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PERCUTANEOUS BIOLOGICAL FLUID 
SAMPLING AND ANALYTE MEASUREMENT 

DEVICES AND METHODS 

FIELD OF THE INVENTION 

[0001] This ?eld of this invention is minimally invasive 
biological ?uid sampling and analyte measurement devices. 

BACKGROUND 

[0002] The detection of analytes in biological ?uids is of 
ever increasing importance. Analyte detection assays ?nd 
use in a variety of applications, including clinical laboratory 
testing, home testing, etc., Where the results of such testing 
play a prominent role in the diagnosis and management of a 
variety of disease conditions. Common analytes of interest 
include glucose, e.g., for diabetes management, cholesterol, 
and the like. 

[0003] A common technique for collecting a sample of 
blood for analyte determination is to pierce the skin at least 
into the subcutaneous layer to access the underlining blood 
vessels in order to produce localiZed bleeding on the body 
surface. The accessed blood is then collected into a small 
tube for delivery and analyZed by testing equipment, often 
in the form of a hand-held instrument having a reagent test 
strip onto Which the blood sample is placed. The ?ngertip is 
the most frequently used site for this method of blood 
collection due to the large number of small blood vessels 
located therein. This method has the signi?cant disadvan 
tage of being very painful because subcutaneous tissue of 
the ?ngertip has a large concentration of nerve endings. It is 
not uncommon for patients Who require frequent monitoring 
of an analyte to avoid having their blood sampled. With 
diabetics, for example, the failure to frequently measure 
their glucose level on a prescribed basis results in a lack of 
information necessary to properly control the level of glu 
cose. Uncontrolled glucose levels can be very dangerous and 
even life-threatening. This technique of blood sampling also 
runs the risk of infection and the transmission of disease to 
the patient, particularly When done on a high-frequency 
basis. The problems With this technique are exacerbated by 
the fact that there is a limited amount of skin surface that can 
be used for the frequent sampling of blood. 

[0004] To overcome the disadvantages of the above tech 
nique and others that are associated With a high degree of 
pain, certain analyte detection protocols and devices have 
been developed that use micro-needles or analogous struc 
tures to access the interstitial ?uid Within the skin. The 
micro-needles are penetrated into the skin to a depth less 
than the subcutaneous layer so as to minimiZe the pain felt 
by the patient. The interstitial ?uid is then sampled and 
tested to determine the concentration of the target constitu 
ent. The concentration of a constituent Within the interstitial 
?uid is representative of the concentration of that constituent 
in other bodily ?uids, such as blood. Thus, by sampling 
interstitial ?uid and measuring the level of glucose therein, 
for example, the corresponding level of glucose in the 
patient’s blood can be derived. 

[0005] Despite the Work that has already been done in the 
area of analyte testing, there is a continued interest in the 
identi?cation of neW analyte detection methods that more 
readily meet the needs of the relevant market. Of particular 
interest Would be the development of a minimally invasive 
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analyte detection system that is practical, manufacturable, 
accurate, easy to use, as Well as safe and ef?cacious. 

RELEVANT LITERATURE 

[0006] US. Pat. Nos. of interest include: 5,161,532, 5,582, 
184, 5,746,217, 5,820,570, 5,879,310, 5,879,367, 5,942,102, 
6,080,116, 6,083,196, 6,091,975 and 6,162,611. Other 
patent documents and publications of interest include: WO 
97/00441, WO 97/42888, WO 98/00193 WO 98/34541, WO 
99/13336, WO 99/27852, WO 99/64580, WO 00/35530, 
WO 00/45708, WO 00/57177, WO 00/74763 and WO 
00/74765A1. 

SUMMARY OF THE INVENTION 

[0007] Minimally invasive biological ?uid sampling and 
analyte measurement devices and systems, as Well as meth 
ods for using the same, are provided. Generally, the subject 
device includes an elongated sampling means con?gured to 
pierce a skin surface to provide access to biological ?uid, 
and concentrically-spaced Working and reference electrodes 
positioned Within the elongated sampling means that de?ne 
an electrochemical cell for measuring the concentration of 
analyte Within the biological ?uid. In certain embodiments, 
the device further includes an insulating material positioned 
betWeen the concentrically-spaced electrodes. The device 
also includes means for making an electrochemical mea 
surement of an analyte in the electrochemical cell, e.g., a 
coulometric, amperometric or potentiometric measurement. 

[0008] In a more speci?c embodiment, the subject device 
is characteriZed by a piercing member made of coaxially 
spaced-apart Working and reference electrodes that provide 
for an electrochemical reaction cell, Whereby a reaction area 
or Zone is betWeen the electrodes. The electrochemical cell 
is employed to make an electrochemical measurement of an 
analyte in a sample of biological ?uid that has been accessed 
by the piercing member and transported into the electro 
chemical cell. A porous material is positioned in the space 
betWeen the electrodes to de?ne the reaction area or Zone, 
that acts to optimally position the electrodes With respect to 
each other, usually in a parallel con?guration. The porous 
material comprises a plurality of pores that exert a capillary 
action on the sampled ?uid, causing the ?uid to be draWn 
into the porous material. 

