An ultrasonically detectable intrauterine systemand a
nmet hod for enhancing ultrasound detection Field of the
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ultrasonically detectable intrauterine systens and to
a met hod for enhancing uItraspund detection of these

systens. Background of the invention The intrauterine
systens, comonly known as |IUS s, have | ong been known
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sl zes an various nateria S consi st
naltrasbliyd détcatipn asti ¢ frane having the shape of the
letter T or 7, although the shapes of letters S and w
are al so possible. The 1US' s which contain drugs can

b?kﬂfﬁﬁt%Qn@QﬂL)iSter these drugs locally to the
ut erus alllt a controlled re | ease rate over a prol onged

period of time. The nedicated 1US s which have found

consi der abl e acceptance_in contraception and_hornona

t Thewpiesant invantionerettesi to abirasonienllysistestablenigtrmperinefaptems and to
YR for éhh%n&ﬁgﬁﬁ{as&}ﬂﬁ de‘aerc‘ﬁé;@oH&l&fe! s%eBS‘” ce), a

copper wre or srliver cored copper wire IS wound

around the vertical stemof the frame whereas in a
hornmonal | US a hornone containing el astoneric capsul e

i Baghground ofitheiavestian cal stem The capsul e may be
coated by an el astoner or pol yner nenbrane which
controls drug rel ease fromthe el astomer-hornone

CERS HButel RO stdnRBRAmb AT RYSHn 5 (S dShavd 361 Belh khd#oh and

renoval after the period of use, are tied to the |oop
athey hevechregin obnstineted én nurneroussshapes daoddgerss ardbdievarious materials.

53000 A B il LR o,
PEEHRER HeWRap s O Yt S htE8afd A1 posSHRE E‘ﬁe iﬁ%%*stv.b}ﬁéh contain

ectoprc preg nancy, and expul sioh of the
Estmgh sarobe used tonadrsinisidy |t se darga lemally hethe Wirosaat axmntrolled re-

Rk ate oV ARt Boied BT ReapRU S & whh hale found

ﬁgcglggfgﬁlblebic‘é&ﬂmg in béHitad8btioRGinf A6 GHal FERRERNGE IR divided
into copper and hormonal devices. In a copper [UD (Intra Uterine Device), a copper
wire or silver cored copper wire is wound around the vertical stem of the frame
whereas in a hormonal IUS a hormone containing elastomeric capsule is placed on
the vertical stem. The capsule may be coated by an elastomer or polymer membrane
which controls drug release from the elastomer-hormone capsule. Monofilament
removal threads, used for [US removal after the period of use, are tied to the loop at

the end of the vertical stem.

Undesirable complications that have been associated with the use of [US’s are infec-
tion, bleeding, uterine perforation, cervical laceration, septic abortion, ectopic preg-
nancy, and expulsion of the IUS. Expulsion is undesirable, because the IUS can no
longer provide protection against pregnancy. Perhaps the most common side effect
of copper IUD’s is abnormal bleeding, taking the form of menorrhagia, metror-

rhagia, or both. This side effect is not found with hormonal TUS’s, which can be



rhagia, or both. This side effect is not found with
hornmonal 1US s, which can beactually used for the

wo ewatioEast of nenorrhagia. A disparity betweenPCTER8162080123

10

15

20

25

30

and/ or shape of the uterine cavity and the IUS and

i naccurate (non-fundal) plac nt of the systemat the
time of insertion have both been |linked to |IUS-induced
increases in uterine bleeding. In addition to the
onLinal : e T that

¢ RabTB s R EmERTI bl ibia 4 fsgarhy BB tne sl andlor
cshupé bf thicivtarime chviey adathe TS gng imgedutate (nombfithddl epladeneent of the
detect the positioning and placenent of the IUS in '
ofXgtemn tghetimg of dserting Yf‘olkﬂtg geendinked & BiSnindyeed iggrepses in

c dgRidipns. Currently, there are several techniques
for determming the presence and position of IUS s in
the uterus. One technique involves the use of X-rays.
However, the use of X-rays in the area of uterus and

oladditiondp the eptimal dovigniend comnoesiion, ipisdupertant that the REY is
d L I ' he.. f . .
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sicla Ker r1"ngs,
Whé shile & @etéd:t tiachRdiongldnd plddembst SRS inh@ d@ite FRip66se the
and gPsition of the IUS and at the end of usage tine
t probigimpand toerevgns fierther pproplieetionsechni que is to
mani pul ate the uterus under fluoroscopic exani nation.
In sone cases, a second IUS has been inserted into the

UCBFrekly, thefedr¥ Sev@¥al 3thhighiéPfod HeEMAingBhk Sresdn@e 8&d Sésition of
relative placenent of the lost IUS. U trasound i nagi ng

i BJSi drethg uirrasl One teahgiqua linvabyss itheatse of X-tays. However, the use of
-i nvasi vel b th jthin the h
R oL b SRR G o SO St APl R R
aphet 64BN 1aEhhigBS BB et RSB {RAA PRGNSR MK PIIONRY ex-
to i mage nedi cal” devices that are inserted into tissue

oamina $lxamerkey grings, hehpat attached ithe VS taidetee the pickdnee and
to ultr u by. reconcjling the position of the |U
wWPesHi q@ﬁ%ﬂfs piafe kot pPRas e Rvermons s s ¢mether

r RlRilyEis R ﬁiaﬁftpﬁfége HBE ulch& dHder r@&g}ailc@amﬂaﬁon. In s
exam ni ng hea care personnel can determ ne whet

t aeechbhiBIWS hpy ogearihsertpd ade thewitérhs to delvee astarintsa-ufEhiee marker to

medi cal, personnel will _ be _able to determ ne whet her
t dgteqgtneative placement of the lost TUS.

me cases,
er

Ultrasound imaging is widely used in medical applications to non-invasively observe
the structures within the human body. In addition to imaging physiological structures
and tissue, ultrasound imaging has also been employed to image medical devices that

are inserted into tissue or passageways of the patient.

