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Invention relates to ultrasonically detectable intrauterine systems and to a
method for enhancing ultrasound detection of these systems. Background
of the invention 10 The intrauterine syslems, commonly known as IUS's,
have long been known and they have been constructed in numerous

SRANSEASChTAES Akl BrEnaiARISysthn b 5 seasisiTerealinafiag
plastic frame having the shape of the letter T or 7, although the shapes of

|attasenadglgtestionso possible. The IUS's which contain 15 drugs can

be used to administer these drugs locally to the uterus at a controlled
release rate over a prolonged period of time. The medicated IUS's which
hEiedd of thedanveiideable acceptance in contraception and hormonal
treatment can be divided into copper and hormonal devices. In a copper

IUD (Infra Uterine Device), a copper wire or silver cored copper wire is
Wihenpresau nuiviindi oe étates torml s dadiyn deiB iablerindutesinotysis and to

IUS a@g Qne.containing elast ric cap t\aa IS pla on the vertical
R S B R R DA er membrane
which controls drug release from the elastomer-hormone capsule.

Monofilament removal threads, used for HIS removal after the period of
uBackegzqmnd ofithe T end of the vertical stem. 25 Undesirable
complications that have been associated with the use of IUS's are
infection, bleeding, uterine perforation, cervical laceration, septic abortion,

eShspRiTsRigriansysams copurasl snevenard USkbiatsnoas herssiaayen and
YRR RIS RARRRPRIRIRIRYI EnRFRISAIPR A AR bP LGRS Biaterials.
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Perhaps the most common side effect 30 of copper IUD's is abnormal
bIBedlBg’ sakingjstheoforallyod feeplastindipmerhaviog thegthaps obthe Ietier Jidw 7,
effect is.n@t found wi [ LIUS'S, whi [yt .
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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
whereas in a hormonal TUS 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 IUS’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-
thagia, or both. This side effect is not found with hormonal IUS’s, which can be
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5 In addition to the optimal design and composition, it is important that the

wib/Té8/Rlaged in a proper position. For many complications, the,

physician must be able to detect the positioning and placement%?%:fg% 30123
in order to diagnose the problem, and to_prevent further complications. 10
Currently, there are several techniques for determining the presence and
position of IUS's in the uterus. One technique involves the use of X-rays.

Hewtaakty, el doethé Foaymin Siensreakidien a@ﬂﬁi@}vméﬂ%ws and/or
cnn

henever possible. Another detection technique involves the use
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of*SBBRAS BSHfsRe rewiyr (e BASand ageirda KeomSikda R piagament of the
eyl araia et b i i Bl BG RS TBAL RARUETOIGs in
IUS and at the end of usage time to remove the system. Another
tebifsieRBlsed8 Eanipulate the uterus under fluoroscopic examination. In
some cases, a second WS has been inserted into the uterus to serve as

an intra-uterine marker to detect relative placement of the lost HIS. 20
Ukpasiditionita dbereptimeldiasigs endinampgiitibapitlisatipostdot that the TUS is
NoMsiRYas IS dhe res within the human body. In addition
to%:i:‘lhaging p?w)(/)giol gﬁ:%?%nﬁ%%%ﬁsi% élgf}%el?ﬁ“ftrl%seoel}m%' Hign must
alko ahde traiefors thel positiemjegrediphicdmdresiihet s insedaddnigissiicthe
0 s.of the patient. 25 The yterus is visible to ultrasound by
réz:@lﬁcglﬁr?g%}tﬂ\{g?eyopggﬁ%%to ne| it % osition of the uterus. In
reconciling the relative positions of the uterus and IUS, the examining

health c%r,e’i%ersonnel can determine whether the 1US is properly placed
withiAtHe YT prigviHatiechmarss Arefiampining dheraesenasiad pesitien of
tRIRISiIBhbasepesToRAd A dHe NS ehE s (PR IS PR RaTIR N Olise of
fugjéy perforated the WO 2006/106180PCT/F12006/050123 3 uterus or

cEVRI L LR pEsai ah utsTus Rniayaties phewidhathided Svishevarmeksible. An-
PR a ABRHBRTAR A SROI0ES o DR RRICALINAINE ) ox.
system, short bursts Eﬁ%ﬁItra(s)oung{gr%ggﬁggg%ﬁsg#gg%%ﬁsa%%gner?ﬁsen ex