[0009] An exemplary method of the subject invention 
involves using at least one subject micro-needle having an 
open distal end and an electrochemical cell therein. The 
electrochemical cell may further include a redox reagent 
system and a concentrically-layered electrode con?guration, 
e.g., coaxially Working and reference electrodes. The micro 
needle is inserted into the skin to a selected depth, preferably 
to a depth that avoids contacting nerve endings and blood 
vessels. Next, the sample of biological ?uid present at the 
open distal end of the micro-needle is then Wicked, by means 
of a capillary force, into the electrochemical cell. An elec 
trochemical measurement is then made betWeen the Working 
and reference electrodes, Where such a measurement pro 
vides an electrical signal that is representative of the con 
centration the constituent in the sample. The concentration 
of the constituent in the patient’s blood is then derived from 
the obtained electrical signal. A numerical value represent 
ing this concentration may then be displayed on a display 
unit. A softWare algorithm that is part of the device, e.g., 
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programmed into the control unit present in the device, may 
be employed to determine the signal levels transmitted by 
the control unit to the cell and for deriving the concentration 
level of the target analyte. 

[0010] In some embodiments, the subject invention 
includes a system characteriZed by one or more devices, 
each in the form of a micro-piercing member, a control unit, 
a display unit and a housing. Also provided by the subject 
inventions are kits for use in practicing the methods of the 
subject invention. 

[0011] The subject devices, systems, methods and kits ?nd 
use in analyte concentration measurement of a variety of 
analytes and are particularly suited for use in the measure 
ment of glucose concentration in interstitial ?uid. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 includes FIGS. 1A, 1B, 1C and 1D Wherein 
FIG. 1A is a partial cut-aWay vieW of a length of a 
micro-needle of the present invention, FIG. 1B is a cross 
sectional vieW of the micro-needle of FIG. 1A along the 
arroWs b-b, FIG. 1C is a cross-sectional vieW of the micro 
needle of FIG. 1A along the arroWs c-c and FIG. 1D is a top 
vieW of the micro-needle of FIG. 1A along the arroWs d-d; 
and 

[0013] FIG. 2 is a schematic representation of the sam 
pling and measurement device of the present invention. 

DETAILED DESCRIPTION OF THE PREFERED 
EMBODIMENTS 

[0014] Percutaneous devices and systems, as Well as meth 
ods for using the same are provided by the subject invention. 
Afeature of the subject devices is the presence of a piercing 
member that includes concentric Working and reference 
electrodes that de?ne an electrochemical cell having a 
reaction area or Zone into Which accessed ?uid ?oWs and 
With Which an electrochemical measurement of an analyte 
present in accessed ?uid present therein is made. The present 
invention ?nds use in the sampling of biological ?uids such 
as blood, blood fractions, interstitial ?uid and the like, and 
in the detection and measurement of a variety of different 
analytes, e.g., glucose, cholesterol, electrolytes, pharmaceu 
ticals, illicit drugs, and the like. In further describing the 
subject invention, a general overvieW is ?rst provided. The 
subject devices, systems and methods for their use are 
discussed in greater detail, folloWed by a revieW of the 
subject kits. 

[0015] Before the present invention is described, it is to be 
understood that this invention is not limited to the particular 
embodiments described, as such may, of course, vary. It is 
also to be understood that the terminology used herein is for 
the purpose of describing particular embodiments only, and 
is not intended to be limiting, since the scope of the present 
invention Will be limited only by the appended claims. 

[0016] Where a range of values is provided, it is under 
stood that each intervening value, to the tenth of the unit of 
the loWer limit unless the conteXt clearly dictates otherWise, 
betWeen the upper and loWer limit of that range and any 
other stated or intervening value in that stated range is 
encompassed Within the invention. The upper and loWer 
limits of these smaller ranges may independently be 
included in the smaller ranges is also encompassed Within 
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the invention, subject to any speci?cally eXcluded limit in 
the stated range. Where the stated range includes one or both 
of the limits, ranges excluding either both of those included 
limits are also included in the invention. 

[0017] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although any methods and materials 
similar or equivalent to those described herein can also be 
used in the practice or testing of the present invention, the 
preferred methods and materials are noW described. All 
publications mentioned herein are incorporated herein by 
reference to disclose and describe the methods and/or mate 
rials in connection With Which the publications are cited. 

[0018] It must be noted that as used herein and in the 
appended claims, the singular forms “a”, “an”, and “the” 
include plural referents unless the conteXt clearly dictates 
otherWise. Thus, for eXample, reference to “a test strip” 
includes a plurality of such test strips and reference to “the 
processor” includes reference to one or more processors and 
equivalents thereof knoWn to those skilled in the art, and so 
forth. 

[0019] The publications discussed herein are provided 
solely for their disclosure prior to the ?ling date of the 
present application. Nothing herein is to be construed as an 
admission that the present invention is not entitled to ante 
date such publication by virtue of prior invention. Further, 
the dates of publication provided may be different from the 
actual publication dates Which may need to be independently 
con?rmed. 

GENERAL OVERVIEW 

[0020] The devices of the subject invention generally 
include a skin-penetration means, a ?uid sampling means 
and a constituent measurement means, in many embodi 
ments integrated into a single structure. The skin-penetration 
means has at least one micro-piercing member, e.g., a 
micro-needle or the like, used to penetrate the skin to a depth 
Where pain and bleeding are minimiZed, and preferably 
non-existent. Thus, in many embodiments, the micro-needle 
penetrates above the level Where nerves are present. As such, 
target skin layers into Which the subject piercing members 
may eXtend to include the dermis, epidermis and the stratum 
corneum (i.e. the outermost layer of the epidermis). 

