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CATALYSTS FOR BODY FLUID SAMPLE 
EXTRACTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application is a Continuation of and claims 
priority to US. patent application Ser. No. 13/197,592, ?led 
Aug. 3, 201 1, which issued as US. Pat. No. 8,360,993 on Jan. 
29, 2013, which is a Continuation of, and claims priority 
pursuant to 35 U.S.C. §120, to, US. patent application Ser. 
No. 11/94 1 ,403, ?led Nov. 16, 2007, which issued as US. Pat. 
No. 8,012,104 on Sep. 6, 2011, which is a Divisional of, and 
claims priority under 35 U.S.C. §120 to, US. patent applica 
tion Ser. No. 11/529,613, ?led Sep. 29, 2006, which issued as 
US. Pat. No. 8,012,103 on Sep. 6, 2011, which claims prior 
ity to 35 U.S.C. §119 to US. Patent Application No. 60/721, 
966 ?led Sep. 30, 2005. The entire contents of each of these 
applications are hereby incorporated by reference in this 
application. 

FIELD 

The present invention relates to devices, arrangements and 
methods involving body ?uid sampling with the assistance of 
a catalyst. In certain embodiments, the present invention is 
directed to integrated monitoring and body ?uid sampling 
and monitoring devices and methods that permit both digital 
and altemative-site body ?uid sampling and analysis. 

BACKGROUND 

In the discussion that follows, reference is made to certain 
structures and/ or methods. However, the following references 
should not be construed as an admission that these structures 
and/or methods constitute prior art. Applicants expressly 
reserve the right to demonstrate that such structures and/or 
methods do not qualify as prior art. 

According to the American Diabetes Association, diabetes 
is the ?fth-deadliest disease in the United States and kills 
more than 213,000 people a year, the total economic cost of 
diabetes in 2002 was estimated at over $132 billion dollars. 
One out of every 10 health care dollars is spent on diabetes 
and its complications. The risk of developing type I juvenile 
diabetes is higher than virtually all other chronic childhood 
diseases. Since 1987 the death rate due to diabetes has 
increased by 45 percent, while the death rates due to heart 
disease, stroke, and cancer have declined. 
A critical component in managing diabetes is frequent 

blood glucose monitoring. Currently, a number of systems 
exist for self-monitoring by the patient. Most ?uid analysis 
systems, such as systems for analyZing a sample of blood for 
glucose content, comprise multiple separate components 
such as separate lancing, transport, and quanti?cation por 
tions. These systems are bulky, and often confusing and com 
plicated for the user. The systems require signi?cant user 
intervention. 

Technology development in the ?eld of self-monitoring of 
blood glucose has placed the burden of acquiring suf?cient 
blood for conducting a test on the user of the technology. 
Historically, diabetics have been taught to lance their ?nger 
tips to produce blood for conducting the test. Ironically, the 
?ngers are not only one of the most sensitive body parts to 
pain, but they also are among the areas of skin that are most 
highly perfused with blood. Earlier versions of consumer 
oriented self-monitoring products usually required many 
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2 
microliters of blood, and the ?nger tips provided a reasonably 
convenient area to lance that would be most likely to produce 
the required volume of blood. 
More recently, some self-monitoring systems offer the 

option to the user to test at alternate sites such as the palm, 
forearm, or thigh. While these sites are generally known to be 
signi?cantly less sensitive to the pain associated with lancing, 
the adoption of alternate site testing has been limited for at 
least four reasons: (1) only a few meter products have been 
approved by the FDA for testing at alternate sites at this time; 
(2) many testers do not know that they can use their device at 
the alternate sites; (3) many testers ?nd it relatively di?icult to 
express su?icient blood at the alternate sites to perform a test; 
(4) data published in medical literature on some of the meters 
shows that there may be a distinct difference between glucose 
levels measured at alternate sites relative to the ?nger, par 
ticularly when glucose levels are falling and/or the subject 
may be hypoglycemic. Consequently, there is a perception by 
the medical community that there may be an increased risk for 
delayed or improper treatment by the diabetic if they act only 
on the basis of glucose levels measured from alternate sites. 
Thus, the ?nger lancing site remains the mo st frequently used 
test site by far. 

