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METHOD AND APPARATUS FOR DRUG 
INFUSION 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to a method 
and apparatus for the delivery of ?uids to a desired location 
Within the body; and more particularly, relates to an implant 
able drug infusion device for delivery of pharmaceutical 
agents or other ?uids directly from a reservoir Within the 
device to a speci?c desired location Within a patient’s body. 

BACKGROUND OF THE INVENTION 

[0002] Implantable drug infusion devices usually are 
implanted for several years, during Which time there is no 
opportunity to service or repair these devices. Accordingly, 
both the implanted device and the drug to be infused must 
remain operative and be stable for a long period. 

[0003] The current trend is toWard extending signi?cantly 
the intended life of implanted drug infusion devices. Further, 
neW drugs having different physical and chemical properties 
are continually being developed, the use of Which may not 
be sufficiently compatible or properly interactive With cur 
rent devices. 

[0004] Conventional implantable ?uid delivery systems 
for drug infusion typically include a reservoir to store the 
?uid, and a separate pump or other ?oW control device to 
deliver the ?uid. This type of implantable drug infusion 
system is shoWn generally in FIG. 1. Reservoirs in conven 
tional implanted drug infusion devices undergo little motion, 
so that the materials Which form the reservoir can be selected 
primarily for compatibility With the drug that is to be 
delivered. Pumps, on the other hand, typically have many 
moving parts. The materials from Which the pumps are made 
thus must be selected for speci?c mechanical properties, 
such as ?exibility, durability, and strength. The materials 
used may not exhibit all desirable mechanical properties, or 
may not be compatible With some drugs to be infused. An 
example is a silicone tube in a peristaltic pump. Silicone is 
very ?exible and durable, but is permeable to many ?uids 
and is not as strong as other elastomers. 

[0005] With respect to another incongruity of design 
objectives, because implantable infusion devices preferably 
are small in siZe, the devices typically have only limited 
internal space, so that any materials used in the manufacture 
of the device must be of the type that can be used to 
manufacture very small parts. One example of such a 
material is silicon formed by micromachining. Silicon, hoW 
ever, is difficult to join to other materials. 

[0006] Along the same lines, although it is desirable to 
have implantable ?uid delivery systems that are small in 
siZe, the reduced siZe of certain conventional devices can be 
problematic in some applications. For example, pumps or 
valves With very small passages are not able to effectively 
deliver certain ?uids. Some drugs, such as insulin, often are 
damaged by shear forces When ?oWing through such small 
passages. 

[0007] Finally, another design incongruity arises With con 
ventional drug infusion devices in Which the drug is routed 
from the reservoir to the pump, and then to the device outlet 
Where it is delivered to a desired location Within the body. 
A certain amount of the drug thus is contained in the pump 
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and ?uid passages. This ?uid, held in What commonly is 
referred to as the “dead space,” must be displaced Whenever 
the drug in the reservoir is changed. Delivery systems With 
relatively more dead space require more unused, unWanted 
drug to be infused before the drug can be changed. 

SUMMARY OF THE INVENTION 

[0008] The ?uid delivery assembly and method of the 
present invention overcomes the above-noted and other 
shortcomings of prior drug infusion systems. In accordance 
With the present invention, a drug or other ?uid to be 
delivered to a speci?c desired location Within the body is 
stored in a reservoir that is directly displaced by a force to 
infuse the drug from the device into the patient. Several 
methods can be used to displace the reservoir, Which are 
described in more detail beloW. For simplicity the present 
invention is described herein in terms of three presently 
preferred embodiments Which include, generally, hydraulic 
displacement, mechanical screW-type displacement, and 
spring force displacement of the ?uid reservoir. HoWever, 
one of ordinary skill in the art having the bene?t of this 
disclosure Will recogniZe that the invention is not limited 
strictly to the embodiments described herein. The Figures 
and other description contained herein is merely illustrative 
of the present invention. Actual implementation of the 
present invention in an implantable drug infusion device Will 
undoubtedly vary depending upon the particular circum 
stances involved With its intended use, particularly With 
respect to the exact shape, siZe, speci?cations, etc. of the 
device. In any event each embodiment herein described 
incorporates the teachings of the present invention, and 
achieves the advantages of (a) eliminating contact and 
interaction betWeen the drug and, other materials, including 
those comprising the pump; (b) eliminating small drug 
passages, for example, through the pump; and (c) of alloW 
ing controlled ?lling and emptying of the drug reservoir. 

