LANCI NG DEVI CE W TH TRI GGER MECHANI SM  FOR PENETRATI ON DEPTH CONTROL
BACKGROUND OF THE I NVENTION 1. Field of the Invention [0001] The present
invention relates, in general, to lancing devices and, in particular, to
lancing devices with penetration depth control and associ ated net hods of
use. 2. Description of the Related Art [0002] Conventional |ancing devices
generally have a rigid housing and a | ancet that can be arned and | aunched
so as to briefly protrude fromone end of the |lancing device. For exanple,
conventional |ancing devices can include a |lancet that is nounted within a
rigid housing such that the lancet is novable relative to the rigid housing
along a longitudinal axis thereof Typicall the |l ancet is spring |oaded
and | aunched, upon rel dANCHG ng%TpWHBH f%l%%%tw?élwl.sé‘?, "l ance") a
target site (e.g., a dernmal FORBENETRAJAON BEPTH CONIRMDgi cal fluid sanple
(e.g., a whole blood sanple) can then be expressed fromthe penetrated
target site for collection and anal ysis. Conventional |ancing devices are
described in U S. Patent No. 5,730,753 to Morita, U S. Patent No. 6,045, 567
to Taylor et al. and U S. Pa . 7 s et al., each of
which is incorporated fully hmﬁgwﬁpﬁﬁgéwﬁmm ng devi ces
often include a cap that engages the target site. Such a cap has an
aperture (i.e., ap@ulagithe idvemiomh whi ch the | ancet protrudes during use.

Typically, a_ distal d of the cap will .be placed i.n contact with the
(arget 1 te 10 ng us P MRt BoEioh e BFs ihE R a mERE COPe ERady B e b e
adapted for cont agfingideticRrataieatrdtide defth caffol afd 4s8SuiatédiBthads éfiurger s,
ear| obes, forearns and the abdonmen. [0004] When a cap is contacted with a

target site, pressure is usually applied to the target site prior to |aunch

of the lancet. Thi HpLEHSHbELERIERAIAIE Cap against the target 1

[0002] Conventional lancing devices generally have a rigid housing and a lancet that

can be armed and launched so as to briefly protrude from one end of the lancing device.
For example, conventional lancing devices can include a lancet that is mounted within
a rigid housing such that the lancet is movable relative to the rigid housing along a
longitudinal axis thereof. Typically, the lancet is spring loaded and launched, upon
release of the spring, to penetrate (i.e., “lance”) a target site (e.g., a dermal tissue target
site). A biological fluid sample (e.g., a whole blood sample) can then be expressed
from the penetrated target site for collection and analysis. Conventional lancing
devices are described in U.S. Patent No. 5,730,753 to Morita, U.S. Patent No.
6,045,567 to Taylor et al. and U.S. Patent No. 6,071,250 to Douglas et al., each of

which 1s incorporated fully herein by reference.

[0003] Lancing devices often include a cap that engages the target site. Such a cap has
an aperture (i.e., opening), through which the lancet protrudes during use. Typically, a
distal end of the cap will be placed in contact with the target site during use. The
profile of the distal end of the cap can be adapted for contact with predetermined target

sites, such as fingers, earlobes, forearms and the abdomen.

[0004] When a cap is contacted with a target site, pressure is usually applied to the

target site prior to launch of the lancet. This pressure urges the cap against the target



site and creates a target site bulge within the opening of the cap. The

| ancet is then |aunched to penetrate the target site bulge. [0005] Wen
pressure is applied by such a cap against a target site, however, the height
of the resultant target site bulge can vary greatly depending on the

di rensions of the cap's opening, the magnitude of applied pressure and

vari ous physical properties (e.g., elasticity) of the target site. Such
variability in target site bul ge height causes the penetration depth of the
| ancet into the target site bulge to vary as well. Thus, a lancet can

potentially penetrate too deeply in sone circunstances and not deeply

enough, or at alde ahdlcRhBES tafpet GPRIRNGES: thgt)ﬁ)énling'}:ltggl%e&p.i Fht Dcdliheh

therefore, is a lancing device and associated net that provide for a
controll ed and cdmgicktdnpeptiatetthatargshsittdpige. SUMMVARY OF THE | NVENTI ON [ 0006]
Lanci ng devi ces and associ ated net hods according to enbodi nents of the
present invention provide for a controlled and consistent penetration depth.
A lancing deoésje accdViginigeskwre damapplaiip) scly a espbapdinatenturgef sitehkovpaves értheight

i nvention includes _a housing, a lancing nmechapi smoperatjvely attached to
the housing. a prodBIFuEras sge bge CraB e D deRE) I B i ggaps of i
mechani sm The prgssdpnitg, bhelrtaghu@adTaypldlatrAGGE at DvAr{dgs plRRKE] REpaid (e.g.,
configured to engage a target site and create a target site bulge. [0007]
The trigger mecha&Hsseiy) of the targeysite Such varrbilay i argebsiteduigstheight eaupssiteee of a
predet erm ned hei : j.gger.i 'mggp' Lzt e
pressure tip w {0 %Pér‘%gg'g%?p&?g{tﬁﬁ@ﬁ%b“é{’ E\HSQQTﬂeSH?Prﬁg%%OI I za%% %ﬂﬁo?ﬂ{ghagltméep

pr esslre ti p pr evempsentmilh pegtrerttoe fxpntyan some biccuhmtageds agd het deaplyendugbadri on

relative to the h i.n Si.nce the % ati.on. ; arget .site .bulge
el ati ve to tne ROETRGTPORRRrpgr oo Rlntes AR BRRR IS bfioRyhdfee
i mobi | i zat i on ofantl B8o¢isted mdthed thap propiia b adonollcdent Bomstsiait Penetratidtsdepthent
upon each use of the lancing device according to the present invention.

