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Optical determination of the position of the stopper in glass ampoules
5The invention relates to a method for determining the stopper position of
a medicament cartridge in a medical apparatus by means of a light source
Wwo 200oRheipsensitive sensor surface. Many pharmaceuticae g e 7/0608363
injected into the body. This applies in particular to 10those which are
inactive or are crucially low of activity on oral administration. These
pharmaceuticals include in particular proteins (such as, for example,
insulin, growth hormones, interferons), carbohydrates (e.g. heparin),
Opticabiibodies:tomosiheacobige 8Yifrgempnedicayiest papswemedicament
pumps are predominantly used for injection into the body. 15 The
conventional insulin injection apparatus is the insulin syringe. This has
The inlmdivogethiinde thevstartcofcingalier thieiap i hButbpran resdintyeas been
med%ca%@@%%gtﬁ WS W@@H&d&éﬂ%ﬁktlﬁ? insulin Ren eanecialeiting
ermany. Névertheless, syringes are at present irreplaceable, e.g. if an
photosgsiifiMepeanadbst BEeRfective, and 20are used by many diabetics in
combination with insulin pens. The freedom from maintenance and the

universal availability is adv_anta%eous esgeciallgz during é%gme S. .In%ulin
Many RipaRecie sk bR GIFHES A d G-Ra6XH SR s arsHifd g fiticUlar fo
those v@%@ﬂ%@ﬁﬁ@&@@eﬂé_ﬁ%@énﬁu&mﬂg mmcw on ld_ﬂ&@dﬁlﬁeimmﬂ'tmcmm@m
taken either from vials %Ce se from.the{gtrj%gled artrldges for.inswlin ens.
é

PharmaqRULRA RO R s SiE TP HRY difrdrite SPINSUMA g redUeL
hormormeaNbee 6&injestiocasonéyessary (P grtivetearicareatioutiieedomdtomccines.
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injection into the body.
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The conventional insulin injection apparatus is the insulin syringe. This has been
used since the start of insulin therapy, but has in recent years been displaced
stepwise by introduction of the insulin pen, especially in Germany. Nevertheiess,
syringes are at present irreplaceable, e.g. if an insulin pen is lost or defective, and
are used by many diabetics in combination with insulin pens. The freedom from

maintenance and the universal availability is advantageous, especially during

journeys.

Insulin syringes differ in their designation and graduation'accbrding o the
concentration of the insuiin to be used, U40 or U100. The insulin can be taken either
from vials or else from the prefilled cartridges for insulin pens. This makes it possible
to mix different types of insulin and reduces the number of injections necessary.
Particular care about freedom from bubbles is necessary when the insulin is drawn
into the syringe. The directly visible insulin dose which has been drawn in makes it
pessible for the user easily to check the amount of insulin injected. Nevertheless,

skill and regular use are necessary for error-free administration with insulin syringes.

A further injection apparatus which is now very widely used around the world and

especially in Europe is the insulin pen.
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30possible for the user easily to check the amount of insulin injected.
Nevertheless, skill and regular use are necessary for error-free
- administration with insulin syringes. A further injection apparatus which is
idely used around the warld and especially inm i
wo Z%Bs%%%%?ﬁ This medical apparatusB which is the size of a mar %?%%%?%%363
developed in the mid 1980s and is employed mainly for more intensive
insulin therapy. A substantial innovation compared with insulin syringes is
This rtielicabapfaateschan éalhe Simedicamenkeopeinges Tiisalopedinet)glso
mid 16888 L FARULE RIS das il ecorthipauli whemsunaled DY WBstantial

. manufacturer-and’is inserted into the insulin pen before use."When trswe
INnOVEHENi SRSV hBSERNpIETcEs the Srallinglesr eheheitisdgieand
medicaeRgYeS RABRICTLiNIgLHamof hr Prerle clah 4es6: 0B AdmnIsiraton Wi

) “the insulin. An injection and release mechanism generates during the
insulinjdioRtapice cioha FRauKe Hith A Bnss ARsligeP Briatappétem sdore
use. VeAERIUEE Sa salsasihe preselastpiaesaite bedriyaraddntpdhe iaiggs and
_ tissue. The mechanism ysually consists,of a rigid plunger st%em w'tg}%n ,

achlePRITBHETT TUFEKLRITG RAFE G e S b e B bl mouin.
An injpehsarediiddeddniedisposabe aadietigablegahesniaditencasin@iction

ok disposable ones, thq cartridge and the r'%etering%@echa ism forn}a unit
SHO ep"?%?ggn %%Bﬁ%? fhe H%%Jfg%ﬁﬁgpgﬁ? are@cﬁgpofsgg &' quaaé Jer after the
preseleattritigesis EniptiddlihReeséntt the taaietifigsnechamismadsandt intendgady. In

cons QUSROS WS B rae g e e

when the cartr unhger stem

. stoppengloleé retracted into the starting position. This takes place, depending

on the model, by twisting or sliding-the plunger stem while simultaneously
actuating a special function in the metering mechanism. This must be -

InsulincpefigcPBEhEVERPE AP REPARIC 8BF FResRIRIE ARfRINETSRCasE JiiliRprFable
ones, Bdhe PHNEEs SN MaYoreLactasRRalyavdntiothedribatuse@nthe
manufghzgurl]‘iegrharr?de gpg rc}ii%?alossggsgf t%%ether after the carfridge is emptied. Reuse of
the metefing mechanism is not infended. In contrast o prefabricated pens, reusable
pens make increased demands on the user. Thus, when the carifridge is changed,
the plunger stem must be retracted into the starting position. This takes place,
depending on the model, by twisting or sliding the plunger stem while simultaneously
actuating a special function in the metering mechanism. This must be carried out
very carefully by the user because malfunctions, e.g. sticking of the plunger stem,

may occur occasionally owing to the daily use and the high mechanical stress.

Reusable insulin pens 'are. further divided info manuai and semiautomatic pens. In
the case of ménua{ pens, the user exérts a force with the finger to actuate the
injection button and thus determines the duration and progress of the injection. By
contrast, with semiautomatic insulin pens, use ié preceded by a manual tensioning of
a spring which stores the necessary energy for injection. in the actual injection step,
the spring is released by the user. The speed of injection is fixed by the power of the

spring and cannot be adapted to personal needs.



Reusable insulin pens are further divided into manual and semiautomatic
pens. In the case of manual pens, the user exerts a force with the finger to
actuate the injection button and thus_determines the duration and
progress of the injection. By contraeg with semiautomatic insulin pens,

f 30 h h
WO 2 PR Bl A AR fE o S AR g i
adminiefiedissudyp it byonadves sperlioh Mediemimﬁm%piheeopmmg@f them is
possibRHOREBSeRNGURS-_daPied &P REISON PeEASnG V\f@g% BBLE3ised is

discloses an optical sensor for use in a medicament adminiStration system
an angy, oh&dSo RGPl & HEhRCEIREAT AF e PRIy L RIRTIE HSRiBI§ BRIOYed
as imdbedasisrafttansparent or reflecting markings. The light source used is an
array of LEDs, whereas linear or two-dimensional CCD elements are
employed as imaging elements. EP 858349 B1 discloses a device for
EP 85%{{)86\%%@5&9@%%%@&E@ﬁi@%é&@é%@ﬂ@ﬁb@@%ﬁﬁw $eoReding

of a daaharhaptigak @e@@eraﬁdﬂezdeﬁm@r ifisposerhsodérRicior edasits t!sgaed so that

amount of li flect e, and the re
t detey e B T R A e Lo e S B G mount of
flight isd@@iﬁﬁ@dﬁﬁﬁﬂa@aﬁdmﬁhdmﬁ|§’ﬁ§rw§'ﬁgﬁedlcament comprising a
sensor element with which a recognition element and/or the state of

f a container the di tanc a Iun er has been pushed in)
WO 20 B AR RE SEha R LI B Eeny comprising
a sensnetiechéot detbrwiinthgpthecogsitiom (m‘imm@mmmﬂnt ha shetdicdloperation of a
ug-al r
L SR R e G e e Yl
a photosensitive sensor surface, wherein firstly a silhouette of the

One aspaui@fiche iergeeatam@mhe@emosmmbu fsadigieempiitdehe position
of a co?ﬂﬁl%é]ﬁ%\g'%egk vgk)%)@%}%ré §ﬁ§§t§ésee}tcﬂgt50% ﬁ%%lpﬁﬁggi%g ha? light

I surrace are con processing uni

sourcatangdhmpdeiAeremiob fﬁqme%@éﬁé@w&@ﬂnwﬁi@hahmcaﬁmﬁhstance
and c)vmmet@@éﬁme setepnineddedhaionren ety aasMidURM & the component

l. A dat firstly of har
s oo R SR T BEF e B TP SNmERE RGBT ighb from .
then ti‘}ﬁeﬁiﬁtmwabnmtn the sithotrsittieoic dse spd she secfatea roomipetidad by a
data- p%&@@ﬁﬂéhﬁﬁ?iH@%@Bgéﬁﬁﬁr&g%@f%}ﬁl@%ﬁw@%fm ﬂécﬂéﬁel'ﬁzstance

articular, an operating system, and a program for controlling and
in whi H"ﬁa%?fé‘f?ﬁé‘%)’a’wn@ssmﬁ’ﬁ%bﬁ “-’dﬂi&?ﬁﬂdat BR. SF%% Heuaiatdge for
a pharmaceugnabodiment to the determination of the position of the stopper of a
cartridge for a pharmaceutical and in particular to the determination of the
position of the stopper of an insulin cartridge. The movement of the

A datagsppRing eaksegsifse sk aidaidnairstenasneiteaunblas iispaRticular
a centmnelnm@wtam@tm(ﬁ@mewnw@umlewm@@esw%m the

techmc ?cdo%wgéﬁ% &%n?ﬁje"fnte%f Whon 8/04954794PCTG!1:’ PZP 07%02%3 63 doonents

hariaced etermina e posmon opstgpper In"a cartri
such aﬁhmm@dﬁhlﬁpﬁﬁﬁﬁm’!& By it R tIs Fefd Al B €9 tecadralidl aad
evaluaMesies @@rr‘}ﬁ# FEOAR PSR PhatEIAGAYteA (e.9. insulin). SThe
method relates In a further embodiment to determination of the position of
a component which is part of the adjusting device by means of which the
The mathodrietiiphamsaceativabdoend édiibredateprdsetiathisf coenpositinty of the

stoppeWB'PQ E%Rﬁﬂgcg FB?@MFM@%&E%E gy |ﬁ%§r‘ﬁ&8fa"f‘ gegpeiscaiiination of

ed_(round, oval, square, rectangular, stellate, combined shape and
the poawfa?sfafénﬁé&ﬁ&ﬁw@ﬁ%iﬂiemoﬂ?&fmc}"&etmm@%mngﬁﬁ&&émpeﬁ&f a
cartridgdhiich enplhestegetiieralibdhesadfustxgmple, insulin within a medical

apparatus (e.g. insulin pen, insulin pump) corresponds to the delivered amount of
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device during the adjusting process and by means of which the
. corresponding movement of the silhouette along the sensor surface is
converted by the data processing unit into the amount of pharmaceutical