The uterus is visible to ultrasound by reconciling the position of the IUS with the
position of the uterus. In reconciling the relative positions of the uterus and IUS, the
examining health care personnel can determine whether the IUS is properly placed
within the uterus. The medical personnel will be able to determine whether the IUS
has perforated the uterus or cervix. If the [US has partially or fully perforated the



has perforated the uterus or cervix. If the IUS has
partially or fully perforated theuterus or cervix, the

w@bysilaiian, by knowi ng the position of the | UPCBFI2006/050123
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better able to plan an appropriate strategy for

removal of the IUS. In a typi3cal i magi ng system short
bursts of ultrasound energy are directed into a
patient's body with a transducer. The returning

r&ﬂ‘ehﬁ%"r R, Eﬂegﬁlggn@fin, in® Fhe PolitiBh Bf HRTOS iE6&HY Gble to
by the sane transducer "and are converted to electrica
Splgnah spprépudats sigatagysfor egmeabof thadUShe refl ect ed energy
are processed and formatted into a video i nage of a
target region. The technol ogy is especially val uable
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ppatieatls Bodnalith @ sn&ipen Thy eetdrhig refléedd wirgdouad ehdipgiof@ch-
technol ogies. Al so, instru nents are widely avail able

afRs, aedeeived by the sampcteansiyeer and arejcapvertod &9 elpetiral gignals. The
davi _ hald g ¢ _

RS PROYRGTRLRREe) RSHRDSG 3R Bhg i i o Vi
Cifepe @ @ Rdrkdt reibs. i Thel tedhio Ry i@ pélealiycRiliablefoOmeditsl imaging
accurate g acenent becones extrenely difficult if not

i appdisatians becanspdingnospe vlaseundpreceduien gretsate, vewidgpgptable to

of .devic is.the scattering. | e. For anpl .
Spaefis B Tes Bareriiug fien othict el pgine doctngiogity Kiso, instr-
Sghts btoRidelyavail bl CaiTinab i bodbstd ianéhl @hR. hi ghly
vi si bl e undér ultrasound i magi ng when the needle is in
the plane of the ultrasound beam If the needle is

ed t ojte. ot.her angl.e.off-axis, . the ultrasound.
Rl el SEViaPRre acoistir sty Sytileo s Af B GSHe nto
t AR ICEVIRNink e dNEBANeuddBG ONEBi 1P 8FthY USVi&d B pobr £\ekcu-
i nvi sible under ultrasound ifagi ng.” Both of the
pratbplecenané beoonies dxtadnaale diffimat i eetnimpdshilde sbthey problem af-

Slrotheihe bR Qe tsc HEScaeB PLEIEER xfiEplc: Seins re!
RIS h&ézeyacbﬂstfchﬁlg@ﬁ\%s@}iﬁw@g%ﬁ&éﬁw ti%ﬁﬁ Bd are highly

Vari ous approache SO en use ance
ulrisibiesiordeculirasognd imipingrotier the mgedlé & in did arel ofehesuitrbsonad
characteris tics of these devices. A variety of

ubsamh dbthe deedinisrarieddg sorne oekang ool axisnide ytitasend heamds
u&!a{t ?IreH1i1¥ a ﬁh@(ﬁgn%%bir %ga%rtﬁg ﬁﬁr?s‘au@e@ rahﬂ ﬁle%edl%@é&ﬂe%tless visible

agents may enhance
or even invisible under ultrasound imaging.

Both of the problems described above have been addressed by efforts to increase the
scattering power of the device so that the device becomes visible even when it is not
completely in the plane of the ultrasound beam. Various approaches have also been
used to enhance ultrasonic imaging by modifying the reflective surface characteris-
tics of these devices. A variety of ultrasound contrast agents are known, including
porous uniformly sized non-aggregated particles. Contrast agents may enhance the
visibility of target tissue into which they are injected, but they can not enhance the

ultrasound visibility of insertable medical devices.



visibility of target tissue into which they are
i njected, but they can not enhance the ultrasound
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5,201, 3 14 describes a nedical device that is

insertable into tissue or a passageway and i mageabl e

W th sonic imging equi pnent. The device includes an

el ongated i nsertabl e nenber that has an interface
h@%‘%@en@l\&hé‘@@l%*ﬂ@heécﬁbéseé 9&&% l\ffc‘vitcg t]‘fgb% %ﬂhﬁe 36 Mssue or a
for produci ng the inage. ongate I ncl udes
apasdyetvay and anaplatds withlsetiic am;hgnyg equiphdrer The device includes an
geonetrlcall shaped particles that have a prede

t elPRgaiyin Ivvlsavemleﬁr that hagan igterisge haying zhfl@PF thap s regpogsive
c I
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canivennath aysphtticatlpod other geonttbietigataped phh&les uhatihdee a prede-
surface of the nenber material. I n one em bodi nent,

t eamingd gpmtgurelor asfeblishing theiateniaee. I his @wtqyléffdsswvamﬁstlapon-

SB35l Mol LA e R, o PRI ey Bl B Lhation

r gtRhes td & eantﬁeﬂaécam thobutsig si@ick B thRindritr addteriad In one em-
tlssue to be treated. To enhance the visibility of the

emt, the inteefegeriayes ;rwemﬁéude@clnglg denistty sstal suchaas tisanapm,
dded .0 t | ant,. Al t.er nat an i | ant
cﬁlﬁgﬁ‘a‘h Bt Sl e Rt ol e S i o '™

conposi tions, which have atomc \NEI ghts suffl cient to
confer radi opaci ty to the inplant. Particularly _
pUéflbatmt;- Nor 6306, A5 nelatanitoes syatem for deliverigg abanplam todissug, to be

d di .
Pl 12 chiis asip Tt hihe PP Forie B e oqigenic con-
' PRt %@étﬁ chibé Sd/déﬂ% tHeaMDlanBl QEAERIEL Bh SmPRAI HHEBRARIIS
netal S such as gold and plati num nay be 1 ncor porated

aments,vmolycdlesn emdpmpuels st compesitionpawhiclc havesitares waghds sufficient
t han mcro ters her avy ato
. mﬂng% ughelth 4 Tog FBient BRTICHIBTY e e o pAae dpatgrals are

| I RV
B W B Bt t%’?t?f;*f‘%?"sﬁ{“?a‘?”‘?’“ﬁlggf’@% FB8Becifing agonts
m:air Beyincugpdated snto fleecienpddntd ineseckarali veays. Bl‘écﬁapz&ﬁﬂe -

4, 869, 259 rel at es.to the enhanced echogenicity of the
nBERogERic metals such ap galdand glafipym may b ingasporaichas @ vesy fine

t 1.5196%3815; gﬁ@;&ﬁ}g sg%eghséég E}&H%‘Eﬁ%c&%eft&& Othétheh? s may

0 soun
be incorporated in the form of inorganic salts, such as barium sulphate.