baenng e e dtriegs, Whick anmitigaleftb ttébeUtFSsoutetbentingyresence and

e e t amegtransducer.and are converted to
e%ﬁ%‘t??g{%é%%%@ﬁrﬁ%@é&ﬁ%g ??Sé%sg m%n%%tgorlé%%@& g e nother
pt@dBBh 'Iqaciiarlmjrimmmﬂﬂd' ” tl}ﬁllﬁﬂi?laﬁdma&fblmfseofﬂtg@aﬁﬁﬁil i@flor]. 18 some cases,
technology js especially valughle for medical imaging applications

b S LS TR e At i e cRIRERS Jpesenie 2% ah miceelieaie ascker to

detect relative placement of the lost TUS.

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 TUS, 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 TUS has partially or fully perforated the
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Also, instruments are widely available and images are produced in real
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tissue into which the device is inserted. Consequently, visibility of the
device is poor and accu- 15 rate placgment becomes extremely difficult if
not impossible. Another problem affecting the visibility of devices is the
scattering angle. For example, stainless steel needles have acoustic
utepedanenaiy tifcpinthjciificbyritrowringi sheipasiftbnref Hig Hiy S/isibiéten-sihde to
ulltra{f%)undr (i)mrzla @Iguvggen Pgre nr%%% (i)%j[&etlfﬁé)lane of the ultrasound
DL AT PRSI ESARTE TRV T0 Some other angle off-axis, the ultrasound
beam is 20 scattered in a direction other than the transducer and the

%eedle,b comes less visibhﬂe ar,even | vig%%lse under gltrasglg%%é@f?%g.
FBIHEPIEEE SYS TR SHBHPUSE TSI SRR S RSN B
Paskeaseotity seditarnasiueel Thihewdevigersflditat tiersbovicd dregynesech-

visible even when it is not 25 completely in the plane, of the ultrasqun
PRSn AC VRESHRY BY THS SRHss R USRI B emga&%eéﬁﬂg?f‘e&m S4BHS- The

spaging v adilying iecilectve P urtasR siistadrlistieaAed 888 a video

devices. A variety of ultrasound contrast agents are known, including

peserisliminagativesivadhericahpriemnétiespenialks valsrladongerdiehiapsing
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not enhance the trasound visibility of insertable medical devices.
pati@tP atehieh e xpaBiya thin ethwiiskgitalimeliing thobivdapigsidVlsecmstsie
Riassus of.A Rossadeuay Andimageablswithsqniqimacing equipment
e device includes an elongated insertable member that has an inhaface
having a shape that is responsive to the sonic beam for producing the

image The elongated member jncludes a sub- 5st hericall
T o o e L A e PO A v T R o
AR R deeRERlishinedh e dntetaaalyT RisisRRyCT 8 SebR@RGSOlS and accu-

contained within the material of the elor;?ated member or alternatively or

TAte Bastmans ReseaRper rsseky ABade i potimerisile dnpther prablem af-
f’e&iﬂg ehdARIRY LraBR&TsRd W&hﬁ@%&%@.ﬁ?&%@ﬁﬁlg} Dhineideeal

high density metal such as titanium, 10 tungsten, barium, bismuth,
péadtes i vsiloeoustisdmpedanreciignificr tydifarsns foygoesamsand are dighly
system fqr. deliverin implantto tj t e

T B el e i
beaard dEthémtedlinipiaoted te voativetliennangipafftacds) tenttinselsd beam is

scattered in a direction other than the transducer and the needle becomes less visible

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.
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preferred radiopaque materials are, e.g. barium, gold, platinum, tantalum,
bismuth and iodine. The radiopacifying agents can be incorporated into

the implants in several ways. Biocompé"tible non-immunogenic metals

such as gold and platinum may be incorporated as a very fine 20

dispersian Nes TG e1siegeriBosd RasiiR JEde Ve HpaISiarSefIbRIIARAYSue or a
atoms may be jncorporated in the form of inorganic salts, such as barium

