MEDI CAL DI AGNOSTI C APPARATUS AND METHOD OF MARKI NG ANDY OR TREATI NG AN
AREA OF IWOERRESYIIYN THE BODY OF A HUVAN OR AN ANl VAL TERERISG2010BDEED
[ 0001] Vari ous enbodi nents relate generally to a nedical diagnostic
apparatus and a nethod of marking and/or-treating an area of interest
in the body of a human or an ani mal . BACKGROUND [ 0002] Gast roscopy and
col onoscopy are commonly used for diagnosis of ailnments related to
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the small intestine of the gastrointestinal _tract. As such, a site of
henorrhage at the small |ntest|HQR#ﬂ§Aﬂgwmﬁﬁ detected after di agnosi s
via gastroscopy and col onoscopy. Further, early stage cancer
detection may not be achieved if cancerous cells are in the
unreachabl e parts of the small intestine. Therefore, a flexible

i magi ng systemthat can scan t TECHNIGALIIELI® ntestinal tract to get
a better optical vision of an alinmentary |ocation of the

gast r oi nt[eedlj nal Variastenibsdiitmis relateogend Q00 3 Niiedicabsiagapay h@aﬁi@hﬁﬁ@py
(WCE) may provide a flexible imaging system Figure 1 shows a
schemat i GnéhaDbAMafing 26QBY FRAARNA aRAITSARRISE iff RS BOA 402 hufh& or an

animal.

BACKGROUND

[0002]  Gastroscopy and- colonoscopy are commonly used for diagnosis of ailments
related to gastrointestinal tract. Gastroscopy is generally used to check the first four feet
of the upper digéstive tract and colonoscopy is generally used to evaluate the colon and
_rectum. Unfortunately, gastroscopy and.col_on'o'sdopy are usually unable to reach most
parts of the small intestine of the gastrointestinal tract. As suc‘;h, a site of hemorrhage at
~ the small intestine may not be detected after diagnosis via gastroscopy and colonoscopy.
. Further, eérly stage cancer detection may not be achieved if canceroﬁs cells are in thf;
unreachable parts of the small intestine. Therefore, a flexible imaging system that can
scan the :whole gastrointestinal tract to get.a better optical vision of an ali;nentmy location

of the gastrointestinal traét is desirable.
[0003] Wireless capsule endoscopy (WCE) may provide a flexible imaging system.
Figure 1 s_hows a schematic diagram of a conventional endoscopic capsule 100. The

endoscopic capsule 100 may include an imaging device 102, illumination modulés 104,



endoscopi ¢ capsule 100 may include an imagi ng device 102,

i1l um natwonorgdsdses 104, 2 power supply (e.g. a batt ePgX/SGG10/000023
coupled to a control nodule 107 and a radio frequency (RF)
transmtter 108 which are placed insi a bioconpatible capsule
casing 110. The endoscopi c capsul e 100" can be easily swall owed. After
the endoscopi c capsul e 100 was swal | owed, natural peristalsis noves

t he endos};&;& ' O35 1 t >
endoscopic c,aggm%ga%gs@gggel I%d;tg of t g}ngglg'?rlg?%%é%ﬁgﬁe%d}aa
as the en LG - 10 ve theough. t he troint estinal
fract. TiGYRRLEEAROY! hickiute TRACE WUGLE BickORefN} bRl SR g, Toe
t he exam nation w thou eelin ensations resylti fromth
rovenont GR0ABe SAILE b B0 e Sl wet AT e fiecgpic qpe 100 was
exam nation_nmay be abqut 8 hours. During the exam nation, the inages
of the ga%‘fa?IBWﬁ‘%’eélP"-‘Fﬁjl peristalsis n@ipvEe BB nERdnseAnss yoapslas AP0  taough the
speci al antenna pads placed on the body of the patient and nmay be
stored i ngagtreivlegtngl tectdBle endoscopic oapsule K30 mietapsa ireges of theeastrantestinal

i mages may be transferred fromthe recording device to a conputer via
a cabl e cohectheendescopicrcepsds 1§00 mdhe tirowghethe nagtrdistestinaheficr Thelpatizho
a digital novie on the conputer for exam nation by a doctor. The
endoscopi@nceqsinhe b reylabeactivities stbjughénd i kxhaingdiee | Wikbud OfeBidd Y
and effortlessly fromthe body via bowel novenent. [0004] Fromthe :

recor ded deARGESs reQ€n® FrofDihe mVeAkehtUTShe bnddib&Hi& 8dpslife A0 ¥R B Rtion of
pat hol ogi cal area(s) 1n the gastrointestinal tract which may need

further cth@gseaﬁmoﬂ?agihg@fg%@m ga%?rtss; BRAEY ARhidifod dﬁ@tikﬁg of the

Havi ng i nformation ‘on he one or nore | ocations of

i nterest . [.Ci ch th or .nore | ocatigns ,of
i nt er est 4 n a g@? fggaﬁﬁea%snt@ugrlgﬁu{} ,Sm?lit'u%intp rsgg%glﬁarngﬁm? ipﬁés 5918?6(1 on
further tyeat t, may. be reduced and .the patient's disconfort may be
| over ed. %S‘f‘ﬁgo? the gﬁwgﬁf@w Eﬁ? eﬁtm(?rreg‘lfa‘@gﬁf € fugy WBE Ipihig patient.
accurate.  Thus, it is desirable to determ ne the position(s) of the
one. or mobhs SfoBdimagrRmay be femsfatad fyym thgirpeardiag devipr Q1 acommuts visA cableno
2011/ 093791PCT/ SG2010/ 000023 3 [ 0005] There are various conventi onal
mechani srF8TBSSHOL 8F Wikelgssly. The images granbe Fandermmeadointy afdigital evoviet on ther
exanpl e | abel ed anatomi c | andmarks such as the pylorus and il eocecal
val ve, a compuigr éortdxpmingtion byyadestdr. Fhe endascemd capsalel 106omay be daspesable
ti mes, and nodel s. However, other téest(s) may be necessary to

det er m nend ey br axpelled btmaly(anyl efibrtlchedy from the body a boweltrhovtment.
interest if a surgical procedure is required. :

 [0004]  From the recorded images, one or more locations of interest (for example,
pathological area(s) in the gastrointestinal tract which may need further diagnosis,-
examination, or treatment) may be ideﬁtiﬁcd. Having information on the position(s) of
the one or more locations of interest may help a physician to reach the one or more
locations of interest in .a shorter time. As a result, the procedural time for further
treatment may be reduced and the patient's discomfort may be lowered. Further

diagnosis, treatment or surgeries may be more accurate. Thus, it is desirable to determine

the position(s) of the one or more locations of interest via wireless capsule endoscopy.



[ 0006] I n conventional endoscopy technique, the position(s) of the one
or nore |woabilnes7sef interest can be determ ned throughpchsaemiooahzs
taggi ng net hod. However, due to size limtation, it is not possible
for an endoscopic capsule to carry the required anmount of dye for

t aggi ng. O her conventi onal electronic3positioning techni ques |ike

gl obal positioning system (GPS) cannot be inplenented for diagnosis
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I nvention, a di cal diagnostic¢ apparatus is provided. The nedi cal

di agnost illFOa?ngV%k’Ersa FeRsPlsdirae bag dypies! gastici andr wrpll bowelgansiy times, ad
interest and a taggi ng device configured to rel ease a taggi ng el enent
from t he medpl. Fyweue etber testir may dedkesssary tadeterming the eaéct positongs)ofdleon
actuation. [0008lAccording to another enbodi nent of the present

i nvent i omnear merdlodatiphs nfinkdresy ifarmgical prazadurnds uiaddea of i nterest in
the body of a human or an animal is provided. The nethod includes

pl aci ng g00sg]i caln dofgnisiial enddEpayP tethinig@ePihe Shddftioals) | sFomt dHe€or more

taggi ng device conprising a tagging elenent into the body of a hunman
or an anijg&tions 4f interest can be determined through chemical dye tagging method. However,
due to size Iimitatioh, 1t is not possible for an endoscopic capsule to carry the required
amount of dye for tagging. Other conventional electronic positioning techﬁiques like
global positioning system (GPS) cannot be implemented for diagnosis of the
gastrointestinal tract becauée there can be erroneous position information due to the

natural bowel movement. Therefore, the conventional tagging mechanisms may not be

applicable in capéule endoscopy.

- [0007] . According to one embodiment of the preseﬁt invention, a medical diagnostic
apparatus is prdvided. The medical diagnostic apparatus includes a sensor configured to'
sense areas of interest and a tagging device configured to release a tagging element from
the tagging device to mark and/or treat an area of intérest upon actuation.

[0008] According to. another embodiment of the present invention, a method of
marking and/or treating an area of interest in the body of a human or an animal is
provided. The method includes placing a medical diagnostic apparatus corﬁprising at least

one tagging device comprising a tagging element into the body of a human or an animal,



transmtting an actuation signal to the at | east one taggi ng device,

and upon wecepriogmiof the actuation signal at the at | eZR€U/S612610/000023

taggi ng device, releasing the tagging elenent fromthe at | east one

t aggi ng devi ce. BRI EF DESCRI PTI ON OF THE DRAW NGS [0009] I n the

drawi ngs, |li ke reference characters geherally refer to the sane parts
throughout the different views. The drawi ngs are not necessarily to

scal e, enphafiding BP haAMiAAGRPL e B @@gﬂ, Rkl bdd{MonTbLBllof BF

pr|n0|ples the invention: criptior, 'vartous

enbodi men a&uatfoﬁleslgnﬂi’ 5'15\% Qtﬂle&f g’fﬁ%? E\gc%"'rtlﬁ%éigf e et teﬁ?rgen? from

fol | owi ng draw ngs,
di agram g endoscopi ¢ capsul e. [0011] Figure 2 shows a

ventlonal '
schemat i cﬁ“&l%&t g?ﬁeotf’g%nﬁgﬂ‘flﬁeal di agnosti c apparatus according to one
enbodi ment of the present invention. [0012] Figure 3 shows a schematic
cross-sectional view of a tagging device usable in a nedical
di agnosti'c apparatus according to one enbodi nent of the present
i nvention. [0013] Fi gurBREEF BESGRIRTIONGE (THE DRAWINGS i onal vi ew of
a tagging el enent usable in a nedical diagnostic apparatus according
to one eri’et®] menkn & draeings clfientefdirence nhimatters generally refer to the same parts
throughout the different views. The drtiwings are not necessarily to scale, emphasis
instead generally betng placed upon illustrating the principles of the invention. In the
following description, various embodiments of the invention are described with reference
to the following drawings, in which:
[0010] - Figure 1 shows a schematic diagram of a conventional endoscopic capsule.
[0011]  Figure 2 shows a schematic diagram of a medical diagnostic apparatus
according to one embodiment of the present invention.
. '[0012] Figure 3 shows a schematic cross-sectional view of a tagging device usable in
a medical diagnostic apparatus according to one embodiment of the present invention.
- [0013] . Figure 4a shows a schematic cross-sectional view of a tagging element usable
in a medical diagnostic apparatus according to one embodiment of the present invention.
[0014]  Figure 4b shows a schematic bottom view of a tagging element usable in at
medical diagnostic apparatus according to one embodiment of the present invention.

