressure buildup Which 
occurs in the reservoir of the closed system during tempera 
ture and atmospheric pressure cycling of the system in 
storage. 

[0020] These and other objects, advantages, and features 
of the invention Will become apparent to those persons 
skilled in the art upon reading the details of the devices and 
methods as more fully described beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The present invention Will be more readily under 
stood upon reading the folloWing detailed description in 
conjunction With the draWings, a brief description of Which 
folloWs. 

[0022] FIG. 1 illustrates a portion of a delivery device 
employing a How control arrangement according to the 
present invention in a position at Which How is prevented. 

[0023] FIG. 2 illustrates the delivery device as in FIG. 1, 
but With the How control arrangement positioned to alloW 
?oW from the delivery device. 

[0024] FIG. 3 illustrates a portion of a delivery device 
employing another How control arrangement according to 
the present invention in a position at Which How is pre 
vented. 

[0025] FIG. 4 illustrates a portion of a delivery device 
employing still another How control arrangement according 
to the present invention in a position at Which How is 
prevented. 

[0026] FIG. 5 illustrates the delivery device as in FIG. 4, 
but With the How control arrangement positioned to alloW 
?oW from the delivery device. 

[0027] FIG. 6 illustrates a portion of a delivery device 
employing a variation of the How control arrangement 
shoWn in FIGS. 4-5, in a position at Which How is prevented. 

[0028] FIG. 7 illustrates a portion of a delivery device 
employing a variation of the How control arrangement 
shoWn in FIG. 1, in a position at Which How is alloWed. 
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[0029] FIG. 8 illustrates a portion of a delivery device 
employing still another How control arrangement according 
to the present invention, in a position at Which How is 
prevented. 
[0030] FIG. 9 illustrates a portion of a delivery device 
employing a How control arrangement Which is rotatable to 
alloW or prevent ?oW therethrough. 

[0031] FIG. 10 illustrates a portion of a delivery device 
employing a variation of the How control arrangement 
shoWn in FIG. 9 With the How control arrangement posi 
tioned to alloW ?oW from the delivery device. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0032] Before the present ?oW control arrangements, 
delivery devices and methods of controlling How are 
described, it is to be understood that this invention is not 
limited to particular mechanisms described, as such may, of 
course, vary. It is also to be understood that the terminology 
used herein is for the purpose of describing particular 
embodiments only, and is not intended to be limiting, since 
the scope of the present invention Will be limited only by the 
appended claims. 

[0033] Where a range of values is provided, it is under 
stood that each intervening value, to the tenth of the unit of 
the loWer limit unless the context clearly dictates otherWise, 
betWeen the upper and loWer limits of that range is also 
speci?cally disclosed. Each smaller range betWeen any 
stated value or intervening value in a stated range and any 
other stated or intervening value in that stated range is 
encompassed Within the invention. The upper and loWer 
limits of these smaller ranges may independently be 
included or excluded in the range, and each range Where 
either, neither or both limits are included in the smaller 
ranges is also encompassed Within the invention, subject to 
any speci?cally excluded limit in the stated range. Where the 
stated range includes one or both of the limits, ranges 
excluding either or both of those included limits are also 
included in the invention. 

[0034] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although any methods and materials 
similar or equivalent to those described herein can be used 
in the practice or testing of the present invention, the 
preferred methods and materials are noW described. All 
publications mentioned herein are incorporated herein by 
reference to disclose and describe the methods and/or mate 
rials in connection With Which the publications are cited. 

[0035] It must be noted that as used herein and in the 
appended claims, the singular forms “a”, “and”, and “the” 
include plural referents unless the context clearly dictates 
otherWise. Thus, for example, reference to “a ring” or “an 
O-ring” includes a plurality of such rings or O-rings and 
reference to “the How path” includes reference to one or 
more How paths and equivalents thereof knoWn to those 
skilled in the art, and so forth. 

[0036] The publications discussed herein are provided 
solely for their disclosure prior to the ?ling date of the 
present application. Nothing herein is to be construed as an 
admission that the present invention is not entitled to ante 
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date such publication by virtue of prior invention. Further, 
the dates of publication provided may be different from the 
actual publication dates Which may need to be independently 
con?rmed. 

De?nitions 

[0037] The term “agent” includes Water, an electrolyte, 
any physiologically or pharmacologically active substance 
or substances, or combinations thereof. An agent may fur 
ther optionally include other pharmaceutically acceptable 
carriers and/or additional ingredients such as antioxidants, 
stabiliZing agents, permeation enhancers, etc. 

[0038] The term “reservoir” refers to a chamber or con 
tainment space Within a delivery device for storing an agent 
to be delivered from the delivery device. 

[0039] The term “?oW path” refers to the pathWay taken 
by an agent as it is dispensed from a reservoir of a delivery 
device to the outside of the delivery device. 

[0040] The present invention encompasses methods and 
devices for providing an implantable drug delivery device 
having a closed system reservoir that substantially prevents 
leakage or evaporation of the contents of the reservoir 
during the shelf life of the device. The present invention also 
accommodates for thermal expansion of the drug or bene? 
cial agent as Well as any driving media contained Within the 
device Which is experienced upon a change of temperature 
of the environment in Which the device resides. One 
example of such change in temperature is that experienced 
When a device is moved from a “shelf” environment of 
approximately room temperature, to a body temperature 
environment upon implantation of the device into a human 
or animal patient. HoWever, other signi?cant temperature 
changes can occur, even during storage of a device (i.e., 
during its shelf life). Such accommodation prevents delete 
rious burst effects upon implantation of a device according 
to the present invention. 