SARERY s And-inaseiblesith waisimagirsswimasRe The &visyindudpomn
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4,869,259 relates to the en- 25 hanced echogenicity of the needle by
parthasmisstmgnfivn modvsins thednietes Thqriangated matrbenipcludes a sub-

rauaOeaRd sy %aﬂ%‘?tgﬂﬂ&\ﬁoﬁgﬂc@gg es%%@%(?jgﬁ?g’%%‘énﬂm%ave a ﬁ{ede-

apertures mac d into needlesto matc eam waveleng

thigminpievny oo guatishinghiryntogapaEhisNonB128d, 8distaletds ¢con-
t ification of te n her devices by incorporating glass ..
Sp‘?ﬁl@lf)\%r igiﬁ_ﬁla 8&%@%&%%& 9} ember OF al? maﬁvda_ o Eb%oqn%matlon

eres o ensity articles in the range o
rafitaches] b0 pacivliydsieti énit indeidtadinfinc 6 tRataoinbie. 1ha3@73BIA one em-

VRTINS R e A (DA D B
JuhpBidbbasilate bionibe ilkzniiey) ahamasiding ieghiighe to produce

depressions comprising alternating rows of squares and diamonds on the
surface around the circumference of the device. 5 In our studies the

Koo wariAaRRbRodi QStR%&ftb%'ﬁme%Ni% Hgﬂ%t@u?ﬁs%ue to be

microspheres, channelling, inserting a metal core in tAe body of an

iﬁﬂ%_te_@e Wﬁ«f&%@éﬁﬁl@_ igisi_ Hitef quh@lglestr@dmﬁsmg byatemesy eifbiogenic con-
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soefdgenmledifles) TohyudyBsgpride)risosittovs, winghimter isbbetweeighisesufficient

robe and yltrasaun hancjng material fades gut partly or totally the
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the surface of the IUS with inert metals. Although it is known that metals In

GAREEMARPRsated Rte o JRPRAS 1R SRterab i BiaceBmaibisdPRior art
RethedsRRle IR \@ AR HREShH YIRS 16D %age&ﬁsﬁa@*éaeﬁ 24y fine

enhance detection using X-rays. This invention concentrates on means to
iRISOR NFHB paririrtetdess g ieakerisermptosaiattheaymsempomay
BeREBAHGHRIPIE M R A T0HIgE 8RS, il 1SR ARkROSTlon In

ed at™ appointment.

uterus can be quickly studi the very $ame clinician’s

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-
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Summary of the invention The present invention thus provides an
im ultrasonically detectable intrauter- 25 ine system (IU r
Oé;{/;i/b:aﬁeﬁ(/%?ong-term insertion into a uterine cavity. The IUS a@é?ﬁ%&“%"“m
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
RANAUEHRS YAIEM B0 B):8Y, IRRs R tah GRS f
N L AR R L SR R S
30056,166 relars N2 0670661 28 6ne) skinpetedhoilgoptapodresidepthssions
vertical.arm,of the body of the intrauterine system in place of the us .
O S R B R A e i
visnfdizatonfahadénich. trauterine system within the uterine cavity in an
ultrasound examination. The method comprises i.a. the step of providing
the body of an IUS with at least one inert metal clip, pin, ring and/or
sieqvestagiolyihe laibing ihivetel iaodifiatnas IS’ pEebaiphiemapdyaftivllow
[US, or.anchoring a metallic loop to the vertical arm of the bodﬁ)r/%c;f, an 10
ghssimisroTehEsh chanamiing-drsertaimelal srradn e RadyAf At s rine
Heradyantaee ehe e blingebralterae P&@E?@Jl%@ﬁi?ﬁ%i@ﬁ@l@i?ﬁﬁb%t%i-

Eositioning of the device, thereby facilitating the detection of bot

i eftbsd Phaieisnatoung detrolien: Sea Psrohsviens the didleageseffmetal
tar s AENAYR ARG Rt A AtiARPIaRN AR rﬁély%%%.

t
be ascertained without a physical intrusion into the areaof the bo

Wheroptetial betvicern dhin peobsiantahissayinbeahaabihgmatdridtriidosinutipartly

no i atient office procedure, which has alm
s S R i
Huitdbl e mridemafedrtproviagtthé tHebdbtyast 1082 ivasofoine] hevieed ifiepahdityr-
detect the [JUS with ultrasqQund examinatiqn is of vital importance in, .
e O R AT AEAL S SPORB Te: Ml bpegahim-
PrPH BeHb fefticilig ploeRmNhafdaiection) in iRipabpeasiithodyaiaals Heeds

during [US use. The correct location is determined by ultrasound
ceiiisedignedy thelsontigaritysefiect or to enhance detection using X-rays.