[0021] The devices further include a ?uid sampling 
means, Where such ?uid sampling means is provided by the 
construct and geometry of the micro-needle itself, and more 
particularly, its internal construct and geometry. Speci?cally, 
the micro-needle has a generally elongated shape and an 
open distal tip extending into a space or spaces Within its 
structure that are small enough to create a capillary force on 
?uid present at the open distal tip. The capillary force acts 
to access or draW the ?uid (e.g., interstitial ?uid and/or blood 
if so desired and depending on the length of the micro 
needle) into a space Within the micro-needle and then 
positions the sampled ?uid to be measured by a measure 
ment means. 

[0022] As mentioned above, a feature of the subject 
devices is a constituent measurement means. The constituent 
measurement means of the subject invention is made up of 
an electrochemical cell formed Within the structure of the 
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microneedle to measure the concentration of a constituent, 
e.g., an analyte, Within the ?uid sample. The electrochemical 
cell includes an electrode arrangement of a Working elec 
trode and a reference electrode that provides an input 
reference signal to the sampled ?uid and an output signal 
representing the concentration of the target constituent or 
analyte in the sampled ?uid. Various electrochemical sys 
tems may be employed by the present invention, including 
systems that are amperometric (i.e., measures current), cou 
lometric (i.e., measures electrical charge) or potentiometric 
(i.e., measures voltage). These types of electrochemical 
measurement systems are Well knoWn to those of skill in the 
art. See e.g., US. Pat. Nos.: 4,224,125; 4,545,382; and 
5,266,179; as Well as WO 97/18465 and WO 99/49307, the 
disclosures of Which are herein incorporated by reference. 

[0023] In many embodiments, the biological ?uid sam 
pling and analyte concentration measurements devices, e.g., 
micro-needles, of the invention each comprise at least tWo 
electrodes, a reference electrode and a Working electrode. 
The reference electrode provides the input signal to the 
electrochemical cell and the Working electrode provides the 
output measurement signal from the cell. In certain embodi 
ments, the electrodes are separated by a porous insulator that 
de?nes a reaction Zone Within the micro-needle, Where such 
a porous insulator acts to optimally position the electrodes 
With respect to each other. Additionally, the porous insulator 
acts as a component of the sampling means by providing a 
capillary-type Wicking action or the like suf?cient to move 
or draW sampled ?uid into the electrochemical cell. 

[0024] In certain embodiments, the subject micro-needle 
includes a redoX reagent system, typically on the reactive 
surface of one or both electrodes. Alternatively, the redoX 
reagent system may be contained Within the porous insula 
tor. In either case, the redoX reagent system typically com 
prises one or more enZymes and a mediator. 

[0025] In the subject invention, the electrochemical cell is 
in electrical communication With a control means that sets 
the input reference signal transmitted to the electrochemical 
cell, receives an output signal from the electrochemical cell 
and then derives the concentration level of the constituent 
Within the sample from the output signal. In other Words, the 
Working and references electrodes are in electrical commu 
nication With a means for making an electrochemical mea 

surement using the Working and reference electrodes, e.g., a 
means for applying an electrical current betWeen the tWo 
electrodes, measuring a change in the current over time and 
relating the observed change in current to the concentration 
of analyte present in the electrochemical cell. The detection 
and/or concentration of a constituent or analyte in a patient’s 
or user’s biological ?uid, e.g., blood, is then derived from 
the concentration level in the ?uid sample, the numerical 
value of Which may then be displayed to the patient or user 
on a display unit. 

[0026] In many embodiments, the control and display 
units are integrally housed Within a loW-pro?le housing. The 
housing may take a form that also provides a means of 
securing or holding one or more micro-needles in a position 
and arrangement suitable for the particular sampling and 
measuring application at hand. 

[0027] As is apparent from the above discussion, the 
geometry and construct of the subject device provides three 
functions in a single micro-needle structure: penetration into 

Dec. 12, 2002 

the skin, collection of a sample of biological ?uid and 
measurement of a constituent or analyte in that sample. In 
many embodiments, the collection and measurement steps 
are performed completely in-situ, obviating the conventional 
techniques of WithdraWing a sample from the skin, placing 
the sample on a reagent test strip, or the like, and using a 
separate piece of equipment or means to test the sample. 
Thus, in-situ detection minimiZes the lag time associated 
With obtaining measurement readings of a sample compared 
to previous diagnostic methods that rely on ?rst extracting 
biological ?uid before the measurement can take place. 

SKIN-PENETRATION MEANS 

[0028] As summariZed above, a feature of the subject 
invention is a skin-penetration means having at least one 
micro-piercing member, e.g., a micro-needle or the like. 
Furthermore, an aspect of the present invention is that it 
eliminates or at least greatly minimiZes the pain and bleed 
ing suffered by a patient during the sampling process. 
Accordingly, the penetration lengths and diameters of the 
micro-needles must be Within certain ranges to accomplish 
this goal. Of course, those values Will vary depending on the 
type of biological ?uid (e.g., interstitial ?uid, blood or both) 
desired for sampling, the skin layer to be accessed and the 
thickness of the skin layers of the particular patient or device 
user being tested. 

[0029] By Way of background, the skin includes three 
distinct layers, a top layer called the epidermis, a middle 
layer called the dermis and a bottom layer called the 
subcutaneous layer. The epidermis is about 60 to 120 pm 
(microns) thick and comprises four distinct layers: a 10 to 20 
pm outer layer, called the stratum corneum, folloWed by the 
stratum granulosum, stratum malpighii and stratum germi 
nativum. The stratum corneum contains cells ?lled With 
bundles of cross-linked keratin and keratohyalin surrounded 
by an extracellular matriX of lipids. The inner three layers 
are collectively referred to as the viable epidermis and have 
a total thickness in the range of about 50 to 100 pm. The 
viable epidermis is responsible for diffusing metabolites to 
and from the dermis. The epidermis contains no blood cells 
or nerve endings. The dermis is much thicker than the 
epidermis, having a thickness in the range from about 2,000 
to 3,000 pm. The dermal layer generally consists of a dense 
bed of connective tissue, including collagen ?bers, and 
interstitial ?uid dispersed throughout these ?bers. BeloW the 
dermal layer is the subcutaneous tissue that contains the 
blood capillaries and the majority of nerve endings Within 
the skin. 