[0041] Referring to FIG. 1, an example of a drug delivery 
device 1 exhibiting all of the above described characteristics 
is shoWn. The device includes a housing or pump body 2 that 
houses a reservoir 3 for holding a drug or bene?cial agent to 
be delivered from the device 1. The driving force for driving 
drug out of the reservoir 3 and the device and to a delivery 
site may be osmosis, diffusion, electrodiffusion, electroos 
mosis, electrochemical for example, although the present 
invention is not limited only to implantable devices driven 
by these modalities, but may also include actively driven 
devices (e.g., motor-driven) for example, or any other mem 
brane modulated device Which delivers drug to a treatment 
site. 

[0042] Housing or pump body 2 may be made of titanium, 
for example, or other relatively rigid and biocompatible 
structural materials such as platinum alloys, tungsten, gold, 
medical grade stainless steel or other inert metals or alloys, 
plastics such as polyethylenes, nylons, PETS etc. Housing 2 
surrounds a reservoir 3 Which is provided for containing a 
drug or bene?cial agent to be delivered from device 1 to an 
environment of use. At a loWer end of device 1 (not shoWn), 
housing 2 further contains a piston or other driver, Which 
separates the drug and reservoir 3 from another chamber that 
houses a driving mechanism for the device. As noted, the 
driving mechanism may be an osmotic pump arrangement, 
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diffusion pump arrangement chemical or electrochemical 
pump arrangement, or other modality. Examples of some of 
these modalities can be found in US. Pat. Nos. 5,169,383; 
5,951,538; 5,567,287; 4,886,514; 5,593,552; 5,538,605; 
5,454,922; 5,707,499; and 5,855,761, for example, each of 
Which is incorporated herein in its entirety, by reference 
thereto. 

[0043] At the upper end of the device a valving and control 
mechanism 10 is ?xed at least partially Within housing 2 to 
form a closed system reservoir 3 for storage of the device 1 
and for controlled delivery of drug/bene?cial agent upon 
actuation of the valving and control mechanism 10. A 
bottom ring assembly is secured adjacent reservoir 3 With a 
bottom end of the bottom ring assembly contacting the 
drug/bene?cial agent contained Within reservoir 3. The 
bottom ring assembly in this example includes a valve seat 
member 12 ?tted Within a bottom ring 16 and at least one 
O-ring 14 forming a seal betWeen the valve seat member 12 
and inner Walls of housing 2. Valve member 12 may be 
formed of ultra high molecular Weight polyethylene (UHM 
WPE), or polyethylene, or other biocompatible polymer 
exhibiting suf?cient strength and loW creep characteristics to 
serve as a valve seat With plunger 18 acting there against, 
e.g. (but not limited to): ?ouroelastomer (VitonTM), high or 
loW density polyethylene, linear loW density polyethylene 
etc. 

[0044] The bottom ring assembly is press ?t (e.g., With 
about 150 lbf in this example) or otherWise securely ?xed 
Within housing 2 so that the bottom of valve seat member 12 
contacts the contents of reservoir 3. As the bottom ring 
assembly is positioned against the reservoir 3 any air exist 
ing therebetWeen is draWn out by a removable vacuum line 
(not shoWn) inserted through valve neck 12c, and the valve 
seat member is positioned so that a meniscus 13 formed by 
the top of the drug/bene?cial agent forms at the top of 
bottom cone 12d formed in the valve seat member 12. 
Bottom cone 12d acts to focus or funnel the drug/bene?cial 
agent into the valve neck 12 of valve seat member 12. 

[0045] Bottom ring 16 is locked Within shoulders 12a,12b 
of valve seat member 12 to provide additional stability to the 
placement of the valve seat member 2 and to provide 
integrity of the bottom ring assembly during insertion into 
housing 2. Bottom ring 16 may be formed of titanium, for 
example, or other relatively rigid and biocompatible struc 
tural materials such as platinum alloys, tungsten, gold, 
medical grade stainless steel or other inert metals or alloys, 
plastics such as polyethylenes, nylons, PETS etc. and pro 
vides a superior anchoring function due to the larger area of 
surface contact betWeen bottom ring 16 and the inner Walls 
of housing 2 (relative to the area of surface contact betWeen 
valve seat member 12 and housing 2) and/or by making 
bottom ring 16 to have a slightly larger outside diameter than 
the largest outside diameter of valve member 12 so as to 
develop relative greater compressive forces When inserted in 
housing 2. Interlocking With shoulders 12a, 12b prevents 
movement of the valve seat member either upWardly or 
doWnWardly With respect to housing 2, thereby securely 
situating it in contact With the drug or bene?cial agent in 
reservoir 3. 

[0046] O-ring(s) 14 provide additional assurance that 
leakage/evaporation of drug/bene?cial agent does not occur 
betWeen the valve seat memberl2/bottom ring assembly and 
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the housing 2. Bottom O-ring(s) 14 may be made of 
VITONTM or any other biocompatible rubbers or polymers 
suitable for performing the sealing function indicated, e.g. 
(but not limited to): silicone rubber, butyl rubber, C-?exTM, 
?ouroelastomer, high or loW density polyethylene, linear 
loW density polyethylene etc. 

[0047] A top ring assembly is secured in the open end of 
housing 2 With a bottom end of the top ring assembly 
abutting the top end of the bottom ring assembly to complete 
the valving and control mechanism 10. The top ring assem 
bly in this example includes a plunger 18, ?tted Within a top 
ring 20 and at least one O-ring 22 forming a seal therebe 
tWeen. As plunger 18 is designed to slide Within top ring 20, 
O-ring 22 may be situated betWeen a pair of shoulders 18a, 
18b to maintain O-ring 22 in the same position relative to 
plunger 18 as plunger 18 slides. Shoulders 18a,18b maintain 
the relative position of O-ring(s) 22 While permitting 
O-ring(s) 22 to slide or roll along the inner Walls of top ring 
20, all the While maintaining the seal betWeen plunger 18 
and top ring 20. 