[0009] The ?rst preferred method of displacing the reser 
voir, given as an example, is hydraulic. See FIGS. 2 and 3. 
In this con?guration, three separate reservoir compartments 
are used along With a separate pump. The pump does not 
contact the drug, but recirculates a Working ?uid inside the 
device. The Working ?uid can be selected to be non 
corrosive, or even to enhance the operation of the pump. 
Again, the choice of Working ?uid depends upon the cir 
cumstances involved in a particular application. HoWever, 
examples of Working ?uids include sterile Water, sterile 
saline, silicone oil, or a lubricant. 

[0010] In operation, the pump WithdraWs the Working ?uid 
from the bottom reservoir and pumps it into an intermediate 
reservoir under the drug reservoir. The drug and intermedi 
ate reservoirs are separated by, for example, a diaphragm 
(See FIG. 2) or a piston (See FIG. 3). Of particular 
importance is that the drug and intermediate reservoirs be 
sealed, so that no ?uid may pass from one into the other. 

[0011] As the intermediate reservoir ?lls, and the drug 
reservoir is displaced, the drug is forced out of the device. 
The pump is programmable to any pattern or rate utiliZed in 
an implantable device. The drug infusion Will folloW the rate 
or pattern programmed. Examples of program rates and 
patterns include those commonly used With the Syn 
chroMedTM Programmable Pump, available commercially 
from Medtronic, Inc., Minneapolis, Minn. 
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[0012] A means of maintaining constant pressure in the 
device, such as a volatile ?uid, is required under the internal 
drug reservoir. To re?ll the drug reservoir, a syringe is 
introduced into the reservoir via a hypodermic needle. The 
drug exit path is closed and the pump is then reversed to 
draW the drug from the syringe into the reservoir. This 
method also eliminates the possibility of forcing the drug 
into the reservoir With the syringe and damaging the device 
or over-infusing the drug. 

[0013] In the second preferred embodiment, the internal 
drug reservoir is directly displaced mechanically, either by 
a motor and lead screW (See FIG. 4) or a motor and Worm 

gear (See FIG. 5). 

[0014] In the ?rst con?guration of the second preferred 
embodiment, the motor rotates and displaces a nut on the 
lead screW. The nut is attached directly to the reservoir base 
and directly displaces it as it moves. This system is less 
susceptible to changes in pressure inside the device during 
operation. HoWever, a volatile ?uid still may be used to 
ensure that a relatively constant internal pressure is main 
tained. Again, the motor may be programmed to any pattern 
or rate, such as those used in commercially available 
implantable devices like the SynchroMedTM, and the motor 
is reversed to re?ll the drug reservoir. This ?rst con?guration 
is most suited for a donut-type belloWs to ensure that no 
contaminant reaches the interior of the drug reservoir. 

[0015] In the second con?guration of the second preferred 
embodiment of the present invention, a motor rotates a 
Worm gear that displaces a rack coupled to the bottom 
portion of the drug reservoir. A ?exible side belloWs alloWs 
the drug reservoir base to be displaced upWards as the Worm 
gear turns, forcing drug from the reservoir to the desired 
delivery site. Again, the motor may be programmed so that 
drug is delivered at a desired rate or pattern, and may be 
reversed to facilitate the re?lling of the drug reservoir. The 
side belloWs are hermetically sealed to keep the drug free of 
possible contamination from unWanted sources, and to pro 
tect any adverse impact Which might result from their 
contacting the drugs. 

