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(57) ABSTRACT 

An intraderrnal delivery device for delivery a substance into 
the skin of a patient has a ?uid chamber for containing the 
substance, at least one micro skin penetrating member, and 
a valve controlling the ?oW of the substance from the ?uid 
chamber to the micro skin penetrating member. An adhesive 
releasably attaches the device to the skin of the patient, the 

Appl. No.: 11/328,035 ?uid chamber can be siZed to hold a unit dose of the 
substance, and, in some embodiments, the ?uid chamber can 

Filed: Jan. 9, 2006 be releasably coupled to a housing of the device. 
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VALVED INTRADERMAL DELIVERY DEVICE 
AND METHOD OF INTRADERMALLY 

DELIVERING A SUBSTANCE TO A PATIENT 

REFERENCE TO RELATED APPLICATIONS 

[0001] This Application is a divisional of US. patent 
application Ser. No. 10/112,756, ?led on Apr. 2, 2002, now 
US. Pat. No. X,XXX,XXX. 

FIELD OF THE INVENTION 

[0002] The present invention relates to an intradermal 
delivery device having a ?uid chamber to contain a sub 
stance to be delivered intraderrnally to a patient in a target 
area of the skin. The present invention also relates to a 
method of delivering a substance into the skin of a patient. 

BACKGROUND OF THE INVENTION 

[0003] Drugs and pharmaceutical agents are delivered to 
patients by a variety of methods. A typical method delivers 
the drug or pharmaceutical agent subcutaneously by a stain 
less steel cannula. Although the subcutaneous sampling and 
delivery methods using a cannula are effective for many 
applications, the pain normally induced by the cannula has 
prompted the development of less painful delivery methods. 

[0004] The skin is made up of several layers, With the 
upper composite layer being the epithelial layer. The outer 
most layer of the skin, the stratum corneum, is a Waterproof 
membrane With Well knoWn barrier properties that prevent 
the in?ux of undesirable molecules and various foreign 
substances While preventing the out?ux of various analytes. 
The stratum corneum is a complex structure of compacted 
keratiniZed cell remnants having a thickness of about 10-30 
microns. 

[0005] The natural impermeability of the stratum corneum 
prevents the administration of most pharmaceutical agents 
and other substances through the skin. Numerous methods 
and devices have been proposed to enhance the permeability 
of the skin and to increase the di?usion of various drugs 
through the skin for utiliZation by the body. Typically, the 
delivery of drugs through the skin is enhanced by increasing 
either the permeability of the skin or the force or energy used 
to direct the drug through the skin. 

[0006] Another method of sampling and delivering vari 
ous substances through the skin is by forming micropores or 
cuts through the stratum corneum. By piercing the stratum 
corneum and delivering a drug to the skin in or beloW the 
stratum corneum, many drugs can be administered effec 
tively. In a similar manner, some substances can be extracted 
from the body through cuts or pores formed in the stratum 
corneum. The devices for piercing the stratum corneum 
generally include a plurality of micron siZe needles or blades 
having a length to pierce the stratum corneum Without 
passing completely through the epidermis. Examples of 
these devices are disclosed in US. Pat. No. 5,879,326 to 
Godshall et al.; US. Pat. No. 5,250,023 to Lee et al., and 
WO 97/48440. 

[0007] The above-noted devices that include micron-siZed 
needles or blades can be effective in delivering substances to 
the body. HoWever, these needles and blades having a length 
of a feW microns to a feW hundred microns typically do not 
penetrate skin to a uniform depth. The natural elasticity and 
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resilience of the skin Will often result in the skin being 
deformed by the needles rather than pierced. A microneedle 
array When pressed against the skin often results in the 
outermost needles penetrating the skin While the innermost 
needles do not penetrate or only penetrate to depth less than 
the outermost needles. 

[0008] The prior methods and devices for the intradermal 
administration of substances have exhibited limited success. 
Accordingly, an unmet need exists in the industry for an 
improved device for the sampling and administration of 
various drugs and other substances to the body. 

SUMMARY OF THE INVENTION 

[0009] The present invention is directed to a method and 
device for the intradermal sampling or delivery of a sub 
stance into the skin of a patient. More particularly, the 
invention is directed to a method and device for controlling 
the ?oW of a pharmaceutical agent, such as a drug or 
vaccine, through the device for delivery into or beloW the 
stratum corneum of the skin to a depth su?icient for the 
pharmaceutical agent to be absorbed and utiliZed by the 
body. 
[0010] Accordingly, it is an object of the invention to 
provide a sampling or delivery device having at least one 
skin penetrating member having a length that provides an 
increased comfort level to the patient. 

[0011] A further object of the invention is to provide a 
method of penetrating the skin for sampling or delivering a 
substance through the skin substantially Without pain to the 
patient. 

