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WEARABLE DRUG DELIVERY DEVICE HAVING SPRING DRIVE
AND SLIDING ACTUATION MECHANISM

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

[0001] This patent application claims the benefit of U.S. Provisional Patent Application

No. 61/409,824, filed November 3, 2010. This application is also related to U.S. patent

applications Ser. Nos. 12/684,823, 12/684,832, 12/684,834, 12/684,840, and 12/684,844,

each of which are hereby incorporated by reference in their entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to the field of drug delivery devices. The

present invention relates specifically to wearable active transdermal drug delivery devices

including which facilitate drug delivery using one or more microneedles as the point of

drug delivery.

BACKGROUND OF THE INVENTION

[0003] An active agent or drug (e.g., pharmaceuticals, vaccines, hormones, nutrients,

etc.) may be administered to a patient through various means. For example, a drug may be

ingested, inhaled, injected, delivered intravenously, etc. In some applications, a drug may be

administered transdermally. In some transdermal applications, such as transdermal nicotine

or birth control patches, a drug is absorbed through the skin. Passive transdermal patches

often include an absorbent layer or membrane that is placed on the outer layer of the skin.

The membrane typically contains a dose of a drug that is allowed to be absorbed through the

skin to deliver the substance to the patient. Typically, only drugs that are readily absorbed

through the outer layer of the skin may be delivered with such devices.

[0004] Other drug delivery devices are configured to provide for increased skin

permeability to the delivered drugs. For example, some devices use a structure, such as one

or more microneedles, to facilitate transfer of the drug into the skin. Solid microneedles

may be coated with a dry drug substance. The puncture of the skin by the solid

microneedles increases permeability of the skin allowing for absorption of the drug

substance. Hollow microneedles may be used to provide a fluid channel for drug delivery

below the outer layer of the skin.



[0005] The invention provides such a drug delivery device. These and other advantages

of the invention, as well as additional inventive features, will be apparent from the

description of the invention provided herein.

BRIEF SUMMARY OF THE INVENTION

[0006] One embodiment of the invention is a device for delivering a drug to the skin of

a subject that includes a base portion for resting on the skin surface, a drug reservoir

supported by the base portion, and at least one hollow microneedle with a tip portion for

penetrating the skin surface. The hollow microneedle is in fluid communication with the

reservoir. A first stored energy mechanism releasable to force the tips into the skin, a

second stored energy mechanism releasable to force drug from the reservoir through the

needle, and a trigger moveably supported by the base portion and coupled to the first and

second stored energy mechanisms to release the mechanisms such that the tip is forced into

the skin before the drug is forced through the needle.

[0007] Another embodiment of the invention is a microneedle array that includes a

plurality of hollow microneedles each having one or more side ports, a lumen, and a solid

tip. The microneedle array has a bottom plane with a center axis parallel to the

microneedles and side walls. The bottom plane and side walls define an internal cavity with

a depth greater than height of the microneedles, so that one microneedle array may be

contacted with a second microneedle array without contacting the microneedles of the first

microneedle array with the bottom plane of the second microneedle array when the

microneedle arrays are coaxially aligned along their center axes.

[0008] In another embodiment of the invention is a device for delivering a drug to the

skin of a subject that includes a base portion defining a bottom for resting on the skin

surface, a drug reservoir supported by the base portion, and at least one hollow microneedle

having a tip portion for penetrating the skin of the subject. The microneedles are in fluid

communication with the reservoir. A first stored energy mechanism is releasable to force

the tips into the skin, and a second stored energy mechanism releasable to force drug from

the reservoir through the needles. A trigger is moveably supported by the base portion and

coupled to the first and second stored energy mechanisms, to release the mechanisms so that

the tip is forced from a position above the to a position below the bottom plane before the

drug is forced through the needle.



BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a perspective view of a drug delivery device having a cover according

to an exemplary embodiment, shown with the cover removed;

[0010] FIG. 2 is an exploded perspective view of a drug delivery device according to an

exemplary embodiment;

[0011] FIG. 3A is a top view of a drug delivery device in an pre-activation position;

[0012] FIG. 3B is a top view of a drug delivery device in an activated position;

[0013] FIG. 4A is an isometric sectional view along line A-A of FIG. 3A of a drug

delivery device in an pre-activation position;

[0014] FIG. 4B is an isometric sectional view along line B-B of FIG. 3B of a drug

delivery device in an activated position;

[0015] FIG. 5A is a perspective view of internal components of a drug delivery device

in an pre-activation position;

[0016] FIG. 5B is a perspective view of internal components of a drug delivery device

in an activated position;

[0017] FIG. 6 is an exploded perspective view of a trigger assembly and drug reservoir

showing needle retraction features;

[0018] FIG. 7 is a side view of a trigger assembly and drug reservoir in an activated

position;

[0019] FIG. 8 is a side view of a trigger assembly and a drug reservoir in a needle

retraction position;

[0020] FIG. 9A is a bottom view of a microneedle array;

[0021] FIG. 9B is a side cross-sectional view of a microneedle array along line C-C;



[0022] FIG. 9C is a side cross-sectional detail view of an individual microneedle taken

from oval D;

[0023] FIG. 9D is a bottom detail view of a microneedle taken from circle E;

[0024] FIG. 10 is a side cross-sectional view of stacked microneedle arrays;

[0025] Fig. 11 is an exploded perspective view of a drug delivery device according to a

second exemplary embodiment;

[0026] FIG. 12A is a top view of the second exemplary drug delivery device in an pre-

activation position;

[0027] FIG. 12B is a top view of the second exemplary drug delivery device in an

activated position;

[0028] FIG. 13A is cross-sectional view along line 13A-13A of the second exemplary

drug delivery device in an pre-activation position;

[0029] FIG. 13B is cross-sectional view along line 13B-13B of the second exemplary

drug delivery device in an activated position;

[0030] FIG. 14A is an isometric sectional view along line 13A-13A of the second

exemplary drug delivery device in an pre-activation position;

[0031] FIG. 14B is an isometric sectional view along line 13B-13B of the second

exemplary drug delivery device in an activated position;

[0032] While the invention will be described in connection with certain preferred

embodiments, there is no intent to limit it to those embodiments. On the contrary, the intent

is to cover all alternatives, modifications and equivalents as included within the spirit and

scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION

[0033] Variations of those preferred embodiments may become apparent to those of

ordinary skill in the art upon reading the foregoing description. The inventors expect skilled



artisans to employ such variations as appropriate, and the inventors intend for the invention

to be practiced otherwise than as specifically described herein. Accordingly, this invention

includes all modifications and equivalents of the subject matter recited in the claims

appended hereto as permitted by applicable law. Moreover, any combination of the above-

described elements in all possible variations thereof is encompassed by the invention unless

otherwise indicated herein or otherwise clearly contradicted by context.

