APPARATUS AND METHOD FOR MOTORISED PLACEMENT OF

NEEDLE FIELD OF THE INVENTION [0001]The present invention

provides a method and apparatus to insert a needle through a

PiredeqatisifEd trajectory and with a predetermined depth, in ordREEIB2007/060194
reach a target accurately within soft tissue, under ultrasound imaging

guidance. The invention can be applied to carry out, for example, prostate

PIRpBASAPLIB AR IfeBeTor RATERRRUND QERE BN

[0002]A prostate needle biopsy is recommended when prostate cancer is
suspected. It is a surgical procedure in which a small sample of tissue is
FIELDeWFOVEE fropENEestate gland and examined under the microscope by
a pathologist, a doctor specializing in identifying disease through the study
of cells, tissues and organs. The procedure takes about 15 minutes and is
{000 suallpepfessrid ibyentianofogistasith thetnss ofiedtraprresdtsl ditricsuha needie

throud BUReBEalmiNQ anaesihstic s remied JMERIREBEIROSIA RE $réer to reach a

doctor guides a biopsy gun - a hand-held device with a spring-loaded,
targel JERBIIASHEN BRbUSTSNER LRt BE P HRS GHEZRER offRdehtion can be
applisorastateygianh ddhakappeasadintr Mabsi) @0 JTiseate tralchwatasahin, so it is
possible to place the needle accurately into the abnormal site of the
prostatg&/land with the use of a biopsy gun with less injury to other

BACHGR{UINGY QU TRE BNWEN H@Ns activated, the needle can remove a

slender cylinder of tissue (about 1/2" by 1/16"), called a core, in a fraction

fas con(}.? iopsy,heedles are tiny - only 1.2 millimeters in diameter and
[0004] 2 TR I IR ey o e e R D SRl LR B pected.
is a sengions prrecprostaite ydlisdes emed aasapipld tssiseiramythe iewdieiprostate gland

and SNVERHHENINASEHANHISHRE5E BIPBSYATENSROSE CRIRBIORRERSIAIR DIPRSNtifying
. procedure. An average of sg cores are taken from Irhe prostate %o bout 15
diseafidhieusdly BoudidYigh SHE 1 RUBRTE FLPY FopfE8eRIBIRAE r?%ﬁ%so? ou

minuttisesod state iy darid toedeterating theiskteiih dhanysearfcariransrectal ultrasound

(TRU%@%B%PWS%&A&Q%BHQ%” ACSAIRE Rl BioRsins Bam s Qg piopsy
shortfalls: WO 2007/085953PC1711320071000194 2
gun - a hand-held device with a spring-loaded, slender needie - through the wall of the

rectum into the area of the prostate gland that appears abnormal.

[0003]1 The rectal wall is thin, so it is possible to place the needle accurately into the
abnormatl site of the prostate gland with the use of a biopsy gun with less injury to other
tissues. When the biopsy gun is activated, the needle can remove a slender cylinder of
tissue (about 1/2" by 1/16"), called a core, in a fraction of a second. Biopsy needles are tiny -
only 1.2 millimeters in diameter and less than 1/2" long. A sliding sheath on the gun opens
once the needle enters the prostate, closes onto a sample of tissue and the needie is
withdrawn. A sexiant (six-part) biopsy is the most common prostate biopsy procedure. An
average of six cores are taken from the prostate (top, middie and bottom; right and left sides)
fo get a representative sample of the prostate gland and to delermine the extent of any

cancer.

{0004] However, the current practice for prostate biopsies has the following shortfails:
1. Random biopsy sites: The maximum total volume of tissue samples retrieved can be

calcuiated fo be, for example, about 220 mm® in a 14-core method and the volume size



of a typical prostate with a diameter of 40mm is about 33,500 mm3.
Therefore, the biopsy cores represent only about 0.6% of the prostate in
terms of volume. Without having accurate knowledge of the cancer site(s),
&gzﬂmi)ggégstpat a random biopsy protocol will yield consistentIyPEi%BmmmOOl%
cancer detection rates. 2. Inaccurate needling: Although the biopsy Is
guided by TRUS, it is known that the biopsy needle may not reach the
desired position accurately and quickly under manual control. Depending
ofom thgisHilseaigte ywlnencieofatas ofoldgist, inaihcesSE tawms dherefore, the