[0048] Shoulder 18a also abuts against shoulder 20a of top 
ring 20 during insertion of the top ring assembly into device 
1. Plunger 18 and top ring 20 are dimensioned so that upon 
?tting into housing 2, the shoulder abutment 20a, 18a 
ensures that the plunger seal 18c of plunger 18 is properly 
placed Within the valve neck 12c of valve 12 Where it seats 
With the valve, When the bottom end of top plug 20 abuts 
against the top end of bottom plug 16. The top ring assembly 
is securely positioned Within housing 2, by press-?tting 
(e.g., With about 50 lbf) or by other ?uid and vapor tight 
method of securing, such that reservoir 3 becomes a closed 
system for shelf storage. By press ?tting the components as 
described, the assembly 10 can Withstand back pressures 
(i.e, pressures provide by the drug driven by the pumping 
system) of up to about 5000 psi. Since most pumping 
systems are designed to back out at about 1000 psi, this 
arrangement provides more than an adequate margin of 
safety. The seal formed betWeen plunger seal 18c and valve 
neck 12c forms a ?uid and vapor tight seal, While O-ring(s) 
22 provide additional assurance that no leakage/evaporation 
of drug/bene?cial agent leaks or evaporates betWeen plunger 
18 and top ring 20 to the environment. Top ring 20 and 
plunger 18 may be made of titanium, for example, or other 
relatively rigid and biocompatible structural material such as 
those described previously. Top O-ring(s) 22 may be made 
of VITONTM or any other biocompatible materials described 
above for use in making O-ring 14. 

[0049] A location groove 18d is provided in plunger 18 to 
ensure proper placement of plunger 18 relative to top ring 
20, Which ultimately ensures proper positioning and sealing 
of the plunger seal 18c of plunger in valve neck 12c upon 
assembly. Since plunger 18 is slidable With regard to top ring 
20, it is possible that plunger 18 could be inadvertently 
depressed, or slid doWnWardly, at least partially relative to 
top ring 20 during assembly. This could possibly result in 
distending plunger seal 18c beloW valve neck 12c so that a 
proper seal for shelf storage Would not be formed. Location 
groove 18d is formed at a location along plunger 18 Which 
ensures that, as long as location groove 18d is visible, it is 
assured that the plunger 18 is located With shoulder 18a 
abutted against shoulder 20a, or plunger 18 is at least high 
enough relative to top ring 20 so that plunger seal 18c Will 
seat With valve seat 12 in the valve neck 12c. 
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[0050] By assembling both bottom and top ring portions as 
described above, valving and control mechanism 10 con 
verts reservoir 3 to a closed system reservoir, thereby sealing 
the contents of reservoir 3 (drug/bene?cial agent) for shelf 
storage of device 1 and preventing leakage or evaporation of 
the drug/bene?cial agent from device 1 during storage and 
as long as valving and control mechanism 10 is maintained 
in the con?guration shoWn in FIG. 1. 

[0051] When it comes time to implant device 1 or other 
Wise place it in an environment of use, valving and control 
mechanism is actuated to a use position as shoWn in FIG. 2, 
thereby opening reservoir 3 to a How path that leads out of 
device 1 for delivery of drug/bene?cial agent to the envi 
ronment of use. In the example of FIGS. 1 and 2, plunger 
18 is depressed relative to housing 2 to a position Where the 
top of plunger 18 is substantially ?ush With the top end of 
top ring 20. Actuation/depression of plunger 18 requires 
about 3-4 lbf, for example, and once depressed, top O-ring 
22 maintains the plunger in the depressed position against 
forces of up to about 0.5 lbf. This actuation forces plunger 
seal 18c out of valve neck 12c and into the volume de?ned 
by bottom cone 12d, thereby breaking the seal formed 
betWeen plunger seal 18c and the valve seat (i.e., valve neck 
12c) thereby opening a How path through the valve seat 
member 12 betWeen valve neck 12c and plunger 18. This 
How path further connects With a space de?ned betWeen the 
plunger 18 and top cone 126 formed in valve seat member, 
Which in turn ?oWs into channel 126 that connects With top 
ring ?ow path 20b formed in top ring 20 and bordered by the 
inner Walls of housing 2. The How pathWay thus de?ned 
forms a Widely patent or open exit channel Which alloWs the 
uniform How of drug/bene?cial agent from the reservoir 3 to 
the environment of use during the operation of the pumping 
system as it provides a driving force to the reservoir 3. 

[0052] When describing the exit channel as “Widely 
patent” it is meant that the channel is clearly open and 
unobstructed With a continuous siZe suf?cient to alloW clear, 
even and unobstructed How of a ?uid therethrough. This is 
an important advantage of the present system over certain 
other designs that employ a build-up of pressure Within the 
device to force open a valve (such as a spring-loaded valve). 
The problem With such pressure-opened designs is that they 
become brie?y open When the pressure inside has built up to 
a suf?cient degree, but once the pressure is released upon 
opening, the valve tends to shut again, and although theo 
retical calculations Would indicate that a constant pressure 
Would be reached to produce an even ?oW, this has not 
proved the case experimentally, such pressure-release 
designs produce an uneven and/or intermittent ?oW that may 
be highly undesired When delivering a potent drug. 