[0030] Thus, in many embodiments, the micro-needles of 
the present invention may have lengths that eXtend no 
deeper than stratum corneum, the epidermis or the dermis 
layer When fully penetrated into the skin to minimiZe the 
pain felt by the patient; hoWever, they may be longer if 
necessary for the particular sampling application at hand. 
Also, the length-to-diameter aspect ratio of the micro-needle 
is important in determining an optimal length for the subject 
micro-needles. Accordingly, in order to effectively and 
atraumatically penetrate the skin, the length of the micro 
needle is usually at least about 5 times greater than the 
diameter of the micro-needle, but may be more or less. As 
Will be further described beloW, the minimum micro-needle 
diameter is dependent upon the necessary spacing betWeen 
the electrodes and the diameters of the other components of 
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the electrochemical cell. Thus, the subject micro-needles 
generally have a length in the range from about 500 to 4,000 
pm, typically betWeen about 600 to 3,000 pm, and more 
typically betWeen about 1,000 to 2,000 pm; hoWever, these 
lengths Will vary from patient to patient depending on the 
various factors as noted above, and on the thickness of the 
skin layers of the particular patient being tested. It Will be 
apparent to one of skill in the art that While the micro 
needles of the subject invention may have lengths that are 
longer than the depth of the target skin layer, the micro 
needle may be penetrated into the skin at a depth (referred 
to as the penetration length) that is less than the length of the 
micro-needle structure. Thus, in order to minimize pain to 
the patient, the micro-needles in many embodiments have a 
penetration length in the range from about 50 to 4,000 pm, 
and more typically from about 100 to 3,000 pm. For 
eXample, for sampling applications Which require penetra 
tion only into the epidermis layer, the penetration length of 
the micro-needle is typically betWeen about 50 to 120 pm. 
For sampling applications Which require penetration into but 
no deeper than the dermis layer, the penetration length of the 
micro-needle is typically from about 2,000 to 3,000 pm. 

[0031] The general con?guration of an eXemplary micro 
needle of the present invention Will noW be described With 
reference to FIGS. 1A-D. Micro-needle 100 has a con?gu 
ration that is substantially straight along the longitudinal 
aXis and has a substantially circular cross-section. HoWever, 
any suitable cross-sectional con?guration may be employed 
including, but not limited to, other annular shapes such as 
elliptical and oblong, or polygonal con?gurations, such as 
square and rectangular. The outer diameter of a micro-needle 
at its thickest point typically does not eXceed about 350 pm 
and is usually betWeen about 200 pm to 300 pm. In certain 
embodiments the outer diameter is typically about 250 pm. 

[0032] Micro-needle 100 terminates at distal end 104, in 
preferably a sharp tip 102 having a beveled or sliced 
con?guration, as shoWn in FIG. 1D, to more easily penetrate 
the skin. HoWever, tip 102 may have other suitable con?gu 
rations such as one that is not tapered and de?nes an edge 
that lies in a plane perpendicular to the longitudinal aXis of 
the micro-needle (not shoWn). 

[0033] Any suitable number of micro-needles, in the form 
of an array, may be employed by the present invention. The 
number of micro-needles employed Will depend upon vari 
ous factors including the agent being detected, the body 
surface location into Which the micro-needles are inserted, 
the sample site, the ?uid volume and the like. The micro 
needle array may include micro-needles having varying 
shapes, lengths, Widths and tip con?gurations. 

ELECTROCHEMICAL CELL 

[0034] As discussed above, a feature of the subject inven 
tion is the presence, in the piercing means, of an electro 
chemical cell that is de?ned by concentric Working and 
reference electrodes. Micro-needle 100 includes an electro 
chemical cell that provides an electrical signal or signals 
representative of the concentration of the analyte being 
measured in a sampled biological ?uid. The electrochemical 
cell comprises various components or layers arranged con 
centrically With respect to each other. In many embodiments, 
this concentric arrangement may also be circumferential or 
co-aXial. 
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[0035] VieWed longitudinally in FIG. 1A and in cross 
section in FIG. 1B, micro-needle 100 includes, a solid Wire 
core 106 and an outer plating 114. The solid Wire core 106 
provides rigidity to the micro-needle structure and may be 
part of the adjacent electrode. The outer plating 114 may be 
made of stainless steel or the like. BetWeen Wire core 106 
and outer plating 114 resides the subject electrochemical 
cell, Which includes, from inside out, a ?rst or inner elec 
trode 108, a porous insulator 110 and a second or outer 
electrode 112. 

