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TITLE OF THE INVENTION
[6001] Fluid Delivery Device Needle Retraction Mechanisms, Cartridges and Expandable
Hydraulic Fluid Seals

CROSS-REFERENCE TO RELATED APPLICATIONS
10002] This application claims the benefit of U.S. Provisional Patent Application No.
61/353,004 filed June 9, 2010 entitled “Fluid Delivery Device Cartridges, Needle Retraction
Mechanisms and Expandable Hydraulic Fluid Seals”, incorporated by reference herein in its

entirety.

BACKGROUND OF THE INVENTION
16603] The present invention generally relates to a fluid delivery device and more
particularly to fluid delivery device needle retraction mechanisms, cartridges and expandable
hydraulic fluid seals for use with an ambulatory device for delivering & medicament to a patient.
[6004] Many attempts have been made to provide continuous or near continuous dosing of
drugs and other fluids, such as insulin, using pump systems. Although some systems for
continuous delivery work quite well, individuals using these systems, particularly in continuous
dose mode, need to monitor the devices closely to ensure continuity and accuracy of dosing
under variable environmental conditions such as temperature and air pressure. In addition, there
are few options for individuals who require the ability to vary the dose of medication quickly and
accurately, and most of the available options are cumbersome, difficult to operate, intrusive,
and/or expensive.
16005] Accordingly, it would be desirable to provide a simple, intuitive, inexpensive
ambulatory device able to provide fluid dosing under patient control, as well as safety and

consistency in the metered or continuous dose over a wide range of environmental conditions.

BRIEF SUMMARY OF THE INVENTION

00051 According to a first aspect of the present invention, there is provided a fluid delivery

device copmprising: a housing having a first hvdranlic chamber and a second hvdraulic chamber:

a flow regtricror fluidly coupling the st hvdraubic chamber and the second hydraulic chamber: g

cartridee having a coniainer forming a fuid reservoir sealed at o proximal end with a piston, the
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carfridee being inseriable into the housing fo counle the piston with the second hydraulic

chamber. the fluid reservoir beme substantially filled with s liquid snd the second hvdraglic

chamiber being filled with a hvdraulic fluid prigr to inserting the carinides within the housing, the

cartridee includine a septum configured to be nierced by a delivery needle: and an actuator

coupded o the housing snd conficured to deliver a force to the piston throush the frgt and

second hvdrawlic chambers.

00481 Accordine to g second aspect of the nresent imveniion, there Is provided & fhuid

delivery device comprising: 2 housing having a first hvdraulic chamber and a second hvdraulic

chamber: 2 flow restrictor Huidly coupnling the brgt hvdrgulic chamber and a second hvdraulic

chamber: a cartridge forming a fluid reservoir between a shideable piston and 4 septum

configured 1o receive a delivery needle, the cartridee including a stopper confipured o seal a

distal end of the cariridee after the fluid reservoir is substantiallv filled with a Houdd, the piston

being coupled with the second hvdraulic chamber; and an actuator coupled to the housing and

contisured to deliver a foree to the piston twough the Orst and second byvdraulic chambers,

[6805¢]  According o a thivd aspect of the present invention, there is orovided a (g delivery

device comprising: g housing baving a first hydraubic chamber and a second hvdraulic chamber:

a flow restrictor Huidly coupling the fivst hvdravlic chamber and 2 second hvdranlic chamber: 2

fluid reservolr havine a piston: a sesl sealing an end of the second hvdraulic chamber and

contioured to couple with the piston, the seal being expandable between a compressed position

and an expanded position: and sn actuator counied to the first hvdraulic chamber and confisured

1o expand the seal, move the piston and deliver a foree 1o the fluid reservoir through the frst and

second hydraulic chambers.

