
;ijkle3epmD^6JTs    DEVICE  FOR PHYSIOLOGICAL FLUID SAMPLING A Nn METHODS
OF USING THE SAME INTRODUCTION FIELD OF THE INVENTION The field of this
invention is physiological fluid sampling and more particularly 1 l)
devices and methods of use thereof for non-invasively determining suitable
physiological fluid sampling sites, BACKGROUND OF THE INVENTION Analyte
concentration characterization in physiological samples is of ever
increasing 15 20 irnportance to today's society, Such assays find use in a
variety of application settings, including clinical laboratory testing,
home testing, etc., where the results of such testing play tl prominent
role in the diagnosis and management of a variety of disease conditions,
Analytes of interest include glucose for diabetes management, cholesterol
for monitoring cardiovascular conditions, and the like. In response to this
growing importance of analyte concentration characterization, a variety of
analyte concentration characterization protocols and devices for both
clinical and home testing have been developed, To determine the
concentration of an analyte in a physiological sample) a 25 physiological
sample must first be obtained froth a site suitable for the particular test
to be performed on the sample, For example, certain tests require a
specific volume of interstitial fluid as the sample and others require a
spcci fic volume of blood, blood deri vatives and the li kc as the sample.
As such, depending on the type of sample required by the test, a si to
which expresses the requisite volume of the particular sample type must
first be located. The current processes of physiological fluid sample
collection have certain 3U drawbacks, First and foremost, such processes or
techniques arc associated with a significant amount of pain. Furthermore, a
patient tnay need to endure multiple skin-picrcings in order to finJ one
suitable sampling site or enough sites to collect the requisite amount of
sample. `l'hc ptlin associtilecl with sample collection may have serious
r~dv~rse consedi~cnccs for those who rccluirc ;mulytc chlrruclcri2tttitms
to br: Pnrformt'cl, c~.~~., tm;ilyto ticlcc:(ion and/or concentration
detcrntinations. For instance, patients who require frequent analyze
concentration determinations may not adhere to their requisite testing
protoc:uls due to this    associated pain and it is not uncorttmon for
patients who requit-a freguent monitoring of an analyle to simply avoid
monitoring the analylc of interest because of the pain involved in simple
collection, Wilh diabetics, for example, the failure to measure their
glucose level on a hrcscribcd basis results in a lack of information
necessary to properly control the Icvcl oC 5 glucose, ~Unconlrolled glucose
levels cart be very dangerous and even life threatening. Typically, ~tnd
more typically for those per forming home testing protocols, common
s~rmpling sites include the fingers, Recently however, the arm has bccotne
a popular altet:nat.ive sampling site because its nervz beds are spwser
than in the fingers, thus rninimizing pain somewhat, However, collecting a
physiological fluid sample from the ~trm 10 h;ts disetrlvanlsgcs as well.
Most notably) there are pauicular anatomical and physiological aspects of
the ann which make physiological fluid collection from it difficult. Small
veins and arteries typically reach to within about 1 mm of the surface; of
the skin; arterioles ascend vertically from these to within about 0.5 mm of
the surface where they branch out and become capillaries which reach to
within about 0,25 mm of the surfttee. 15 The capillaries terminate in
venuolcs which carry blood back to veins. ~aeh ascending arteriole feeds a
male of branched arterioles) capillaries and venuoles, where each groupings
of crrltillarics) venuolcs arid artcr7olcs have horizontal dimensions on
the order of about 2-7 mm. Skin piercing to obtain blood from these
structures is usually done to a depth of about 1 mm or less, Spaces exist
between these areas where the arterioles, venuoles and capillaries 20 arc
non-existent, sparse or not sufficiently engorged with blood. 'When
randomly choosing a sampling site, a patient may encounter a substantially
high fluid flow circa or a substantially low fluid flow arcs. Uftcntimcs,
an adc~luate or minimum volume of sample is required in order to perform a
particular test accurately. 'Thus, if such a minimum volume were trot
collected frou~ a first skin piercing, the patient Would be 



25 required to continually pierce the skin until the minimum volume were
obtained. It can be appreciated that this process of multiple skin
piercings would contt7bute to more r;tin to the p;.tlient. hur~thcrtttorc,
certain tests require a particular sample type in order to perform an
accurate tell, However) when randomly choosing a site to pierce the skin, a
patient may 30 encounter (1) a region with substantially few or no arteries
or veins) and thus a good source of interstitial fluid, but not a good
source of dt~.erial or venous blood, (2) a r~:gio>> rich in ~rcerics and
thus ~ good source of arterial blood, but not a good source of venous blood
or interstitial fluid, (3) a region ricla in veins and thus a good source
of venous blood, but not a good source of at-tet~ial blood or interstitial
fluid, and (4) a combination of t-3 which may not _2_   ~r be suitable for
any tcst,131ood from capillrules tends to be arterial in nature. Thus, if
s;~ia~ple is ultimately obtained from a site such as site (1) above for a
test which requires a blood sample) i.e., a site with few or no sources of
arterial or venous blood, the sample may be diluted with or composed
entirely of inlerstilial fluid which may skew results of the 5 particular
test. For instance, it is known that at~:erial samples, venous samples and
interstitial fJttid samples may have different analyle concentrations,
e.,g., arterial blood can have as much as 7 mgldl higher glucose levels
than does venous blood. Thus, it can be appreciated that the ability to
choose a suitable sampling site is very important. I~urthcrmorc, if a type
of sample is obtained that is not appropriate for a particular testing
protocol, the patient may be 10 retluired to pierce the skin additional
times, again contributing more pain to the patient. As such, there is
continued interest in the development of new devices and methods fox use
for non-invasively determining whether, once the skin is pierced, the
patient will be able to obtain the appropriate sample volume from the site
for the particular test to be performed and also whether an appropriate
sample type can be obtained from the site. Of 15 particular interest would
be the development of such devices, and methods of use thereof, which arc
efficient and simple to use. Such devices integrated with at least one
skin-piercing elcn~cnt for piercing the skin once an appropriate sampling
site has been non-invasively determined. and/or integrated with a reagent
test strip for determining the concentration of an analyte in the sample
would also be of pa~~ticular interest, 2U Releyant literature References of
interest include: Bcrardcsca ct al., l3ioen~ineerirt~ of the Skirr;
Cutarteoirs Blood Fhw and lr ytlzmecr, CRC Press, (1995); C.R. Skoglund,
'Vasodilutaciv~a ira llun~~rrr Skirl fnduce~l by Low-Amplilarde
fliglz-1~'reguency Vibration, Clin. Phys, pp. 3C1-372 25 ( l989); Van
Assendel ft, O.W., Spectropltotometry of Zlernaglobin beri>>ar'ives,
Charles Thomas, pub., l970 and Nilsson, G., ct al. Lu.ser
Dohhle~-Flowrr~etr-y-~1 New Techr~i~,lue for Nnnirr>>asive Ass~ssrr~ent of
Skin Blood plow, Cosmetics ~ Toiletries, vol. 99, pp. 97-108, Mar. 19B4. 30
SLTMI11ARY Or rl'I!E )(NV1;11TT1ON Methods and devices acre provided for
determining a suitable site for sampling hhysiologicul fluid, In the
subject methods, a Potentially sttctble physiological sampling sift is
selected, the fluid flow of the site is characterized and the site is then
determined to be suitable based on the whether the site has high or low
flow. Suitability may also be -3   



determined based on the type of sample obtainable from the site, where the
order of the above-described steps may be altered. The subject devices
include at least one site flow charaicterizalion clement for determining
the flow charactciystics of a potential physiological sampling site and/or
at least one sample type characterization element for determining S whether
the vasculaturc is arterial, venous or neither, i.e., an interstitial fluid
sampling site, The subject methods and devices are pat~ticularly suited for
use in the detection of physiological sampling sites in the fingers, arms,
legs, earlobes, heels, feel) nose and toes. Also provided arc kits that
include the subject devices for use in praetieins the subject methods. 10
Bmlcu, Dl;sckl~=~r~oNS Ou TuL DItAWIN(;s Figure 1 shows a schematic block
diagram representing the subject methods, Figure 2 shows a graph of optimal
measurements of the subject invention carrclated 15 to specific sample type
obtainable. Figure 3 shows an embodiment of an exemplary device of the
subject invention showing a cut-away view of the proximal portion of the
device, rigurc 4 shows an embodiment of an exemplary proximal potrtion of a
device of subject invention. 20 Figure 5 shows a graph conclating
temperature at a site to the amount of sample cxpi~csscd therefrom.
~ETA1LED I)ESCRlPTION OF T><l~ INV)L'.NTIAN Methods and devices arc
provided for determining a suitable site for sampling 2.5 physiological
fluid. rn the subject methods, a potentially suitable physiological
sampling silt is selected, the fluid flow of the site is characterized and
the site is then determined to be suitable based on the whether the site
has high or low flow, Suitability may also b~ dc,tcrmincd based on the type
of sample obtainable from the site) where the order of the above-described
steps may be altered, The subject devices include al least one site flow 3~
cht~r;SCtcri~ntion element for determining the flow characteristics of a
potential physiological s;tmpling site ctndlor nt least one sample type
eharaeteri~ation clement for dctern~i~iing whether the vtisculature is
arterial, venous or neither, i.e., an interstitial fluid Sampling site. The
subject methods and devices arc particularly suited for use in the
detection of physiological sampling sites in the fingers, arms, legs,
earlobes, heels) feet, nose ana toes. -4   Also provided arc hits that
include the subject devices for use in practicing the subject methods.1n
~llt'LIICf describing the subject invention, the subject methods will be
described first) followed by a review of the subject devices for use in
practicing the subject methods. T3cfore the present invention is described,
it is to be understood that this invention is 5 not lirr~iled 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. Where a range of values is provided, it is understood that
each intervening value, to 10 the tenth of the unit of the lower limit
unless the context clearly dictates otherwise) between Ihc upper and lower
limit of that range and any other stated or intervening value in chat
st~~tcd 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 the invention, subject to any
specifically excluded limit in the stated range. Where 15 the stated range
includes one or both of the limits, ranges excluding either both of Iltose
included limits arc also included in the invention. Unless defined
otherv~`ise, all technical and scientific terms used herein have tire same
meaning :ts 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 20 herein can also be used in the practice or
testing of the present invention) the preferred methods and materials are
now described. It must be noted that as used herein and in the appended
claims, the sin solar forms "a", "an", anJ "the" include plural referents
unless the context clearly dictates otherwise. "1 has, for cxrtmple,
reference to "a vessel" includes a plurality of such vessels and reference
25 to "the Qevicc" includes reference to one or more devices and
equivalents lltcreof known to those skilled in the art) and so forth. (~~ll
publications mentioned herein are incorporated herein by reference to
disclose :tnd describe the methods and/or materials in connection with
which the publications arc cited. The publications discussed herein are
provided solely for their disclosure prior to the 30 filing elate of the
present applicaticm. Nothing herein is to be construed as an admission that
ih~ Imesent invention is not entillcil to :mtcdntc such publication by
virtue of prior invention, 1urther, the dates c~f puhlicatio provided mny
be different from the actual puhlic:ttivn dates which rttay need to be
independently confirmed. -5   Mr:Tr-ron,~ As summarized above, the subject
invention provides methods for determining a suitable site fox sampling
physiological fluid and in some embodiments also provides methods for
piercing the skin at the suitable site and further determining the presence
andlor concentration of at least one analyte in a sample collected from the
site, usually automatically, The subject methods find use in the sampling
of a wide variety of physiological fluids, where such physiological fluids
include, but are not limited to, interstitial fluids, blood, blood
'fractions and constituents thereof, and the like, Where the detc;rmination
of analytc concentration is employed, the subject methods find use in the 



