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(57) ABSTRACT 

Systems and methods for the expression of bodily ?uid from 
an incision in the skin include devices Which bear against the 
skin in a manner to retain the ?uid adjacent the incision site 
and urge the ?uid inwardly toWard the incision. One system 
utilizes a constricting member Which engages the skin at 
initial, outer positions, and moves to draW the skin into an 
inner position forming a bulged, pinch of skin containing the 
incision site. The constricting member comprises ?exible or 
non-?exible components, and is formed as a single, con 
tinuous member or as a plurality of discrete elements. A 
second system includes a bi-stable expression member 
including a skin-engaging portion having a ?rst, outwardly 
bulged condition, and a second, inverted condition the skin 
is draWn into and retained Within the member. The exterior 
surface of the expression member is optionally con?gured or 
treated to enhance the grasping of the skin. A third system 
involves a pressing member including deformable portions 
de?ning opposed, skin-engaging surfaces Which are dis 
placed upon pressing the member against the skin a suf? 
cient amount. The deformable portions comprise ?exible or 
non-?exible components, and are formed as a single, con 
tinuous member or as a plurality of discrete elements. The 
present invention further encompasses the combination of 
the foregoing expression systems With each other, as Well as 
With other expression devices knoWn in the art. Moreover, 
the invention includes the combination of the expression 
systems With incising, sampling and/or testing systems, 
particularly in a single, integrated device. The present inven 
tion also contemplates the associated methods for expressing 
bodily ?uid from an incision, including in combination With 
methods for incising, sampling and/or testing of the bodily 
?uid. 
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DEVICES AND METHODS FOR THE EXPRESSION 
OF BODILY FLUIDS FROM AN INCISION 

REFERENCE TO RELATED 
APPLI CAT IONS/PATENTS 

[0001] This application is related to and claims priority 
from the following US. patent applications, Ser. Nos. 
09/879,991, ?led by PereZ et al. on Jun. 14, 2001 (Atty 
Docket 1104); 60/296,949, ?led by PereZ on Jun. 8, 2001 
(Atty Docket 1106); 60/296,950, ?led by PereZ on Jun. 8, 
2001 (Atty Docket 1139); 60/315,873, ?led by PereZ et al. 
on Aug. 29, 2001 (Atty Docket 1107); and 60/315,968, ?led 
by PereZ et al. on Aug. 29, 2001 (Atty Docket 1125). The 
disclosures in the foregoing applications are hereby incor 
porated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to the sampling of a 
bodily ?uid obtained from an incision in the skin, and more 
particularly to acquiring the ?uid by capillary action. The 
invention also may include the combination of such sam 
pling devices and methods With incising, expressing, and/or 
testing systems. 

[0004] 2. Description of the Prior Art 

[0005] The acquisition and testing of bodily ?uids is 
useful for many purposes, and continues to groW in impor 
tance for use in medical diagnosis and treatment, and in 
other diverse applications. In the medical ?eld, it is desirable 
for lay operators to perform tests routinely, quickly and 
reproducibly outside of a laboratory setting, With rapid 
results and a readout of the resulting test information. 
Testing can be performed on various bodily ?uids, and for 
certain applications is particularly related to the testing of 
blood and/or interstitial ?uid. Such ?uids can be tested for 
a variety of characteristics of the ?uid, or analytes contained 
in the ?uid, in order to identify a medical condition, deter 
mine therapeutic responses, assess the progress of treatment, 
and the like. 

[0006] The testing of bodily ?uids basically involves the 
steps of obtaining the ?uid sample, transferring the sample 
to a test device, conducting a test on the ?uid sample, and 
displaying the results. These steps are generally performed 
by a plurality of separate instruments or devices. 

[0007] One method of acquiring the ?uid sample involves 
inserting a holloW needle or syringe into a vein or artery in 
order to WithdraW a blood sample. HoWever, such direct 
vascular blood sampling can have several limitations, 
including pain, infection, and hematoma and other bleeding 
complications. In addition, direct vascular blood sampling is 
not suitable for repeating on a routine basis, can be 
extremely dif?cult and is not advised for patients to perform 
on themselves. 