[0012] Another object of the invention is to provide a 
delivery device having a plurality of micro skin penetrators, 
such as microtubes, needles, microneedles, blades or lancets, 
selected for piercing the stratum corneum of the skin to a 
depth that is short of the nerve endings. 

[0013] Still another object of the invention is to provide a 
delivery device having a manually operated valve to control 
the delivery of a substance to the at least one micro skin 
penetrating member of the delivery device. 

[0014] A further object of the invention is to provide a 
pre-?lled delivery device having a reservoir containing a 
substance, at least one micro skin penetrating member, and 
a reservoir outlet for supplying a substance to the micro skin 
penetrating member for delivery to the patient. 

[0015] Another object of the invention is to provide a 
delivery device having a reservoir containing a substance to 
be delivered to a patient, Wherein the reservoir is de?ned, at 
least in part, by a movable Wall that is depressed to dispense 
the substance to the patient. 

[0016] Still another object of the invention is to provide a 
delivery device having at least one micro skin penetrating 
member for delivering a substance to a target area on the 
skin of a patient and a ridge encircling the micro skin 
penetrating members to form a containment area around the 
target area. 

[0017] These and other aspects of the invention are sub 
stantially achieved by providing a device for delivering a 
substance into the skin of a patient. The device comprises a 
housing having a ?uid chamber having an outlet. A valve 
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member is coupled to the housing for controlling the ?oW of 
the substance through the outlet of the chamber. A skin 
penetrating device is coupled to the housing and is in ?uid 
communication With the ?uid chamber for delivering the 
substance to the patient. 

[0018] The objects and advantages of the invention are 
further attained by providing a device for intradermally 
delivering a substance to a patient. The device comprises a 
housing having a bottom face dimensioned to contact the 
skin of the patient. The housing has a ?uid chamber With an 
outlet, and a manually operated valve coupled to the housing 
for controlling the ?oW of the substance through the outlet 
of the chamber. A micro skin penetrating member is coupled 
to the housing and is in ?uid communication With the 
chamber. An arrangement is provided for applying to the 
substance a pressure su?icient to deliver the substance into 
the skin of a patient. 

[0019] A yet further object of the invention is to provide 
a method for delivering a substance into or through the skin 
of a patient. The method comprises positioning on the skin 
of a patient a delivery device including a housing; a ?uid 
chamber on the housing for containing the substance, said 
chamber having an outlet for the substance; a valve member 
connected to said housing to control the ?oW of the sub 
stance through the outlet; and a skin penetrating device on 
the housing and in ?uid communication With the chamber 
for delivering the substance into the skin of the patient. A 
su?icient pressure is applied for the micro skin penetrating 
members to penetrate the skin to a depth su?icient to deliver 
the substance to the patient. The valve is opened, the 
substance is introduced from the ?uid chamber to the micro 
skin penetrating members under pressure, and the sub stance 
is delivered to the patient. In some embodiments, the ?uid 
chamber is removably coupled to the housing before the 
delivery device is positioned on the skin. 

[0020] The aspects, advantages and other salient features 
of the invention Will become apparent from the folloWing 
detailed description Which, taken in conjunction With the 
annexed draWings, discloses preferred embodiments of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The folloWing is a brief description of the draWings 
in Which: 

[0022] FIG. 1 is a top plan vieW of the device in accor 
dance With a ?rst embodiment of the invention for delivering 
a substance into the skin of a patient; 

[0023] FIG. 2 is a perspective vieW of the device of FIG. 
1 shoWing the device on the skin of a patient; 

[0024] FIG. 3 is a side elevational vieW of the device of 
FIG. 1 shoWing the micro skin penetrating members extend 
ing from the bottom face of the device; 

[0025] FIG. 4 is a bottom plan vieW of the device of FIG. 
1 shoWing the micro skin penetrating members; 

[0026] FIG. 5 is a cross-sectional side vieW of the device 
of FIG. 1 taken along line 5-5 of FIG. 1 shoWing the ?uid 
chamber, the cavity and the control valve; 

[0027] FIG. 6 is an enlarged cross-sectional vieW of the 
control valve; 
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[0028] FIG. 7 is a cross-sectional side vieW similar to FIG. 
5 but shoWing the device in contact With the skin of a patient 
and dispensing the substance to the patient; 

[0029] FIG. 8 is a top plan vieW ofa delivery device in a 
second embodiment of the invention; 

[0030] FIG. 9 is a side elevational vieW of the device of 
FIG. 8; 

[0031] FIG. 10 is a bottom plan vieW ofthe device of FIG. 
8; 
[0032] FIG. 11 is a cross-sectional side vieW of the skin 
penetrating device taken along line 11-11 of FIG. 8 shoWing 
the reservoir ?lled With a substance; 