10 determination of a wide variety of different analyYc concentrations,
where rcprescntative; analytes include glucose, cholesterol, lactate,
alcohol, and the like, In many embodiments, the subject methods are
ett,ployed to detenrtine the glucose concentration in physiological fluid,
The subject methods determine a suitab)e sampling site, where suitable
silts may be 15 located on various regions of the body, including, but not
limited to, the fingers, arms, legs, earlobes) heels, feet, nose and toes.
Where, for example, blood is the targeted physiological sample, a potential
sampling site is characterized as suitable if the site has a high flow of
artcritil or venous blood. However, where interstitial fluid or the like is
the target physiological sample, a potential sampling site is characterized
as suitable if the site has no 20 or substantially no or low amount of
arterial or venous blood. Alternatively, the site may be determined to be
unsuitable for sampling either blood or interstitial fluid. higurc 1
provides a schematic block diagram representing the methods of the present
invention, Tt will be apparent that the steps recited herein tray be
practiced in any order and eertain steps may be subtracted or added, as
deemed appropriate for a particular intended 2S use, For example, it may be
appropriate to only characterize the flow of the potential site or it may
be appropriate to only characterize the type of sample obtainable from the
site. Still further, it might be appropriate to characteri;re the type of
sample obtainable from the site first, followed by a characterization of
the flow, ctc. The subject methods will be described herein as serial,
i.e., performing site flow characterisation first and/or petfortning sample
3U type characterization second, where such a serial description is by way
c~f cxamPlc only and not lirnilatin- It is to he understood, and will he
apparent, th;it tmy scducncc of steps of suviia~tiuns ancJ/ur additions of
such Slops is cuntempluted by this invention. Turning now to the Figures,
Figure 1 is a flow chart of the subject methods used to determine a
suitable sampling site. The first step in the subject methods is to select
a   1 potentially suitable physiological fluid sampling site (step 1), As
described above, the Ftc~terttially suitable site is typically on the
fingers, arn~s, legs) earlobes, hcel~, feet, nose and tots, usually on the
fingers or arms. Flow characterization is then pci~formed, in other words,
a determination of whether the site is a high flow site or a low flow site
is made (step 2). `1'he npproprialeness of the site for a particular test
is that determined (steps 3 and 4), if the site is found inappropriate,
another potentially suitable site is then selected (return to step 1). If
crppropri:~tc, sample type characleri~ralion may then be performed (steps S
and G), More spr;cifictt)ly, a 1>otential site is then characterized as
having the ability to produce or ~xp,~ess Slll)Stal7tlally ru~tcrial
s<<mple, substantially venous sample or neither, i.e., substantially 10
inlersl,itiai fluiri. The appropriateness of the sample type for a
particular lest is then determined (step 7).1f the site is found
inappropriate, .mother potentially suitable site is then selccl~d (return
to step 1). ht certain embodiments, once the site is determined to be
suitable for a parlicttlar testing protocol) the target physiological
sample is accessed a~td collected frona lh~ si.te (steps 8 and 9). The
presence and/or concentration of one or more anrtlytcs in 1 S the sample
may also be determined by the subject methods, often times automatically
(step 10). l, ,Sr rr: rf.o w Cn~ rrAC. r ~;~rr~~ rrorv As described about,
the subject methods include the flow characleriration of ;t 20 potentially
suitable sampling site. In other- words, the flow or flow rate or velocity
of the hatential site is characterized, where a high slow rate will yield
relatively larger sample volutncs as compared to a low flow rate site. A
variety of methods may be used to determine the flow characteristics of a
potential site) where temperature determination undlor red blood cell
(`'1ZBC") characlericalion such a5 RBC flux, as will be described below,
arc of Itarlicuiar 25 lnloreSt. >;Jsin,g temperature, for example, high
temperature is associated with high flow and 



low temperature is associated wish low flow. In the case of iZBC
characterization, e.g., RRC flux, a high RBC flux is associated with high
flow and low RBC characterization, c.g., RBC flux, is associated with low
flow. Each of these methods will now be described in greater detail. 30 A.
%r~nar~c~raturs Claa~wactcrization 1n many ctnbodimcnts of the subject
methods, flow characterization, i.e., characterizing the flow or flow rate
or velocity of a potential site, is determined by measuring the
tctnperature of a potential site, on the principle that higher fluid flow
is   associated with higher temperature th;ln a relatively lower flow of
fluid would be, Accordingly, the tcrnPerature of a site is determined,
where such a temperature may include etr~c ctr rttorc measurements, e,g,, a
plurality of tneasuremer~ls may be n lade and a statistically relevant
value (mean, rrtcdian, ctc.) may be determined. Regardless of the number of
5 rncasurcmcnts made at a potenti al si te, a temperature value or signal
relat ing to t he lcmPerature is ~fetermincd, where the temperature or
value or signal associated therewith may llten be compared to a
predetermined value. For example, if a temperature were determined to be
above a predetermined value typically ranging from about 30.5C to 35C,
usually from about 31C to 32C, for example, the site would be detetxninc;d
to I~~lve a high 10 flow. Alternatively, if the temperature were Lo fall
below a predetermined value, such as below a range that is typically from
about 29C to 30.5C and usually from about 29C to 30C, the site would be
determined to have a low flow. Alternatively) or- in addition to the about
method employing a predetermined value to which the measured value is
compared, in those instances where the best available site is sought
amongst a Plur~~lity of sites tested, 15 i.c.) the most appropriate site in
relation to other sites tested, the temperature value may be c;ompured to
other sites' lernperatures. 'This temperature measurement method may be in
place of, or in addition to, other flow characterization methods, e.~~~.,
red blood cell flux, as will be described below, rn those embodiments where
the temperature measurement is in addition to other slow ?0
charac:lerii,alion methods) the temperature measurement may be performed
before, during or at Lhe sang time as the other method(s). 'hypically, this
temperature characterization occurs in about 0.5 to 15U seconds and morn
usually in about U.75 to GO seconds, but usually takes no more than about
10 seconds. More speci fically, a temperature sensor such as a
thermocouple, c.g., a thermocouple 2S associated with the subject devices
as will be described below, measures the temperature of the san-tpling
silo. Such a measurement m~~y be processed by a microprocessor working
under the control of a software program. The measurernent is made,
communicated to the microprocessor ttt~d the microprocessor may perform all
the steps, calculations and comparisons necessary to determine the flow
characteristics of a site. 3U l3. R13 Crrarrcctcrizatir~n .ln place of, or
in addition to, the about described temperature tnelhods, the flow of a
potential site may be characterized by determining the RBC character of the
sift, c,g., RBC _g_   flux of the site In other words, a determination of a
high ftBC flux corresponds to high flow and tt determination of a low RBC
flux con~csponds to low flow, as mentioned about. To determine flow based
on RBC ch;irticleristics, techniques based upon the frequencies of light or
more particularly the change in the frequencies of light as the light
encounters objects in its path such as ~2X3(~s, may be used. Por example,
techniques cmployinb popnler flowmelry methods rnay be employed) where
Doppler fiowmetry i S well known in the art and includes the transmission
and measurement of light, i.c., laser Doppler flowmctry (see for example
Rerarde.sca et ul., Bioe~tgineeribr oJ'tlze Ski~i_ CulalteUltS' Rdoocl
1%law ~rr~d Frythmeu, CRC Press, (1995)). RBC characterization may be in
addition to, or in 10 place of, other site flow characterization methods.
Where R13C characterization is in ~iddition to other methods, the methods
may be performed at the same or dififerent times. As mentioned, generally
the subject RRC cht~rttcterizalion'methods measure the chtmge in frequency
of light waves, i.e., the change in frequency that light waves undergo 