[0008] The other common technique for collecting a 
bodily ?uid sample is to form an incision in the skin to bring 
the ?uid to the skin surface. A lancet, knife or other cutting 
instrument is used to form the incision in the skin. The 
resulting blood or interstitial ?uid specimen is then collected 
in a small tube or other container, or is placed directly in 
contact With a test strip. The ?ngertip is frequently used as 
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the ?uid source because it is highly vasculariZed and there 
fore produces a good quantity of blood. HoWever, the 
?ngertip also has a large concentration of nerve endings, and 
lancing the ?ngertip can therefore be painful. Alternate 
sampling sites, such as the palm of the hand, forearm, 
earlobe and the like, may be useful for sampling, and are less 
painful. HoWever, they also produce lesser amounts of 
blood. These alternate sites therefore are generally appro 
priate for use only for test systems requiring relatively small 
amounts of ?uid, or if steps are taken to facilitate the 
expression of the bodily ?uid from the incision site. Various 
methods and systems for incising the skin are knoWn in the 
art. Exemplary lancing devices are shoWn, for example, in 
US. Pat. Nos. Re 35,803, issued to Lange, et al. on May 19, 
1998.; US. Pat. No. 4,924,879, issued to O’Brien on May 
15, 1990; US. Pat. No. 5,879,311, issued to Duchon et al. on 
Feb. 16, 1999; US. Pat. No. 5,857,983, issued to Douglas on 
Jan. 12, 1999; US. Pat. No. 6,183,489, issued to Douglas et 
al. on Feb. 6, 2001; US. Pat. No. 6,332,871, issued to 
Douglas et al. on Dec. 25, 2001; and US. Pat. No. 5,964, 
718, issued to Duchon et al. on Oct. 12, 1999. A represen 
tative commercial lancing device is the Accu-Chek Softclix 
lancet. 

[0009] Patients are frequently advised to urge ?uid to the 
incision site, such as by applying pressure to the area 
surrounding the incision to milk or pump the ?uid from the 
incision. Mechanical devices are also knoWn to facilitate the 
expression of bodily ?uid from an incision. Such devices are 
shoWn, for example, in US. Pat. Nos. 5,879,311, issued to 
Duchon et al. on Feb. 16, 1999; US. Pat. No. 5,857,983, 
issued to Douglas on Jan. 12, 1999; US. Pat. No. 6,183,489, 
issued to Douglas et al. on Feb. 6, 2001; US. Pat. No. 
5,951,492, issued to Douglas et al. on Sep. 14, 1999; US. 
Pat. No. 5,951,493, issued to Douglas et al. on Sep. 14, 
1999; US. Pat. No. 5,964,718, issued to Duchon et al. on 
Oct. 12, 1999; and US. Pat. No. 6,086,545, issued to Roe et 
al. on Jul. 11, 2000. A representative commercial product 
that promotes the expression of bodily ?uid from an incision 
is the Amira AtLast blood glucose system. 

[0010] The acquisition of the produced bodily ?uid, here 
after referred to as the “sampling” of the ?uid, can take 
various forms. Once the ?uid specimen comes to the skin 
surface at the incision, a sampling device is placed into 
contact With the ?uid. Such devices may include, for 
example, systems in Which a tube or test strip is either 
located adjacent the incision site prior to forming the inci 
sion, or is moved to the incision site shortly after the incision 
has been formed. A sampling tube may acquire the ?uid by 
suction or by capillary action. Such sampling systems may 
include, for example, the systems shoWn in US. Pat. Nos. 
6,048,352, issued to Douglas et al. on Apr. 11, 2000; US. 
Pat. No. 6,099,484, issued to Douglas et al. on Aug. 8, 2000; 
and US. Pat. No. 6,332,871, issued to Douglas et al. on Dec. 
25, 2001. Examples of commercial sampling devices include 
the Roche Compact, Amira AtLast, Glucometer Elite and 
Therasense FreeStyle test strips. 

[0011] The bodily ?uid sample may be analyZed for a 
variety of properties or components, as is Well knoWn in the 
art. For example, such analysis may be directed to hemat 
ocrit, blood glucose, coagulation, lead, iron, etc. Testing 
systems include such means as optical (e.g., re?ectance, 
absorption, ?uorescence, Raman, etc.), electrochemical, and 
magnetic means for analyZing the sampled ?uid. Examples 
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of such test systems include those in US. Pat. Nos. 5,824, 
491, issued to Priest et al. on Oct. 20, 1998; US. Pat. No. 
5,962,215, issued to Douglas et al. on Oct. 5, 1999; and US. 
Pat. No. 5,776,719, issued to Douglas et al. on Jul. 7, 1998. 

[0012] Typically, a test system takes advantage of a reac 
tion betWeen the bodily ?uid to be tested and a reagent 
present in the test system. For example, an optical test strip 
Will generally rely upon a color change, i.e., a change in the 
Wavelength absorbed or re?ected by dye formed by the 
reagent system used. See, e.g., US. Pat. Nos. 3,802,842; 
4,061,468; and 4,490,465. 

[0013] A common medical test is the measurement of 
blood glucose level. The glucose level can be determined 
directly by analysis of the blood, or indirectly by analysis of 
other ?uids such as interstitial ?uid. Diabetics are generally 
instructed to measure their blood glucose level several times 
a day, depending on the nature and severity of their diabetes. 
Based upon the observed pattern in the measured glucose 
levels, the patient and physician determine the appropriate 
level of insulin to be administered, also taking into account 
such issues as diet, exercise and other factors. 

