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ultrasonically detectable intrauterine systens and to

a nethod for enhancing ultrasound detection of these
systens. Background of the i dvention 10 The

intrauteri ne systenms, conmmonly known as I.US's, have
numsrous ﬁ 2‘3& %E%btsepgbggﬁgﬁge g’f%ges%rsﬁmoﬁgﬂ naterrgﬁllsancmg
Thaltkddﬁhmdde:tne;tlm normal Iy of a plastic franme having
the shape of the letter T 01 7, although the shapes of
letters S and co are al so possible. The M5 s which
COp%ad bf the isved@iGn Can be used to adm ni ster these drugs
locally to the uterus at a controlled rel ease rate
Sover a prol onged period of tine. The nedicated IUS s
WNiTRD Hfy g Qb infv A r@l%ﬂo%ﬁ%@all@‘&@ﬁ%ﬁ@ Gftrabiferine systems and to
contr ceptl on and hornonal treatnent can be divided

i ntaometioyfor enhantingormasound diteetioreef these sgstesispper |1 UD
antra Uterine Device), a copper wire or silver cored
copper wire is wound around the vertical stemof the

f r xRk ABuMd 6f @RInventign hOr oOnal 1 US a hor none

contai ning el astonmeric capsule is placed on the
10v|erti cal stem The capsule nmay be coated by an
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7 citas Sfrefhe BRlHETor A ARG LA 1R 1ol Seclidiun and
I\/b mlaﬁylﬂaea"mﬁ comtrontad intnomemdsshapsadd figes antllsf vainoy miaterials.
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although the shapes of letters S and o are also possible. The IUS’s which contain
15  drugs can be used to administer these drugs locally to the uterus at a controlled re-

lease rate over a prolonged period of time. The medicated IUS’s which have found
considerable acceptance in contraception and hormonal treatment can be divided
into copper and hormonal devices. In a copper IUD (Intra Uterine Device), a copper
wire or silver cored copper wire is wound around the vertical stem of the frame

20 whereas in a hormonal [US 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 TUS removal after the period of use, are tied to the loop at
the end of the vertical stem.

25
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. Expulsibn is undesirable, because the IUS can no
longer provide protection against pregnancy. Perhaps the most common side effect

30  of copper IUD’s is abnormal bleeding, taking the form of menorrhagia, metror-
thagia, or both. This side effect is not found with hormonal IUS’s, which can be

e
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25 Undesirabl e conplications that have been associ at ed
wWth the use of 1US's are infection, bleeding, uterine
perforation, cervical |aceration, septic abortion,
ewbomsaoqasegnancy, and expul sion of the I US. E@Bﬂﬁﬁfﬁﬂnn
I's undesirable, because the IUS can no | onger prOV|ge
protection agai nst pregnancy. Perhaps the nbst common
side effect 30 of copper 1UD ¢ is abnormal bl eedi ng,

taki ng the formof nenorrhagia, nmetrorrhagia, or both.
Thi getsdig@is&f et tl : bt R 3D '

whi-ch clgn be _ZEgg%ﬂaéiltofr%gg%h%i Rt@%(@g{wﬁéﬁﬁegw and/or
mené&hepe aifhe uterineayitp and the B8 mmkinacrinates haefuadl) sliceslamQst the

of i ' nd .t he | U d inaccurate .
(ot Pt 2l B Eehbn Bt tolEoeey Bpbid a0 filsp A orempes i
i nsetetinahieddange bot h been |inked to | US-induced
%ncreases in uterine bleeding. 5 In addition to the
pti mal design and conposition, it is inportant that

t helnl ddSitios tdthad 65l ﬂeﬁgﬂﬂ%@&sﬁ%n% it(?snim&gl%nt %Pgl&ne;s s

conplications, the exam ning an st be
det la¢edim@ Piopes nopitien. Figr maey ¢oimplications, thefextmimintgipBysician must