DRUG DELIVERY DEVICE

[0034] Referring generally to FIGS. 1-10, a drug delivery device is shown according to

an exemplary embodiment. The drug delivery device is placed in contact with the skin of a

subject (e.g., a human or animal, etc.) prior to delivery of the substance to the subject. After

the device is affixed to the skin of the subject, the device is activated in order to deliver the

substance to the subject. Following delivery of the substance, the device is removed from

the skin. During storage and transport, the drug delivery device may also be enclosed in an

exterior package to protect the device and ensure sterility.

[0035] The delivery device described herein may be utilized to deliver any substance

that may be desired. In one embodiment, the substance to be delivered is a drug, and the

delivery device is a drug delivery device configured to deliver the drug to a subject. As used

herein the term "drug" is intended to include any substance delivered to a subject for any

therapeutic, preventative, or medicinal purpose (e.g., vaccines, pharmaceuticals, nutrients,

nutraceuticals, etc.). In one such embodiment, the drug delivery device is a vaccine delivery

device configured to deliver a dose of vaccine to a subject. In one embodiment, the delivery

device is configured to deliver a flu vaccine. The embodiments discussed herein relate

primarily to a device configured to deliver a substance intradermally. In other embodiments,

the device may be configured to deliver a substance transdermally or may be configured to

deliver drugs directly to an organ other than the skin.

[0036] Referring to FIG. 1, a drug delivery device 16 is shown including a base portion

32 and cover 34, shown with cover 34 lifted vertically from base portion 32. A rear

direction 31 and a front direction 33 are shown on base portion 32. Base portion 32 may be

provided with an attachment element shown as, but not limited to, an adhesive layer 22.

Additionally, adhesive layer 22 may be covered with a protective barrier or film 14. Drug

delivery device 16 is shown with a button 20 located at the front 33 of base portion 32.



[0037] To use delivery device 16 to deliver a drug to a subject, protective barrier 14 is

removed exposing adhesive layer 22. Protective barrier 14 may include a tab that facilitates

gripping of protective barrier 14 during removal. Once adhesive layer 22 is exposed,

delivery device 16 is placed on the skin. Adhesive layer 22 is made from an adhesive

material that forms a nonpermanent bond with the skin of sufficient strength to hold

delivery device 16 in place on the skin of the subject during use. With delivery device 16

adhered to the skin of the subject, button 20 is pressed to trigger delivery of the drug to the

patient. In a preferred embodiment, a patient or user can exert a squeezing motion between

button 20 and rear 31 using the thumb and one or more fingers. FIG. 3A shows drug

delivery device 16 in an assembled, pre-activation condition, and FIG. 3B shows the same

device when the device is placed in an activated condition. As shown in FIGS. 3A, 3B, 5A,

and 5B, pressing button 20 translates trigger element 160 towards the rear 3 1 of the drug

delivery device, in the direction shown by arrow A and substantially parallel to the skin of

the patient, thereby minimizing any shear force exerted on drug delivery device 16 with

respect to the skin. Additionally, exertion of activation force in a direction substantially

parallel to the skin of the subject may also minimize distortion of the skin due to pressing an

activation button, thereby improving the seating of microneedles 302 (discussed in further

detail below) into the skin of the subject. When delivery of the drug is complete, delivery

device 16 may be detached from the skin of the subject by applying sufficient force to

overcome the grip generated by adhesive layer 22.

[0038] In one embodiment, delivery device 16 is sized to be conveniently wearable by

the user during drug delivery. In one embodiment, the length of delivery device 16 along the

device's long axis is 53.3 mm, the length of delivery device 16 along the device's short axis

(at its widest dimension) is 40.8 mm, and the height of delivery device 16 is 14.7 mm.

However, in other embodiments other dimensions are suitable for a wearable drug delivery

device. For example, in another embodiment, the length of delivery device 16 along the

device's long axis is between 40 mm and 80 mm, the length of delivery device 16 along the

device's short axis (at its widest dimension) is between 30 mm and 60 mm, and the height

of delivery device 16 at button 20 following activation is between 5 mm and 30 mm. In

another embodiment, the length of delivery device 16 along the device's long axis is

between 50 mm and 55 mm, the length of delivery device 16 along the device's short axis

(at its widest dimension) is between 45 mm and 50 mm, and the height of delivery device

16 is between 10 mm and 20 mm.

[0039] While in the embodiments shown the attachment element is shown as adhesive

layer 22, other attachment elements may be used. For example, in one embodiment, delivery



device 16 may be attached via an elastic strap. In another embodiment, delivery device 16

may not include an attachment element and may be manually held in place during delivery

of the drug.

[0040] Referring to FIG. 2, an exploded perspective view of delivery device 16 is

shown. Base portion 32 includes a flange 60, a bottom tensile member, shown as bottom

wall 61, a first support portion 62, and a second support portion 63. In the embodiment

shown, bottom wall 6 1 is a rigid wall that is positioned below flange 60. Bottom wall 6 1

may be provided with an opening to receive needle screen 112. Needle screen 112 includes

one or more holes 114 that are sized and positioned to align with needle holes 28 in

adhesive layer 22. In this manner, holes 114 in needle screen 112 and holes 28 in adhesive

layer 22 form channels for the passage of microneedles 302 through bottom wall 6 1 when

the device is placed in an activated configuration. In another embodiment, needle holes 114

may be formed directly into bottom wall 6 1.

[0041] As shown in FIG. 2, the outer surface of first support portion 62 is generally

cylindrically shaped and extends upward from flange 60. First support portion 62 defines a

cylindrical opening or cavity to receive coiled compression spring 198 and piston 200.