Several efforts have been made to enhance the echogenicity of medical device by
modifying the surface of the device. US Patent No. 4,869,259 relates to the en-
hanced echogenicity of the needle by particle blasting with 50-micron particles to
produce a uniformly roughened surface. US Patent No. 4,977,897 relates to sound-
ing apertures machined into needles to match the incident beam wavelength this im-
proving sonographic visibility. US Patent No. 5,289,831 relates to the modification
of the catheters and other devices by incorporating glass spheres or high-density
metal particles in the range of 0.5 to 100 microns or partially spherical indentations.

US Patent No. 5,327,891 relates to the use of microbubbles containing medium con-



i ng apertures machined into needles to match the
i nci dent beam wavel ength this i mproving sonographic
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nodi fication of the catheters and ot her devices by
I ncorporating glass spheres hi gh-density netal
particles in the range of 0.5 to 100 m crons or
partially spherical indentations. US Patent No.

Staitfed:ifs Yands %h%’t)leﬁaékg 16 Q&lo ceﬁfy Eh&ical Fief‘ss US Pat gtent No.

cont ai ni ng nedi um cont al n |n vanes and/ or tra s to
ef169¢ 54 edatbytoahé atiizatiombhe hmaslkking tdShhghetot profuce depressions
5,759,154 relates to the utiljzation of a maskin

ng
t @mﬁsefwealﬁeslaape Rrreofrgpres ad,diamendnnn the syface around the cir-
1&&{%54, Hﬂthé ﬁé)f squares and di anonds on the
a

ce aroun e cir cunference of the device. In
our studies the known internal nodifications of IUS s

(conpoundi ng with hollow gl ass m crospheres,
chwmémdilesg e lomemreﬁ@al q%ﬁicatlortso}féUSrs (cpmpendingovithyhollow

(O 50 Bhing sl | PR A58 P mrauerine
¢ piarnching, Hsetine dtp i e Body &

I clen

bs)}stehy) diti néthéhd' tU&lé &sﬁbd efFsA U tlﬁ@t(ﬁ‘)ﬁ(bt%ﬁfﬁcﬁﬁﬂy Eh}ﬁ!d{/@vm-
1, where the difference of metal cored T- body

| hilityl afithe BySiin ulisonnd deteetica. SeriFigned , Whtsdye @1f§ 2ncp Bf metal

pE TR B sl P A SURLEF BoRP g, 1 i shown.

t AhRhlaserfalBetReériht pﬁﬂ)'é QRHE Elltfh's&%d@‘nhﬁﬂ&lgl&h&t%ﬁél%d& out partly

visibility enhancer. However, a suitable neans
i emtotallyribe bright e¢hoigbmitity 9f th¢ ulttapsund visdksilitycmhahcy However a

ARTb gRins 7 aTRinstnd 6 S0 of 103 Pe RS bY riigi G the sur-
eFaQQ ge1he TUSWyitinkit ifesl® lzbﬂfiloggi R kevn thik th&8ls B géiferaﬁ'irh
net hods netal s have been used due to their

cpmove admgemvmy g flzastound dé¢tectemhanrtbe pdet atiethodumitats have

- ray h| s nvention congentrates on ans to,
ﬁﬁﬁ" %ﬁﬁ@t’aﬁ%’é’ﬁ RetAndo eRhanegk detetion Ising s avs:
Ofhi %eﬁh&f’ébﬁcéﬁ?a&&%n%@ﬂﬁ % i rgﬁl{)@e VinSsdRing defieforPidiH make
parts, 1.e ocati on and sitron I n uterus can
qesrtai parsstafthesT-batly bfithepesducsmore vibiblei tharaether parts, i.e. IUS
a p0| nt ment Supmary of the invention The present

¢ Pogitien ji wieiug &3n b avigly strdiediat theepnsamg qlipician’s
dgﬂp%%glghte i ntrauterine

Summary of the invention

The present invention thus provides an improved ultrasonically detectable intrauter-
ine system (IUS) for relatively long-term insertion into a uterine cavity. The TUS
according to the invention comprises at least one image enhancing means for the
ultrasound imaging of the system. Said means are selected from the group consisting
of

a) an inert metal coating on at least part of the body of the intrauterine system;

b) at least one inert metal clip, pin, ring and/or sleeve fixedly positioned on the body

of the intrauterine system; and



system (1US) for relatively long-terminsertion into a
uterine cavity. The |1US according to the invention

wa@evpnodes at | east one i nmage enhanci ng neans POT/FRbes/050123

10

15

20

25

30

ultrasound i magi ng of the system Said neans are
sel ected fromthe group consiqsti ng of a) an inert
nmetal coating on at |east part of the body of the
intrauterine system b) at |east one inert nmetal clip,

p o

P REblIR 88 rthoRU G UR JertkRE it DARE bhAAFHNG rlalerinO Bitom
aingglavead theousubildover ti cal arm of the body of the
intrauterine systemin place of the usual |oop. The
invention is also directed to a nmethod for inproving

t fie YivaitRinl i€ 2isb Aledld A Ijngﬁl{)@l’%qﬁlkgl%%ir%y‘fﬁé @ﬁh&‘nf‘_aﬁéx{‘o# 46n-
uterine cavity In an ultrasound exam rati on. The
nehitednecsysien Wwitlkin ltlee utbivge Givity irddn Wirasoudldl Bxgantingtidno Tle Alethod
an TUS with at |east one inert netal clgg, ﬁi n, ring
aprinRrises {. @ dhe step phpipvidingthe bady of sl with at leay oae ingft metal