con A0 e AHRE oo 2R PG LR Toh S e g ogmoe e

t ecroblememndfto presieit dirthentddgplichinpr esence and position

l(gf IUS's in the uterus. One technique involves the use
f
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X-rays. However, the use of X-rays in the area of _
Ut eCitfenil dnddy &k - | e o
possi bln.e? Anoiﬁﬁggv%trjazt%glgélg%eg%@éﬁhﬁ%ﬂ%&n@gﬁ\%{%@fl ﬁgslﬁ%‘)f
of IESmigshe yerys iQnieserbnighsinveliés tharist efi Xerys. Howavdr e tideef
mar h D ich are attac to.the M5 to detect
et S B 8 ol o8 Gt R B meidedinipeeneahs. or-
us agker ideteetionGedheIBY BVEINE the/ S D00 PRRIcidn8 G1RE Wil SidnSx-

t o mani pul atke t he uterus under fl uoroscopic

ex f BATkeT firagnehich s sttached tathn B HioSletret the peasence and
| NSREfiedlof thé FUS 1 4 HRTend of %@é@ﬁﬁﬂg toal%m,?{?? ﬁg ts§s2es .tﬁe&r@_ %130

marker to detect relative cenment o
Ul ttechaiqueris t magipwigteitte witrdetnderifiadoscopicestintigdtion. In some cases

appl.i [ t.0_non-invasively observe the structures
PRI el B TR b B S oot i
phylsieot relgiinaplaceineitaif Wiedsst a8, ti ssue, ul trasound

i magi ng has al so been enpl oyed to i nage nedi ca

20devi ces that are inserted into tissue or passageways
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by reconci the sition o
poslietstroctursé withia thet lemuem boty i edditiei tb imgkitdshysRloatc ctirres
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positjons pf the, uterus d 1US, the exam ning healt
carad 530 pffenend hveiials AP boopiplpd igega el devices ta
PT @RGhseMednfCRuebripRisAedwas Y RE Pnasdent'r he nedi cal

personnel will be able to determne whether the H'S 30

25has perforated the uterus or cervix. If the IUS has

30

parﬂ)é QtleJ'uX is%risﬂglg kol Mu&%ﬁé ryartego%chljgg the position of the [US 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 TUS
has perforated the uterus or cervix. If the [US has partially or fully perforated the
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t he physician, by knowi ng the position of the IUS is
better able to plan an appropriate strategy for
renoval of the H'S. In a typical imaging system short

whuoetiss1ed ul t rasound energy are directed i nPET/ERE6/050123

“ Consequently, vi sigi ity of the dev%ce LS D
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y
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patient's body with a transducer. The returning
reflected ultrasound energy,3 or echoes, are recei-ved

by the sane transducer and are converted to el ectrical
signals. The signals representing the reflected energy
afger@y @ cavixgthephysidiat, bpkhawing the position afabe Mg bettsk able to
target .regi on. The technol [ speci al Iy val uabl e
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ul trasound beamis 20 scattered in a direction other

t h&&g }d&&ichfd%{?iéés%% a&ﬂgqc%gedas@eoyiﬁm% BIEST th@Sue into
Vi Si e or even I nvilsi e under ultrasound i magi ng.
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b RS ES BE R SORIT,
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ul trasound beam Various approaches have al so been
ussedleshaunangnstis impedencssignificpytiygliffesens fromdissye,and gredighly
refl.ect] . [ SLUGH i A
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descri bes a nedical device that is insertable into

i C d, i | it h ic.
| T R R g AIRL R v PR R s bY BB 6 snoregse the
| NeRtdrinp bewrRTaR  debiB@to Mashadevica beddns Risibiv/dves whers h amt

~that is responsive to the sonic beam for producing the
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ultrasound visibility of insertable medical devices.



bodi nent, the interface |layer may include a high
density netal such as titanium 10 tungsten, barium

bi smuth, platinum silver, gold, or palladium US
wolediidiee 6, 306, 125 relates to a system for per/Fi2006/050123
delivering an inplant to.tissue to be treated. To
enhance the visibility of the inplant to inmaging