Piston 200 is shown as including a generally cylindrical side wall 202 and a convex piston

top surface 204. Piston 200 further includes at least one piston tab 206. In a preferred

embodiment, piston 200 is provided with piston tab 206 and a second piston tab placed on

the opposite side of piston 200. First support portion 62 also includes a pair of cylindrical

channels 128 that receive the downwardly extending segments 105 of needle spring 106.

First support portion 62 is further provided with horizontal support surfaces 124 which

slidably support trigger arms 162 of trigger element 160.

[0042] In a preferred embodiment, cover 34 is ultrasonically welded to base portion 32.

In another embodiment, base portion 32 include may a recess 58 and second recess similar

to recess 58 on the opposite side of base portion 32. Both recess 58 and the opposing recess

are formed in the upper peripheral edge of the outer surface of first support portion 62. Top

cover 34 includes a tab 54 and second tab similar to tab 54 on the opposite side of top cover

34 that each extend inwardly from a portion of the inner edge of cover 34. When top cover

34 is mounted to base portion 32, tab 54 is received within recess 58 is and the similar tab is

received within the similar recess on the opposing side of base portion 32, thereby holding

top cover 34 to base portion 32. In other embodiments, cover 34 may be attached to base

portion 32 with an adhesive or with one or more screws.



[0043] Still referring to FIG. 2, second support portion 63 is generally cylindrically

shaped and extends upward from flange 60. Second support portion 63 includes front posts

35 and rear posts 36 defining a first channel 50 and a second channel 52.

[0044] Second support portion 63 also includes a central cavity 122 sized to slidably

receive shuttle 38. Shuttle 38 is provided with first guide arm 46 and second guide arm 48.

Guide arms 46 and 48 are slidably received within channels 50 and 52 respectively, when

shuttle 38 is received in the center cavity 122 of second support portion 63. Channels 50

and 52 act as a vertical movement guide for guide arms 46 and 48 respectively, to help

ensure that shuttle 38 moves a generally linearly downward direction during activation of

delivery device 16.

[0045] Drug delivery device 16 also includes a microneedle activation element or

microneedle actuator, shown as, but not limited to, needle spring 106. As explained in

greater detail below, needle spring 106 stores energy, which upon activation of drug

delivery device 16, is transferred to one or more microneedles causing the microneedles to

penetrate the skin. In other embodiments, other spring types, such as a coiled compression

spring or leaf spring may instead be employed.

[0046] Shuttle 38 further includes a top wall 40 having a generally hemi-cylindrical top

surface providing points of contact between top wall 40 and U-shaped portion 107 of needle

spring 106. As needle spring 106 propels shuttle 38 downwards towards bottom wall 61,

needle spring 106 rotates slightly about top wall 40, maintaining contact between U-shaped

contact portion 107 and top wall 40. Shuttle 38 is also includes a generally cylindrically

shaped shuttle wall or skirt 42. Skirt 42 is slidably received by central cavity 122. The

bottom edge 43 of skirt 42 contacts the top surface of cup portion 94, described in further

detail below.

[0047] Trigger element 160 includes button 20, and a pair of trigger arms 162. In a

preferred embodiment, trigger arms include curved portion 166 and a generally planar

trigger side walls 170. The top edges of trigger side walls 170 include shuttle support rails

172 and shuttle release notch 174. Trigger arms 162 are further provided with trigger

fingers 168. Trigger element 160 is slidably received by base portion 32 such that trigger

arms 162 rest atop horizontal support surfaces 124 of first support portion 62. Trigger

element 160 is thereby permitted to move towards rear 31 of base portion 32 when button

20 is pressed.



[0048] Still referring to FIG. 2, drug delivery device 16 further includes a drug reservoir

base 80 and drug channel arm 82. The lower surface of drug channel arm 82 includes a

depression or groove 84 that extends from reservoir base 80 along the length of drug

channel arm 82. As shown in FIG. 2 and FIG. 6, groove 84 appears as a rib protruding from

the upper surface of drug channel arm 82. Drug delivery device 16 further includes a

flexible barrier film 86 adhered to the inner surfaces of both drug reservoir base 80 and drug

channel arm 82. Barrier film 86 is adhered to form a fluid tight seal or a hermetic seal with

drug reservoir base 80 and channel arm 82. In this arrangement (shown best in FIGS. 4A

and 4B), the inner surface of drug reservoir base 80 and the inner surface of barrier film 86

form a drug reservoir 88, and the inner surface of groove 84 and the inner surface of barrier

film 86 form a fluid channel, shown as, but not limited to, drug channel 90. In this

embodiment, drug channel arm 82 acts as a conduit to allow fluid to flow from drug

reservoir 88. As shown, drug channel arm 82 includes a first portion 92 extending from drug

reservoir base 80, a microneedle attachment portion, shown as, but not limited to, cup

portion 94, and a generally U-shaped portion 96 joining the first portion 92 to the cup

portion 94. As shown, needle cup 94 receives a microneedle array 300, described in further

detail below. Needle cup 94 may be further provided with openings 95 configured to

receive an installation tab 326 of a microneedle array. In the embodiment shown, drug

reservoir base 80 and drug channel arm 82 are made from an integral piece of

polypropylene. However, in other embodiments, drug reservoir base 80 and drug channel

arm 82 may be separate pieces joined together and may be made from other plastics or other

materials.

[0049] Referring to FIGS. 4 and 5, drug delivery device 16 includes a reservoir actuator

or force generating element, shown as, but not limited to, piston spring 198, and a force

distribution element, shown as, but not limited to, piston 200. Piston spring 198 is shown as

a coiled compression spring. In other embodiments, other types of springs may be used,

such as a torsion spring or a leaf spring. Piston spring 198 is positioned inside piston 200 to

provide an upward motivating force against piston 200 when drug delivery device 16 is

placed in an activated condition. Prior to activation, trigger fingers 168 are in vertical

contact with piston tabs 206, thereby preventing piston spring 198 from translating piston

200 upwards.