[0015]  Figure 5a shows a photograph of a tagging element usable in a medical

diagnostic apparatus according to one embodiment of the present invention.



[ 0014] Fi gure 4b shows a schematic bottom view of a tagging el ement
usabl e i W 2pBdI98® di agnosti c apparatus accordi ng to oRETSG2HH008028
of the present invention. [0015]Figure 5a shows a photograph of a
taggi ng el ement usable in a nedical dgﬂghostic apparatus according to
one enbodi nent of the present inventi

2011/ 093791PCT/ SG2010/ 000023 5 [0016] Fi gure 5b shows a phot ograph- of
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[0017] Figure 6a shows an X-ray image of a titanium taggiﬁg element filled with
barium sulphate usable in a medical diagnostic apparatus accoraihg to one embodiment
of the present invention.
[0018] - Figure 6b shows an X-ray irhage of a silicon tagging element filled with
barium sulphate usal-)le- in a medical diagnostic apparatus according to one embodiment
of the present invention.
[0019] Figure 7 shows a flowchart of a method of marking and/or treating an e;rea of
interest in the body of a huxﬁan or an animal according to one embodiment of the present
invention.
[0020] Figuré 8 shows a schematic diagrém of a medical diagnostic apparatus in a
[0021] Figure 9 shows a schematic cross-sectional view of 'a tagging device usable in
~ a medical diagnostic apparatus when a resilient element is in a second position according
to one embodiment of the present invention. |
{0022] Figure 10 shows a schematic diagram of a tagging element usable in a medical
diagnostic appara'tﬁs' being attached to an area of interest in a gastrointestinal tract
according to one embodirhent of the present invention.
[0023) Figure 11a shows a photograph of a front view of a tagging device prototype
usable in a medical diagnostic apparatus' according to one_embodiment. of the present

invention. L



[ 0018] Fi gure 6b shows an X-ray inmage of a silicon tagging el enent
filled wwa 2B/098Lsul phat e usabl e in a nmedi cal di agnos®CE/S&3HRI080038
according to one enbodi nent of the present invention. [0019]Figure 7
shows a flowchart of a nethod of nark“gg'and/or treating an area of
interest in the body of a human or an "ani mal according to one

enbodi ment of the present invention. [0020] Figure 8 shows a schematic

di diccal . dj St in. i.ntestinal tract
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second pasition according to one enbodi nent of the present invention.
[ 0022] Fi JBY®U9B shows a schematic di agram of a taggi ng el ement usable
in a nmedical diagnostic apparatus being attached to an area of

i nt erest [P§R3A gagigrlrﬁ AZeshownla schametiaceessdesiipnab visve of nd daigingn devide
the present invention. [0023]Figure Ila shows a photograph of a front
vi ew of oprotaype mgakdeun g enedicat dibgystic apparatus according to one embodiment of the

present invention.
[0026] - Figure 12b shows a schen_latid top view of a tagging device prototype usable
in a medical diagnos.tic"‘apparatus according to one embodiment of the present invention.
[0027] Figure 13 shows a photograph of an arrangement of various éomponcnts
within a tagging device prototype usable in a medical diagnostic apparatus accorciing to
one embodiment of the presént invention.
[0028] Figure 14 shows a photograph of -a set up of an experiment for a tagging
device prototype.usable in a medical diagnosﬁc apparatus according.to one embodiment
_of the present invention. =~ . .
[0029] Figure 15 shows photographs of a tagging elerﬂent usable in a medical
_ diagnostic apparatus being embedded in a pig intestine tissue according to one
embodiment of the preéent invention. | |
[0030] Figure 16a shows a photograph of a titanium tagging element filled with
barium sulphate and silicon tagging eleméﬁts filled with barium sulpilate usable in a
medical diagnostic appar-atus being embedded in a pig intestine tissue according to one
embodiment of the present invention.
[0031] Figure 16b. shows an X-ray i@age ‘of a titanium tagging element filled with

barium sulphate and silicon tagging elements. filled with barium sulphate usable in a



usabl e in a nedical diagnostic apparatus according to one enbodi nent
of the prweeniliosiwention. 6 [0024]Figure 1 |b shows a PcoISTg0Rm000QSE
a top view of a tagging device prototype usable in a nedical

di agnosti c apparatus according to one ,enbodi mrent of the present

i nvention. [0025] Figure 12a shows a schematic cross-sectional view of
a tagging device prototype usable in a nedical diragnostic apparatus
accordin r t vent i.on 0026

12b shomsqn%&%ag ﬂga ('!t;glag%gm %/us cebfvl?/1 ab%td geaégaflﬁn g13 e\ |e(5:téneptr“§)¥1 Ok&:lﬂg E%P’ée
in a nmedi cal di agnpstic aIBpara1 .us according to one errbodl rrent of the
present eﬁ‘%/@ﬂim%l OrhEFFTIANVTINIED 13 shows a phot ograph of an
arrangenent of various conponents within a tagging device prototype
usabl e in a nedical diagnostic appar atus according to one enbodi nent
of the present invention. [002T] ure 14 shows a photograph of a set
up of an experinment for a taBETA ESERIPTIONype .usable.in a

nmedi cal di agnostic apparatus according to one enbodi nent of the
present i1083&ht i dfmbodiments of a medical diagnostic apparatus and a method of marking

and/or treating an area of interest in the body of 2 human or an animal will bé described
in detail below with reference to the apcorhpanying figures. It will be appreciated that the
embodiments descril:.Jed. below can be modified in various aspects without changing the
essence of the invention, |
[0033] Figure 2 shows a schematic diagram of a medical diagnostic apparatﬁs 200
| according to one embodinieﬂt of the present invention. The medical diagnostic apparatus
200 may include a sensor 202, a power supply 206, an antenna 204 and one or more
tagging device 208 (details of the tagging device 208 are shown in Figure 3). For
illustration purposes, only two tagging devices 208 are shown in Figure 2. In one
embodiment, the tagging devices 208 may.be disposed betwéen the power supply 206
. and the sensor 202. The tagging devices 208 may be received in respective housings 210
of the medical diagnostic,apﬁaratus 200. The arrangement of the tagging devices 208 in-
the medical diagnostic apparatus 200 may be different in other embodiments.
[0034] The medical diagnostic apparatus 200 may be implemented as an endoscopic
apparatus, for example as an endoscopic capsule which may be swallowed for diagnosis
of ailments related to e.g. a gastrointestinal tract. However, the present invention is not
limited thereto. For exémple, the medical diagnostic apparatus may also be an ultrasound

" imager, an optical coherence tomograph, a gastroscope and a. colonoscope. The



[ 0029] Fi gure 15 shows photographs of a tagging elenent usable in a
medi cal avegnogwsWiappar at us bei ng enbedded in a pig i nPETISIGaEI0L00ERBIE
according to one enbodi nent of the present invention. [0030]Fi gure
16a shows a phot ograph of a titaniun1%§gging elenent filled with
barium sul phate and silicon tagging elenents filled with barium

sul phate usable in a nedical diagnostic apparatus being enbedded in a

t n
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present invention. DETAILED DESCRI PTI ON
the med:cal diagnostic apparatus 200 may be used for diagnosis of ailments related to

different parts of a human body or an animal body.
[0035] The sensor 202 of the medical diagnostic apparatus 200 may sensé'the areas
of interest, for example parts of or whole of a gastrointestinal tract as the medical
diagnostic apparatus .20-0 travels through the gastrointestinal tract. The sensor 202 may be
implemented as an image sensor which may record images of the areas of i-nterest, for
example a gastrointestinal tract (or parts thereof) as the medical .diagnostic apparatﬁs 200
travels through the gastrointéstinal tract, The image sensor may-include but is not limited
to an optical imager, an ultrasound imager, a thermographer, a photo-acoustic imager and
a tomograph. At ‘the same time, the antenna 204 may transmit the recorded images (e.g.
processing system may process the recorded images and may display the images on a
~ display screen for viewing by a doctor in real-time (i.e. as the medical -diagnostic
apparatus 200 travels through the gastrointestinal ﬁact). In the event that one or rnore‘
areas in the gastrointestinal tract which may need further diagnosis, examination, or
treatment‘ (.e..g. lesions) are observed from the recorded images, an actuation signal for
actuating the one or mc;re tagging devices 208 may be sent (e.g. wirelessly) to the
antenna 204. In one embodiment, the actuatioh signal may be sent from an external
source (e.g. data proéessing system) when the doctor pushes a button of the data

processing system. In another embodiment, the actuation signal may be generated within