when reflected by moving objects such ;is Rl3Cs. Typictally, skin is
irradiated with coherent, 15 single wavelength light which penetrates to a
depth dePeaadem on the wavelength of the light (the longer the wwclcngth)
the deeper the penetration). A short distance away, light scattered back
from the underlying tissue is detected by a broadband photodctcctor (the
l~irget' the distance between the source and detector, the deeper the
tissue being observed), Light which has scattered back from immobile
objects is the same frequency as the original 20 illuminating beam. Light
which is scattered back from moving objects, such as RBCs flowing in blood
vessels, has a slightly shifted wavelength, with the shift dependant on the
velocity of the moving objects. "fhe shifted and unshiftcd light returning
to the photodctcctor intcrt~ets in such a manner as to produce a low
frequency (typically 0-20 kHz) oscillation or befit in the detected
signal.'1'hc oscillating or AC component of the signal thus contains 25
information about the velocity of slow of blood cells, while the average
(DC) magnitude of the signal cont~iins information about the total amount
of light absorption and scattering in the tissue (which may correlate with
the total amount of blood, both flowing and static, if the wavelength used
is one where hemoglobin absorbs strongly). Thus, a large average absorbance
t~f light in ranges from about 45U nm to G00 nm or 30 g50 rtt to 950 nm
indicate( a hibh c~~ncenl.ruticm of red blood call-containing vessels,
whether or nut (here was flow, where such a high concentration of red blood
cell-containing v(:CSC1S i11d1C3tCS ~t high concentration of arterioles,
venuoles or capillaries. Tt AC signal is processed so that its power versus
its frequency relationship is determined. The integral of ibis relationship
between some lower and upper frequency bounds (c.g., 5 and 2U kHz) is _9_
determined, where the rate of flow increases as this integral increases.
This integral is not completely linear with respect to flow) since higher
frequencies arc more sensitive to llow than lower ones. Therefore, outputs
proportional to flow arc employed, SLrCh as RBC flux. For example, formulas
such as the formula f., 5 R13C flux = f fl'( f )df - N l i2 ,t, where f
represents the shifted frequency, i; and P" represent the lower and upper
cutoff fre9ueneies, >f(1~ is the power at frequency f, N is a voltage
offset and i is the mean photocurrcnt. RI3C flux, as is known in the ar-t
(sec for example Bcrardcsca ct al., 10 Nfoeugineeriug of tJre Skin.
Cntc~nevus Blood Fdow and FrythnTea, CRC Press) (f 995))) may bC 115Cd to
generate outputs proportional to flow. The quantity or rather the magnitude
of the 1213C flux, as defined by the above-described formula) is
substantially proportional to flow rate, where a high RBC flax corresponds
to a high llow rate and a low R13C flux co~rcsponds to z low RBC flux. 15
llccordingly, in the present invention, light at a wavelength in the range
from about Q00 nm to about 1200 nm, usually from about a50 nm to Q500 nm is
emitted from a light source such as a laser or the like and directed at the
sample site, where such sourx;es of light may be activated manually or
automatically. The intensity of reflected light (the light reflected from
red blood cells), and more specifically the change with lime of the light,
is 20 measured ~md a value related to the character of the RBCs of the
site, such as RBC flux) is determined. Such measurements may be fed into a
microprocessor working under the control of a software program, where the
microprocessor then determines the value related to the character of the
RBCs of the site, such as RBC flux, which is proportional to the flow rate
of a fluitl in a vessel. 2S In one instance, the RBC characterization
value, e.g., the 813C flux value or a slal.istically relevant value
coirespondin~ to the RBC flux value may be compared to a hrcdctcrmined
value, e.g., by means of a microprocessor. A comparison may then be made
SLICK that of the RRC value is above the rredcterminc<l value, the site is
characlerired as having n high flow rote and if the kRC v;iluc is below ihc
predetermined value, the sift is all charucl.eriied ;rs hsving a low flow
r;tte. Alternatively, the best site (a highly appropritttc site) arncmgsl a
frlurality of potc;nlial sites tested may be determined by comparing 1213C
values of olhc:r tested sites. -lo   Typically, R136 characterization is
performed in about 1 to 180 seconds, usually in about 2 to 90 seconds and
more usually in about 3 to 60 seconds. II. iS~AMPLL lyYl'f CrrA~tACrI;
RrIar~rnN 5 As described, the subject methods include sample type
characterization, where such methods del,ermine whether a site is capable
of expressing or producing substantially arterial sarnPlc, substantially
venous sample or substantially interstitial fluid. More specifically, when
used in conjunction wish the above described methods for characterizing
flow, the Particular sample type obtainable from a potential site can be
characterized in regards to flow 



lf) rates and samhlc type. In other words) , potential sampling site can be
characlcrizcd as (1) high flew rate) arteriallcapillary, (5a of Fisure 1)
(2) high tlow rate, venous, (Sb of Figure 1), (3) low flow rate,
arterial/capillary or venous, (Gb of Figure 1) or (4) low flow rate,
interstitial fluid (Ga of Figure J ), As noted above, the sample type
characterization may be in :addition to, or in place of, flow
charrtcterization, where the order of these may be changed or 15 uttered. A
variety of methods may be used to characterize the satnl~le type oht~inable
from a Potential sampling site, where pulse chaructetiiation and hemoglobin
characterization arc of p;icticultir interest. For example, if a high flow
site is charactcrizcd as having a high Pulse andlor a high oxygenated
hemoglobinldeoxygenaled hemoglobin ratio (where herein Hb0 2U represents
oxygenated hemoglobin and l~.b represents deoxygenated hemoglobin and
Hb0/lib represents the ratio thereof), il is determined to be a site having
substantially high flowing arterial sample (Sa of Figure 1) and if a high
slow site is characterised ~~s having low Pulse or low Hb0/Hb ratio) it is
determined to be a site having substantially high tlowing venous sample (Sb
of Figure 1), Furthern yore, if a low flow site is ct~araclerired as h;
iving a 2S high total hcrnoglobin Ievc:l of value il is determined lu be a
site of low flow arterial, capill~~ry or venous sample (Gb of .Figure 1)
and if a low flow site is characlorired as having a low total hemuglc~bin
level or value it is determined to be a site of interstitial fluid (Ga of
higurc 1). 'Thus, the subject invention provides methods that enable an
individual to select a sampling site according to the amount or volume
andlor type of stttnple obtainable from the 30 ,5i lc, Any C011vC111C11C
ll1Ct110d may be used t0 characterize thz pulse andlor hemoglobin values or
levels of a potential site, wher~c RBC charlctct~izations anti hemoglobin
characterizations (total hemoglobin and HbO/Hb ratio) are of particular
interest, F;u;h of these methods will now be described in greater detail.
-11   A. Pulse (,'haracteri~ation As Qeseribed above, once the flow of a
site has been characterized, the determination of whether the pulse of such
a site is relatively or substantially high or low will further 5 enable ch;
tracl~rization of the type of sample obtainable from the site. For example,
if a site is characterized ;ts having high (low, a high pulse
characterization correlates to a substantially art~rial/eapillary site arid
a low pulse characterization coi~~elatcs to a substantially venous site, a
relatively lower or substantially no pulse site correlates to an
interstitial fluid site, 10 Tn certain embodiments, pulse can be
delet~nined by detennining the 1113C char;tcleristics of a site, e.g.) RBC
flux) as described above. The methods fir delen-nining RBC characteristics
such as 1~BC flux h:~ve been described above and will not be repeated here.
Once the RRC l7ux is determined, further characterizing pulsations (from
the .1ZBC f-Lux) corresponding to cardiac pulse indicates whether the site
is arterial or venous, based on 15 the principle that an arterial/capillary
site will have a greater pulse than a venous site. Cardi~lc pulsations arc
observed as oscillations with a frequency of typically between 60 and 1U0
pulses per minute in the RRC flux vs, tin ~e relationship, as described
above (it will be appa~~~nt to one of skill in the art that certain
clinical conditions may result in higher or lower freduencies), The
pulsations result from flow surges in arteries and capillaries. 20 l3ecause
of the resistance to flow of the capillaries, t7ow pulsations do not occur
in veins. More specifically, if pulsations ranging from about 0.33 to about
3.3 hTz, usually from shout 0.67 l0 2.50 I3z and more usually from about
0,8S to 1,C7 Hi are characterized at the site, the site is characterised as
arterial. Alternatively, if pulsation in this frequency range is not
detected or is very weak, the site is characlctyzcd as vcnou~, where
pulsations Iess than the 25 arteriaUcapillary pulsation levels indicates a
site devoid or substantially devoid of vasculaturc. Thus, if a site is
determined to have a high RBC flux (high l7ow) and is also highly
pulsatile, the site is characterized as atterial/capillary, i.e., high flow
and artcrial/capillary, rather than venous, If the RBC flux is deleiTnined
to have low or substantially no pulsalile flow) the site may either be
devoid of vasculature or may be 30 venous) i.c" an intcrstitiat fluid site
or a high flow and venous site) I3. Iyernn~Inbin Cbamcterizntiort .Cn other
methods of the present invention, sample type characterization is
determined by characterizing the hemoglobin character of tlae site, for
example a characterization of the -12 



total hemoglobin of the site will enable a determination o,f whether the
site is capable of expressing arterial/capillary or venous sample or
interstitial fluid, based on the principle that a site having substantially
interstitial fluid will have little or no hemoglobin. Also, as an
artetiallcapillary site will have n greater amount of 11b0 than ;~ venous
site, characterizing a 5 site's l.lb0/I1b rtilio will enable a
determination of whether the site is capable of expressing substantially
arterial/capillary sample or substantially venous sample. Accordingly,
methods to measure optical properties of the potential site are used to
detcnnine the hemoglobin charactetilation of the rolential sire. Tn other
words, the absorbancc, c.g., the light reflected from, or transmitted
through, the potential site is detected 10 and measured, i.cr" an external
portion of skin is irradiated with light (where tight in this context does
not necessarily refer to visible light, but may also include infrared
light, etc~.), ttntl the f;bsorbance of the light is detected, where such
absorptions are indicative of hemoglobin characteristics of the site. In
certain embodiments of the subject methods, the measured value is compared
to a predetermined value to characterize the site. In other 15
cm1>oclimcnts, it is compared to other hemoglobin values of other tested
sites. As described above, a site is irradiated with li ght and the light
absorbed by the site, or rather the light reflected by or transmitted
through the area of interest, is detected, whct~c such detecting involves
collecting the reflected or transmitted light or a statistically relevant
value thereof, for' example by at least one light detector of an optics
element) and ptocessing 2~ the delc';etcd dal;t w determine the hemoglobin
character of the site. For example, the detected light or a respective
signal may re transferred to a microprocessor for further processing, where
the micruprocessor works under the control of a software program. In outer
words) the program code in the software program instructs the
microprocessor to carry out all the steps necessary to accomplish the
particul;tr task. ~cgardlcss of whether 25 ltcrl'orrncd manually or
automatically, the amount, magnitude or quantity of the reflected or Ir;
msmiited light or a signal or relevant st;ttistical value thereof may be
compared to a pr cdctcrmincd value. For example, it' the signal were to be
above a predetermined value, the site mi ght be determined to have a high
total hemoglobin level or high Hb0/Hb ratio. Alternatively, if the signal
were to fall below a predetermined value, the site might be 3Q
CIctCCl11111CC1 to havC. tl Sllbslalltially lOW hemuKlohin level or low
1-IbUIH.b ratio. Alternatively, or in addition to) the above method
employing rt predetermined value to which the nncasurcd value is compat~:d,
in those instances where the best avaiiaL~le site is soul;ht, i.e., the;
most altproptiatc silt in relaliun to other sites rested, the measured
value or statistically rclev;tnt value thereof may be compared to measured
values of other tested sites. Typically) this -13   optical irradiation and
detection takes about 0.1 to 180 seconds and more usually about 0.1 to GO
seconds, and more typically about 0.1 to 20 seconds. Thus, in practice,
light from at !cast one light source, i.e.., an optics clement, e.~,>., at
)cast one 1~FT), laser emitting dude, light emitter, bispectral emitter,
dual spectral emitlc;r, 5 Photocmittcr, photodiodc, a semiconductor die or
the like at a wavelength in the range ii~om about 400 to 1200 nm,
irradiates the site, where in some embodiments more than one wavelength is
used from the same or different light sources, where the different
wavelengths may irradiate the site at the same or different times. Usually,
the silt will be irradiated for about 0.1 to 180 seconds, typically about
0.1 to 60 seconds and more typically about 0.1 to lU 2U seconds and then
the absorbed light will be detected by a suitable detector such as at least
one of the following; a photodiode, a photoelectric receiver, a
photodetector) a semiconductor die, or the like. The detected signal is
then related to hemoglobin concemration, i.e., total hemoglobin or a
c~rnponen~ or suitable ratio thereof. In certain emboli mcnts, the detected
light is then comrnunicatcd to a suitable microprocessor for 15 fttrlher
processing such as computational processing :md the like. 13y way of
background, generally when the skin is illuminated by light, if the light
were to enter the skin, reflect off the collagen at the bottom of the
dermas and rc-emerge from the skin without absolZ~tion by an chromophorcs,
(c.g., melanin or hemoglobin), the signal (remittance) detected and thus
generated by the photodetector could be defined as R~, 