[ 0008] A nethod for lancing a target site according to an exenpl ary

enbodi ment of the present invepMMARYOFYESS 1LVENTIONOVI ding a | ancing
devi ce (according to the present

[0006] Lancing devices and associated methods according to embodiments of the
present invention provide for a controlled and consistent penetration depth. A lancing
device according to an exemplary embodiment of the present invention includes a
housing, a lancing mechanism operatively attached to the housing, a pressure tip (e.g., a
pressure ring) and a trigger mechanism. The pressure tip is moveably attached to the

housing and is configured to engage a target site and create a target site bulge.

[0007) The trigger mechanism is configured for detecting a target site bulge of a
predetermined height and, thereafter, triggering an immobilization of the pressure tip
with respect to the housing. The immobilization of the pressure tip prevents '
subsequent change in the target site bulge location relative to the housing. Since the
location of the target site bulge relative to the housing is controlled by the trigger
mechanism, via immobilization of the pressure tip, penetration depth remains

consistent upon each use of the lancing device according to the present invention.

[0008] A method for lancing a target site according to an exemplary embodiment of the

present invention includes first providing a lancing device (according to the present



2 invention as described herein), followed by contacting a pressure tip of
the lancing device with the target site. Next, the pressure tip is urged
towards the target site, thereby creating a target site bulge that is
detected by a trigger mechanismof the |[|ancing device. The trigger

mechani smthereafter triggers an imobilization of the pressure tip with
respect to the housing. Subsequently, the target site bulge is lanced wth
a lancet mechani sm of the |ancing device. BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0009] A better understanding of the features and advantages of the present
invention wll be obtained by reference to the follow ng detailed

description that ;8ehfon Rldbfribtd ﬂ;éx@ﬁf #1loved ﬁy‘p&}gédfr%g%%reséd?e WhbEte idABing
principles of the invention are utilized, acconpanyi ng draw ngs, of

whi ch: [0010] FI Gevide with the progs |5te t INex, tb&m‘:@d@dlp\ﬂs swedfovardsahetangst sitevi ce
according to an e t v 1] FIG
21is a perspectl e%m%r {'¥gagg%%g% [E%F%Q{.at‘i éaeteT%F f}bgq m%ﬁl ﬁqg% \r}i’mcgeptg FIG 1;
[0012] FIG 3A i $anamg IdEIir)J:d fhedriggee hettainism theea®s rigpetsiao mamovbilewioafofahedi St al
portion of the |ancing device of

target site; [OORTEFSUF] 8 WHIBTGSRECS 0] tF?‘rlﬁ)"l"is’f"igeg‘r’ﬂ’sga‘I‘Fé’ﬂﬁ’ttk%tar:??gt 3"’@%’6? EaBH‘%I Vi ew

of a distal port iR aQncetN&hhABE NGhe B ¥IngRedte. FI G | during formation of a
target site bulge; [0014] FIG 3Cis a sinplified, schematic,

cross-sectional view of a portion of the |Iancing device of FIG 1 depicting

novenent of the pressure rﬁﬂ%ﬁnghghéﬁﬁ&%}eT&%éﬂﬁA%ﬁ the I ancing

device; [0015] FIG 3Dis schema cross-sectional view of a
di st al portion of the lancing device of FIG 1 depicting the trigger

rechani sm 1 fgmBj || 21 g vbfie uRAGRAMR: of thOBaitkcs And E3ARGEes\ P widiRelAinl dion

[0016] FIG 3E1s a sinplified, schematic, cross-sectional view of a distal

portion of the willbe obtained by reference to the fol]owmg detailed description that sets forth
illustrative embodiments, in which the principles of the invention are utilized, and the
accompanying drawings, of which:

[0010] FIG. 1 is a perspective exploded view of a lancing device according to an
exemplary embodiment of the present invention;

[0011] FIG. 2 is a perspective view of a distal portion of the lancing device of FIG. 1;

[0012] FIG. 3A is a simplified, schematic, cross-sectional view of a distal portion of
the lancing device of FIG. 1 during initial contact with a target site;

[0013] FIG. 3B is a simplified, schematic, cross-sectional view of a distal portion of
the lancing device of FIG. 1 during formation of a target site bulge;

! [0014]} FIG. 3C is a simplified, schematic, cross-sectional view of a portion of the
lancing device of FIG. 1 depicting movement of the pressure ring relative to the
housing of the lancing device;

[0015] FIG. 3D is a simplified, schematic, cross-sectional view of a distal portion of
the lancing device of FIG. 1 depicting the trigger mechanism immobilizing the pressure
ring with respect to the housing;

[0016] FIG. 3E is a simplified, schematic, cross-sectional view of a distal portion of the
lancing device of FIG. 1 depicting the lancing of the target site bulge; and

[0017] FIG. 4 a flow diagram illustrating a sequence of steps for lancing a target site

according to the present invention.