WO zh?cgfgg@# red (e.g. insulin). The aq_iustlng device is the @?IE@%&&WH%&B

es the component along a travel 15d|stance met
relate urther embodiment to determi of the feed
Pha R L R AR T T s LOHERE M e g
medzc&iapp@miuslyssm@Htedrthef@fcphaama@emlmlrﬁmcﬂ)@mﬁ%mééfﬁﬁ@ delivered:

m t to deliver the pharmaceutical. The feed
_amoull Of ph 5:%8&%5% r@ ?y%lre%lﬁﬂ .

unit IS connecte r indirectly to the stopper of the
pharmaceutical cartridge 20and secondly directly or indirectly both to the

The w@ﬁ%@%&&%ﬁ@?ﬁ%ﬁe@@ﬂﬂ@dﬁ%ﬂ%ﬁﬂ@%ﬂ%éﬂ gelivenlstion of a

pharmaceutical. Determination of the position of the feed unit in the

compenetiod il drdAg & the arjentios eareay e hrdudicaHMeReTEd.

pham%%@m?dﬂpﬁllk&éH@ﬁ@&&@f@@pﬁ&@@ﬂswmb@@@bﬁéﬁkaw{ane)mﬁwwﬁtﬁéedIy
connected to the feed unlt whereby a corr ondé‘igq‘i%iuoue te IS

adjustifiendexien: GRAhEURHELP 1B SGPE A i¥. HEviEE 8 e
rectan@@t@erwﬂt@mnmblmétx@ml@% eompanes) ak@j@:adnawelmsmﬁnaejwo

oo e e s LA W PRI
deviceconstitydng eﬁma;n@pm@@mmmgeamawﬁwhmmwnwmhe
Ovenmeeﬁp 09 tﬁg%;ﬁb aRiQ %?5@@915@5@ P@%&%%ﬁ\%ﬁ@g By @Qé%lglt% to

rasuc a separat operate data processing unit for examp ea

proces:?»@@ml whunwérmamanﬂéeﬁ@b@m@mér@mﬁg hredabtrsidriBe TRdRdonhe
adjustiSdNeiRllediSxchangs el fataared ﬁ%@ﬁ%?'ﬁ)@%rp@% gasbmedisfing a travel

apparatus and data processing unit must then take place via suitable 5

distangenhbetingtpathipisiesier A4t eparmbarimedble %Pﬁ@%ﬂ@t@ﬂ@%ﬁ.nks
positicHl ¥ia HaLy CATEIRsS rdra e embesimenotibe metadi g Aﬁ@@@f@mt

and/or a lens (for focussing or dispersion) is att ched between the I|
conveds ihcPaRYIHEH STl ATEH M&/Eﬁﬁfﬁs@é&vﬁ*& B ar&ﬂdf&q el
moverflisieaeemseiar dbmpokiatt whickline ablptixesdbeutonpdheitalbngitis

connagtae\éie %ﬁ;[/agiggcalgr}%mr? Pe%%?f 3 té"%té&%‘é? E,P H)éap earmaceutlcal cartridge
and secondly directly or indirectty both to the presenting mechanism and the release
mechanism {o deliver the .pharmaceuticai. Determination of the position of the feed
unit in the method according to the invention can take place through an element (e.g.
geometrically shaped three-dimensional body or flat plate) which is fixedly connected
io the feed unit, whereby a corresponding sithoustie is generated on the sensor
surface. In this case, the feed device is the holder which movably fixes the

component along a travel distance.

To carry out the method there is use in a further embodiment of a data processing

unit which is integrated in the medical apparatus, i.e.is a constituent of the medical

‘apparatus. in a further embodiment of the method, the data processing unit is

operated separately. K is possible o use for a such a separately operated data
processing unit for example a PC on which a program suitable for operating the
method of the invention is installed. Exchange of data and control signals between

medical apparatus and data processing unit must then take place via suitable



The light source consists in a preferred embodiment of the method of an

LED row. The LED row may in this case give a diffuse beam. The

individual LEDs of the LED row may have a small aperture angle. In a

further embodiment, a converging leds, in particular a cylindrical lens, may
con ne%ﬁr?t?ﬁﬂﬁﬂa%%’@ﬂ? 06k R AN & Ui COmRRNGIINYNOSE PRSILOB SR data

~ be determined, or the holder which movably fixes the component along a

carefgavel distance. In a further embodiment of the method, red light is

generated by the light source. In another embodiment of the method, laser

light is generated by at least two light sources aligned side by side. This

In & fugBer rgMRoRiy TRl e BIBROEd2MagmsiHes entbodimensofendanussit or
désper@]&rﬁ%%fa%ﬁ‘{&%éi&%%ﬁ%%f i?g?%&%@%ﬁwé@%%?%%ﬁ%&l}%y fixes

as, for example, a CCD line-scan camera. The arrangement takes place

the cofspeRERNCED Ad R B st eei R TIéOie SRS RCBrTevablyUixes the

compdiBAt ARFRESEASEI SISERISIMANIANA G RYRIRIARRRENdR M oo
sensitivity which is greatest in particular with red light. Another aspect of
the invention further relates to a device for carrying out a method

The GACOHERG ILINEIAVENIRdR-0Re) AMISIAE IS L MRINNEBIS #San LED row.

described above, where this device comprises at least a) a light source

The L& gommenivoligivass £ Wermailbresrabebhie Gioive rlividia ebs LED
row mﬁ'ﬁé‘@érﬁaén@gﬁﬂrﬂf@%ﬁ@%ﬁt%ﬁe&%ﬂﬁép{am%@m&%@% HB%ens, in

ite, blue or red light; the light source generating laser light in white, blue

particyaraydiancainang) TEribaatasheshbataeaioilot-& hevubidbiser of
compEheRTAIR P SsHgh SeRSIHNESeARAIMEN D O1R RORIDErWRISHIB®bIy fixes

movably along a travel distance, a component (e.g. stopper of a

the copippRf{tcInes 24Fvel 8192 paR of the metering device of a medical
apparatus, in particular of an insulin pen; or part of the feed unit of a
medical apparatus, in particular an inslin pen inter alia), and c) a

In a fusisiosarcimeahebing mstbqd. Jesdist e eansiaterBidaa lishymawses. In

anothd AR RIMES FHaanteBlod GRsEIeeR cRMEM Ak @LSensRE.laNs HMht
with wavelength-dependent sensitivity; or sensitivity greatest with white,

sources RigheeFidhteaity LB 1a2RIES O RN My PR Be By 8588 of the
cartridge; and d) a data processing unit (e.g. composed of an imput unit
for receivir@(ggata, central arithmetic unit, one or more memory elements,

in anofzh AURRHSRRIGE IR MR BesRETSRT sHE¥eh reafRI SRR Rir

arrandbe Hdivisluapasiadogateawits opeiaiing RIUCTNRIS EAUAMEY. The
evaluat'n% the sensor surface in relation to occurrence of a silhouette and

arrangemaiisRh PAIRIPSREPE HO AP RRPEEMBEHR £h@ sauare or
rectangvédiatien retading dedbertinsniapendapiehangaiaidie sjhodelte aeng

,t,the se S%r,surface and establishin ,the(ggs_ition, and the moving the
sensi %tr"f&%B dhE EBIRSORERBTHGHRI MG (L8R information from the light
sensitive sensor on the shadow of the stopper into position information of
the stopper, The data processing unit may be an integral constituent of th
Aot G AP A PSS B R o EIARS BN Lo RO B A BRI o
accordihg iotigratedslaia precessingorit soMmeEsasdaithisreoRReGESrdRd above,
erating system and a program for carrying out the position
Wh@regglﬁ%ﬁaﬁo‘%f’%ﬁsﬁ@%% invention. If the data processing unit is
operated separately from the medical apparatus, exchange of data and

control signals petwee dical aratus and data processing unit takes
) R SR R I SR AR e L O BBl
redivilinks DEDs withememizof idade carsers] Ageatticslanylsubalie: light source
separately operated data processing system is a PC with operating . , ..
SR e R B e I DR IR es Aty v dasastiant
cettdeniviationr aedardiogitdehelinyextidiouicddvicasicaaridinipto die movable
ig gntié)rncji LOne prmore oé ?p%gsnebosdl'[ryegtsﬂ%% !gesncribed above can be
Used o assemble adnedica gppara us which is sUiafagle for administering
a pharmaceutical (e.g. insulin, heparin, growth hormone, interferon,
vaccine, antibody inter alia) into the human or animal body avoiding the
gastrointestinal tract.



The invention additionally relates to a medical apparatus for injecting a
pharmaceutical (e.g. an insulin) into the human body, the medical
apparatus comprising inter alia a) a base element for mounting at least
one technical component; b) a techn@al component in the form of a

le for a pharmaceutjcal (e.g. cartridge), where the receptacle on

D) BRI I o VL Gl Errrd I8 g oSy P ORpee. .
witichrgfefictiphatly sceuticaé da@:@d@eﬂGEpateb’f,tﬁdegéﬁg@ﬁﬂ@\vibé@ﬁé
I ifi ich, is ¢o through, whi .
R R P SR B Tt of =
S[OBpEE P RS Tl P SBCYS6)30 dsshiRipgT e arisnt Anthe form of a

c) feedhoeatariimeconmiisiBgr e ecan esbABE rrRIMNSRE BRBNWBIE Sy thwise in

d direct indj .the stopper, and on the other handa
PR S B SRR Reraoanilenin
heg veeRgiesensy iraies o8l vitgterimy telivky (grgabshixiity avhaagieef or
ro&fingh PESREIAIMEH RS (982 BRaeierashaf H?%h@é‘féﬁ%%‘?%ﬁﬂé%%ﬂridgﬁ; and

appropriate movement of the plunger stem and of stopper; d) a technic
D Bipe ¢

ShBR G IR toH oPadmetErm VR b s stitih dah Eesriving: data,
beemises @it iécphstneaceoticalre mene)ra téshnioa companent:inthe
f [ ical o i to displ aunt, .
A S L AL AR Sl
tHRSALREN Hh BRAAAIE D PIRE B sPIHE e RIBRThiEE RB N aiirec Hivcagnsor
counfzareint ialthie fometarreleaseeshanismdemnst g Mhanht of the

ir iniecti ising in thi also the removal of ajr .
Pt S SR SRRl RA R e e
i EHApaRds Haaibeusite @ivipts hesnseontonaverendrastaislishing

ohibe esthndiments asiessgheg a@%gpoﬁdmd&%aeﬁerﬂ%%@ﬁed to

is in. bodi in particular in the form and 5function o
R B KT 06 DB e etivingh dherhadkicatne

stopper into position information of the stopper.

The data processing unit may be an integral constituent of the medical
apparatus or be operated separately from the medical apparatus. The
integrated data processing unit comprises in this connection an operating
system and a program for carrying out the position determination according to
the invention. If the data processing unit is operated separately from the
medical apparatus, exchange of data and control signals between medical
apparatus and data processing unit takes place via suitable connections such
as, in particular, cable connections, radio links or by movement of data
carriers. A particularly suitable separately operated data processing system is
a PC with operating system installed thereon and with a program for carrying
out the position determination according to the invention.