20 'When chromophores in the epidermis (melanin) and the dermas
(hemoglobin) intervene, the reflcctanc;e is attenuated, giving a signal
defined as Rt~t.'Thus, an equation representative of Ihc signal rccctvcd is
defined as: (1) ~tot~'1'n,2. TIIho2  ~rIll ~ . ~~ 25 Where: '1'",
represents the fraction of light allowed to pass through the epidermis
without being ahsirbed by melanin) '1'Ilho represents the fraction of light
allowed to pass through the dermas to the collagen layer without being
absorbed by oxyhetnoglobin. 30 'hllt, rt;Prtst;nh the traction of light
;allowed to pass through the dermas to the colltigcn layer without being
absorbed by deoxyhen~oglobin. 'Thus, the l3ccrs-l.ambert formulation (i.e.)
lht; equation representing the principle that the degree of absorption of
light varies exponentially with the Ihickness of the layer of -14   the
absorbing medium, its molar concentration and extinction coefficient) of
equation 1 above is; (2) A= ln(Rtat/ R~) = z(jLfM)EM + InLHbO]tlivo
+h)Lr~b]Etllr~ S W here: A represents the absorbance at the sile~ I
rehresenta the effective path length of the zone represented by the
subscript. L, U represents dermis and epidermis, respectively. ( ]
repreSenLs molar concentration, lU M, HbO, Hb represent melanin,
oxyhemoglobin and deoxyhemoglobin, respectively. s t-epresents the molar
extinction coeflicient (unique for each wavelc;ngth). Thus, it will be
apparent that if blood is substantially prevented from entering a potential
sampling site while an optical reading is taking place, the absorbance in
equation 2 about is a function only of the melanin absorbancc such that: 1S
(3) A=-ln(R~o,/ R~)=2Ir[M]eM or ln(Htot) = ln()l2c)-2l,;lMJetu = C, where C
represents the melanin absorbance or background signal. Thus, the light
.ibsorbance resulting from hemoglobin can be represented by: 20
ln(Ha~e)=C-Z~ lnl~bO]E~~no +~nIHblESiv) Again, lti"i is the signal recei
ved by the photodetector. 'Thus, to obtain the background sign<~1, a site
having substantially no blood t7ow) i.e.) a site where pressure is applied
has been applied thereto to substantially prevent blood flow to the site,
the 25 ubsorbance due to hen~og3obin only can be determined by first
determining C from equation 4 above, where R~~~ is the signal obtained from
the first occluded optical measurement, and then solving for hemoglobin
terms in eduation 5 using lt,"i from the second optical maisurcrnent where
blood was not prevented from entering the site. 



As such, since the molar extinction coefficients for both oxy and
deoxygenuled 30 hemoglobin ~lre known for a11 wavalcngtlts in the visible
and near infrarc;d range (see for example 4, ~V, Van llssendclft,
Spcctr~ophotornetry of ~i!errioglobirt herivatives, Charles Thomas, pub-,
170), oxy and deoxygenated hemoglobin can both be dctcrtnined by using more
than one wavelength, Accordingly: _15_   (G) rn~I~bO] = (Ct-In{Rt~c)t -
(Lx-ln(Rtat)x)( ~tibn~ttni)~ (~nnonEnnx) (7) 1n[Hb0] _ (Caln(Re~e)~ -
IuI~bOa (etthm/Eitny) Subscripts 1 and 2 represent wavelengths 1 and 2, In
using the subject methods to cl~<<r~aelcrize the hemoglobin of a potential
site, the wavelengths are typically chosen so as to S have very differc;nt
extinction coefficients, i.c., wavelengths arc usually chosen to make
equations G and 7 as ouhogonal as possible. Accordingly, the first step in
the subject methods to the characterise hemoglobin of a rile is to
delerrnine the background signal at the site. By background is meant the
absorbance of lhc site not related to hemoglobin, for example the
absorbance related to melanin and the 10 like, As such, light of two
different wavelengths irradiates a potential site and lhc background signal
is defected. Morn specifically, wavelengths of light are chosen such that
the yTtolar extinction coefficient deltas of the oxy and deoxygenated
hemoglobins are different for the different w;welengths chosen, i,c,, as
one molar extinction coefficient goes up the. other molar 15 extinction
coefficient goes down, where such molar extinction coefficient deltas of
oxy ,ind deoxygcnatc;d hemoglobin arc known in the art. Thus, to dele~iine
the background signal, the holential site is temporarily substantially
occluded or rather blood is temporarily substantially stopped or prevented
from entering the site) for example by pressing against the site, e.~., by
pressing or applying pressure by the aperture of the device described below
onto 20 the surface of the skin wish enough force as to substantially slop
blood flow to the site, In this way, the site is substantially devoid of
any hemoglobin and thus any absurbance will be attributed to background or
the absorbance of various chromophores at the site such as melanin. Once
signal is detected from such an occluded potential site) the background
value is then determined based upon the about described equations,
typically automatically. More 25 specifically, the signal detected by such
a background determining method is comanunieated to a microprocessor, where
such a microprocessor computes the background level or v<<lue of the site.
Following the background reading from the occluded site, a second reading
al the sire is taken. More specifically, light of two different wavelengths
irradiates the silt, where such 30 wavelengths arc chosen such that there
is a large and opposite delta of the c~ctinclion cc~cfficien~s of the: twc~
wavelengli,s. Once the signals from the two wavelengths ate detected, the
variolrs corttponcnts of hemoglobin can be determined from the about
described eduations, i.e,, eduations G and 7, typically automatically by a
microprocessor' as described above. In other words, oxygenated hemoglobin)
dcoxygcnaied hemoglobin and total 



-1G~   hemoglobin (lhc sum of the oxygenated and deoxygenated hemoglobin
components) c;an be determined) where such a detern~ination can then be
cotnparcd to a predetermined or cut-off value such that a total hemoglobin
value ~indlor a hemoglobin ratio value, i.c., a ratio value dcfinecl by
HbO/Hb, above the predetermined value is designated as a high hemoglobin 5
value and a hemoglobin value below the PreJetet-mined value is designated
as a low hemoglobin value. As noted above, alternatively, the values may be
compared to other tested sites such shat the best site among those tested
is chosen. kcferring again to Figure 1, if a site has been characterised as
having low flow, a further determination regarding total hemoglobin level
will enable characterization of the 10 site as having substantial
vasculature (high total Hb) (6b of figure 1) or substantially devoid of
vasculaturc, i,e., interstitial fluid (low total H.b) (Ga of rigurc 1).
Once vasculature versus interstitial fluid or substantially no vasculature
is determined, the site is then further charactcrired as being appropriate
or not for a particular test (7 of Figure 1). In ol.her words, if the
particular test requires interstitial fluid, the potential sampling site
will be determined 15 to be ~~ppropriate if the total hemoglobin site is
found to be low) thus determined to be capable of expressing interstitial
fluid. Site appropriateness will be described in greater detail below, If
the site has been characterised as having high flow according to the above
described methods, a Hb0/Hb ratio can then be determined, where such a
ratio enables 20 churacteriaation of a site as either high flow and
aricrial/capillary (5a of rigurc 1) or high flow and venous (Sb of Figure
1)_ In other words, a site having a relatively or substantially high
concentration of 1-Ib0 to lib is indicative of an artcrial/capillary site
and a site having a relatively or substantially low concentration of Hb0 io
Hb is indicative of a venous site. Spccific~tlly, a hemoglobin ratio is
determined based upon the above described equations, 25 typically
automatically by a microprocessor, where such a determination can then be
compared to a predetermined or cut-off value such that a ratio value about
the paedctcrmined value is designated as a high ratio value and a ratio
value below the predetermined value is designated as a low ratio value. As
noted about, alternatively, the values may be compared to other tested
sites such that the best site among those tested is chosen, Once 30
arteriallcapillary versus venous is determined, the site is then further
characlcri-rcd as being appropriate or not for a particular test (7 of
Figure 1 )-1n ether words, if the pnniculzr test requires
arleiial/cspiliary sample, llae potential sampling site will be determined
to l~~ appropriate if the Hb0/Hb ratio is found to be high, thus it is
determined to be capable of exPrcssing substantially anerial/eapillary
sample, particularly high flow artcrial/eaPillary -17   sample. ~l.owever)
if the particular test requires venous sample, the potential sampling site
wit I he determined to be appropriate if the I~bUIHb ratio is found to be
low, thus it is dctcrutincd to be capable of expressing substantially
venous sample) pat~ticularly high flow venous sample. Site appropriateness
will be described in greater detail below, 5 As described in detail above,
in practicing the subject methods for hemoglobin char~tctcrization, whether
HbO, Hb ox total hemoglobin, light sources such as LED's) laser diodes,
ete,, irradiate a site, where the light sources irradiate the site with at
least two different wavelengths, each of which ranges from about 400 to
1200 nm. A photodetector detects the absorbed light and the amount of cacti
hemoglobin component can then be 10 determined based on the specific
absorbances of the wavelengths of interest, where such 