[0033] FIG. 12 is a cross-sectional vieW of the device of 
FIG. 8 shoWing the device penetrating the skin and the top 
Wall depressed to dispense the substance; 

[0034] FIG. 13 is a perspective vieW of the device in 
another embodiment of the invention; 

[0035] FIG. 14 is a top plan vieW ofthe device of FIG. 13; 

[0036] FIG. 15 is a side vieW of the device of FIG. 13 
shoWing a protective strip partially removed from the 
device; 
[0037] FIG. 16 is a side vieW of the device of FIG. 13 
shoWing the rib around the micro skin penetrating members; 

[0038] FIG. 17 is a plan bottom vieW ofthe device of FIG. 
13; 
[0039] FIG. 18 is a cross-sectional vieW taken axially to 
the line of 18-18 of FIG. 14; and 

[0040] FIG. 19 is a cross-sectional vieW similar to FIG. 13, 
but shoWing the device in contact With the skin of a patient 
and the device delivering the substance through the micro 
skin penetrating members. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0041] The present invention is directed to a device for 
sampling, monitoring or delivering a substance into the skin 
of a patient. More particularly, the invention is directed to a 
delivery device and to a method for administering a sub 
stance to beloW the stratum corneum of the skin of a patient. 

[0042] As used herein, the term “penetrate” refers to 
entering a layer of the skin Without passing completely 
through. The term “pierce” refers to passing completely 
through a layer of the skin. 

[0043] The device and method of the present invention are 
suitable for use in administering various substances, includ 
ing pharmaceutical agents, to a patient, and especially to a 
human patient. As used herein, a pharmaceutical agent 
includes a substance having biological activity that can be 
delivered through the body membranes and surfaces, and 
particularly into the skin. Examples include antibiotics, 
antiviral agents, analgesics, anesthetics, anorexics, antiar 
thritics, antidepressants, antihistamines, anti-in?ammatory 
agents, antineoplastic agents, vaccines, including DNA vac 
cines, and the like. Other substances that can be delivered 
intradermally to a patient include proteins, peptides and 
fragments thereof. The proteins and peptides can be natu 
rally occurring, synthesiZed or recombinantly produced. 
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[0044] The device of the invention is primarily for deliv 
ering a substance into selected layers of the skin. In alter 
native embodiments of the invention, the device is suitable 
for WithdraWing a substance or monitoring the level of a 
substance in the body. Examples of substances that can be 
monitored or WithdraWn include blood, interstitial ?uid or 
plasma that can then be analyZed for analytes, glucose, drugs 
and the like. 

[0045] Referring to FIGS. 1-7, the invention in a ?rst 
embodiment is directed to a device 10 having a supporting 
body 12 With a skin penetrating device 14 and a valve 
assembly 16. Device 10 is constructed for penetrating one or 
more selected layers of the dermis of a patient to attain the 
desired depth of penetration. The desired depth of penetra 
tion is determined by the substance being delivered, the 
delivery rate and the absorption rate. Penetration to a depth 
of 1 mm results in a high uptake by the body. Penetration to 
a depth on the order of 5 mm Would sloW delivery. The 
device is provided With one or more penetrating members 
each having a length to pierce the stratum comeum substan 
tially Without penetrating the dermis, Which is beloW the 
stratum corneum and beloW the other layers of the epider 
mis. By delivering a substance to just beloW the stratum 
corneum, the substance can be absorbed and utiliZed by the 
body substantially Without pain or discomfort to the patient. 
The device penetrates the dermis to a depth Without con 
tacting pain inducing nerves in the skin. Each penetrating 
member has a length su?icient to pierce the stratum comeum 
to a depth at Which pain is reduced or minimized and the 
substance is absorbed by the body. 

[0046] Referring to the draWings, body 12 forms a housing 
that has a generally ?at pro?le When attached to the skin of 
a patient. The ?at pro?le provides an ease of attachment to 
the skin and less obstruction to the patient. As shoWn in the 
embodiment of FIG. 1, body 12 has an elongated shape, 
although in alternative embodiments, body 12 can have a 
circular, square, rectangular or other shape. 

[0047] As shoWn in FIG. 1, body 12 includes a base 18 
having a generally elongated con?guration. In this embodi 
ment, base 18 has a generally planar shape With a rounded 
front end 20 and a straight rear end 22. Base 18 has a 
substantially ?at bottom face 24 and a top face 26. A 
reservoir 28 is de?ned on the top face 26 of base 18 for 
containing a substance to be delivered to the patient as 
discussed hereinafter in greater detail. 