A device according to the invention in one or more of the embodiments as
described above can be used to assemble a medical apparatus which is
suitable for administering a pharmaceutical (e.g. insulin, heparin, growth
hormone, interferon, vaccine, antibody inter alia) into the human or animal
body avoiding the gastrointestinal tract.
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(e.g. heparin, growth hormone, interferon, vaccine, antibody inter alia). In
a further embodiment, a medical apparatus of this type includes at least
one means for storing and/or processing data and/or signals, and at least

interface 10for transmitting data and/or signals to an f
WO zéggﬁéﬁégénical unit which is con%ured for the storage%%@/%)%%%! 008383

processing of data and/or signals. Such means and interfaces may be
provided inter alia especially in the cap of the medical apparatus. 15 Said
eXtezrialtedhmi cal difidralby retrisistobaiRGioa whichausr dgranjeddingtaring

[or. processing dat ignals. is installe edical I
i eapal i
ifsutiyiaGenalist &diéing, long-acting, short-acting) or GLP-1 or Lovenox or
another substance. The invention further relates to the production of a
medical apparatus in-one or more  of the described embodiments for
ifeclnpeepisfittd0t e i heHapsan e I anvRArBEEWWREre a) a
base element is provided for mounting at least one technical component;
b) a receptacle (e.g. cartridge for a medicament, in particular insulin,

Hepatile cBTIBa] CRRIRIE AbIMERIOGI M RERRGE (YR RERr TacsHEsa!

antijedy aneRQibe lkedrs Peovidediack) erplkogsesientispioyidedrifich

afeed mechapism B RRY9ed, 23 meterng device 8 praKded: octed to o
plunger stern, and on the other hand a lower orifice which is connected fo

a cannula and through which a substance can be forced out of the

reservoir by means of moving the stopper by the plunger stem;

¢) a technical component in the form of a feed mechanism comprising on the
one hand a plunger stem which is connected directly or indirectly to the '
stopper, and on the other hand a feed unit which, affer actuation of a
release, transfers the amount, which has bgen preset by means of a
metering device {e.g. by fixing an angle of rotation}, of the amount to be
metered of the pharmaceutical in an appropriate movement of the plunger

stem and of stopper;

d} a technical component in the form of a metering device for presetting the

amount 1o be metered of the pharmaceutical,

e) a technical component in the form of a dispiay {mechanical or LCD
display) to display the amount, which has besn preset by the metering unit
and is to be administered by the medical apparatus, of the substance to be

injected;

f) atechnical component in the form of a release mechanism for starting up
and carrying out the injection comprising in this case also the removal of

air bubbles from the cartridge before carrying out the injection, which
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f) a display is provided; g) a release mechanism is provided; h) possibly
electronic constituents (e.g. means for storing and/or processing data
and/or signals to and/or from a technical unit, e.g. a PC) which is

conf@gred for storing and/or processing data and/or signals%arifrqvided;
WO 2§98¢{ @hhttal device according to thie invention in one of Mofe of thd /008363

embodiments as described above is rovided;‘_fj{J he.individual constituents

fromPEP BN A SUIRHBRE PO DI é’ﬁeﬁﬁé‘ﬁ' it PHeTHIbIEA NS oF more
appasedus @ecordlingrigsthe deentien eaale used in particular for 10the
prophylaxis and/or therapy of a disease and/or dysfunction of the body by
means of a pharmaceutical whose pharmacological activity is diminished

A medicddsippethdigadttbintestingl itracteserohasfenexepaplieLthe itréatniemt end

fu ncticglxa&e éﬁ%n@ﬂi‘ﬁsﬁ#ﬂ'oJI’SCgé‘ad;?é/ﬁcgu%%%S@r%ﬁ%%H ﬁ%rﬁoﬁ?épg)ﬂg?ﬁigc%@z%cal

c ica cu

serves a particular me purpose, in particular injection of a substance

{e.g. Hiapatine gramvBintar ansineal ibtsuierone/somponaisshsisteoliorie or more
elements and serves to comply with a technical or non-technical function.
A function is technical if it relates to a transfer of force, work, energy,

In a fusiageranodisriics) MpdicampBREgHaR, THe Mefiflanes af grsbone
meansSiiWERNSVOrdeH-ebthmstaragefla sukplaRcana S RIRgeAE interface

information. A function is not technical if it relates to the input or output of

for frapygifiagsie sy Yo HRONEE: 1o e Qe HRE GHoPH LTSS 508 5§ S hdch fs

configusst Rirthe daviegeAcompprenisainy bedarexamplaigadiof the technical
apparatus which provides a 25partial function in relation to the overall
function of the apparatus. A component is for example a reservaoir.

Such Resesvaidndyifecan mxchbageabilbechiritiyei e ampeisialy indhibstapasf (ine

medicglarﬁ ularﬂ? medicament such as, for example, insulin). The exchangeable
cant !

TALLS . . . . . .
r aage may be suitable in particular for use in an insulin pen or another
device for injecting a medicament into the human or animal

Said external technical unit may consist of a PC on which a program for storing

and/for processing data and/or signals is installed.

A medical apparatus in one or more of the described embodiments can be used to

"inject insulin {(normally acting, &ong—actihg, short-acting} or GLP-1 or Lovenox or

another substance.

The invention further relates to the production of a medical apparatus in one or more

of the described embodiments for injecting a pharmaceutical into the human or

animal body, where

a) a base element is provided for mounting at least one technical component;

b} a receptacle {e.g. cartridge for a medicament, in particular insuiin, heparin,
GLP-1, peplide hormone, growth hormone, Ldvenox, vaccine, antibody and
the like) is provided;

c) a plunger stem is provided;

d} afeed mechanism is provided;

e} a metering device is provided;

f) a display is provided;
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30 body. Another example of a technical component is a device for
pumping or a pump. Further examples of technical components are in
particular syringes, needles, plunger stems, metering units, mechanical
[ ys, tubing, seals, batteries, magtors, transmissions, i
wo Zg’lég@@%%‘éctronic memories or eIe%tronic controls. The%%%@#é%?w 008363
purFqse in connection with the.technical device is intended to be in
g)pfra"{r %ﬁ%?etﬁger%%%ﬁ%ﬂ? &f %Jﬁ]l om one place to another. One purpose
h)isphos seigre et defined tstimening adiquickval doe frangareleryoosesaimg data
outflow line. Th e a > inject f di ent into.the
R o e e B 8 2 DR R R
manaeroorEidgr moressikieg cotipondinssiyoetiaratedompliedith a
i) PURRsogeler A lechnicalconnarlands Ak xample.geqimAgtion of
components which Is suitable for transmitting force, work, energy, material
(SUBRESHTE) gE dPePoPsihBaRY T KeEBWFRMents can be connected for
i) CHRAMPRMAA RRERANSAL SRIRINGe MixedBeshaniealconBeriational unit.
10(gluing, screwing, riveting, via linkage or the like), a toothed wheel, a
latch, an interlock means, a metallic wire, an optical waveguide, a radio

Imkeaneirelromagnels fctd-@&light Beam s theriken Iniection is taeticular for
introduction of substances in particular of liquids, by means of a 15cannula
R HEP AT ARG R Sy QB I G s Lo oy by
padimuarfa e inmadbethuneancse gtinrathoopointe natisibg ihdintémebad, or
intramuscular, intravenous, intracutaneous and intraarticular injectjon. is
e R R S S S el
. rélatieédyg badpgulicarry out, not very painful and can be undertaken by the
patient himself. Intramuscular injection takes 20 place into a muscle.
Since greater risks exist in this case, such as, for example, painful

A devigarissteialsplgnens rsersueiPbaterisl@ttbseRvediedratist artraseivsls
purpoddiertionipkes piacaiialiowing vansRun i e Kirag -t FRUGRaY8BIN One

intracutaneous injection, a pharmaceutical is passed directly under the
COMPRR&HISOTF iR LA HRBIGF MRGBIFRERERANE FReEedSriBmBnlinthfeiaidnise!

or nonaS&Rsianceribte the 2ohuneanHicanimme bpaYdmie O distiimiishaddrce,
articular from 1ntroduction of a substance through a medicament p%p}%

work, SRGHHsTBR B HAHSIHRT RIS brABAGRISHS Lapply (IS PHEEER S &
strucigertaid/timend oatmekstis:egsehtialyrathoteyaresdiagehiciniamsaiadiy. A

e k5 8 TeB SR HISS5.8P AR SIVSLRISHEREY 18 the
user of the device or of a substance by or to the user of the device.

A component may be for example part of the technical apparatus which provides a
partial function in relation to the overall function of the apparatus.
A component is for example a reservoir. Reservoir may be an exchangeable

cartridge comprising a substance (in parficular a medicament such as, for example,

insulin), The exchangeable cartridge may be suitable in particular for use in an
insulin pen or another device for injecting a medicament into the human or animal
body. Another example of a technical component is a device for pumping or a pump.
Further examples of technical components are in particular syringes, needles,
plunger stems, metering units, mechanical displays, tubing, seals, batieries, motors,
transmissions, electronic displays, electronic memories or electionic controls. The

meaning of purpose in connection with the technical device is intended to be in
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sharpened by grinding at an angle. The cannula may be pointed and/or
sharpened at one end and blunt at the other end, but it may also be
pointed and/or sharpened at both ends. The cannula has at one of the two

ends a usually conical attachment made of, for exampl
WO 28R hollow needle can be & ranged for exampleFP &/ﬁ%%%}%@g@@ 383
._scre onto a medical. apparatus s s, for gxam Ie a syrin €
padrc%ﬁ %@H?B@Nt.ﬂ égﬁﬁgl%’fréﬁﬂﬁs‘g aé agc}medic %on alne?roor a
exam;ﬁned@%cﬁeerﬁmmpn@' hdiganhuid seeviesiindurstonat interaouiﬂmwﬁlrt@ The

?urposgnngg ??o I € m %a“%hae f@ﬁﬁ%ﬂli@%@r@ﬁﬁﬁgﬁgﬁﬁl %]é?i

purpose SmoN supp rom or Iint uman or ani
body. The dlameter of the cannula (external diameter) is usually stated in

A con%%‘é&%&ﬁ#%%g%}% %Hé‘%a g E%@hr%@agﬁ%ﬂe@ %'@H@ SLrE3%ETHES mm;
gage 3 gage = 0.6 mm; 25 gage = 0.5 mm; 27 gage = 0.4

commﬁentsqnaﬁer&amﬁmbfrwleeﬁm@m%h@fe Rdnromical renesgtien is for
examph é‘ %‘@Aﬂ%@% Of CRMRIAR A RIS SAENIR 27 MIRsBiMAY RrRa) @Bk,

other lengths. A medical apparatus is in particular an apparatus for

energynEaifgaheWRanie M M RMENBF adRABBa)NBESGEE tRe
conneSWNEs, é&@rﬂﬁé&l@%fﬁfeﬂl*@lhm&mﬁigséqmé@ e eken:Eo @Q‘;&ecﬁen

medicament pen such as, for exa |n n. Medi ens
RS e e
interlook ﬂi@mﬁfkeﬁét@mc\mﬂeusmmamw%@m&ig, O pailiclnQptipen,
e!ectrqutlseé&%—*g%éeré%l"tnb%ea?nmu %ea}tksfy numerous requirements in relation

0N 17 orderto make safe and fault-free use possible.
The basic requirement is for display of the preselected dose and of the

in;ecﬂ&ﬂ%%ﬁé T ﬁ%&%w&%&%‘f{é@&& -H]Se?ﬁéhr}ﬂ“ Bf‘ Hh% %@%?y %ns ofa

completion e injection process should moreover be made audible,

cannui@eﬁt@e@ﬁﬂﬂevwwem*@w\fw@naﬂs camppreRaifsvishtstdeasin particular
a pen RAYEHA MM WelimitadBatcentgurapasienplaidery il dighetes

patients.
intravencus, infracutaneocus and intraarticutar injection is known. Subcutaneous

injectien takes place undemeath the skin and is relatively easy to carry out, not very
painful and can be undertaken by the patient himself. Intramuscular injection takes
place into a muscle. Since greater risks exist in this case, such as, for exam}'}ie,
painful pericsteal injury, this is usually undertaken by medical staff. intravenous
injection takes place following venepunc‘ture directly through a vein.

in intracutaneous injection, a pharmaceutical is passed directly under the dermis. In
intraarticular injection, a liquid is injected info a joint. Injection of a substance into the
human or animal body is to be distinguished in particular from introduction of a
substance through a medicament pump, an infusion ot another type of continuous

supply taking place over a certain time.