[0014] In testing for the presence of an analyte such as 
glucose in a bodily ?uid, test systems are commonly used 
Which take advantage of an oxidation/reduction reaction 
Which occurs using an oxidase/peroxidase detection chem 
istry. The test reagent is exposed to a sample of the bodily 
?uid for a suitable period of time, and there is a color change 
if the analyte (glucose) is present. Typically, the intensity of 
this change is proportional to the concentration of analyte in 
the sample. The color of the reagent is then compared to a 
knoWn standard Which enables one to determine the amount 
of analyte present in the sample. This determination can be 
made, for example, by a visual check or by an instrument, 
such as a re?ectance spectrophotometer at a selected Wave 
length, or a blood glucose meter. Electrochemical and other 
systems are also Well knoWn for testing bodily ?uids for 
properties on constituents. 

[0015] The present invention provides for enhancing the 
?uid sampling and testing by assisting in the expression of 
the ?uid from the incision. Expression of the ?uid is alWays 
useful in order to increase the quantity of bodily ?uid 
available for acquisition by a sampling device. Such larger 
quantities make it easier to quickly and reliably acquire the 
?uid, and reduce the potential that there Will be an insuf? 
cient quantity of ?uid acquired for testing to be performed. 
When used at the ?ngertip, expression results in an even 
larger quantity of ?uid being produced in a shorter period of 
time, thereby providing a suitable amount of ?uid for tests 
requiring relatively larger quantities. When used at alternate 
sites, the ?uid expression can be important to provide a 
sufficient quantity of ?uid to be acquired and tested by a 
given system. 

SUMMARY OF THE INVENTION 

[0016] The present invention provides various systems 
and methods for the expression of bodily ?uid from an 
incision in the skin. The invention encompasses separate 
expression devices as Well as combination systems including 
incising, sampling and/or testing systems. 

[0017] In accordance With one aspect of the present inven 
tion, there is provided a device for expressing bodily ?uid 
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from an incision site Which includes a body and a constrict 
ing member connected to the body and de?ning opposed, 
skin-engaging surfaces. The constricting member has a ?rst 
condition With the skin-engaging surfaces contacting the 
skin at initial, outer positions, and a second condition With 
the skin-engaging surfaces engaging and draWing the skin 
into an inner position forming a bulged, pinch of skin 
containing the incision site. The constricting member 
deforms or moves betWeen the ?rst and second conditions, 
and may comprise ?exible or non-?exible components. The 
constricting member may also be formed as a single, con 
tinuous member or as a plurality of discrete elements. 

[0018] In accordance With a second aspect of the present 
invention, there is provided a device for expressing bodily 
?uid from an incision site including a body de?ning a cavity 
and a bi-stable expression member connected to the body 
adjacent to the interior cavity. The expression member 
includes a skin-engaging portion having ?rst and second 
stable conditions, With the portion in the ?rst stable condi 
tion being outWardly bulged relative to the body, and the 
portion in the second stable condition being inverted and 
received Within the cavity of the body. The exterior of the 
skin-engaging portion includes an exterior surface and 
de?nes an aperture communicating betWeen the exterior 
surface and the cavity. The skin-engaging portion engages 
the skin and draWs the skin into the member as the skin 
engaging portion inverts from the ?rst condition to the 
second condition. The exterior surface of the skin-engaging 
portion is optionally con?gured or treated to enhance the 
grasping of the skin, such as by providing projections or a 
sticky coating. 
[0019] In a third aspect, the present invention provides a 
device for expressing bodily ?uid from an incision site 
Which includes a body and a pressing member connected 
With the body and including deformable portions de?ning 
opposed, skin-engaging surfaces. The deformable portions 
having ?rst positions contacting the skin and second posi 
tions engaging the skin and displaced from the ?rst posi 
tions. The deformable portions are con?gured to deform 
from the ?rst positions to the second positions upon pressing 
the member against the skin a suf?cient amount. The 
deformable portions of the pressing member may comprise 
?exible or non-?exible components, and may also be formed 
as a single, continuous member or as a plurality of discrete 
elements. 

[0020] The present invention further encompasses the 
combination of the foregoing expression systems With each 
other, as Well as With other expression devices knoWn in the 
art. Moreover, the invention includes the combination of the 
expression systems With incising, sampling and/or testing 
systems, particularly in a single, integrated device. The 
present invention also contemplates the associated methods 
for expressing bodily ?uid from an incision, including in 
combination With methods for incising, sampling and/or 
testing of the bodily ?uid. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a front, elevational vieW of a ?uid testing 
device including an expression system in accordance With an 
embodiment of the present invention. 

[0022] FIG. 2 is a cross-sectional vieW of the testing 
device of FIG. 1. 
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[0023] FIG. 3 is a distal end, plan vieW of the testing 
device of FIG. 1. 