biGESF G S B R COMBRR ABHAORESoBidBitedA0 Buidane e TRRMBY vithout
used for biopsy guidance is 2D ultrasound images. As the biopsy sites are .
RHERFSRATIR HO IS 1 T6r SRS G o e i The BOBAAITHIGHS DioPsy
profdbe Wb pRydtesstidrtyidetifpther bispstisiteatecurately and intuitively.
4. Transrectal: As most of the cancer occurs at the apex area of the

prostate, a transperineal biopsglrés considered to have a higher chance of

2. IngpeuiRiag eanted tRtRUEd theaieasyith JHSed Ve Habitalitradarartainat the biopsy

ndUERSHITHEheENS eh @ SaisrREpbeRbbigRsYatels SoMsidieraduicipamesnuas control.
its puncture peint is.on the skin, rather than on the rectum. [0005]. The
DIREER FavE b1 SV e NS SRS s R ety n torms o
cenioretsslaceptobleads evee($e8.FIG 8 and FIG 9, L Phee, D Xiao, WS
Ng et al, "Ultrasound guided robotic system for transperineal biopsy of the
prostate”, IEEE Internati Conference on Raohotics an omation,

3. LB ERaRT TG S0 TS B RPoR 2ot AL ERay mages. As
thenboispisiesceas sistihetaddd|Fy. Thedfinttyftolis wdsiopdy igagiemihis overall
oA AR PUtdas maskes {ﬁevw%w%ﬁé@ew%fgw ffelRy.

position the needle. Several clinical trials have proven that the needle can
consistently reach the specified target with 2mm error. In order to have a
4. Tfulgpictare afthedgetostatihanchptam ind@Drsthat piteviaps:biapsy rabdte prostate, a
SR X P &SR0 LLRR A% cer 1
tr%ﬁ%g%ﬁh%é 'ﬁ?é‘%?ar%n?#g %?é}egggﬁg%ﬁ %%@[?g%g&f}hg 3D visual‘izagon cer Hesue,

corapsan Vil Heorrpral e didpes aR B HMUBRI Py Rr {8HSRErNeal biopsy

isSEHIRIS AreaxAdabins hul piRcAr @ eXpRNSMe asdresRieataaRN the rectum.
therefore 2D image stacks are used rather than 3D images. This biopsy

robot system utilizes the transperineal approach to achieve a cleaner
[000%jopsThandvenvers hazepsy sty slayrioprsb tatédpeitapba/eystem to try to address

the proBRHA8RRRARSH HIB 200400194 HAWGIHONEVRS Mg diapsyiiiund guided

system described above is mainly manuall%/ op,(;:'raéed except for thﬁé@
robotiG BTG o S RRTREBLAPPTSLE, TIPSR otdr GhVETE HAG0g e ference on
Robotwemndak b asiog|eFanoelto e SphitheVano 2606 .in dhilebiopayidktitesystem has a

gant g@é@ﬁ%{%@%wvs%?ﬁ%@iﬁgéanagﬂﬁ@d%%ﬁry'Haag_tme Bﬁ’é@% SNithARisis manuatly

_ proach, the needle may not reach th é}){ﬁ)er regéon of the prostate due
drivendoptibrs HoRsHicifelle NEENGMIRSeRR RN de BBlniCasiiBRBR B BSeveral
clinicaheal IekGofbeur theimase-dheisy stencehsvtantyRiéathishenapieiteofferget with

i2mmmel{'|t:[ci>?.l?npti)¥c?éﬁ%ig?vgog ?SFS:J&u‘?-QtEX the prostate and plan in 3D, the previous biopsy
robot system drives the 2D ultrasound probe to obtain a series of 2D images, and allows the
planning to be done in 3D space. The 3D visualization helps the surgeon plan the biopsy site
more intuitively. 3D ultrasound scanners are available but are more expensive and less
common, therefore 2D image stacks are used rather than 3D images. This biopsy robot
system utilizes the transperineal approach to achieve a cleaner biopsy and covers the apex

area of the prosiate better.