[0006] In one embodiment there is a fluid delivery device that comprises (a) a housing
configured to be coupled to a skin surface in an engaged position, (b) a fluid reservoir coupled to
the housing, (c) an actuator coupled to the housing and configured to deliver a force to the fluid
reservorlr, the actuator having a first positien and a second position, and (¢) a needle assembly
having a needle the needle having a delivery end configured to extend from the housing and nto

the skin surface in a delivery configuration, the needle assembly being configured to
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CLAIMS
I/we claim:
1. A fluid delivery device comprising:
a housing configured to be coupled to a skin surface in an engaged position,
a fluid reservoir coupled to the housing;

an actuator coupled to the housing and configured to deliver a forcefo the fluid reservorr,

the actuator having a first position and a second position; and

a ncedle assembly having a needle, the needle having a delivefy end configured to extend
from the housing and into the skin surface in a delivery configuraffon, the needle assembly being
configured to automatically withdraw the delivery end of the ngedle into the housing upon the

actuator moving from the first position to the second positt

2. The fluid delivery device of claim 1 further

a locking member configured to keep the/delivery end of the needle within the housing in

a locked position.

3. The fluid delivery device of clfim 2 further comprising:

a needle release configured to position the locking member into the focked position upon

the actuator moving from the {ifst position into the second position.

4. The flud delivery device of claim 3, wherein the needle release is spring biased toward

the locking member /n the first position.

5. The fnid delivery device of claim 4, wherein the needie release includes at least one

projectionconfigured to engage with the locking member.
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6. The fluid delivery device of claim 5, wherein the at least one projection is ramped.
7. The fluid delivery device of claim 2 further comprising:

an actuation button coupled to the needle and having a sleeve surrounding a¥ least a
portion of the needle, wherein the locking member is spring biased toward the s)éeve, the sleeve
having at least one abutment surface configured to engage with the locking mémber to prevent at

least one of engaging and disengaging the needle.

8. The fluid delivery device of claim 7, wherein the at least opt abutment surface includes a
first abutment surface and a second abutment surface, the lockipe member engageable with the
first abutment surface to releaseably retain the needle in the ghgaged position, the locking
member engageable with the second abutment surface to whreleaseably retain the needle in the

locked position.

9. The fluid delivery device of claim &, wlferein the first abutment surface is axially spaced
along the needle from the second abutment glirface and the actuation button is configured to be

spring biased away from the skin surface/n the delivery configuration.

10.  The fluid delivery device 6f claim 3, wherein the needle release is spring biased, the
needle release being retained i the first position by a lock release coupled to the actuator, the
lock release configured to #lease the needle release and allow the needle release to move in a

direction of the spring biés in the second position.

11.  The fluiddielivery device of claim 10, wherein the lock release includes a shaft extending

from the actuglor.
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12. The fluid delivery device of claim 2, wherein the locking member comprises a helical
torsion spring.
13. The fluid delivery device of claim 2, wherein the locking member is configupéd to

releaseably retain the needle in the engaged position.

14. The fluid delivery device of claim 1 further comprising:
a first hydrauiic chamber;
a second hydraulic chamber; and

a flow restrictor fluidly coupling the first hydraulic chgimber and a second hydraulic

chamber,

wherein the actuator is configured to deliver the/foree to the fluid reservoir through the

first and second hydraulic chambers.

15. The fluid delivery device of claim 1, Avheremn the actuator reaches an end of travel in the

second position.

16.  The fluid delivery device gf claim 1, wherein fhud is delivered through the needle in the

first position and the fluid ceagls to be delivered from the needle in the second position.

17. The fluid delivgry device of claim 1, wherein the housing includes a bottom surface, the
bottom surface incifding an adhesive configured to releaseably couple the housing to the skin

surface in the eng:

fhuid delivery device comprising:
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a housing having a bottom surface, the bottom surface including an adhesive configur

to releaseably couple the housing to a skin surface in an engaged position;

a needle assembly having a needle, the needle having a delivery end configured Ao extend
from the housing and into the skin surface in a delivery configuration, the needle asgémbly bemg
configured to automatically withdraw the delivery end of the needle into the hous

decoupling the bottom surface of the housing from the skin surface.

19. The fluid delivery device of claim 18 further comprising;

a locking member configured to keep the delivery end of th¢ needle within the housing in

a locked position.