[0024] FIG. 4 is a partial, cross-sectional vieW of the 
testing device of FIG. 1. 

[0025] FIG. 5 is a partial cross-sectional vieW of the 
device, showing the expression member in the constricting 
position. 
[0026] FIG. 6 is a partial cross-sectional vieW of the 
device, shoWing the incising of the skin. 

[0027] FIG. 7 is a partial cross-sectional vieW of the 
device shoWing the acquisition of the bodily ?uid by a 
sampling system. 

[0028] FIGS. 8-10 are partial, cross-sectional vieWs shoW 
ing alternate con?gurations of the expression member. 

[0029] FIG. 11 is a side, cross-sectional vieW of a test strip 
including an expression system in accordance With an alter 
nate embodiment of the present invention. 

[0030] FIG. 12 is a bottom, plan vieW of the test strip of 
FIG. 11, partially in cross section. 

[0031] FIG. 13 is a side, cross-sectional vieW of the test 
strip of FIG. 11, shoWing the expression system in the 
constricting position. 

[0032] FIG. 14 is a side, cross-sectional vieW of the test 
strip of FIG. 11, shoWing the bodily ?uid being acquired by 
the capillary passageWay in the test strip. 

[0033] FIG. 15 is a side, elevational vieW, partially in 
cross-section, shoWing a further embodiment of the present 
invention including movable, rigid constricting elements. 

[0034] FIG. 16 is a side, elevational vieW, partially in 
cross-section, shoWing the device of FIG. 15 With the 
elements in the constricting position. 

[0035] FIG. 17 is a partial, side vieW of the device of FIG. 
15, shoWing the attachment of the constricting elements. 

[0036] FIG. 18 is a side, elevational vieW of another 
embodiment of an expression system in accordance With the 
present invention. 

[0037] FIG. 19 is a side, cross-sectional vieW of the 
device of FIG. 18. 

[0038] FIG. 20 is a side, cross-sectional vieW of the 
device of FIG. 18, shoWing the expression member in the 
inverted position. 

[0039] FIG. 21 is a side, cross-sectional vieW of an 
additional embodiment of an expression system according to 
the present invention. 

[0040] FIG. 22 is a side, cross-sectional vieW of the 
device of FIG. 21, shoWing the expression elements in the 
deformed condition. 

[0041] FIG. 23 is a side, cross-sectional vieW of an 
alternate embodiment of the expression system of FIG. 21. 

[0042] FIG. 24 is a distal end, elevational vieW of the 
expression system of FIG. 23. 

[0043] FIG. 25 is a partial, cross-sectional vieW of a ?uid 
sampling device including a combined expression system in 
accordance With one embodiment of the present invention. 
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[0044] FIG. 26 is a side, cross-sectional vieW of a lancing 
device further incorporating an expression system of the 
present invention. 

[0045] FIG. 27 is a side, elevational vieW of a lancet 
holder useful in the device of FIG. 26. 

[0046] FIG. 28 is a partial, cross-sectional vieW of the 
skin-engaging portion of the device of FIG. 26, and further 
shoWing a test strip mounted therein. 

[0047] FIG. 29 is a cross-sectional vieW of the device of 
FIG. 26 taken along the line 26-26 and vieWed in the 
direction of the arroWs. 

[0048] FIG. 30 is a side, elevational vieW of an alternate 
embodiment of an integrated ?uid testing device according 
to an embodiment of the present invention. 

[0049] FIGS. 31 and 32 are partial, cross-sectional vieWs 
of the ?uid testing device of FIG. 30, shoWing in particular 
the expression of ?uid from the skin and movement of the 
?uid up to the test area. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0050] For the purposes of promoting an understanding of 
the principles of the invention, reference Will noW be made 
to the embodiments illustrated in the draWings and speci?c 
language Will be used to describe the same. It Will never 
theless be understood that no limitation of the scope of the 
invention is thereby intended, such alterations and further 
modi?cations in the illustrated devices and methods, and 
such further applications of the principles of the invention as 
illustrated therein being contemplated as Would normally 
occur to one skilled in the art to Which the invention relates. 

[0051] The present invention provides a variety of devices 
and methods Which separately or in combination are useful 
in enhancing the expression of ?uid from an incision in the 
skin. This expression of the ?uid results in a ?uid sample 
that is larger, and/or produced more quickly, than Would 
otherWise result. Expression of a bodily ?uid from an 
incision is desirable in many instances. The lancing of the 
skin may produce a suf?cient quantity of blood or interstitial 
?uid, but expression of the ?uid from the incision Will 
provide greater assurance that a suf?cient quantity has been 
produced, and that the sample may be successfully and 
readily acquired. Also, expression of the bodily ?uid is 
advantageous in the use of alternate test sites, such as the 
palm or forearm, because the quantity of ?uid produced 
Without expression can be signi?cantly less than the amount 
produced at the ?ngertip. While some test devices Will 
operate With greatly reduced ?uid volumes, a greater volume 
of ?uid makes it easier to acquire the ?uid for testing. The 
present invention provides devices and methods that greatly 
enhance the expression of ?uid from an incision. 