Lancing devices and the lancets themselves have also 
evolved somewhat over the past few decades. Some lancing 
mechanisms may produce relatively less pain by either (1) 
projecting the lancet in and out of the skin in a more straight 
path and thus reducing stimulation of percutaneous nerves 
which provide the pain stimulus; and (2) offering depth con 
trol in the lancing device so that the user may balance the 
expression of suf?cient blood against the level of pain. Fur 
thermore, lancet manufacturers offer a variety of lancet sizes, 
lengths, and tip bevel patterns with some companies claiming 
that their lancet is less painful than others. 
What remains clear is that the mo st testers, when lancing at 

the ?nger, often must put down the lancing device and apply 
pressure near the ?nger tip in order to produce suf?cient 
blood for the test strip in the meter. Many instructions for use 
with conventional meter systems speci?cally prescribe that 
the user perform this “milking” process because without it, 
many will not spontaneously produce the required volume. 
Applicants have observed this phenomenon in the use of 
commonly available commercial sampling and meter sys 
tems. In a recent study, when a trained professional lanced the 
?nger tips of 16 volunteer diabetic subjects at the maximum 
depth setting on commercially available device under con 
trolled conditions, only 15% of lanced sites spontaneously 
produced su?icient blood for the meter to accurately measure 
glucose levels. 

Attempts have been made in the past to take steps toward 
automation of the testing process at alternate sites. Speci? 
cally, the Sof-Tact® System offered by Medisense in the early 
2000s had the capability to test automatically at alternate sites 
without any user intervention, but only after each lancet and 
test strip had been manually loaded into the device. This 
meter is no longer available on the market. 
A device similar to the Soft-Tact® device is disclosed in 

US. Patent Application Publication No. 2004/0138588 A1. 
This device attempts to integrate all the functions required to 
complete a glucose test into one device. This device however 
still requires the user to load a lancet and a test strip prior to 
each individual testing event, and fails to describe a catalyst 
(i.e.imechanism to stimulate or enhance expression of 
blood from the lanced wound site) that ensures that a su?i 
cient sample is expressed from the wound. 
The device is described in US. Patent Application Publi 

cationNo. 2005/0010134A1, andU.S. Pat. No. 6,793,633 B2 
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uses a spring, or motor driven mechanism, to apply pressure 
around the target wound area. From the description it appears 
that the user must insert a new lancet and test strip assembly 
for each test. 

Another disadvantage with conventional arrangements 
such as the ones referenced above is that they involve com 
plex and sometimes ineffective mechanisms for transferring 
blood or body ?uid from the wound to a remote location for 
analysis. For example, many conventional arrangements and 
techniques utilize a solid lancet for creating a wound in the 
surface of the skin. After piercing the skin the lancet is 
retracted and a separate member, such as a tube, is positioned 
to transfer the blood or body ?uid. Alternatively, an absorbent 
test strip is moved into position, manually or in an automated 
fashion, so that it absorbs the sample of blood or body ?uid 
from the wound site. These arrangements and techniques are 
overly complex, and clearly rely upon the precise positioning 
of the tube or test strip to transfer the sample of blood or body 
?uid. When seeking to automate the sampling process, this 
precise positioning requires rather complex mechanical 
arrangements and controls that must operate under close tol 
erances. Such complex systems and arrangements are either 
costly, unreliable, or both. 

Thus, conventional sampling devices and methods are 
overly reliant upon user intervention, such as milking, in 
order to consistently express a su?icient quantity of blood 
from the wound site, or are overly complex and/or lack reli 
ability. 

Moreover, while many diabetics continue to test their 
blood glucose levels with blood from the ?nger, testing at the 
alternate sites offers the advantage of signi?cantly less pain 
when lancing the palm, forearm, etc. Thus, it would be advan 
tageous to have an automatic and fully integrated meter con 
structed for sampling and/ or testing at either the ?nger and the 
alternate sites. 