20. The fluid delivery device of claim 19 further co

a needle release configured to position the lpCking member into the locked position upon

decoupling the housing from the skin surface.

21 The fluid delivery device of claim/Z0, wherein the needle release includes at least one

projection configured to engage with the locking member,

22, The fluid delivery devigé of claim 21, wherein the at least one projection s ramped.

23, The fluid delivedy device of claim 20, wherein the needle release is spring biased toward

the skin surface in thé engaged position.

24, 'The ffuid delivery device of claim 20 further comprising:

adock release configured to compress a spring biasing the needle release in the engaged
positighn, the spring configured to move the needle release upon decoupling the housing from the

i surface,
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25, The fluid delivery device of claim 20, wherein the needle release is contained withy,

housing in the engaged position and extends from the housing in the locked position.

26.  The fluid delivery device of claim 19 further comprising:

an actuation button coupled to the needle and having a slecve surrougding at least a
portion of the needle, wherein the locking member is spring biased toward the sleeve, the sleeve
having at least one abutment surface configured to engaging with the Jocking member to prevent

at least one of engaging and disengaging the needle.

27.  The fluid delivery device of claim 26, wherein the gffleast one abutment surface includes

a first abutment surface and a second abutment surface, e locking member engageable with the
first abutment surface to releaseably retain the needledn the engaged position, the locking
member cngageable with the second abutment surféce to unreleaseably retain the needle in the

locked position.

28, The fluid delivery device of clagn 27, wherein the first abutment surface 1s axially spaced
along the needle from the second abytment surface and the actuation button is configured to be

spring biased away from the skingurface i the delivery configuration.

29, The fhud deliveryfevice of claim 19, wherein the locking member comprises a helical

forsion spring.

30, The fiwyd delivery device of claim 19, wherein the locking member is configured to

releaseably retain the needle in the engaged position.

The fluid delivery device of claim 18 further comprising:
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a fluid reservoir coupled to the housing; and

an actuator coupled to the housing and configured to deliver a force to the fluid reseivoir.

32, The fluid delivery device of claim 31 further comprising:
a first hydraulic chamber;
a second hydraulic chamber; and

a flow restrictor fluidly coupling the first hydraulic chamber and/ second hydraulic

chamber,

wherein the actuator is configured to deliver a force to thg/fluid reservoir through the first

and second hydraulic chambers.

33, The fluid delivery device of claim 31, wherein #he actuator includes a first position and a

second position, and

wherein the needle assembly is configuréd to automatically withdraw the delivery end of
the needle into the housing upon the actuatoymoving from the first position to the second

POsition.

34, A fluid delivery device copprising:
a housing having a firgt hydraulic chamber and a second hydraulic chamber;

a flow restrictor flydly coupling the first hydraulic chamber and the second hydraulic

chamber;

a cartridge having a container forming a fluid reservoir sealed at a proximal end with a
piston, the cartrjdge being insertable into the housing and configured to couple the piston with
the second hyflraulic chamber, the fluid reservoir being substantially filled with a liquid prior to
mserting the cartridge within the housing, the cartridge including a septum configured to be

v a delivery needle; and
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an actuator coupled to the housing and configured to deliver a force to the piston thro

the first and second hydraulic chambers.

35, The fluid delivery device of claim 34, further comprising a cartridge seal cogpled
between the proximal end of the cartridge and the housing when the cartridge is hserted into the

housing.

36.  The fluid delivery device of claim 35, wherein the cartridge segdl is compressible.

37.  The fiuid delivery device of claim 35 further comprisigé:

a hydraulic cap extending through the cartridge segd and coupling the piston and the

second hydraulic chamber.

38.  The fluid delivery device of claim 37, wherein the hydraulic cap is substantially rigid.

35, wherein the proximal end of the cartridge includes
an overflow channel in fluid commupfication with the second hydraulic chamber when the

cartridge 1s inserted into the housiig.

40, The fluid deliverydevice of claim 39, wherein the overflow channel is formed between
an outer peripheral edgé of the proximal end of the cartridge and an inner peripheral edge of the
proximal end of theCartridge, the outer peripheral edge extending axially further from the

cariridge than thg/immner peripheral edge.