[0053] In the example shoWn, top ring ?oW path is formed 
as a spiral pathWay, Which provides a relatively larger 
volume capacity than a straight ?oW pathWay Would, given 
the same cross-sectional dimensions of the pathWays. The 
How pathWays described above (including top ring ?oW path 
20b and the pathWays connecting it to the drug/bene?cial 
agent) provide a thermal expansion space or capacity for the 
drug/bene?cial agent to How into after actuation of the 
valving and How control mechanism (FIG. 2) to prevent a 
burst effect upon implantation of device 1 into an organism 
or other environment of use having a signi?cantly higher 
temperature that Would cause the volume of the drug/ 
bene?cial agent to expand and thus drive an amount of 
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drug/bene?cial agent from the reservoir prior to any pump 
ing action by the pumping mechanism. For example, a drug 
formulation in a device as shoWn might expand by about 2 
microliters in a device 1 With a titanium housing 2 after 
stabiliZation of the temperature of the device after having 
been moved from a room temperature environment to a 
human body temperature environment. In such a case, the 
How pathWays Would be designed to have a volume of about 
3 microliters so as to have an extra margin of safety to ensure 
that a burst of drug Would not be initially delivered to the 
patient upon implantation. Of course, the volumes described 
are only an example, and the actual volume of the How 
pathWays for preventing burst Will vary depending upon the 
total volume of the drug in the reservoir, the cross sectional 
area(s) of the How pathWays, the change in temperature from 
the ?rst to the second environment, etc. Generally, hoWever, 
the volume of the How pathWays Will be designed such that, 
upon thermal expansion of the drug/bene?cial agent in the 
environment of use, the drug/bene?cial agent Will extend 
about tWo thirds of the Way along the length of the top ring 
?oW path 20b. 

[0054] FIG. 3 is a partial vieW of a drug delivery device 
1 Which employs another example of a valving and How 
control mechanism according to the present invention. Com 
ponents that are the same or substantially similar in design 
and function to the counterparts described in the example of 
FIGS. 1 and 2 are not described here. In this example, valve 
seat member 12 may be formed of titanium or other similar 
rigid, biocompatible material, since it does not function to 
form a seal With plunger 18 in the storage position shoWn in 
FIG. 3, but must form a press ?t With the inner Walls of 
housing 2 that is substantially equivalent of that provided by 
both valve seat member 12 and bottom ring 16 in the 
example shoWn in FIGS. 1 and 2. 

[0055] A septum or puncturable disk 24 overlays valve 
seat member 12 in a conforming manner and is sandWiched 
betWeen valve seat member and top ring 20 Which is press 
?t into abutment With septum 24, at Which time septum 24 
effectively seals reservoir 3 forming a closed system suitable 
for storage Without leakage/evaporation of the drug/bene? 
cial agent contained Within reservoir 3. Septum or punctur 
able disk 24 may be made of silicone rubber, ?ouroelas 
tomer, polyethylene, PET, or other biocompatible rubber, 
polymer or thin frangible metal that may be readily punc 
tured. 

[0056] The top ring assembly is secured in the open end of 
housing 2 similarly to that described above With the example 
of FIG. 1, With a bottom end of the top ring assembly 
abutting the septum and sealing it betWeen the top ring 20 
and valve seat member 12. The top ring assembly in this 
example includes a plunger 18, ?tted Within a top ring 20 
and at least one O-ring 22 forming a seal therebetWeen. The 
plunger 18 in this example, does not form a seal With the 
valve seat member 12, as that function is provided by the 
septum 24. Although not shoWn, a location groove 18d may 
also be provided in plunger 18 of this example, to provide 
the same function as described above With respect to the 
example of FIGS. 1 and 2. 

[0057] Actuation of the valving and control mechanism 10 
opens reservoir 3 to a How path that leads out of device 1 for 
delivery of drug/bene?cial agent to the environment of use. 
Actuation is performed by manually or otherWise positively 
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depressing plunger 18 relative to housing 2 to a position 
Where the top of plunger 18 is substantially ?ush With the top 
end of top ring 20. Actuation/depression of plunger 18 drives 
a sharp end 18i of plunger 18 through septum 24, thereby 
providing an opening through septum 24 and breaking the 
seal of the reservoir 3. A notch, groove, holloW, or other 
bypass feature 18d is provided above the point 18i in a 
location that traverses the punctured septum 24 When 
plunger 18 is in the depressed position, thereby providing a 
more patent or open ?oW path for the drug/bene?cial agent 
betWeen septum 24 and plunger 18. The How path continues 
on out to top ring ?oW path 20b similarly to that described 
above. 

[0058] Turning to FIG. 4, a portion of a drug delivery 
device 1 is shoWn Which employs a pull valve or a type of 
pulling action to actuate the valving and How control mecha 
nism 10. In this example, valve seat member 12 is similar to 
that in FIG. 3 in that it may be made of titanium or other 
rigid biocompatible material and serves the functions of both 
the valve seat member and bottom ring of FIG. 1. An O-ring 
14 is provided to prevent leakage/evaporation of drug/ 
bene?cial agent betWeen valve seat member 12 and the inner 
Walls of housing 2. An elastomer valve seal 26 (made from 
suitable materials e.g., but not limited to: ?ouroelastomer 
(VITONTM), high or loW density polyethylene, linear loW 
density polyethylene etc) overlies the top surface of valve 
seal member 12 in conforming fashion to seal off reservoir 
3, thereby making it a closed system for storage. A How path 
21 connecting valve neck 12c With top ring flow path 20b 
can be clearly seen in FIG. 4, and is sealed off from valve 
neck 12c in the closed position by valve seal 26. 