(%)



| anci ng device of FIG 1 depicting the lancing of the target site bul ge; and
[0017] FIG 4 a flow diagramillustrating a sequence of steps for lancing a
target site according to the present invention. 3 DETAI LED DESCRI PTI ON OF
THE | NVENTI ON [ 0018] FIG 1 shows a perspective expl oded view of an

exenpl ary enbodi nent of a |ancing device 10 according to the present

i nvention. Lancing device 10 includes a housing 12, trigger nechani sm 14,
pressure tip 16, bias spring 18 and a suitable | ancing nechani sm (not
shown). The | ancing mechanismis operatively attached to the housing and
can include a |l aunch spring, |ancet carriage, |ancet hol der and | ancet. Once
apprised of the present disclosure, one of ordinary skill in the art wll
recogni ze suitable | ancj i | ary. | i chani sns t hat
are suitable for use ar ebggé‘gﬁf&%é@]@%ﬁeﬁp Iﬁgﬁﬂﬁ%dﬁS 567 and

6, 197, 040, each of which is fully incorporated herein by reference. [0019]
Trigger nec Lsm 14 includes two | ockin am.s 2 with pawl , ratchet. teeth
29y i TORBET " ar nEi5d Shie SRR9E FoBEEHEw Bl wh S Hnub Bt ar o
for detecting alaha@ihgaévisd 10eachoriBg t@fhe PreRéR dlefich. NeMcRgideVite BNMEcludes a
thereafter, trig erinq an imobilization (locking) of pressure tip 16 with
respect to housi PYPSINE 12t HEeuByechypey dhtrersira sy 18U ehueasd 8 anthngatabls lapcingr get
site bul ge | ocat] bV, t i ; i : bW d iR
arget site bul e her ohe ey Rt e L el DO Y, e
in the range of @dmantrshBiemriaunchepraigi lahest camagen nggttholgiet dnd lprcebddicge,
however, that target_si b heights ¢ =) e ing. : r
exanpl ¢, the di nngrond Bl a S ARG B RSN b
of any suit abl elané¢igg thectehimisa Exémpgbrydaneing rherhamenis thatart edtabie, foaaseyteoni tril e

pol ystyr ane. wat oSseaRbegen bt AL koarp&r R el L herefEchan sm 14

can al so be confingstp@died WerinBCiRARNCAl |

- [0019) Trigger mechanism 14 includes two locking pawls 20 (with pawl ratchet teeth
22), pawl trigger arms 24 and axes 26. Trigger mechanism 14 is configured for
detecting a target site bulge of a predetermined height and, thereafter, triggering an
immobilization (locking) of pressure tip 16 with respect to housing 12, thereby
preventing any subsequent change in a target site bulge location relative to the
housing.. Typical, but non-limiting, target site bulge heights that can be detected by the
trigger mechanism are in the range of 0 mm to 5 mm. One skilled in the art will

' recognize, however, that target site bulge heights can exceed 5 mm depending on, for
example, the dimensions of the pressure tip. Locking pawls 20 can be formed of any
suitable rigid material including, but not limited to, acrylonitrile butadiene styrene
plastic material, injection moldable plastic material, polystyrene material or metallic
material. If desired, trigger mechanism 14 can also be configured, via mechanical,
electrical and/or other suitable means known to one skilled in the art, to initiate lancing

by the lancing mechanism once the pressure tip has been immobilized.

[0020] Once apprised of the present disclosure, one skilled in the art will recognize that
the trigger mechanism of lancing devices according to the present invention can take

forms other than the locking pawls, trigger arms and axes of trigger mechanism 14. For



el ectrical and/or other suitable nmeans known to one skilled in the art, to
initiate lancing by the |ancing nmechani smonce the pressure tip has been

i mmobi |i zed. [0020] Once apprised of the present disclosure, one skilled in
the art will recognize that the trigger nechani smof |ancing devices
according to the present invention can take fornms other than the | ocking
paw s, trigger arnms and axes of trigger nechanism 14. For 4 exanple, the
trigger nechanismcan include a frictional clutch or el ectromagnetic

| ocki ng mechani sm instead of pawl ratchet teeth, adapted for inmobilizing
the pressure ring. Furthernore, the trigger nmechani smof |ancing devices
according to theexqmmmtrigmmh@nnt@uIilu:tltidﬁ(alfdd@naimlalcbotqub@aima@netmpti cal

i gt Such an SpETERTePERy et o T it R be FordaR PR ght

emtter and a |i gRbsuetetige tRFheRN, 6@ B8k hrchale] dTdaripiiet Rad akordirgtg@le Site
bul ge of predeterm ned hei ght can be optically detected. Such detection can
occur, for exanpPBEsenhipvernCcaylgeatciudepp e*@&iﬂg@ of ﬁP%qa} TG HYi St ol Gondjsmreddp detect

comuni cati on } - pat el R eRd:RAnibl oRketR Mhiioh AR MBS aE bfucer DY

the target site bulge acting as a reflector that Creates an optical
communi cat i on pafotrl\ﬂlea}nnieta\mérﬁm iser 4nd gHighedetactos moanigd ohthgHtousiag sethdhat 2| n

addi ti on, SUCh lg%%h%to%%ﬁe%éﬂr Becd*lqe czQ'leo @%Eﬁéf’ &é?écééd' Sﬁ&e&técﬂof'i‘@an .

el ectrorrechanl ca |zes sur ce a target site
bul ge of predet ecrcm lﬁt&dathplghiy thasrdeeste tuh@eemtﬁubtmg ahimptmrbtommhmncalomy

sulsh, 100211 Houel na 12, il pics, avd ALs pelrenty LLces 28, 0 04T on

t hrough-sl ots 30, remre@t&stume:réatd@ aﬁ@b@dﬁﬁ&omxhﬁ}ﬂ&efhoﬁ%aﬂl@@?ﬁét@@érﬁtﬁeﬂ@htﬁﬁﬁgﬁ%nw th
pawl ratchet teeth 22 as described bel ow? and aopening 34. Pressure tip 16
i s configured fonshédgiagiPhgn additieysichenogtigadreday swatch &piwhy operatiyelydinked gen

site) and creatifgRnlthBRlal B &&%&%n&@@{mﬁ@% hﬁ'oEée@-ta%)at sifebulgd®f
enbodi rent of FIG 1, pressure tip ts at least partially w thin housing

12.  Through- sl omrsd@@nmedme@bglms@em %t@@déwéhmmlgelﬁééwt@ provi de for paw
trigger arns 24

[0021] Housing 12 includes pawl attachment fixtures 28. In addition, pressure tip 16 is
moveably attached to housing 12 and includes through-slots 30, pressure tip ratchet
teeth 32 (configured to engage with pawl ratchet teeth 22 as described below), and
opening 34. Pressure tip 16 1s configured for engaging a target site (e.g., a dermal
tissue target site) and creating a target site bulge (not shown in FIG. 1). In the
embodiment of FIG. 1, pressure tip 16 fits at least partially within housing 12.