100321Enbodi nents of a nedi cal diagnostic apparatus and a net hod of
mar ki ng aw0/2011/098Wati ng an area of interest in the body Pefl/S&2eeasnzar
an animal will be described in detail below wth reference to the
acconpanying figures. It will be appreciated that the enbodi nents
descri bed bel ow can be modified in var ous aspects w thout changi ng
the essence of the invention. [0033]Figure 2 shows a schematic
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200 may i nclude e r 202, .a.gower.. s |y 206, an aptenna 204 and
one or w&aéé){%&?ae@yg@%e(f}é@&é of ﬁjé’trﬁ‘?ql, PB@E@%&C?&%?%Z vice 208 are
shown in Figure 3). For_ i]lustration purposes, only two taggin ]
devi ces 18%38); o 1oongnembedimgny ghepsensgr ZRRemayihs dmplamentadhes 8 g)gggp;gxcal
devi ces 208 may be di sposed between the power supply 206 and the
sensor 20@snsoriike g phgsenspravhicl owy 2e8e thy atbes ofcintsrase Hased onabpeHtleveds or
housi ngs 210 of the nedi cal diagnostic apparatus 200.. The arrangenent
of the tdgi agenipenaties @08ri whiche nagdiensd tHe aarams of Cinapgar Bisets oA0the
may be different in other enbodi ments. 100341The nedi cal diagnostic
appar at userdftdatiiey. [TRe i AMPINAAEIV4E ha@Sthad) tRANSHE CBP| HeARRAT AIUSaludsObr the
exanpl e as an endoscopi c capsul e which may be swal | owed for diagnosis
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present inventionis not. limted ereto. For exanpl e;

present i . dical ®
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ot her embodi nents, different types t he nmedjc di agnostic

appar at u e%ggtﬁ§/ o] thge Sq@f %F":f@ngé’les HI?F‘SUé?‘* rfﬁ'Lt%al‘t‘eél 8t e ¢ geasured
different parts of a gu n . body or an anjimal body. [0035] The sensor
202 of t MRMBFEARIES My @%&P&%ddﬂ&aﬁwwabmWsmeménﬁerea@O@fto
interest, for exanple parts of or whole of a gastrointestinal tract
as the mikpressnt the meavsed pH aplyas ot the nrevired templeraturhy. du giothéreembodiment,
gastrointestinal tract. The sensor 202 .may be inplenented as an i nage-
sensor whtliechnyen02 mepbd inplagested s 4 hiechansioal sedisor Hkea eddrp fluidic sensorpl e
a gastrointestinal tract (or parts thereof) as the nedical diagnostic
appar at u$003@D t ridpoal rsceiving Ughactuation sighal othe bRs b1 Mate thEgeg devites 208849
sensor may include but is not limtéd to an optical 1nmager, an

ul t r asounslcdséagsigingel bt e AR Akging dBHEE DOBROMEH the ioﬁ@ﬂﬁ{nﬁ?é"&}eé of

tonmograph. At the sane tinme, the antenna 204 may transmt e

r ecor ded jrjtere@ethd fhg?ing%lérﬁérﬁ 4y dltcratiRBly ot RaRdhall £ BE WY&T for Gredtingthe
data processing system (not shown). The data processing system ray .
process r, i d.. dj t i .a_di spl.ay,
Cer con or ) Sl of TRGES, Bitalic, S ditnd tendTESRoBlbiortolfuct
di agnost ic._appar.at 200 .t havel s throu th ast.roiptestinal tract).
In the even Q@ﬁaﬁndgﬁ%c%erm igaly o agrsbgargfe?ﬁ’g{}ﬁoén SPEEPR LTS, (o the laggng
whi ch may, need further di aqno i,?; exam nat i on, ?r treatment (e.g.

| esi ons) SPERUBRLAGAIVS FOmRIEtERY if ¥ copeiRitiof chegucals) £or trating eisoRloer ghtr
for actuating the one or nore tagging devices 208 may be sent (e.g.
Wi r el essPyg o BoxerfEeas of dnergsto Byone smbogimeniitbel tagsing, elethent aatyetfomed to
signal may be sent froman external source (e.g. data processing
syst en) weréorm mechdoicaloreapueit@s any bihet typesod! ttdatmeahtiabthe vae o8 mongareas of
system In another enbodi nent, the actuation signal may be generated
Wi t hi n interest. Th_e power supply 206 may supply power to the sensor 202 and the antenna 204

throughout the whole duration of examination of-a patient.



9 the nedical diagnostic apparatus 200 based on i nages of the body
(e.g. a gmetnoiaesmsti nal tract) recorded by the sensor PRQOZ/SGRor0leec0z3
nmedi cal di agnostic apparatus 200. [0036] 1 n one enbodi nent, the sensor
202 may be inplenented as a biochem cal sensor |ike a pH sensor which
may sense the areas of interest based!®n the pH l evel s or like a
tenperature sensor which may sense the areas of interest based on-the
t enper at T t may...then transmit. th sured,pH '
val ues oﬁbﬁfﬁg rreh@é%lrge% Ql{i‘ogvnsé%é% ell:ll%’g g s 'ﬁ?c anmeYl ‘é’s(%yt;{g?%g%d%ﬁee%%al
recei ver, e.g. the dat rocessi ng sys not sho . The data
processi ﬁﬁﬁggé’{ hﬁﬂﬁ‘ﬁ“@r‘ﬁ@gglﬁ W@g%%si@gh‘g‘ﬁ pegdEy ‘i?rqugh@awgﬁlreé’d
tenperatures and may_di spl ay the neasured pH val ues or the neasured

t enper at Jrakeng glemeat I%yidan actyation clemeat Fbeunpled tithe eesilient demeni302.
measured tenperatures nmay be displayed in a graphical form using ’
nunbers &ktAgRaton of thet ggingrdeyient 2a8hmapgasit &d ap Hctratiore of dhe attsation
nmeasur ed tenperatures. |In another enbodi nent, the sensor 202 may be

i npl enentebuheas 3@4. lppehberacattionesfahe adtindtinneelemean G04) the désiliene slsmient 302

[ 0037] Upon receiving the actuation signal, the one or nore tagging

devi ces 264y berynfighre@&emavé £E6I IfirsEpRitmtal digt nbidndne ikdion A8 Hidicated08
to mark the one or nore areas of interest. The tagging el enent may

al t er nat ipyakwo30s5a8 @i seb g dsitiol CmUiR Lribirkdnt ahd RQilieRCelGREN 302 'ﬁ'ﬂ%@)e
areas of interest. For exanple, the tagging el enent may contain oOr

consi st %fsg&ngﬁfihg%aa%me&l&ﬁ3ﬁb y68lahiclife diénkh eased from the

taggi ng el or the tagging e t nma I'ssolve conpletely if it
consi sts hemycal's) for tsyeatin . Q. ul s.at the.one or r
areas of ll&;n:;tggr egh.e 'anol)’%mneenteo % irﬁ%ﬁ?n,% 'fq?{%elltt 2{?& ﬁ&met}hg%ﬁtt p?rsé?}mgg’ the

formed to perfor.m nechani cal tr.eatnent any ot her types of '

{1 eat menteREd PREUGH e St Adarging Sepent Todp deuclond il g evisse
may supply power %o t he sensar 202 and the antenna 204 throughout the
whol e du_r2§§ iaB‘X:g‘éﬁfC &4, inihsastarinigstinah gastdpr marking amarsajofiinjeice. 3 forsvef a
schematic cross-sectional view of the tagging device 208 usable in

t he medi @hput @SN teshout 259 mestbg sulfioEnt rprveuwgg lagging @laneent 32Btoratigch to
include a resilient el enent 302 and an actuation el ement 304 coupled .
to the r & gaserintestinahtratt agethe fapgingt aleend 326 s relvesed oo thy tappingcdevaias -
may result in an actuation of the actuation el enment 304. Upon the

be configured to nove froma first position along a novenent
di rect i OResilfent ¢lethemt3ed aliyr mipPMsdAd t0 a second position. In one
enbodi nent, the resilient elenent 302 may be a spring. The actuation

el enent 3ggopBY 1Hehefcabedhldy sﬁ‘hﬁf? Qted Js%’&%liﬁ@ﬁodﬁcgﬂgg% (gl%g drefegfe. force

resilient elenent 302 fromthe rst position t position

may caus A0 NE.. | ' l d fromthe tagging

devi ce Zggggél aﬁ?%gﬁ%@ﬁ?@ﬁ?ﬁ%ﬁg&&éﬁ%% és§| nal tract for marking an
area of interest. A force, of about 0.5 N to about 15.5 N may be
sufficient- to cause the g’g}?‘hg el enent 326 to atg ch to the :
gastrointestinal tract after the t ing element 326 is rel eased from
t he taggi“ﬁ’ﬁrec}‘e’\?iaéﬁ%‘g?“‘?ﬂ%?r’élf’b’ﬁé,d? FRSCTER TR AR c@iiibRNm PaIOIEy be

sel ected based on a release force of the resiljient el ement 302 after
conpr essilyprefore, in the case when a spring is used as the resilient element 302, the resilient

element 302 may be selected based on the force constant of a spring which can generate a

force of about 3 N after being released from maximum compression.