syst ens, echogeni ¢ contrast ébent can be added to the
inplant. Alternatively an inplant can contain ele- 15
BRI SPatdiR NSC 5D 6E 3 1 £ QRBMDE heital GRRDOR ik BE&gbléﬁlhtB Bissue or a
have atom c weights sufficient to conter radiopacity
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Sey L.effQ ve.been. .made to.enhance the.
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a uniformy roughened surface. US Patent No. 4,977,897
relates to soundi ng apertures machined into needles to
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t oo iR RORrie BiRIe TeRGLE S VL YE B TS Rgible Ton
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surface around the circunference of the device. 5 I'n
20 oudisparsiel with particlk pigesriess thag arfes mierdinttersa@thenisavy atbSmey
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cronREpa ik o le et BESIRAE Sy of an
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i nprove ul trasound detection and to nake




certain parts of the T-body of the product nore.
visible than other parts, le. 1US | ocation and

position in uterus can be quickly studied at the very
WiiMs/fokisgi Ci an's 20 appoi ntnent. Summary of ddigroes/0s0123
|nvent| on The present invention thus provides an

i nproved ultrasonically detectable intrauter- 25 ine
system (1US) for relatively fong-terminsertion into a
uteri ne cavity. The 1US according to the invention

Ul tgﬁ’nrd N anh)%?ﬁ&ck? Iy ?ch 4 gﬁ;’e‘%%gg {&gth&%éf‘ﬁsfpa{emtﬁ&

raso i'magl ng o neans are
se3, 35, B rélatestd the utilizatigh efBasking fghaitjueato pmidubm&ptessions
net al coat| on at | east part, of é thtE of the
i nfomREpiag plRETalDE rosts of §gMagss and diamgugs itapt arpidpe oir-

Cl duphferPhdd of fHelMgviag1d/ or sl eeve fixedly positioned on
the body of the intrauterine system and WO

5 2006/ 106180PCT/ F12006/ 050123 6 c) a netallic |oop
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of ah JILTS with at least one inert netal clip, pin,

10 1 m@mm (Fig. dAylsft sidp)wish swafaegmpdiied T-hedw(Figs éB) 18r$§0\lv)th
at AJ] %E&ve?& tb% ﬁ?obg %j oﬁﬁ‘d wgacgﬁg lﬁﬁgxgeﬂ %{d gutiﬁrtly :

oop e ver arrn o

1 Oor'lfblelly 1kp bfiyiet mﬁgelﬁélty/dfﬁhdlﬂﬁasbl)hdﬁﬁsﬂﬂﬁty\bhha_ﬁ&n However, a
uItrasound exam nation has_the_advantage of enablin

t@h%e wgane 1rdmponing the siiley < [Usrd was tohad by mpflifying the sur-
6%&%@@6 iR i ﬁﬁho&gﬂ?fl?f?ﬂom&tllhétﬁﬁhr&gew m

det ection of ens I'n placenent of t
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20  appointment.
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Summary of the invention

The present invention thus provides an improved ultrasonically detectable intrauter-
25  ine system (TUS) for relatively long-term insertion into a uterine cévity. 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
Iy : - _
a) an inert metal coating on at least part of the body of the intrauterine system;
30  b)at least one inert metal clip; pin, ring and/or sleeve fixedly positioned on .the body
of the intrauterine system; and



20 tion in the detection of IUS's, in the

ascertai nment of the correct |ocation of the device.

The ability to detect the 1US with ultrasound _
ewavosavdien i s of vital inportance in variousp&t/kBbiedbors
situations, such as bl eeding problens, pain, suspected
expul sion (i.e. displacenent %f the JILTS), or other
possi bl e adverse effect during |IUS use. The correct

| ocation is determ ned by ultrasound exam nati on by
meas)d inegllic fdpinshoretto i \eicBRANYRR theltdBy PR int@RErfAY system
the,vertigal stemof the systemto the outer surface

of aqeioﬁg)@élsﬁlqoﬁe uterus. As the uterus is not

di stingui shable in X-ray exam nation, the use of

ul trasound enabl es the ascertai nnent of the correct

| oc&h¢ ipmentibn istrdsoNdBrected t axaethsdioeinpréHagtha RisdXalizason of an in-

tion, e.qg..in case of, a parjial expulsion of
§ ho Tt wihtin o GE3R% @it B8l sagund Bimigeri. Tho method
St r éaniprigesaa0 i tpiof ptVRIPEAEH Gy 8 BRTUSRitR Qpleés%gﬁéﬁiﬁemnetal