) Through-slots 30 of pressure tip 16 are configured to provide for pawl trigger arms 24
to project into opening 34 of pressure tip 16 (as illustrated in detail in FIGs. 2 and 3A
through 3E below). In addition, housing 12 can include projections (not shown in the
figures) or other suitable means for preventing pressure tip 16 from being inadvertently
displaced entirely from within housing 12. Exemplary pressure tips that are suitable for
use are described in U.S. Patent No. 6,203,504 and U.S. Patent Application Publication
No. 2002/0016606, each of which is fully incorporated herein by reference.

[0022) Opening 34 may be, but is not limited to, a circular shape opening, square shape
opening, triangular shape opening, C-shape opening, U-shape opening, hexagonal

shape opening and an octagonal shape opening. In addition, the surface of pressure tip



to project into opening 34 of pressure tip 16 (as illustrated in detail in
FIGs. 2 and 3A through 3E below). In addition, housing 12 can incl ude
proj ections (not shown in the figures) or other suitable neans for
preventing pressure tip 16 from being inadvertently displaced entirely from
Wi thin housing 12. Exenplary pressure tips that are suitable for use are
described in U S. Patent No. 6,203,504 and U. S. Patent Application
Publ i cation No. 2002/0016606, each of which is fully incorporated herein by
reference. [0022] Opening 34 nmay be, but is not limted to, a circular shape
openi ng, square shape opening, triangular shape openi ng, C-shape opening,
U- shape openi ng, lﬁwxlag@rbat is nghlapeedopesmioath, mddwﬁd@ﬁqgmaﬂougﬂappeﬁlgp%ni ng I n
addition, the sutface ssure ti t mie

a%gadl Ul Z3aH. %?ph&?tmnﬁl%‘lmés% 2@ adi 860 binich W Ay O

snoot h, rounded 5ges a-con scrl

Appl i cati on Publ fufigtricemobdeed @Q@%&@%ﬁ@@urew 1Eltah $e farebyf, f&Lexbmple a rigid
i ncorporated by reference. Pressure tlg can be fornmed of, for exanple, a
rigid or a rel aqr|a\;é]|ag;verl)égqs1lqe:@t,lp( fisformabisnaieia inaedng drt nqtﬁaliﬁéﬂﬁﬁlas%me“ﬁot

limted, to elaspoogii ‘bolﬁ?etn%"rﬁa@érﬁls PR BRE S ATBE AL 1AL SmatRhlY WhiRbhane

materi al s, latex materials, liconé materials and any conbinations

t her eof . [0023] Imt@salsmdamgcmlbmgtl@@rﬁlﬁqr@.fr ed to apply a pre-load force in
the range of about 3 N to 13 N against pressure tip 16 and preferably
applies a pre-load force of in the range of 9 Nto 10 N against pressure
tip 16. The[Opzs | oad Himsrspe‘ngﬁstﬁ@sﬁgtpedmgapﬁ]&asm\k&dfd)roe ixphondngeofmouaSN

det d f
For ce of 'the. bi 48 1S5 Patat osbis apisrRa ¥aY e e FEr Ped blroPan Bedae afi on

thereof. Such @ predeNeainigdesTilitpul) The fR-16aBlopde®f fhs BEHitef 18Cdeles foor
i ncreasing the volune,  of sanple expressed froma target site. As_bias
spring 18 is corPﬁP\égf‘s@ﬁadj’EﬁdF‘i’?ﬂm&@ m"tlﬁlém TPE5F Slee-pIiTREM 9ree pahiodhe BiSt i ng

can increase. AlBy@fo%loft}QLﬂlas%@Hné)HHb& %ng]ed wwa?g;e&ﬁteluefor& BénctRibd @erebor ce i's
| ess than 5% of the pre-load force. depicts a distal portion

200 of |ancing dagh @@reggtemqmgzﬂm@_@g@mﬁog‘g hgq pip¥en beneﬁc1a1 for increasing the volume
of sample expressed from a target site. As bias spring 18 is compressed during use, the

force applied by the bias spring can increase. A typical, but non-limiting, increase in

the applied force is less than 5% of the pre-load force.

(0024} FIG. 2 depicts a distal portion 200 of lancing device 10 in an assembled state,
with dashed lines indicating elements that are hidden from view. Prior to use, a portion
of pressure tip 16 1s retained in housing 12 and a portion 210 of pressure tip 16 extends
from the end of housing 12. This retained portion of pressure tip 16 serves to facilitate
longitudinal movement of pressure tip 16 along a straight line within housing 12. In
the embodiment of FIG. 2, the portion of pressure tip 16 that extends from housing 12
extends a distance in the range of about 6 mm to 12 mm. This extended portion of
pressure tip 16 serves to provide a distance for the pressure tip to move within the
housing while avoiding undesirable interference between the target site and any
components of the lancing device. In addition, FIG. 2 depicts the manner in which
trigger mechanism 14 is pivotally attached to housing 12 via axes 26 and pawl

attachment fixtures 28.