[0016] The third embodiment of the present invention 
utiliZes the spring force of the reservoir belloWs to displace 
the drug reservoir. The belloWs is annealed, so that in its 
relaxed, natural state it is completely collapsed. In this 
con?guration (See FIG. 6), the belloWs is expanded by a 
device such as a motor Which turns a ?yWheel or pulley to 
Wind one end of a cable about the pulley or ?yWheel, the 
other end of the cable being connected to the bottom of the 
drug reservoir. Once the reservoir is ?lled, the pulley/cable 
is relaxed to alloW the belloWs to return to its natural, 
collapsed state. Again, the motor may be programmed to any 
pattern or rate to ensure that the displaced drug is delivered 
according to the desired schedule, and the motor may be 
programmed to alloW for controlled re?lling. 

[0017] As stated above, and although the present invention 
described herein in terms of three separate embodiments, 
there are certain advantages Which all three embodiments 
share over prior devices. For example, again, in each 
embodiment the drug contacts only one material. Preferably, 
the material used is titanium or some other inert material 
suitable for use in a Wide variety of medical applications. 
Moreover, the active mechanism in each embodiment, a 
pump or motor, is completely sealed off from the drug to be 
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delivered. Further, there are no small passages for the drug 
to travel through, and the amount of dead space is mini 
miZed. Finally, the active mechanism is able to empty and 
re?ll the reservoir, eliminating the need for medical person 
nel to do so. This minimiZes the possibility of over?lling. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a schematic illustration of a conventional 
implantable drug infusion device. 

[0019] FIG. 2 is a schematic illustration of an embodi 
ment of an implantable drug infusion device according to the 
present invention and including a diaphragm and a hydraulic 
displacement mechanism. 

[0020] FIG. 3 is a schematic illustration of an embodi 
ment of an implantable drug infusion device according to the 
present invention and including a piston and a hydraulic 
displacement method. 

[0021] FIG. 4 is a schematic illustration of an embodi 
ment of an implantable drug infusion device according to the 
present invention and incorporating direct mechanical dis 
placement by a motor and lead screW. 

[0022] FIG. 5 is a schematic illustration of an embodi 
ment of an implantable drug infusion device according to the 
present invention and incorporating direct mechanical dis 
placement by a Worm gear. 

[0023] FIG. 6 is a schematic illustration of an embodi 
ment of an implantable drug infusion device according to the 
present invention and incorporating a spring forced belloWs 
urgeable from a relaxed collapsed position by a pulley 
mechanism. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] As shoWn in FIG. 1, prior implantable drug infu 
sion devices generally comprise an infusion assembly 10 
including an internal drug reservoir 12 and a pump 14. A 
drug that is to be delivered to a speci?c desired location 
Within a patient’s body is supplied manually via a hypoder 
mic needle 16 inserted into the reservoir 12. Access to the 
reservoir 12 is achieved through an access port 18 by 
inserting the needle 16 through the septum 20 Which other 
Wise acts to prevent ?uids or other substances from gaining 
entry to or leaving the reservoir 12. The pump 14 pulls the 
drug to be infused to the patient from reservoir 12 via 
exitWay 22. After passing through pump 14, the drug is 
delivered via outlet line 24 to the desired location Within the 
patient’s body. 
[0025] The use of prior implantable drug infusion devices 
such as the one shoWn generally in FIG. 1 has signi?cant 
draWbacks. HoWever, as noted above, the present invention 
overcomes these shortcomings. In particular, it should be 
noted that the drug in pump 10 contacts multiple different 
materials, that the pump 14 is in contact With the drug, that 
the drug must traverse any small passageWay in pump 14, 
and that the rate of introduction of drug into reservoir 12 is 
controlled solely by the clinician ?lling the device and is not 
metered by pump 10. 

[0026] As shoWn in FIG. 2, the ?rst con?guration of What 
for convenience is termed herein as the “hydraulic” embodi 
ment of the present invention includes three separate reser 
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voirs: a drug reservoir 30, an intermediate reservoir 32, and 
a loWer reservoir 34. The drug to be infused to a desired 
location Within a patient’s body is introduced into reservoir 
30 via needle 36 inserted through septum 38 disposed Within 
access port 40. 