o2 Pk B oo 5 RaiRplyPts b P o Rt Tl or e

| bialy offta@ TUSPooaMRAB g Hinetallfd 160p td the Fértieal ArdDfitie Bddly of an

ul trasound exam nati on has the advan tage of enabli ng
hE&S.t h care personnel to detect nore easily the
positioning of the device, thereby facilitating the
detection of both problens in placenent of the device
ampe RhREveRieht BE Vibibiie o VIURRin dn Sk dsourf ahfitatidf had the d8van-
of this feature is that the positioning of the IUS can
btage ot enabling hesdthwateinsesonael fin deteetarhore gasilyshe positinning ¢fcthe

area of, the body.wherein the device js i.nserted. .
Ty T e e ioh ot ot rilefs i BRAGTAGHL of the device
I i hrBBleRN WRdltheAdvif stsege procedure, which has al nost
conpl etely di splaced the use of X-ray exam nation in

the detection of IUS's, in the ascertai nment of the
correct Jocation of the devigce. The abilit o det ect
t%@o EIsa‘{M??tﬁg%P{‘i‘%gS%m‘@ l%ﬁﬁfﬁﬁﬁé’f’?l&}ﬂmflg o the\J S fan b geger-
p?‘f)‘%? é*&%f’“ﬁ% %fé?cgﬁiggg%tsg gmz E(ng“a?éd SFfie b WhedSin LGRS
inserted. Transvaginal or abdominal ultrasound is nowadays a routine outpatient

office procedure, which has almost completely displaced the use of X-ray examina-
tion in the detection of IUS’s, in the ascertainment of the correct location of the
device. The ability to detect the IUS with ultrasound examination is of vital impor-
tance in various clinical situations, such as bleeding problems, pain, suspected expul-
sion (i.e. displacement of the [US), or other possible adverse effects during IUS use.
The correct location is determined by ultrasound examination by measuring the dis-
tance between the upper end of the vertical stem of the system to the outer surface
of the fundus of the uterus. As the uterus is not distinguishable in X-ray examina-
tion, the use of ultrasound enables the ascertainment of the correct location of the
TUS more accurately than an X-ray examination, e.g. in case of a partial expulsion of
the device. Further, the use of X-rays should be strictly avoided in the general user
population of IUS’s, i.e. fertile aged women, to minimize the exposure of reproduc-

tive organs to X-rays. Especially the ovaries are very sensitive to the potential



sion {i.e. displacenent of the IUS), or other possible
adverse effects during IUS use. The correct |ocation
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the di stance between the upper end of the vertica
stem of the systemto the outer surface of the fundus

of the uterus. As the uterus 1s not distinguishable in
X-ray exam na tion, the use of ultrasound enabl es the
B o P A i ox inglon At bl v of
asychrinheadnt eixlu [issummmaryy, thh predentiinventiénledadbkas thd ke ofiasafef and
X-rays_ _should pe strictly avoided in the general user
pEeTH sliakle dejectiondechniques” fertil e aged wonen, to

m nimze the exposure of reproduc tive organs to

X-rays. Especially the ovaries are very sensitive to

t Beiep@éseriptioh B tiaggires ef f ect s of X-rays, whereas

ul trasound exam nation does not carry any of such

i nherent risks. In sunmary, the present invention

epabl of fer reli t [

© RIS T AT PR S0 a5 o T AR B g s S b B
Ajacd/biodifie A-Bstly (wadietsly. Sufficd blifikiibr @heic@d €Ehdgblficiiy of
the right. B) Sur face nodified T-body (with nmetal).
Stirtfody eemaskiatily. diews takem itairoéide estivgewitle convesprobebody
remar kably. Views taken in in vitro nediumw th convex
probe. Normally 2-di nensional view is used in nedica
SRekfdlly 2 Binenfohal vty is208d Bl méhids sdctdraMBusnBiEhorz81ihl &ns
a vertical arm (sagital view) can be seen at” a tine
w(transweerseorierekonar eeividcal Eing (sagitalvievBycam be sgginradik tipreobith a convex

sonet i nes, a vertical arm.can _be seen (Fig. B). ..
Fpige 0782 A)- T Sxtighal phcbe sOiaPLBaN e SErel B an Bpiebh SFie
ippyater. The schematic nodel shows which part of

T-body can be seen in the picture. B) T-body, view
fromthe bottomof the T-body in water with vagi nal

PFigaee £ 2A 3 D-body | trahsVersd view Svith @nbéeprobEirgiaer. The RehEnatic
conparative sagital view of the vertical armof a

r egdelshows wiishatartiof3-pasdy qan be seaqntin thapictire By dobrdy, view from
T b AT R B R
especi al ly the hornone
Figure 3 shows a comparative sagital view of the vertical arm of a regular hormonal
TUS (on the left) and a hormonal IUS with metal (Au) coated T-body (on the right).
Convex probe in potato starch thickening. It is known that especially the hormone
capsule of an IUS fades out the echogenicity of the material underneath it. Au-
coating improved the echogenicity of the T-body and the T-body is seen as bright

image inside the hormone capsule.

Figure 4 is a comparative sagital view of the vertical arm of a T-body with metal
(Ag) rings in upper and lower part of the stem (A) with a regular T-body (B). Metal
rings are seen as a bright echo behind the vertical arm. Vaginal probe in potato

starch thickening.



capsule of an IUS fades out the echogenicity of the
materi al underneath it. Aucoating inproved the
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bright inmage inside the hornone capsule. Figure 4 is a
conparative sagital view of tgwe vertical armof a
T-body with netal (Ag) rings in upper and |ower part
of the stem (A) with a regul ar Tbody (B). Metal rings

B B O R o G K ecer AR £ty oF ke A or
Oplacezal - Hms the raost iporemin ﬂg@ﬂelctoelatmme [distarice bO &S frohd fin-

of place A or places_A-B are.the nost inportant in
oferef pigler iochroperbrutifesihs REEtier of KOS ZpRgh TSN HigsIs, peho-

0 the position of horizontal
aégnlg&ﬁ}{]&&géﬁggéé%ﬁgﬁ%gﬁ%l ty of positions CGDis

i mportant. Figure 6. A hornonal contraceptive with
Au- coat ed bod gure 7. A) Unenbedded Ag-rings at
t Kigugppeh haﬁaon%mﬁaémwsfm viceated drbadyf a hor nonal
| US. B) Enbedded doubl e-rings at the upper and | ower
end of the vertical armof a hornonal IUS. Figure 8.