SUMMARY OF THE INVENTION 

According to the present invention, there are provided 
body ?uid sampling and monitoring devices and methods that 
may address one or more of the shortcomings noted above 
associated with conventional systems and devices. According 
to the present invention, there may also be provided improved 
body ?uid sampling and monitoring devices and methods that 
enable both digital and alternative-site body ?uid sampling 
without signi?cant user intervention. 
As used herein “digital” means ?ngers or toes. “Digital 

body ?uid” means expression of body ?uid from a wound 
created on the ?ngers or toes, and encompasses lancing sites 
on the dorsal or palm side of the distal ?nger tips. 
As used herein “alternate site” means a location on the 

body other than the digits, for example, the palm, forearm or 
thigh. “Alternate-site body ?uid sampling” means expression 
of body ?uid from the lancing site on a surface of the body 
other than the ?ngers or toes, and encompasses lancing sites 
on the palm, forearm, and thigh. 
As used herein, “body ?uid” encompasses whole blood, 

intestinal ?uid, and mixtures thereof. 
As used herein “integrated device” or “integrated meter” 

means a device or meter that includes all components neces 

sary to perform sampling of body ?uid, transport of body 
?uid, quanti?cation of an analyte, and display of the amount 
of analyte contained in the sample of body ?uid. 
As used herein, the term “obstructed opening” means that 

the needle or skin piercing element is not retracted prior to 
extracting the body ?uid from the wound created thereby. 
Thus, for example, the portion of the opening or wound on or 
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4 
just below the surface of the skin is at least partially 
obstructed by the skin piercing member or needle which will 
be located at the wound opening entrance on or just below the 
surface of the skin upon extraction of body ?uid. This aspect 
of the present invention is believed to run counter to the 
conventional wisdom in the art. See, for example, US. Pat. 
No. 6,063,039. 

According to one aspect, the present invention is directed 
to an arrangement for producing a sample of body ?uid from 
a wound opening created in a skin surface at a sampling site, 
the arrangement comprising: at least one skin-penetration 
member having a ?rst end con?gured to pierce the surface of 
the skin, and a inner lumen in communication with the ?rst 
end; at least one actuator operatively associated with the at 
least one skin-penetration member; and at least one catalyst 
device con?gured to enhance perfusion of body ?uid at the 
sampling site; 
wherein the at least one actuator is con?gured to locate the at 
least one skin-penetration member so as to obstruct the 
wound opening while transporting body ?uid through the 
inner lumen. 

According to another aspect, the present invention is 
directed to a method of sampling body ?uid from a wound 
opening created in a skin surface at a sampling site, the 
method comprising: automatically or manually initiating a 
testing sequence; applying a catalyst to the sampling site; 
actuating a skin-piercing member so as to drive the member 
into the surface of the skin thereby creating the wound open 
ing; allowing the at least one skin-penetration member to 
obstruct the wound opening; and transporting body ?uid 
through an inner lumen of the skin-penetration member; 
wherein the catalyst is applied to the sampling site at one or 
more of the following times: prior to actuating the skin 
piercing member, during actuation of the skin-piercing mem 
ber, or after actuating the skin-penetration member. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

The following description of preferred embodiments can 
be read in connection with the accompanying drawings in 
which like numerals designate like elements and in which: 

FIG. 1 is a partial perspective view of an arrangement 
constructed according to the present invention. 

FIG. 2 is a partial cut away side view of the arrangement of 
FIG. 1. 

FIG. 3 is a partial cut away side view of the arrangement of 
FIG. 1, with an activated catalyst. 

FIG. 4 is a partial cut away magni?ed side view of the 
arrangement of FIG. 1, with an activated catalyst and illus 
trating a mechanism of body ?uid collection and transport 
according to the present invention. 

FIG. 5 is a perspective view of a portion of an arrangement, 
including an actuator, constructed according to the present 
invention. 

FIG. 6 is a perspective view of an integrated device formed 
according to one embodiment of the present invention. 

FIG. 7 is a partial side view of the integrated device of FIG. 
6. 

FIG. 8 is a perspective view of a component of the inte 
grated device of FIG. 6. 

FIG. 9 is a partial perspective view of various components 
of the integrated device of FIG. 6. 