[0052] The expression of ?uid is also important When used 
in combination devices. The expression of ?uid in the 
context of an integrated lancing and sampling device, for 
example, is advantageous since it is more dif?cult to vieW 
the ?uid sample and it is therefore more important that the 
sample is suf?cient for sampling and testing purposes. The 
present invention is readily combined in a single, integrated 
unit With incising, sampling and/or testing devices. 
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[0053] The ?uid is obtained from an incision formed in the 
surface of the skin. The incising of the skin may be accom 
plished by any suitable means, including cutting With a 
mechanical instrument, laser, high speed ?uid stream, etc. 
Of these, lancing the skin is most common and is preferred, 
and speci?c descriptions herein use lancing for purposes of 
example. It Will be appreciated, hoWever, that lancing is only 
exemplary, and all forms of making an incision in the skin 
are included. 

[0054] The depth of penetration generally controls the 
?uid produced, particularly in combination With the char 
acteristics of the incision site. The present invention is useful 
With various bodily ?uids, including blood or interstitial 
?uid. The incising device may be con?gured for production 
of either blood or interstitial ?uid, for example, by control 
ling the distance Which the incising device extends into the 
user’s skin. For example, a depth of 0.25 mm to 4 mm Will 
typically produce blood from the dermis, While a depth of 
0.05 mm to 0.5 mm Will produce interstitial ?uid from the 
epidermis. 

[0055] The present invention encompasses the concept 
that bodily ?uid can be expressed from an incision by a 
variety of methods and devices that retain the ?uid adjacent 
the incision and/or urge the ?uid toWard the incision. One 
concept involves constricting the area surrounding the inci 
sion, thereby retaining the bodily ?uid Within the constricted 
location and at the same time urging the ?uid toWard the 
incision. A second concept involves pressing the skin sur 
rounding the incision, thereby increasing the pressure on the 
?uid and forcing it to move toWard and out of the incision. 
A third concept involves the “kneading” of the skin by 
moving a device along the skin in the direction of the 
incision, thereby pushing the ?uid toWard and out of the 
incision. The present invention further contemplates the 
combination of any tWo or all three of these modes of 
expression. 

[0056] The ?uid expression functions to facilitate the 
production of ?uid at the site of an incision. As used herein, 
the term “incision” is intended to cover any opening in the 
skin that permits direct access to the bodily ?uid. Unless 
indicated otherWise, the expression systems can be used 
before and/or after the incision is formed. Therefore the term 
“incision site” is intended to include the site Where an 
incision either has been or Will be formed, unless from the 
context or express language it is clear otherWise. 

[0057] One of the approaches to expression in accordance 
With the present invention is the constriction of the skin 
surrounding the site of the incision. The constriction may 
occur before, during and/or after the incision is formed. The 
term constriction is intended herein to refer to contacting the 
skin at locations outWard of the incision site and then 
moving a portion of the skin inWard toWard the incision site 
and holding the skin in that position. The initial engagement 
of the skin and the subsequent movement inWardly of the 
skin essentially grasps the skin at the surface and pinches the 
skin in a manner to retain it in the constricted position. This 
provides a portion of skin around the incision site that is 
engaged by the constriction device and is retained in this 
position for a period of time, typically While the incising and 
sampling take place. The skin Will have the appearance of a 
raised pucker or pinch of skin Which includes the incision 
site. This constriction of the skin is distinguished from mere 
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pressing against the skin. The bodily ?uid is held Within the 
region of the constriction and is also urged toWard the 
incision by pressure generated by the constricting device. 

[0058] In one embodiment, the constriction device com 
prises a deformable member positioned at the end of a 
support housing. The deformable member engages the skin 
as the device is initially pressed against the skin. As the 
device is further pressed against the skin, the member 
deforms such that the engaging surface grasps the skin and 
moves it inWardly toWard the incision site. In this embodi 
ment, the deformed member is preferably con?gured such 
that pressing the member against the skin automatically 
causes the member to deform in a manner that constricts the 

skin. In a preferred embodiment, the deformation of the 
member comprises non-permanent ?exing of the member 
betWeen the outer and inner positions. HoWever, the inven 
tion also contemplates the use of a member that deforms in 
a manner that is permanent, or at least not fully reversible. 
The deforming member may be constructed from a variety 
of pliable, biocompatible materials suitable to produce such 
?exing or other deformation, including for example silicone, 
urethane, polyvinyl chloride, delrin, and various other natu 
ral and synthetic materials having the requisite physical 
properties. 