A cannula is essentially a hollow needle which is usually made of metal (e.g. steel,

‘stainless steel, gold, silver, platinum). The end of the cannula is frequently

sharpened by grinding at an angle. The cannula may be pointed and/cr sharpened at
one end and blunt at the other end, but it may also. be pointed and/or sharpened at
both ends. The cannula has at one of the two ends a usually conical attachment
made of, for example, plastic by means of which the hollow needle can be arranged
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25 Besides insulin pens with needles, also employed for insulin therapy
are needle-free injection systems. A current example of the use of
needle-free injection systems is the Injex injection system of Rtisch AG.
i is jpjector, extremely high pressure is used to shoqt insulin, .
We 2t‘\%?rfg%ﬁgg%icrone'edle into the adipbse layer of the skin. %é}ﬁ%&%@é 1008363
spri hich is. tensioned manually beforge injection stores the necessar
for o R Ry a1 P THE L el AR R St LRl Gediele
a syringmageneitstyeahdoonicalbytintle adipssértissnea atbranegligibldainer or
hi [ edle- injection.of the . N
= e s oL Sl U A T 2 v -
pen, ghpestole forddslimedinahrpizaien. srealdiehtio forigéd e fresmjsctionove or
Suppi?r;@@&{ﬂﬁ%r@{?ﬁp%&%ﬁg%ﬁm%ﬁﬁﬁﬁ’]é?&%{%.amages when compared
with conventional insulin pens proved 5to be the transfer of the insulin into
special cartridges, the comparat_ively Iarger_ma_lss of the apparatus, and
The diBenRBIUSIaRCEAUHDRY @5sessariasIRitensioning thesRING: MSUNn gage
pumps differ from insulin Ségnges by being completely automatic infusion
(18 03gRferhe fA"EoTHiAREES SUSLIBhEduRarRTHiOR BYMstivERey hdverm:
23 gagpRrodmaelv4Qte size pharcigargigpackandareawernepeamanetthor
faradl the bgdg. Shor -acti&%{'nsu% 1§ ing'ec{t dt ou&h a catheter agt%‘a '
charagedBoe5EaNA R Skm A9 the' ¥REALBIS TS 5RNaME o tHE™™
30 mrpragrampbaset oy tive pakieothdihienatksof the insulin pump is to.imitate
the continuous output of insulin by the pancreas to reduce the blood
glucose level, but without being able to regulate the blood glucose with
A medicalesediiaiopad copardic Becanswphtheséatimnietiandadaptiblesipplyhe
huma? b SHIMIBB3. IEIRRAaKE SAIages INaailiear Renpln 600R0Ct,

__insporting activities and whose dalily routine varies greaﬁy. It is'poss
injectigntioiReANEdiapITaYapT G éd e Sa R\ PoP Migg 8V EIatiNRSh. Bilssirament
pens &SRR I ILARRSSTYERPR9BALNCER ROYLN Aheaamanamanlich the

can be caontrolled with conventional methods only with 20increased effort.
marketHISARIANRGRYEHA TR R th ERdlink sLRHRSY ifteHRied owing to

the lack of an insulin reservoir in the human body, severe metabolic
e derangement mag ?c ur. Insulin \%Jm[és are avajlablfﬁin various technical
Ve’yﬁb’?ﬁﬁﬂ?ﬂ?o%?& AUSHH SHINASL VBTSRRI CBAEMEIR Fa%R Become
operatéstahlishied uringdhafechnidalitevetopsegrbsiibimalogytodbedasutiment is
. pens wijth 25needles, the insulin is present in a reservoir with movable

for do N e e bt B AR AT e ConeGe. The
setiing of the dose, and completion of the injection process should moreover be
made audible, perceptible by touch and visible. This safety requirement arises in

particular from the limited perception capacities of elderly type 2 diabetes patients.

.Besides insulin pens with needles, also empioyed for insulin therapy are needle-free

injection systems. A current example of the use of needle-free injection systems is
the Injex injection system of Rosch AG. With this injector, extremely high pressure is
used to shoot the insulin through a microneedle into the adipose layer of the skin. An
elastic spring which is tensioned manually before injection stores the necessary
iniection energy therefor. The injected material is in this case distributed

homogeneously and conically in the adipose tissue.
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Owing to the completely automatic and continuous delivery of insulin, the

pumps are provided with a large number of security systems in order to

protect the user from 30malfunctions with serious consequences.

However, this does not mean that responsible and anticipatory use of the
Wwo 2&?{9&5@5&@% unnecessary. On the bltsis of the current injgg{g{gmﬂg?’%a%?’

apparatuses and further technological development in medical and
A nor Rl RlE AL RERRBI Gy WieBnE B RIS MG o RIAERSR ©f the
mediciitenatichiiniatunzedyateicamenicaeteeng gysiergRdr ithisition threshold
for inSelopment Iught go.n dhe dircetion slmpianiaple and extracormoreal,
R A TR LR et &'ing sy fems.nlehe aim-of |H1|cﬁanta%le insulin pumr?s is t6 ©
punctireedhe diabeticfiagetheidailymjection oftinsolvavitihoat theulege:to: weaved

| " nsul )
to be B S S B R e
of the Bipdilduss erricliue ncthsige oitttiornateras piepdeidsfienenmsudirs pring.

cartridges and pen needles. The handling and the operation of a pen is
10thus substantially uniform and independent of the model for the user.

-InsulirRErEeRtdiier SR EN iseYsRgRmRY PebuschrEistdlisauiatestie mfssin

systeP8HSr Eﬁ%&ﬁb@%@@%%&?@ﬂ%ﬂ%ﬁ%‘%% resslyHBGRrReFAEEHB ety
_the present disclosure by reference. 15 In the design of the pens there are
the S‘%%H’Feac%ﬁéf&gf%ﬁﬁé%i ge?f@e%’%‘"b%%’ﬂﬁ’f&?ﬂ*fh%% e itibasting

in-suisrgnﬁwtaﬁamﬁs@@egeﬁﬁm??ﬂmﬂe;‘gml@@ff@n@immpiﬁ the siieicsigﬂati;ﬁ@ for
ifferent target grou ildren, elderly pe . Because .of the
cutang R e R e P e e o st

- insulinrp20gaititulanitetthihénfeEctiolumechaiushoiindihe bgléaseanectmntemeduce

e L R e
cfosedégp@eﬂ\@mﬁdeﬁﬁm@%ﬁﬁhal dantitionas @l@gﬁﬁm;@iﬁai@ ias Ry pErinisLiie
these [NRSHOM MBCHAMRMGYs in particular for people engaged in sporting activities
and whose daily routine varies greatly. It is possibie with insulin pump therapy to
compensate for arge variations in blood glucose, e.g. in diabetics with a pronounced
DAWN phehomenon, which can be controlied with conventional methods only with
increased effort. One disadvantage is that when the insulin supply is inferrupted
owing to the lack of an insulin reservoir in the human body, severe metabolic
derangement may occur. Insulin pumps are available in various technical
configurations, and apparatuses with syringe-like containers have become
established during the technical development. In analogy to the insulin pens with
needles, the insulin is present in a reservoir with movable stopper. The latter is

moved by a motor-driven plunger stem.

Gwing to the completely automatic and continuous delivery of insulin, the pumps are
provided with a farge number of security systems in order {o protect the user from
malfunctions with serious consequences. However, this does not mean that

responsible and anticipatory use of the apparatus is unnacessary.

On the basis of the cumrent injection apparatuses and further technological
development in medical and microsysterns technoiogy there is an evident trend to
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25 determines the type and size of the pen and the design of the release
mechanism and of the dose selector. The mechanism translates the dose
preset on the dose selector with the injection energy derived from the
chanism into an injectiop,stroke of the stoppes iiRe-eaetfafR363
WO 2@5@%@&%% is transmitted either d%ctly to the injection mechanism or
complfIR A& MR mARG anRmiRionERuliis eehaingilaansible for
ﬁ1e¥njec?|on mechanism in the shape of the plunger stem to vary in form.
develdprissimsight penis mnﬁmghamfazﬁl@féﬁtmi@ﬁ?ww@ itRefiiggrent

meteﬁg%%g%@ﬁgﬁqﬁ@iaﬁzh%%%wgqtm&m5@@9{%%%qaé@m@@m&m

compression spring) design have become established. Other
the dappdaiprécrfigiraiionsBaehths rIesdEpICHiAyE e @Ryakaion the
body. Mechanism, belt and chain drive, hydraulic transmission, coupled
transmission) are not employed in the insulin pens currently commercially
available. 5 The design solutions of the rigid and flexible type vary widely

Insulirdfshdepensbaaddindiefipene eeswesable peorordisdastbly freuisimgére

stems employed are threaded spindles oy toothed racks inati
N 153 SRR 1 B ol OIS, B Aeretor ey o e AT FHORERS of
the inglosesisipreset with pee aickdiaetéhtdevidisaadddtDaransiiitad byen is
subsequent screw meghani e r ipjection
thus Slf#&%’%\n&fs ugﬁ%Q%ﬁgéj#%%?igrﬁtga%ﬁe&ﬁg%t%ﬁ %%&EEDQS‘I! i%%ry of the
- medicament takes place by specifying an injection stroke and the resulting

The C?(ﬂz gamﬂgt@(lth?@tﬁﬂﬂﬁ&r&— he gmrapRLRS liduickdelivares dapepeson

njection stroke and the internal diameter of the cartridge. To avoid
insulindusstipoerens! aresisledwigdotR}eamplErariaied i REcBrasHe
disclodith rs' specifications and the EN ISO standard 11608. In
addition, after delivery of the liquid, a sufficiently long.time should be
allowed to elapse in order to ensure a steady state, i.e. normal pressure of

In the i liguid ardyelaxaiios afdhosioppesiddtubadifidgm @ Théedsenoin the
for the medicameni (also referred to as cartridge) influen
pens oSG AEkLR TR HIAGIRED Sk R EeT e FEt b AR g e
desigrismatichsdifecint sar et distinep (shédrentiklednnectida)akefimtseaf the
rotective, function.far the medi thep Vi | d
saof &%ﬁ@%? slandar GRS RSA CORLEYING Jnehon gn

requirgg) c e injection

-~ particular to the injection mechanism and the release mechanism. The dose selector

and the dose display are mostly subject to ergonomic requirements and result from

the general design conditions of the respective model.

The essential functional element of an insulin pen is the injection mechanism. It
determines the type and size of the pen and the design of the release mechanism
and of the dose selector. The mechanism translates the dose preset on the dose
selector with the injection energy derived from the release mechanism into an
injection stroke of the stopper in the cartridge. This energy is transmitied either

directly to the injection mechanism or through a motion-modifying transmission.