FIG. 10 is a side view illustrating various additional com 
ponents of the device of FIG. 6. 
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FIG. 11 is a perspective view of an integrated device 
formed according to an alternative embodiment of the present 
invention. 

DETAILED DESCRIPTION 

According to a ?rst aspect of the present invention, there 
are provided arrangements and techniques for reliably 
expressing body ?uid from a digit or from an alternate site. 
For example, according to the present invention, arrange 
ments and techniques are provided which consistently and 
reliably express an amount of body ?uid that is su?icient to 
perform an analysis to quantify the amount of an analyte (e.g., 
glucose, bilirubin, alcohol, controlled substances, toxins, 
hormones, proteins, etc.) contained therein. 
One embodiment of an arrangement 10 of the type 

described above is illustrated in FIGS. 1-4. As illustrated 
therein, the arrangement 10 may include a housing 12. The 
housing 12 may have any suitable shape or con?guration, and 
is not limited to the shape and con?guration illustrated. The 
housing 12 can be constructed of any suitable material. For 
example, the housing 12 may be constructed of a polymeric or 
metallic material. 

The arrangement 10 may further include a catalyst to assist 
in the sample acquisition process by enhancing perfusion of 
blood or body ?uid at a sampling site. At least one of several 
catalysts may be utilized or included in the arrangement of the 
present invention. Possible catalysts include, lancing veloc 
ity, heat, pressure, vacuum, vibration, and topical drugs 
(which induce vasodilatation and increases the blood or body 
?uid available at the lancing site). These catalysts may be 
applied before, during, after lancing, or in combination with 
some or all three to facilitate expression of su?icient quantity 
of body ?uid for determination of the concentration of an 
analyte contained therein (e.g., glucose). 

Lancing velocity refers to the speed at which the skin 
piercing member is driven. Velocities ranging from ~0-22 m/ s 
are possible. Both pain and blood production may increase as 
velocity increases. Attempts to balance pain and blood have 
led to a preferred range ofabout 3-20 m/s, 3-10 m/s, or 10-12 
m/ s. 

Pressure is another possible catalyst. Footprint contact 
pressure can be varied by a number of possible techniques. 
One such technique is to vary the size of the opening of the 
footprint. Another form of pressure catalyst can take the form 
of a pressure-applying member that circumferentially sur 
rounds and squeezes the digit or other body part from which 
a sample is to be acquired. One illustrative example of this 
form of catalyst is a pressure-applying cuff-like member of 
the type described in US. patent application Ser. No. l l/ 510, 
784, entitled BODY FLUID MONITORING AND SAM 
PLING DEVICES AND METHODS, the entire content of 
which is incorporated herein by reference. The above-de 
scribed pressure catalyst can be utilized alone, or in combi 
nation with other catalysts such as vacuum pressure. 

Heat is another optional catalyst. Increasing heat, thereby 
increasing the skin temperature at the wound site, increases 
blood production. Possible implementations of heat include 
IR lights, or resistive elements to heat the skin. 

Another catalyst is vacuum pressure. According to certain 
embodiments, a light vacuum (e.g., 3-8 in. Hg) is applied to 
the wound site before, during, and/or after lancing. Several 
embodiments for applying vacuum to the wound site are 
contemplated. One embodiment uses a motor driven pump to 
apply vacuum. Alternative embodiments include using indi 
vidually packaged vacuum chambers to apply vacuum, or 
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6 
using a rigid syringe like mechanism to apply vacuum. Other 
systems use motor driven pumps and syringes. 
According to the principles of the present invention, one or 

more of the above-described catalysts can be used in combi 
nation with each other, either concurrently or sequentially. 