[0050] Referring to FIG. 4A, an isometric sectional view of delivery device 16 is shown

attached or adhered to skin 132 of a subject prior to activation of the device. As shown,

adhesive layer 22 provides for gross attachment of the device to skin 132 of the subject.

Delivery device 16 includes a microneedle component, shown as, but not limited to,



microneedle array 300, having a plurality of microneedles, shown as, but not limited to,

hollow microneedles 302, extending from the lower surface of microneedle array 300. In the

embodiment shown, microneedle array 300 includes an internal channel 320 allowing fluid

communication from the upper surface of microneedle array 300 to the tips or ports of

hollow microneedles 302, shown in further detail below.

[0051] Delivery device 16 also includes a valve component, shown as, but not limited

to, check valve 136. Both microneedle array 300 and check valve 136 are mounted within

cup portion 94. Drug channel 90 terminates in an aperture or hole 138 positioned above

check valve 136. In the pre-activation or inactive position shown in FIG. 4A, check valve

136 blocks aperture 138 at the end of drug channel 90 preventing a substance, shown as, but

not limited to, drug 146, within drug reservoir 88 from flowing into microneedle array 300.

While the embodiments discussed herein relate to a drug delivery device that utilizes hollow

microneedles, in other various embodiments, other microneedles, such as solid

microneedles, may be utilized.

[0052] Referring to FIGS. 4 and 5, during activation trigger fingers 168 are displaced in

the direction shown by arrow A towards the rear 31 of base portion 32, thereby allowing

piston 200 to move in an upward direction. As piston spring 198 uncompresses, piston 200

is moved upward and forces barrier film 86 upward toward drug reservoir base 80. As

barrier film 86 is pushed upward by piston 200, pressure within drug reservoir 88 and drug

channel 90 increases. When the fluid pressure within drug reservoir 88 and drug channel 90

reaches a threshold, check valve 136 is forced open allowing drug 146 within drug reservoir

88 to flow through aperture 138 at the end of drug channel 90. As shown, check valve 136

includes a plurality of holes 140, and microneedle array 300 includes a plurality of hollow

microneedles 302. Drug channel 90, aperture 138, plurality of holes 140 of check valve

136, internal channel 320 of microneedle array 300 and hollow microneedles 302 define a

fluid channel between drug reservoir 88 and the subject when check valve 136 is opened.

Thus, drug 146 is delivered from reservoir 88 through drug channel 90 and out of hollow

microneedles 302 to the skin of the subject by the pressure generated by piston spring 198.

[0053] As shown in FIG. 4B, activation of the device causes piston spring 198 and

piston 200 to exert a pressure on drug reservoir 88, thereby causing a fluid pressure in drug

channel 90. In the embodiment shown, check valve 136 is a segment of flexible material

(e.g., medical grade silicon) that flexes away from aperture 138 when the fluid pressure

within drug channel 90 reaches a threshold, thereby placing drug channel 90 in fluid

communication with hollow microneedles 302. In one embodiment, the pressure threshold



needed to open check valve 136 is about 0.5-1.0 pounds per squire inch (psi). In various

other embodiments, check valve 136 may be a rupture valve, a swing check valve, a ball

check valve, or other type of valve the allows fluid to flow in one direction. In the

embodiment shown, needle spring 106 is shown as a torsion spring that stores energy for

activation of the microneedle array until the activation control, shown as button 20, is

pressed. In other embodiments, other energy storage or force generating components may

be used to activate the microneedle component.

[0054] In one embodiment, delivery device 16 and reservoir 88 are sized to deliver a

dose of drug of up to approximately 500 microliters. In other embodiments, delivery device

16 and reservoir 88 are sized to allow delivery of other volumes of drug (e.g., up to 200

microliters, up to 400 microliters, up to 1 milliliter, etc.).

[0055] FIGS. 5A and 5B illustrate the operation of trigger element 160, needle spring

106, shuttle 38, and piston 200. As shown in FIG. 5A, in the pre-activation position shuttle

38 is supported by shuttle support rails 172. U-shaped contact portion 107 of needle spring

106 bears against top contact cylinder 40 of shuttle 38, and exerts a downward force on

shuttle 38. Prior to activation trigger fingers 168 also bear against piston tabs 206, thereby

constraining piston 200 from moving in an upward direction in response to the force exerted

by piston spring 198. Piston spring 198 is installed in a first compressed state, thereby

storing energy.

[0056] As shown in FIG. 5B, when button 20 is pressed, trigger element 160 is

horizontally translated towards the rear 31 of base portion 32 and parallel to bottom wall 6 1

and the skin of a subject, in a sliding motion. As trigger element 160 slides towards the rear

3 1 of base 32, trigger fingers 168 slide off piston tabs 206. Additionally, the sliding

movement of trigger element 160 positions shuttle release notches 174 directly below

shuttle 38. Needle spring 106 thereby forces shuttle 38, needle cup 94, and microneedle

array 300 downwards and inserts microneedles 302 into the skin of the subject. As also

shown in FIG. 5B, removal of trigger fingers 168 from contact with piston tabs 206 allows

piston 200 to move upwards in response to the force provided by piston spring 198. In the

embodiment shown, trigger element 160 releases piston 200 and shuttle 38 at substantially

the same time. In other embodiments, the position of piston tabs 206, the width of trigger

fingers 168, and/or the width of shuttle release notches 174 may be varied such that piston

200 is released before or after shuttle 38 is placed in its activated position.



[0057] In one embodiment, first support 62 may be provided with a window or cutout

allowing observation of the upward movement of piston 200, or of piston tab 206, thereby

providing a visual indicator showing the progress of drug delivery. Accordingly, a subject

or user can observe that piston 200 has ceased movement and that drug delivery has

therefore been completed, indicating that drug delivery device 16 may be removed from the

skin of the subject without premature loss of the drug to be delivered.

[0058] Referring to FIGS. 6, 7, and 8, an embodiment including a needle retraction

feature is shown. After device 16 is placed in an active position and drug 146 is delivered

to the skin of the subject, the device may be placed in a retracted or "safe" position. As

shown in FIG. 6, the inside of trigger side walls 170 may be provided with a ramp structure

including a delivery ramp surface 176, a sloped ramp portion 178, and a detent cup 180. In

a preferred embodiment, the inside of each trigger side wall 170 is provided with a ramp

structure. In another embodiment, only one trigger side wall 170 may be provided with a

ramp structure. Needle cup 94 is also provided with a pair of generally cylindrical retraction

tabs 182 positioned on opposite sides of cup 94.