[0059] Referring in particular to the draWings, there is 
shoWn a ?uid expression device 10 constructed in accor 
dance With a ?rst embodiment of the present invention. 
Device 10 (FIG. 1) includes a housing 11 having a deform 
able expression member 12 at the end thereof. For purposes 
of illustration, the deformable member is described hereafter 
With respect to a ?exible member. Housing 11 is typically an 
elongated, cylindrical member Which is readily grasped by 
the user, but the housing may have a variety of other shapes. 
The material used for the housing is not critical, and may 
comprise, for example, various metals and plastics. The 
housing typically Will contain other systems for incising, 
sampling and/or testing the bodily ?uid. 

[0060] The expression member 12 is connected to or 
integral With the housing and de?nes a plurality of distal 
end, skin-engaging surfaces, for example, 13a and 13b. In 
the embodiment shoWn, the expression member comprises a 
continuous, perimetric surface 13 de?ning the opposed, 
skin-engaging surfaces. The surfaces are “opposed” in the 
sense that movement of the surfaces Will result in the 
constriction of the skin as previously described. The surfaces 
move from a ?rst, skin-contacting position (FIG. 4) to a 
second, skin-constricting position (FIG. 5). The surfaces 
may move directly toWard each other, or simply in a 
direction suf?cient to constrict the skin. For example, one set 
of skin-engaging surfaces could move in parallel toWard a 
second set of opposed, skin-engaging surfaces. Also, one or 
more of the skin-engaging surfaces may be ?xed relative to 
the housing, While other of the surfaces move relative to the 
?xed surfaces. In a preferred embodiment, the skin-engaging 
member provides surfaces Which fall Within a circular 
pattern and the surfaces are then preferably diametrically 
opposed, or equi-radially spaced about the circular con?gu 
ration. In deforming, the circular or other form of the 
member may reduce in siZe or may change shape. In the 
latter instance, for example, a circular shape may be changed 
to an oval or oblong shape such that the skin is pinched from 
tWo opposing sides. 
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[0061] In use, the surfaces 13 contact the skin surface 14 
as the device 10 is pressed (downwardly in FIG. 4) against 
the skin. The device is then pressed further against the skin 
and the surfaces 13 engage the skin and urge the skin inWard 
as the expression member ?exes (FIG. 5). This action 
produces an upWardly-bulged, pinch of skin 15. The inWard 
and upWard movements of the skin-engaging surfaces con 
strict the skin, holding bodily ?uid Within the constricted 
area and applying a pressure that Will urge the ?uid toWard 
and out of an incision. 

[0062] The expression member 12 has been described as 
being a ?exible member. This indicates that releasing the 
pressure and removing the device from the skin Will result 
in a return of the member to the starting shape shoWn in 
FIG. 4. The use of a ?exible member is preferable in that the 
device is thereby available for repeated use. HoWever, 
alternatively the deformation of the member may be perma 
nent or only partially reversible. In that event, the member 
Will not return to its original shape. Such devices may not be 
reusable Without replacement of the deforming expression 
member. HoWever, this may be suitable in certain applica 
tions, such as in a clinical setting Where it Would be 
appropriate to replace the skin-engaging member after each 
use. The deforming member can be readily adapted for 
replacement on the housing, such as by the use of a snap, 
press or threaded ?t of the member to the housing. 

[0063] The constriction device ?nds particular advantage 
in combination With an incising system constituting a part of 
an overall integrated device. As used herein, incising is 
intended to mean generally any Way to form an incision in 
the skin to enable ?uid to be accessed directly. Described 
hereafter is an exemplary device using a lancet to form the 
incision. 

[0064] As shoWn in the draWings, the device 10 may 
include, for example, a lancing device 16 operable to incise 
the bulged skin. In this version, the lancing device 16 
includes a capillary tube 17 and a lancet 18 longitudinally 
movable Within the capillary tube. In accordance With the 
method depicted in the draWings, the lancing device 16 is 
positioned to have its distal end adjacent the pinch of skin 
formed by the constriction device (FIG. 5). The lancet 18 is 
then advanced beyond the end 19 of the capillary tube 17 a 
predetermined distance to enter the skin and form an inci 
sion 20 of desired depth (FIG. 6). The lancet 18 is then 
WithdraWn from the incision and a drop of blood or inter 
stitial ?uid 21 exits from the incision. 

[0065] The constriction of the skin adjacent the incision 
ensures that ?uid Within that region Will be retained, rather 
than moving aWay from the site. The constriction of the skin 
further provides a bulged, pressuriZed pinch of skin 15 
Which tends to spread the incision apart after it is formed. 
This facilitates the expression of ?uid from the incision 
since the skin is prevented from reclosing around the inci 
sion. In addition, the pressure maintained by the constricting 
member urges ?uid to exit the incision once it is formed. 