In certain speci?c embodiments of the arrangement 10, a 
catalyst device 14 canbe included which comprises a member 
or combination of members for applying pres sure to a surface 
of the skin S disposed at a location which is proximate to an 
area from which a sample of body ?uid is to be expressed (i.e., 
sampling site 28). The catalyst device 14 may cause the area 
of the skin from which the sample of body ?uid is to be 
expressed to become perfused with blood and/or body ?uid. 
This effect facilitates expression of body ?uid from a wound 
opening 30. According to the illustrated embodiment, the 
catalyst device 14 comprises a member or combination of 
members, such as the illustrated pump 16 and related control 
ler 18. 
The arrangement 10 further comprises a footprint 20 which 

is attached to the housing 12. According to the illustrated 
embodiment, a digit D is placed on the footprint 20 at the 
sampling site. However, it should be understood that the 
footprint may also be applied to the surface of the skin at an 
alternate site. The footprint 20 has a central opening and may 
optionally have an annular in shape. However, the footprint is 
not limited to this shape or con?guration. Numerous shapes 
or con?gurations may satisfy the function of providing a 
footprint aron the site from which body ?uid is to be 
expressed. The footprint can have an opening of any suitable 
diameter or major dimension 21. According to an illustrative 
example, the diameter or major dimension is at least about 3 -8 
mm. According to certain embodiments, the footprint 20 is 
constructed from a material which facilitates the formation of 
a seal between the digit D and the footprint 20. For example, 
suitable materials for this purpose include a relatively soft 
elastomeric material, such as a silicone rubber. 
The arrangement 10 further includes at least one skin pen 

etration member 22. The at least one skin penetration member 
22 can take any suitable form. For example, the at least one 
skin penetration member can comprise a solid lancet or a 
hollow needle. Conventional arrangements often require 
separate mechanisms for drawing a sample of blood to the 
surface of the skin and for transporting the sample to a reac 
tion chamber. The device of the present invention can use a 
skin-piercing element in the form of a hollow needle to both 
create and transport the sample, thereby greatly simplifying 
and improving the effectiveness of the arrangement 10. 
According to one optional embodiment, the skin-penetration 
member(s) 22 canbe in the form of a so-called “microneedle.” 
As the name implies, microneedles are characterizable by 
their relatively small outer diameters. For example, a micron 
eedle, as the term is utilized herein, may encompass a skin 
penetration member having an outside diameter which is on 
the order of 40-200 pm. The inside diameter can vary, for 
example, having an inside diameter on the order of 25-160 
um. Needles are also characterizable in the art by reference to 
the “gage.” By way of illustration, and consistent with the 
above description, microneedles having a gage ranging from 
26-36 are clearly comprehended by the present invention. 
Certain advantages may be gleaned from the use of such 
microneedles as the skin-penetration member. In particular, 
due to their small size, the size of the wound left upon entry 
into the skin is relatively small, thereby minimizing the pain 
associated with such needle insertions and allowing for a 
quicker healing process. However, the present invention is 
certainly not limited to the use of such microneedles. Thus, 
for example, according to one possible alternative embodi 
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ment, the skin penetration member(s) comprise hollow 
needles having a gage of about 20-25, or comprising hollow 
needles having an inner diameter of about 0.007 inches and an 
outer diameter of about 0.020 inches. 

The at least one skin-penetration member 22 can be formed 
of any suitable material, such as metal, plastic, glass, etc. 
Optionally, the at least one skin penetration member can be 
mounted to a hub 24. In further alternative embodiments, the 
hub 24 may contain an assay pad 34 comprising a reagent that 
changes color upon reaction with a target analyte, as known 
per se to those skilled in the art. As illustrated, for example, in 
FIG. 2, the skin-penetration member 22 and hub 24 may be 
located within a chamber 25. The chamber 25 is in commu 
nication with pump 1 6 so that vacuum pres sure can be applied 
within the chamber 25. The arrangement 10 can comprise a 
plurality of skin penetration members 22. According to cer 
tain embodiments, the plurality of skin penetration members 
22 can be provided in the form of a replaceable cartridge. The 
at least one skin penetration member 22, and/ or the hub 24 are 
attached to an actuation element 26. The actuation element 26 
can take any suitable form. For example, the actuation ele 
ment 26 may comprise a mechanical, electrical or pneumatic 
element. According to the illustrated embodiment, the actua 
tion element 26 is in the form of a mechanical spring, more 
speci?cally, in the form of a torsional spring. 