[0007]The inventors have now developed the present invention which is

fully motorised with improvements to address the problems of current

prostate biopsy systems. DESCRIPTION OF FIGURES [0008]FIG 1is a
sectiwnabsses® showing a conical approach of reaching the prosta(e/iB2007/006194
through the perineal wall. [0009]FIG 23is an overview of a preferred
embodiment. [0010]FIG 3 is a closeup view of a needling module and

maging module mounted op the 5 DOF platform.,[0011]FIG 4 is a sid
100K e ERPRUSITS i SOnh TR S TGRa CHiY Bt SR Gy operated,
excepiciod|the peyidndrigs oblagonlgpowith pthebaltatiobns mabe dj0GIR]EIGSsithe lower
half &“ésgﬂb?érigoWQWoofe%Sﬁ‘?HQn&&%é'%a&‘é@ﬁtmﬁgtﬂéo%lﬁl%én between the

preferred embodiment and a pseudo prostate in aﬁproximate location with

biop%%@cﬁq@ﬁg Mgﬁg%%i AEahfe With this approach, the needle may not reach the

upper region of the prostate due to pubic bone interference and inherent truncated conical
work envelop as shown in FIG 8. Furthermore the system shown in FIG 8 is unable fo offer
multipie pivot points for needle eniry.

[0607]  The inventors have now developed the present invention which is fully motorised
with improvements to address the problems of current prostate biopsy systems.
DESCRIPTION OF FIGURES

[0008] FIG 1 is a sectional view showing a conical approach of reaching the prostate
through the perinsal wall.

[00091 FIG 2is an overview of a preferred embodiment.

I0010] FIG 3 is a closeup view of a needling module and imaging module mounted on
the 5 DOF platform.

[0011] FIG 4 is a side view of a needling module and imaging module with patient
showing needle entry and iis relationship with the ultrasound probe.

[0012] FIG 5 is an isometric view of a needling medule and an imaging module of a
preferred embodiment and a pseudo prostate in approximate location with respect {o the
probe and needie

[0013] FIG 6 is a front view (BA) and a back view (6B) of a needle sheath orientation
assembly in the needle module of a preferred embodiment.

[0014] FIG 7 is a side view (7A) and botiom view (7B) of a biopsy gun hoider with
motorized stopper in a preferred embodiment.



[0013]FIG 6 is a front view (6A) and a back view (6B) of a needle sheath
orientation assembly in the needle module of a preferred embodiment.
WO 2007/085953KT/132007/000194 4 DESCRIPTION OF THE

RVEERMNTIER{9015]The present invention provides a method ands¢raB2007/060194
apparatus for enabling a percutaneoug needle to be inserted accurately to

predefined points within soft tissue. As shown in FIG 1, a conical
approach (that is, a path within one or more conical envelopes) is used to
reach the prostate through one or more pivot points (thus providing more

pEstpoecore)on tpemetinsal wall. The biopsy needle penetrates the
patient's skin through a pivot point for multiple cores. The needle may

conically rotate around the pivot point. Multiple pivot points may be
[0015¢cesShey prabentaseehéibtheppoiiebone lsibkd thedeepissmway for enabling a

perc&%%ﬂérﬁgg&% tBVBQtﬂS%L%%lgg[;ﬂ?a ?Tﬁgéd%‘ﬁ%&”fs‘éﬁn%f WYfle soft tissue. As

important mechanical modules: a nee % dule and an |mag|ng
showm@aﬁl@ Theyarsahaerierbitial Begraad orithibevn (et pritferhenvelopes) is

usedVbigdhishithilpRoatal: heroeuniee: @ mm@@kﬁﬁﬁﬁn@@mﬁmﬁiﬁ@ more than one

conc G52 AISISILRL £, A4SUS SELEenSIPLed AReesapliss, S0 ovch o pvo
IectrlcaFequmen 191%é/nee 5 Ol&oriere & need F\ iy &P

poini{ghintitipsriessHdsensadethelsotigaicorielagmuwdilist @Mﬁitpwcm&tﬁpf@ pivot

po;nt@%ﬂ?@@)ﬁ&@sﬂé@%’%@&é@eﬁﬁﬁﬂﬁﬁi wallc HhadmpsynerdRisiBseNBMo some
" ng% alg ough the needle sheath. The depth of the insertion is
part Zonrdii&d ®

the position of the stopper on the biopsy gun holder. Both
the orientation and stopper depth are driven by motors.