AF%E%& VCAyba&ﬁwdaed Retyind at the uppér dNEWer R IBF veiftical arm of a

Note tri ple shadowing fromthe thickest
phcvrmsm@lflUSo B) Zorhedledadovble-nagrEsithe(uppet anddower end of the vertical

| evonorgestrel-rel easing intrauterine system (1US),
mmﬁp%gmoggs[dﬁ a hor noneel ast oner capsul e, nount ed
on a T-body and covered with an opaque tubing, which

regul ates the rel ease of |evonorgestrel. Figure 9.
Chignae Bscousfic shagbwarg behidabphenizentabainis efcMIREN Afe Note tri-

W@éghaiqo%ﬁ‘gﬂﬂé‘&dt%&ﬁ IRl PR SERBRINE B
o etk I R iR aﬁéﬁzkﬁﬁet%ﬁﬁsé’mﬁyﬁﬁ*ﬁhﬁg{&é

selastomEr gipside, ifountgghar 4 Teodg add coferdilwith ah epaqhe vbdlyg, which

(marked with arrows) were |ocated from a sponge-wat er
siegulatps the release of levonorgestrel.

Figure 9. Comparison of a glass microsphere modified 7-frame with a standard T-
frame in corn starch thickening by vaginal probe. The whole horizontal arm of the 7-
frame is visible whereas only the three thickest parts of the T-frame and their acous-

tic shadowing can be seen.

Figure 10. Spherical ends of Au-coated T-body (marked with arrows) were located

from a sponge-water system.

Figure 11. A comparative picture about the brightness of Ag-rings on the vertical
arm (transverse view, vaginal probe). A) Embedded single ring, B) Reference (no

ring) C) Embedded double ring.

Figure 12. T-body design with positions for embedded metal rings at the ends of a

vertical arm.



Figure 11. A conparative picture about the brightness
of Ag-rings on the vertical arm (transverse view,

wo 2@onad1spr obe) . A) Enbedded single ring, B) RedBFROG®50123
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(no ring) C Enbedded double ring. Figure 12. T-body
design with positions for e dded netal rings at the
ends of a vertical armFigure 13. A schenatic picture
of different | oop designs together with T-body de sign
for netals clips at the ends of a vertical arm
Det ai | ed description of the invention U trasound
VFizube 113.tA schenadb pipane of diffeednt foopidesipasiogetherewite Vibody de-
depends on the density difference of the adjacent
nﬁg%ifqran@asehw%ﬂw@ggp dMerdp 8EMdi f f er ence of sound
in the adjacent materials, surface roughness, and the
echogenicity of surrounding nmaterials. The ultrasound
VD&tdiled idescrijitionl dffthé aivientigher i al nodi fi cations of |US
' s can be esti mated by evaluating the echogenicity
of the materi al fron1the cal cul ated refl ected

a%(l)l?nsd w%ﬁﬁ"glgor e enisc1 I?)f %gﬁ IRH eé dg ice &Jei%gg&s (}nhtﬁe density

uence ess Ra
a&ﬂ’ﬁ’ﬁen@é 6f 1he dijdcét amtdrian ’ch\é p&&pa@ﬁ%ﬁ@@é&@iﬁer&b@oﬁ}bﬁﬁ& n the
pressure results in a wave propagating through the

safdjaagnt metstisls srfaeproughness, and @mh%e@mpf serzounding; materials.

ousti,c. L.r. on_and.

b BRSP g isti e Tl el Sog b oF & G b exi-
dﬁﬁ&ld'h?f v Bl&tER) the BehoYermicipy SRS BHatcPial FHRSRE édlmlat@@ﬁeﬂected
Refl ecfed energy R, can be calculated fromthe
aereugits.c i npedances of adjacent materials (Zi and Z2 )

Z2+Z1For transmtted sound energy: T =1 - R Wth
these fornmulas the ultrasound visibil ity of different
MYQUrd! tf:Rbls ISuSl mhidRak ¥d8ahE HtuBRIe&H souniprBdsEhe Be&dﬁ@e
refl ected en ergy, the better the echogenicity of the
mambiecilas or atoms are bound elastically to one another, the excess pressure results

in a wave propagating through the solid. Acoustic impedance, Z (10° g/cm’s), de-
termines the acoustic transmission and reflection at the boundary of adjacent materi-
als:

Z=peV

wherein p = density (g/cm’) and V = propagation speed (mm/us).

Reflected energy R, can be calculated from the acoustic impedances of adjacent ma-

terials (Z;and 7, ):




In Table 1, the reflected and transmtted energi es of
various material conbinations are conpared. Table 1.

w@eovpaodison of different material conbi nati onsPOEFERO6250123
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1 - Material 2 Reflected sound Transmtted energy, R
sound energy, T Human tissuel(-) Copper 0.860 0.140
Human tissue - MED 4735 tubing 0.032 0.996 Hunman
tissue - PDVM5 373 TWtubing 0.020 0.980 Human tissue -