[0036] As shoWn in the proXimal to distal end vieW of 
FIG. 1C taken along arroWs c-c of FIG. 1A, second or outer 
electrode 112 and outer plating 114 eXtend to de?ne edge 
116 and tip 102 of micro-needle 100. The three innermost 
layers, insulator 110, ?rst electrode 108 and solid Wire core 
106, eXtend evenly to a location or area 118 (proximal to 
distal end 104), Wherein these three layers have distal edges 
that are substantially ?ush With each other. These ?ush edges 
de?ne the closed proXimal end 122 of a lumen portion 120 
having a lumenal Wall, de?ned by second electrode 112 and 
outer plating 114, Which eXtends to a distal opening at distal 
edge 116, as vieWed in FIG. 1A. Lumen 120 acts to create 
a capillary force Which Wicks biological ?uid present into 
lumen opening 128 at tip 102. Lumen 120 has a volume 
Which does not eXceed about 250 nL and is generally in the 
range from about 20 to 140 nL. In certain embodiments the 
volume is typically about 65 nL. Porous insulator 110 then 
provides a secondary capillary force to Wick an amount of 
the biological ?uid contained Within lumen 120 into itself. 

[0037] Solid Wire core 106 has a diameter Which typically 
does not eXceed about 120 pm, and more typically is in the 
general range from about 80 to 100 pm. In certain embodi 
ments the diameter is typically about 90 pm. First electrode 
108 has a cylindrical con?guration (although other con?gu 
rations are possible) having a thickness Which typically does 
not eXceed about 300 A, and more typically is in the general 
range from about 70 to 200 A. In certain embodiments the 
thickness is typically about 100 A. Porous insulator 110 also 
has a cylindrical con?guration (although other con?gura 
tions are possible) having a thickness Which typically does 
not eXceed about 200 pm, and more typically is in the 
general range from about 50 to 80 pm. Second electrode 112 
also has a cylindrical con?guration (although other con?gu 
rations are possible) having a thickness Which typically does 
not eXceed about 300 A and more typically is in the general 
range from about 70 to 200 A. The thin outer tube 114 upon 
Which the second electrode 112 is electroplated has a thick 
ness Which typically does not eXceed about 25 pm and more 
typically is in the general range from about 12 to 20 pm. 

[0038] The electrode 112, i.e., the outer electrode, is used 
as the reference electrode, i.e., the electrode Which provides 
an input signal to the electrochemical cell, and the other 
electrode 108, i.e., the inner electrode, is employed as a 
Working electrode, i.e., the electrode Which provides an 
output signal representative of the analyte concentration 
Within the sampled ?uid. Typically, the length of the outer 
electrode is the same as the length of the micro-needle, and 
thus is generally not greater than about 4,000 pm. More 
typically, the length of the outer electrode is betWeen about 
1,000 pm to 3,000 pm, and usually is about 2,000 pm. The 
inner electrode may have the same length as the outer 
electrode, but may often times be shorter than the outer 
electrode. The length of the inner electrode is generally 
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about 20% shorter than the outer electrode and is generally 
not greater than about 3,200 pm, and is typically betWeen 
about 800 to 2,400 pm, and is more typically about 1,600 
pm. 

[0039] At least the surfaces of the electrodes that face the 
reaction Zone (i.e., the porous insulator) Within the micro 
needle are made of highly conductive metal, such as palla 
dium, gold, platinum, silver, iridium, carbon, doped indium 
tin oxide, stainless steel and the like, or a combination of 
such materials. Most typically the metal is gold, platinum or 
palladium. Although the entire electrode may be made of 
metal, each electrode may be made up of an inert support or 
backing substrate, on the surface of Which is a thin layer of 
the metal component (e.g., an electroplated metal layer) of 
the electrode. 

POROUS INSULATOR 

[0040] As mentioned above, the Working and reference 
electrodes de?ne the boundaries of the reaction Zone that, in 
the embodiment of FIG. 1, is in the form of a cylindrical 
donut, for example. The reaction Zone is ?lled With a 
hydrophilic porous insulator having an inner and an outer 
surface area and having a thickness that typically does not 
exceed 150 pm and generally is in the range from about 50 
to 80 pm. The volume of the reaction Zone typically does not 
exceed about 150 nL and is generally from about 15 to 110 
nL. In certain embodiments the volume is typically about 50 
nL. 

[0041] The porous insulator comprises pores or voids 
throughout at least a portion of the micro-needle structure. 
The pores are suf?ciently siZed to provide a capillary force 
so as to Wick in ?uid from lumen 120. The pores are also 
sufficiently interconnected to permit passage of or conduc 
tion of a ?uid through the porous material. The average pore 
siZe is from about 1000 to 5000 nm and more typically about 
1000 to 2000 nm. The porous insulator may be made of 
ceramics or plastic materials such as polymers. Suitable 
types of polymer materials include, but are not limited to, 
polyimides, polysulfone, and cellulosic. As is Well knoWn in 
the art, polymers may be rendered porous by removing 
leachable or volatiZable material contained therein. 

REAGENTS 

[0042] Aredox reagent(s) system is typically employed to 
single out and sense the target analyte or constituent selected 
to be analyZed over the other constituents in the sampled 
biological ?uid. The redox reagent(s) of the redox reagent 
system may reside on the reactive surface, i.e., the surface 
facing the porous insulator, of one or both electrodes, but in 
many embodiments the redox reagent(s) Will reside on the 
reactive surface of the Working electrode. As such, the 
reagent is often times coated or deposited on the surface(s) 
by means of dip coating, Where such processes are Well 
knoWn in the art. Alternatively, the reagent may be contained 
Within the porous insulator by saturation coating, as is 
knoWn in the art. The reagent system used is selected based 
on the analyte targeted for detection. The interaction of the 
reagent system and the corresponding constituent or analyte 
determines the concentration of the target analyte or con 
stituent in the cell. 