[0027] In accordance With the present invention, interme 
diate chamber 32 initially contains a Working ?uid such as 
sterile Water, sterile saline, silicone oil, or a lubricant. A 
membrane or diaphragm 48 separates drug reservoir 30 from 
intermediate reservoir 32. Once the delivery needle 36 is 
inserted in place so that its tip is Within reservoir 30, the 
pump 42 draWs Working ?uid from intermediate chamber 32 
and delivers the WithdraWn ?uid into loWer chamber 34. As 
the volume of ?uid in intermediate chamber 32 decreases, 
the siZe of chamber 32 Will decrease too, and drug ?uid Will 
be draWn into reservoir 30 from the supply needle 36. The 
change in volumes of reservoirs 30 and 32 is possible in 
vieW of the use of the belloWs-like sideWall 44. The amount 
of Working ?uid transferred from intermediate chamber 32 
to loWer chamber 34 varies according to the desired amount 
of drug to be draWn into drug reservoir 30. 

[0028] Once drug reservoir 30 holds a desired amount of 
drug ?uid, and the needle 36 has been WithdraWn, delivery 
of the drug to a speci?c desired location Within a patient’s 
body via outlet line 46 is accomplished by reversing pump 
42. That is, pump 42 draWs Working ?uid from loWer 
chamber 34 and injects it into intermediate chamber 32. 
When this occurs, the volume of intermediate chamber 32 
increases, and membrane 48 is displaced, so that the siZe of 
drug reservoir 30 decreases and drug is forced out through 
exitWay 46. 

[0029] Thus, by controlling the operation of pump 42, the 
delivery of drug to the patient is also controlled. Preferably, 
the pump 42 is programmable, alloWing the physician or 
other clinician to set the rate and/or pattern of the transfer of 
the Working ?uid, and hence the rate and/or pattern for the 
infusion of drug ?uid. 

[0030] A second con?guration of the “hydraulic” embodi 
ment of the present invention is shoWn in FIG. 3. The 
structure of this second con?guration generally resembles 
that of the ?rst con?guration. Drug is introduced into 
reservoir 50 via a needle 52 inserted through septum 54 
disposed Within access port 56. A pump 58 acts to transfer 
a Working ?uid betWeen intermediate chamber 60 and a 
loWer chamber 62. The drug is infused to the patient’s body 
through exitWay 64 by the action of pump 58, the transfer of 
the Working ?uid, and the displacement of the reservoir 50, 
much like the infusion takes place Within the ?rst con?gu 
ration. HoWever, the second hydraulic con?guration 
includes, instead of a membrane, a sliding piston 66 adapted 
With a seal 68 to separate intermediate chamber 60 from 
drug reservoir 50. The seal 68 helps to ensure that no ?uid 
or drug is transferred betWeen chambers 50 and 60. 

[0031] The second preferred embodiment of the present 
invention generally is directed to an assembly that uses 
mechanical, screW-type displacement of a drug reservoir to 
deliver pharmaceutical agents or other ?uids to a speci?c 
desired locations Within a patient’s body. Again, there are 
tWo general con?gurations of this preferred embodiment. 

[0032] In the ?rst con?guration, shoWn in FIG. 4, a motor 
70 is operatively coupled to a lead screW 72, so that as the 
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motor 70 rotates the screW 72, a nut 74 is displaced along the 
longitudinal axis of the screW 72. The nut 74 is operatively 
coupled to both lead screW 72 and the base of drug reservoir 
76, so that displacement of the nut 74 in either direction 
along the axis of screW 72 results in a corresponding 
displacement of the base of the drug reservoir 76. 

[0033] As the base of the drug reservoir 76 moves, the 
volume of the drug chamber 76 changes. Preferably, side 
Wall 78 and inner Wall 80 comprise a donut-shaped belloWs 
like assembly that permits the volume change to occur. 

[0034] The introduction and expulsion of the drug to and 
from the drug reservoir 76 is accomplished much like in the 
?rst preferred embodiment of the present invention, i.e., by 
displacement of the drug reservoir itself. Again, access to the 
reservoir 76 may be had by Way of a needle 82 inserted 
through a septum 84 disposed Within access port 86, and the 
drug exits the reservoir 76 via exitWay 88. 