41, THe fluid delivery device of claim 35, wherein the cartridge secal covers the second

hydraylic reservoir prior to inserting the cartridge into the housing and the second hydraulic



10

15

20

25

WO 2011/156580 PCT/US2011/039771
49

reservolr mcludes a piercing member configured to pierce the cartridge seal upon insertion of thé

cartridge into the housing.

42, The fluid delivery device of claim 41, wherein the piercing member includes 4 needle.

43.  The fluid delivery device of claim 34, wherein the septum is slideably’coupled with the

container.

44,  The fluid delivery device of claim 43, wherein the septum 48 configured to slide distally

with respect to the container upon inserting the cartridge into th€ housing.

45, The cartridge of claim 43, wherein the septum ifciudes a space for receiving an end of
the delivery needle and a ftuid passageway fluidly cgupling the space and the fluid reservoir, the

fluid passageway having a cross sectional area that is less than a cross sectional area of the space.

46.  The cariridge of claim 43, whereiyf the septum seals a distal cnd of the container,

47.  The cartridge of claim 43 /wherein the septum is displaced with respect to the container

when the septum is displaced gpon inserting the cartridge into the housing.

47.  'The fluid delivéry device of claim 34, wherein the cartridge includes a volume and a
pressure, the volumé being reduceable to enable insertion of the cartridge into the housing prior

to engagement with the delivery needle and without changing the pressure.

48.

configured to expel hydraulic fluid upon insertion of the cartridge into the housing.

e fluid delivery device of claim 34, wherein the second hydraulic chamber is
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45, The fluid delivery device of claim 34, wherein the cartridge further comprises a reli
valve, the piston configured to expel air and/or fluid through the relief valve upon insertigh of

the cartridge into the housing.

50.  The fluid delivery device of claim 34, wherein the cartridge further copiprises a relief

piston configured to slide distally upon insertion of the cartridge into the h

51.  The fluid delivery device of claim 34, whercin the cartridgefurther comprises a septum

configured to be pierced by the delivery needle.

52. The fluid delivery device of claim 34 further copfprising:

a cap coupling the piston and the second hydfaulic reservoir when the cartridge is
inserted into the housing, the cap having a side wall and at least one of a top surface or a bottom
surface that extends axially outwardly from thé side wall, at least one of the top surface or the

bottom surface being configured to invert wpon inserting the cartridge into the housing.

53. A carfridge for use with a §#0id delivery device comprising:

a contaner forming a fJaid reservoir having a volume, a pressure and a septum
configured to be pierced by4 delivery needle, the volume being reduceable to enable insertion of
the cartridge into the flugd delivery device prior to engagement with the delivery needle and

without changing the pressure of the fluid reservoir,

ridge of claim 33, wherein the septum is slideably coupled with the container.

55. / The cartridge of claim 53, wherein the septum is configured to slide distally with respect

to fhe container upon inserting the cartridge with the fluid delivery device.
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56.  The cartridge of claim 53, wherein the septum includes a space for receiving an end/of

the delivery needle and a fluid passageway fluidly coupling the space and the fluid reserfoir.

5 57.  The cariridge of claim 53, wherein the septum seals a distal end of the cofitainer and a

piston seals a proximal end of the container,

538, The carfridge of claim 33, wherein the septum is displaced wigh respect to the container

when a piston within the container is displaced upon inserting the gartridge ito the fluid delivery

10 device.

59.  The cartridge of claim 353 further comprising:

a piston slideable within the container.

15 60,  The cartridge of claim 53, wherein tife container is substantially rigid.