wi th dashed lines indicating elenments that are hidden fromview Prior to
use, a portion of pressure tip 16 is retained in housing 12 and a portion
210 of pressure tip 16 extends fromthe end of housing 12. This retained
portion of pressure tip 16 serves to facilitate |ongitudinal novenent of
pressure tip 16 along a straight Iine within housing 12. In the enbodi nent
of FIG 2, the portion of pressure tip 16 that extends from housing 12
extends a distance in the range of about 6 nmto 12 nm This extended
portion of pressure tip 16 serves to provide a distance for the pressure
tip to nove within the _housing while av0|d|g$ undesirabl e interference

bet ween t he [(#%Shet si Lackingpauny20 ae ApBasltbiased by hght sprngs fept gaepsuch that
addi tion, FIG 2 %@paa&ha t&éaﬁzmrwéssﬁﬂatg@me&t telef 'ﬁg%dle@@ﬁgéa gt sk 8f the

plvotally attach&d to housing 12 'via ax attac nt fixtures
28. 6 [00251 Lockinapggavits a2¢hoamen EHG. érulclyllghtaMS la;c delegtet] aspromiigsred not

h h that w. ratchet te t t teeth 32
el sengaged pPPBF S(BeC e REPUHES FARE AN HBUPREPead ANGRIPI" P o2, ~Such

| i ght springs arenggdrBigdoditg paemd 2qgured to apply a force of, for exanple,
|l ess than I N (for exanple, 0.2 Nor less) in order to angularly bias
| ocking pawl s 20. [0026} FIGs. 3A through 3E depict |ancing device 10 during

various stagapepf a W@C?§%r$ﬁ§h3l sc@&nangaéxg&tlosciurnﬁgmeus%sag&osﬁd above,
| anci ng device 10 includes a suita | anci ng mechani sm FI Gs.” 3A through

3E depict a |ancerqq@qsé@rrlar@aﬂoairf@rgemmﬁheﬁs Mwoaépvg@nemtdqvmh@aclusim 40) of
suchya sui tabl e %@gﬁkﬁ% ?ﬁl&ﬂéﬁ!&. FR2AY tl{l;r&%e%: Eeﬁnc?g'i‘anlesholﬁ 368%anpl e, any

SU|t3bIe di sposa ance nown to one e art hose skilled
inthe art wll attsbedlenmydl @athtlaatet ipAQ)eif s3B acsmnajelanciepmzckahism.t h an
integrated | ance-strip device, such as that disclosed in U S Patent
Application 10/143,399, International Patent Application No. PCT/US01/ 07169,
| nt er nat i ong#024pp! i cal.ineer I8aan PETHERSPRS H3Aultgblissdietle #mcMAn0Rh 49&27 on

June skilled in the art. Those skilled in the art will also recognize that lancet 38 can be
replaced with an integrated lance-strip device, such as that disclosed in U.S. Patent
Application 10/143,399, International Patent Application No. PCT/US01/07169,
Intemnational Application No. PCT/GB01/05634 (published as WO 02/49507 on June
27, 2002), and International Patent Application No. PCT/GB02/03772, each of which is

hereby fully incorporated by reference.

{0028] FIG. 3A 1s a schematic, cross-sectional view of a distal portion 310 of lancing
Y, device 10 during initial contact with a target site (T), such as a dermal tissue target site.
Such an initial contact can, for example, occur with a minimal amount of force (e.g., a
force in the range of about 3N to 13 N). Under such a minimal amount of force, target

site T has not developed a significant target site bulge.

[0029] FIG. 3B 1s a schematic, cross-sectional view of distal portion 310 during the
initial formation of a target site bulge (TB). As lancing device 10 is pressed against the
target site, pressure tip 16 engages the target site and creates a target site bulge TB
within opening 34. At the stage depicted in FIG. 3B (i.e., the initial formation of a

target site bulge), the amount of force applied by lancing device 10 to the target site



27, 2002), and International Patent Application No. PCT/GB02/03 7 72, each
of which is hereby fully incorporated by reference. [0028] FIG 3Ais a
schematic, cross-sectional view of a distal portion 310 of lancing device
10 during initial contact with a target site (T), such as a dermal tissue
target site. Such an initial contact can, for exanple, occur with a m ninal
amount of force (e.g., a force in the range of about 3N te 13 N). Under
such a mnimal anmount of force, target site T has not devel oped a
significant target site bulge. [0029] FIG 3B is a schematic,

cross-sectional view of distal portion 310 during the initi al_formation of
a target site buPRpECICHE) butalgey nglexsegd.dies predoatdorcs opbiasspamg d§ailhyt, presaire

target site, pre hisl aesioliag et site and creates a target
site bulge TB ﬁﬁ%lﬁﬁ %ﬁh&gﬁﬁe}%ﬁ egto}ﬁ Slﬁ g%e depicted in FIG 3B (i.e.,

the initial formation of a target site bulge) t he amount of force applied

the pro- | oadPBf oo of B 26 hRPRG 1o Strs ORI Besi goringd 6 RS MEE RBved

relative to houspile pssutdip3@]atift fo thdkoustgd f #eh@itaig device! BS SheS@EdunOsAbre¥ i €W
of portion 310 dep |ct|ng nmovenment . of the pressure tip relative to the
housing of the | #pbehlp elprachsiteas ncrrasednibgaprlise fotss E’é’ee%b? pedorbiorgett ar get

site is increasegys iR apRhd %@ssfuf%rtﬁﬁlée%G%Q§aﬁ\QQOHBI%lrlgommft@f}R:Qaﬁgt sitbi as

spring 18 and pressure tip 16 noves relative to housing 12 until "the target
site bul ge contbwgscopteals pev] Gigeer aampe4.2 et fygherfapplidaben effptdecandesockngf or ce