absorbances arc then related to the particular hemoglobin component. More
particularly, a device having the above described optical components) such
as a device described in detail below, may be used to practice the subject
methods. As such, the device also is lyrically operatively coupled to a
microprocessor working under the control of a software program 15 Such that
the microprocessor is capable of pcrfo~ming a11 of the steps and functions
necessary to characterize the hemoglobin of the site and also determine the
appropriateness of the site for a particular test, for example the
microprocessor is capable of performing all of the computations and/or
comparisons necessary to determine oxygenated, deoxygenated and/or total
hemoglobin values. As mentioned above, the about-described methods) the
total 20 hemoglobin and/or Hb0/Hb ratio may be compared to a predetermined
value or may be used ~s a comparison against other values from other tested
sites to determine the best site amongst a plurality of sites testes.
Additionally, the optical determination described herein may be in addition
to, or instead of, other sample type characterisation methods. Tn certain
other embodiments of the subject methods, hemoglobin characterization 25
may be derived according to the methods described below, where the below
described methods arc of particular use where the path lengths and melanin
concentrations arc substantially constant from site to site attd it is
desirable to characterize the total hcntoglobin concentration of a
potential site. Again by way of background, at a nttmbcr of wavelcngtlts
such as 50G.5, 522, 548,5, 30 58G and 815, HbU and Hb have the same molar
extinction coeflicients-1f R,"~ is measured at any of tho wavelengths where
Hb0 and Hh have the some metlar extinction cocfficicnts, the nt;igni tudu
oC Riot will inc;rc,ase or decrease a5 total hemoglobin decreases or
increases, rcspcctivcly, based on the principle that C is substantially
constant from site to site. Thus, in certain embodiments, total hemoglobin
can be determined using the following equation; _x8_   (7) ln(Hc~~~)=C-2~
~nLllbO](trrho _~ errh) +lnhIb](~xrho = Eyr~~) ) =C-2 Tu (Ettuo = Ertn)
([Hh()] + [Hh]) 'Thus, for IhiS Particular emhodiment, light of one
wavelength in-adial.es a site) where such wavelength is chosen such that
IlbO rind Hb have the same molar extinction coefficient. The absorbance or
signal is then defected from the site and the total hemoglobin at the site
is determined based upon the above described equation, where oftentimes the
total hemoglobin concentrtztion is determined automatically by a
microprocessor. More Particularly, light from a light source such as an
L,FD, laser diode, or the like irradiates a silt lU with light of one
wavelength, where the extinction coefficients of both I~iSO and Hb arc the
same. The ~bsorb~nce or signal of the site is detected by a suitable
photodeteetor or the like, wh~ro such absorbance is related to the fatal
hemoglobin level of the site. Once total hemoglobin has been determined,
the site is then further characterized as being appropriate or not for a
Particular test. In other words, for example) if the particular test
requires 15 interstitial fluid, the potential sampling site will be
determined to be approprilttc if the total hemoglobin site is found to be
low, and the site is thus determined to be capable of expressing
interstitial fluid. Site appropriateness will be described in greater-
detail below. Tn yet another embodiment of the subject methods, hemoglobin
characterisation may be derived according to the methods described below,
where the below described methods 20 are of particular use where the path
lengths and melanin concentrations arc substantially constant from site to
site and it is desirable to characterize a hemoglobin ratio of a potential
site, e.g., Hh0lHb. In this particular embodiment, two wavelengths are
chosen to irradiate a site, where, a t each wavelength, the two hemoglobin
species have substantially different extincli~n 2S coefficients, i.e.,
oxygenated hemoglobin and deoxygenated hemoglobin have different extinction
coefficients. Fir example, suitable wavelengths where 1-1b0 and 1-1b have
substantially different extinction coefficients include, but are not
limited to, 431, 415, 555, 700 ;aid ~~10 nm. That is, a first wavelength
and a second wavelength arc chosen, where each wavelength may be selected
from the above described set of wavelengths so th;tt l:lb0 and 3U .rib will
have substantially different wavelength coefficients, The extinction
coefficients at such suitable wavelength pairs have opposite ~lcllas
between the two wavelengths, i.e., ua one increases between the first and
second wavelengths) the other' decreases between the first and second
wavelengths, ,A.s such, the difference in ln(Ri~,~) between the two
wavelengths will increase as one hemoglobin component increases and will
decrease as the other _19_   hemoglobin component dcceflses. In other
words, for example, for each suitable chosen wavelength pvir, His Hb0
increases, the di fference in In(Rt~t) between the two wavc;lengths will
increase and as Hb decreases, the difference in ln(R~"~) between the two
wavelengths will decrease. 5 More specifically, from eduation 5 above,
modified for two wavelengths: ln(Rtot)i=C12 xn[HluO]E~.xbot +lulHb]Erjn~)
In(Rrm)2=Cz-2~ In[IIbO]Errnoa +In[IIb]olrn2) 



ln(Rtoi)i - ln(R,or)2 = Lr - C2 -2 ID ( [IibO](e~ii~o~-E~n~oa) +[H1~~(Ern,r
10 Errnx)] Thus, if (EHbO,-~-ibOz) > 0 and (~Hbr-eHb2) < 0, then ln(Rtot)t
- ln(Rtot)2 increases His [I~bO] increases or [Hb] decreases, For example,
if the extinction coefficient of Hb0 is greater at wavelength 1 than
wavelength 2, and Hb has an extinction coefficient that is Less at
wavelength 1 than wavelength 2, then as the difference between the signals
(i,e., the I 5 difference between wavelength 1 -- wavelength 2) increases,
the ratio of Hb0 to I-ib will increase) In many embodiments, this method of
characterizing total hemoglobin concentration is performed first, such that
this method of characterizing Hb0/Hb ratios is performed on a site having a
high hemoglobin concentration. In other words, because the total hemoglobin
concentration affects the difference calculation, characteri-r~ing I3b0/13b
20 ratios should be performed on a site having a substantially high total
hcrrioglobin conccn tration. Speci fically, a potential site is illuminated
with two wavelengths front two light sources) where such light sources may
include one or more LED, one or more laser diode, ctc.'fhe wavelengths arc
chosen such that the molar extirtclion coefficient deltas of I-lb0 and 25
IIb arc: different between the two wavelcnbths) i.c,, as one goes up the
Other goes down, as described above. At least one photodetector detects the
signal from the site, i.c., the absorbance of the light, where such signal
is related to an Hb0lHb ratio, according to the above described equations.
The site is then further characterized as being appropriate or not for a
particular test. Site appropriateness will be described in greater detail
below, 3Q ,llr. ~ctnrttti,nirr~ the ~l pnronrintrncss of a ~Si.~e /'or a
Particular Test As mentioned about, the appropri ateness of a site for a
particular test is determined by the subject methods. Referring now to
steps 3, 4 arid 7 of Figure 1, as described about, once a site is
characleri~cd by flow and/or sample type, its appropriateness in regards to
the -20   Particular test to be performed is evaluated. Such
appropriateness is best described in reference to Figure 2, which shows
certain sample test parameters and their correlation to particular samples
obtainable from a site, lor example, certain tests require a minimum sample
volume. Thus, a site which is characterized as being capable of producing
or 5 expressing a greater volume of sample (a site having higher ilow rate)
would he ln~el`erable to a site not so capable, e.g., high flow of
ar~terial/capillary andlor venous would be more appropriate versus a low
flow site of aitcrial/capillary anchor venous, unless the particular test
required interstitial fluid as opposed to artcrial/capillary or venous
blood. As such) test results meeting the requirements of such samples would
be delem~ined to be appropriate. 10 Also, ccrttiin tests such as glucose
tests calibrated to whole blood may rcduirc a certain type of sample such
as blood, blood constituents or the like as the appropriate fluid sample
;end <<s such a site will be determined rtppropriate for such a test if the
srte is charactcr~izcd as artcrial/capillary and/or venous and likewise
inappropriate if it is characterized cps having interstitial fluid.
However, certain other tests such as glucose tests 15 calibrated to
interstitial fluid may, accordingly, require interstitial fluid Js the
appropriate fluid sample and as such a site will be determined appropriate
if the site is characteti~e;d as having interstitial fluid and likewise
inappropriate if it does not. Furthermore, some tests may require arterial
blood instead of venous blood, or vice versa, and as such will be
determined appropriate if the site is characterized as having the 2U
rcquisitt arterial or venous blood and inappropriate if it dots not. In
other words, a test that requires artcrial/capillary and/or venous blood
would thus correlate to a high flow artcri~~l/capillary and/or high flow
venous silt. A test that requires interstitial fluid would thus con~clate
to a low flow interstitial fluid site. A site characterized as low slow
LLI-LCI'IalIClplllar'y or venous site would thus lrkcly not be appropriate
for any test. 25 As described above, in nanny embodiments of the subject
methods, appropriateness of a site for a particular test is typically
accomplished automatically by a microprocessor, where the microprocessor
works under the control of a software program and includes all the code
necessary for it to carry out the steps required to determine if a rile is
uppropriatc for a particular test. 3U IV. S'krn Piercing Once an
appropriate site has been determined, sample is then accessed and collected
(steps 8 and 9 of Figure 1), Typically, simple is collected from the
dern~is and epidermis. In ~21   certain methods, the sampling site may be
stimulated to increase the volume and/or talc of sample produced of
expressed at the sampling site. Accordingly, in some embodiments, at least
one skin-piercing clement is inserted into the skin of << patient or user
of the subject invention to access physiological fluid. 5 T)epending on the
type of physiological sample to be obtained) the at least one skin-piercing
clement may Penetrate to a particular skin layer, such as the dermis and
epidermis layers. Typically) the at Least one skin-piercing element is
inseii.ed into the skin for about 0.0001 to CO seconds, usually about
0.000S to 30 seconds and more usually from about 0,00 )< to 1 S sCCOnds so
aS to ensure an adequate sampling volume of the targeted physiological
fluid is lU oblctined. The at least ot~e skin-piercing element may be
activated manually by the user by releasing an actuating element associated
with the at least one skin-piercing element, e.~,~., by depressing a button
or the like tin a device which activates the spring-loaded element 