[0059] Plunger 18 in this example may again be made of 
titanium or other structurally strong and rigid biocompatible 
material capable of exerting a force required for sealing With 
little or no distortion of the plunger material (eg: from about 
2-5 lbf). Plunger 18 includes a blunt tip 186 Which ensures 
a directed force ?t of valve seal 16 against the How paths and 
may even partially distort the valve seal 16 to assume a 
position partially Within valve neck 12c as shoWn in FIG. 4. 

[0060] Top ring 20 is similar to previous embodiments in 
that it contains top ring ?oW path 20b and in that it is press 
?tted or otherWise securely ?xed into housing 2, HoWever, 
the top portion of top ring 20 is designed to contain plunger 
18 and provides stops 20c against Which upper shoulders of 
plunger 18 abut When valving and How control mechanism 
10 is actuated, as shoWn in FIG. 5. Upon assembly, plunger 
18 is positioned in the closed position shoWn in FIG. 4. It 
can be locked doWn by means of a threaded plug Which, 
When screWed into neck of the ring (20), holds the plunger 
doWn. The plug could also be pressed into the ring (20) like 
a simple non-threaded plug, and held there by friction. 

[0061] Actuation of mechanism 10, as opposed to earlier 
examples, is by pulling back on the plunger (18) to reposi 
tion plunger 18 so that shoulder 18a abuts against stops 20c, 
thereby opening reservoir 3 to the How pathWays 12c, 21, 
20b, as shoWn in FIG. 5. FIGS. 4 and 5 do not shoW the 
means by Which the plunger (18) is pulled out, but such a 
means may use the elasticity of the valve seal 26 to push the 
plunger out and open the valve. In such an embodiment, in 
the closed position, the plunger Would be pushed doWn 
against the elastic resistance of the valve seal and be held in 
place by a suitable device such as a pin or by a simple 
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mortise and tenon arrangement (not shoWn) Whereby the 
plunger is depressed and rotated such that a tenon, projecting 
from the plunger 18, slides into a mortise grove, cut into the 
inner surface of the ring 20, to hold the plunger in place. 
When released, the force of the valve seal pushes the plunger 
back to its default (open) position. Another simple design for 
opening and closing the valve Would be to use a screW thread 
betWeen the plunger 18 and the ring 20. Alternatively a 
means for pulling out the plunger may be provided by a 
manually pullable tab or protruding portion attached to the 
plunger, or may be provided by a simple lock-and-key type 
slot in the top of the plunger that Would alloW the plunger to 
be pulled back using a very simple tool. During the pull back 
operation, elastomeric seal member 26, converts potential 
energy to kinetic energy to provide a driving force for the 
repositioning of plunger 18. Additionally, this example has 
the capability of resealing reservoir 3 if desired. Resealing 
can be effectuated by pressing doWn on the top ring 20 to 
return plunger 18 to the position shoWn in FIG. 4. Option 
ally, a locking mechanism (not shoWn) may be provided to 
lock the plunger in the open position shoWn in FIG. 5. Such 
a locking mechanism may be passive and may employ the 
screW threads mentioned earlier. 

[0062] FIG. 6 shoWs another example of a valving and 
control mechanism 10 Which actuates through an action of 
moving the plunger aWay from the valve sealing member 12 
and elastomeric seal 26. In this instance, threads 28 are 
provided betWeen plunger 18 and top ring 20, so that plunger 
18 may be rotated or torqued to translate its position With 
regard to top ring 20. Thus to close the mechanism (FIG. 6), 
plunger 18 is rotated in either a clockWise or counterclock 
Wise fashion (depending upon the handedness of threads 28) 
to the position shoWn in FIG. 6 to exert a sealing pressure 
on elastomeric seal 26 and to force it to conform to top cone 
126 of valve sealing member 12, thereby sealing off valve 
neck 12c and reservoir 3 and converting reservoir 3 into a 
closed system for storage. 

[0063] Seal member 26 is interlocked With plunger 18 at 
shoulders 18f and 18g by shoulder portions 26a and 26b, 
respectively, to ensure positive direct movement of seal 
member With the movements of plunger 18 in both direc 
tions. A slot 18h or other tool engaging con?guration (e.g., 
Phillips head slot, Allen receptacle, or the like) may be 
provided in plunger 18 for receiving a tool that may be used 
for rotating plunger 18. Alternatively, an extension, or other 
grasping conformation (not shoWn) may be formed to extend 
from plunger 18 for manual rotation thereof. 

[0064] The valving and control mechanism 10 of the 
device 1 partially shoWn in FIG. 7 functions similarly to that 
described above With regard to FIGS. 1 and 2, and is shoWn 
in an open or actuated position. In this example, valve seat 
member 12 may be formed of titanium or other similar rigid, 
biocompatible material, since it forms a press ?t With the 
inner Walls of housing 2 that is substantially equivalent of 
that provided by both valve seat member 12 and bottom ring 
16 in the example shoWn in FIGS. 1 and 2. Since plunger 
18 is also formed of titanium or other similar rigid, biocom 
patible material, an O-ring 30 or other sealing member is 
?tted on plunger seal 18c, to ensure a positive seal With 
valve neck 12c in the closed con?guration. O-ring 30 may 
be situated betWeen a pair of shoulders 18k, 18l to maintain 
O-ring 30 in the same position relative to plunger seal 18c 
as plunger seal 18c slides With respect to valve neck 12c. 
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[0065] FIG. 8 shows another example of a valving and 
How control mechanism 10 in a drug delivery device 1 
(partially shown) Which is actuated by pushing or depressing 
plunger 18 further into the device. In this arrangement, valve 
seat member 12 is formed of titanium or other similar rigid 
and biocompatible material Which can be press ?t into 
housing 2. Abore 12f is formed in valve seat member 12 for 
receiving a portion of plunger 18 upon actuation of the 
valving and How control mechanism 10. A How path 12g, 
Which in this example is a spiral ?oW path, but need not 
necessarily be (eg a straight ?oW path other con?guration 
may be used), is provided in valve seat member 12 and 
formed With the inner Walls of housing 2. (The advantage of 
the spiral path is that it is easy to machine and that it 
provides an overall higher volume for the drug path betWeen 
the reservoir and the outside, thereby providing more sta 
bility (more “play”) in the system When ?lling and dealing 
With thermal expansion). FloW path 12g connects a channel 
12h leading from reservoir 3 With a channel 12i leading to 
bore 12f. 