61.  The cartridge of claim 53 fupther comprising:

a relief valve and a pistod, the piston configured to expel air and/or fluid through the

rehef valve upon insertion offhe cartridge into the fluid defivery device.
20
62, The cartridge 41 claim 53 further comprising:

a relief pigfon configured to slide distally upon msertion of the cartridge into the fluid

delivery devicgl

25 ‘A fluid delivery device comprising:

a housing having a first hydraulic chamber and a second hydraulic chamber;
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a flow restrictor fluidly coupling the first hydraulic chamber and a second hydraulic

chamber,

a cartridge forming a fluid reservoir between a slideable piston and a stopper, the’stopper
configured to seal a distal end of the carfridge after the fluid reservoir is substantially/filled with

a liquid, the piston being coupled with the second hydraulic chamber; and

an actuator coupled to the housing and configured to deliver a force tofhe piston through

the first and second hydraulic chambers.

64.  The fluid delivery device of claim 63, wherein the cartridge/includes a septum configured

to receive a delivery needle.

65. A fluid delivery device comprising:
a housing having a first hydraulic chamber ad a second hydraulic chamber;,

a flow restrictor fluidly coupling the firsyhydraulic chamber and a second hydraulic

chamber;
a fluid reservoir;

a seal sealing the second hydrgtalic chamber and configured to couple with the fluid
reservoir, the seal being expandablé between a compressed position and an expanded position;

and.

an actuator coupled #o the first hydraulic chamber and configured to expand the seai and

deliver a force to the flujd reservoir through the first and second hydraulic chambers.

66.  The fluid felivery device of claim 65, wherein the cross sectional area of a distal end of

the seal is smgfler than the cross sectional area of a proximal end of the seal in the expanded

position.
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67.  The fluid delivery device of claim 66, wherein the seal includes at feast two telescopin
members.
68.  The fluid delivery device of claim 66, wherein the seal includes at least two£ylindrical
members having different diameters.
69. The fluid delivery device of claim 66, wherein the seal is general conically shaped in
the expanded position.
70. The fluid delivery device of claim 65 further comprisipg a cartridge having a container, a

slideable piston and the fluid reservair.
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CLAIMS

1. Afluid delivery device comprising: a housing having a first hydraulic chamber and a second
hydraulic chamber; a flow restrictor fluidly coupling the first hydraulic chamber and the second
hydraulic chamber; a cartridge having a container forming a fluid reservoir sealed at a proximal end
with a piston, the cartridge being insertable into the housing to couple the piston with the second
hydraulic chamber, the fluid reservoir being substantially filled with a liquid and the second
hydraulic chamber being filled with a hydraulic fluid prior to inserting the cartridge within the
housing, the cartridge including a septum configured to be pierced by a delivery needle; and an
actuator coupled to the housing and configured to deliver a force to the piston through the first and
second hydraulic chambers.

2. The fluid delivery device of claim 1, further comprising a cartridge seal coupled between the
proximal end of the cartridge and the housing when the cartridge is inserted into the housing.

3. The fluid delivery device of claim 2, wherein the cartridge seal is compressible.

4. The fluid delivery device of claim 2 further comprising: a hydraulic cap covering an end of the
second hydraulic chamber, the hydraulic cap extending through the cartridge seal and coupling the
piston and the second hydraulic chamber.

5.  The fluid delivery device of claim 4, wherein the hydraulic cap is substantially rigid.

6. The fluid delivery device of claim 2, wherein the proximal end of the cartridge includes an
overflow channel in fiuid communication with the second hydraulic chamber when the cariridge is
inserted into the housing.

7. The fluid delivery device of claim 6, wherein the overflow channel is formed between an outer
peripheral edge of the proximal end of the cartridge and an inner peripheral edge of the proximal
end of the cartridge, the outer peripheral edge extending axially further from the cartridge than the
inner peripheral edge.

8. The fluid delivery device of claim 2, wherein the cartridge seal covers an end of the second
hydraulic reservoir prior to inserting the cartridge into the housing and the cartridge seal is pierced

upon insertion of the cartridge into the housing.

9. The fluid delivery device of claim 8, wherein the second hydraulic reservoir includes a piercing
member configured to pierce the cartridge seal upon insertion of the cartridge into the housing.