It is technically possible for the injection mechanism in the shape of the plunger stem

o vary in form.
In the insulin pens currently available on the market, solutions with a rigid {e.g.

threaded spindie, toothed rack) or a flexible {e.g. curved toothed rack, curved
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25system of the medicament pen. The protective function is achieved by
the cartridge as a whole, i.e. by stopper, glass body and sealing disk. The
conveying function for the medicament is conferred by the stopper, which

WO 2?-%%%3&9& with the aid of the injetfz_tlpn mechanism and ?é&t\g,é%@%q%o%zﬁg

ange in volume in the cartridge. The coupling function Injection

compREIn Qgﬁhﬂqx'égﬁé’é uﬁggab%e%%ﬂqg%@%@g%goﬁ%?@ﬁgtgg’&.n#@ff\%tions

automati Icanyent pen (e.g. automatic insulin pen), the injection

such eniatppeopisieadsy e (Wit subseduent aaisomissibandareiergyve,
hydradHP R RAGLIBL AL Ut erardiH R, RECeSS At np ) AR ANISCHO iin pens

mechanism according to the invention, the medicament (e.g. through
currenHy B RERBPBY displacement of the stopper by means of an
~injection mechanism, but by introducing .a pump device. The pump device
is inserted between 5cartridge and injection system and is to be provided

The dggnpphsnseimerrivd e hierinmn Metiva ¥ M HRDPE0 dsdsiithopdsnd of
pen, | SERSQEaliiis prglisectgomniastomibnineinedicament etrgidnsd iratite givag
. .rise to additipnal requirements such as reduced organism count, sterility,

SN B S LT (o T R S B! Srgle

of rotanjumemtmmridbigsdg@ dngéiqmd'mesm inetta@imédmmejﬁxdwﬁame?)s

ransrff41Sred bycompatisen with o conventional medicamentpen. orecon
injec ioh ?e.g. an insulin pen), Because a subatmospheric pressure) arises

mechagken dnel ireditarment [stsdbkddieatorsiaskn cartridges serve as primary

packaging for the medicament and must satisfy high standards. This
relates to the dimensional accuracy of the cartridge in relation to the

Delivepeelitheyopdiesapnibinkes pipagiiity R YeaeonpdRents ckreapibe
resultitg@igfREaRLALEDRS Bansemed yib iheseirradisrmeniziaithends on the

. describes the fundamental aspects and the geometrical/material _ ]
injection gRteRA R Jle st Hisrdesm hestadtity thd Sy HRB K RTaGR. 81
bubbleEhaphaisesetisrljmperieabilivcebtbarcasidperanstdianige be

specifitaioreband the EN ISO standard 11608. In addition, after defivery of the liquid,
a sufficiently long time should be _a!iowed to elapse in order to ensure a steady state,

L.e. normal pressure of the liquid and relaxation of the stopper in the cartridge.

The reservoir for the medicament (also referred to as cartridge) influences the
construction and functional structure of the medicament pen. Partial functions which
can be disﬁnguisheé in this connection are firstly a protective function for the
medicament, then a conveying function and finally a coupling function to the injection
system of the medicament pen. The protective function is achieved by the cartridge
as a whole, i.e. by stopper, glass body and sealing disk. The conveying function for
the medicament is conferred by the stopper, which is displaced with the aid of the
injection mechanism and brings about a change in volume in the cariridge. The
coupling function fo the iniection system finally is produced by sealing means {e.g.

sealing disk).

In an automatic medicament pen (e.g. automatic insulin pen}, the injection energy is
applied by drive with subsequent transmission. An energy supply and control unit are

additionally necessary.
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The cartridges consist of a plurality of subcomponents. The principal one
is the cylinder of pharmaceutical glass with high neutrality and chemical
resistance to 25insulin. Before filling, the surface quality of the cylinder is
wo 2008RI9¥a9dy siliconization. This surface treatment reduceg fheshigmaanskes
breakaway forces of the stopper, increases the accuracy of dosage and
reduces the dissolving out of glass constituents during a long storage
time. The degree of siliconization correlates in this connection with the
In the indeelion ine HRandial 16r06d 189 el SEolNEP IR TIntitD BIRY SaF IS the ¢- through
insulin)30sensillyity obths,iasipia derthe slicerestdbesrariidgeis stalpdndiath
ends by elastomeric closure parts, the stopper and the sealing djsk. .
meoha T SIS PGS BB BEEh S Ghe HEMOHLR AIEH FRds AR Detween
cartriddepetmeabiliy: b variousprasiube sittatiensyihd: e apitatbiotedmads.
impermeability to all organisms in‘long-term tests. Further important
points are the maximum allowable stopper forces and the number of
The pupundawies obthbespaliigatiskithith fovasmusar SiPénindédiiscardasteriieh the
- e C I j e j CAHT] j
medica B R e
organisfedquitemhsitsiiiechisse thea@d g6 @dhty of the insulin pen is achieved
On appREIRrQughcagparationLiingibva.sasRonsRis:giee negdiecnasists of a

cannula which is ground at both ends and which is set in a cartridge

pressurgBhm EM B CORIAEMP LR ENTEES R RTTRE N R Sossible for

conventisiligrntaiheBraet tsse tadiecubsiantialikppinigssdontbe patignt
and causes only slight tissue damage on withdrawal a%n. Likewise, the
atmosPRAA RIESUAR ) Bk I BB I G B R S T

mentation. This is
an obligatory requirement because the impelhieability of the cartridge

i S SRS ARSI ok ahognen ety
high standards. This relates to the dimensional accuracy of the cartridge in relation
to the accuracy of dosage and compatibility with other components. The ENO IS0
standard 11608-3 is concerned with these requirements and describes the
fundamental aspects and the geometrical/material construction without
unnecessarily resiricting the shape of the cartridge. The pharmaceutical

impermeability of the cartridge must likewise be ensured.

The cartridges consist of a plurality of subcomponents. The principal one s the

_cyfinder of pharmaceutical glass with high neutraiity and chemical resistance to

insulin. Before filling, the surface quality of the cylinder is improved by siliconization.
This surface treatment reduces the sliding and breakaway forces of the stoppef,
increases the accuracy of dosage and reduces the dissolving out of glass 7
consiifuents during a long storage time. The degree of siliconization correlates in this

connection with the level of the frictional forces of the stopper, a limit being set by the

sensitivity of the insulin to the silicone.

The cartridge is sealed at both ends by elastomeric closure parts, the stopper and
the sealing disk. Crucial points in this connection are the demonstrated mechanical

impermeability in various pressure situations, and the microbiological impermeability
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Even if pen needles show signs of wear which are scarcely visible to the
eye after being used two or more times, they should nevertheless be
changed after each injection for reasons of sterility. In addition,

crystallized insulin may block the needle. 20Moreover, aj i :
WO Q@fﬁﬂgﬁﬁgthere are temperature vitiations, which equaﬁﬁﬁ%s §8 92?5@%@ 63

errors. Thus, a teEr?gperature hgﬁ% e of only 15 K.c?usestHg itg %\?hpdr%f air

to all EYRRIFPEE OPHIRIE ARFoMHETE I TPEIREE ARIN A Microsystems

allowatfehneiegy anddsclndenhedesignf Phpriduetiohthesesaiddriiektigition
of microsystems which manipulate and treat amounts of fluid in channel

canfuidoss sections with dimensions of from 1 pm to 1 mm. Microfluidic
systems are employed in medical technology, biochemistry, chemical

engineering, ar lysi f ' I | i
5% T %?ﬁ 3 BRGn out of the
Pen h?mcr%ssya/g e%nasﬁn%ags/ éﬁég%%}gégkgé%in tge r#iﬁme er and centimeter

cartridganigéotibedargs iisshe ahheuraref SuTierd. deel Hot prrisiRees: fReStrict
requirdMEIRNYIdIc,Sysiam WIICR IS IR ATacligabusas Bcaidiiarsaych

systems show significant differences from conventional fluidic systems

throughestpss SianeLinaIMemBRRROSENI Bt S ARIIFSS@n? S9BEwa which
is grod{iniateERalARdSARGRMIaRat bina chanaryindhadpehavi iafdhe flirdzed

flow because surface-linked_ effects.and elec.tf%)s %tic and electrokin%tic
fe

arindingeeeatompntBa kst RpFRiEnas Bre Hrdfire e RN RITR Besign,
substapRRINGHSRI8BE ?aammm@mfm@mum @Wsjmge on

_ micropumps and sensors. The,constant engr ensit
GG AT e Bt TG, LB R TOATE bi E e v
fragmeaaventiohal Eoanpopiégetony teejuiracne seotor Fsr thisiverioreeXtdyrd the

.. bactuators are fr. I i i i ‘

cannafE A SRS SO Sy shrab eesircos
attachorerhjseyeotuborparddies hamibaedndse- transported limit the

miniaturization of microfluidic components. - 10Diabetes mellitus is a

disorder in which the body is itself unable to produce and agpropriatel
Even if)pernngeslesushiensfions of e iah mSaRaR YelRins ‘Poﬂ’&%ﬁg&%ﬁe‘”

being QUEPRRSEMHENE Blaed intehesellsvbrrasys Thahingdgluresedetie!
is continuously kept constant within narro%/IY limits g{&;loo mgo

( ) Yo Or
injeciiog SaTS S AM LA Thls 3ROSR NIRRT THUPDILG oh B ng noocle:
Moreolermanestskinang:giHeaeganthere are temperature variations, which

equally causes dosage errors. Thus, a temperature change of only 15 K causes up

to 15 pl of air to enter the cartridge.

Microfiuidics is a subsection of microsystems technology and includes the design,
production, use and investigation of microsystems which manipulate and treat
amountis of fluid in channe! cross sections with dimensions of from 1 ym to T mm.
Microfluidic systems are employed in medical technology, biochemistry, chemical
engineering and analysis, and microreaction technology. These mic'rosystems may
have dimensions in the millimeter and centimeter range because i is the amount of
fiuid and not the size of the microfluidic system which is important for practical use.
In addition, such systems show significant differences from conventional fluidic
systems because of the small amounts of fluid and often small sysiem sizes.
Miniaturization is accompanied by a change in the behavior of the fluid flow because

surface-linked effects and electrostatic and electrokinetic forces dominate. New
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15 Diabetes mellitus is diagnosed after taking blood by means of
appropriate laboratory apparatuses. An elevated blood glucose level must
be detected on at least two different occasions in order to confirm the
diagnosis. 20Diabetes mellitus is the term used when the glucose level

WO 28844 fh the blood plasma excééds the stated value Hat/leBSPBREOBES363
the indicated cases: a) fasting blood glucose - 7.0 mmol/lor 126 mg/d1 b)

APPropRItRF AR L WPGeHoRPS BRI 438 BrYSMBBRYRICESeOIHRIdsEEation

of midRIRIRNERPsHondAtd, BHOHIRLSONRS/dhd2eiierd glucesadibrk BHBRM1
or 200 mg/di associated with severe thlrst“(polyd%iéga%%ferequent urination

densiyghiiraLrabes sestighe Dntrextay dalliitesoe dIgalsYd Gryggarable

with cgmﬁﬁzweigmﬁdﬁgém@fyd@ag mami@e;latéym@tom Béé@gtaf(?extemai )
consegyences suchn as, 1or exa , polyneurqpat MmICro lopathy,

B e p e R T e L e g

dimergimags ﬁmw@E@St@ﬁess m%ﬁdhgth@pe@zmaﬁm{ g:ly_reatisimyocﬁf the

e i AT L T T

e complication or aiabe may

- compaases extend above 1000 mg/di, associated with excessive acidity in the

blood (metabolic acidosis). Diabetic coma can be induced inter alia by
infections, intake of too much carbohydrate, alcohol abuse or incorrect

Diabetasunedbsages Aisfistinttiolisanide briwseies/pene biatie e anecass 2
approfiphsiessinanpect digheias thersdsan apsokieinsuiideligisney tHaBnsport

the outset and treatment is possible ongl with insulin dosage. .
glucose from the blood into the cells of the body. The blood glucose level is
continuously kept constant within narrow limits (80-100 mg% or 3.33-5.55 mmol/l).