This invention concentrates on means to improve ultrasound detection and to make

certain parts of the T-body of the product more visible than other parts, i.e. TUS
location and position in uterus can be quickly studied at the very same clinician’s

appointment.
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 IUS
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
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distinguishable in X-ray examination, the use of ultrasound enables the
ascertainment of the correct location of ghe IUS 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
popalatisallaf b antherddrielrgesiivaraen ol iBidzertie aRRsiaOlystem

re%}% uc- ? orga?j to X-rays. Especially the ovaries are very sensitive
to ntial

aﬁ&% f’é)genic effects of X-rays, whereas ultrasound

examination does not carry any of such inherent risks. In summary, the
pﬁfﬁent invention enables the use of a safer and more reliable detection
te

Rigyents s alrosdinpiied torameethnd & iy ingAhaviisantisetion of an in-
TieadyrdR Hsuall wisinaiR aRemd A AP e gbh ShntkBes et 8% e method

T-body (with metal). Surface modification enhanced echogenicity of

TR REHeetk s ptoviefrevidingriie body ofediliFSwiithaurieast prelieert fretal

N ol ' lew. i icak sector. Thus onl

o ey b AE I S0 B0 8 e
sbedyaetanHéSyih andurmizx prodiallfE pod w)tiByeartiegiaahpdie body of an
S times also a vertical arm can be seen (Fig. 2 B). 15 Figure 2. A)

1-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

e OREIHE o0 P YL A 8 L o OB EPOTER SPapes te advar
velgieal afablihg esiaaROpRenRdUS doRdDmeibARY B YBARRIIY SF the

with metal (Au) coated T-body (on the right). Convex probe’in potato

stedrehaeRnicHiatianthe dakctepotbo prebiomnimolesgseans of the device

R BT R SrDaenRICHYAf the material underneath it. Au-coating
improved the echogenicity of the 1-body and the T-body is seen as bright

2_5 image inside_ the hormone capsule_. Figure 4 is a (_:omp_arative sagital
T R ST
tained without a physical intrusion into the area of the body wherein the device is
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 TUS 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 TUS), 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
IUS 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
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enhancers. Echogemcity of place A or places A-B are the mos

in order to locate the distance of IUS from fundus. In order to properly
outline the position of horizontal arms ifl uterus, echogenicity of positions
C-D is important. 5 Figure 6. A hormonal contraceptive with Au-coated

T- ElgRIe T nQPi;g -1 he unper

oﬁ/%%%lgﬁarm of gfﬁ}c})}l’rjﬁ%gﬁa |ug}$ g))ﬁgr%@eggc% ' 851&%%‘.1?55 é?%%@&g&()f
aswthonkarentdiskshin veniowaiy,0her prastet horentioalenableF thanes8 ofrsaistiand
S ing.pehind.th izontal arms of MIRENA(r). Note triple
sﬁlgg%%?ﬁ%’%o&:% %éot%%%ﬁqgg?ts of horizontal arms. MIRENA(r) is a
levonorgestrel-releasing intrauterine system (1US), which consists of a

hﬁrm e- 15 elastomer sule, mounted on a T-body and covered with
anopa ?Tgrtlﬁ’ﬁ%,ﬁghg%ﬁﬁates 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

aftewiae’y) Mypheoeed Ll Gibreledt gar eeramrsd e i Hei.dp) Sur-
Ued QIR ATCBEY e 580 8EIANIB AT BR SRR A genicity of

Spherical ends of Au-coated T-body (marked with arrows) were located
fFE#PQ%Eéﬁ@&%eV%éﬂ@Q@%W@H@d\% WisheeEpRIhe about
the brightness of Ag-rings on the vertical arm (transverse view, vaginal
probe). A) Embedded single ring, B) Reference (no ring) C) Embedded

Nopraling-doeisiorel 1ew-isodgddegipdisiseueitidhasionkrhobdeal arms

-

) nﬂ%'sx%‘lgg RIS %dwlseﬂfc%lvaer{g??e{ﬁ{g? view) can be seen at a time with a convex

probe (Fig. 2 A). By a vaginal probe sometimes also a vertical arm can be seen (Fig.
2 B).