[0035] The second con?guration of the second preferred 
embodiment is shoWn in FIG. 5. A motor 90 drives a Worm 
gear 92 that meshes With a toothed bar or rack 94. The rack 
94 is ?xedly attached or otherWise operatively coupled on 
one end to the bottom of the drug reservoir 96. The drug 
reservoir 96 is shoWn as having ?exible, i.e., collapsible 
sides 98, rather than belloWs-like sides as in the other 
Figures. The exact shape of the sides is not necessarily 
critical; of primary importance is that the sides alloW the 
reservoir 96 to be displaced, so that drug introduced by 
needle 100 through septum 102 disposed in port 104 may be 
delivered via exitWay 106 to a speci?c desired location in the 
patient’s body. 

[0036] The third preferred embodiment of the present 
invention is shoWn in FIG. 6. The drug infusion assembly 
comprises a reservoir 108 including a base 110 and belloWs 
112. The belloWs 112 preferably is annealed in a belloWs 
like shape so that in its natural state the Wall is collapsed, i.e., 
in a condition corresponding to the state of loWest volume of 
the reservoir 108. A motor 114 is operatively coupled to a 
pulley or ?yWheel 116. AWire, rope, cord, chain or similar 
such connecting means 118 is coupled on one end to the base 
110, and on its other end to the ?yWheel 116. As the motor 
114 turns in one direction, the ?yWheel 116 turns and Wraps 
the connecting means 118 about the ?yWheel 116, so that the 
base 110 is displaced, increasing the volume of the reservoir 
108. As the volume of the reservoir 108 is increased, drug or 
other ?uids to be infused to the patient may be introduced 
into the reservoir 108 from the needle 120 extending through 
septum 122 disposed in port 124 in the manner described 
above. The annealing of the belloWs 112 ensures that the 
reservoir acts like a spring; that is, in tending toWard a 
natural state, the reservoir places in tension the connecting 
means 118. 

[0037] To deliver drug to the patient, then, the direction of 
the motor 114 is reversed, so that the reservoir is displaced 
back toWard its natural state. As the volume of the reservoir 
decreases, the drug is forced to exit through opening 126. 
The motor 114, like the motors and pumps of the other 
embodiments, may be programmed so that delivery of the 
drug takes place at a desired rate or pattern. 

[0038] Although the preferred embodiment of this inven 
tion has been described hereinabove in some detail, it should 
be appreciated that a variety of embodiments Will be readily 
available to persons utiliZing the invention for a speci?c end 
use. The description of the apparatus and method of this 
invention is not intended to be limiting on this invention, but 
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is merely illustrative of the preferred embodiment of this 
invention. Other apparatus and methods Which incorporate 
modi?cations or changes to that Which has been described 
herein are equally included Within this application. Addi 
tional objects, features and advantages of the present inven 
tion Will become apparent by referring to the above descrip 
tion of the invention in connection With the accompanying 
draWings. 
What is claimed is: 

1. A drug infusion device, comprising: 

a ?uid reservoir; and 

?uid reservoir displacement means for directly forcing 
drug ?uid Within said ?uid reservoir from said device. 

2. The apparatus of claim 1, Wherein said ?uid reservoir 
displacement means comprises hydraulic displacement 
means. 

3. The apparatus of claim 2, Wherein said hydraulic 
displacement means comprises a pump Which circulates a 
Working ?uid betWeen a ?rst reservoir and an expandable 
second reservoir disposed proximate said ?uid reservoir, so 
that as said second reservoir expands, said ?uid reservoir is 
displaced. 

4. The apparatus of claim 2, Wherein said hydraulic 
displacement means comprises a piston assembly Which acts 
to directly displace said ?uid reservoir. 

5. The apparatus of claim 1, Wherein said ?uid reservoir 
displacement means comprises mechanical screW-type dis 
placement means. 

6. The apparatus of claim 5, Wherein said mechanical 
screW-type displacement means comprises a motor opera 
tively coupled to a lead screW, so that as the motor turns the 
lead screW about a central axis, a nut coupled to said ?uid 
reservoir and disposed on said lead screW is displaced along 
said central axis, displacing said ?uid reservoir. 