This takes place through the interplay of the two hormones insulin and giucagon.

Diabetes meliitus is diagnosed after taking blood by means of appropriate laboratory
apparatuses. An elevated blood glucose level must be detected on at least two

different occasions in order to confirm the diagnosis.

Diabetes mellitus is the ferm used when the glucose level measured in the blood
plasma exceeds the stated value in at least one of the indicated cases:
a) fasting blood glucose — 7.0 mmol/l or 126 mg/di 7
b} blood glucose two hours after a dose of 75 mg of glucose
{(oral glucose tolerance test) — 11.1 mmol/l or 200 mg/d!
c) biood glucose 11.1 mmol/l or 200 mg/dl associated with severe thirst

{polydipsia), frequent urination (polyuria) or ioss of weight.

Untreated diabetes leads to elevated blood glucose levels which may lead to various
sympioms and late consequences such as, for example, polynsuropathy,
microangiopathy, macroangiopathy, retinopathy, nephropathy and others. The risk of
late damage from diabetes is less when the nonenzymatic glycation of erythrocytes

(HbAic level) is lower.
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10 Type 2 diabetes is characterized by a reduced insulin sensitivity and a
relative insulin deficiency. Type 2 diabetes can usually be treated initially
with dietetic measures and tablets. Insulin replacement frequently
becomes necessary during the course of the disorder. 1 %g%%i
WO 2(88/BBdr% a widespread diseasefredominantly in ind}st@fﬁ' e 67568363
~countries. Overeating, lack of exercise and obesity are re ed as the
DiabefERe FE T IABEEEEAT 6 DRUHEN Lo A Ral Pt cdecose
level dainingaad diabetisimensiies: ¢speciadipinsingrativkight rmdectomn: Rdslity
) also passible in the.case of 20 type 2 diabetes to.emplo % idigbetics
i the QR LR e BB S8 g P ACE ST T et e
infectiothersiditedpycusinghinsulinhisdrete ssenhwierutitech ood giid oseulével
J can no longer be kept in or near the normal range with sufficient
Osaggermanence by means of said measures. 25Various insulins are available
for insulin therapy. A distinction is usually made according to the duration
A dist%%ﬁ%&&% %%‘%%B‘t‘%@é&r ure. SMpanalogingin hasdifgrent apping acids

at'individual positions compared with human insulin. The properties may

- diabetes HretsgaditnebepltsoTHIRapRiienRY HstIhe PritRicAhGHTaR e S

possitﬁ@%ﬂ@”@&!ﬁ aTells @Bgaﬁj@rt-acting insulin analogs such as glulisin

(proprietary name: Apidra), lispro (proprietary name: Humalog) and aspart
(proprietary name: Novo Rapid). Slow-acting or extended-acting insulins

Type 2@MRRNsWihsmarsnsylia withariasiommesdastethbymeatabtive insulin

. protamine hagedorn), zinc insylins and variaus.insulin, analogs
oo o PO LN A LRIt GS AT G o e e g dFes and
tabletd.evemin réphiserusedfindnentiy terapyarentizedrinduling dme rewstigt the
disordinpaled insulins. Mixed insulins consist of a rapid-acting insulin and an
gxtended-acting insulin in various mixing ratios. 10/90%, 25/75%, 30(70%,
50/50% mixtures are usual. Insulin 10 therapy must always be

Type 2FERAD} %r?yefl:%gflféaé deleupinalicns fdbe RiaemalHRas ¢ aYelstRalized

conventional insulin therapy, a defined amount of mixed insulin is injected

countriggidevaierinavieekinfarsdseAE RARIMASRIRIREISHAS Bin pigj gause-
Type PIELRIINAILY iR dh8ctively counteracied by exercise training and diabetic

measures, especially aiming at weight reduction. It is also possible in the case of

type 2 diabetes to employ oral antidiabetics such as, for example, acarbose,

biguanides, sulfonylurea, glitazone and others. Therapy using insulin is necessary
when the blood glucose level can no longer be kept in or near the normal range with

sufficient permanence by means of said measures.

Various insulins are available for insutin therapy. A distinction is usually made
according to the duration of action or chemical structure. An analog insulin has

different amino acids at individual positions compared with human insulin. The

properties may be changed thereby.

The rapid-acting insulins include human insulin and various rapid- and short-acting
insulin analogs such as glulisin (proprietary name: Apidra), lispro (proprietary name:

Humalog) and aspart (proprietary name: Novo Rapid).
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15therapy of type 1 diabetics. In this case, a basic supply is ensured with
an extended- action insulin (basal) and a rapid-acting insulin (bolus) is
given additionally at meal times. Continuous subcutaneous infusion of
insulin bg means of a pump is suitable namely 20for type 1 diabetbijcs The

WO 2008049473t injected but is passed!fito the body by a snifi Bamplq HE 08363

pump is permanently present on the-body. The insulin is supplied through -
Slow-Spt BT T B TS T R ATE AR GSUAy) eI Fani Al

actionl @ﬁt&iﬁﬁ@@g(malb@wabirm@rw@;@ @%@e@@rrg)l,oﬂgeéimeri@ﬁ ?aac&mag@ ’mﬂsii;én
eptide 1 (GLP1) is, alongside glucose-dependent insulinatropic peptide
analogE R e P AL A BTt e e et e

{_evenarg produced as hormones in the intestine and regulate inter alia the
blood glucose level by stimulating insulin release in the pancreas. 30 The
amount of intestinal hormones produced depends on the amount of :
Also usathihydtabeshalany iareraliyed s Eirp e cthscibakdwipd dhskiie after
oral glucose intake than after intravenous administration of glucose. It has
been possible to show by investigations that intravenous infusion and
Mixed dpidinamsesisimeaiaroraiipg nsyle 2hdighehdsnesdsantinmmeEERds to
variouSORMRIGIG AQsmalization okisdlonsi7ghicosedevemhdpreblan isshatl Insulin
GLP1 is inhibited within a very short time by dipeptidylpeptidase |V
therapyoPrEhAWEYH ARATEBIP RIS SF 1P eaﬁrfmaﬁﬁam#&ﬁ%%ﬁmm
leval, concentrations over only about 1-2 hours. A solution in the direction of a
persistent effect of GLP1 might be discoverable in the development of
longer-acting GLP analogs or else inhibition of DPP-IV by
In conphstinadettichtst@repthshopimest sramistibstaneesindhith stimelzt at fixed
. rowth in humans, animals and planis. n I i
tmes. R B e B L A e R bR A 2B e

therapgptdiypd 0 Sowstioropit {STrYds alsasimevupPingc e ad il Romyiended-

action SHOWH %%%%&?g%ﬁg@gﬁ%ﬂ%%ﬁéﬁé"@\;é%@dﬁﬂﬁ@wgt meal

_ hormon roduction takes place in the antérior
times. pituitary under the control of somatotropin- releasing factor (SRF; GHRH;
GRF) from the hypothalamus. 5TH is absolutely

Continuous subcutaneous infusion of insulin by means of a pump is suifable namely
for type-’i diabetics.. The insulin is not injected but is passed into the body by a smali
purmip. The pump is permanently present on the body. The insulin is supplied through
a catheter with cannula. The insulin pump usually delivers rapid-acting insulin at

small equal intervals over a prolonged period.

Glucagon-like peptide 1 (GLP1) is, alongside glucose-dependent insulinotropic

peptide (GIP), one of the most important representatives of the incretins. Increting
are produced as hormones in the intestine and regulate inter alia the blood glucose

level by stimulating insulin release in the pancreas.

The amount of intestinal hormones produced depends on the amount of
carbohydrates taken in orally. The GLP1 level increases much more after oral
glucose intake than after intravencus administration of glucose. It has been possible
to show by investigations that intravenous infusion and subcutaneous injection of

GLP1 in type 2 diabetics leads in many cases to compiete normatization of the blood
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15necessary for normal linear growth. Reduced production of or reduced
response of the cells to 5TH results in short stature. Overproduction
results in gigantism or acromegalie. Short stature caused by growth

- _hormane _deficiency has been treated for some years 20?@ inistrati
WO 2003404 Was initially obtained froﬁéjcadaver pituitaries before it %%ﬁ%%és%

: ible, ic. mani ion i .
oo A BETRELE hIRREE by O TR U St HEroact

dipeptMy}Ibe@ﬂﬁhegym$DBﬁiﬁf¢r®mbnuma @ose'm“ axtigly cigsbleinoaithreaniain
g2immunostimulating ( ksgap%'r,@ﬁaﬁ aleffect lnterterons akeon

) e ivi
efiectif? EROSINLEAIACRCL 0 MR LALA I HaRe ielathon RO
of a péntiferonSarecdiiainAblddhd bevdificusardhefa dhf slevio PR oo Suefr

acting aﬁabﬂ&g&g#&s&%ﬁﬁ% GRDRE. PUliRie-salaresig Arpatitis B/C,

hepatitis OA vaccine Is a composition produced biologically or by
genetic manipulation and comprising inter alia individual proteins and/or

GrowiRN4HAERNA fragmenis andigrikiled an atepraier RatDeasns lnals and

: influenza, SARS, poxvirus, pathogens of measles, mumps, rubella,
plants B EBIRAGIE RO BIAMEEHInG LBLEH) CRABRATRG BB R gatte) and

auxin, YARCHBBdABiceavip ez aitenuated live vaccines with attenuated viruses
or bacteria (e.g. MMR vaccine, yellow fever, poliomyelitis) and dead

vaccines with inactivated or killed viruses or bacteria or constituents
Somatiteseof (8THINdugsad rahataradbutionieaplagie) rhepatitis/’ik) hsriteparirsGH)
and o IRSIRORES SmPIaved iherapsulicallyfo, Inhibik Pioad.coaaulatipn.
eparins consist of in each case alternating sequences of D-glucosamine

Produdtfuh Img&mgmwd_iamm@iWr@ﬁwiaﬁi’d;f@l@éﬁﬁ%ﬁ@ﬁﬁ@b@ﬁ@@ﬂﬁ@@ﬁﬁin-

leashiiB, 03y BRpuEEIRN etranficoRpHislian ol RO BEABI GBS
e easam'%%y ag/e a m\gﬁécu ar vf?eﬁ')t ht of betvt/%%n 4800 and
necessary for normal linear growth, Reduced production of or reduced response of

the cells to STH results in short stature. Overproduction results in gigantism or

acromegalie.

Short stature caused by growth harmone deficiency has been trealed for some years
by administration of STH. it was initially obtained from cadaver pituitaries before it

became possible fo produce STH by genetic manipulation in 1985.