[0016] The apparatus comprises of two important mechanical modules: a needling
module and an imaging maodule. They are mounted on a 5 degrees of freedom (DOF)
platform, which is in turn may be mounted on a mobile cart. The system also includes an

industrial PC, a touch screen, related accessories, and electrical equipment.

[0017] The needling module orients a needle sheath within a conical shape, with the tip
of the cone as the pivot point, which is defined by the surgeon on the perineal wall. The
biopsy needle is inserted manually through the needle sheath. The depth of the insertion is
controlled by the position of the stopper on the biopsy gun holder. Both the orientation and
stopper depth are driven by motors.

[0018] The imaging module consists of an ulfrasound probe sheath, a trans-rectal
ultrasound probe, and an ultrasound probe holder which can fransiate the probe using a
motar. Volumeitric image data is constructed by obtaining a stack of 2D ultrasound images.
Target locations are determined in the volumetric image data by the surgeon based on
experience and/or meaningful patient medical information. Positions in the image data are
mapped to physical coordinates via a calibration method, which will later be used to compute
the orientation and depth for the needling module. The ultrasound probe sheath prevents the
moving ultrasound probe from disturbing the prostate, thus reducing target movement.

[0018] The 5 DOF platform gives the surgeon improved dexterity sufficient to position
the imaging module and neediing module with respect to the patient. During the imaging and



[0018]The imaging module consists of an ultrasound probe sheath, a
trans-rectal ultrasound probe, and an ultrasound probe holder which can
translate the probe using a motor. Volumetric image data is constrycted
W%B?g?ﬁqﬁ?j’%% stack of 2D ultrasound gmages. Target locations are 1B2007/000134
determined in the volumetric image data by the surgeon based on

experience and/or meaningful patient medical information. Positions in the

neediM@gecdati.aseiaappeshimeysisakpeatdioaips M@gm‘gahhxsammamtl&@cbwot point

of thethé%% Vr\1”” ag {b v usren%% a(;:r?ga (t#e th orlesnta{t: ‘%nd d%gg}tfr?rt atform.
hee hgg FREBITEESN pro e she§ﬁ1 prevenFs OQ/P
ultrasound probe from disturbing the prostate, thus reducing target

[0025]OVGWtuMQOQQQ%P&%ﬁ%?&T@%Z‘?Plﬂogoéﬂé EFf@eé’i'%Qr%CWm spatial

the ultrasound probe sheath of the imaging module and thé pivot point of

"e’a“@ﬁ’éfﬂ@é&hmj?rﬂ%%‘ﬂl@ga%‘?ﬂ%r?t‘&@@f&e%’ .ﬁ{%ébéepmﬁ.éf&yp%%ga common
refer@iaﬁaﬁm p[@ﬁaz%TMP. uitraseisndmeob@htbideraah(fEGréanddd G\oh hasidon sensor

(not %ﬁ‘ R 6“4?%?*?*%%5*\%81?%3 rrﬁ F'% $ﬁ>”&f§r% 3 fhat of the

e ey are a common referenc e movement
ultrawwé @@b@yﬁsmﬁéaér@%aw aﬁmﬁ%@ﬁgowbm BlWRAR ettt the 1gar of the
motoPP§1G 5), which may be mounted below platform 27, that of the

ultrasound probe is measured by a position sensor, which may mounted
at the rear of the motor 28. [0021]The gun stopper 58 is moved to a
{002 ple-calbel ated oo aisditveg iv pusteechinulatgainssthenbawk itf tings pushed up

agairg?qm? shealy 46(RlE L dHERG use (Fisay 'HLQIM§ h%d%HE%?ﬁ% the desired

h as the user drives the needle to%ether with the gun hold

needlp AFSiB B ISaER AT e TRRSVE THRREE I GR BRoNP ki §stopper (56)
until phiaimat prese didissue Bample &r toplfedaidrathiythe pigyeseietkseie.sample or to

[ ] ides a needle guide apparatus for guiding a
el YA

lected location of a patient relative to an imaging
instrument, for percutaneous interventional procedures like prostate

[0029]0pswaed@&qtm%%ﬂe@é@%a@uﬁjéomaﬁﬁaslm wﬁfﬂhggarnﬁétd@ into a
l :lﬁ {%and orientate the e.sheath and.control the insertl
selec 8t0