According to certain embodiments of the present inven 
tion, the catalyst device 14 operates in an automatic or semi 
automatic manner. For example, a user may place the foot 
print 20 over a surface of the skin on a digit D, or at an 
alternate site. When the user is ready to produce a sample of 
body ?uid, the button B is pressed. This can initiate a pro 
grammed sequence of events in the device including actua 
tion of the catalyst device 14, thereby applying vacuum pres 
sure to the skin an area proximate the tip region of digit D or 
alternate sampling site (FIG. 3) for a predetermined period of 
time. The skin-penetration member 22 can then be driven into 
the skin (FIG. 4).At a predetermined time, the catalyst device 
14 is deactivated. This mode of operation can be character 
ized as “semi-automatic” in that sequence of events must be 
manually initiated by the user via pressing the button B. 

According to one alternative, the mode of operation can be 
fully automatic. For example, the user places a tip region of 
digit D on the footprint 20, or places the footprint over an 
alternate site. The arrangement 10 can be provided with one 
or more sensors 27 that detect and verify that the footprint is 
properly located and ready for the sampling procedure to 
begin. Once this state has been sensed, the device automati 
cally activates the catalyst 14 which is applied to the skin at 
the sampling site 28 (FIG. 3) for a predetermined period of 
time. Subsequently, the at least one skin penetration member 
22 is driven into the skin (FIG. 4). At a subsequent predeter 
mined time, the catalyst device 14 is deactivated. The catalyst 
device can be deactivated before, during or after the skin 
piercing member is driven into the skin. 

The arrangement 1 0 can form at least part of a device which 
functions only to sample body ?uid. For example, the 
arrangement 10 can be used to express body ?uid from the 
skin in the form of a drop of blood which pools on the surface 
of the skin of the user. This drop of blood can then be trans 
ferred to another separate device which then transports and/ or 
analyzes the sample for a target analyte. Alternatively, the 
arrangement 10 may express a sample of body ?uid from the 
skin, and then transport the sample to a location which can 
then be accessed for further analysis by a separate device. For 
instance, the sample body ?uid can be transported to a 
reagent-containing pad 34, also contained within the arrange 
ment 10. The sample then reacts with the reagent to produce 
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8 
a detectable spot or signal. The reagent pad can then be 
analyzed by a separate meter using photochemical, electro 
chemical, or other suitable techniques known per se to those 
skilled in the art. The reagent pad can remain within the 
arrangement 10 during the aforementioned analysis. Accord 
ing to an alternative embodiment, the reagent pad 34 can be 
analyzed by a detector 36 that forms part of the arrangement 
10. Alternatively, the reagent pad can be removed from the 
arrangement 10 and inserted into a separate device, such as an 
electrochemical or photometric meter. 
As illustrated, for example, in FIG. 4, according to this 

optional aspect of the present invention a skin-piercing mem 
ber 22 in the form of a needle having a ?rst end 22e con?gured 
to pierce the skin and an inner lumen 22! is driven into the skin 
to create a wound opening 30 therein for producing a sample 
of body ?uid 32, preferably blood. The needle is not retracted 
right away, instead it is allowed to dwell and obstruct the 
opening 30 created in the surface of the skin. Blood or body 
?uid 32 is then extracted and ?ows through the inner lumen 
22! of the needle, and is eventually transported to a site within 
the arrangement 10 for further analysis. The blood or body 
?uid 32 is drawn though the inner lumen by any suitable 
mechanism, such as capillary action, vacuum, or a combina 
tion of both. The needle 22 may be caused to dwell at the 
desired location via any of the mechanisms described herein. 
The skin-piercing member 22 is eventually retracted (see, 
e.g., FIG. 2). It has been surprisingly observed that an 
adequate sample volume can be extracted by the above-de 
scribed arrangement/technique, especially when utilizing a 
vacuum catalyst. This arrangement and technique is advan 
tageous in that a skin piercing member 22 may be used for 
wound creation and sample transport. Complex mechanisms 
and arrangements for repositioning a transport member or 
assay pad to a location that does not obstruct the opening can 
be avoided. Other advantages of obstructed opening sampling 
is realizing a reduction in the required sample volume, and 
improving the reliability of obtaining an adequate sample. 
When the needle is located so as to obstruct the wound open 
ing, the end of the needle is closer to the source of body ?uid, 
thus smaller drops of sample are more likely to reach the inner 
lumen of the needle and be successfully transported as the 
needle rests on or in the skin. By contrast, when the needle is 
withdrawn away from the surface of the skin, as in conven 
tional arrangements and techniques, the droplet of blood or 
body ?uid must be signi?cantly larger/taller to reach the end 
of the needle and lumen, thereby elevating the risk that an 
insuf?cient sample is obtained. 
As illustrated in FIG. 5, each individual skin-piercing ele 