[0043] The reagent system present in the reaction area 
typically includes at least an enZyme(s) and a mediator. In 
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many embodiments, the enZyme member(s) of the reagent 
system is an enZyme or a plurality of enZymes that Work in 
concert to oxidiZe the analyte of interest. In other Words, the 
enZyme component of the reagent system is made up of a 
single analyte oxidiZing enZyme or a collection of tWo or 
more enZymes that Work in concert to oxidiZe the analyte of 
interest. EnZymes of interest include oxidases, dehydroge 
nases, lipases, kinases, diaphorases, quinoproteins and the 
like. The speci?c enZyme present in the reaction area 
depends on the particular analyte for Which the electro 
chemical test strip is designed to detect, Where representa 
tive enZymes include: glucose oxidase, glucose dehydroge 
nase, cholesterol esterase, cholesterol oxidase, lipoprotein 
lipase, glycerol kinase, glycerol-3-phosphate oxidase, lac 
tate oxidase, lactate dehydrogenase, pyruvate oxidase, alco 
hol oxidase, bilirubin oxidase, uricase, and the like. In many 
preferred embodiments Where the analyte of interest is 
glucose, the enZyme component of the reagent system is a 
glucose-oxidizing enZyme (e.g., a glucose oxidase or glu 
cose dehydrogenase). 

[0044] As described above, the reagent system may fur 
ther include a second component, i.e., a mediator compo 
nent, Which is made up of one or more mediator agents. A 
variety of different mediator agents are knoWn in the art and 
include: ferricyanide, phenaZine ethosulphate, phenaZine 
methosulfate, pheylenediamine, 1-methoxy-phenaZine 
methosulfate, 2,6-dimethyl-1,4-benZoquinone, 2,5 -dichloro 
1,4-benZoquinone, ferrocene derivatives, osmium bipyridyl 
complexes, ruthenium complexes and the like. In those 
embodiments Where glucose in the analyte of interest and 
glucose oxidase or glucose dehydrogenase is the enZyme 
components, mediator of particular interest is ferricyanide. 
Other reagents that may be present in the reaction area 
include buffering agents, (e.g., citraconate, citrate, phos 
phate), “Good” buffers and the like. 

[0045] The reagent(s) is generally present in dry form. The 
amounts of the various components may vary, Wherein the 
amount of enZyme component typically ranges from about 
0.1 to 10% by Weight. 

EXEMPLARY EMBODIMENT OF SYSTEM 

[0046] As described above, the subject invention includes 
a system for sampling biological ?uid from the skin of a 
patient or user and measuring a target constituent Within the 
biological ?uid, Where such a system generally is made of at 
least one micro-needle having a sampling means, a reagent 
and an electrochemical cell, as described above, and a 
control unit having means for sending and receiving elec 
trical signals and a softWare algorithm. 

[0047] Referring noW to FIG. 2, there is shoWn a sche 
matic representation of an exemplary system 50 of the 
subject invention. System 50 includes a hand-held control 
unit 52 and a device 10, as described above, operatively 
mounted to distal end 54 of control unit 52. Device 10 
includes an array of the micro-needles of the present inven 
tion, such as micro-needle 100 of FIG. 1. Control unit 52 has 
a housing 56, typically made of a medical grade plastic 
material, having a loW-pro?le con?guration Which houses a 
means (not shoWn) for controlling the measurement means 
of device 10, i.e., generating and transmitting input refer 
ence signals to the electrochemical cell of micro-needle 100 
and receiving output measurement signals from the cell. 
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Housing 56 may further include a means for supporting the 
micro-needle array or a single micro-needle, such as a 
support or substrate or the like (not shoWn). 

[0048] A softWare algorithm programmed Within control 
unit 52 automatically calculates and determines the concen 
tration of the target analyte in the biological sample upon 
receipt of the output signal. The concentration level (among 
other desired information) is then transmitted to an external 
display means or screen 58 that displays information to the 
user. Control interface buttons 60 are provided to alloW the 
user to input information to the control means, such as the 
type of analyte targeted for measurement. 

[0049] Device 10 is electrically and physically coupled to 
control unit 52. Electrical communication betWeen the tWo 
is established by means of conductive contacts (not shoWn) 
on device 10 and corresponding electrical traces (not shoWn) 
Within control unit 52. In certain embodiments, device 10 
and control unit 52 are physically coupled by a quick 
lock-and-release mechanism (many of Which are commonly 
known) such that a used device can be easily removed and 
replaced. Control unit 52 is typically reusable and usable 
With any number of devices of the subject invention. These 
features facilitate the taking of multiple samples and mea 
surements in an ef?cient and rapid manner. 

METHODS OF USE 

[0050] Also provided by the subject invention are methods 
for using the subject devices and systems to determine the 
concentration of an analyte in a biological sample. Avariety 
of different analytes may be detected using the subject 
devices and systems, Where representative analytes include, 
but are not limited to, glucose, cholesterol, lactate, alcohol, 
electrolytes, pharmaceuticals, illicit drugs, and the like. 

[0051] In practicing the subject methods (With reference to 
the Figures), the ?rst step is to provide a device 10 having 
one or more micro-needles 100 of the present invention. In 
many embodiments, device 10 is particularly con?gured 
(i.e., device 10 includes the appropriate reagent(s)) for 
targeting the analyte(s) of interest. The device 10 is opera 
tively engaged and interfaced With a control unit 52 that can 
be manually held and controlled by the user. Control unit 52 
is programmed for testing the targeted analyte(s). The device 
10 is positioned over a selected area of the user’s skin, and, 
With slight pressure, the array of micro-needles 100 of 
device 10 are caused to penetrate into the skin. The depth to 
Which the micro-needles 12 are inserted Will depend on the 
length of the respective micro-needles or by some other 
means associated With the device 10 for limiting the inser 
tion depth. 