1o °8° hocking - paw o %c}o{a% anﬁtu%&%bﬁ'%%g m?&'?«?)g de&rd f i T mﬂla‘%‘ér@lggrr eSpRath © tip

16 in place with respect w T at
pressure tip rat hd’lBingtlE@ial"paﬂQr,atchst tedtlh 235 sndpgredurienip ritckt t2Eh 32Tk Hlustrated in

DUl go. rel ati v | AD. NEEPE S AR DBy aie Pt e o2 HehgETE Bt

facilitated by, bfigdreRsadltBe hoigtigOThaphivatios RF hiithePEhagpd dantemiilifafed blyoad
force that application of additional force follow ng immbilization of the
pressure tip do efor ﬁ)&ﬁmpé% b‘?ee%f aéﬁ?%,Spnno of sufficient pre-load force that application of

additional force following immobilization of the pressure tip does not appreciably
increase the height of the target site bulge. In other words, the bias spring can be
chosen such that the target site bulge reaches its maximum height under the pre-load
force of the bias spring. Furthermore, in the event that insufficient force is applied to
the target site for the target site bulge to contact pawl trigger arms 24, it would be
desirable for the lancing mechanism to be prevented from lancing the target site. This
can be achieved by, for example, operatively linking the trigger mechanism to the

) lancing mechanism.

[0031] FIG. 3E is a schematic, cross-sectional view of distal portion 310 of the lancing
device of FIG. 1 depicting the lancing of the target site bulge by lancet tip 40. The
penetration depth of lancet tip 40 into the target site bulge remains constant across
different bulge heights since the bulge height is constrained by the locked pressure tip
such that the position of the upper surface of the target site bulge is unchanged relative
to housing 12. The skin bulge should be shown making contact with the pawl arms as

in FIGs. 3C and 3D.



i ncrease the height of the target site bulge. In other words, the bias
spring can be chosen such that the target site bul ge reaches its maxi num
hei ght under the pre-load force of the bias spring. Furthernore, in the
event that insufficient force is applied to the target site for the target
site bulge to contact paw trigger arns 24, it would be desirable for the

| anci ng mechanismto be prevented fromlancing the target site. This can be
achi eved by, for exanple, operatively linking the trigger nechanismto the

| anci ng mechanism 10031J FIG 3E is a schematic, cross-sectional view of

di stal portion 310 of the lancing. device of FIG | depicting the |ancing of
the target bul g I t i f cet tip
40 into theﬁ)'tO %@get s?sflgéé Js?;@%ﬁ?g%%eioa ég%g%ilﬁmﬁ?ﬁg%r%gﬁ] (@%i 9 f% gltrl%rll{g S‘Bﬂfﬁe

hei ghts since t hergeudigaualgy ghﬁliqksessbﬂstplemtnmh teptli nay b@&dgmhqmmsquaegq ofp

such that the p n _of the.uppe uyface, o he et site.b

unc[]an?ed :ﬁl ?L ﬁf]% Mfgmhﬁﬁif’rﬁ&ra%gy (;i'aé{ QB& b?ﬁf%g‘éeg [Ogr;gfl@og&%% %ﬂ% ng
contact w &kPPM thdrBed $or elxfim S A t10 filefl OCRLEISEL S May
have a preferred penetration deE)'eh (due to vari abI es such as target site

qual ity or thi ck%@%s?ntlt]?%é«aﬁ@ﬁé HEE yyﬁha@,}ﬁaﬁngrggpbg@r&ﬁnggltqueget{aﬁm@ he range
of 0.3 to 2 mn 1@519¥He}{t11€)ed50yt@no]m8' %&%t NEGTRI_S0603 Vi@ is BE8pKNOWN

to those of Skl e art (see, exa U'S. Patent Applicatlon
[filed October Z0lly m@@r@@rateérbmrtfmdce' I_Iémmvnrgnﬂewm@dwqeha@owramtonh@prmeobe for

Control of Penet.rat i v-el cket
No. LFS 50021, WAl oS sth{.ﬁ’%teg ite b#‘%lr‘lﬁssgof‘%gt?)‘)r{ty Rt h&Ly fiifhotd rgg{%\%@@gr

| ancing devi ces meof)ﬂadlamgmg(de‘hbm Spn@&hmpositwnwéﬂtenmgg:t sithbullgarsgzantrslietdé)ybbﬂ ge
is conmstentlygostlo?ed W th bg IIg%t.'lﬂfz rg eac g{t ({ helancmg
devi ce. Since tHEEFOSIE %ﬁ%f“%‘ﬁ’@“} PR LBulge™ Bené AT oIPEed Byt he
trigger nmechani ahst¥itand bbickdrg, abhteslie@f t he pressure tip, penetration depth
remains constant and is, therefore, controll ed.

{0033] If desired after lancing, an over-travel spring (not shown) can be employed to
withdraw (retract) lancet 38 by several millimeters, for example, to rest at a location
near or just below the surface of the target site bulge at a depth in the range of
approximately 0.05 to 0.25 mm. This facilitates in-situ testing of a fluid sample by
means of a fluid collection device (such as a test strip) that is introduced at the target
site after a lancet has been withdrawn. Such a withdrawal of a lancet is described in
Provisional U.S. Patent Application No. 60/422,228, which is fully incorporated herein
by reference. Following use of the lancing device and removal of the lancing device

) from the target site, the light springs serve to bias the locking pawls such that the

ratchet teeth are disengaged and the immobilization of the pressure tip released.