C3HRBreth tﬁe“%ﬁ%%’hs T‘% 187l tRE BRSNS HESHBIRY ’taf P peitancous
intenesdimdlly inchrdiesstikes padisieiiet ditbrtatio kidfEndhepivet Poinepteads comprises

1) a SELNGG %{ﬁé%twocgmpahmm FRBAYQAILRHDIH SO IR HRI GRERton depth
and thé urethra, 2) an imaging module to hold a 6%g?:smon the ultrasound

by mgiBise WHAGHR H“?tlﬁ‘?ﬁ?rﬁt? e Prisingrdha Agesie B URIBIARA B, includes
two HallSigintertiihe aieedtiiiig rerddelainpainiadin dpendstined Wsthgesutimareonical envelops

can tlssﬁlﬁﬁ% J’}ﬁl ﬁgéﬁ’grc’eﬁ@.eﬁ%jt% r&:%(ﬁt{'rga% gﬁ&@&g%‘ﬁﬁtﬁ(a\{\m@ i gand position

a predetermined trajector a predetermine
the “ﬁﬁf&‘ﬂﬁrﬁ%ﬁ"fﬁ%lﬁﬁt@m%@ prostate and 3) a 5 DOF supporting platform o

support the needling model and imaging module.  Using such an apparatus, a needle is
inserted to reach a target accurately within soft tissue through a predetermined trajectory
and with a predetermined depth under ulirasound imaging guidance.

{00231 Comparing with the inventors’ previous biopsy robot system design with the

present invention, there are four major differences:

1. Double ball joints are used in the present invention to achieve the conical orientation of
the naedle sheath. The frant ballf joint which represents the pivot point is fixed, while the
back ball joint may move in a virtual plane to orient the needle sheath. The previous



[0023]Comparing with the inventors' previous biopsy robot system design

with the present invention, there are four major differences: 1. Double ball

joints are used in the present invention to achieve the conical orientation

oF th&REEiFEheath. The front ball joipt which represents the piv6t pBiAt|&000194
fixed, while the back ball joint may move in a virtual plane to orient the

needle sheath. The previous WO 2007/085953PCT/B2007/000194 6

adeglanssed %%W%W 1Bl 98 G RIBIA A B4 ORRIH Iﬁ%éﬂhﬁ&um space.

more space. Furthermore, the present invention is. mos tor driven d
RRIE T Br R BEGER  y HRAAT CEGTAED ST B APELGRs dosian e
g i dbivuserated change the mounting point of the whole needle

sheath orientation assembly to define different pivot points. As mentioned

before, multiple pivot point is necessary in case the pubic bone blocks the

2. Imderiieresray Y BEBoSRIUSTR AR SRRRORAIIR NS RG R YBIAihthwhole nesdle
sﬁé@lhmeoatemgtmtle@gethelpr@semmwemtfemaﬁmdwwnmowepmenﬁmets before,

ch 5| eoft emldllne/mld n Ng.GRN
di to th
R oL AL e M e B 0 RBedles way to the

mwetatethﬁaﬁmraﬂémﬁéwwmmm BBt grothaesighion dolieragéastinge present

restale @ﬁe@sW%'%@ﬁwMV@'b%bﬁ&ﬁ@@ﬂ%@%ﬁ@@@@rﬁ@%ﬁ%ﬁiﬂ%ﬁ@ When
peripheral zone of theﬁ%ostate here cancer | atlstlc&aw{l known t

ARSI ER LSRR e RS, 0 IGBLY S L R ot oy can
avigrtieruistheicbby alse thegebiv arahualiglssthervidan pehdcavemryedbig prostate