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).

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.
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description of the invention Ultrasound visibility or echogenicity of an
intrauterine device depends on the den%i:y difference of the adjacent
materials, the propagation speed differehce of sound in the adjacent
materials, surface roughness, and the echogenicity of surrounding

mBigial$. B likalyisstensdrdsiibionefailiemns:matrbshmed ficaties
IUS's can be estimated by evaluating the echogenicity of the material from

trilacsicOrdtete i rest ZReegy B ot tralperiahedh & dl4S Fra fun-
thaiIHHRRES: 86 PRUPSHR'SSRINEHB BERIRA dPHHRRHM S AP TS A Cecho-

bound elastically to one another, the excess pressure results in a wave
pESHiIEtRiPenibagh ¢hP dvimpaaistic impedance, Z (105 g/cm2s),
determines the acoustic transmission and reflection at the boundary of
adjacent materi- als: 20Z = p V wherein p = density (g/cm3) and V =

plogupe ol Hooodialipm)iraceRbftewitd AnengeR Tehodye calculated from

the acoustic impedances of adjacent ma-25terials (Z1 and Z2); 10

Figure 7. A) Unembedded Ag-rings at the upper and lower end of vertical arm of a
hormonal IUS. B) Embedded double-rings at the upper and lower end of the vertical

arm of a hormonal IUS.

Figure 8. Acoustic shadowing behind the horizontal arms of MIRENA®. Note tri-
ple shadowing from the thickest parts of horizontal arms. MIRENA® is a
levonorgestrel-releasing intrauterine system (IUS), which consists of a hormone-
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 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.
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higher the reflected energy, the better the echogenicity of the materla

In Table 1, the reflected and transmlttecg energies of various material
combinations are compared. Table 1. Comparison of different material
combinations Material 1 - Material 2 Reflected sound energy, R
Transmitted sound energy, T Human tissue - Copper 0.860 0.140 Human

sue - MED 4735 tubing 0.032 0.996 Human tissue - PDMS 373 TW
gfmq) 13-4 §Gsghatic 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
adjacent materials, surface roughness, and the echogenicity of surrounding materials,
The ultrasound visibility of different material modifications of TUS’s can be esti-
mated by evaluating the echogenicity of the material from 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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Human tissue - PE-LD 0.004 0.997 Human tissue - Glass (soda Iime_)
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polyethylene) From Table 1 it can be seen that the copper wire %?%?)%pe/rosm
IUDs and glass reflect 25 most of the sound energy back, thus providing
good echogenicity and bright picture. Eéﬂogenicity of elastomers and the
usual body raw material of an IUS (PE-LD and 20-24% of BaSO4) IS
weearMaskRidhs s eHeoy: it tRNGRIER I BHAtR AR visibil-

An intrauterine system according to the invention comprises at least one

infeigRf ey adidienicres whBiSwiag edimatasl Therhighientlos teected en-

SYSIEMATBE AR AN ARIRPY R g gioup consising of | 2) an

inert‘ metal coating on aF?eas%gart oﬂﬁe % of the intrauterine system,

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

5 32 30 RIS DE YRR RO O SRRl SRaR el e ibinations
are compared.

Table 1. Comparison of different material combinations

Material 1 - Material 2 Reflected sound Transmitted
energy, R sound energy, T

Human tissue - Copper 0.860 0.140

Human tissue - MED 4735 tubing 0.032 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 = polydimethy! 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 IUS (PE-LD and
20-24% of BaSQy) 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
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c) an inert metallic loop anchored to the vertical arm of the body of the

vantageously selected so that the reflected energy at the b%%%fﬁézr(’y" 6(4 50123

adjacent materials is as high as possible. Preferably the metal is selected
from the group consisting of inert metdls, such as silver, gold, titannium,
tungsten, barium, bismuth, platinum and palladium. Preferred metals are

silver . B : : r L
B B B P i e
M9stera jprplarced drmbsaihienpaccording to the invention, the metal

coating or the metal clips, pins, rings or sleeves are located at the ends of
the vertical arm(s) of the IUS having the shape of the letter T or 7. This

eftahiedAd hybieranptoushaddlecebs tiethbedisfiented ofidtpS ftaire hovchdarytof
is also possible ta coat the "loop”.at t d.of the 15 vertical arm of th
e TP At B AR P e SR B R s o e
RiRfasreshsiptiapimiast: thetdRetatEeatilg«) bRl MieiahshipnRigstendafium,
sleeve is lpcated only at the "upper” end of the vertical arm of the [US.
e Rt