[0040] I n the case when a spring is used as the resilient elenent 302,
the rel e 26H/W879f a spring can be cal cul ated based oRCHIE&2819610028
Law. F = -kx, (1) where k is a spring constant and x is a displacenent
froman equilibrium position. Therefor?, in the case when a spring is
used as the resilient el enent 302, thdIresilient element 302 may be
sel ected based on the force constant of a spring which can-generate a
force of t 3 i - i Loy 11
100411 The 0 EHlgi o BepEE BF50208 Hy AR inthATa T THELGGTR G5B Plleps

the resiljen I nt 2. Ln opne enbodinent.,. one..end 308 0 he

Fosi |+ ont R0 5 bud Loptthel (E (RSO 8 o B1SH6 clzont Rl Sawehe
end 310 of the resilien | epent 302 e _secured to the base 312
of 't he. ATl DT oo 0dsph Bsoaherash 516 of o Fesdisabiokininb Ja2 maysie
guiding structure 314. 1 n one _enbodinent, the first guiding‘structure
314 may issewredite hadasedl? ehthe dopsing di @ sTiwilstchi §anauba furthen coplrsstotae
sides of the resilient elenent 302. The arrangenent of the first

gui di ng dirstugniding twgtupe 14elndpiid embodinient, ohb dirste ghidihignstmtgwre Bihé may
first guiding structure 314 nay be di sposed above the base 312 of the
housi ng Zddludd B4R} tidabstheggestt] 6ctispoeal 2ARormpyoditersidee bf theGkdikkait alement
securing el enment 318. The securing elenent 318 may be coupled to the

act uat i ors0g| @eniradfdment NE HeECirsi Roidalee BRI 181 Rayabe QifkGerk OPhiBEH
to the latch 306. In one enbodinent, the securing elenment 318 may

incl ude @nblo8fsdntsOTRe fitst bliding SiecRle 3 PASE 9@9is§$sreh @Po‘fﬁaﬂie P%e@ﬁ%‘?ﬁﬁd
adj acent to the respective vertical structure 316 of the ftirst

gui di ng qﬁﬁgﬁ%y(f 314. The at |east one string may be a nonofil ament
thread. I'n another ‘enbodi ment, the at | east one string may be a

Ltifil oo Ih j I . 31 b fi
ol o the D021 | | ofE Beahle V58 208 e f SRR RANe M emons PR i o
Cecur ng AREHEAISEE! HERRHbSPIpie 1o i Ay CBen (D4 The ytrng Gemen

w t hst and éhe 2§%Fe of rgsilient el ement 302 before actuation of the
t aggi ng d&%imay asedefoyried e Bvvaich B86Inasembodimest.dhk sscHERg plempnt 318N
actuation of the tagging device 208. [00431 The taggi ng device 208 :
may i ncl &Ry igclpde atoleast 2oe swingl Tae atdeast onk string BQ6be dispossd atjecend R0theny
extend away fromthe |latch 306 and away fromthe resilient el enent
302 al ongesppaivayesivelstrudiuredt ofth8@ifst guiding structure 314, The at least one string

may be a monofilament thread. In another embodiment, the at. least one string may be a
~ multifilament thread. The securing element 318 may be .conﬁgured to hold the resilient
element 302 in the ﬁrst._position before actuation of the tagging device 208. Therefore, it‘
is desirable to select the securing element 318 based on e.g. material tensile strength to
withstand the force of 1.'esilient' element 302 before actuation of the tagéing device 208
and low power requiremeﬁt.to break instantly upon actuation of the tagging device 208.
[0043] The tagging device 208 may include a piston 320 coupled to the latch 306.
The piston 320 may eitend away from the latch 306 and away from the resilient element

302 along the movement direction 305.



12 100441The taggi ng device 208 may al so i nclude a second gui di ng

st ruct ur eV@2011/09p®Isecond gui di ng structure 322 may hav@®CA/S62010{0§0023
shaped form i ncluding an openi ng 324 extendi ng through the housing
210. The opening 324 of the cavity 322 _may be covered with a thin
film325. The thin film 325 may inclu but is not limted to

pol yur et hane and poly di methyl ‘siloxane (silicone). The thin film 325

from | EEJ?Q‘S‘I Lhe %ﬁf‘ﬁé ¢ it 369 ﬁa%i%ﬁ“ﬁuiﬂécteﬁi%‘fﬁ i*@%sﬁ'%?f?%% ﬁif |
i 326 i i 08 ived i
Second o PR Qs P32 Y Tle SrRAEY wiped Soronacits o it 20,

the tagging el enent 326 may, be:rel eased fromthe taggi ng device 208
for mar ki%@f@ﬁ r‘% “%"bﬁ’é’ housing 249- The epesivg 32410 theysaityols ey baeovsred
or nore areas of interest nmay then be determ ned fromthe positions
of the t atjth atginclilandht. Ihe thgn filth 32 owy tincdyds but istrive limdtgd it polpiirethent and
326 may be determ ned by X-ray imaging. Therefore, it is desirable

t hat t he polygljimethykbiboment ésilid@e). The tide filmt3@6icavaringhihe lopatieg 324 may help
bi o-conpati bl e and visible under X-ray imaging (i.e. having a high
X-ray i ntepevény tleagiing eloment SPadro leaying MHeahgdihy dévia B0 Beb&d aéthistmoh
a dense material is given by: / = exp(-p2),(2) where | is the
transm t YeEASK- I aPhel AEAAS element 826 f Ttﬁbetagﬁlﬁ% d8lice B08 @ay B BRSIVEY in Brel S
the linear attenuation coefficient (in cmT) and e is the thickness .
of the matgpk aéui&ihl? 3 turd @%@lfmg[llﬁhaﬁgzlbh%st a&gﬁﬂﬁ%w Bhe ga?ggmgﬁy

i ncl ude bio-conpatible materi al. one” enbodi nent e taggin

b §m§ Qﬁpﬁﬁﬁﬁﬁﬁﬁ&‘g‘ﬁﬁ E%Feq%a:? ?’ﬁ%lﬁh%“ea%%ﬁ? Byiet 20 %f?ﬁﬁaif%'&'gt%g Br g e
ili L . i i 326
el oo BF Btorkl TSP tiot o T Ohe o ot ateRODh MerErhma s bh Saeqpined

i ncl ude gyt is not limted to caprol actone, |actide and pol 13

gl ycolid °Bb‘b9 Resitiensey the tagaipe glsments 329-dhepesitigns pldhe Heewse fsR6
(2) shows that 100pm thick titaniumcan have X-ray intensity

absor pt i 81y be doteomuned by Jeraycimaging| Thareferepit it desigblertbatsbpinaging skeicots
(2) shows that 100pmthick silicon can .have X-ray intensity

absor pt i 26 dgricluleomaterials eflgele aret bie-compatible aed onsblc 1386 Xady imhging (i.e.
titaniumor silicon may provide an X-ray intensity absorption which
is suffi baeng atligiprXodayc etenshy ghsaptid) aThe X-ragyintemsige tfapsmitted elissugh ag
the locations of areas of interest. Further, titaniumand silicon may
be suit aldéme htmerdalalgivdnalyt e nedi cal devices. In other enbodi nents
the tagging el enment 326 may include bio-degradable materials.

[0047] Figure 4a shows a g:OgszsEeh! onal view of t@g t aggi ng el enent
326. Figure 4b .

. where [is the transmitte@ X—ray.intensi'ty, Iy is the incident X-ray intensity, y is the linear
attenuation coefficient (in cm-1 ) and e is the thickness of the material (in cm).
[0046] Therefore, the tagging gfement 326 may include bio-compatible material. In
one embodiment, the tagéing element 326 may be coated with bio-compatible material.
The bio-compatible material may include but is not limited to titanium and silicon. In
another embodiment, fhe tagging element 326 'may include bio-resorbablé material, The

bio-resorbable material may include but is not limited to caprolactone, lactide and poly



shows a bottom view of the taggi ng el enent 326. Figure 5a shows a
phot ogr aphO@pP1y987% aggi ng el enent 326. The taggi ng el enPOT/S&2610/984023
have a hei ght ht of about 800pm and a | argest dianeter dt of about
700p. m The taggi ng el enent 326 may include a guiding segnent 402 and
a body segnent 404. In one enmbodi nent 13the guiding segnent 402 nay
have a coni cal shape. The shape of  the guiding segnaent 402 may be

di fferent ;i n..ot her enbodi nents. The quidi,ng,segnent. 4 i ncl yde a
t aper ed t%llf?"ltg%l"ﬁ%’?‘e@f%f‘?ﬁ%&%%@agwg g@?&%fquam%éﬁgﬁbatt 1iOH“IE'OG
may enhance ?enetrati on at the area-of interest. The guiding segnent
402 may Hbigk tfagium ganchaye gf-rayyatensippabsorptivh of 02 e Thepretiqal adenlatfontusing
gui di ng segnent 402 may have a radius of about | Qm The guiding
segnent 482 ahene leguetion (@¢ishhwvs hthatofl 0808 prhnickn diliaon g dsive dXange tivtensity
of about 700gm [0048]Fi gure 5b shows a photograph of a hol] ow space

408 of t hbsdiphh SepIve MhefdidreOthe thigitgdemBat AR of3RfniuthbrQlRon may
enbodi nent, the body segnent 404 may have a cylindrical shape. The

shape of JfhgadadY rSEHERSy ATy vﬁﬁ’c}ﬂi('s)gﬁﬁfc%m toicﬂ?otﬂfcb Q][h @%ﬁﬂh&?ﬂ%@l 4

The body segnment 404 nmay 71 ncl ude the | T ow space 408 (1) storing

gﬁﬂiyc Seq n“%%‘% @82&%.??5%8 nARRRRGEHE %*E%{ﬁﬁﬁ@%*ﬁ@%@%ﬁ%%@?ﬂ@ﬁ% s
or the. bty Gl B om R BR Fticdl 5By Ta Uit ATCaDaendy 1 dvEaRR Qe

medi cal i in ontrast e ncement materials. Alternatively,

medi cal i3g§§1aﬁgn°i‘5ﬁttq‘%§?gr UFEHE: naterials may be nmixed with the
material used for fabricating the t.ag?i ng el enent 326 or the body
segnent 4971 Thdigyata shoyreneroapeectanal yigveobiths digging dement 320 Rjgwrad a
constant dianeter d2 of about 700gm The hol | ow space 408 may have a
hei ght h3he¥s abeiem 2609a thedaggingelsmant 326. Figreba didovel a phaograp06fte
The hol | ow space 408 nay contain about 78.5nL of medical imaging
contrast taghgrdeanamn826elietigling dlb@entS26aady have @iHeghe BIufrad6ikt $00pum and
enhancenment material mgy be used to enhance detection of the tagging

el ement 20t arkbtert, RubbiTollth, Tne BRI LRGP iAARA! MaitDe
nmedi cal imagi ng con‘nf-re{st en ancg?rle(r?[hena. er g]l%mr?gi mch(ljﬂe utang"gdlgl;gt :
limted bart i | phat e for, e X-ray i.magi and. i ron oxi for
e.g. rrag%%r?e%E ?'(%Hsnao'?\d;angoe@i sﬁ%‘ﬁ?ﬁé‘&?@d’fﬁ]ﬁ?ﬁﬂﬂ%&&ﬁ%ﬁ% @gfﬁ%&f%ybe
sel ected,as the X,r contrast Thancepent nmaterjal as it _is radio
opaque. PAYeH 8%‘P°¥c§ﬁ%t§vgﬁ%ﬁ€ -erénﬁn? 22\ 8‘%?6%@5%4@0%? g diffrent4p other
density should be equivalent to at |east 0.1g/cnR of BaSO. )
Theor et i €BPodiments) Thy gHdngseenent A0 Haey inehuids sdigpered; e #06 foumpding e a
hol | ow space 408 may have a m ni mumthi ckness of about 222gmto

achi eve areaxf indgresichhg tapered tip \A46 engy enbadceipghetrationfat BeSO ofihtesst. The.
shown in Figures 4a and 4b, the tagging el enent 326 may be desi gned

such t haguiding seguipntsédfrmeay ha@lahangleiq of dbohd 83 Ppabe tapefed ipy4téavietha
t hi ckness (t) of about 200gm

guiding segment 402 may have a radius of about 10pum. The guiding segment 402 may

have a height h; of 400um and a largest diameter d; of about 700pum.