towards the skin, or may be automatically activated to pierce the skin, for
example lr-iggcred 1 S autornatically when a suitable sampling site is
located. 1n certain crnbodiments of the subject methods, the at least one
skin-piercing; clement, or one or more olear~cnls operatively associated
therewith, stimulates the site to produce or express a greater volume
andlor rate of the physiological fluid desired of the physiological fluid
desired, i.e,, increas~;s the tale of expression of physiological fluid.
Por 20 example a fluid enhancing clement, e.g., an ultrasonic clement ox
the like, may be used to create vibrations at the site during fluid access
and collection, where such vibrations stimulate fluid expression. In
certain embodiments, the fluid enhancing means tray include, in addition to
or in place of other fluid stimulating elements, a temperature clement to
increase the temperature of the site to stimulate fluid expression. The
fluid enhancing 2S element may be operatively associated wish tlae at least
one skin-piercing element such that tile at least one skin-piercing clement
stimulates fluid expression itself while it accesses the fluid from the
site. In any event, in those embodiments employing an ultrasonic element to
stirnulatc sample expression from a site, such an ultrasonic clement
typically vibrates at a frequency in ihc range from about 10 to J.000 H;r.,
where such vibrations stimulate the 30 expression of physiological fluid,
c.g., increase the volume and/or rate of sample production, 'f! A nalytt~
Concentration f)etermination Many embodiments of the subject methods also
include determining the concentration of at lcttst one analytc in the
physiological sample (step 70 of Figure J ). As -22   such, once ti
suitable sampling site is found and sample is accessr'rs and collected
thercft~otn, the conccniration of at Icast one analyle of the sample may be
determined using tiny appropri;itc analyse concentration determination
method, as arc known in the art. In ccuain embodiments of the subject
methods, the sample is then ir~rnsfetoed to a 5 slr~ndard trnalyte
concentration determination reagent test strip, e.~., a glucose test strip
or the like, which is in cornmunic;~ition with the device, where oftentimes
the test Strip may he ciircclly integrated info the device. In those
embodiments where the test str7p is directly integrated into the device,
the test strip may be loaded directly into the device before, during or
trfler the Physiological sample is extracted) and in many instances may be
manufrrclured 10 with the test strip already integrated wish the device.
Once sarnplc is transfen~ed to a test strip, i.e., delivered to the
reaction area of the tell strip, the concentrtrtion of at least one analyse
of interest is determined. Sample may be lr,msfcrred to a test strip by a
variety of mechanisms, where such mechanisms include, but arc not limited
lo, vacuum, capillary forces and the like. As will be apparent to one of
skill in 15 the art) a var7ety of analyte determination methods may be
employed, e.b~,, electrochemical urad colorimetrie, where both methods will
be described below. ror an clcctrochcmical analytc concentration
detcrrnination assay, an eleclrochcmical measuren zeal is made using
reference and working electrodes, as is known in the art. The
clcctrochcmical rncasurement that is made may vary depending on the
particular nature of 20 the assay and the device with which the
electrochemical test strip is employed, e.s~., depending on whether the
assay is coulometric, amperomelric or polenliomelric. Generally, the
elcetruchemical reasurement will measure charge (coulometric), current
(amperometric) 



or potential (potcntiomctric), usually over a given period of time
following s~rrnple introduction into the reaction area, Methods for making
the above described clectrochernical 25 measurement arc further described
in U.S. Patent Nos. 4,224,12S; 4,545,382; and 5,2G6,179; as well as WO
97I18465; WO 99l49307; the disclosures of which arc herein incorFrcrrated
by rcFcrcnce. Regardless of the type of measurement, an electrochemical
measurement or signal is made in the reaction cone of the test strip.
hollowinb detection of the electrochemical measurement or signal generated
in the 30 reaction gone as described above) the amount of the analyze
present in the sample introduced into the rcrtction ~onc is then determined
by relating the clcctrochcmical signs! to the amount of an~~lyic in the
s<~mplc. Generally, for colorimetric assays, the sample is allowed io react
with a reagent system, e.~~~. ) members of a signal producing system, to
produce a detectable produce that is -23   Present in stn umounl
proportional to the initial amount present in the sample. rn one such
system, e.g., in a system used to determine the presence and/or
concentration of glucose in a hhysiulogical sample, the signal producing
system is an analyte oxidation signal producing systcm.13y analyle
oxidation signal producing system is meant that in generating the
detectable signal from which the analyte concentration in llte sample is
derived, the analylc is oxidized by a suitable enzyme to produce an
oxidized form of the analyte arid a corresponding or pt'oportional amount
of hydrogen peroxide. The hydrogen peroxide is then employed, in turn, to
generate the deteclahle product from one oz more indicator compounds, where
the amount of detectable product generated by the signal measuring system,
i,~~, fhe 10 signal, is then related to the amount of analyle in the
initial sample, The amount of detectable product, t:.e., signal produced by
the signal producing system, is then determined and related to the amount
of analyze in the initial sample. Of course) any type of eoloritnetric
assay) i.e.) various colorimctric chemistries, may be used with the present
invention, Tn ti~any embodiments, the above described characterization and
relation processes 15 arc performed by an automated device, e.~., a meter,
as is well known in the relevant art. Representative meters for
automatically practicing these steps are fut~iher described in copending
U.S. Application Serial Nos. 09I333,793; 09/497,304; 09/4y7,269; 09/73G,788
and 09/746,11G, and U.S. Yatcnt Nos. 4,734,36U; 4,900,6G6; 4,935,346;
5,059,394; 5,304,4G8; 5,306,G23; 5,418,142; 5,4?G,032; 5,S15,170;
5,52G,120; 5,563,042; 5,6?0,8G3; 20 5,753,429; 5,573,452; 5,780,304;
5,789,2S5; 5,843,G91; 5,846,486; 5,968,83G and 5,972,294; the disclosures
of which are herein incorporated by reference, D?3VIC,~S As summar'izcd
about) the invention provides devices for determining a suitable silo 25
for samplitlg physiological 'fluid, by way of a site flow characterization
clement and/or a sample type ch~ractcriztttion clement. The devices may
also include at least one skin piercing element for' piercing the skirt at
the appropriate sampling sire and/or include an operatively associated
means for determining the presence and/or concentration of at least one
analyte in a physiological sample extracted or expressed from the
appropriate sampling 30 site. The subject devices find use in the locution
of suitable physiological fluid santpling sibs tm v;trictttw rirGtts ctf
the body, in<;luding, bttt not limited to, the fingers, arms, legs,
earlobes, heels, feet, nose and toes. lr'ur-Ihet'mnrc, the subject devices
find use in the location ~tnc1 collection of a wide variety of
physiological samples, where such samples include, but -24   arc not
limited to) interstitial fluids, blood, blood fractions and constituents
thereof, and the like, 



As described above, the subject invention includes at least one site flow
characterization clement and/or at least one sample type characterization
element, where one S or both lyres of the elements may be integrated into a
housing or may otherwise be a single unit, i.c.) un integrated device,
usually with at least one skin piercing clement and/or test strip. 'rhc
unit, i.e., the housing, may be manufactured from a wide variety of
materials including, but not limited to, polystyrene, polypropylene,
polyethylene, polyacryonitrile, polycarbonatc, and the like) The unit may
be re-usable or single use. 10 The housing is intended to be easily held by
the user, i.e., a hand-held device, and as such is sufficiently compact to
enable portability and ease-of-use. Accordingly, the housing tnay lake a
number of different shapes, as long as the shape enables the
funciionability of the device, e.~., facilitates pot~tabiIity and grasping
by the user and positioning on an appropriate s~ttnpling site area, such as
a surface area of the skin. For example, the shape may be 1 S substantially
irrcbular or may assume a substantially rEgular shape such as a
parallelogram, rhombus, circle, oval and the like. Regardless of the shape,
the unit and associated elements typically have a length in the range from
about 1 to 20 inches, usually in the range from about 2 to 15 inches and
more usually in the range from about 3 to 10 inches. The width of the unit
is usually in the range from about 0.1 l0 10 inches, usually in the range
from about 20 0.2 l0 5 inches and more usually in the range from about U.5
to 3 inches. The height is usually in the range from about O.I to 10
inches, usually in the range from about 0.2 to 5 inches and more usually in
the range from about 0.5 to 3 inches. The weight of the subject device is
usually in the range from about 0.02 to 10 pounds and more usually in the
range from about 0.U4 to 5 pounds, but in most casts is less than about 2
pounds. The proximal end 25 of lhc device, i.c., the end of the device
which is in close proximity to or in direct contact with the skit when in
use, typically includes a proximal orifice, where such un orifice usually
has a diameter less than about 5 millimeters, and is in the range from
about 1 l0 4 millirnctcrs, and more ltsttally in the range from about 1 io
2 millimeters. 'fypieally) the visible surface of the unit will include a
display or screen on which :~(l tnessat;es, instructions, e~~-or warnings)
and most in~hortantly) results, i.e., whcihcr a site is suitable andlor the
concentration of an analyte) n-tay be displayed by means such as lidui~i
crystal displlys, as arc known in the att. Such inforcnation may be
conveyed by alphanumeric digits or units or pictorial icons, In certain
embodiments, an audio means may ~~Iso be present in or on the device for
audibly conveying information to the user. -2S   Additionally, the subject
device may include a power switch ror manually activating the device, I.
SITE ~'GOVV'FII~MFNI" As described above, in certain embodiments of the
subject invention, the housing includes at least one site flow
characterization element which characterises the flow of a potential site,
i.e., the flow rate or velocity of 111e site.11 wide variety of elements or
components may be employed to determine the flow characterizations of a
particular sampling site, where particular embodiments of interest will now
be descbed. l0 A. '1'emnerattcre Charcteterizatir~n Element In certain
embodiments) the flow characterization element includes an clement capable
of characterii,ing the temperature of a potential site. For example, a
temperature e;len~ent. or sensor such as a thermocouple or the like may be
employed, where such 1S thermocouples <~rc known in the art. Such a
temperature element may be in place of or in addition to, other elements
used to characterize the flow of a site, such as the RBC churacteriraticrn
element described below, where one nr mire site characterisation elements
ace capable of being activated at the same or different times, ~.~., a
temperature element is c:~pable of being activated at the same or different
time as a light detecting element, ctc. 20 The temperature clement of the
present invention is one which is capable of measuring the tomperalure of
the silo, whore such a temperature is an indication of the blow character
of the site. In other wards, the temperature of the skin increases as blood
flow increases due to factors such as the velocity of the flow of fluid at
tlae rile. Accordingly, the temperature sensor is c;~ipable of measuring
infrared radiation or 25 temperatures in the range from about 0 to 100C,
usually from about 10 to 75C and more usually from about 10 to 50C.
Typically, the temperature element will be Positioned in close proximity to
the proximal aperture of the device or housing; however, other positions
may be emPloyeci as well depending uron the configuration of the device,
the particular temperature sensor used and the specific body area to be
tested. 3(1 It. R130; t;huructerizutir~ra llencenl In other embodiments)
the flow characterization element is an element e:~Pabltr of characterizing
the RBCs of the site, e.g., RBC flux characterization. RBC characteril;
ition elements may be in addition to, or in place of, other flow
characterization elements, as -26   tlescribcd herein. Where the RBC
characterization element is in addition to other elements) the elements may
be capable of being ~ictivated at the same or at different tirncs.
Typically, ;tn element configured to perform RI3C character-iz;~tion, e,g.,
RBC flux determination as described above, usually includes at least one
light source capable of 5 cmiuing light) ususlly coherent, sinslc
wavelength light, at a wavelength ranging from about 400 to 1200 nm,
usually from about 450 to F00 nm such as a laser as is commonly known in
the art, and a Sensor or detector) typically a broadband sensor or
detector) for detecting the intensity of light reflected from the R~3Cs,
The at least one light source may thus include one or more: light emitting
diode (L>JD)) laser diode, light emitter, bispeclral emitter, dual 10
spectral emitter, photoemitler) pllolodiorle, semiconductor die, or the
like, and the detector may include one or more: photodiode, photoelectric
receiver, photodetector such as a broadband photodetector, semiconductor
die, or the like. Examples of commercially available elements capable of
RBC charracterizatiott or 