[0048] Base 18 is dimensioned and con?gured to be 
placed against the skin of a patient for delivering a substance 
such as a drug or pharmaceutical. As shoWn in FIGS. 4 and 
5, base 18 has a recess 30 dimensioned to receive skin 
penetrating device 14. Recess 30 includes a ledge 32 and a 
side Wall 34 for supporting skin penetrating device 14. Side 
Wall 34 preferably has a height su?icient to receive skin 
penetrating device 14 such that the outer face of skin 
penetrating device 14 lies in the plane of bottom face 24 of 
base 18. Ledge 32 has a Width su?icient to support skin 
penetrating device 14. As shoWn in FIG. 4, recess 30 has a 
dimension complementing the outer dimension of skin pen 
etrating device 14 so that skin penetrating device 14 can be 
coupled to base 18. In preferred embodiments, skin pen 
etrating device 14 is coupled to base 18 by a suitable 
adhesive. In other embodiments, skin penetrating device 14 
can be integrally formed With base 18. Other coupling 
arrangements can also be used. 
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[0049] Referring to FIG. 5, base 18 includes a top Wall 36 
overlying recess 30. Recess 30 has a depth extending 
betWeen top Wall 36 and bottom face 24 of base 18 that is 
greater than the thickness of skin penetrating device 14. 
Recess 30 forms a cavity 38 betWeen top Wall 36 and skin 
penetrating device 14. Cavity 38 is dimensioned to alloW the 
?oW of a liquid While providing a volume to minimize the 
dead space in base 18. 

[0050] Reservoir 28 has an outer Wall 40 integrated With 
the body 12 and spaced from top Wall 36 of base 18 to de?ne 
an internal chamber 42. Chamber 42 is dimensioned to 
contain a su?icient volume, for example, a predetermined 
unit dose, of a substance to be delivered to a patient. The 
chamber 42 is pre?lled With the substance. In the embodi 
ment illustrated, outer Wall 40 of reservoir 28 has a generally 
dome shape With a convex outer surface 44 and a concave 
inner surface 46. Outer Wall 40 is coupled to top face 26 of 
base 18 by a suitable adhesive or a Weld to form a ?uidtight 
seal for enclosing reservoir 28. 

[0051] Reservoir 28 includes an end Wall 48 having a 
channel 50 extending betWeen cavity 38 and chamber 42, the 
channel 50 de?ning an outlet of the chamber 42. Outer Wall 
40 includes a movable dispensing member 52 for applying 
su?icient pressure to the chamber 42 to dispense a substance 
from chamber 42 through channel 50 to cavity 38. In the 
embodiment illustrated, dispensing member 52 is a ?exible 
member that can be depressed inWardly toWard chamber 42 
to dispense the substance. Dispensing member 52 initially 
has a concave inner surface 54 to form a generally bubble 
shape. Preferably, dispensing member 52 is made of a 
resilient, ?exible plastic material that can be depressed and 
de?ected inWard by manual pressure by the user. In this 
embodiment, outer Wall 40 is substantially rigid. 

[0052] Valve assembly 16 is positioned in channel 50 to 
control the ?oW of the substance from chamber 42 through 
channel 50. In this embodiment, valve assembly 16 is a 
rotatable valve having a valve element, or valve body 56, 
having a portion exposed to the exterior of the delivery 
device 10 for manipulation betWeen a closed position and an 
open position. In the illustrated embodiment, the exposed 
portion has an actuator handle 58. Referring to FIG. 6, valve 
body 56 has a substantially cylindrical shape for rotating 
Within aperture 60 in base 12. Aperture 60 has a shape and 
dimension complementing valve body 56 and extends from 
top face 26 of base 18 to cavity 38. As shoWn in FIG. 6, 
handle 58 is coupled to a top end 62 of valve body 56. Valve 
body 56 has a loWer end 64 positioned at the opening to 
cavity 38. The exposed portion of the valve body 56 serves 
as an indicator indicating Whether the valve body is in a 
closed position or an open position. For example, as can be 
appreciated from FIGS. 2 and 6, pointing of the handle 58 
in the longitudinal direction of the delivery device 10 
indicates that the valve body 56 is open. On the other hand, 
as can be seen from FIGS. 1 and 6, pointing of the handle 
58 in the transverse direction of the delivery device 10 
indicates that the valve body 56 is closed. 

[0053] Valve body 56 includes an axial passage 66 extend 
ing from loWer end 64. A radial passage 68 extends through 
valve body 56 and intersects axial passage 66. Radial 
passage 68 is aligned With channel 50 in end Wall 48 of 
reservoir 28 to provide ?uid communication betWeen reser 
voir 28 and cavity 38. Valve body 56 is rotatable Within 
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aperture 60 as depicted in FIG. 1 to open and close valve 
assembly 16. In the embodiment illustrated, a recess 70 is 
provided in top face 26 of base 18 to receive handle 58 of 
valve assembly 16. Recess 70 alloWs handle 58 to rotate 
about 90.degree. from the closed position shoWn in FIG. 1 
to the open position shoWn in FIG. 6. 