~dipg fplate r\%i!@%%@ﬁ?@’ 1043, B S8 B S BOHAIRY dBEPIRRSY B JerRBeral zone of the

mounted on a sliding_ platform. It is considered that the needle sheath is
PEOFRIE BB PGS T ﬁbﬁ%&i&ﬂ%ﬁiﬁ%fﬁé@&re The present invention

ellmlnates the procedure of mounting and dismounting the biopsy gun,

3, %%ﬂ%og RY YRNE BERCERHI i #&? taensxfgﬂa% %IG R ‘?ﬁ%}liﬂexe!%“ﬂ@zd by the

is atta ed to’a motor and a set of transmissions 7 rovid Ing a
sipgsper e uRlioe depnbEIA SBRHOEEf o T E‘%Rﬁa %sTg*w GBREpus design
rbguileaerfier sibirrgaubiapsy mmm&édfterm@tiymi!m@mﬂsmmlzeﬁmmw@m that the

could be made.to in rate t er.an dditignal e
R S AR AR AR el o oren
imeﬁaemﬁasnﬁeaﬁ@&wme%ﬁﬁp@émﬁﬂmeﬁﬁbﬁt%%ﬁﬁ’ﬁ@éﬁ%l@%&““ thus

dhal AHavinghIBARADELPIORE iRige Him rRCtHEN sRaLAi SISt Nsostalehed to a
and move or defo m it. The new(%eégeﬂnlncor orates On ultr sognqﬁgmge depth of
RO S AePEb G ABRBIIER (8 helhT N Biiden &) PRAR DS P
ihemtiqurowé dethaedde prelimitire adeigne Soothiee donesifprifidiiereidebiopsy guns.

é‘?ﬁéﬁvrleﬂ?eé“&%%&%ﬁ%d FeNCJORAIRNR GoSROWE ShR AXEHEWBhper and

preferred embodiment of the present invention. The gogblle cart4 h s

q&%%@é@g*m@ﬁme%%wﬁéé%ewaﬁama TR potiation.

4. The present invention has means fo prevent prostate movement. It has been cbserved
that a moving ultrasound probe inside the rectum may disturb the prostate and move or
deform it. The new design incorporates an uitrasound probe sheath preferably made of
TPX (4_methyl-Tpentene) materials. It has been proved that the probe sheath does not

have any significant side effect on the uitrasound image quality.

10024] FIG 2 shows the overview of a preferred embodiment of the present invention.
The mobile cart 4 has four wheels 2 under it and each wheel has a standing pole 1, which
can be lowered to lock the cart 4 when the paddle 3 is pressed down. Guaranteeing a firm
lock for the cart is important as the procedure assumes the cart is fixed with respect to the



can be lowered to lock the cart 4 when the paddle 3 is pressed down.

Guaranteeing a firm lock for the cart is important as the procedure

assumes the cart is fixed with respect to the WO

20DTO8EESIP CT/IB2007/000194 7 patient. The cart 4 hosts theCoABDHEY000194

PC 5 and other electrical equipments. The cart 4 also hosts a linear guide

(not shown in the figure) on which the up-and-down lift (13 & 14) may slide

along the Z axis. The lift is driven by motors so that the inner part 13 ca
patiefy. (e rartowRTHsiEe eRateliRsHant 709 PHENSISHEAORR IPBRTRS The cart 4 also
hostsmmladgm@er@mnhw itFits 3o the haridetde. L{@%B}Htﬁ?vrs IgMes & 14) may

k nthe the A 12.] unted t

Si'de ;_98 pgr)t fg via?% gﬁlr oﬁlnearglﬁéfg%ﬁgoandg Sy %cFe %ﬁ) ‘%‘%h(?a 80 up and
dowaxsﬁidm@w@em%t|&>ﬁk§b@e@;ﬁﬁﬁﬁ%{m@wgﬁuﬁgw@iﬁﬁ<§w e@ paflicpihf (FIG 3)
on thét&ndil) gives the upper part three more DOF, and is lockable by

manually tightening the knob 18. Adaptor 19 connects the upper parts of

the needling module to the ball joint 20. The handle 10 is for the user to
1002&jjust e pastercotitsedatijoint2Otophdrinarie 436 faifospringsa@iet! 2 is mounted
to t@%%ﬂ,WSJMq@L@iﬁ# B fabishiids the gﬁ@ma&ﬁmﬁﬁgﬁwraﬂs The

airs of fithess 16 FIG 4 illustrates the needling module an
tab*%ﬁagﬁ]@?h%ﬁéwaaa F@@t@m%mﬁ%ﬁ%éﬁg%dﬁ@a B8 dafeaivante upper
partStifgeom@esiiars thedully asokukeprgbmsheaii 2@M&ﬂﬂﬂgtlﬂ%pﬁzﬂﬁmt% Adaptor 19