[0048) Figure 5b shows éphotograph of a hollow space 408 of the body segment 404
of the tagging elemen,-t 326. In one embodiment, the body segment 404 may have a
cylindrical shape. The shape of thc; body s.egmcnt 404 may be different in_ other

embodiments. The bddy segment 404 may include the hollow space 408 for storing



15 [0050] Figure 6a shows an X-ray inage of a titaniumtagging el enment
602 fill SHOWDIINIBEILI um sul phate. Figure 6b shows an X-r RCTISGREE/000023
silicon tagging elenent 604 filled with barium sul phate. Fromthe
X-ray images of Figures 6a and 6b, it_can be observed that barium

sul phate 606 may i nprove the X-ray i nt nsity absorption of titanium
608 and silicon 610. [0051] Details of the operation of the tagging

device 2 d l . f ] @St 1yt body of
o human areoa? SnAght Sl bk RknP BaRHEE 17 op} ShBLEHHenl Gud DR B
shows a fl.owchart 7Q0, qf rkin nd/or tr i,ng an area qf .interest
Tt e b S o Joli Ao RE bl e 2oty Hos Wied ol B hghipipec
appar atus, havj ng a east one tagging device including a tagging

el enent r%e?;ﬁusfé tgff &’@%’I& REEIRge ¢lpmeHod) obthebady sagment 404 ogm%aggma\@lemem,
an actuation signal nmay be transmtted to the at |east one taggin
devi ce. A6 Fogy berqeated 34t medierldmesing eantrast erhaneement natesials. Wdtemativanst
one taggi ng device upon reception of the actuation si.gnal at the at

| east onenedingbimegingeorntrest efilpRESH S iratarialsahambe mixedfwiththe mggiahgsed for
device 208, the resilient elenent 302 may be secured at the first
posi ti on fibyichtip the cagringel@ha@B2S 03h8body shment 404, Fhgbédy sdgmé&il04 may
resilient element 302 may be in a conpression state at the first-

POSi ti ONhaddehipisiHYBf 286 BN § OBt diafRicr APSF muﬁb@cgﬁﬂtm%%ugev sh&%
| nsor the

first position of the resilient elenent 302 The se 202 o

medi cal dLagnostic ratus 20 sense the rts, of. or .who of a
Gast r of nADE PRHEvE ARRRLES PR aBoid a0k S5 3 robuan himfiar th 6L 635 560t
travel s tnrou p the gastrointestinal tract 802, as shown in Figure 8.
't one omBohliosy SRacy 408 meyseoay ghomt | 1B-1He famediseh iwaging asontragict
802 which may need further diagnosis, examnation, or treatnent are
obser ved eragaement material. dehe mediepd imaging pentrableeniianticonent thategialowey be used
procedure, an.actuation signal nmay be transmitted wirelessly to the
medi cal & agﬁm;g@' ideteaipgra ph tthes tag@ng edément 208 in e.g. X-ray imaging or magnetic

resonance imaging. The medical imaging contrast enhancement material may include but
is not limited to barium sulphate for e.g. -X-ra)-r imaging and iron oxide for e.g. magnetic
Tesonance imagiﬁg.
[0049] Barium sulphate (BaSO‘;) may be selected as the X-ray contrast enhancement
- material as it is radio opaque. In order to have an X-rz;.y image of high contrast, X-ray
&énsity should be equivalent to at least 0.1g/cm® of BaSO, Theoretical calculation
indicates that the body segment 404 having a hollow space 408 may have a minimum
thickness of about 222pm to achieve an X-ray density equivalent to 0.1g/cm’ of BaSO,.
Thus, as shown in Figures 4a and 4b, the tagging element 326 may be designed such that
the body segment 404 having a hollow space 408 may have a thickness (t) of about

200um.



froman external source by a request of a doctor or an end user.

Al t er nat iWOI211/87%ct uati on signal nmay be generated w t FOT/3G2810/000023
nmedi cal di agnostic apparatus 200 based on the recorded i mages. Upon
actuation, the actuation elenment 304 npy renove or destroy the
securing el enent 318. I n one enbodi rreﬂ?, t he actuation el enent 304
may be a heating el enent which may supply heat to the securing

Che seculdBc) chghre ARAFEH Ky Sflhtt iy lNRAE biBEARR iy i
i rat podhttmsiEnhE' R onibfisth S5 inige of £3liedh BRBRE slomenbiod ffe

el ement 3Q2 to.nove fromthe fiyst position to the second position
al ong t hé’“ﬁb%wgh f*ﬁal?% ng'arfh% é‘fsm’[wseﬂ o Jjgiugs §2 2pd 8. 1 cap fhe phparyed
cross-sectional view of the tagging device 208 when the resilient

el enent 3k bpgum gulphzte §66 B3y ippEIvE ther-raniatersiierhsamption of Htaniues H0§ andt
el ement 302 fromthe first position to the second position may cause
t he | at csilBo®6i® nove al ong the noverent direction 305. The novement
of the latch 306 along the novenent direction 305 nmay be guided by
the first0esli di retsils afttheibperdtign oflthattadging ddvicel 208alpod QGuaHYn tHOMEk an
along the first guiding structure 314 as the latch 306 noves al ong

the noverpsalof itéregtih e b3AH of I REmEN 6 A andRs) RSFestHBLA IHRMEOIBW gt he
second guiding structure. (cavity) 322. As a result, the tagging

el ement 3@fsapay HMeuRYsiEs QUiovwthalk P80 8P ﬁﬁi‘l&ﬂg %gﬂ?tq}earrigg an gfeg%qlinterest

gui ding structure 322. The thin film 325 nmay orn t he rel ease

ol cront - S5 SR Tt R g AR Ry 7800 PRAEENREST oG BRI

the nucosa | ayer of t.he gastrointestinal, tract t the are f
interest? 1015 tageng deyice melnding 3 'ggﬂgeelﬁraawgir?ér lgef lagsdt mﬁ%‘eﬂ’é‘?y of a
remain in the gastroi T;&si&%al tragt to act as a narker for

i dent i fi CHPFOAT 87 Al A a0 A5 HEHAI F18BD MaYobe fransHEsd tor g apisast one
di agnosi s and/or_surgical procedure. The 17 position of the tagging
el ement $2EINg| d.ezél.ce-t%% O9otiettragingglement mayds released fomthe pt keast ope tagging
determ ned by X-ray ‘imagi ng of the gastrointestinal tact 802.

[ 00551 Pr deies s regeptipreof thg gttngtichesignabat 8atrienst ¢ne thgging destied f or
experinmental purposes. Figure 1 |a shows a photograph of a front view
of a tag{fl03d] de\Beafere pewntory pethe taEing-dayinrec208, tHe rsfiber etenpino 802 hap tbeof
a top view of the taggi ng device prototype 1100. Figure 12a shows a
schemat i sedtfefigatathe dirstapasitiomsby @led seenrihg ¢leawnoB18 he sheéwHiin FiGRYiK The
prototype 1100. Figure 12b shows a schematic diagramof a top view of

the tagyidifliedeMesentI0RtRiyY B inld 80nprEiifor AREiah the RV S RitRMOTRE YRAnBLEO
may be made of alum nium The taggi ng device prototype 1100 may have

di mensi ofgyRbn@bqHE taé%ﬁg éf&ﬂeﬁt i%e BT osﬁidﬂﬁf.tﬁ&e%@nt%@ﬁ%ggﬂ?gg

t he taggi ng device 2 or the i.cal diagnostic apparatus

have a di . h i'gfbt0 of about, 5

[ 0056] Fi S%Eg‘t% %ﬁg%%g&%ﬁ%g%r acgﬂﬁ’gfa%%n ar?%%eélﬁ%r[’%}e Pf%]af 8¥ “’b%ﬂﬁ%as
conponents (e.q.. t.he resiljent el nt 302, the ac tion el enmept
ot o et Tadtoat bt e GRests ebaans 1l e ntamp the
usable within the taggjng device prototype 1100. The taggi ng device
pr ot ot y p&astreiestag] t}‘aﬁg§ @s shavasin Figye SeFfeOrﬁiEr?f e aneps (eke lgsiang) 4 in
spring. The spring 302 may have a height of about 2 nmand a dianeter
of about the gastreintestinal wagy @521 glhd&\m@zenq@g&rdteyp@gll@@o exayinating, aoigeagment
securing elenent 318 in the formof a nylon thread having. a dianeter
of about afe. Gbserved Tiem tthe gecogdedeinages Pnotig ity enedlitAD diugyostio cprockdur) an
actuation element 304 in the formof a heater coil. [0057] Ex-vivo
exper i meadtBationysififal GRNHecHamBtittNwibigsshTR theifddecal dREnbkticNipphriatis 200



t aggi ng device prototype 1100. The experinents may be carried to

eval uat e WR&IH{®3Mon nmechani sm of the taggi ng devi ce 2@8T($62010{069023
rel easi ng the taggi ng el enent 326 and the penetration depth of the
tagging elenment 326 into a body tissue, Paraneters such as the 18

di stance between the pig intestine tid48ue and the taggi ng el ement 326
and the angle of penetration of the tagging el ement 326 may be

eval uate j rs t he experinents be,an overal |
hei ght o?ﬁ (fr?-l;gh% t %%é?%g@?%@%% ?ﬂgéstt)foqa oﬁ?toﬁ(%ga% %’hq“%ef-sgétf"ﬁ‘at‘ eiY’e%{lse
force of about 3N force. [0058],. Fi.gure 14 shows a.photograph . of a
et S 145000 fesl Fehe $ORBH oriO R D G AR LB Sesedo