- ) | . URTIE
oG PR G i T mhag R i visii
| myvofidififereny modifigatidnglo€ HEY chi baestiataled. The higharthbefleeted en-
that the copper w re of copper |UDs and gl ass reflect
nereY> 1B etk thekrhaeand S therterighys provi di ng good
echogenicity and bright picture. Echogenicity of
el astoners and the usual body raw material of an |IUS
( REFdblR 8 ribe ROleddand tridahiiMod érraiey gfevaribissiatefialtdombinations
sound energy is transmtted through the material. An
i precampaicine system according to the invention
conprises at | east one inmage en hanci ng neans for
i mproving the ultrasound inmagi ng of the system The
NMEabR 12 0npetem Fdifereinidiaial caHbing@si sting of a) an
inert metal coating on at |east part of the body of
the intrauterine system b) at |east one inert netal
clip,..pin, ring,and/ or sleeve fjxed 0sj tioned on
tt@?%@g;'ma@ i ntrauterine S)}é{fgﬁ{exgﬁ‘g’% anﬁ%{}gr[med
metal lic | oop anchored to the VBFEYcRI arm of SPPR eegy: T
of the intrauterine systemin place of the usual | oop.
THumae tisduei- Copierant ageous! y sel®840ed so that tOhiet0

r Hilnao tisshiee MED 735 tibiveg boundarG033f 0.996
Human tissue - PDMS 373 TW tubing 0.020 0.980
Human tissue - PE-LD 0.004 0.997
Human tissue - Glass (soda lime) 0.625 0.375

(PDMS = polydimethyl siloxane)
(PE-LD = low density polyethylene)

From Table 1 it can be seen that the copper wire of copper IUDs and glass reflect
most of the sound energy back, thus providing good echogenicity and bright picture.
Echogenicity of elastomers and the usual body raw material of an [US (PE-LD and
20-24% of BaSQ,) is worse. Most of the sound energy is transmitted through the

material.

An intrauterine system according to the invention comprises at least one image en-
hancing means for improving the ultrasound imaging of the system. The means are
selected from the group consisting of

a) an inert metal coating on at least part of the body of the intrauterine system,

b) at least one inert metal clip, pin, ring and/or sleeve fixedly positioned on the body

of the intrauterine system, and



adj acent materials is as high as possible. Preferably
the nmetal is selected fromthe group consisting of

WO p@etioqred al s, such as silver, gold, titaniumPCT/FI2006/050123
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tungsten, barium bisnuth, platinumand palladi um
Preferred netals are silver, ;gold, titanium and
pl ati num which are known to be conpatible (i.e.
physically inert) with the human body. However, copper

o r. .
15 PSP mREIER0D achoRodl el R Py 8P ildierin
chyisten infplare of thengsaldoos| eeves are | ocated at the ends
of the vertical arn(s) of the IUS having the shape of
the letter T or 7. This enables a physician to

| Eh fRtaY S TORTHE GOl lS s IbAEAREafihe bofielelBlbiey BEAS boldary of
vadjideatinaterisls &f asthigh ds\ossible. Prefckdbty the ifitallis saldvted fipdrh the

or sleeve at the foot of the loop. In a iurther .
pEIeHR coRsiptiagiohncranetals; weh apsilver, gold; titagivan, tungstepehagium,

cli PiN,: n e e he.
B B4 008 YFethed AR Bt gBlac 0

| platisund|vileich S khbwhto b coBpaibie (1.BEphyeisally @8t OVith the human
horizontal arnms of a T-body. This can be achi eved by
meedyl. Howgvemeonpee magielse by ussly or by i ncorporating
nmetal clips, rings or sleeves also to the end of

hori zontal arm(s) (before spherical ends) (Fig. 5).

THPd prafemed leidoliithenk AR diR tol thE ifVRhidn, BRAhEANCIIBNg ¥AthY metal
from bet ween about 0.1 nm and about 500 nm preferably

belipaeeins, aingsior sleaves anedocabasiat thsOendsof thewertival argy(@rof the IUS

AP SR 5 e SRS Sl e o
Ofistahcd SADSS R lndus P RA1ESsHsiiBlelth foft AR “185p 84t thd-Shd of the

Partial enbedding of the rings snooths the surface of
t hertitdlSrmioif the TRISE on/totfix anpatal ringy pither siéesefat thetfyot of the loop.

d t mbedded t t. | i
B B R (cgE STeoR et b o i gL e G iR e o
©aBAIG oA only Bt R SEABer LT RBYeHERNRT S T 0ader

e clip or sleeve, the better 1Is e visibility. The
width of the nmetal clip, pin, ring or sleeve may vary
for exanple from0.2 to few mllinetres,. being

pPRPEHIREN i/ is Ao mPertaRhto fcaterthe pasties of hwripprial-armg of a T-body.
aPRY CaPbeadiiBved by metal coating the whole T-body or by incorporating metal

clips, rings or sleeves also to the end of horizontal arm(s) (before spherical ends)

(Fig. 5).

——

Typically the thickness of the metal coating may vary from between about 0.1 nm
and about 500 nm, preferably between about 1 nm and about 50 nm. However, even

thicker coatings of about 0.1 mm are possible.

The metal clips, pins, rings or sleeves may be unembedded or at least partly embed-
ded in the body of an IUS. Partial embedding of the rings smooths the surface of the
TUS while not yet impairing the visibility compared to unembedded counterpart. In

case of rings it is advantageous to use double rings to enhance echogenicity. In case



further enbodinent is to fix a netal pin of an
appropriate size through the |oop, so that the ends of

wo bmepodismhi ch are | arger than the di aneter of PehERD®GMI0123
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are visible. The intrauterine systemaccording to the

i nvention may al so have Iockhgg nmeans, typically at

| east two | ocking parts, between which the nedicated
capsul e is nmounted. The | ocking parts keep the capsul e

| o .