Interferons are produced as tissue hormones by human or animal leucocytes,
fibroblasts or T lymphocytes. An interferon is a protein or glycoprotein with an
immunostimulating (e.g. antiviral) or antihormonal effect. Interierons are divided into
alpha-interferons, beta-interferons and gamma-interferons. Interferons are
obtainable from various manufacturers for indications such as viral diseases

(e.g. SARS), cancer, multiple sclerosis, hepatitis B/C, hepatitis C.

A vaccine is a composition produced biologically or by genetic manipulation and
comprising inter alia individual proteins and/or RNA or DNA fragments and/or killed
or atteriuated pathogens (e.g. influenza, SARS, poxvirus, pathogens of measles,

mumps, rubslia, poliomyelitis, pathogens of whooping cough).
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40 000. Besides unfractionated heparins, use is also made of lower
molecular weight fractionated heparins with a molecular weight of about
5000. Heparins are not absorbed from the gastrointestinal tract but must

be administered parenterally. 15Heparins act by bindingﬁ%g%ﬁm%%m

WO'QQ%Qﬁgg;_é%celerating the inactivatfoh of activated coagu ors.
Lovenox (also known as clexane) is a cqmmercially available - .

Krowp R Ml SRR MRS SRy e Y Bcent

attenveaxeprisssasivamctEre 2Oactivkiihgredient isstiow téthe tmiicmoleltidaand
weight heparins with a linear. dose- response. relatio : tly...

doad RS SO K PR e R A B eboor

(e.g. ipiophytaxiscéde épivenicinemizndes)atissahpy of deep vein thromboses
with or without pulmonary embolism, therapy of 25unstable angina
pectoris and of the so-called non-O-wave myocardial infarction, and

Heparthsombesisstrophylais avecaitrieaguiary HuHREHesgi agamyiation.
HeparABpECONRItion Af a neasHfiRc:aRRarREs dprignstuminasianef a

cartridge, receiving the silhouette, transferring the measurements to a PC
D-glucaienitBsktpiehtavetcanarsfishaRdanslisumre SEoshy LolisirRobs
sufficid NP ANRD RS @eartridge with fixing device and a line-scan sensor.

The polysaccharide chains mostly have a molecular weight of betwaen 4000 and

40 000. Besides unfractionated heparins, use is also made of lower molecular weight
fractionated heparins with a molecuiar weight of about 5000. Heparins are not
absorbed from the gastrointestinal tract but must be administered parenterally.
Heparins act by binding to antithrombin 1l and thus accelerating the inactivation of

activated coagulation factors.

Lovenox (alsc known as clexane) is a commercially available pharmaceutical
preparation with the pharmacologically active ingredient enoxaprin sodium. The
active ingredient is one of the low molecular weight heparins with a linear dose-

response relation and a constantly high bivavailability.

Areas of indication for Lovenox are the primary prophylaxis of déep vein thromboses,
therapy of deep vein thromboses with or without pulmonary embolism, therapy of
unstable angina pectoris and of the so-called non-Q-wave myocardial infarction, and

thrombosis prophylaxis and anticoagulation during hemodialysis.
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10The light source comprises in each case alternatively an LED row
giving a diffuse beam, an LED row composed of LEDs with small aperture
angle or point source with converging lens. The line-scan sensor used is a

CD line-scan camera without lens with wavelength-dep dﬁg itivj
WO 2@%@?@%@% the red spectral rangé)- 15To reduce the st%% aﬁhg[%gﬁ} é# 363
are present in front of and behind the cartridge. The cartridge is

ansilluminated in a plane in the middle position. The silhouette consists
of partial shadows and complete shadows of the stopper. After the

intensity ;measur t individual s | s have he o
cons R S ST I ey
the silbguaritapprosiiatenspitwdre byt detepminingtiht pixel Swiichiare bekae a
ana}ysqgrtain brightness (threshold comparison), The recognition system is

suitable in particular in injection pens for measures for metering and

determining the amount administered. 25 The measuring apparatus

The rEQRRIBIHALBSHMS S AR UPRIREN 5o0F g NEiRE URCEa NG RCRTHSRIREN
with slit and evaluation electronics (figure 1). Light-emitting diodes with an

devicepet G insnfe o ah8aE-6, arranged in a row, are used as light source.
Thus, with a suitable arrangement it is possible to achieve a uniform

. illumination of the 30 cartridge which is necessary, far.edge identification.
The IGATSTO FrdRRPIRAR AL G RTE U QYIRS i S TRbFouLTRe
beam,contris) and acswasydbbhda3s eithent:dtl ispetassangia orgeirtiosource with
compgnsate, for.fluctuations in. brightnes .sensor due to differe
conve e T e L Sa B R e S T
with wiovelesigibtcaphghiethrsaghitiviy feeotiomon the (dsspegirrdaan e
line-scan sensor has a total of 1280 pixels with a pixel distance of 63.5 pm
and completely detects the silhouette of the cartridge. The photosensitive
To redyixeihefstievs@titieandén e MerEHINJINN RS arE bR FiuAiRdgs-
values depend on the 5 intensity of light and the integration time. The
sensor electronics transfers sensor values with a gradation of 8 bit to an

The capfidagisangibyRInaiRn BiBRIBFE BarlieaPesdian theecdprste
consis%laﬂgwf@wﬁddb%@?@ﬁbﬁgmmw @fltwd@%tsp%&. geFae. M ierensity
operated with ambient light, the sensor is overloaded after about 2 ms,

e R BRSO O SO R 6 L sy srerred
to the BySteme $0ipthemielton hexasabidt &laboraiorypriatebshielded by
det bein %resentiin the %ghggrg fhogsi{g 'rI; eS¢ ﬁggsd a are %Val‘ﬁ?t%‘?»;gt,’é{n)
eterm asm?rgr%%r?t\ggf% {6t And the TABVIEW Stftware AR a apt%%l p?ogram '
processes the sensor data and
The recognition system is suitable in particular in injection pens for measures for

metering and determining the amount administered.

The measuring apparatus consists of Ithe three main components of light source,
line-scan sensor with slit and evaluation electronics (figure 1). Light-emitting diodes
with an aperture angle of about 6°, arranged in a row, are used as light source. Thus,
with a suitable arrangement it is possible to achieve a uniform illumination of the
cartridge which is necessary for edge identification. A slit is present between the light
source and the cartridge {o improve the contrast and accuracy of measurement. it is
necessary in order to compensate for fluctuations in brightness ai the sensor due fo
differences in refraction of the light when the carfridge is full and empty,.and in order

to avoid stray light through total reflection on the glass cylinder.
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calculates the stopper position with an edge identification algorithm. The
clock interval for calculating the stopper position is about 20 ms, as a
result of the 15 computing power of the measurement computer, the data

WO zgﬁgﬁﬁgﬁ%n between sensor and Bg and the intensity cg le?gggﬁg}%%gw

metering process and the conveying device are contro In terms o
software by converting the stopper position into a volumetric quantity. A
characteristic silhouette with the typical optical effects correlating with the

The listoppen pesitiorhasshéwal iof figie nixahrevifeaishsy Sogess pidedifereand
(;omp@@%&%‘t@fi@éﬁ%ﬁﬂ&%@t@%@%gu&%ﬁé%@ Bhcgass eviirdeariss of the

evi In addition, the disturbances at the top and end of the cartridge,
sensop iy &t the daridieridigebinkug/caticehsig e sYifPane s narss Y the
intensliferepiation Recessansin i eedoe,identificatinranditaa division obther

cartridge into a plurality of regions. The greatest accurac

of .
Vaiueﬁﬁ@&lﬁéﬁﬁéﬁfi@iF?ftﬁi@%ﬁﬁ@&?&%@&%@/é‘&%ﬂﬁ@%ﬁﬂd‘%@é’&%ﬁé??ﬁ;é
areasié%rgl@gﬂw@efgaaﬁm @mgﬁm%ama@sﬁm?ummemaewfmzﬁwm

\ . aracteristic infen |ty Istribution on the glass cartricdge ,wi araie
this CaR A SR AT BT e N REeT 5 oY SR e
2 ms, due bewndbiatnand thbasitogensitysofdhergessearmbimpEue shresholdstem
. identification. The er position.is | ified | . .
s e oS R e e o
lightpreaithtatisncofTthe stoppedposiisnavithidmddetiorsiapieat et Higieand
the L alStSIERAUA'S Nﬁ%ﬁg@é@@@?% pHingsie Sleckdpirrvalidevialions

are Compensated _yt e cc_)mpu er. In .normal operatlon,u owing to the use

calculatas MeajornneReeHRpUER Ao sdas idantfibrrirratia »a%fbei AaR
intervaNBOralem Mg afd it BdNBRsELF: iERDsasut thereaf isiavanotitethe

same illumination, different brightness valu%séogth respective pixel, and
e

compylggereuie be! dBmPsRsk Ty 5 RsaRtiHy" FiiRETRRSh N A
sensof e Ppossibilin imteradueeithesifieababpiket neiserby avetagingnthithe
second step, the e(?gﬁf ir,ei%ermiged thr sh%[d\}d Ergifiﬁ?ti%pd Ther
cOnVeRIRcHRTYLLE HSG BRIICA AU TSRO W Y A& AP separatior between the
positics’ﬂ_ alec rﬁ@iﬂﬁ@ﬁﬂmﬁmﬂgewﬂathetbﬁgm gﬂmec@tﬁlu@m&m@’mWﬁﬂaf
eftecty N Elaavin e SBpEeY EbLiRBh YRR AR PVidle Rt fusly
described different distribution of brighiness between filled and empty glass cylinder
is evident. In addition, the disturbances at the top and end of the cartridge, owing to
the cartridge geometry, are easily recognizable. This makes a differentiation
necessary in the edge identification and the division of the cartridge into a plurality of
regions. The greatest accuracy of measurement is in this connection achieved in the
middle region of the cariridge because a homogeneous glass struciure is present

thare.

Figure 1: Characteristic intehsity distribution on the glass cartridge with paraliel
mcident light

Reflections occur at the shoulder and end of the cartridge due to curvature and
inhomogeneity of the glass and impede threshold identification. The stopper position
is identified in three steps, of compensation for clock interval deviations, of edge
identification and of calculation of the stopper position with correction of optical
effects. In the first step, errors in the intensity value owing to clock interval deviations
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10the first to be below a previously fixed threshold. The second position is
determined by the pixel position with a brightness value which is above
the threshold. If the threshold is between two pixels, the position is

' ' by interpolation, simultaneously improving th j |
wo zgggé%%gé?t%on. In the third step, the%j"topper position is caﬁ%ﬁ%ﬁ%ﬂgmgé&%%
basis of the stqpper edges. It is necessary for 15thi ifferentiat
are CofRTIG BT T8 SR ol I gt v deesa
measisteppet posifiotels daldeliars iorthebakisibing poditvihefitedidinetige. of
1o 7 g DR Bk RIrareRTasPands o the sindisipikel disance
Hpto %Frgigpghé@g,%r?g %%altrjt%r%g]]% regfo% ggthe stopper p%]smit%ﬂgis éff}j)(’retohlied by

brightiisespisitien o the fromasdiye BAEeIAgE STH MGRTIRPTREERURMent
m@as«;tﬁ"fﬁgﬂ%t%'ﬁﬁﬁgj%g?&m”r’ﬁ%.pmflﬁ%é?%@%'ﬂ@%%hélf‘éﬁﬁc’;’éi%@ affact of

pixel. 253) In cartridge region 3, the position of the rear edge of t

. ’ ¢ he
pixel ntisgper W aSKANT IS es RsHN e PriactifeRidRSRE GiiaTEiRe BxdimritRd
§dentéf{&lf<a%99!1ﬁ’ﬁé Bﬂgﬂﬁ%ﬁmgﬁm@atﬁnﬁm@@i@m bR SopRRI RepEeNidS

ikewise possible to use the width of the stopper-. 30When switchin .
betweBR e BESHARIANA T IHRPHRS ARSaLl i BN CHSBEIE (Rea™
in this tes@sSisidTiaveidingritkningoventhecsitppert posipor! Besosi ptiohtobteis
._figures: Figure 1: Sensor system. to identify the stopper position (with

e sl R e A gL o RSl AR AN B e g
by theglass pasitidgevitlith paigifeldacideinessdfidight above the threshold. if the
threshold is between fwo pixels, the position is determined by interpolation,
simultaneously improving the resolution of the edge ‘position. In the third step, the
stopper position is calculated on the basis of the stopper edges. lf is necessary for

this to differentiate depending on the stopper position:

1) Inregion 1 at the start position, the stopper position is calculated on the basis
of the position of the front edge. The maximum measurement emor

corresponds to the single pixel distance of 64 ym.