A A e e gt S e
lhheey wRdhhisCcaibRa a5 BieysaipletakCoR IR IR IR ifir BRI BEan

by incorporating metal clips, rings or sleeves also to the end of horizontal
10Ass HPWRI SHARNGE Anahalsy gﬂg@@}: Typically the thickness of the metal
coating may vary from between about 0.1 rim 25 and about 500 nm,
preferably between about 1 nm and about 50 nm. However, even thicker

doatipgferted soth@limenhagronding ol éheinwantion) tipsetshsosiinsaithe metal

sleeves may be unembedded or at.least partl bedded jn the body of
e S e B o R A TS s
iaiting dhiey sliapenafiing] snerviSdai ity Ttasepabie tophpsiciiettordigisiy niespard. the
In.case of rings it is advantageous to use double rings to enhance
ity rom fomds, oS ppSihle 42 co4 Wi AP 176 gty of the
slerial i betirs IRV IRkt nldia Withhal 6hQ150tAGIH fBs 68 Toop.

sleeve may vary for example from 0.2 to few millimetres, beig preferably

dpsuliathgrprefeiredaahodimanicthmpstaberntins ohexieiahelp, pin, ring or
SRBRAIEIEEL R 1Ry & MRl PEPEAD ARREAREALEISIAS Bfddiyle loop,

so 5 that the ends of the pin‘'which are larger than the diameter of the loop
are visible

Sometimes it is also important to locate the position of horizontal arms of a T-body.
This can be achieved 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
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
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d
capsule 1S mounted. The locking parts keep the capsule in the "otfERP06/050123
position during the inser- 10 tion, use and removal of the IUS. Said locking
parts may have different shapes, e.g. al¢hape of a truncated cone. They
can be made of a polymeric material, which can be the same or different

st matsrial of the sz)%epﬁlteotgﬁiE)g;;?és&éa'ﬁlg%%@'~°z° & B0 e
example in this case an inert metaf Ich Improves Visi ﬂlsty of the in
anvidthaebihedrstalmlitatidn. g Dheltetraniayinerg foterxaagde it 0 thefew

in i n ianed for a.relatively long-t insertion into a
Ltﬁﬁ?&%ﬁ% (%ﬁge%grr%i%%bgq ermmed Ftl}élr? ??%9%’&}%5‘?&3}%? gpput 0.5 mm A

exartiplecnhodinzon acofive ek dbpie veral yaatpibe Mﬁé(ﬂﬁl‘éﬁglhu& loop, so
u time being typically.up to five years. 20 The invention js also | |
T B R BN 6y e O e ah lacrgesbl.

system within the uterine cavity in an ultrasound examination, comprising
ast one of the steps of applying an inert metal coating on at least part

2&@%%?1%?%%@%8@&&mﬁaqﬁ%vsg&n@%a@smlaﬁkéﬁmes,
IngsicaRioA RS PR o IBEKBNEHANS] BRUR A FRRAOMRGRARGIBYICANRR 1R the

vertical arm of the body of an IUS; inserting the 1US into the uterine cavity

amPERiEthiglaekisa aaes semthecapsuipin the coveatpositigniduing the inser-

Egﬁr?r%%%%‘%%?& fHAURPREDD f&tﬁrpgof)%gfrgg};iﬁé%e difrerent 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 TUS in

an ultrasound examination.

The intrauterine system according to the invention has been designed for 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 [US

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 Jeast 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 TUS 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.
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inside a sponge and the system immersed into water Apparatus: Sonosite
180PLUS, with convex (2-4 MHZz) ar.l&)vaginal (4-7 MHz) probes 10or
Aloka SSD 900, with convex (3.5 M and vaginal (7.5 MHz) probes
Studied modifications: Group 1: Hollow glass microspheres have been
Hrporhacaiadl in the raw material 150f the frames (bodies). Due to high
density and entrapped air inside, the echo- genicity should be improved.
Group 2: Hollow glass microspheres have been incorporated in the

FROEMRBEHEIR IHAY AR REOUP 3: The whole T-body is Au-coated using
Joel Fine Coat ion sputter JFC- 201100 equipment (1 kV voltage and 1

*mREweatainer Bledwithorntarh eonh sanelithivdionins wfnbatastiayk thicksn-

feyppanometers. See Figure 6.