SIS pRTHERES (ERoRIGTE i FRIGVE BRI U visBlief Fhe
dwidtle pEtht nsdted jolip, pie,. ring @ skbapmapvag for exaaplicefiomditto few
They can be nade of a polyneric materjal, which can be

t sfies, beingiprefesatdn ebqut d mmner ingess of double rings abey (.5 mm A
b g i Al . [

¢ i %o AR B o0 £ R RO ol Brintb Uro THATPA o'k, s0

t that thelendgofahe pintwidcloane dargeratianht idieterivg the oo biteasidibie.
system according to the invention has been designed

for arelatively long-terminsertion into a uterine

cawi . . i .

o B i RS Bom bR QAT AR iR Hiing s
y8pically iteastBrd 10dRink \garts) DeGrech ivicHolE RebdicuRd Capsule i P

to five years. The invention is also directed to a
mawheigd.flde lpekpngpartsgkeen thevdapsvde inthe correch position ¢uring the inser-

trauteri t i | .t teri i fY..d

8 S5 AR BSATARY b7 ek Bt g Py e iR Sponcer o
Sh Sipe OF a truACHR ddons. BrityicAR bé niHBE of a pOIFineAs nfaferAl, Wif@sdan be
part of the body of an IUS, or - providing the body of

athelswge wi diffezant fromsthe orateriahef the bedys (but dther, maferials camajso be

and/.or sl eeve r - anchoring.a,netallic |loop.to.th .
e fon st by PisqaseBe s et hR MPHYES IR REMP LS in
| 3 Qb SRindeeshisi&avi ty and exam ning the position of
the TUS wthin the uterine cavity in an ultrasound

exam nation at an appropriate point of
tie, Experinental Expgrimenptal in vitro conditions: _ .
Jl"ﬂéintrafftenne system accopd?ng to tﬂe glventlnon has been es{jgneé ?or a relatively

long-term insertion into a uterine cavity. However, a long-term insertion may vary

greatly, for example from a couple of weeks to several years, the maximum IUS

usage time being typically up to five years.

The invention is also directed to a method for improving the visualization of an in-

trauterine system within the uterine cavity in an ultrasound examination, comprising

at least one of the steps of

- applying an inert metal coating on at least part of the body of an IUS, or

- providing the body of an IUS with at least one inert metal clip, pin, ring and/or
sleeve, or

- anchoring a metallic loop to the vertical arm of the body of an IUS;

inserting the IUS into the uterine cavity and examining the position of the IUS

within the uterine cavity in an ultrasound examination at an appropriate point of

time.



PE-container filled with water, corn starch thickening
or potato starch thickening Test specinen placed
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Apparatus: - Sonosite 180PLUS, with convex (2-4 Miz)
and vagi nal (4-7 MHz) probes1 r - Aloka SSD 900, with
convex (3.5 MHz) and vagi nal ?7.5 IMHz) probes Studied
nodi fications: Goup 1: Hollow glass m crospheres
haye fncorporated in the raw material of the
f?glgreeljglﬁ%%i es). Due to high density and entrapped air
i nside, the echo genicity should be inproved. G oup

2: Hol l ow gl ass mi ¢crospheres have been incorporated in
t Kepsrineninh &t wiregendiorore.  Group 3: The whol e T- body

i . ' J Fj . han: .

1S o0 AR Rl W Gt SR Y o st pjlen-
m nugges) . The obtained thickness of the Au-layer was
few nanoneters. See Figure 6. Goup 4 : Rings or
deublest speeimpen placed Bsidmatshorge anid itheesystginy immpessed into water
positioned ad jacent to the ends of the vertical arm

of the T-body. Both enbedded and unenbedded fi xi ng was

| Rppahiugated with the currently available T-frames. A
rough enbeddi ng was nade manual |y by scooping out a

c harneBonusité 1 8EHILIS, ofitladamvex (-2 MH) anBeaginalydr EMHZ) probes
O her in vitro conditions: Potato starch and corn

st ar ch®t hi ckeni ngs behaved sinmilarly in the

. ' oy f
vaves, AR SSD o S Ghl A STRE) AT YTl 3 AR

system was so high that only NOVA T(r) 380 (vertical
arm was |o cated. (NOVA T(r)is a T-shaped plastic
f Padied madifiestinnss a copper wire or a sil ver cored

cop ert)ulw 1" follow rlgi)alélsn gliicr}gspilgr%s g\;etbie%g Llncia)ltprgré%éd }nqﬁe 1-'21\)3 material

of the frames (bodies). Due to high density and entrapped air inside, the echo-

genicity should be improved.

e Group 2: Hollow glass microspheres have been incorporated in the hormone-
releasing core.

e Group 3: The whole T-body is Au-coated using Jeol Fine Coat ion sputter JFC-
1100 equipment (1 kV voltage and 1 mA current for 20 minutes). The obtained
thickness of the Au-layer was few nanometers. See Figure 6.

e Group 4: Rings or double rings of 0.5 mm thick silver wire were positioned ad-
jacent to the ends of the vertical arm of the T-body. Both embedded and unem-
bedded fixing was investigated with the currently available T-frames. A rough
embedding was made manually by scooping out a channel with depth of about

0.25 mm. See Figure 7.

Other in vitro conditions:

¢ Potato starch and corn starch thickenings behaved similarly in the sonography.



Water as an in vitro mediumwas found worse than the
ot her nedia due to too good echogenicity of studied

wepweiloass in water. No di fferences in echogenPCi/FRR006/050123
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bet ween the sanpl es were detected. Sound wave proceeds
easily through water and no qhsturblng echoes are

formed. Acoustic shadowi ng, the typical phenone non of
IUD s and IUS' s is very difficult to be detected in
Wat e[rhe%g tH¥ih F&%ﬁ OIP%% Iﬁnﬂ Wales>AHAQRE Q\Wd&lbé esence of air
Fi gure an xanp e acoustic shadow n

M RiNthe(sbpngersyptemavas soitagicihat dtilg KOVAT® |3s80mvaﬁ&ﬂtaﬁﬂ) was lo-
Compari son of fferent nodifications: d ass

m createeheY@YA; deé iy afl-gheped PlstioiEame srighdis @jcopper wire or a sil-
ot P Edfed Shitbel W GGl o SLARE IRCEBORTT S i i

cor 'WateRasChh H h)lztﬁkﬁﬁdﬁﬁ) wag' foufi®dots8GhdnBé e¥eHmedia due to too
echogenicity of T-body. T-body is seen as a bright

i mageod ndmgemoﬁmmudl@d specimens impetet. No dffereAtegun ectwgenicity

E h f d,t
cha bebTRST i SRRIRCTSY ARG G LR Yy eReges Bribabigiel water
| ocghgdo dﬁ%ﬁbﬁg%@ﬁ@es bR fomged5 AButh s‘BKdo%ihg,%é 8 pRlabpiRfome-