[0054] Referring to FIG. 6, skin penetrating device 14 
includes a base 72 having at least one micro skin penetrating 
member 74 extending outWardly from base 72. In the 
illustrated embodiment, there are a plurality of micro skin 
penetrating members 74 arranged in an array of spaced apart 
roWs and columns, as can best be appreciated from FIG. 4. 

[0055] In the illustrated embodiment, micro skin penetrat 
ing members 74 are holloW needles each having a beveled 
tip 76 for penetrating the skin of a patient and an axial 
passage 78 extending betWeen tip 76 and a top face 80 of 
base 72. Base 72 has a bottom face 82 supporting micro skin 
penetrating members 74. Preferably, bottom face 82 of base 
72 has a substantially planar con?guration and is oriented in 
the plane of bottom face 24 of base 18. 

[0056] Skin penetrating device 14, having at least one 
micro skin penetrating member 74, can be made from 
various materials. In one embodiment, a plurality of micro 
skin penetrating members 74 are spaced apart from each 
other a uniform distance and have a uniform length. The skin 
penetrating device 14 is made from silicon by, for example, 
suitable silicon etching or micromachining steps. In other 
embodiments, device 14 is made from stainless steel, tung 
sten steel, or alloys of nickel, molybdenum, chromium, 
cobalt and titanium. Alternatively, the micro skin penetrating 
members can be made of ceramic materials, polymers and 
other non-reactive materials. 

[0057] The micro skin penetrating members 74 have a 
length suitable to achieve the desired depth of penetration in 
the skin. The length and thickness of the micro skin pen 
etrating members 74 are selected based on the substance 
being administered or WithdraWn and the thickness of the 
skin in the location Where the device is to be applied. The 
micro skin penetrating members can be microneedles, 
microtubes, solid or holloW needles, lancets and the like. 
Generally, the micro skin penetrating members have a 
length, measured from the base to the tip of the member, of 
about 50 microns to about 4,000 microns and preferably, 
about 250 microns to 1,000 microns. The needles are typi 
cally mounted in a suitable base and have a substantially 
uniform length. In some embodiments, the micro skin pen 
etrating members are about 30-gauge to about 50-gauge 
needles having a length of about 500 microns to about 1,000 
microns. The micro skin penetrating members have a sub 
stantially square cross-sectional shape. Alternatively, the 
micro skin penetrating members can be triangular, cylindri 
cal, or pyramid-shaped, or they can be ?at blades. 

[0058] The skin penetrating members 74 can be in an array 
covering an area of from about one cm.sup.2 to about 10 
cm.sup.2. The array can have a Width and length of about 
one centimeter to about ?ve centimeters. The base 40 has a 
thickness of about 200 to 400 microns, and typically about 
250 microns. 

[0059] Generally, When the device is used as a delivery 
device, a pharmaceutical agent or drug solution is provided 
in the reservoir 28. In alternative arrangements, a dried or 
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lyophiliZed drug or pharmaceutical agent can be provided in 
the cavity 38 or in the axial passages 78 of the skin 
penetrating member 74. A diluent such as distilled Water or 
saline solution can be provided in the reservoir 28 and 
selectively alloWed to ?oW by manipulation of the valve 
handle 58 into the cavity 38 and the axial passages 78 of the 
micro skin penetrating members 74 to dissolve and recon 
stitute the drug or pharmaceutical agent and then deliver the 
drug to the patient. 

[0060] Bottom face 24 of base 18 in the embodiment of 
FIGS. 1-7 includes a pressure sensitive adhesive 84 sur 
rounding skin penetrating device 14. Preferably, adhesive 84 
forms a continuous circle around skin penetrating device 14 
and has an area su?icient to releasably attach device 10 to 
the surface of a patient’s skin. In all embodiments of the 
invention, a protective cover can be coupled to bottom face 
24 of base 18 to cover adhesive 84 and skin penetrating 
device 14 until ready for use. The cover can be a rigid 
member or a ?exible sheet material that can be peeled from 
the adhesive 84. 

[0061] Device 10 is primarily intended to be a pre?lled 
delivery device containing a pharmaceutical agent or drug to 
be delivered to a patient. In use, device 10 is removed from 
its protective packaging and positioned on the surface of 
skin 86 as shoWn in FIG. 7. A doWnWard pressure is applied 
against body 12 With a force su?icient to cause micro skin 
penetrating members 74 to penetrate skin 86 to a desired 
depth, as determined by the length of skin penetrating 
members 74. Adhesive 84 attaches device 10 to the surface 
of skin 86 to prevent lateral movement of device 10 during 
delivery of the substance contained Within reservoir 28. 
Adhesive 84 also forms a seal to prevent leakage of the 
substance from a target area of skin 86 penetrated by micro 
skin penetrating members 74. 