7. The apparatus of claim 5, Wherein said mechanical 
screW-type displacement means comprises a motor that 
rotates a Worm gear to displace a rack coupled to the ?uid 
reservoir, displacing said ?uid reservoir. 

8. The apparatus of claim 1, Wherein said ?uid reservoir 
displacement means comprises spring force displacement 
means. 

9. The apparatus of claim 8, Wherein the spring force 
displacement means comprises a belloWs-like expandable 
chamber annealed so that the chamber in its natural state 
assumes a collapsed position, and in an expanded state the 
chamber tends toWard its natural collapsed position under its 
oWn action. 

10. The apparatus of claim 9, Wherein said spring force 
displacement means further comprises a motor assembly, 
including a motor operatively coupled to a ?yWheel about 
Which a ?rst end of a cable having ?rst and second ends is 
Wrapped, said second end of said cable being attached to 
said belloWs-like expandable chamber and Wherein said 
motor assembly adjusts the position of the belloWs-like 
expandable chamber as it relaxes from a ?rst expanded state 
to a second more collapsed state to control the displacement 
of the ?uid reservoir. 

11. A drug infusion device, comprising: 

a ?uid reservoir; and 

?uid reservoir displacement means for directly draWing 
drug ?uid into said ?uid reservoir. 
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12. The apparatus of claim 11, Wherein said ?uid reservoir 
displacement means comprises hydraulic displacement 
means. 

13. The apparatus of claim 12, Wherein said hydraulic 
displacement means comprises a pump Which circulates a 
Working ?uid betWeen a ?rst reservoir and a contractible 
second reservoir disposed proximate said ?uid reservoir, so 
that as said second reservoir contracts, said ?uid reservoir is 
displaced. 

14. The apparatus of claim 12, Wherein said hydraulic 
displacement means comprises a piston assembly Which acts 
to directly displace said ?uid reservoir. 

15. The apparatus of claim 11, Wherein said ?uid reservoir 
displacement means comprises mechanical screW-type dis 
placement means. 

16. The apparatus of claim 15, Wherein said mechanical 
screW-type displacement means comprises a motor opera 
tively coupled to a lead screW, so that as the motor turns the 
lead screW about a central axis, a nut coupled to said ?uid 
reservoir and disposed on said lead screW is displaced along 
said central axis, displacing said ?uid reservoir. 

17. The apparatus of claim 15, Wherein said mechanical 
screW-type displacement means comprises a motor that 
rotates a Worm gear to displace a rack coupled to the ?uid 
reservoir, displacing said ?uid reservoir. 

18. The apparatus of claim 11, Wherein said ?uid reservoir 
displacement means comprises spring force displacement 
means. 

19. The apparatus of claim 18, Wherein, the spring force 
displacement means comprises a belloWs-like expandable 
chamber annealed so that the chamber in its natural state 
assumes a collapsed position, and in an expanded state the 
chamber tends toWard its natural collapsed position under its 
oWn action. 

20. The apparatus of claim 19, Wherein said spring force 
displacement means further comprises a motor assembly, 
including a motor operatively coupled to a ?yWheel about 
Which a ?rst end of a cable having ?rst and second ends is 
Wrapped, said second end of said cable being attached to 
said belloWs-like expandable chamber; and Wherein said 
motor assembly adjusts the position of the belloWs-like 
expandable chamber from a ?rst contracted state to a second 
more expanded state to displace the ?uid reservoir. 

21. A method of infusing a drug to a speci?c desired 
location Within a patient’s body, comprising: 

placing a measure of the drug Within a ?uid reservoir and 
forcing at least a portion of the drug from the ?uid 
reservoir and through an established ?uid passageWay 
extending betWeen the ?uid reservoir and the speci?c 
desired location Within the patient’s body by directly 
displacing said ?uid reservoir. 

22. A method of ?lling a drug reservoir in an implantable 
drug infusion device, comprising: 

providing a supply of ?uid; and 

directly displacing said ?uid reservoir to draW at least a 
portion of the provided supply of ?uid into said ?uid 
reservoir. 