ment 22 is provided with its own actuation element or tor 
sional spring 26. The torsional spring elements 26 may be 
provided to the user in a pre-cocked position. The accelera 
tion path of the skin-piercing element or needle 22 may begin 
up to 180 degrees from the angle of impact with the skin S of 
the user. According to one bene?cial aspect, the pivot point of 
the torsional spring elements can be provided as close as 
possible to the plane lying on the surface of the skin S in order 
to ensure that the skin piercing element 22 strikes the skin at 
an angle which is as close to 90 degrees as possible. The 
torsional spring element 26 can act as a guide for the skin 
piercing element or needle 22 to that locates the tip 22e 
thereof so as to obstruct the wound opening 30 so as to draw 
the blood 32 into the lumen 22 l of the needle. In this regard, 
the torsional spring element 26 may be designed such that its 
neutral position Ro will locate the needle so as to obstruct the 
wound opening 30 created by the skin piercing operation. 

Another advantage of this optional aspect of the present 
invention is that the torsional spring elements 26 do not 
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require a positive stop to limit the penetration depth of the 
skin-piercing element 22. It has been observed that elimina 
tion of a hard stop may provide certain bene?cial effects. 
Namely, it has been observed that devices that include a hard 
stop experience a shock and resulting vibration and/or stirring 
action when the stop is impacted. It is theorized that this 
motion may increase the observable wound and/or the per 
ceived pain associated with sampling. According to this 
embodiment, the depth of penetration of the skin-penetrating 
member 22 is determined by a number of factors, including 
the design of the sharp, the actuation force and the skin’s 
resistance to penetration at the chosen sampling site. The lack 
of a positive stop has not been observed as increasing pain in 
clinical studies. 
An exemplary body ?uid sampling method or technique 

which may be used in conjunction with any of the above 
described arrangements, but is not necessarily limited 
thereto, is described as follows. 
A footprint is placed over a sampling site located on a digit 