IUS' s, i.e. fertile aged wonen, to minimze th
ex ptPuPis. 1 and/or sleeye. applying a8 irgatimetal soptingaopsat least part of the

ot oA U B A2 PR Tk 17 SRSl S gy ofen

ul tA&8sound exani nation does not carry any of such

16 nherent risks. In sunmary, the present invention

enabl es the use of a safer and nore reliable detection

t eCThy ifiigfoverderBlof GkibIRP 61 anAtys $arfitrdsBEnd d g -
1. A Iili‘/llgt al_ cored T?ﬂt?gdy on the left an re?g?enceld{eleaﬂ
on tegfeofiengiling heplthoarefngrsennebiei defeetimdte leasily thewdsitioniag af the

- eraeP o8 et el € RABRSR B G PSR At iR dsce
pr cdnd pratemyedithyth@ delicgarelf, onal vi ew i's used i n nedi cal

ector. Thus only horizontal arns - (transverse view)
or a vertical arm(sagital view) can be seen at a tine
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1

SOYTE'ti mes al SO a_ vertical arm can
Fi deined withony a physiseliptrysicariste dhesazeasifehe budy wheehvax datiche

in, The schemati c. nodel shaows whj ch part of
T ARG, TrehR bl i o B e fagne g
f r @ifidefpeodedyire,orhieH has BBnobt &aYetd dMEARM N dsB o¥ RUhyEdamina-
probe.(t%l so vertical armis visible). 20 Fi %urq 3

205 h §iRR nythe detpetion of 1S s theascertpiamertiof theecoueetlpeatipn of the

f . - I . . and . I
! St L RS A 15T
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-t i i | U
ouBop ef. GERaEPE e BIS) etion bl adysraros Fretaduring TUS use,
AUTEQ BbrkdelobATQY &erinfed ;%g HRLERNE btahiffioh IBg ﬁ{@gﬂg (M-

the T-body is seen as bright 25 1 nmage 1ns
25hotavenetwegndhe wpperengl ofdhetvertivabstea ofthe aystone tosthe bited surface

i | i I f T- hod it I Al
Vi tielurddEotE el O TR B nfi Ainlolthinle PRS-y kil
r egjon, alie uEe balyradoBhd edbled the'abdeBBinAE R FARLoRSctAoddtibbbt the

ec behind the vertical arm- Vagi nal probe in potato
S 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
30 population of IUS’s, i.e. fertile agéd women, to minimize the exposure of reproduc-

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



30 starch thickening. 8 Figure 5. Optimal positions

of echogeni ¢ enhancers: Echogenicity of place A or
pllaces A-B are the nost inportant in order to |ocate
Wbsodhsdigpce of 1US from fundus. In order toppfRR6slo¥123
outPl-ne the position of horizontal arnms in uterus,
echogenicity of positions CGDis inportant. 5 Figure

6. A hornonal contraceptive with Au-coated T-body.
Figure 7. A) Unenbedded Ag-rings at the upper and

l o v i.cal . Hl

emiisE e %G o R e unRARl o R ol oy any of

t heuchenlidrendtiskkOnammmaty, éhelpedsem fravientiodEnatifesghie ese®f a safer and

Acoust i % lﬁggdowi n%] pbehi nd the horizontal arns of

M EoRgsliatNg feteqtipp techigies nadowi ng from t he t hi ckest

parts of horizontal arns. MRENA(r) is a

| evonorgestrel -rel easing intrauterine system (1US),
SwhiBgief deagsiption obthe fightesnone- 15 el ast omer capsul e,

nount ed on a T-body and covered with an opaque tubi ng,
“which regul ates the rel ease of |evonorgestrel. Figure .