[0034] As will be appreciated by those skilled in the art, lancet devices according to the
present invention are advantageous in that they greatly facilitate reproducible
production of a fluid sample (e.g., a blood sample) at a target site due to the consistency

of penetration depth.

[0035] Another advantage of lancing devices according to the present invention is that
a user is not required to make an adjustment to optimize the position of the target site

bulge since the pressure tip and trigger mechanism operate to automatically position a



[0033] If desired after |ancing, an over-travel spring (not shown) can be
enployed to wthdraw (retract) |ancet 38 by several mllineters, for
exanple, to rest at a location near or just below the surface of the target
site bulge at a depth in the range of approximately 0.05 to 0.25 mm This
facilitates in-situ testing of a fluid sanple by neans of a fluid

coll ection device (such as a test strip) that is introduced at the target
site after a | ancet has been withdrawn. Such a withdrawal of a lancet is
described in Provisional U S. Patent Application No. 60/422,228, which is
fully incorporated herein by reference. Follow ng use of the |ancing device
and removal of tUAEel HisOuIES "Hé\‘fl the hoyspgpx préimad fageine s Ths, faWse stepsyie regpi§thgs
serve to bias thg J,agki A6PEWLR sﬁﬁbﬁﬂ dnB e ﬁo@ﬁbi}i{)ﬁ&f%%k ?@ﬁ%&té&iﬁaﬁéé%’?%ged
and the imobilization of the pressure tip rel edsed. [%034 As w1l "be
appreci ated by twaotieg skanaldelteststnmhduede insuffigisobsampdey isceducgdcor ding to the
present invention are advantageous in that they greatly facilitate

reproduci ble production of a fluid sanple (e.g., a blood sanple) at a
target site[odsE to theeteandikdratieneyge odlandirneadvics heodrdepioremiodddm}s oAmigt her
advant age of |ancing devices according to.the present invention_is that a
user is not requitFSBl IPYEIRAR S thal 1anging SISTRHISH GendistapRTRLEelY HecBEr fioBHNGf t he

target site bulgessinpant 'i}?gtggfrﬁgc%'dﬁigfmt ﬁﬂex@ﬂﬁe,faﬁ% QAR NEGRAR B hapes ate to
automatically position a 9 target site bulge within the housing for optinal
| anci ng. Thus, fievededse gysdansing meshunisre doestnet et winy inappuonrrial fercejagaiest gnpl e

and ﬁhe possi bi 'tg%}étds%febﬁ%)!ivﬁ%éé}e&ﬁﬁ‘?ﬁat. edly lance , or of wasting an
e .

anal yze test stri ue insufficient sanple, is reduced. 10036] Yet
anot her advantage of | ancing devices according to enbodi nents of the

Prom the pPUElre t st BHiGod  TEARCIRECARRT PREL Shd KERAeIRERIR E°

spring that nay laeing deslcadearding toltke praseni mgentohadesnbabasveat sadptlyinany

| nappropriate f %Ee%ezuﬁg %Q Fa%cigg geviéeaJl 3 essaihtogsir?glilaqa?nc\llrigamgcqgni rqleo%grlélltriveelytl I p.
attached to the housing, a pressure tip and a trigger mechamism. The pressure tip of the
lancing device is moveably attached to the housing and 1s configured to engage a target
site and create a target site bulge. Furthermore, the trigger mechanism is configured for
detecting a target site bulge of a predetermined height and, thereafter, triggering an

immobilization of the pressure tip with respect to the housing.

[0038] Next, at step 420, the pressure tip of the lancing device is contacted with the
) target site (e.g., a dermal tissue target site of a finger, forearm, abdomen or earlobe).
The pressure tip 1s then urged towards the target site, thereby creating target site bulge
that is detected by the trigger mechanism and triggering an immobilization of the

pressure tip with respect to the housing, as set forth in step 430.

[0039] Next, the target site bulge is lanced with the lancing mechanism (for example,
the target site can be lanced by launching a lancet tip included in the lancing
mechanism), as set forth in step 440. One skilled in the art will recognize that steps

’ 410, 420, 430 and 440 have been effectively illustrated by FIGs. 2 through 3E above.
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100371 Referring to FIG 4, a nmethod 400 for lancing a target site includes
providing a |ancing device according to the present invention as described
above, as set forth in step 410. The | anci ng device includes a housing, a
.I'anci ng mechani sm operatively attached to the housing, a pressure tip and a
trigger nechanism The pressure tip of the I|ancing device is noveably
attached to the housing and is configured to engage a target site and
create a target site bulge. Furthernore, the trigger mechanismis configured
for detecting a target site bulge of a predeterm ned hei ght and,

thereafter, triggering an imobilization of the pressure tip with respect
to the housi[f@d0]100381t dNewid be atdesitap tHAQaridusaltpmessld tethe iembodinteh® of drci ng
device is contacted with the target site (e..g., a.derpal tissue target .site
of 5 Finger -t or SR o bR W EERR St Pl R et & aherg oo
towards the targepat el BilowiRgcRbYs dfgatheReofedf gRtinwdntien M @2 méthads ahs
detected by the trigger nmechanismand triggering an i mobilization of the
pressure tip wit§TpEEEeMthnghg wep%fdéqSﬁgl,aﬂa%ar@égenf ¥ Rleng bercaprradherebp0391
Next, the target site bulge is lanced with the | ancing mechani sm (for
exanple, the target site can be lanced by | aunching a lancet tip included
in the lancing nechanism, as set forth in step 440. One skilled in the art
will recognize that steps 410, 420, 430 and 440 have been effectively
illustrated by FIGs. 2 through 3E above. 10 [0040] It shoul d be understood
that various alternatives to the enbodi ments of the invention described
herei.n may be enployed in practicing the invention. It is intended that the
foIIdMﬁng clainms define the scope of the invention and that nethods and
structures within the scope of these clains and their equival ents be covered
thereby. Il CLAIMS WHAT IS CLAIMED I'S: 1. A | ancing device conprising:

11



a housing; a lancing nechani smoperatively attached to the housing, a
pressure tip for engaging a target site and creating a target site bul ge,
the pressure tip noveably attached to the housing; and a trigger mechani sm
for detecting a target site bulge of a predeterm ned height and,
thereafter, triggering an imobilization of the pressure tip with respect to
t he housing, thereby preventing subsequent change in target site bul ge
| ocation relative to said housing. 2. The | ancing device of claiml, wherein
the | ancing device further includes: a bias spring for applying a pre-I|oad
force against the pressure tip. 3- The | ancing device of claim2, wherein
t he bi as Sp?ﬁﬂﬁkﬁi configured to apply a pre-load force in the range of 3N
to 13 N against the pressure tip. 4. The | ancing device of claim2, wherein
t he bias sprypaTiis c@xaMmvrsed to apply a pre-load force in the range of 9N
to 10 N against the pressure tip. 5. The |lancing device of claim1, wherein
the trigger nmechanismincludes at | east one |ocking paw and at | east one
pawl trigger arml. 6. Ahscingrevingcabgywisoe: of claim5, wherein the | ocking paw
i ncl udes paw ratcheta¥%§§%h and wherein the pressure tip includes pressure
tip ratchet teeth. 7. e Fancing device of claim1, wherein the trigger
mechani sm i ncl udes a 2 Rpieg mehanise QpeRAveppttachefdpiths BIusget he pressure tip.
8. _TheI I anlci ng devi ﬁea pessutatipnfdr, endfagingiantatge site &rggaﬁatn@ghfdi'gar%itbrmhg&da& an
optical relay switch configured.t ect target site bulge of a
pr edet er ni nBG HET %%PPYQEQ agtg(:hfﬁéo ggg'itisrl\ngg’ a'givi ce of claim1, wherein the
trigger mechani smincd ingeer merhaniprader detesting eltaaget sug belee of @ prefriermiand height
devi ge of chLgi heteatithafigiening B8 ifnkidBIRALGESNRO RS tip QAtH ﬂa@%@d td fhe Holbihjpat e
e

lancing by %hggeb;%?gegt%g%gsgqaﬁgntsggaggg 1% t;targeet sP[er: Eﬁﬁﬁé’ {o%atgolnprel};g\sze to sglrgi -IJO\rPsﬁ{r?gl |1zed.

2. The lancing device of claim-1, wherein the lancing device further includes:
a bias spring for applying a pre-load force against the pressure tip.

3. The Jancing device of claim 2, wherein the bias spring is configured to apply a
pre-load force in the range of 3N to 13 N against the pressure tip.

4. The lancing device of claim 2, wherein the bias spring is configured to apply a
pre-load force in the range of ON to 10 N against the pressure tip.

5. The lancing device of claim 1, wherein the trigger mechanism includes at least
one locking pawl and at least one pawl trigger arm.

6. The lancing device of claim 5, wherein the locking pawl includes pawl ratchet

teeth and wherein the pressure tip includes pressure tip ratchet teeth.

7. The lancing device of claim [, wherein the trigger mechanism includes a

frictional clutch for immobilizing the pressure tip.

8. The lancing device of claim 1, wherein the trigger mechanism includes an

optical relay switch configured to detect a target site bulge of a predetermined height..

12



11. A method for lancing a target site, the nethod conprising: providing a
| anci ng devi ce that includes: a housing; a |ancing nechani sm operatively
attached to the housing, a pressure tip for engaging a target site and
creating a target site bulge, the.pressure tip noveably attached to the
housi ng; and a trigger nmechanismfor detecting a target site bulge of a
predeterm ned height and, thereafter, triggering an imobilization of the
pressure tip with respect to the housing, thereby preventing subsequent
change in target site bulge location relative to said housing; contacting
the pressure tip with the target site; urging the pressure tip towards the
target site, thegeby Theeaicinagletiae gbtlaisi I evhaithgle tridpat mechadiehnastledkshy t he
trigger nechani smand triggering an inmobilization of the pressure tip wth
respect to HRAFFHIREPNIYIENd | ancing the target site bulge with the |ancet
mechani sm 12. The method of claim 11, wherein the target site is a dernmal

tissue target sifee. Th3lanthg deBibercigh chakfbinlde uVier Rbhahil® iPEQMHEeA% St ep
provi des a | anci ng device that further includes a bias spring for applying

a pre-| oad Mdiatedangyeg histhe igeng meshams prcg thepgessure tip has been immobilized.

11. A method for lancing a target site, the method comprising:

providing a lancing device that includes:

a housing;

a lancing mechanism operatively attached to the housing,

a pressure tip for engaging a target site and creating a target site bulge,
the pressure tip moveably attached to the housing; and

a trigger mechanism for detecting a target site bulge of a predetermined
height and, thereafter, triggering an immobilization of the pressure tip with respect to the
housing, thereby preventing subsequent change in target site bulge location relative to said

housing;
contacting the pressure tip with the target site;

urging the pressure tip towards the target site, thereby creating target site bulge
that is detected by the trigger mechanism and triggering an immobilization of the pressure tip
with respect to the housing; and

lancing the target site bulge with the lancet mechanism.
12. The method of claim 11, wherein the target site is a dermal tissue target site.

13.  The method of claim 11, wherein the providing step provides a lancing device

that further includes a bias spring for applying a pre-load force against the pressure tip.
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