A pig intestine ti ssue 1402 may, be fixed on a Styrofoam bl ock 1404
usi ng pi ri&e mespried fHass HBhacRAtionc e Sepation glemenh3N4 oy Fmaeras destroy
taggi ng el ements 326 (not shown) may be positioned in front. of the

pi g i nt edh¢ securing Rlgment F18. buohe gmbedinsupethic nastitation rekenirnb (384 oay be 304
of the taggi ng device prototype 1100 may nelt . the nylon thread 318
upon act uebtingneleriéng vepcli may 8Gplyrhgat tdithe serurimgfdlanerdt 3¢8 skl piesdetiring
to the second position. The taggi ng el ement 326 nay be rel eased from

the taggidhgnehesi apdil AnitipReAfdObe setilriip ldaeena B R RVl fsRbid by
intestine tissue 1402. [0059] Figure 15 shows phot ographs of a tagging

el ement 386 SURRAJEEMER I0E (B Gelbdit F8ick NS ?hicsl%biﬁeﬁtﬂfagmcrﬁi 109" & thB st

shows a photograph of a titaniumtagging elenent 1602 tfilled wth
Dar i Um S yliah & A Shaleh iy - cbg 4, Wi e
sul phat elﬂgﬁbglggled ilr@t ﬁel plgtga ef’lnt st ﬁéeﬁﬁgﬁgéggét%g%%é& E!Ogg? \éﬂo}’.gggg‘g(k)h\%s
an X-ray d 1606, 0f  the fitaniumtaqging el ement 2 filled with
bar i um SUFRRangot kg e prd AR EBRERR BOBReR A% 1 1 ca w th
barium s te enbedded in the pi.g intestine tissue 1402, The,
posi 11 ondVBAT, 1R o FiAMS & e HB FEEATCUEBE ENcPL e EEinEcthice 208
t aggi ng el eneéi;lts 604 on the pig intestine tissue 1402 can be clearly
seen frofheRdheassitiont slement 888 ds iy BosotordarastiopeThe moveraent ©fthe resilient
di agnostic apparatus 200_having the taggi ng device 208 nma gr ovide a
si mpl e asiement 362 ffipm heylirsbpositinnato] thy segpndrpasitivh may esuse tthe lataly,. 308 to
di seased region. As the |ocation of the diseased region is nmarked by
t he t agginmyecdlengethe movement direction 305. The movement of the latch 306 along the
movement direction 305 may be guided:by the. first guiding structure 314. That is, the
latch 306 may move along the first guiding structure 314 as the latch 306 moves along
. the movement direction 305, The piston 320 may theﬁ move into the second guiding
structure (cavity) 322. As a result, the tagging- element 326 may be pushed out of the
opening 324 of the second guiding structure 322. The thin film 325 may be tom by the
release of the tagging element 326 from the tag_ging device 208. The tagging element 326
may be attached to the gastrointestinal tract 802 (e.g. the mucosa layer of the
gastrointestinal tract) at the area of interest 804 as shown in Figure 10. The tagging

element 326 may remain in the gastrointestinal tract to act as a marker for identification

of the area of interest 804 for further treatment, diagnesis and/or surgical procedufé. The



19 326, the location of the diseased region nay be determ ned by the
| ocat i on WO 2000988 ggi ng el enent 326 shown on an X-ray | PEFESG2UI0600238 t
may not be necessary to carry out further tests to determ ne an exact
position of the diseased region. In addition, the procedure tine for
further treatnment may be reduced and the patient's disconfort may be
| ower ed. Further diagnosis, treatnent or surgeries may be nore

accurate. medi cal dia tic a at u 00 ha e

t aggi ng é’\L/'l?gengOtge n%g)glrg ?8‘“6?‘ 3#%)3“" %]f‘e EB%{‘ g‘%%r"‘f% a’Pﬁz’ﬁif ( §7D be
di seased SItI of t he dj seased regi on may be marked
at real tq% dgy g't“ﬁé? rgaftr%weﬁmabsz%W%u on of e.g. a
gastroi nt estl nal tract In addition, the nedical di agnostl C appar at us
200 havi n8%%5he t BIgipityRss R the dagriss Wayic 268 mey ke fabrtatess fati expatuentalof
the gastrointestinal tract. The nedi cal diagnostic apparatus 200

havi ng t pernosesy Figyreléld showaoBphmdggriph of s frentuviewed adtagging ylevieg protaypeow
power. [0062] Further, the nedical diagnostic apparatus 200 may be
desi gned 140@.Fipdrat lbsﬂqwﬂd‘;ﬂlot@@}ng“ agbenizM of tiX@gging deatepsadyde 1000.

t he respective taggi ng devices 208 upon actuation. O her components

of the nEgwell24sRenOs stieniip Wiakath o?QQ:résﬁrﬁébtﬁbdar‘ﬂedﬁof-' e thRshE dvice
di agnosti c apparatus 200. This can ensure that there is no corrponent

pr ot r udi %%t&?f:e 9f06. "G gsdr fACWNs 4 MhehBAL Ql?égra‘ill'l 39 Qlo1%EJ| \ﬁe@%@tt&%mg

200. Thus, the situatron of having the wh I cal “di agnost1 ) :
ZSE?%Z&“%%%%& ki ﬁ%@ﬁﬁﬁqm%%lﬁﬁlifo 82@?{% a?ehéé‘l t%@%ﬁgﬁgﬁt-us
such as. AP S Rley Prelpip T e R w%ﬁsimoo?eeg”w%'h% had Emna
mbodi h I 200

Lagoi hgeﬁmﬁ%%e RGPS 6 TS e DR 40 R Pl eRncois gpparats

_ 200 may have a diameter of about 5 mm and a height of about 5 mm.

[0056] Figure 13 shows a photograph of an arrangement 1300 of various components
(e.g. the resilieni element 302, the actuation' element 304, the latch 306, the securing
' element 312 and the piston 320) u.sable_‘\'xrithin the tagging device prototype 1100. The
tagging device prototype 1100 mﬁy include a resilient element 302 in the form of a
. spring. The spring 302 may have a height of about 2 mm and a diameter of about 1.2 mm.
The tagging device prototype 1100 may include a securing element 318 in the form of a
nylon thread having a diameter of about 0.2 mm. The tagging device prototype 1100 may
include an actuation element 304 in the form of a heater coil. |
[0057]  Ex-vivo experiments may be carried out on pig small intestine using the
tagging device prototype 1100. The experiments may be carried to evaluate the ejection
mechanism of the tagging device 208 used for releasing the tagging ela_mént 326 and the

- penetration depth of the tagging element 326 into a body tissue. Parameters such as the



20 drug delivery), the holl ow space 408 of the tagging el enent 326
may be cOWPI2§WMH% o0 contain drugs. The taggi ng el enent PETSGIHNG/00€023
replaced with drugs in other enbodinents The taggi ng el enent 326 may
contain drugs in other enbodi nents. H anot her enbodi nent, when the
medi cal di agnostic apparatus 200 havi 6 t he taggi ng device 208 nay be
used for biopsy coIIectlon (e.g. fluid sanpling) t he hol | ow space

408 of tgf?tﬁﬁ&gdeﬂge {E 1n€’%ﬁﬂgﬁ¥sup%ﬂ %Efn%ﬂelén??@%zg%gﬁl tlPhngle of

bi opsy ¢ ection n anot enbo i men

di agnosti ¢ t 00 ha t aggin v 2 be us

For 1 oca ferBRRn i tRe FRRibRianehy 28 mBah* SenRaed. e e Ttprasies £ o
of the ta el enment 326 Wi igured to containh nano

particl es® %?*Wgerﬁ%lﬁ’&y ﬁraf"loé’F'gg hr?\‘igj‘t Pgaﬁedﬁﬁl%F lement 36tof | abant: 804nmandt d
nano particles. A radlo frequency (RF)/ultrasonic/lig, ht beam may be
used to ripppgFeasnirecqfgbne B Bt 326 and to heat -up the nano
particles for the localized abl ation/renoval of. cancer cells/tissues
at areas [8058]nt eFigstesi4 ehays diphetegmghrofgi sstsup Q) ghdter axpatiesiti foalthe
tract). In another enbodinent, the hollow space 408 nmay be confi gured

t 0 cont aitaggimg devicel gotohype 1460 £ phpineetivg Sisbe 110y mad balfikas onh Stﬁbﬁiaﬁﬁt
via met hods such as fluorescence or phosphorescence. [0064] Wi l

enmbodi mergleckof40h@idgyaB 1406, TRy & F@agm@ﬁfetprawwel M%nﬁ%g&ﬂﬂh taggmg
described with reference to specific enbodinents, it should
nbéﬁe 1203)

understo t ha
and det a?;?c%;/g %?ﬁlaoglgh(%dﬁ@?rg?ﬁn b\%mrbt%ﬁgglgedd@pg?et&%\figﬂ??B%i\nﬁﬁgﬁip| rit and

of Che 1 e By SRk B C e AP S il ARRRRAEH-FirPloe 11T RRG:
EPZP%ES%'C“H&FF pd 31 e T B, 302 sy eﬂﬁk;éwﬁ”cyahgffugthe

clainmed is; A nedi cal, di a noﬁl C a ar at us, %)nprl sin seni qr

a
confi gur é’(‘.?S‘PBH 42 1k 5¢990d ogition ?rﬁg@ plemgp(y326 may be reléased from the

tagging device prototype 1100 and may be attached to the pig intestine tissue 1402.
[0059] Figuré 15 shows photographs of a.tagging element 326 embedded in the pig
intestine tissue 1402. Figure 16a shows a'photograph of a titanium tagging element 1602 .
filled with barium sulphate and silicon tagging elements 1604 filled with barium sulphate
. embedded in the pig intestine tissue 1402, Figure 16b sﬁaws an X-ray image 1606 of the
titanium taggmg elernant 1602 filled with barium -sulphate and the silicon tagging-
elements 1604 filled with barium sulphate embedded in the pig intestine tissue 1402, The
positions of tha ti.tanium tagging element 1602 and the silicon tagging elements 1604 on
the pig intestine tissue 1462 can be clearly seen from the X-ray image 1606.
[0060} Therefore, the medical diagnostic apparatus 200 having the tagging device
208 'may provide a simple and effective way for locating an area qf 'interes't, e.g a

diseased region. As the location of the diseased region is marked by the tagging element