9. Fignpar ApMetabéored Tibadys omihe iafisanl e¢fereneediUii endthe/right aB)ESur-

with a standard T-frame_in corn starch thickenjng b
vadiRgodiied % ody KUt RGRY: e BALAIGR ﬁﬁlha‘fl?qdwsh%m?%v of
f 1 gy dly SenrRdbl). §iMAANRATH AVitVo fnBBurh RGBS ohTHxGFERL blgar ts

of -the T-frang and their acoustic shadow ng can
10seen. Figure 10. Spherical ends of Au-coated T-body

Sy b2 Bt G Y R o T Y B e

br i(gdikvVeeseSvien) odg-veitiogsina (sakitd viead) tarClsd seéd dDa(tinicamiteEchPex
vi ew, vagi nal probe). A) Enbedded single ring, B) .
Re PEIbe (& 2 Ab Egi aigpined prebesemedaes bR Yerticalym o3p besegh (e
12, gf. body design with positions for enbedded netal
‘rings at the ends of a vertical arm '
15

Figure 2. A) T-body, transverse view with convex-probe in water. The schematic
model shows which part of T-body can be seen in the picture. B) T-body, view from
the bottom of the T-body in water with vaginal probe (also vertical arm is visible).

20  Figure 3 shows a comparative sagital view of the vertical arm of a regular hormonal
IUS (on the left) and a hormonal IUS with metal (Au) coated T-body (on the right).
Convex probe in potato starch thickeniﬂg. It is known that especially the hormone
capsule of an IUS fades out the echdgenicity of the material underneath it. Au-
coaﬁng improved the echogenicity of the T-body and the T-body is seen as bright

25  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

30  starch thickening. |



9 Figure 13. A schematic picture of different |oop

desi gns together with T-body design for netals clips

at the ends of a vertical arm 5 Detailed description
afo bdeerdsisoent i on Ul trasound visibility or echaggfbskbibizz
of an intrauterine device depends on the density

di fference of the adjacent na%erials, t he propagation
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mat Biguad $ Optihal P&ittdnt 6O Qic‘éhﬁin@éré:'ﬁcﬁoé%icﬁ%gf 185&%% or
material nodifications of TUS s can be estinated by

ev aPlaces A aterfbe mefdgeertant inorddr to locaterthteatistatice bf BIS fréve fun-

cal gul at 7 R Les. Seund travel s throu

o S04 B Gl bl SR B ion PP bl dn g o
Be cganiity dBpasitions CHR & itporsdn@ns are bound el astically to
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( 10BiofifCqTA ] : C HG nsm ssi on and
reflggtionqggmgﬁg%ggﬁﬁﬁgwﬁug?gggﬁg%gﬁ}&%gteriaIs: 20Z
= p V wherein p = density (g/cnB) and V = propagation

e j A . Ref | ect ed ener R, can_be,
oo Bipie. 0 Lbmbedded ABGingt ks PRI ekersha S 7 Stsehm ofa
ma- Bivinesal AUS. K)HmireddeZdbuble-riRgs4t4Re and 1éwer'end $PthE Qertical
transmtthed sound energy: T =1 - R Wth these

1¢ o3 of e homeengl WShsound visibility of different
nodi fications of TUS can be estimated. The hi gher the
reflected energy, the better the echogenicity of the
matEgurel8. AGoustic Fleadbwing bebihd the dbtizntat arnasrud MIRBNA® N el tri-
ggerglﬁhgaév%;g ﬁ%lrnl tgg ﬁn’c estt%zru!tsagf h%ggc;%lta %S?%R%{‘FA® isa

levonorgestrel-releasing intrauterine system (IUS), which consists of a hormone-

15 elastomer capsule, mounted on a T-body and covered with an opaque tubing, which

regulates the release of levonorgestrel.

Figure 9. Comparison of a glass microsphere modified 7-frame with a standard T-
frame in com starch thickening by vaginal probe. The whole horizontal arm of the 7-
20  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.

25
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. |

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

vertical arm.



Tabl e 1. Conparison of different material conbinations

Material 1 - Material 2 Reflected sound energy, R

Transm tted sound energy, T Human tissue - Copper
W08603/10618610 Human tissue - MED 4735 tubi ng OpP321bheRI23

10

15

20

25

Human tissue - PDMS 373 TWtubing 0.020 0.980 Human
tissue - PE-LD 0.004 0.997

9

Figure 13. A schematic picture of different loop designs together with T-body de-
sign for metals clips at the ends of a vertical arm.