connsh AN F}e‘%‘t thﬁsu&rﬁlsorl‘i'eé: @}%ﬁ%ﬁ&%& %OVS hS:rW I %&Ie 10 is for the

en transiafi gwnhlnt es ent esuppo ing pat

useryigjastisgtihecopsignmeitihe balaiftnidvi hﬁ@@fﬁmé@@bﬂ@izpaﬂgﬁt{@wﬁmwn in the
figurdd thitii-ib enerebe: sirerthb algesrdAamatal s Jhaqiopsishsatihett and the

surgeon fixes the sheath 21 to sheath holder 22. After that, the ultrasound
probe 23 is mounted to the probe holder 25, which can be moved
[60263nuaiiGordiiiistraiesn titer 88edlingyeardds 29hdihsgimyy B0drid livfear preferred

emb%!ﬂ%ﬁtlbg%t%&@&st@é £85%. AL UILUIIBHERroRe AR P robe sheath

which in turn"disengages the motor transmission. [0027]As shown in

21 véi¥rehe B@@&ﬂl@b‘%tﬁ? f&ama? W§ﬁ§%f@damﬁaetﬁé %ﬁﬁ@‘{j‘ﬂuﬂ‘@ g@ole prestate
wheth hexwdimlageiidie ibbasilndr aiiati tre asspamittyg( P& emsmizLadiee ttal thyscontrolling

the Ugeﬁﬂqs%&ﬁ id % 4@ 95%28'91@%9‘8%" AQWQWL% fighte, 9*9@%%1% holder 22

e surgeon pushes the needling gantr untll e front

matghieh e ErrosTieathad mrojaaenrespaies arheal BLENHEPOiIReIder 22. After
thatdefiheshrasdiedoivebpoy. i€ hanging the ﬂmtmag pRiatefthevigedlean be moved

sheath orientation asse on the needlin IIo dlfferent
mari, S e Bl BRIl L e o perl ROk A et o1 Button
26 igantryiesis ﬂ@@@dmwt@gﬁ@@tmm}Wﬁﬁqgﬂ@mﬁdﬁMv dﬁwmﬂs the motor
tranBiLigipt 41 is in turn locked, due to the rigid connection with the needling

gantry 24 via screw 50, horse shoe shape 46, bridge 37, and holder 42, as

shown in FIG 5 and FIG 6. Assuming that the patient does not move with
[0027] As shown in FIG 4 and FIG 5, needling gantry 24 may translate along the sliding

guide 39. The whole needle sheath orientation assembly (FIG 6) is mounted to this needling
gantry 24 at a pre-defined mounting point by tightening the big screw 50. The surgeon
pushes the needling gantry 24 until the front ball joint 41 (FIG 6) touches the patient's
perineal wall. The fouching point is defined as the pivot point. Changing the mounting point
of the needle sheath orientation assembly on the needling ganiry 24 allows different pivot
points to be defined. Once the pivot point is defined, the needling gantry 24 is locked with
respect to the supporting platform 27. The front ball joint 41 is in turn locked, due to the rigid
connection with the needling ganiry 24 via screw 50, horse shoe shape 48, bridge 37, and
holder 42, as shown in FIG 5§ and FIG 6. Assuming that the patient does not move with



WO 2007/085953PCT/1B2007/000194 8 respect to the supporting

platform 27, the front ball joint 41 is considered fixed with respect to the

patient, representing the pivot point on the perineal wall. [0028]FIG 6

showsothesslatails of the needle sheath orientation assembly. Theqeeshes7/00e194

sheath 40 goes through two ball joints&1 and 43. As mentioned before,

the front ball joint 41 is considered the pivot point. The orientation of the

needle sheath 40 is achieved by moving the back ball joint 43 on a virtual
resppfhife MR sHPRREIRC Y RiEAE Uefinea Eig?ﬂ?élﬁgd%% 2 BriePrinidaresLitresyih respect
to thd hetlall jeinte43rghipsiedibytheldes3thelheraliijaiat. 41, its holder 42,

and ball joint 43 are components that are detachable for sterilization

purpose. By changing the inner dimension of the two ball joints 41 and 43,
[002differdriG iz edhoivndbdlesthiatt 4@ ceebie whedi!Thddndddion 3Bsaapnoliee needle
shedth 490@9% KL 3 iAW REH 56 W@ﬁﬁbﬂé@%&ﬁﬁe%@@#&%@}b joint 41