[0059] FIGS. 7 and 8 show the positions of trigger element 160 and needle cup 94

relative to adhesive layer 22 during needle retraction. As shown in FIG. 7, when the device

is placed in an activated configuration and during drug delivery, retraction tabs 182 rest atop

delivery ramp surface 176. Microneedles 302 extend below the bottom plane of drug

delivery device, shown here as adhesive layer 22, thereby permitting drug delivery through

microneedles 302. Following completion of drug delivery, button 20 is pressed in the

direction of arrow B. As shown in FIG. 8, trigger element 160 is moved further towards the

rear 3 1 of drug delivery device 16, thereby urging retraction tabs 182 upward along sloped

ramp portion 178 and into detent cup 180. The upward motion of retraction tabs 182

retracts needle cup 94 and microneedles 302 into the base portion of the drug delivery

device, above the plane of adhesive layer 22, thereby preventing further contact with the

microneedles and allowing for safe disposal.

[0060] Referring generally to FIGS. 11-14, a drug delivery device 400 is shown

according to another exemplary embodiment, where like numbers refer to like features. As

with the first exemplary embodiment shown as drug delivery device 16, drug delivery

device 400 is placed in contact with the skin of a subject, activated to deliver a substance to

the subject, and removed from the subject after delivery is complete.



[0061] Referring to FIG. 11, an exploded perspective view of delivery device 400 is

shown. Base portion 402 includes a bottom tensile member, shown as bottom wall 404.

Bottom wall 404 is generally planar and is further provided with piston guide portions 406,

spring support portions 410, lever fulcrums 414, and a shuttle support portion 418. As

shown, bottom wall 404 of base portion 402 is provided with an annular opening 428. In

other embodiments, bottom wall 404 of base portion 402 is not provided with an annular

opening 428. In the embodiment shown, base portion 402 is molded as a single piece. In

other embodiments, base portion 402 may be molded from separate pieces and joined or

assembled as is generally known in the art. In a preferred embodiment, base portion 402 is

molded from a plastic.

[0062] In the embodiment shown in FIG. 11, cover 490 is mechanically fastened to base

portion 402. In other embodiments, cover 490 may be attached to base portion 402 with an

adhesive or by ultrasonic welding. Cover 490 is provided with an annular opening 492,

thereby permitting operation of activation lever 480.

[0063] Base portion 402 also includes a support surface 430. Support surface 430 of

base portion 402 is generally planar and parallel to bottom wall 404 of base portion 402. As

shown, support surface 430 is a continuous, planar surface including a circular portion 432

surrounding annular opening 428, and guide rails 434. In other embodiments, support

surface 430 may be formed from non-continuous surfaces. In still other embodiments, a

generally planar bottom wall 404 of base portion 402 may also define a support surface 430,

without separately identifiable structures.

[0064] As shown in FIG. 11, piston guide portions 406 extend generally upward from

bottom wall 402. Piston guide portions 406 define guide channels 408 which are sized to

receive piston tabs 474. In the embodiment shown, two piston guide portions 406 are

placed on opposite sides of annular opening 428. In other embodiments, additional piston

guide portions 406 may be provided and define additional piston guide slots 408. In still

other embodiments, a piston guide portion 406 may define multiple piston guide channels

408 and may partially or completely surround piston 470.

[0065] Piston 470 includes a generally cylindrical side wall 472 and a downwardly

convex piston bottom surface 476. Piston 470 further includes at least one piston tab 474

having a tab bottom 478. In a preferred embodiment, piston 470 is provided with piston tab

474 and a second piston tab 474 placed on the opposite side of piston 470. Piston tabs 474

slidingly engage piston guide slots 408, thereby allowing vertical movement of piston 470.



[0066] Also referring to FIGS. 13 and 14, drug delivery device 400 includes a reservoir

actuator or force generating element, shown as piston spring 198. Piston spring 198 is

positioned inside piston 470 in a compressed state to provide a downward motivating force

against piston 470 when drug delivery device 400 is placed in an activated condition.

Piston spring 198 is held in position by pillars 494, as best shown in FIGS. 14A and 14B.

[0067] Referring again to FIG. 11, spring support portions 410 of base portion 402 are

provided with retention sockets 412. Retention sockets 412 receive and retain transverse

portions 464 of torsion spring 460. Additionally, shuttle support portion 418 is provided

with spring retention grooves 426. In the embodiment shown, spring retention grooves 426

are generally parallel to bottom wall 404. Spring retention grooves receive and retain fixed

ends 462 of torsion spring 460.

[0068] Bottom wall 404 of base portion 402 includes fulcrum sockets 414. As shown,

fulcrum sockets 414 are molded as depressions in bottom wall 404 of base portion 402.

Fulcrum sockets 414 receive and retain pivot bosses 482 of activation lever 480, thereby

permitting activation lever 480 to rotate about pivot bosses 482. Fulcrum sockets 414 may

be further defined by fulcrum posts 416. In another embodiment, pivot bosses 482 may be

engaged within a fulcrum post rather than within bottom wall 404 of base portion 402.

[0069] Shuttle support portion 418 is generally cylindrically shaped and extends upward

from bottom wall 404. Shuttle support portion 418 includes a wall 420 defining an

generally cylindrical central cavity 422. Central cavity 422 is sized to slidably receive

shuttle 38. Shuttle 38 is provided with first guide arm 46 and second guide arm 48. Guide

arms 46 and 48 are slidably received within channels 424 of shuttle support portion 418,

when shuttle 38 is received in the center cavity 422 of shuttle support portion 418.

Channels 424 act as a vertical movement guide for guide arms 46 and 48, to help ensure that

shuttle 38 moves a generally linearly downward direction during activation of delivery

device 400.

[0070] Bottom wall 404 may be provided with an opening to receive needle screen 112

having needle holes 114, and an adhesive layer 22. In another embodiment, needle holes

114 may be formed directly into bottom wall 404.