[0062] After device 10 is positioned on skin 86, valve 
assembly 16 is rotated to the open position shoWn in FIGS. 
6 and 7 to provide ?uid communication betWeen chamber 42 
of reservoir 28 and cavity 38 of base 18. The position of the 
valve handle 58 indicates Whether the valve is open or 
closed. A manual pressure is applied against dispensing 
member 52 as indicated by arroW 88 in FIG. 7 to de?ect 
dispensing member 52 inWardly into chamber 42, thereby 
imposing a dispensing pressure on the substance in the 
chamber. The dispensing pressure forces the substance from 
chamber 42 through channel 50 and valve body 66 to cavity 
38 Where the substance can ?oW through the axial passages 
78 of skin penetrating members 74. The dispensing pressure 
and the substance is accordingly dispensed so long as so 
long as the dispensing member 52 is depressed; and the 
dispensing pressure is gradually released upon release of the 
dispensing member 52. The manual pressure is maintained 
for a time su?icient to enable a su?icient amount of the 
substance to be delivered to a desired depth in the skin 86 
Where the substance can be absorbed and utiliZed by the 
body. Manual pressure is maintained throughout the delivery 
operation. 

[0063] Device 10, including body 12 and valve assembly 
16, is preferably made of a polymeric material that is 
non-reactive With the substance being delivered to the 
patient and non-irritating to the patient. Typically, base 12 is 
made of a suitable plastic material that alloWs some ?ex 
ibility to conform to the contour of the skin of the patient 
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While being su?iciently rigid to maintain the structural 
integrity of device 10. Examples of suitable polymers 
include polyethylene, polypropylene, polystyrene, polyes 
ters, polyamides, polycarbonates, and copolymers thereof. 

Embodiment of FIGS. 8-12 

[0064] Referring to FIGS. 8-12, a second embodiment of 
the invention is illustrated for delivering a substance intra 
dermally to a patient. Device 90 includes a body 92, a skin 
penetrating device 94 and a valve assembly 96. As shoWn in 
FIG. 8, body 92 has a generally circular con?guration With 
a substantially ?at planar top surface 98 and a planar bottom 
surface 100. 

[0065] Top surface 98 of body 92 includes a recess 102 
de?ned by a bottom surface 104 and a side Wall 106. A 
?exible closure member 108 is coupled to top face 98 to 
close recess 102. Closure member 108 de?nes a reservoir 
having a chamber 110 betWeen bottom surface 104 and 
closure member 108. As shoWn in FIG. 9, closure member 
108 has a generally hemispherical shape having a convex 
top surface 112 and a concave bottom surface 114. A 
movable dispensing member is in the form of a closure 
member 108, Which is preferably made of a material having 
the same characteristics as the material of the movable 
dispensing member 52 of the embodiment of FIGS. 1-7. In 
this embodiment, closure member 108 forms a top Wall of 
chamber 110 and covers an area at least equal to the area of 
recess 102. 

[0066] Side Wall 106 of recess 102 includes a channel 116 
extending radially outWard from side Wall 106. An aperture 
118 de?ning a cylindrical channel extends betWeen top 
surface 98 of body 92 and bottom surface 100. As shoWn in 
FIG. 11, channel 116 intersects With aperture 118. 

[0067] Bottom surface 100 of body 92 includes a recess 
120 dimensioned to receive skin penetrating device 94. 
Recess 120 includes a ledge 122 having a side Wall 124 for 
receiving skin penetrating device 94. As shoWn in FIG. 11, 
side Wall 124 has a height corresponding substantially to the 
thickness of skin penetrating device 94, so that the outer face 
of skin penetrating device 94 lies in the plane of bottom 
surface 100 of body 92. 

[0068] Recess 120 has a bottom surface 106 that is spaced 
from bottom surface 100 by a distance greater than the 
thickness of skin penetrating device 94 to de?ne a cavity 
128. Aperture 118 communicates With cavity 128 to provide 
?uid communication betWeen chamber 110 and cavity 128. 

[0069] Skin penetrating device 94 includes a base 130 
having at least one micro skin penetrating member 132 
extending outWardly therefrom. As shoWn in FIG. 11, base 
130 is dimensioned to ?t on ledge 122 of recess 120. Micro 
skin penetrating members 132 are preferably microneedles 
in an array, the members each having a length su?icient to 
penetrate the surface of the skin to a selected depth for 
delivering a substance into the skin to a depth at Which the 
substance can be utiliZed by the body. 