Detailed description of the invention

Ultrasound visibility or echogenicity of an intrauterine device depends on the density

difference of the adjacent materials, the propagation speed difference of sound in the
édjacent materials, surface roughness, and the echogenicity of surrounding materials.
The ultrasound visibility of different material modifications of IUS’s can be esti-
mated by evaluating the echogenicity ‘of the material froxﬁ the calculated reflected

energies.

Sound travels through materials under the influence of sound pressure. Because
molecules 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/ps).

Reflected energy R, can be calculated from the acoustic impedances of adjacent ma-
terials (Z;and 7, ):
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pol yet hyl ene) From Table 1 it can be seen that the

GRBBRGYs/ ke Of copper 1UDs and glass reflect 2a.mamst < .-
of the sound energy back, thus providi ng good

echogenicity and bright picture. Echogenicity of
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Human tissue - PE-LD 0.004 0.997
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20  (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
25  most of the sound energy back, thus providing good echogenicity and bright picture.

Echogenicity of elastomers and the usual body raw material of an IUS (PE-LD and

20-24% of BaSO,) is worse. Most of the sound energy is transmitted through the

material.

30 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

35 ofthe intrauterine system, and



In a preferred enbodi nent according to the invention,
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30 IUS 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



The invention is also directed to a met hod for
improving the visualization of an intrauterine system
within the uterine cavity in an ultrasound

L.gn, conprising at |east one of the steps of
%é?&o@ﬁ&h%ﬂ nert ] | east &9%%?06/050123

applyrng an inert netal coating on at

the body of an NS, or 25providing the body of an [US
with at |east one inert metallZlip, pin, ring and/or

sl eeve, or anchoring a netallic loop to the verti Cﬁl

ar . the, bod f.an - inserting.the 1US into the

ot opf st BETRR0%, s oBhaiin o1 F e Boe B Sofe VHBIghe

Wi t fvidth 6ffthe mbRl cHpSpi6 g of slebvedRayWaky 8 BAREIERGTOD AL F&P

at an.appropriate point of 30 tinme.” 13 Experinenta

Ex pBE Retee-deing preferably abe dimm.o én caseef double singeabofi 0.5 exh A

Wi t p " | s i . St Cc
T e e
Andthattbe ends v the ipinmelisleate langeo than tier diAngardthedoop are visible.
Sonosite 180PLUS, with convex (2-4 MHz) and vagi nal
(4-7 MHz) probes 10or : _

The intrauterine system according to the invention may also have locking means,

typically at least two locking parts, between which the medicated capsule is
mounted. The locking parts keep the capsule in the correct position during the inser-

10  tion, use and removal of the TUS. Said locking parts may have different shapes, e.g.
a shape of a truncated cone. They can be made of a polymeric material, which can be
the same or different from the material of the body, but other materials can also be
used; for example in this case an inert metal which improves visibility of the IUS in
an ultrasound exanﬁnation.

15
The intrauterine system according to the invention has been designed for a reiatively
long-term insertion into a uterine cavity. However, a long-tefrn 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. '

20 ' '
The invention is also directed to a metﬁod 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 - o

- applying an inert metal coating on at least part of the body of an IUS, or
25 - providing the body of an IUS with at least one inert metal clip, pin, nng 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 aﬁd examining the position of the IUS
within the uterine cavity in an ultrasound examination at an appropriate point of

30 time.
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~been incorporated in the ho

and entrappéd air inside, the echo- genicity should be
i nproved. G oup 2: FbIIOM/EJass m cr ospheres have
none-r el easi ng core.
Group 3: The whole T-body is Au-coated using Jeol Fine
erimdatgput ter JFC- 201100 equi pment (1 kV vol tage
and 1 mA current for 20 m nutes). The obtai ned
t hi ckness of the Au-layer was few nanoneters. See

fﬁgﬁﬁﬁwgﬁingggHBm%ﬁmgings or double rings of 0.5 nm
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of PRecoutaines filied vathivadr, édie stdrch @lkeniBg b palBRBHChRRG-

unepbedded fixing was investigated wth the currently
avafMBabl e T-franes. A rough 25enbeddi ng was nade

R Da: beolliten TEAAP 3o honfle ERARSsiel] el Rl POU!