RBC flux characterization, e.g,, Doppler flowmelers) adaptable for use with
the present, 15 invention includtr, but are not limited to, t7owmetcr
models Lb-5U00 and LD-(000 manufactured by Medpacific of Seallle, WA;
flown7eter n~odelS PF3 , and models PN2 rind PF3 rnanufacturcd by Perimed
of Stockholm, Sweden. The; RBC characterization clement may be operatively
associated with a a~nict'oproccssor under the control of a software program
that is capable of processing signal 20 from the site and detennining tlae
RBC character) e,g.) RBC flux, or a statistically relevant valuo thereof)
of the site based upon the measured intensities of reflected light and may
also hcrfonn the steps necessary to compare such a RBC characterization
value or measurement SUCK aS Rf3C flux value to a predetermined value or to
RBC characterization values of vat'IOUS CCStCd SitCS. 25 lh .SAMPLE TYI'F,
CfIARAC?'F.RI7,AT70N,FLEMEN?' AS mentioned above, the subject devices may
also includes one of more samltlc; type chLtrar.teri:ration c;lcment,
whc>'e such an clement is capable of characterizinb a site as either
primarily or gen orally (1) arlerial/capillary) (2) venous or (3)
interstitial fluid, and more 30 speci fically is cripablc of characterizing
the type of sample at a site as either prymarily or gcncrrtlly
rtrtcria)lctipillftry, venous or interstitial fluid. A vat7cty of elements
may be used to chrtractcrize the type of sample at a site. For example,
elements include those capable of characterising the pulse of a site andJor
characterizing the fib of the site, as will now be described in grater
detail. -27   A. PuXse Characterization Nlement 'fhe pulse characterization
element is an element capable of characterizing the pulse of 1 sltC. Pulse
characterization may be in addition to, or in place of, other sample type 5
characterization elements, as described herein. ~Nhere the pulse
characterization element is in addition to other elements, the elements may
be capable of being activated at the same ur at different times. Typically,
nn clement configured to pexform rulse characaeriration usually includes at
least one light source capable of emitting light, usually coherent, single
wavelength light 14 at << wavelength from about 400 to 120 nm) usually
front about 450 to 80~ nm such as a laser as is commonly known in the att,
and a sensor, typically a broadband sensor or detector for detecting the
intensity ~f light reflected from the RBCs. The light source may include
one or more: light emitting diode (LBD), a laser diode, a light emitter) a
bispcctral emitter, a dual specCral emitter, a photoemitier, a photodiode,
a semiconductor lie, or the like, and the 15 detector may include a
photodiode, a photoelectric receiver, a photodctcctor such as a hro~idband
photodetector) a semiconductor die, or the like. The light source and
detector may the sane as or in addition to the above described elomr;rtts
trsccl for RBC charactct7zation. Lxamples of commercially available pulse
characterization elements, e.g., Doppler flowmeters, adaptable for use with
the present 20 invention l0 deLurrnine flout characterization include, hut
are nUl limited to, flowmctcr models Ll~-5U00 and Lh-6U00 manufactured by
Mcdpacific of Seattle, WA; il~wmeter modals PFI, and models PF2 and PF~3
manufactured by Perimed of Stockholm, Sweden. "1'he pulse characterization
element may be operatively may be associated with a 



microprocessor under the control of a software program that is capable ~f
processing signal 25 from the site and determining the pulse or detennining
a magnitude associated with the pulse, or a statistically relevant value
thereof, of the site based upon the measured intensities of the reflected
light and may also per~'orm the steps necessary to compare such a pulse
value to a prcdcterrnincd value or to pulse values of various tested sites.
3U N, tiernorlobira Characterization IiXenaent In ccrt~~in embodiments of
the subject invention) the sample type chsracl.erization element includes a
hemoglobin characterization element capable of determining the
characteristic of hemoglobin of a site. In particular, the hemoglobin
characterization element _28_   is configured t determine the total
hemoglobin level of the site andlor detcy~n~inc the amount of oxygenated
hemoglobin to deoxygenated hemoglobin or the HbO~-Tb ratio. The hemoglobin
characterization element is typically an optics element, where such an
optics element contains (1} at least one light source such as at least one
of the following; a S light emitting diode (LSD), a light emitter, a
bispectral emitter, a dual spectral emitter, a photoemilter, a Photodiode,
a semiconductor die, laser, or the like, and (2) at lease on ~; detector
capable of measuring light absorbed by the site, i.e,, intercepting light
transmitted through or reflected from a surface upon which the light source
is foeusc:d, and which may also capable of converting such light into
measurable electrical signals, e.~., voltage, cumcnt, lU etc.,), where
suitable detectors include, but are not limited to) at least one of the
following; a photodiode, a photoelectric receiver, a photodetector, a
semiconductor die, or the like. As noted about, light sources and detectors
are corntnonly known in the art, where examples of suitable light sources
and detectors suitable for use with the present invention include those
disclosed in U.S. Yatcnt Nos. 6,241,680 and 6,233,2G6, the disclosures of
which are herein 15 incorporated by reference, Typically, the at least one
light source of relatively nan'ow wavelength distribution, e,g,, at least
one LED or laser, will be capable of irradiating a prospective sampling
site with at Icast one wavelength, typically at least two wavelengths
ranging from about 400-120(l nm. Tn other words) if one light source is
used and more than one wavelength is t-equircd) lhc one 20 light source
will be capable of producing or emitting light at more than one
wavelenglh.1f naore than one; light source is used, at least two of such
light sources will be capable of transmitting light at different
wavelengths either serially or simultaneously with respect to each other.
The at least one light source and/or the associated detectors) may be
positioned at or near the Proximal end of the housing, i.e., the portion of
the laousing in close proximity 25 to or in direct contact with the skin of
the user. Yn other words, the light sources) and/or dclector(s) may be
located near the proxirnal orifice of the device; however, the light
sourcc(s) and /or dctcctor(s) may be positioned elsewhere in the device as
well. The hemoglobin ehar~etcrization element may be operatively associated
with a microProces~or under the control of a software program that is
capable of processing signal 3(1 from the; silt rrnci ch.le;rmining tol~rl
hemglobin or the components thereof (oxygenated of deoxygenated Hb) or the
HbU/Hb ratio, or a statistically relevant value thereof, of the site 1>ascd
upon the measured absorbances of the light and may also be operatively
associated with measurement processing me~~ns for performing the steps
necessary to compare such hemoglobin values to a predetermined value or to
hemoglobin values of various tested sites, 