10. The fluid delivery device of claim 9, wherein the piercing member inciudes a needle.

11. The fiuid delivery device of claim 1, wherein the septum is slideably coupled with the container.
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12. The fluid delivery device of ciaim 11, wherein the septum is configured to slide distally with
respect to the container upon inserting the cartridge into the housing.

13. The cartridge of claim 11, wherein the septum includes a space for receiving an end of the
delivery needle and a fluid passageway fluidly coupling the space and the fluid reservoir, the fluid
passageway having a cross sectional area that is Jess than a cross sectional area of the space.

14. The cartridge of claim 1%, wherein the septum seals a distal end of the container.

15. The cartridge of claim 11, wherein the septum is displaced with respect to the container when
the septum is displaced upon inserting the cartridge into the housing.

16. The fluid delivery device of claim 1, wherein the second hydraulic chamber is configured to expel
hydrauiic fluid upon insertion of the cartridge into the housing.

17. The fluid delivery device of claim 1, wherein the cartridge further comprises a relief valve, the
piston configured to expel air and/or fluid through the relief valve upon insertion of the cartridge
into the housing.

18. The fluid delivery device of claim 1, wherein the cartridge further comprises a relief piston
configured to siide distaliy upon insertion of the cartridge into the housing.

19. The fluid delivery device of claim 1 further comprising: a cap coupling the piston and the second
hydraulic reservoir when the cartridge is inserted into the housing, the cap having a side wall and at
least one of a top surface or a bottom surface that extends axially outwardly from the side wall, at
least one of the top surface or the bottom surface being configured to invert upon inserting the
cartridge into the housing.

20. The fluid deiivery device of claim 1, wherein the cartridge includes a volume and a pressure, the
volume being reduceable to enable insertion of the cartridge into the housing prior to engagement
with the delivery needie and without changing the pressure.

21. The fluid delivery device of claim 1, wherein the cartridge includes an pre-insertion pressure
prior to inserting the cartridge into the housing and an assembled pressure after the cartridge has
been inserted into the housing and prior to engagement with the delivery needle, the pre-insertion
pressure being generally equal to the assembled pressure.

22. The fluid delivery device of claim 1, wherein there is substantially no air between the second
hydraulic chamber and the septum after the cartridge has been inserted into the housing.
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23. A fluid delivery device comprising: a housing having a first hydraulic chamber and a second
hydraulic chamber; a flow restrictor fluidly coupling the first hydraulic chamber and a second
hydraulic chamber; a cartridge forming a fluid reservoir between a slideable piston and a septum
configured to receive a delivery needle, the cartridge including a stopper configured to seal a distal
end of the cartridge after the fluid reservoir is substantially filled with a liquid, the piston being
coupled with the second hydraulic chamber; and an actuator coupled to the housing and configured
to deliver a force to the piston through the first and second hydrauiic chambers.

24. The fluid delivery device of claim 23, wherein the delivery needie is configured to pierce the
septum in a direction generally perpendicular to a direction the stopper is inserted in the distal end
of the cartridge.

25. A fluid delivery device comprising: a housing having a first hydraulic chamber and a second
hydraulic chamber; a flow restrictor fluidly coupling the first hydraulic chamber and a second
hydraulic chamber; a fluid reservoir having a piston; a seal sealing an end of the second hydraulic
chamber and configured to couple with the piston, the seal being expandable beiween a
compressed position and an expanded position; and an actuator coupled to the fiest hydraulic

- chamber and configured to expand the seal, move the piston and deliver a force to the fluid
reservoir through the first and second hydraulic chambers.

26. The fluid delivery device of claim 25, wherein the cross sectional area of a distal end of the seal is
smaller than the cross sectional area of a proximal end of the seal in the expanded position.

27. The fluid deiivery device of claim 26, wherein the seal includes at least two telescoping
members.

28. The fluid delivery device of claim 26, wherein the seal includes at ieast two cylindrical members
having different diameters.

29. The fluid delivery device of claim 26, wherein the seal is generally conically shaped in the
expanded position.

30. The fluid delivery device of claim 25, wherein the fluid reservoir is a prefilied cylindrical cartridge
that is insertabie into the housing.