[0052] Upon insertion into the user’s skin, an amount (i.e., 
a sample) of biological ?uid present at the open tips 102 of 
micro-needles 100 is caused to Wick into lumens 120 of the 
respective micro-needles by means of a capillary force, i.e., 
most or all of the biological ?uid is transferred in situ into 
the device 10. The porous insulator 110 continues to Wick 
the ?uid into the reaction Zone of the electrochemical cell by 
means of a capillary force. 

[0053] As discussed above, micro-needle 100 may be 
manufactured With a selected redoX reagent system placed 
on opposing surfaces 124 and 126 of ?rst electrode 108 and 
second electrode 112, respectively, or alternatively, the 
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reagent is infused Within porous insulator 110. The type of 
reagent system is selected based on the type of analyte 
targeted for measurement. Thus, When the sample of bio 
logical ?uid is absorbed into the porous insulator 110, the 
targeted analyte Within the sample chemically reacts With 
the reagent, causing the analyte to oXidiZe. This chemical 
reaction creates a change in the impedance (or resistance) 
level across the reaction Zone Within the electrochemical 
cell. 

[0054] More speci?cally, once in the reaction Zone, the 
targeted analyte chemically reacts With the selected 
reagent(s) to form electroactive products. The electroactive 
products are then either oXidiZed or reduced by the optional 
mediator or directly by the Working electrode 108. The 
resulting output signal level is then conducted to the control 
unit by electrode 108. A softWare algorithm programmed 
Within control unit 52 then automatically determines the 
differential betWeen the output and reference signals, derives 
the concentration of analyte in the sample from this differ 
ential value, and then derives the corresponding concentra 
tion level of the selected analyte in the patient’s blood. Any 
or all of these values may be displayed by display means or 
screen 58. 

[0055] A device such as control unit 52 Which automati 
cally calculates and determines the concentration of a 
selected analyte in a biological sample and/or in the patient’s 
system, such that a user need only insert a micro-needle of 
the subject invention into the patient’s skin and then read the 
?nal analyte concentration result from a display of the 
device, is further described in US. Pat. No. 6,193,873 
entitled “Sample Detection to Initiate Timing of an Electro 
chemical Assay,” the disclosure of Which is herein incorpo 
rated by reference. 

KITS 

[0056] Also provided by the subject invention are kits for 
use in practicing the subject methods. The kits of the subject 
invention include at least one subject device having one or 
more micro-needles. The kits may also include a reusable or 
disposable control unit that may be used With reusable or 
disposable devices of the kit or from other kits of the subject 
invention. These kits may include devices having an array of 
micro-needles having the same or different lengths. Certain 
kits may include various devices each containing the same 
or different reagents. Also, more than one reagent may be 
provided Within a single micro-needle array, Wherein one or 
more of the micro-needles are provided With a ?rst reagent 
for testing a ?rst target analyte and one or more other 
micro-needles are provided With other reagents for testing 
other targeted analytes. Finally, in many embodiments, the 
kits include instructions for using the subject devices in the 
determination of an analyte concentration in a physiological 
sample. These instructions may be present on one or more of 
the packaging, a label insert, or containers present in the kits, 
and the like. 

[0057] It is evident from the above description that the 
subject inventions are easy to use and can provide for 
analyte testing Without the need to cut or lance the skin and 
With minimal or no pain and blood. As such, the subject 
invention represents a signi?cant contribution to the ?eld. 

[0058] The subject invention is shoWn and described 
herein in What is considered to be the most practical, and 
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preferred embodiments. It is recognized, however, that 
departures may be made there from, Which are Within the 
scope of the invention, and that obvious modi?cations Will 
occur to one skilled in the art upon reading this disclosure. 

[0059] Although the present invention is useful for many 
applications, the sampling of various biological ?uids and 
the detection of many types of constituents, the invention 
has been described primarily in the conteXt of the detection 
of analytes in interstitial ?uids, and as being particularly 
useful for the detection of glucose in interstitial ?uid. Thus, 
the speci?c devices and methods disclosed and the applica 
tions, biological ?uids and constituents discussed herein are 
considered to be illustrative and not restrictive. Modi?ca 
tions that come Within the meaning and range of equivalents 
of the disclosed concepts, such as those that Would readily 
occur to one skilled in the art, are intended to be included 
Within the scope of the appended claims. 

What is claimed is: 
1. A biological ?uid sampling and analyte concentration 

measurement device, said device comprising: 

(a) an elongated sampling means con?gured to pierce a 
skin surface to provide access to the biological ?uid; 
and 

(b) concentrically-spaced electrodes positioned Within the 
elongated sampling means that de?ne an electrochemi 
cal cell for measuring the concentration of analyte 
Within the biological ?uid. 

2. The device of claim 1 further comprising an insulating 
material betWeen the concentrically-spaced electrodes. 

3. The device of claim 2 further comprising a redoX 
reagent system. 

4. The device of claim 1 further comprising a signal 
producing and receiving means in electrical communication 
With the electrodes. 

5. The device of claim 1 Wherein the sampling means 
comprises a lumen and an open distal end, Wherein the open 
distal end provides a passageWay into the lumen. 

6. The device of claim 5 Wherein the lumen is con?gured 
to provide a capillary force suf?cient to draW a sample of 
biological ?uid into the lumen. 

7. The device of claim 2 Wherein the insulating material 
comprises a plurality of pores con?gured to provide a 
capillary force sufficient to draW a sample of biological ?uid 
into the pores. 