[0066] In the closed or storage con?guration shoWn in 
FIG. 8, plunger 18 extends from the upper end of device 1 
and top ring 20. Although not shoWn, a location groove 18d 
may also be provided in plunger 18 of this example, to 
provide the same function as described above With respect to 
the example of FIGS. 1 and 2. Plunger 18 may be formed 
of titanium or other structurally substantial and rigid bio 
compatible material, except the loWer tip 18j is formed of 
polyethylene, ?ouroelastomer, UHMWPE or other biocom 
patible polymer capable of forming an acceptable seal With 
valve neck 12c in the closed position. As shoWn, loWer tip 
18j is mechanically interlocked With the titanium end of 
plunger 18 and may be molded onto the titanium in this 
con?guration. Additionally or alternatively, loWer tip 18j 
may be bonded to the titanium plunger end and/or further 
mechanically or chemically ?xed as by screWing, gluing, 
melt bonding, or otherWise af?xing it. An O-ring 32 or other 
sealing member is provided betWeen valve sealing member 
12 and housing 2 to assure that no leakage out of the system 
or evaporation of drug/bene?cial agent occurs betWeen these 
tWo components. 

[0067] In the closed position loWer tip 18j of plunger 18 
seals With valve neck 12c to prevent ?oW, leakage or 
evaporation of drug/bene?cial agent beyond the How path 
Ways 12h, 12g, 12i. Upon depressing plunger 18 to actuate 
mechanism 10 in a manner as described above, loWer tip 18 j 
is repositioned in bore 12f to a location intermediate of the 
How pathWays 12h and 12i. The frictional forces betWeen 
loWer tip 18j and bore 12f are sufficient to maintain the 
plunger in the open position, being capable of Withstanding 
forces of up to about 0.5 lbf, for example. This action opens 
the How pathWays 12h,12g,12i to How paths 21 and 20b and 
thus to the exterior of device 1 thereby opening reservoir 3 
for delivery of drug/bene?cial agent to the environment of 
use. 

[0068] FIG. 9 is another example of a valving and control 
mechanism 10 Which is rotationally actuable in a drug 
delivery device 1. In this example, valve seat member 12 
may be formed as a biocompatible polymer plug, out of 
polyethylene, UHMWPE or other biocompatible polymer 
having adequate structural rigidity along With a capability 
for forming an adequate seal With housing 2 and other 
titanium or structurally rigid components in the mechanism 

May 12,2005 

10. Top ring 20 is press ?t or otherWise securely ?tted in 
housing 2 and abuts against valve seal member to assist in 
maintaining the position thereof. Atop cap 34 Which may be 
formed of titanium or other structurally rigid, biocompatible 
material is securely ?xed to valve seat member Within top 
ring 20. Fixation may be by gluing, heat Welding or other 
mechanical or chemical means of ?xation. Additionally, cap 
34 may be mechanically interlocked With valve seat member 
With regard to rotational movements about the longitudinal 
axis L of device 1, to ensure positive rotational positioning 
of valve seat member 12 When cap 34 is rotated. Although 
not shoWn, cap 34 may have a slot or other tool engaging 
con?guration (e.g., Phillips head slot, Allen receptacle, or 
the like) for receiving a tool that may be used for rotating cap 
34, similar to that described above With regard to plunger 18 
(FIG. 6). Alternatively, an extension, or other grasping 
conformation (not shoWn) may be formed to extend from 
plunger 18 for manual rotation thereof. 

[0069] Valve seat member 12 is provided With a bore 12f 
that leads into the interior of the lug body of valve seat 
member 12 and connects reservoir 3 With a selectable ?oW 
path 12j. Selectable ?oW path 12j extends radially outWard 
from bore 12f to the exterior or outer circumference of valve 
seat member 12. Actuation from the off or closed position to 
the actuated, on or “use” position shoWn in FIG. 9, is 
effected by rotation of cap 34 Which in turn rotates valve seat 
member 12 along With it, until selectable ?oW path 12j 
aligns With a How path or hole 20d that extends through top 
ring 20 and connects With top ring ?oW path 20b that leads 
to the exterior of the device at 206. In this Way, an open or 
patent ?oW path 12?12j,20a',20b,20e is established betWeen 
reservoir 3 and the environment of use. 

[0070] This example alloWs the valving and control 
mechanism to be shut off or sealed, even after actuating, if 
desired, by reverse rotation (or further rotation in the same 
direction) to position selectable ?oW path 12j out of align 
ment With hole 20d. Optionally, the mechanism 10 may be 
provided With a stop (not shoWn) to prevent over rotation of 
the valve seat member 12 in the same direction of rotation 
once alignment has been reached during actuation. Addi 
tionally or alternatively optional (also not shoWn) a locking 
mechanism may be provided to lock the device in the 
actuated con?guration, to prevent inadvertent total or partial 
closure of the How path during use. 