[0071] Drug delivery device 400 also includes a microneedle activation element or

microneedle actuator, shown as, but not limited to, needle spring 460. As explained in

greater detail below, needle spring 460 stores energy, which upon activation of drug



delivery device 400, is transferred to one or more microneedles causing the microneedles to

penetrate the skin. In other embodiments, other spring types, such as a coiled compression

spring or leaf spring may instead be employed.

[0072] Shuttle 38 further includes a top wall 40 having a generally hemi-cylindrical top

surface providing points of contact between top wall 40 and U-shaped portion 466 of needle

spring 460. As needle spring 460 propels shuttle 38 downwards towards bottom wall 404,

needle spring 460 rotates slightly about top wall 40, maintaining contact between U-shaped

contact portion 466 and top wall 40. Shuttle 38 is also includes a generally cylindrically

shaped shuttle wall or skirt 42. Skirt 42 is slidably received by central cavity 122. The

bottom edge 43 of skirt 42 contacts the top surface of cup portion 94, described in further

detail below.

[0073] Trigger element 440 includes and a pair of trigger arms 162, trigger fingers 444,

and a generally planar trigger side walls 170. Trigger side walls 170 are connected via

sliding base 448. The top edges of trigger side walls 170 include shuttle support rails 172

and lever bosses 442. Trigger element 440 is slidably received by base portion 402 such

that sliding base 448 rests atop bottom wall 404 of base portion 402, and between guide

rails 434 of base portion 402. Trigger fingers 444 include a top wall 446. Prior to

activation of device 400, bottom surfaces 478 of piston tabs 464 are positioned in contact

with top wall 446 of trigger fingers 444, thereby preventing downward motion of piston 470

in response to the force exerted by piston spring 198.

[0074] In the embodiment shown, device 400 includes a trigger lever 480. Trigger lever

480 includes pivot bosses 482, lever arms 484, arched top 486, and ridge 488. Pivot bosses

482 are received and retained by fulcrum sockets 414, thereby permitting trigger lever 480

to rotate about pivot bosses 482. Lever arms 484 are positioned to slidingly engage with

lever bosses 442 as lever arms 484 of trigger lever 480 are rotated towards the rear 498 of

device 400 during activation by a user.

[0075] In the pre-activation position, shuttle 38 is supported by shuttle support rails 172.

U-shaped contact portion 466 of needle spring 460 bears against top contact cylinder 40 of

shuttle 38, and exerts a downward force on shuttle 38. Shuttle support rails 172 thereby

prevent the downward motion of shuttle 38 and microneedle array 300 when the device 400

is in an unactivated state.



[0076] Still referring to FIG. 11, drug delivery device 400 further includes a drug

reservoir 450 including a reservoir base 456 and drug channel arm 452. The lower surface

of drug channel arm 452 includes a depression or groove 458 that extends from reservoir

base 456 along the length of drug channel arm 452. Drug reservoir 450 further includes a

flexible barrier film 454 adhered to the inner surfaces of both drug reservoir base 456 and

drug channel arm 452. Barrier film 454 is adhered to form a fluid tight seal or a hermetic

seal with drug reservoir base 456 and channel arm 452. In this arrangement (shown best in

FIGS. 14A and 14B), the inner surface of drug reservoir base 456 and the inner surface of

barrier film 454 form a drug reservoir 459, and the inner surface of drug channel arm 452

and the inner surface of barrier film 454 form a fluid channel, shown as, but not limited to,

drug channel 458. In this embodiment, drug channel arm 452 acts as a conduit to allow fluid

to flow from drug reservoir 459, through opening 138 and check valve 136, and to

microneedles 302 of microneedle array 300.

[0077] Referring to FIG. 14A, an isometric sectional view of delivery device 400 is

shown attached or adhered to skin 132 of a subject prior to activation of the device.

Delivery device 400 includes a microneedle component, shown as, but not limited to,

microneedle array 300, having a plurality of microneedles, shown as, but not limited to,

hollow microneedles 302, extending from the lower surface of microneedle array 300. In the

embodiment shown, microneedle array 300 includes an internal channel 320 allowing fluid

communication from the upper surface of microneedle array 300 to the tips or ports of

hollow microneedles 302, shown in further detail below.

[0078] Delivery device 400 also includes a valve component, shown as, but not limited

to, check valve 136. Both microneedle array 300 and check valve 136 are mounted within

cup portion 94. Drug channel 458 terminates in an aperture or hole 138 positioned above

check valve 136. In the pre-activation or inactive position shown in FIG. 14A, check valve

136 blocks aperture 138 at the end of drug channel 458 preventing a substance, shown as,

but not limited to, drug 146, within drug reservoir 459 from flowing into microneedle array

300.

[0079] Referring to FIGS. 14A and 14B, to activate drug delivery device 400, a user

applies a force against ridge 488 of trigger lever 480 in a direction towards rear 498 of

device 400, thereby rotating trigger lever 480 about pivot bosses 482 and towards the rear

498 of drug delivery device 400. Trigger arms 484 thereby apply a rearward-directed

horizontal force to lever bosses 442, and thereby translate trigger element 440 towards the

rear 498 of drug delivery device 400 in a sliding motion.



[0080] As trigger element 440 slides towards the rear 498 of base 402, trigger fingers

444 slide from underneath piston tabs 474, thereby permitting piston 470 to move in a

downward direction in response to the force provided by piston spring 198. Additionally,

the sliding movement of trigger element 440 removes shuttle support rails 172 from their

position directly below shuttle 38. Needle spring 460 thereby forces shuttle 38, needle cup

94, and microneedle array 300 downwards and inserts microneedles 302 into the skin of the

subject. In the embodiment shown, trigger element 440 releases piston 470 and shuttle 38 at

substantially the same time. In a preferred embodiment, needle spring 460 inserts the

microneedles 302 of microneedle array 300 into the skin of the subject at a velocity of about

4 to 6 meters per second. In another embodiment, needle spring 460 inserts microneedles

302 at a velocity between about 6 to 12 meters per second. In still another embodiment,

needle spring 460 inserts microneedles 302 at a velocity between about 2 to 4 meters per

second.