2) In cartridge region 2, the stopper position is afforded by the position of the
front edge and rear edge. The maximum measurement error in this region is

about 32 pm, corresponding to half the width of a pixel.

3} In cartridge region 3, the position of the rear edge of the stopper is used. This
results in 2 measurement error of a single pixel width of about 64 ym. For
error-free fransmission of the stopper position it is likewise possible fo use the

width of the stopper.

When switching between the individual regions, the measured width of the

stopper is used fo assist in avoiding jumping over the stopper position.



26 Sanofi-Aventis Deutschland GmbH Claims DE 2006/038Dr. RS 1.A
method for determining the position of a component in a medical
apparatus along a travel distance by means of a) a light source and b) a

WO 25&%?@%@@ fixes the component povably along a travebdistarceendop363
a photosensitive sensor surface, which comprises initially generating a

i - onent on the sensor surface by irradiating the
De%éﬂ?gc?ﬁgﬁﬁ%ﬁﬁ* |gr;1étl%om a), then the data relating to the silhouette being
converted by a data processing unit into the position of the component
Figling. e Havek distan e @k wRichdiiecpmpinentithasespetiatnns

determined is the stopper of a cartridge for a pharmaceutical. 2.The
elefiEthRE as claimed in claim 1, wherein the position of the one insulin
cartridge is present. 3.The method as claimed in claim 1, wherein the

t whose position js to be determined relat st
FicHGoi06 RS P RN SOt e g i etate
incladnesels light |



4,The method as claimed in claim 1, in which the component whose
position is determined relates to a feed unit for removing a pharmaceutical
from a cartridge. 5. The method as claimed in claim 1 to 4, wherein a data
processing unit is integrated in the medical apparatus. 6. The method as
claimed in claim 1 to 4, wherein a separate data processing unit is
operated together with the medical apparatus. 27 7. The method as
claimed in one or more of claims 1 to 6, wherein an aperture is attached

Sapftiwentis)Reites) ard/BrBliand c). SERROSEES0d as claimed iFoR§or

more of claims 1 to 7, wherein the light source consists of an LED row. 9.
Cla};ﬂg method as claimed in claim 8, wherein the LED row gi\_/es_ a diffuse

beam. 10. The method as claimed in claim 8, wherein the individual LEDs

of the LED row have a small aperture angle. 11. The method as claimed

1. in claimeBhodfereiaarepnvegingiansisinseradRativeendaRAam @nshys
aloﬁ&@ﬂ%@&% égcél'ga@rmf%%qgfas claimed in claim 11, where the
cylin

converging lens is rical lens. 13. The method as claimed in claim
1 to@2, withelt; $hE' g gource generates red light. 14. The method as
claitned in @nheldsrmalenahelainrscantpdhaihersiadasasdghticeenrraied Byq

at Ie@}st twq %QBIo%%HEﬁ%@%%@%Qﬁéjﬁgiﬁa%Qy side. 15. The method as claimed

in claim 14, wherein red laser light is génerated. 16. The method as
Whigh RABRTRSS ARG hReest tIgimE howrlts ohihereaanserripihaatacer surface
by icenisists;tha sowpohantaneit SeneerLlemants data relating to the silhouette

being converted by a data processing unit into the position of the component along the

travel distance: and

in which the component whose position is determined is the stopper of a cartridge for a

pharmaceutical.

2. The method as claimed in claim 1, wherein the position of the one insulin

cartridge is present.

3. The method as claimed in claim 1, wherein the component whose position is to
be determined relates to the adjusting device by means of which the amount of a

pharmaceutical to be delivered is preset.

4, The method as claimed in claim 1, in which the component whose position is

determined relates to a feed unit for removing a pharmaceutical from a cartridge.

5. The method as claimed in claim 1 to 4, wherein a data processing unit is
integrated in the medical apparatus.

B. The method as claimed in claim 1 to 4, wherein a separate data processing unit
is operated together with the medical apparatus.



17. The method as claimed in claim 16, wherein the sensor elements
consist of a CCD line-scan camera. 18. The method as claimed in claim
16 or 17, wherein the sensitivity is greatest with red light. 28 19.An
apparatus! medical device, comprising: a) a light source configured
to cast a shadow of a movable stopper of a cartridge on a light sensitive
sensor; b) the light sensitive sensor configured to detect the shadow
of the stopper of the cartridge; and C) a data processing unit
configured to convert information from the light sensitive sensor on the

7. shadow obthedsteppemistorpasitionraiosnationsof the sieBrSk A0aphRUES:
a‘ti&éff%éjﬁéﬂﬁ%@r? Igfm%q érg‘ &Ig}i%} %% J%Lassembling a medical apparatus
j NN Jrot D )

which is suitable for administefing a pharmaceutical into the human or
animal body avoiding the gastrointestinal tract. 21.The use of a technical

8. devicheasetaimed il 2e:adiereir m%rahaéma@euw&wiﬂwlight%%&f;e
i for injecting a pharmaceutical into the human or anima
Cor{bgéec%/,%?r%g ICrln%?tﬂzl?:’:%I&I&apparatus comprising inter alia a) a base element fo_r
mounting at least one technical component; b) a technical component in

9. the firemaftacbeeptaciedon alghasmaesuticale LED row gives a diffuse beam.

10. The method as claimed in claim 8, wherein the individual LEDs of the LED row

have a small aperture angle.

1. The method as claimed in claim 8, wherein a converging lens is inserted between

LED row and component.

12 The method as claimed in claim 11, where the converging lens is a cylindrical

iens.

13. The method as claimed in claim 1 to 12, wherein the light source generates red
light.

14. The method as claimed in one or more of claims 1 to 7, wherein laser light is
generated by at least two iight sources aligned side by side.

15. The method as claimed in claim 14, wherein red laser light is generated.

18. The method as claimed in one or more of claims 1 to 15, wherein the sensor

surface consists of a row of arranged sensor elements.

17. The method as claimed in claim 16, wherein the sensor elements consist of &

CCD line-scan camera.

18. The method as claimed in claim 16 or 17, wherein the sensitivity is greatest with
red light.



c) a technical component in the form of a feed mechanism; d) a technical
component in the form of a metering device; e) a technical component in
the form of a display; a technical component in the form of a release
mechanism for starting up and carrying out the injection; which
additionally comprises at least one dgyice as claimed in claim 19. 23.The
medical apparatus as claimed in claim 22, wherein it is in the form and
function of an insulin pen. 28a 24.The medical apparatus as claimed in
claim 22 or 23, which comprises at least one means for storing and/or

19.processingpaata amelicsigadts, anthgtdeast one interface for transmission

of daja and/gsigpalsdand(prem.an edenal tsehnical HOLWHIGh

configured for the storage and/or processing of data and/%kr) S|gng%e:r3 2
Cargiapiny /I SPRHIE ARISES claimed in claim 24, wherein the external
techmical uhit tgnsstsitifa Gson omhi@macpf@gmfﬁwetm%amﬁ@g@%%er
ing ata and/or signals is installed. 26. The medical apparatus
Oftgiq'c(ﬁt?n%gg' %Rgne or more o?plaims 22 to 25, for injecting insulin. 27. The
medital aghSFR RS TR iFrefigHiesdoiRamreHRfREMRsan R athe light
serighgpaeting andlar shston-afatinginstdininto position information of the stopper,

20. The use of a device as claimed in claim 19 for assembling a medical apparatus
which is suitable for administering a pharmaceutical into the human or animal body

avoiding the gastrointestinal tract.

21. The use of a technical device as claimed in claim 20, wherein the pharmaceutical

is insulin,

22. A medical apparatus for injecting a pharmaceutical into the human or animal

body, the medical apparatus comprising inter alia

a) a base element for mounting at least one technical component;

b) a technical component in the form of a receptacle for a pharmaceutical;
c) a technical component in the form of a feed mechanism;

d) a technical component in the form of a metering device;

&) a technical component in the form of a display;

f) a technical component in the form of a reiease mechanism for starting up

and carrying out the injection;
which additionally comprises at least one device as claimed in claim 19.

23 The medical apparatus as claimed in claim 22, wherein it is in the form and

function of an insulin pen.



28. The medical apparatus as claimed in one or more of claims 22 to 25,

for injecting GLP-1. 29. The medical apparatus as claimed in one or more

of claims 22 to 25, for injecting Lovenox. 30. The production of a medical

apparatus as claimed in one or more of claims 22 to 29 for injecting a

pharmaceutical into the human or agémal body, where a) a base element

is provided for mounting at least one technical component; b) a receptacle

is provided; c) a plunger stem is provided; d) a feed mechanism is

provided; e) a metering device is provided; f) a display is provided; g) a

release mechanism is provided h) possibly electronic constituents are

ro evic claimed in ¢laim.20 is rowded

T B S O By i R et
one means for storing and/or processing data and/or signals, and at least one interface
for transmission of data and/or signals to and/or from an external technical unit which is

configured for the storage and/or processing of data and/or signals,



29

25. The medical apparatus as claimed in claim 24, wherein the external technical unit
consists of a PC on which a program for the storage and/or processing of data and/or
signals is installed.

26. The medical apparatus as claimed in one or more of claims 22 to 25, for injecting

insulin.

27. The medical apparatus as claimed in claim 26, in which the insulin is a long-
acting and/or a short-acting insulin.

28, The medical apparatus as claimed in one or more of claims 22 to 25, for injecting
GLP-1.

29. The medical apparatus as claimed in one or more of claims 22 to 25, for injecting

Lovenox,

30, The production of a medical apparatus as claimed in one or more of claims 22 to
29 for injecting a pharmaceutical into the human or animal body,
where
a) a base element is provided for mounting at least one technical compoenent;
b) a receptacle is provided:;
¢) a plunger stem is provided:
d) afeed mechanism is provided:;
e) a metering device is provided;
f)y adisplay is provided:
g) arelease mechanism is provided:
h) possibly electronic constituents are provided;
i) atechnical device as claimed in claim 20 is provided;

[} the individual constituents from a) to i) are assembled to give a functional unit,