[0071] FIG. 10 shoWs an example of a valving and How 
control mechanism 10, in an actuated position, in a drug 
delivery device 1 (partially shoWn) Which is similar to the 
mechanism 10 shoWn in FIG. 9. In this example, hoWever, 
bore 12f connects With a bore 34a in top cap 34 Which 
further has a selectable ?oW path 34b extending radially 
(and in this case substantially perpendicularly, although not 
necessarily so) from bore 34a. Thus, in this example, top cap 
34 is selectively rotatable for alignment of selectable ?oW 
path with How path 12j in valve seat member 12, and valve 
seat member 12 is ?xed Within housing 2 (i.e., does not 
rotate With the rotation of cap 34, nor does it translate). 

[0072] How path 12 j is connected to a How path 12l Which 
leads to the exterior of valve seat member, by How path 12k 
extending betWeen the surfaces of valve seat member 12 and 
top ring 20. FloW path 12l connects With top rig ?oW path 
20b that leads out of the device 1 at 206. 

[0073] Similar to the example described and shoWn in 
FIG. 9, this example alloWs the valving and control mecha 
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nism 10 to be shut off or sealed even after actuating, if 
desired, by reverse rotation (or further rotation in the same 
direction) of cap 34 to position selectable ?oW path 34b out 
of alignment With path or channel 12j. Optionally, the 
mechanism 10 may be provided With a stop (not shoWn) to 
prevent over rotation of cap 34 in the same direction of 
rotation once alignment has been reached during actuation. 
Additionally or alternatively optional (also not shoWn) a 
locking mechanism may be provided to lock the device in 
the actuated con?guration, to prevent inadvertent total or 
partial closure of the How path during use. 

[0074] Additionally, cap 34 may be mechanically inter 
locked With valve seat member With regard to rotational 
movements about the longitudinal aXis L of device 1, to 
ensure positive rotational positioning of valve seat member 
12 When cap 34 is rotated. Although not shoWn, cap 34 may 
have a slot or other tool engaging con?guration (e.g., 
Phillips head slot, Allen receptacle, or the like) for receiving 
a tool that may be used for rotating cap 34, similar to that 
described above With regard to plunger 18 (FIG. 6). Alter 
natively, an eXtension, or other grasping conformation (not 
shoWn) may be formed to eXtend from plunger 18 for 
manual rotation thereof. 

[0075] While the present invention has been described 
With reference to the speci?c embodiments thereof, it should 
be understood by those skilled in the art that various changes 
may be made and equivalents may be substituted Without 
departing from the true spirit and scope of the invention. In 
addition, many modi?cations may be made to adapt a 
particular situation, material, composition of matter, pro 
cess, process step or steps, to the objective, spirit and scope 
of the present invention. All such modi?cations are intended 
to be Within the scope of the present invention. 

That Which is claimed is: 
1. An implantable device for accurate delivery of an 

agent, said device comprising: 

a housing (2) including a reservoir (3) for containing the 
agent; 

a valving and control mechanism (10) ?tted at least 
partially Within said housing (2) and capable of assum 
ing an open con?guration and a closed con?guration, 
Wherein said valving and control mechanism (10) 
closes off said reservoir (3) When in said closed con 
?guration, thereby preventing leakage of the active 
agent during storage in said device; and Wherein said 
valving and control mechanism (10) opens said reser 
voir (3) to a How path When in said open con?guration, 
thereby permitting controlled delivery of the active 
agent. 

2. The device of claim 1, Wherein said How path has 
sufficient capacitance to accommodate thermal eXpansion of 
the agent due to a change in temperature from room tem 
perature to a patient body temperature and upon changing 
said valving and control mechanism (1) from said closed 
con?guration to said open con?guration. 

3. The device of claim 1, Wherein said valving and control 
mechanism (10) is positively actuatable betWeen said closed 
con?guration and said open con?guration. 

4. The device of claim 3, Wherein said valving and control 
mechanism (10) is manually actuatable. 

5. The device of claim 1, further comprising means for 
applying a driving force to the agent in said reservoir to 
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drive the agent through the How path and out of the device 
When said valving and control mechanism are in said open 
con?guration. 

6. The device of claim 5, Wherein said means for applying 
a driving force is selected from the group consisting of 
osmotic pumps, diffusion pumps, electrodiffusion pumps, 
electroosmotic pumps, and electrochemical pumps. 

7. The device of claim 5, Wherein said means for applying 
a driving force comprises an actively driven device. 

8. The device of claim 5, further comprising a driver 
separating said means for applying a driving force from the 
agent. 

9. The device of claim 8, Wherein said driver comprises a 
piston. 

10. The device of claim 3, Wherein said valving and 
control mechanism (10) is actuated from said closed con 
?guration to said open con?guration by pushing an actuation 
portion thereof. 

11. The device of claim 3, Wherein said valving and 
control mechanism (10) is actuated from said closed con 
?guration to said open con?guration by pulling an actuation 
portion thereof. 

12. The device of claim 3, Wherein said valving and 
control mechanism (10) is actuated from said closed con 
?guration to said open con?guration by rotating an actuation 
portion thereof. 

13. The device of claim 3, Wherein said valving and 
control mechanism (10) is further positively actuatable from 
said open con?guration back to said closed con?guration. 

14. The device of claim 1, Wherein said valving and 
control mechanism (10) comprises a valve seat member (12) 
peripherally sealed With respect to said reservoir and a 
plunger (18) adapted to slide With respect to said valve seat 
member (12) said valve seat member having an opening 
therethrough a including valve neck (12c) adapted to seat 
With a portion (18c) of said plunger (18) When said valving 
and control mechanism is positioned in said closed con?gu 
ration, and Wherein upon sliding said plunger to push said 
portion (18c) out of said valve neck, said valving and control 
mechanism, (10) is in said open con?guration and said 
reservoir is opened to the How path via said valve neck 
(12c). 