rack linear guide 57 and slide 52. The gear box 51 is mounted on the

s coggiRsiEd VEiPHAL PRIAE MBSSHiEREieRR sidsediishsatitR R NREAGY moving
the Hhekgesrjbox 853 borizontadyiynmotdloBbihdadb®vghbgeatsibhadibd bdl balkw 45 and

unea?‘g’ﬁﬁ/o def V‘\ﬁt’ﬁle‘gél Beh|1n83L Hb%‘i‘&:i‘b% ﬁ8g%?]§é6%é”b'3§l ﬁ]ﬂ?él’l‘e@'ﬂ%%r 42, and

tonzed stopper Iops osted
ball ﬁ’éﬂ@jéﬁ@e\ﬁﬁﬁ“%ﬁ%ﬁﬁIg‘éﬁia@%lﬁﬁf@ﬁ@&mfﬂ@ ab%?émsoqfﬁesgto%béhemmg the
mnemyté}%@a&mﬁ@m valiouiate asitiprs Al ongréhennepdle ol FiveRid ¥ HBAIOLO can be
usedg ” S W 67 Sc|>|dee 563 r%’imascr e nu%ra}ﬂp l}'nae%g dga?]‘fﬁ worm wheel
over |st e su%]eonvs hglgng positio g portion may ed

55, gnpalvusiimigeld Hopspajugriveineatiestioafien hhst@sropox 51 is mounied on the
sndefcaryva@r%%wﬂr%o&%ﬂﬂ oPHHE HISAMS RABRRNY Qﬁ?}nﬁé\ﬁh the gear box 51

horaw?é“ 0 o7 R BaSRAs3T1) ThOBGA G 0. e 25, e hear uic

[00628] FIG 7 illustrates the biopsy gun holder with a motorized stopper. The biopsy gun
33 is hosted by holder 84, with its needle 38 going through the stopper 58. The stopper 58
may be positioned at various positions along the needle, driven by motor 60, via ball screw
62, slider 63 (with screw nut), and linear guide €1. Cover 58 is the surgeon’s holding
position. This portion may be replaced by a customized biopsy gun with needle rotation
motion or forward-backward oscliilation, or in the same manner, a compact brachytherapy

seed applicator, with or without needle rotation/osciilation.



CLAIMS We claim: 1. A needle guide apparatus for guiding a needle M%LLP

a selected location of a patient relative to an imaging instrument, for

percutaneous interventional procedures, comprising: a needling module

comiptiéifitfe Heedle sheath holder and orientation assembly tREE/TB2007/00194

comprises two ball joints providing di%erent pivot points for a needle held

in the needle sheath holder and resulting conical motion envelopes for
cLaalgsneedle; an imaging module that holds and positions an ultrasound

probe; said needling module and said imaging module being mounted

fixedly upon a 5 DOF supporting platform. 2. The needle guide apparatus
WegHgaim 1, in which the needling module further comprises a gun stopper

that sets a desired needle depth and is set to a pre-calculated position

1, b%%@é&i@@d%@%&%@ fmrglﬁawlge}%%%dimeoaeséeam pesdie spgﬂ%anem

paratus of claim 1, wherein the ima module includes an ultrasound
N St SrEFHPASGuI SHGE S AP THPALBUG Sreh iGa Prene:

adapted to translate the probe using a motor.
a needling module comprising a needle sheath hoider and orientation assembiy that

comprises fwo ball joints providing different pivot points for a nsedle held in the needle

sheath holder and resuliing conical motion enveiopes for said needie;
an imaging medule that holds and positions an ultrasound probe;

sald needling module and said imaging module being mounted fixedly upon a 5 DOF
supporting platform.

2, The needle guide apparatus of claim 1, in which the needling module further comprises a
gun stopper that sets a desired needle depth and is set to a pre-calculated position based
upon imaging data from the ulirasound probe.

3. The needle guide apparatus of claim 1, wherein the imaging module includes an
dltrasound prebe sheath, and ultrasound probe, and an ultrasound probe holder adapted to

translate the probe using a motor.