® Test specimen placed inside a sponge and the system immersed into water

Apparatus:
— Sonosite 180PLUS, with convex (2-4 MHz) and vaginal (4-7 MHz) probes
or

— Aloka SSD 900, with convex (3.5 MHz) and vaginal (7.5 MHz) probes

Studied modifications:

* Group 1: Hollow glass microspheres have been incorporated in the raw material
of the frames (bodies). 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 current 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:

° Potato starch and corn starch thickenings behaved similarly in the sonography.
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Group 4: Rings or double rings of 0.5 mm thick silver wire were positioned
| E§% the ends of the vertical arm of the T-body. Both egp[ﬁgg%% 1050123
and unembedded fixing was investigated with the currently available
T-frames. A rough 25embedding was made manually by scooping out a
channel with depth of about 0.25 mm. See Figure7. Other in vitro
conditions: 14 The scattering and attenuation of sound waves and the
VoitRDIC AIESRRGAPLALLIRHIR SPONERI YIEIMNPRSAIRRBIASRMYce of air
NOVA r 380 (vertical anti) was located. (NOVA T(r) is a T-shapéd plastic
framie theiBATESS¥steop @S Worbigh thatloalydSRMAJppaFaniversastaumdings lo-

th ' e T. ; it [ f .
thar B NOTR fors e AR A, AU N @ e
in wute coxksl difirenviss isugobnodiagitity tetivdenthef $beribles were

detected. Sound wave proceeds easily through, water and no disturbin
RN R e S e b
and dblid eda enyicliffiodkitinlied sjriasiess ih water. afowaiRrdaeen dbbaghcity
in a_sonograph. (In Figure 8 an example of the acoustic shadowing of

M REEEER SR ST I S SIS S PradamiyE Bressdsersily Birgredrayater
modifigatipdsiukBirz | a8oRIiare THRRLE SAR RIS IBRIAYCM £ RS HEENome-

slightly. See Figure 9 where glass microsphere modified 7-frame and

- stariepir@filRrierd €8 fure st semberdetrskechin graimes asousisg is seen

Impigyad;echagRCn Al ﬂg@e g. aﬁ%%{%gﬁe&ﬁﬂé&amtéﬂaa%ﬂrg%?f
hormone releasing capsule. See Figure 3. Even in the sponge syste
20WMBREDRS " b patatoavelnyhitkdteng isginseitteddiedium, the spherical
ends were located. See Figure 10.

Comparison of different modifications:

e Glass microspheres in T-frame improved echogenicity slightly. See Figure 9
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
which was found to be very challenging in vitro medium, the spherical ends were
located. See Figure 10.

e (.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 doubl_¢ 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.
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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 25rings did not impair the visibility compared to
unembedded counterpart in any projec{ifbns. 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
dihinaghere the ring, double-ring and no-ring have been examined in
optimal projection. M 15 Claims 1. An ultrasonically detectable
intrauterine system gUS) for long-term insertion into a uterine cavity | ,
%né\?rﬂﬁﬁ%‘?ﬂﬁ%f/ R A A S B I Yy P R R o P T [P UGy e wterine cavity
winasongrd msagegnoithesysteameatsdoeimphe ingshnslare wal éotaddrofthe system,
WRE- GHQMPHEARSISLINg0k 6t I8ashbaneiRgHhggtal clip, pin, ring and/or
e D Ll S L
ipértibadnphihofinHaulssay Ot Mtrauterine system in place 100f the usual
dpaping: THbalintrasperine sy siam wecardingotahsaidy biwheretuthedneatah in place
(%J'ui)esuﬁligsro rli)r)gs 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. 15 3. The
intrauterine system according to claim 1 wherein a metal clip, pin, ring
Aandéanisleenecisygesitianeatnatithifodtvdfdir thopetal4lifhpitstrangterider sleeves
SYSIEM AR ding fegny.aea afibe B SaHing £!8iMs  WNEIEH HRS K& s) of the
metal is 20selected from the group consisting of silver, gold, titanium,

IM?lgsten, bismuth, platinum and palladium.

MCSLLP

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.