[0066] The spacing and movement of the skin-engaging 
surfaces of the constriction member are selected to provide 
the desired expression results. The member 13 moves 
betWeen a ?rst condition With the surfaces contacting the 
skin and located at initial, outer positions (FIG. 4), and a 
second condition With the surfaces engaging the skin and 
located at constricting, inner positions (FIG. 5). The skin is 
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draWn inWard as the skin-engaging surfaces move from the 
outer positions to the inner positions. The initial and con 
stricted spacings of the skin-engaging surfaces may be 
varied depending on the targeted bodily ?uid, the incision 
site, for example, the ?nger versus alternate sites, and other 
considerations. In a typical device, for example, the outer 
contacting dimension 22 (FIG. 4) is about 5 to about 30 mm, 
preferably about 15 to about 25 mm, and the inner constrict 
ing dimension 23 (FIG. 5) is about 2 to about 9 mm, 
preferably about 6 to about 8 mm. 

[0067] The particular procedure represented in the draW 
ings involves the constricting of the skin prior to and during 
lancing. It Will be appreciated, hoWever, that the constriction 
may also be applied simultaneously With or after the for 
mation of the incision. Further, the constriction device is 
shoWn as being combined in a single device With the lancing 
system. HoWever, the constricting device is also applicable 
for use as a separate device that is applied to the skin over 
an incision site. 

[0068] The described embodiment further demonstrates 
the inclusion of a sampling device useful for acquiring the 
?uid formed at the incision site. The capillary tube 17 
de?nes an annular, capillary passageWay 24 betWeen the 
lancet 18 and the interior Wall of the capillary tube. The 
capillary tube is positioned to contact the ?uid droplet 21 as 
it forms (FIG. 7). As the droplet is generated, it eventually 
groWs to a suf?cient siZe that it contacts the end opening of 
the capillary passageWay. The ?uid is then draWn upWardly 
into the annular passageWay 24 by capillary action. This 
action can be enhanced by using a capillary tube having an 
interior passageWay Which is formed of a material that is 
naturally hydrophilic or has been treated to be hydrophilic, 
or Which is covered, e.g., coated, With a hydrophilic mate 
rial. The capillary tube may further be treated or constructed 
to have a hydrophobic outer surface 25 to inhibit attraction 
of the bodily ?uid to the exterior of the capillary. 

[0069] The constriction member may assume a variety of 
particular shapes and compositions. For example, referring 
to FIGS. 8-10, there are shoWn several expression devices 
10a-10c having alternative con?gurations for the constric 
tion member 12. As these draWings demonstrate, the shape 
of the constriction member may include such variations as 
rounded (12a), squared (12b) and bulged (12c) pro?les. The 
skin-engaging surfaces 13 may be perpendicular With or 
angled to the adjacent portion of the constriction member, 
the longitudinal axis of the device 10, and/or the skin 
surface. The shapes and siZes are selected such that the 
deformation of the member provides a desired grasping and 
constriction of the skin. 

[0070] The constriction member may be formed in a 
variety of manners. The member may be a single, unitary 
material. Alternatively, the member may be formed from 
several individual members that are separately attached to 
the housing or are joined together as an integral unit. The 
member may be uniform in composition, or it may be 
constructed of different materials, including materials hav 
ing different physical properties, such as different durom 
eters or other parameters that alloW for tailoring the defor 
mation characteristics of the member. For example, the ?ex 
or other deformation rate of different portions of the con 
striction member may be selected to control the rate and 
shape in Which the member deforms, thereby controlling the 
manner in Which the skin is constricted. 
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[0071] The constriction member is generally shown as 
having a diameter comparable to that of the housing. HoW 
ever, this should not be considered as limiting. Instead, the 
member may also be formed having a diameter greater or 
less than the diameter of the housing or other supporting 
structure. It is Within the scope and intent of the present 
invention that the shape, siZe and other characteristics may 
be Widely varied in order to provide a desired constricting of 
the skin to achieve the purposes set forth herein. 

[0072] In an alternative embodiment, the constriction sys 
tem utiliZes several discrete members, rather than a single 
continuous member, Which engage the skin and pinch it 
inWardly. Referring in particular to FIGS. 11-14, there is 
shoWn an embodiment of the constriction system in com 
bination With alternative lancing, sampling and testing sys 
tems. In this version, the sampling system comprises a test 
strip 26 including a constricting system 27 attached to the 
underside thereof. The constricting system is shoWn as 
including several discrete, deformable elements 28, each 
element de?ning a surface 29 to engage the skin and move 
it inWardly to constrict the skin in the manner described With 
respect to the prior embodiments. This embodiment is 
shoWn in the draWings as including several arm-like struc 
tures, although various other shapes of the constricting 
elements are also suitable. 