[0081] As piston spring 198 uncompresses, piston 470 is moved downward and forces

barrier film 454 downward toward drug reservoir base 456. As barrier film 454 is pushed

downward by piston 470, pressure within drug reservoir 459 and drug channel 458

increases. When the fluid pressure within drug reservoir 459 and drug channel 458 reaches

a threshold, check valve 136 is forced open allowing drug 146 within drug reservoir 459 to

flow through aperture 138 at the end of drug channel 458. As shown, check valve 136

includes a plurality of holes 140, and microneedle array 300 includes a plurality of hollow

microneedles 302. Drug channel 458, aperture 138, plurality of holes 140 of check valve

136, internal channel 320 of microneedle array 300 and hollow microneedles 302 define a

fluid channel between drug reservoir 459 and the subject when check valve 136 is opened.

Thus, drug 146 is delivered from reservoir 459 through drug channel 458 and out of hollow

microneedles 302 to the skin of the subject by the pressure generated by piston spring 198.

MICRONEEDLES

[0082] When a needle is inserted into the skin or tissue of a patient at a point of entry,

tissue proximate to the tip region is compressed in a volume designated the tissue

compression zone. The compression of tissue at the needle tip hinders delivery of fluids

into the tissue compression zone, requiring a higher delivery pressure to effectuate fluid

delivery. Tissue spatially removed from the tip and proximal to the needle is less

compressed, and is known as the fluid infusion zone.



[0083] Additionally, tissue near the needle's point of entry, designated the tissue sealing

zone, exerts a force against the needle directed approximately radially inward, helping to

seal the opening in the skin and prevent escape of fluid back through the opening in the skin

of the patient. This sealing effect may be amplified by providing a needle having a diameter

that is tapered from a larger diameter at the needle base to a smaller diameter at the needle

tip. The sealing effect may be further amplified by providing a flare at the base of the

microneedle.

[0084] Fluid delivery into the infusion zone requires a lower delivery pressure for an

equivalent fluid delivery rates when compared to fluid delivery into the tissue compression

zone. It is therefore desirable to administer fluids to the infusion zone. Additionally, fluid

delivery into the infusion zone causes less trauma to the tissue receiving the fluid, therefore

resulting in a lesser perception of sensation or pain to the patient as fluids are delivered.

[0085] A convention medical needle, or hypodermic needle, comprises a shaft having an

outer diameter; a lumen, or central channel, coaxial to the shaft and having an interior

diameter; and a tip or point. A conventional medical needle is typically provided with a

regular medical point, having a tip angle of about 15 degrees to the longitudinal axis of the

needle shaft. The tip and shaft define a lumen opening that permits fluid communication

between the lumen and tissues of a patient. When a conventional medical needle is inserted

into tissue, the portion of the lumen opening closest to the tip is in the tissue compression

zone, while a portion of the lumen opening distal to the tip is in less-compressed tissue.

Accordingly, a fluid may be delivered through central lumen into the fluid infusion zone in

a needle where the lumen opening is positioned at the tip of the needle.

[0086] Referring to FIG. 9A, a microneedle array 300 is shown according to one

embodiment. Microneedle array 300 includes one or more microneedles 302. Referring to

FIG. 9B, microneedle array 300 is shown with an array base 310 having a generally

cylindrical wall 316 and a bottom plane 318, together defining a internal channel 320.

[0087] Referring to FIGS. 9C and 9D, microneedle 302 is shown having a tip portion

304, a shaft portion 306, and a base portion 308. Microneedles 302 include a center lumen

or cavity 312, and also include one or more side port openings 314. Side port openings 314

are in fluid communication with lumen 312. Side ports 314 are placed below tip portion

304, such that side ports 314 are in fluid communication with the fluid infusion zone when

microneedles 302 are inserted into a patient's dermis. In a preferred embodiment,

microneedles 302 are provided with three side port openings 314 spaced equidistantly



around the perimeter of microneedle 302. In other embodiments, microneedles may be

provided with one, two, or four or more openings. Side port openings 314 may be formed

by casting methods as is known in the art, or may be formed by the removal of material

from microneeedle 302 after microneedle 302 is formed.

[0088] As shown, shaft portion 306 may be formed with a taper such that the shaft

diameter decreases distal to array base 310. In another embodiment, shaft portion 306 may

have parallel sides. Shaft portion 306 extends from array base 310 to the bottom of side

port openings 314. Shaft portion 306 may be further provided with a flare at base 308.

Base flare 308 may provide an additional sealing effect at the skin of the patient when

inserted into the skin.

[0089] Microneedles 302 are shown integrally formed with array base 310. However,

in other embodiments microneedles 302 may be formed separately from array base 310 and

affixed to array base 310. In a preferred embodiment, microneedle 302 has an overall

height of about 0.069 inches, including a shaft height of about 0.035 inches, a side port

height of about 0.020 inches, and a height of about 0.013 inches from the top of the side

ports to the point of tip 304. In other embodiments, micrneedle 302 may have a height of

about 0.060 inches, about 0.080 inches, about 0.100 inches, or 0.120 inches or greater. As

shown, tip portion 304 has an internal angle at the point of about 30 degrees. In other

embodiments, tip portion 304 may have a point angle of about 25 degrees to about 35

degrees, or may have a point angle of about 20 degrees to about 40 degrees.

[0090] In a preferred embodiment, microneedle array is provided with 6 microneedles

302. However, microneedle array may be provided with fewer needles (i.e., one, two, three

to five) or more needles (i.e. eight, ten, or twelve or more needles). In a preferred

embodiment, microneedles 302 are regularly spaced on array base 310.

[0091] In a preferred embodiment, microneedle array 300 is provided with installation

tabs 326. Installation tabs are received by complementary openings in needle cup 94, as

shown in FIG. 2 . Installation tabs 326 may be received by openings 95 in needle cup 94,

thereby securing the microneedle array 300 into needle cup 94 and facilitating installation.

In a preferred embodiment, microneedle array is also provided with a tool interface recess

324, shown as a triangular indentation in bottom plane 318. Tool interface recess 324 is

configured to be compatible with automated component handling machinery, to permit

automated placement of microneedle arrays into drug delivery devices during a

manufacturing process.