or at an alternate site. The footprint has an opening therein 
which de?nes the sampling site. A sequence of events is then 
initiated. The events can be initiated manually, for example, 
by pressing a button or other triggering mechanism. Alterna 
tively, the events can be automatically triggered, for example, 
through the use of sensors which determine when the foot 
print has been property positioned over a sampling site on the 
surface of the skin. A catalyst is then applied to the sampling 
site. The catalyst can comprise one or more of lancing veloc 
ity, heat, pressure, vacuum, vibration, topical drugs, or com 
binations thereof. These catalysts can be applied concurrently 
or sequentially relative to one another. According to one 
embodiment, a catalyst in the form of vacuum pressure is 
applied to the sampling site via a suitable mechanism, such as 
a pump capable of creating vacuum pressure. The catalyst can 
be applied for a set period of time, and then removed or 
terminated. For example, the catalyst can be removed before, 
during, or after penetration of the skin. Next, at least one skin 
penetration member is actuated or driven into the surface of 
the skin. The skin penetration member can take any suitable 
form, such as a solid lancet or hollow needle (e. g., a micron 
eedle). According to one embodiment, at least one skin pen 
etration member comprises a hollow needle having a ?rst end 
con?gured to pierce the surface of the skin, and an inner 
lumen. The at least one skin penetration member can be 
actuated via any suitable mechanism, such as a mechanical 
spring. According to one optional embodiment, the actuating 
mechanism comprises a torsional spring. The at least skin 
penetration member is caused to dwell at or below the surface 
of the skin in the vicinity of the wound opening in order to 
obstruct the same. The skin penetration member can be 
caused to dwell at this location via any suitable mechanism. 
According to one embodiment, the actuator is provided in the 
form of a torsional spring having a resting position which can 
be utilized to cause the ?rst end of the at least one skin 
penetration member to obstruct the wound opening subse 
quent to piercing the surface of the skin. During the period of 
time in which the at least one skin penetration member is 
caused to dwell at the wound opening, body ?uid is trans 
ported away from the wound site via a suitable mechanism. 
According to one embodiment, the body ?uid, or blood, is 
transported via the inner lumen of a hollow skin-penetration 
member via capillary action, vacuum, or a combination of 
both. According to one optional embodiment of the present 
invention, a mechanism can be provided which estimates the 
acquired sample volume, and compares this measured sample 
volume with a target sample volume. The information 
acquired by this analysis can be used to control the catalyst 
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10 
such that it is automatically removed once the target sample 
volume has been acquired. Any suitable mechanism can be 
utilized to analyze the acquired sample volume. For example, 
the body ?uid can be transported to an assay pad which 
contains a chemical reagent impregnated therein. Upon expo 
sure to the body ?uid, a target analyte contained therein 
causes a chemical reaction producing a color change in the 
assay pad. This color change can in turn be detected by a 
suitable detection element. One such detection element uti 
lizes colorimetric optical analysis of the assay pad. More 
speci?cally, an array of such detection elements can be pro 
vided along a longitudinal length of the assay pad. The num 
ber of detection elements contained along the length of the 
assay pad that detect the presence of the sample can be cor 
related to the acquired sample volume. For example, the 
further the sample volume travels along the length of the 
assay pad the greater the acquired sample volume. Once it has 
been determined that a target sample volume has been 
acquired, the catalyst can then be terminated. This can be 
accomplished by the use of a controller in signal communi 
cation with a pump. The controller operates based on signals 
derived from the analysis of the sample volume in the manner 
described above. Some advantages of monitoring volume to 
actively control the application of the catalyst include reduc 
tion in expression of excess blood or body ?uid thereby 
reducing mess, preventing damage to skin (bruising, etc) due 
to prolonged catalyst application, and reduction in power 
consumption. 

According to a further optional aspect of the present inven 
tion, the above-described arrangements and methods can 
form at least part of an integrated device or integrated meter. 
As previously noted, as used herein, the term “integrated 
device” or “integrated meter” means a device or meter that 

includes all components necessary to perform sampling of the 
body ?uid, transport of the body ?uid, quanti?cation of an 
analyte, and display of the amount of analyte contained in the 
sample of body ?uid. Thus, according to the principles of the 
present invention, an integrated device or meter can comprise 
one or more, or any combination, of the features previously 
described herein. According to further aspects of the present 
invention, and integrated meter or device can comprise com 
ponents and/or features in addition to those speci?cally 
described herein. 
An exemplary integrated meter is illustrated in detail in 

FIGS. 6-10. As illustrated therein, the integrated meter 100 
generally comprises a housing 112 and a catalyst device 114 
(e.g., FIG. 10). The catalyst device 114 may take any suitable 
form and can comprise any of the previously described alter 
native catalyst devices. The integrated meter 100 may further 
comprise a footprint 120 of the type previously described. A 
door 123 can be provided on the housing 112. The door 123 is 
connected via a hinge 125 to the housing 112. As described in 
further detail below, the door 123 can be opened to reveal a 
cartridge 131 containing a plurality of skin-piercing elements 
122. In the illustrated embodiment, the integrated meter 100 
further includes a display 127 for communicating the results 
of the analysis on the sample body ?uid for the presence 
and/or concentration of an analyte contained therein. The 
integrated meter 100 may further include one or more buttons 
129 which can be pressed by the user to engage various 
functions and interfaces of the integrated meter 100. 

FIG. 7 is an illustration of the integrated meter 100 with the 
door 123 opened to reveal further details of the interior com 
ponents of the exemplary integrated meter 100. As illustrated 
therein, the housing 112 contains a cartridge 131 therein. In 
the illustrated embodiment, the cartridge 131 is circular and 
contains a plurality of skin-piercing elements as further 