8. The device of claim 1 Wherein the biological ?uid is 
interstitial ?uid and the analyte is glucose. 

9. A device for sampling biological ?uid and measuring 
the concentration of a target constituent in the biological 
?uid, comprising: 

a ?rst electrode; 

a second electrode concentrically positioned about and 
spaced apart from the ?rst electrode; and 

a porous material positioned in the space betWeen the 
electrodes, Wherein the device has a con?guration for 
piercing the skin. 

10. The device according to claim 9 having a penetration 
length no deeper than the dermis. 

11. The device according to claim 10 having a penetration 
length no deeper than the epidermis. 

12. The device according to claim 9 Wherein the second 
electrode has a con?guration for piercing the skin. 
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13. The device according to claim 12 Wherein the second 
electrode has an open distal end and de?nes a space Within 
the device, Wherein the space has a con?guration to provide 
a capillary force suf?cient to draW biological ?uid through 
the open distal end. 

14. The device according to claim 9 further comprising a 
reagent in contact With the porous material or at least one of 
the electrodes. 

15. The device according to claim 14 Wherein the reagent 
is located on a surface of at least one of the electrodes facing 
the porous material. 

16. A micro-needle for sampling a biological ?uid and 
measuring a target constituent Within the biological ?uid, 
comprising: 

a core having a length; 

a ?rst electrode coaXially conformed about the core 
length; 

a porous material coaXially conformed about the ?rst 
electrode; 

a second electrode coaXially conformed about the porous 
material and having a length that extends beyond the 
core length and terminates at an open tip; and 

a reagent contained Within the micro-needle Wherein the 
reagent is selected based on the target constituent. 

17. The micro-needle according to claim 16 further com 
prises a plating formed circumferentially about the length of 
the second electrode. 

18. A system for sampling biological ?uid from the skin 
of a patient and measuring a target constituent Within the 
biological ?uid, the system comprising: 

(a) at least one micro-needle comprising sampling means, 
a reagent and an electrochemical cell housed Within the 

micro-needle, 
(1) Wherein the electrochemical cell comprises a ref 

erence electrode, a Working electrode and an insu 
lating material there betWeen, Wherein the reagent is 
in contact With at least one or more of the reference 
electrode, the Working electrode or the insulating 
material, and 

(2) Wherein the sampling means comprises a distal 
opening and at least one space Within the micro 
needle having a con?guration capable of Wicking 
biological ?uid into the micro-needle; and 

(b) a control unit in electrical communication With the at 
least one micro-needle, comprising: 

(1) means for sending an electrical reference signal to 
the reference electrode and for receiving an electrical 
output signal from the Working electrode, and 

(2) a softWare algorithm Which automatically calculates 
and determines the concentration of the target con 
stituent in the biological sample upon receipt of the 
electrical output signal. 

19. The system according to claim 18 further comprising 
a display unit in electrical communication With the control 
unit for displaying information in the form of electrical 
signals received from the control unit related to the sampling 
of the biological ?uid and the measuring of the target 
constituent. 
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20. The system according to claim 18 further comprising 
a housing and a support means Wherein the control unit is 
housed Within the housing and the at least one micro-needle 
is mounted to the support means. 

21. A method for testing a biological ?uid Within the skin 
of a patient and for determining the concentration of a target 
constituent contained therein, the method comprising the 
steps of: 

providing at least one micro-needle comprising an open 
distal end and an electrochemical cell therein, the 
electrochemical cell comprising a reagent and a con 
centrically-layered electrode con?guration; 

inserting the at least one micro-needle into the skin to a 
selected depth; 

Wicking a sample of biological ?uid present at the open 
distal end into the electrochemical cell; 

alloWing the sample to react With the reagent Wherein a 
substance is formed Within the electrochemical cell as 
a result of the reaction; 

providing a ?rst electrical signal to the substance; and 

receiving a second electrical signal generated by the 
substance, Wherein the second electrical signal is rep 
resentative of the concentration the constituent in the 
sample. 

22. The method according to claim 21 Wherein the 
selected depth is no greater than the viable epidermis. 

23. The method according to claim 22 Wherein the 
selected depth is no greater than the stratum comeum. 

24. The method according to claim 21 Wherein the step of 
Wicking comprises exerting a capillary force on the biologi 
cal ?uid present at the open distal end. 
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25. The method according to claim 21 Wherein the steps 
of providing a ?rst electrical signal and receiving a second 
electrical signal is performed by a control unit in electrical 
communication With the electrochemical cell. 

26. The method according to claim 21 further comprising 
the step of deriving the concentration of the constituent in 
the patient’s blood from the second electrical signal. 

27. The method according to claim 26 further comprising 
the step of displaying a numerical value representative of the 
concentration of the constituent in the patient’s blood. 

28. The method according to claim 26 Wherein the step of 
deriving comprises using a softWare algorithm. 

29. Akit comprising at least one biological ?uid sampling 
and analyte concentration measurement device according to 
claim 1. 

30. A kit for sampling a biological ?uid from the skin of 
a patient and for measuring the concentration of a constitu 
ent Within the sampled biological ?uid, the kit comprising: 

at least one micro-needle according to claim 16. 

31. The kit according to claim 30 further comprising a 
plurality of micro-needles and a support member Wherein 
the plurality of micro-needles are arranged in an array on the 
support member. 

32. The kit according to claim 31 Wherein the micro 
needles have varying lengths. 

33. The kit according to claim 31 Wherein the micro 
needles comprise different reagents. 