-29   flh lVlea,vurernent Processing Comr~onents The device also includes
associated electronics for processing the measurements or signals produced
by the site flow characterization clement and/or the sample type 5
characterization element and/or may be used to automatically determine the
concentration of an analytc in the sample, as described below, Por example,
in many embodiments the device may also includes a crtrrcnt to voltage
converter unit and an analog to digital converter, where such electronics
are known in the art, Furthermore, the device includes a microprocessor
working under the control of a 10 software program, where such a softwa~~e
pro~,ram contains the entire code necessary for the microprocessor to
perform a11 of the tasks required by the device, e.g., the microprocessor
contains all the code necessary for determining the suitability of a
sampling site andlor the concentration of an analytc. In other words, the
program code of the software instructs the microprocessor to can-y out all
the steps which are necessary for it to determine one or more 15 of the
site's functions, such as the flow characteristics of the site, Hnd/or the
sample type characteristics) i,e., whether the site include primarily
arterial/capillary, venous or interstitial fluid, the appropriateness of
the site for a particular tell. ;end the concentration of at (cast one
analyte in the sample, among other functions such as automatically
activating the device;, etc. 20 IV. Skirt I'iercir~~ Element '!'hc device
rrxay further include pit least one skin-piercing element, e.g., a needle
or the like, for accessing and withdrawing or collecting the targeted
sample fluid. The at least one skin-piercin ; element may be associated
with an actuating mechanism, such as a springloaded mechanism, for manually
actuating the at least one skin-piercing element towards the 25 skin;
However, the at least one skin-piercing element may ~~Iso be capable of
being activated automatically. Representative lancing elements adaptable
for use with the present invention include, but are not limited to, those
disclosed in U.S. Patent lVos. 4,449,529; 4,892,097; S,314,441; 5,318,54;
5,3GG,469; 5,395,388; 5,439,473; 5,454,828 5,540,709) 6,197,040; C,071,294;
6,045) 567 and 6,p36,924, the di sclusure of which are herein incorporated
by ~0 refere:ncc. hurthc;rmre, the Penlet ~a brand filood Samplers
manufactured by LifeScan, lnc. ;ire also adaptable for use with the present
invention, The at least one skin-Piercing element may further include a
fluid pathway or channel operatively associated with, c.g,, either within,
concentric with or adjacent to, the at least one skin-piercing element for
transporting (~luid acc;eSwd by the element, -30~   The at least one
skin-piercing element may also include one or more fluid enhancing elements
for stimulating the production or expression of physiological fluid from
the site. For example, a vibration element may be operatively associated
wish the present dc;vice or with the at least one skin-piercing element of
the device, where such a vibration device is 5 capable of vibr:~tling al a
frequency in the range of about 10 to 1000 Hz, Tn certain embodiments, the
fluid enhancing means may include, in addition to or in place of other
t7uid stimulating elements, a temperature element to increase the
temperature of the site to slitrulate fluid expression. 10 Y Test ,S'trips
The device may be adapted to receive or otherwise be operatively associated
tit- in cotnmunication with standard analyte concentration determination
test strips, e.g., glucose rc:agenl lest slops. In many devices of the
subject methods, one or more test strips arc capable of being loaded
directly info the device, i.e., the present device is configured to l 5 rc;
cei ve at least one test strip, before, during or after the physiological
sample is extracted. Examples of such a reagent test strips suitable for
use with the subject invention include (hose described in copending U.S.
Application Serial Nos. 09/333,793; 09I497,304; 091497,2G9; 09173G,788 and
09/746,116, and U.S. Patent Nos, 5,563,042; 5,753,4S2; 5,789,255, the
disclosures of which are Herein incorporated by reference. 2U ~fl thOSe
elTlbodimenlS WhCre a 1't%ag~nt ICSt St1'Ip is in Communieatiorl Wlll1 the
device, an elerrtcnt for automatically determining the concentration of an
analyte in a physiological simple may also be included in the device, where
such automatic elements, e,b~., automatic meters) arc well known in the
art. Examples of such automatic elements adaptable for use with the present
invention include those described in U.S. Patent Nos, 4,734,3G0; 4,900,66G;
25 4, 935,34G; S,059,394; 5,304,4G8; 5,306,G23; 5,418,142; 5,42G,032;
5,515) 170; 5,526, l20; 5,5G3,042; 5,620,8G3; 5,753,429; 5,573,452;
5,780,304; 5,789,255; 5,843,691; 5,846,48G; 5,9G8,836; 5,972,294 and
described in copending U.S. Application Serial Nos. 09/333,793; 09I497,304;
09I497,269; 09(73b,788 and 09l746,1 l6, the disclosures of which arc herein
incorporated by reference, 



30 Referring now to the drawings, Figure 3 provides a representation of an
exemplary device of the .gubjcct invention showing; tt cut-ttway view of
the proximrtl portion of the device. iFigurc 3 shows device 2 mado-up of an
ouicr housing 18, which includes a visual display or liquid crystal display
4 for displaying results to a user of the device (as mentioned cibove,
information may also be audibly communicated to the user in stead or in
addition to -31   being visually displayed) and a proximal orifice 10,
where the proximal orifice of the device 2 is in communication with, or is
in close Proximity to, an area of skin S. A cut-away view of the proximal
portion 8 of the device 2 reveals the inner components of the subject
device. Accordingly, device 2 includes flow characterization element 12,
sample type characterisation element 14, temperature sensor 1G and
microprocessor G. Figure 4 provides a representation of an exemplary
proximal portion of the subject device, showing a cut-away view of the
proximal portion. In this particular embodiment, the proximal portion 32 of
the device 301s Shown, where a proximal portion 32 of device 30 i nc;ludes
a flow characterization clement made up of temperature characteriz,;tion
clement 22 10 and a sample type chat'aeterixation element v,~hich includes
laser diode ZU and 3aser diode 21 and detectors 23 and 25. Further included
in this embodiment is at least one skin-piercing clement 24, operatively
associated with spring mechanism 26. Device 30 includes reagent test strip
28, where test strip 28 may be in communication with an internal lumen of
the at lcnst one skin-Piercing element 24 (not shown) or some other
elongated rube or Iransfcr 15 element, through which sample is drawn to the
test strip 28. It will be apparent, however) that test strip 28 may be
separate from andlor otherwise adjacent to the skin-Piercing element 24.
KITS Also provided by the subject invention are kits for use in practicing
the subject 20 methods. The kits of the subject invention include at least
one subject device, where such a device includes at least one flow
characterization element for characterizing the flow of a potential
Physiological sampling site and/or may include a sample type
characleriialion clement for determining the type of fluidic contents of
the site. Oftentimes the kits of the subject invention include a plurality
of such devices, The kits may also include a reusable or 25 disposable
lancing clement, if not already integrated into the device. Furthermore,
the kit may also include a reusable ~r disposable meter, if not already
integrated into the device, that rnay be used with reusable or disposable
test strips used with the subject invention, Certain kits may include
various types of test strips, e.g., where various test strips ccmtain the
same or different reagents, e.,~.) electrochemical andlor colorime-trio
test strips. Finally, the s0 kits may furltter i11C111dL 111St1'LICtIOnS
for using the subject devices for determining a suitable physiological
fluid sutnPling site and/or for detcr~mining the concentration of ai leash
one analyte in a physiological sample. "fhe instructions may be printed on
a substrate, such as paper or plastic, e~c. As such, the instructions may
be present in the kits as a package insert, -32   in the l~~beling of the
container of the kit or components thereof (i,e., associated with the
packaging or yub-Packaging) etc. ;(n other emboditnents, the instructions
arc present as an electronic storage data file present on a suitable
computer readable storage medium, e,g,) CD-ROM, diskette, etc,
F,XPI:RIIVIL'N!'AL The following example correlating skin temperature with
fluid volume is offered by way of illustration and not by way of limitatio.
10 A fine thermocouple (0.U02 inch type Cl-lAL from Omega'fcchnologies
Corp.), ~issoeiated at the end of a Pcnlet0 Plus 131ood Sampler using a
fiinePointTM lancet from L,iFeScan , lnc., was used Eo measure the
temperature of a sampling site and to access and obtain sample therefrom.
As such, the thermocouple was positioned in the center of the orifice of
the'Hlood Sampler having a variable depth s~tling fixed to 6, A location on
the S upper forearm of a subject was chosen as a sampling rile, The
temperature of the site was measured and the site was lanced substantially
immediately thereafter. Sample which was readily expressed for a period of
about 30 seconds was collected and the weight thereof was dctennined. This
Procedure was repeated for a sample size of 21. 



Figure 5 shows the results of the amount of blood volume) represented by
sample 20 weighs) collected for each temperature. The graph shows that
there is a clear con~clation between temperature of a site and the weight
or volume of sample obtainable therefrom, Tl~~cre is one outlic.r at about
29.1C) which may be attributed to a deeper lancing depth or tlac like. 25
Zt is evident from the above description and discussion that the above
described invention provides a simple, duick and convenient way to locate a
suitable physiological fluid sampling site, obtain a physiological sample
from the suitable site and determine tm tmalyte concentration thereof.'1'he
above described invention provides a number of advantages, including ease
of use, a singly skin-piercing event, non-invasiveness and 30 c:c~mP;
~tihility wish birth electrochemical and colorimclric analyte
concentro-iticm ch;ir;rcterit~~t.ion u5scrys. As such, the subjec;l
invention represet,5 a signifie;int contribution to the au, All
publications and patents cited in this specification are herein
incorporated by reference as if cacti individual publication or patent were
specifically and individually -33   indicated to be incorporated by
reference. 'fhe citation of any publication is for its disclosure prior to
the filing dale and should not be consti~ucd as an admission that the
present invention is not entitled to antedate such publication by virtue
oi'prior invention. Although the foregoing invention has been described in
some derail by way of 5 illustration and example for purposes of clarity of
understanding, it is readily apparent to those of ordinary skill in the art
in light of the teachings of this invention that certain changes and
modipcations may be made thereto without departing from the spirit or scope
of the appended claims. -34   WHAT 1S CI~A1MED 1S; 5 1. A device for
determining a suitable site for sampling physiologic;~l fluid, said device
comprising: (a) at least one flow chaxaclcrizalion element f or aetenmining
the flow of sad site; and 1 () (b) at least one skin-piercing element for
accessing said physiological fluid al said site. 2. The device according to
claim 1, wherein said at least one llow characterization element comprises
an element capable of determining the temperature of 15 paid (Site. 3. The
device according to claim 1, wherein said at least one flow
characterization element comprises an element capable of deterntining red
blood cell ehar~lcler of said sits. 2U 4. The device according to claim 1,
wherein said at least one t7ow ch:~raeleiixalion clement comprises at least
one light source for irradiating tissuo with light and at least one
detector for detecting the light absorbed by said tissue. 2S 5. The device
according to claim 4, wherein at least one light s~urec is capable of
emitting light at a wavclengih in the range from about ~FUO nrn to 1200 nm.
6. The device according to claim 1, wherein said at lease one flow
characterization clement comprises an element capable of performing Doppler
flowmclry. 



30 7. The device according to claim 1, further comprising a nucrop~~ocessor
for hroccssing measurements ohtai ncd by sflid flow charactcrlzation
clement. -35   8. The device according to claim 1, further contprisins an
analytc concentration determination reagent test strip. 9, The device
according to claim 8, wherein ,said test strip is an 5 clcclrochcrnical
test strip. 10. 1'he device acc';ording to claim 8, wherein said test strip
is a colorimelric lest strip. 10 11. T he device according to claim 1,
further comprising a means for automatically determining the concentration
of at least one analyte in said physiological sample, 12. 'the device
according to claim 1, further comprising at least one fluid 1~ cnhtincing
element, 13, The device according to claim 1, further comprising at least
one samrle type characterization element. 2~ 14. The device according to
claim 13, wherein said at least one sample type characterisation element
comprises a pulse characterization element, 1S. The device according to
claim 13, wherein said at least one sample type characterization element
comprises a hctttoglobin characterization element. 2.5 -36
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