"a tagging device configured to release a tagging elenment fromthe

t aggi ng WQI2068/9879%ar k and/ or treat an area of interest PaFGHG2010/000023
actuati on; wherein the tagging el ement conprises a body
segnent and a gui ding Segnent, 10 and_wherein the guidi ng segnent
conprises a tapered tip. 2.The nedieaﬂgdiagnostic apparatus of claim
1, V. herein the sensor conprises an imge senor or a biochem ca

oher ol n (R8 PEIEAEELER: d%%%%@?%é@%ﬁg%‘ﬁ%%%fm% gﬂt%}&f@ﬁﬂg ofpe e
[ ' I d i , t , ‘a
Phot 0- ac G 7 hga Sh i KR RAghp ol mry AL RE BTGRP g b farter

ahy one. SFROGIE BB JASTSt PRI O ise AR EEIone Ao fhinemeeie A
and a teniperature sensor. " PCT/ SG2010/ 000023 Recei ved. 22
Novenber fon _f\g'theg dreatment may be reduced and the patient's discomfort may be lowered.
Further diagnosis, treatment or surgeries may be more accurate. |
[0061] The medical diagnostic apparatus 200 having the tagging device ZOé may- also
provide a faster way for loéating the diseased region as the position of the diseased region
may be marked at‘ réal time, i.e. during the duration of examination of eg a
gastrointestinal .tract. In addition, the medical diagnostic apparatus 200 having the
tagging device 208 may provide a wireless diagnosis of the gastrointestinal tract. The
medical di;gnostic apparamg 200 having the tagging device 208 may be miniaturized and
may require low power.
. [0062] Furthér, the medical diagnostic appératus 200 may be designed such that only
.the tagging elements 326 are released frbm the respective tagging devices 208 upon
actuation. Other components of the mcdicai diagnostic apparatus 200 remain inside the
. medical diagnostic apparatus 200. This can ensure that ﬁere is no component protruding
out of the surface of the medical ﬂiagnostic apparatus 200. Thus, the situation of having
the whole medical diagnostic apparatus 200 being attached to the gastrointestinal tract
can be avoided.
[0063] In other emb;)diments, the medical diagnostic apparatus 200 having the
tagging device 208 may be used for multiple purposes such as drug delivery, fluid
samj:liné, and cndoscépic imaging. In oﬁe embodiment, when the medical diagnostic

apparatus 200 having the tagging device 208 may be used for localized ;herapeutiéé (e.g.



5. The 'medi cal diagnostic apparatus of any one of cloth's 1 to 4,
wherei n tWe 20H{Y879¢ devi ce conprises a resilient el enmentPCaArEG2019/000023
actuation elenent coupled to the resilient elenent, the- resilient

el enent being Configured to Move, upon actuation of the actuation

el enent, froma first position al ong &0noverment direction to a. 5
second position to rel ease the tagging elenment fromthe tagging

"device: 6.-The di.cal ..di agnost i ratus .of clgjmb5, -
wherei n (HE SIS e oS SRk FARS h o LR Fsi oot Pl st s el o
coupled to the actuation elenmept, the securing neans bei ng configure
to hol d Pﬂ%taﬁneéﬂgﬁeﬁﬁheelt%& emephtit8 Mmayspe pisslacedivity dries e detben
di agntistic apparatus of claimé6, ' wherein the actuation

el enent embedinrentsuldy tegeing plpmend P26l aeayr eoptaim alregscinr other emborimentsiplen
aetuation to enable a novenent of the resilient elenment fromthe
first 15 apehért érobodiment)evheecibndngbisl tdiagnpsticBapplacatue 20€ dbvidg ahe osdging
apparatus of claims 6 or 7, wherein the actuation el enent

conf i gur devito208 mapbhe ussd foe biopey collketiGr@ly. Flal LbplRg), tetiillospace408
heal i ng el enent configured to supply heat to the securing el enent 20

when act yaiRGakndeRkent D6 H5U5d aﬁg@h&aﬁa%emed ISdicRly SHIRSMS I Get

apparatus of any one of clains Ste 8,
another embodiment, when the medical diagnostic apparatus 200 having the tagging

device 208 may be used for localized ablation/removal of cancer cells, the hollow space
408 of the tagging element 326 may be configured to contain nano particles. The nano
particles may include but are not limited to gold nano particles. A radio frequency
(RF)/ultrasonic/light beam m'ay be used to rupture the tagging element 326 and to heat up
the nano particles for the localized ablation/removal of cancer cells/tissues at areas of
interests (e.g. diéeased regions in a gastrointéstinal tract). In another embodiment, the
hollow space 408 may be configured to __éontain materials that can enhance visibility of
areas of interest via methods such aé fluorescence or phosphorescence.

- [0064] - While embodiments of the invention havé been particularly shown and.
described with reference to specific embodiments, it. should be understood by those
skilled in the art that various changes in form and detail may be made therein without
departing from the spirit and scope of the invention as defined by the appended claims.
The scope of the invention is thus indicated by the appended claims and all changes
which come within the meaning and range of equivalency of the claims are therefore

intended to be embraced.



Arrended Sheet 1PEA/ AU 23 wherein the tagging device furth8cT/5G2010/000023
conprises a-latch and a first guiding structure, whereRacaives 22Novemlser 2010
coupled to the resilient elenment such that, if the resilient elenent. -
is nmoved fromthe first position to thet second position, the latch

is noved along the novenent direction, wherein the latch'is coupled
to-the fist &Mé’lg structure such that 5its novenent along the _
movenent di rection is guided by the first guiding structure, 10.The
- medi cal-di agnosti ¢ apparatus of ‘cl-aim?9; . wherein the tagging . -
“devi ce.further- conprises a piston which is coupled to the. latch and .
whi ch ekt-engg,auap: f1,9m the latch and away front .the resilient

el ement ‘al ong 10 t he novenent- direction. 11. The nedical diagnostic
appar atus of- claim 10, wherein the tagging device.-further conprises a
second -gui ding structure adapted to guide a novenent of the tagging
el enent &l ong th&u{wargﬁggosq&gﬁ%@ug’%m%ge'i n the 15 piston and the
taggi ng el enent are coupled such-that a novenent of the piston causes

- a, WDVGW?nt of t heschdgeinfigued RIEBHRE ,th.q-ax“cas of interest; and
- ‘ - a tagging .dé‘fice_;, configﬁr'cd to release a ’(ﬂégi“.ng clt‘:mc;nt from th.e tag'gi_ng_devicc-
.to' mark and/or treat an area of int:;r'::s’ct up:on agt;xat'ion; |

| _ wher;in the taggix.:x-_g eler;heﬁt coxnbris&s ;x,b__ody scgniént anc_l a guiding §egm;:ﬁt,

10 and whercin the guiding scgment comprises a tapered tip.

.2, . Themedical diagimstié apparatus of claim 1,

wherein the sensor comprises an image sensor or a biochemieal sensor.

15 3.  The medical diagnostic apparatug of claim 2,
- wherein _the image sensor comprises- any one of A'ai group consisting of an optical |
';m'ggcr, an ultrasound imager, a theérmographer, 'gl_ phqto-acoust_ig‘ ﬁﬁager and 2

. tomé'g_!ﬂﬁh- '

20 4 Themedical diagnostic apparatus of claim 2,
.. sherein the biochemical sensor comﬁ;iséé'any_ohe of a group consisting of a pH -

. ) i. X . agw s Ty i o
. sensor, amicro fluidic sensor and a temperature sensor: .

Amendéd Sheet
IPEA/AU



12. The nedical di agnostic apparatus of ¢laim11, = - PGARLGIQ 0/000023
t he second guiding structure has a cavity shaped for m Redetvedci@nidovesaher 2010.
20 an openi ng extendi ng through a housing of the nedical diagnostic

ariparatus. . 13. The nedical diagnostizc apparatus of claim12, 24 .
‘wherein the. novenent. of the-resilient el enment fronrthe'first position
to the second pagsi ause "t he on to nto the cavity, .
t her eby pus:ﬂl ngolt%J Ene a"gjglgc;él I%OS 7 EPaR S8t‘fnyc?fw? 55’%9 devi ce 14.

h di'cal di f ¢l f
e ot cal o st GRRRLANS e L HGLEL Lhe i o
appar at us OdonfIBY (LB Hiicat 8 ‘ctHEhSth% Qesttitn: HOE n?bané T f%l%tl] %%n%%&:pglg? nt

is i.n a COI'T]C)I’GSSIOI’] state at rst posi

di.agnosti ¢ QARREGAtMEe MaRBY elaﬂ&t,(}fqn?la ﬁte'frﬁosﬁtogn%eng a r?(&gtﬁg{t 'azraf.l?%n to &

resilicent elenent conprises .a spiin
5 second posmon to release the taggmg element from the taggmg dewce

6. . Theé medical diagnestic apparatus of ¢laim 35,
'wherein the tng'gi'ng device, further cempn‘ses a 'seeuﬁng element coupled to the:
. _Aactuatlon element, the securing means being configured to hold the res:Ixent element at-.