on the upper and |l ower ends of the vertical arm

e nhawoed [Yhé& @dﬂb@ésnls wenyyhﬂi@ele tFbgdutected inedter asrwatgrsis seen
en as bri |te s s and_their | ocat

dur 104 .wégeq%@?# b Hiae 838 Pimile Of e shwsil by Sine of

t he NIREeAintlo fab stafBfthy kEﬁlﬁ ¥ tbddntddtyy conpared to

unerrbedded c nterspart |cn an% ppcto%lgctl ons. However, it

was obvi ous that a double ring behaved better than a

singl e r|n he son%%@aph from doubl e rings was

| SPEBRIISORQ Slff BON$: conparative picture, Figure

11, where the ring, double-ring and no-ring have been

exam ned in optinmal projection.Clains 1. An

ub t rAsgHhiefspherébah ariradit enprovédethegdnietySYBktBSEd Eighre 9
for long-terminsertion into a uterine cavity

conpyhess glassanicrasplare siedifieddglsarae, h%ﬁmdgrdﬂéé’mlef age compared
L POVl A% B thickening.

® Au-coating improved echogenicity of T-body. T-body is seen as a bright image
under hormone releasing capsule. See Figure 3. Even in the sponge system
which was found to be very challenging in vitro medium, the spherical ends were
located. See Figure 10.

¢ (.5 mm thick Ag-wire placed on the upper and lower ends of the vertical arm
enhanced the echogenicity. See Figure 4. Metal rings were seen as bright white
spots and their location during investigation was easy. Partial embedding of the
rings did not impair the visibility compared to unembedded counterpart in any
projections. However, it was obvious that a double ring behaved better than a
single ring. The sonograph from double rings was larger and brighter. See a
comparative picture, Figure 11, where the ring, double-ring and no-ring have

been examined in optimal projection.



ul trasound i magi ng of the system wherein the neans
are selected fromthe group consisting of a) an inert
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intrauterine system b) at |east one inert netal clip,
pin, ring and/or sleeve fixquy positioned on the body
of the intrauterine systenm and c) a netallic | oop
anchored to the vertical armof the body of the
intrauterine systemin place of the usual |oop. 2. The
intrauterine systemaccording to claim21 wherein the
n€ladimscoating or the netal clips, pins, rings or

sl eeves are located at the ends of the vertical armor
both at the ends of vertical and horizontal arm(s) of
the . . . : . .
1V itsobigal Y BelcBlb B thlhdd e YBLATIONTEE b Pinkesibilnto
t hatekiSchaty compeikial acleastiong irbdgeaenh@icilg Biddn forrimpgpvirig the
sleeve i s positioned at the foot of the | oop. 4. The

i pitrasqund imaging oEthe gy sieraovkerely thomeansiase selegies fsom thegroup

.clips, pins, rings or sleeves are at | east
g‘ggr‘}%ﬁ}ﬁ%hﬁedded in the body of the IUS. 5. The

| 8} dincitiér® friet cSatig M AR kRt phirt &f th@b&dYofaheinhutehife system;
preceding clains, wherein the inert netal is sel ected

f bloahleastongriperp metsh ship tbim ging fand/or slegve fixedly positiprgd amthe body
tupt%st 1 bar i um bi smut h, plati numand pal |l adium 6.
TRETF MHRHLE SHE A em according to any one of the

PERLAaNR 16bPaithoretid 2 RATcaPirnl SBEE bbdYPof tBE kitfAdtefBA Bstem
to keep the nedicated capsule in correct position
dimplagg aftee usngldpop.on, use and renoval of the IUS. 7. A
nmet hod for inproving the visualization of an
intrauterine system (1US) within the uterine cavity in
ap. T ihAARERE SIRM R85 1o SRR Wwhetén He hE@PLoalRE ofthe
the steps of -"applying an inert netal coating on at

| masd clgsy pingfringher Hexiys afe lodaged dvEhe endp 06 thediertipat &ren or both

DO 1S e B Sk PRIDE L e el TP
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3. The intrauterine system according to claim 1 wherein the loop at the end of the
vertical arm of the IUS has a metal coating or a metal clip, ring or sleeve is posi-

tioned at the foot of the loop.

4. The intrauterine system according to claim 1 wherein the metal clips, pins, rings

or sleeves are at least partly embedded in the body of the TUS.

5. The intrauterine system according to any one of the preceding claims, wherein the
inert metal is selected from the group consisting of silver, gold, titanium, tungsten,

barium, bismuth, platinum and palladium.

6. The intrauterine system according to any one of the preceding claims, which has
at least two locking means to keep the medicated capsule in correct position during

the insertion, use and removal of the IUS.



sl eeve; and anchoring a netallic loop to the vertical
armof the body of the IUS; inserting the I1US then

WO 206/106180 ut eri ne cavity and exami ni ng t he posPCT/BROGI050123
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the TUS within the uterine cavity in an ultrasound

exam nation at an appropri at e point of tine. 8. The

nmet hod according to claim?7, 9vherei n the netal clips,
pins, rings or sleeves are at |least partly enbedded in
the body of the 1US. 9. The nethod according to claim
7 wherein the inert nmetal is selected fromthe group
cPNs nsfhoddooimprovivg the viguatization ofiah ifautering sysem (IUS) within
barium bisnuth, platinumand palladi um

the uterine cavity in an ultrasound examination, comprising at least one of the steps
of

- applying an inert metal coating on at least part of the body of the IUS;

- providing the body of the [US with at least one inert metal clip, pin, ring and/or

sleeve; and

- anchoring a metallic loop to the vertical arm of the body of the IUS;

inserting the IUS then into the uterine cavity and examining the position of the [US
within the uterine cavity in an ultrasound examination at an appropriate point of

time.

8. The method according to claim 7, wherein the metal clips, pins, rings or sleeves

are at least partly embedded in the body of the IUS.

9. The method according to claim 7 wherein the inert metal is selected from the
group consisting of silver, gold, titanium, tungsten, barium, bismuth, platinum and

palladium.