[0092] In some embodiments, microneedle arrays are formed from a plastic material. In

a preferred embodiment, microneedle arrays are injection molded as a single piece using a

liquid crystal polymer (LCP). In other embodiments, microneedle arrays 300 may be

molded from ceramics, resins, metals, etc. In still other embodiments, microneedle arrays

may be formed by a subtractive process, for example silicon etching or micromachining

techniques, to remove undesired material from a block of starting material.

[0093] Referring to FIG. 10, microneedle arrays 300 may be stacked in a vertical

arrangement for packaging and transport, thereby protecting individual microneedles 302

from impact or contact with other surfaces. As shown in FIG. 10, wall 316 is formed with a

height such that the depth of internal channel 320 is greater than the height of microneedles

302. Accordingly, when a first microneedle array is coaxially positioned in vertical contact

with a second microneedle array, the individual microneedles of the first array do not

contact the bottom plane 318 of the second microneedle array, regardless of the rotational

orientation of the microneedle arrays with respect to each other. Stacked microneedle

arrays may be enclosed in a tubular packing format for transportation and automated

assembly into a drug delivery device.

[0094] Further modifications and alternative embodiments of various aspects of the

invention will be apparent to those skilled in the art in view of this description. Accordingly,

this description is to be construed as illustrative only. The construction and arrangements of

the drug delivery device, as shown in the various exemplary embodiments, are illustrative

only. Although only a few embodiments have been described in detail in this disclosure,

many modifications are possible (e.g., variations in sizes, dimensions, structures, shapes and

proportions of the various elements, values of parameters, mounting arrangements, use of

materials, colors, orientations, etc.) without materially departing from the novel teachings

and advantages of the subject matter described herein. Some elements shown as integrally

formed may be constructed of multiple parts or elements, the position of elements may be

reversed or otherwise varied, and the nature or number of discrete elements or positions

may be altered or varied. The order or sequence of any process, logical algorithm, or

method steps may be varied or re-sequenced according to alternative embodiments. Other

substitutions, modifications, changes and omissions may also be made in the design,

operating conditions and arrangement of the various exemplary embodiments without

departing from the scope of the present invention.



WHAT IS CLAIMED IS:

1. A drug delivery device for delivering a drug to a subject having a skin

surface, the device comprising:

a base portion for resting on the skin surface;

a drug reservoir supported by the base portion, the reservoir containing the drug;

at least one hollow microneedle having a tip portion for penetrating the skin of the

subject and in fluid communication with the reservoir;

a first stored energy mechanism releasable to force the tips into the skin;

a second stored energy mechanism releasable to force drug from the reservoir

through the needle; and

a trigger moveably supported by the base portion and coupled to the first and

second stored energy mechanisms to release the mechanisms such that the tip is forced

into the skin before the drug is forced through the needle.

2 . The device of claim 1, wherein the hollow microneedle is a side port

microneedle, and wherein the side ports are positioned on the hollow microneedle to be

in fluid communication with a fluid infusion zone.

3 . The device of claim 1, wherein the microneedle has a plurality of side

ports.

4 . The device of claim 1, wherein the trigger is actuated by translation of an

activation button, wherein the activation button is translated in a direction substantially

parallel to the base portion of the device.

5 . The device of claim 1, wherein the trigger is actuated by rotation of an

activation lever, wherein the activation lever translates the trigger in a direction

substantially parallel to the base portion of the device.

6 . The device of claim 1, wherein the device further comprises a microneedle

array having a plurality of microneedles.

7 . The device of claim 1, wherein the trigger is further moveable to place the

hollow microneedle into a retracted position.
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8. The device of claim 1, wherein the device comprises a window providing

a visual indication of the completion of drug delivery.

9 . A microneedle array, the microneedle array comprising:

a plurality of hollow microneedles having a height, wherein each hollow

microneedle includes at least one side port, a lumen in fluid communication with the side

port, and a solid tip; and

a bottom plane, the bottom plane having a center axis parallel to the plurality of

microneedles;

side walls defining an internal cavity, wherein the bottom plane and side walls

define an internal cavity having a depth greater than height of the microneedles, such that

a first microneedle array may be contacted with a second microneedle array without

contacting the microneedles of the first microneedle array with the bottom plane of the

second microneedle array, when the first and second microneedle arrays are coaxially

aligned along the center axis of each microneedle array.

10. The microneedle array of claim 9, wherein the microneedle array is a

single piece of material.

11. The microneedle array of claim 10, wherein the microneedle array is

formed from a liquid crystal polymer.

12. The microneedle array of claim 9, wherein each microneedle of the

plurality of microneedles further comprises three side port openings.

13. The microneedle array of claim 9, wherein the plurality of hollow

microneedles have a shaft height of about 0.035 inches.

14. The microneedle array of claim 9, wherein the plurality of hollow

microneedles are about 0.070 inches in height.

15. The microneedle array of claim 9, wherein the plurality of hollow

microneedles are between about 0.060 inches to 0.080 inches in height.

16. The microneedle array of claim 9, wherein each microneedle of the

plurality of hollow microneedles has a plurality of side ports.

17. The microneedle array of claim 9, wherein each microneedle of the

plurality of hollow microneedles has three side ports.
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18. The microneedle array of claim 9, wherein the microneedle array further

comprises an installation tab.

19. A drug delivery device for delivering a drug to a subject having a skin

surface, the device comprising:

a base portion for resting on the skin surface, wherein the base portion has a

substantially planar bottom wall defining a bottom plane;

a drug reservoir supported by the base portion, the reservoir containing the drug;

at least one hollow microneedle having a tip portion for penetrating the skin of the

subject and in fluid communication with the reservoir during drug delivery;

a first stored energy mechanism releasable to force the tips into the skin;

a second stored energy mechanism releasable to force drug from the reservoir

through the needle; and

a trigger moveably supported by the base portion and coupled to the first and

second stored energy mechanisms to release the mechanisms such that the tip is forced

from a position above the bottom plane to a position below the bottom plane before the

drug is forced through the needle.

20. The drug delivery device of claim 19, wherein the plurality of hollow

microneedles are between about 0.060 inches to 0.080 inches in height.
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