[0073] In the use of a plurality of discrete elements, the 
positioning of such elements is variable. It is preferred that 
the elements are selected to be spaced apart and to generally 
surround the incision site. The elements are therefore pref 
erably provided such that at least tWo elements are posi 
tioned to be on opposite sides of the incision site, but also 
any additional number of elements may be included. In a 
preferred embodiment, the elements include skin-engaging 
surfaces 29 positioned to fall Within a circular pattern (FIG. 
12). The elements preferably deform in a manner to move 
the skin-engaging surfaces in a radially-inWard direction 
from the ?rst positions to the second positions. In this 
embodiment, the elements are then preferably positioned to 
be diametrically-opposed, or equi-radially spaced about the 
incision site. 

[0074] The strip 26 is preferably combined in an inte 
grated unit Which further includes components for the pur 
poses of incising the skin and collecting the produced ?uid 
sample. The test strip includes a body 30 de?ning an opening 
31, a capillary passageWay 32, and a test area 33. Asealing 
ring 34 is attached to or formed integrally With the underside 
of the body 30 in a position surrounding the opening 31 and 
interior of the deformable arms 28. The sealing ring may be 
constructed from any material that Will suitably conform to 
and seal With the skin, including silicon, urethane, rubber, 
latex and various other natural and synthetic materials that 
are biocompatible. Alternatively, the sealing ring may be 
formed from a hard material such as plastics, metal, ceramic 
or other materials in order to provide a seal When pressed 
against the user’s skin. 

[0075] The use of the test strip system 26 proceeds as 
folloWs. The test strip 26 is pressed against the skin such that 
the arms 28 engage the skin and deform inWardly, thereby 
creating and retaining a bulged skin area 35. The skin is 
draWn upWard and inWard to an extent that it bears against 
the sealing ring 34, forming a ?uid tight seal thereWith. This 
assures that any ?uid exiting the incision Will be retained 
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Within the opening 31, rather than moving out under the test 
strip body. The sealing ring further functions to press against 
the skin, thereby providing an additional expression force, 
and pulling on the skin to open the incision When formed. 
Also, the contact of the skin With the sealing ring locates the 
skin at a controlled position to facilitate the formation of the 
incision at a desired depth and position. 

[0076] A lancing device 36 is extended doWnWardly 
through opening 31 to lance the skin to the desired, con 
trolled depth. The lancet is then WithdraWn (FIG. 14) and 
bodily ?uid 37 is alloWed to form at the incision site. When 
the ?uid accumulates to a suf?cient extent, it contacts the 
entrance of the passageWay 32 and is draWn into and through 
the passageWay by capillary action. The ?uid moves to the 
test area 33, such as by Wicking into an absorbent material 
37, and there contacts the test reagent 38 positioned on top 
of the Wicking material. 

[0077] The ?uid is thereby presented in the test area and 
can be tested by conventional means, such as by reacting the 
?uid With the test reagent and analyZing the reaction product 
by optical or electrochemical means. For example, shoWn 
diagrammatically in FIG. 14 is a light source 39 for direct 
ing light against the test reagent, and a blood glucose meter 
40 for receiving light re?ected from the test reagent. In 
conventional fashion, the meter analyZes the re?ected light 
to determine the result of the reaction betWeen the bodily 
?uid and the test reagent. In this manner, a Wide variety of 
analytes and properties of the ?uid may be determined. Such 
test systems are Well knoWn in the art and therefore are not 
further described herein. 

[0078] This embodiment provides another example of an 
integrated device Which combines the expression system 
With incising, sampling and/or testing of the bodily ?uid. 
This embodiment also demonstrates a device Which Would 
be suitable for the use of deformable expression elements 
Which could be formed to ?ex, or to deform in a partially or 
fully non-reversible manner. A test strip of this type is 
preferably used once and then discarded, and it Would 
therefore be suitable to provide expression elements that 
deform in a permanent manner. In use, the test strip is 
pressed against the skin to automatically deform the expres 
sion arms, thereby grasping and constricting the skin. Bodily 
?uid expressed from the incision is collected and tested, and 
the test strip is thereafter disposable. 

[0079] In a similar manner, the constriction system may 
use rigid, movable, skin-engaging elements. For example, as 
shoWn in FIGS. 15-17, the constriction system may include 
a plurality of non-deforming arms 41 pivotally attached to 
the housing 42 by attachment to support blocks 43 With pins 
44. For simplicity of explanation, tWo opposed arms 41 are 
shoWn in the ?gures. HoWever, any larger number of sepa 
rate arms may also be used, preferably spaced evenly about 
the incision site. 

[0080] The arms function in the same manner as described 
With respect to the deforming members of the prior embodi 
ments. The arms have a ?rst, radially-outWard position 
(FIG. 15) at Which they initially contact the skin. The arms 
are pivotable about pins 44 to a second, radially-inWard 
position (FIG. 16) in Which the skin is pinched and bulges 
upWardly as previously described. 

[0081] The arms may be constructed in various Ways to 
provide the described functionality. The arms may be 


