mm See Figure 7. rrnvitro con ons: 14
The scattering and attenuati on of sound waves and the

ay 59 @_e presence of air in the sponge systemwas so
hiéhl% at only NOVA T(r) 380 (vertical arm was

| ocat ednodiBIPBAPIIS, Iwithcodvek(33MBE) Al 33dihdt (4-7 Milz) piblies D
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wat efith¢ frarsesghodies). Due to high density and entrapped air inside, the echo-
genicity should be improved. '

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

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

* 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:

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



10bl ack in a sonograph. (In Figure 8 an exanple of the
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thickening is presented.) Conparison of different
wBdbdeli6akd ons: 15 G ass microspheres in 1-f pafBr2006/050123
I nproved echogenicity slightly. See Figure 9 ere
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1-frame are conpared in cornldtarch t hi ckeni ng.
Au-coating inproved echogenicity of T-body. T-body is
segn i . . | . '
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echogenicity. See Figure 4. Metal rings were seen as

5br ieghWatehastan i pistosmedin whefonnd wame then thiwathen gnedia due to too

I nvestigation.was .easy.. Partial enbeddi.ng of the 25 ..
o<t BB o SRR rebimembn TR N v Bgeq 1 Sctogeniity
unentireces tRauinbRE WafeldetebtedBoufd FRRCHroesRds edsibyBrizh water
was obvi ous that a double ring behaved better than a

si ngla@dmp disturbipg echgprrge fppmed. Asavsiis shadewingnths typice! phenome-
| ar gﬁ?n%? 5188168 i &ﬂi%&%%"%%&e\éﬁed% %Lt\éf]%wif 35'5den
11, ere the ring, double-ring and no-ring have been
10exanibiel in asopperaphl (Inigyre 8 tah exampldviiShé R ob&icGhadomsng of 1.
An ultrasopscal ly detectable intrauterine system (1US)
for IATENAR horebe faieb ickeeine ¥ REERPRE cavity
5conprising at |east- one i mage enhanci ng neans for
i mproving the ultrasound imagi ng of the system
wh &omparison ef diffarest raedifiepiprset ed from the group
consisting of a) at |least one inert netal clip, pin,
ring and/ or sleeve fixedly positioned and at | east
15past |Glas niiedspheres th T-Hamb adyrodd dchogenibity slightty.iSaeFigure 9

system and .
where glass microsphere modified 7-frame and standard T-frame are compared

in corn starch 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
20 which was found to be very challenging in vitro medium, the spherical ends were
| located. See Figure 10.
e 0.5 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
25 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 ﬁng, double-ring and no-ring have

been examined in optimal projection.
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b) an inert netallic |oop anchored to the vertical arm
of the body of the intrauterine systemin place 10of
the usual |oop. 2. The intrauterine systemaccording
to claim1l wherein the netal clips, pins, rings and/or
sl eeves are located at the ends of the vertical arm ory
both at the ends of vertical and horizontal arn(s) of
the IUS. 15 3. The i ntraut er'’ ne system according to
claiml wherein a netal clip, pin, ring and/or sleeve
is positioned at the foot of the |oop. 4. The

| eididyt eri ne system according to any one of the

precedi ng clains, wherein the inert netal is

20sel ected fromthe group consisting of silver, gold,

t iltAmilteasqniceliynigisetabfy, inttainering ssytem 1USA forlone-terdnsewipy iaigiayigrine cavity
comprising at least one image enhancing means for improving the ultrasound imaging of the system,
wherein the means are selected from the group consisting of ]

a) at least one inert metal clip, pin, ring and/or sleeve fixedly positioned and at least partly embedded
in the body of the intrauterine system; and
b) an inert metallic loop anchored to the vertical arm of the body of the intrauterine system in place

of the usual loop.

2. The intrauterine system according to claim 1 wherein the metal clips, pins, rings and/or sleeves
are located at the ends of the vertical arm or both at the ends of vertical and horizontal arm(s) of the

IUS.

3. The intrauterine system according to claim 1 wherein a metal clip, pin, ring and/or sleeve is

positioned at the foot of the loop.

4. 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, bismuth, platinum and

palladium.
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