: IC the first posmoa

7. - The medieal'dia'gnéstic'epparatus of claim 6, *
: wherem the actuatmn element is conﬁgured to remove or destroy the secunng- _
, element upon actuauen to enable a movement of the resilient elemeut ﬁ-om the ﬁrst

15~ pesmon fo: the seeoncl position,

8. The meelienl diagnostic aﬁperams of ¢laims 6 or 7
wherem the actuauou element conﬁgured to, remove ‘or destroy the sccunng .
¢lement compnses a heetmg element conﬁgured to supply heat to’ thc secunng element -

20  when actuated to braak the secunng element, .

9. The medical diagnostic apparatus of any one of claims 5 to 8, .

. Amended Sheet
IPEA/AU



The medi cal di agnostic apparatus.of any dne. of clains 6 to PET/SG2010/000023
15wherei n the ‘securing el ement conprises at |east one B»mowﬂglm\fo'?mnberzom
medi cal diagnostic apparatus of claim17; wherein each string is a

monofi |l ament thread or a multifil amantz3t hread 2019. The nedi cal

di agnosti ¢ appar at us of any one of clains 5 to 18, - wherein the

act uation: el enent ctlvat d, by an.actuation si gnal. from an

external source, heﬁ% legpus Vd‘?ecfé’i'meHF%{Wﬁscﬂ letch gidhs Brstigriding stroghues, 1,
~wherein the % t enha etration at an '
area of i nt e %E’P 'fh%ncé’“?rlﬁcg tg‘fq &bg’ﬂ‘f P regfiens slpmsniels of -
cl ai ms '.I g\pdd ﬁ'om thc first position to the second posmon, the Iatch is movcd “along the

movoment direction, wherein the latch is coupled to the first guiding structurc such that
5. ' its movement along the movement direction is guided by the first guiding structure,
10, Tho medical dfagnostio apparatus of ¢lair 9, o
wherem the taggmg device ﬁ.u-ther compnses a p1ston which is couplcd to the -

Jatch and which extends away from the latch and away from the resﬂxent element along

.10 the movement direction.

| 11.  The medical dlagnosuc apparams of claim 10,
whcrcm the taggmg device furthcr comprises a oecond guxdmg structure adapted
8 gmdc a movemont -of the taggmg e]ement along the’ ‘movement dn'eotxon, wherom the
15 .. pmton and the taggmg element are coupled such that a movament of the pxston cauSes a

- movement of tho tagging element.
12 The medical diagaostic apperatus of olaim 11, .
" wherein. the sccond gmdmg structure has a cavny shaped form whxch compnses'

20 an opomng extending through a housing of the medical diagnostic apparatus

I3. The miedieal diagnostic apparatus of claim 12,

Amended Sheet
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mhereln t he ‘body segnent is a solid structure 22.The Medi cdICT/SG2010/000023
di agnostic appar.atus of any one of. clains 1 to 21, mhe&knav&h@medmnmnzou)
. 'segment conprises a hol |l ow space. 10 23. The nedi cal di agnostic .
- apparatus of claim 22, wher'ei n the hol boW space is configured to

store nedi cal |nag|ng contrast : enhancement naterial. 24.The nedical

di agnost-i ¢ ‘appar at ui, cl ai m-23, 15wheréin the ni-edical imaging

contrast enhance f‘ff’m ?é‘?‘ﬁ"%f?e"érc’éﬂéf-‘s@&hﬁ% claweah Femdde duti msitio b hie:

tagging ele n.xX-ra magnet i ¢ resonance .i magi ng, 25.
The medi cal °“d HS%‘H“ °a§sﬁf5§‘rﬁ°§%‘%‘g‘ Brnerdntshosvity, thacby milingihe mggmg

" nedi Cal - nmag st _enhancenent waterjal corriprises barium-.20
sul phat. e for i% &%{'Etg m%ﬁj“% “fon oxi-de for magnetic resonance
I megi ng. ' ' :

.5 14, ) " The medical'dia@dstic’app-arams of claim 13,

‘ whe_rein‘thc opening of the cavity is covered with a'thin film, . °

- I5.  The medieal dxagnostm apparatus of any one of clalms 5 to-14,

- whercm thc rcsxhent elementisina comprcssion State at the first posmon.

10
16.. The medmal dxagnosnc appamms of any one of clmms 5t IS
- wherein the resilient clement compnses a spnng D |
17." The medxcal d1agnosuc apparatus of any one of claims 6 to 16,
REIEE : whernzm the securmg elemcnt comprises at least one string

18, Ther medmal dmgnost:c appararus of claim 17

B

wherem cach strmg isa monoﬁiarnent thread ora multxf Jament thread

.20 19,  The medical diagnostic apparatus of any one of claims 5 to 18.

- .wherein the actuation clcment is acnvated by an actuation mgnal from an external

SOUI'CB.
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426 The medi.cal di agnosti ¢  appai atus of claim 22, wher ein thﬁcﬁMﬁqﬁﬂh@@00023
'space is configured to contain drugs. 26 . 27. The medi Bedeividagidetenber 2010
apparatus of claim 22, wherein the hollow space is configured to be

used for biopsy collection. 528. The megh.cal di‘agnosti e apparatus of
claim22, wherein the hollow space is configured to contain nano

'partlcles t n d for localized renoval of cancer cells at
_ar eas of ?@r es "?g‘c‘%ﬁg gn??&&???&fat"dl‘)&@lﬁ’ﬁb’c si c- appar atus -of claim 22,

10mhere|n t he hollom/ S €O ured to contain naterials that
can enhance Vi sﬂﬁl?eﬁ‘ff?gg'f’ 35%%@‘3?}7583 ?”%P%I‘eﬁtWBPb@@é‘ﬁ@éWest

phosphor escence:

21, The med:ca] d:agnosnc apparatus of any one of clanns 1 to 20,

5+ whercin the hody segmcnt is a solid stuctire .

22, - The medical diagnostic apparatus of any one of claims Ito 21,

- wherein the body segment comprises a hollow space.

10. 23 Thr.-. medlcal d1agnost1c apparatus of claim 22,
wherem the hollow spacc is conﬁgured to store medlca] imaging contrast.- '.

' -enhancement matenal

‘24,  The rhedical diagnostic apparanis of elaim 23,
15 - whcrem the miedical 1 n:nagmg oontrast enhancement matenal are ugcd to enhance

dctcction of the taggmg clcmcnt in X—ray nnagmg or magnctm fesonance unagmg

25. - The medxcal dmgnosuc apparatus of' clmms 23 or 24;
whcrem the medzcal nnagmg contrast cnhancement _materia) comprises barmm

~ 20 sulphate for X-ray unagmg or iron oxxde for magnctm resonance magmg

. 26, The med:cal d:agnostxc apparatus of claun 22,

wherem the hollow space is conﬁgured to contain drugs

. Amended Sheet
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30 The nedical diagnostic apparatus of any one of claims 1 PETSG2010/000023
wherei.n the tagging él ement conprises bio-conpatibl e nBeesivea 22 NaGember 2010
-31. The nedical diagnostic apparatus of any one of clainms 1 to 30,

wherein the -tagging el enent is. coated 3 th bio-conpatible material.

32. The nedical di agnostlc apparatus of clainms 30 or. 31, 20wherei n the

bi o-conpati bl e material conprises titaniumor silicon. "33.The ' :
nmedi cal -di agnostic apparat us of any one of clains 1.to 29, wherein

the taggl “92?' er‘f\he me. xca] gnos%c Qllap%rarmesso clgg:bg material. 27

wherein the hoI_Iow space 15 cbnﬁgurcd 1o be used for biopsy c'ollécﬁbn.

5 28 The médicml diagnos;tic a'p-paratus oi" claim 22,

. wherein the hollow SleCO is configured to contam nano partlcles that can be used

_ for locahzed femovl of caficer cells at areas of i mterest

29. The medical dlagnostlc appamtus of claim 22,
.10 ' i whcrcin the hollow space is conﬁgurcd to. contam matcnals that can cnhancc

. wsibﬂzty of areas of i mterest via ﬂuorescence or phosphcrescence

30. - The medical d:agnostw apparatus of any one of cla:ms l to 29

.threm the taggang element cOmpnses bw-companblc matenal

15
k 31, ' ‘The medical didgnostic apparatus of any one of claims 1 to 30,
| wherein the tagging clement is coated with bio-compatible material,
32, - The medmal dmgnosnc apparatus of clajms 30 or31,
) 20 whercm thc blo-companble matenal compnsw tltamum or mhcon :

.33,  The med1ca1 dzagnostxc apparatus of any ong of clalms 1 to 20

_wherem the tagging clemcnt compnses bxo-:esorbable material,

Amended Sheet
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34. The nedical diagnostic apparatus of;any one of clainms 5 to 33,
further conprising: an antenna configured to receive the
actuation signal froman external source for 5 actuating the
actuation element, and to transnit data representing the recorded
i mages of areas of interest to an external receiver; and a power

supply coyf i gunﬁqné(gcaquj%wstgch fira othﬁ’y&?é‘ Wi rg%t rg ’antenna. 35.
g@ of any of "cl ai

The nedi cal di agnostic apparat one to 34,

10wherein the gRfl i.agnosti c apparatus conprises any one of a
group consi sting rg:?}n %S%%doscopi c apparatus, an endoscopi c capsul e,

i 5 StI‘OCOpe
an ul trasound i nm (E‘I‘::11 an.optical coherence _torrpgra h, a ga
1g r v actu n signal
and a col onos (?85'@ nna conf ed to receive the actuatio sign om an external source for

5  actuating the actuation element, and to transmit data representing the recorded images of

areas of interest to an external receiver; and

a power supply configured to supply power to the sensor and the antenna.

35.  The medical diagnostic apparatus of any one of claims 1 to 34,
10 wherein the medical diagnostic apparatus comprises any one of a group consisting
of an endoscopic apparatus, an endoscopic capsule, an ultrasound imager, an optical

coherence tomograph, a gastrocope and a colonoscope.