[0070] Valve assembly 96 includes a cylindrical element 
body 134 dimensioned to ?t in aperture 118. An actuating 
handle 136 is coupled to a top end 138 of valve body 134. 
Valve body 134 has a bottom end 140 With an axial passage 
142. Aradial passage 144 extends through a side face 146 of 
valve body 134 and intersects With axial passage 142. As 
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shoWn in FIG. 11, radial passage 144 is aligned With channel 
116. Valve body 134 can be rotated Within aperture 118 
betWeen the closed position of FIG. 11 and the open position 
of FIG. 12, the handle 136 indicating the position of the 
valve. Valve body 134 e?fectively closes chamber 110 to 
contain the substance Within chamber 110 during storage 
and shipping of device 90. Valve body 134 can be rotated to 
the open position of FIG. 12 to provide ?uid communication 
betWeen chamber 110 and cavity 128. 

[0071] Device 90 is used in a manner similar to the 
embodiment of FIGS. 1-7. Bottom surface 110 in the 
embodiment illustrated has an adhesive 148 such as a 
pressure-sensitive adhesive around the peripheral edge of 
body 92. As shoWn in FIG. 10, adhesive 148 surrounds skin 
penetrating device 94. Device 90 is positioned on the skin 
150 of a patient and pressed doWnWardly to enable micro 
skin penetrating members 132 to penetrate the skin 150 and 
to alloW adhesive 148 to attach device 190 to skin 150. Valve 
body 134 is rotated to the open position to provide ?uid 
communication betWeen chamber 110 and cavity 128. A 
doWnWard pressure indicated by arroW 152 is applied to 
closure member 108 to produce a dispensing pressure suf 
?cient to deliver a substance intradermally to the patient. 

Embodiment of FIGS. 13-19 

[0072] FIGS. 13-19 shoW another embodiment of a device 
160 for delivering a substance intradermally to a patient. 
Device 160 includes a housing 162, a skin penetrating 
device 164 and a valve element or body 166. 

[0073] Housing 162, as shoWn in the embodiment of 
FIGS. 13 and 14, has a substantially oval shape, a planar top 
surface 168 and a bottom surface 170. Bottom surface 170 
includes a recess 172 having a ledge 174 and a side Wall 176. 
As in the previous embodiments, ledge 174 and side Wall 
176 are dimensioned to support skin penetrating device 164. 
Recess 172 is dimensioned to form an internal cavity 178 
communicating With skin penetrating device 164. Valve 
body 166 is mounted on housing 162 for controlling the ?oW 
of liquids into cavity 178. In this embodiment, valve body 
166 includes a collar 180 coupled to top surface 168 of 
housing 162. Collar 180 has a substantially annular shape 
With an axial passage 182. Axial passage 182 extends from 
a top end 184 of collar 180 to cavity 178. A cylindrical valve 
body 186 ?ts in axial passage 182 and is rotatable Within 
collar 180. An actuating handle 188 is coupled to a top end 
190 of valve body 186. Handle 188 is positioned for rotating 
valve body 186 about the longitudinal axis of collar 180. 

[0074] A supply tube 192 is coupled to collar 180 and 
extends radially outWard from collar 180 in a direction 
generally parallel to top surface 168 of housing 162. Supply 
tube 192 includes an axial passage 194 extending radially 
through collar 180 and intersecting axial passage 182 of 
collar 180. Supply tube 192 has an outer end With a coupling 
member 196 for removably coupling a supply device or 
container 198 to the delivery device 160. 

[0075] Supply device 198 is removably coupled to cou 
pling member 196. Coupling member 196 can be a luer-type 
?tting, friction ?t or other suitable coupling member capable 
of forming a ?uid coupling With supply device 198. 

[0076] Supply device 198 is preferably a single use dis 
posable device containing a unit dose of the substance to be 
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delivered to the patient. In the embodiment illustrated, 
supply device 198 includes a collar 200 and a compressible 
holloW body 202 containing the substance to be delivered to 
the patient. Collar 200 complements coupling member 196 
for coupling supply device 198 to device 160. In the 
embodiment illustrated, body 202 is a bladder formed from 
a ?exible material that can be compressed to dispense the 
contents of supply device 198. In other embodiments, supply 
device 198 can be a commercially available device contain 
ing a predetermined unit dose of a substance to be delivered 
and being squeeZable to deliver the substance. One such 
device is sold under the trademark UNIJECT by Becton 
Dickinson and Company. Other unit dose delivery devices 
can be used instead. 

[0077] As in the previous embodiments, skin penetrating 
device 164 includes a base 202 having a top face 206 and a 
planar bottom face 208. At least one micro skin penetrating 
member 210 in the form of a microneedle extends outWardly 
from bottom face 208. Micro skin penetrating members 210 
have an axial passage extending betWeen top face 206 in 
communication With cavity 178 and the tip of skin penetrat 
ing member 210. Bottom surface 170 of body 162 includes 
a rib 212 extending outWardly from body 162. Rib 212 
surrounds skin penetrating device 164 and has a substan 
tially annular shape as shoWn in FIG. 17. In the embodiment 
illustrated, rib 212 has an inner face 214 extending generally 
perpendicular to bottom face 170 of body 162. Rib 212 also 
includes an outer face 216 converging toWard inner face 214 
to form a crest 218. Outer face 216 is formed at an incline 
With respect to bottom face 170. 