15. The device of claim 14, Wherein said valve seat 
member (12) is contained Within a loWer ring (16) abutting 
said housing (2), said device further comprising an upper 
ring (20) abutting said loWer ring (16), said plunger (18) 
being slidably positioned Within said upper ring (20) and 
said How path eXtending betWeen said housing (2) and said 
upper ring (20). 

16. The device of claim 15, Wherein said How path spirals 
around said upper ring (20). 

17. The device of claim 1, Wherein said valving and 
control mechanism (10) comprises a valve seat member (12) 
peripherally sealed With respect to said reservoir (3) and 
having a passageWay extending therethrough for connecting 
said reservoir (3) With the How pathWay; a septum (24) 
overlaying said passageWay and sealing off the reservoir (3) 
When said device is in said closed con?guration; and a 
plunger (18) adapted to slide With respect to said valve seat 
member (12) and to puncture said septum (24) upon pushing 
said plunger to pierce said septum (24) Wherein said valving 
and control mechanism (10) assumes the open con?guration 
and the reservoir (3) is thereby opened to the How pathWay. 
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18. The device of claim 17, further comprising an upper 
ring (20) ?tted Within said housing (2), said plunger (18) 
being slidably positioned Within said upper ring (20) and 
said How path extending betWeen said housing (2) and said 
upper ring (20). 

19. The device of claim 18, Wherein said How path spirals 
around said upper ring (20). 

20. The device of claim 1, Wherein said valving and 
control mechanism (10) comprises a valve seat member (12) 
peripherally sealed With respect to said reservoir (3) and 
having a passageWay extending therethrough for connecting 
said reservoir (3) With the How pathWay; a valve seal (26) 
overlaying said passageWay and sealing off the reservoir (3) 
When said device is in said closed con?guration; and a 
plunger (18) adapted to slide With respect to said valve seat 
member (12) and to compress said valve seal (26) against 
said valve seat member (12) to seal off the reservoir (3) 
When said valving and control mechanism (10) is in said 
closed con?guration; and Wherein, upon pulling said plunger 
(18) aWay from said valve seal (26), said valve seal (26) 
opens said How path to said reservoir (3) Wherein said 
valving and control mechanism (10) assumes the open 
con?guration. 

21. The device of claim 20, further comprising an upper 
ring (20) ?tted Within said housing (2), said plunger (18) 
being slidably positioned Within said upper ring (20) and 
said How path extending betWeen said housing (2) and said 
upper ring (20). 

22. The device of claim 21, Wherein said How path spirals 
around said upper ring (20). 

23. The device of claim 20, Wherein said plunger (18) is 
pulled aWay by translating said plunger (18). 

24. The device of claim 20, Wherein said plunger (18) is 
pulled aWay by rotating said plunger (18). 

25. The device of claim 1, Wherein said valving and 
control mechanism (10) comprises a valve seat member (12) 
peripherally sealed With respect to said reservoir (3) and 
having a passageWay connecting said reservoir (3) With a 
peripheral opening in said valve seat member (12); a top ring 
(20) surrounding a top portion of said valve seat member 
(12) and ?tted Within said housing (2), Wherein said valve 
seat member (12) is rotatable With respect to said top ring 
(20), said top ring (20) further having an opening extending 
through a Wall thereof and connecting With said How path 
extending betWeen said top ring (20) and said housing (2); 
Wherein, upon rotation of said valve seat member (12) so 
that said valving and control mechanism assumes said open 
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con?guration, said peripheral opening aligns With said open 
ing extending through the Wall of said top ring (20), thereby 
connecting said reservoir (3) With said How path. 

26. The device of claim 1, Wherein said valving and 
control mechanism (10) comprises a valve seat member (12) 
peripherally sealed With respect to said reservoir (3) and a 
cap (34) arranged for rotation With respect to said valve seat 
member (12), said valve seat member (12) having a bore 
(12)‘) ?uidly connecting said reservoir (3) With said cap (34) 
and a peripheral opening (12j) ?uidly connecting said cap 
With said How path; said cap (34) having a passageWay 
(34a,34b) ?uidly connecting With said bore (12)‘) and 
extending peripherally out of said cap (34), Wherein, upon 
rotation of said cap (34) so that said valving and control 
mechanism (10) assumes said open con?guration, said pas 
sageWay (34b) aligns With said peripheral opening (12j), 
thereby connecting said reservoir (3) With said How path. 

27. A method of storing an agent in an implantable 
delivery device substantially leak free, and of controllably 
delivering the agent from the device, said method compris 
ing the steps of: 

providing a delivery device having a housing (2) sur 
rounding a reservoir (3) containing the agent; means for 
driving the agent from the reservoir (3); and a valving 
and control mechanism (10) adjacent the exit ori?ce of 
the reservoir and being positively actuatable betWeen a 
closed con?guration, in Which the agent is prevented 
from being delivered from the reservoir, and an open 
con?guration, in Which the agent is alloWed to pass 
from the reservoir (3) through a How path and out of the 
device; 

positioning the valving and control mechanism (10) in the 
closed con?guration during storage of the device, to 
prevent out?oW of the agent: and 

actuating the valving and control mechanism (10) to 
assume the open con?guration to alloW the agent to 
How out of the reservoir. 

28. The method of claim 27, further comprising: 

providing sufficient volume capacitance in the How path 
to prevent a burst effect release of the agent from the 
device, due to thermal expansion of the agent, upon 
actuating the valving and control mechanism (10) from 
the closed con?guration to the open con?guration. 

* * * * * 