[0078] In the embodiment illustrated, rib 212 is spaced 
outWardly from micro skin penetrating members 210 and is 
impressed on the skin to de?ne a target area on the skin for 
the micro skin penetrating members 210. Preferably, micro 
skin penetrating members 210 have an axial length slightly 
greater than the height of rib 212 as shoWn in FIG. 19. 

[0079] Device 160 is placed on the skin 220 of a patient 
and pressed doWnWardly. The doWnWard pressure on device 
160 causes rib 212 to contact skin 220 and stretch the skin 
in a target area 222 surrounded by rib 212. Stretching the 
skin in target area 222 enables micro skin penetrating 
members 210 to pierce the surface of the skin. The normal 
elasticity of the skin provides a penetrating resistance to 
micro skin penetrating members 210. By stretching the skin 
in the target area 222, micro skin penetrating members 210 
are better able to pierce the surface of the skin. In addition, 
rib 212 forms a seal against the surface of skin 220 to contain 
the substance that can leak from target area 222. 

[0080] After device 160 is positioned on skin 220, valve 
body 166 is rotated to the open position shoWn in FIG. 19, 
the position of the handle 188 indicating the position of the 
valve body 166. A dispensing pressure indicated by arroW 
224 is provided on supply device 198 to dispense the 
contents of supply device 198 through axial passage 194 and 
into cavity 178 Where the substance can be delivered to 
micro skin penetrating members 210. Preferably, supply 
device 198 is able to provide a pressure su?icient to dispense 
the contents and deliver the contents through micro skin 
penetrating members 210 into the skin of the patient. After 
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the contents of supply device 198 is delivered to the patient, 
device 160 is separated from skin 220 and discarded. 

[0081] Device 160 is preferably designed and constructed 
to be a disposable, single use device. The device is prepack 
aged in a sterile condition for immediate use. In the illus 
trated embodiment, bottom face 170 of body 162 includes a 
protective cover sheet 226. Cover sheet 226 is attached to 
bottom surface 170 in a manner that can be peeled easily 
from device 160 at the time of use. Cover sheet 226 is 
preferably a ?exible sheet material such as Tyvek.RTM. 
Cover sheet 226 has a dimension to cover skin penetrating 
device 164 to maintain skin penetrating device 164 in sterile 
conditions until ready for use. Cover sheets similar to cover 
sheet 226 can be used in connection With other embodiments 
according to the present invention. 

[0082] The illustrated embodiments of the device can be 
used safely and effectively for the intradermal delivery of a 
pharmaceutical agent or other substance to a patient. The 
device is particularly suitable for introducing a vaccine 
intradermally for e?iciently delivering a small amount of a 
vaccine antigen. The length, Width and spacing of the 
microneedles can vary depending on the pharmaceutical 
agent being administered and the desired depth of penetra 
tion for delivery. When delivering a vaccine, the micron 
eedles are dimensioned to target the optimum intradermal 
delivery site to promote the desired immune response. 

[0083] While several exemplary embodiments have been 
chosen to illustrate the invention, it Will be appreciated by 
those skilled in the art that various additions and modi?ca 
tions can be made to the invention Without departing from 
the scope of the invention as de?ned in the appended claims. 

What is claimed is: 
1. A method for delivering a substance into the skin of a 

patient, comprising: 
positioning on the skin of a patient a delivery device 

including a housing, a ?uid chamber having an outlet, 
a substance in the ?uid chamber, a manually operated 
valve for controlling movement of the substance 
through the outlet of said ?uid chamber, and at least one 
skin penetrating member in ?uid communication With 
said channel; 

applying a pressure su?icient for said skin penetrating 
members to penetrate said skin to a depth su?icient to 
deliver said substance to the patient; and 

opening said valve to enable the substance to move from 
said ?uid chamber, through said skin penetrating mem 
bers, and into the skin of the patient. 

2. The method of claim 1, further comprising applying 
pressure to the substance in the ?uid chamber to help move 
the substance into the skin of the patient. 

3. The method of claim 2, Wherein the ?uid chamber is 
de?ned at least in part by a movable Wall, and the step of 
applying pressure to the substance in the ?uid chamber 
comprises applying pressure to the movable Wall. 

4. The method of claim 3, further comprising, prior to the 
step of positioning, coupling the ?uid chamber to the hous 
1ng. 


