APPARATUS AND METHOD FOR MOTORI SED PLACEMENT OF NEEDLE

FI ELD OF THE | NVENTI ON [ 0001] The present invention
w@ravios®s3s a nmet hod and apparatus to insert a nPeDiE007/000194

through a predetermined trhjectory and with a

predeterm ned depth, in order to reach a target

accurately within soft tissue, under ultrasound

APRARAFUSIANBET HORS QR MOTQRISEDALACEMENT @H NEEDLE

carry out, for exanple, prostate biopsy, or prostate
brachyt herapy. BACKGROUND OF THE | NVENTI ON [ 0002] A
FIELD Qf SHEAINYENId@ANe bi opsy i s recommended when prostate
cancer is suspected. It is a surgical procedure in
which a small sanple of tissue is renoved fromthe
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required. Wth the help of TRUS, a doctor guides a
' 3 ~fjel d device with a spring-Ioaded,
BACK%@?@ér@ngggllgv%gugh the wall of the rectuminto
the area of the prostate gland that appears abnornal .
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minutesy 555 | el BSTR By afufapysf G748 86 B 5 Phsi ] phragound
(TRUS)grokk. INp siesstHetiors telqeirer WithptheshaimoETRUE, adectbegeidesadiopsy
the prgstate. close t S [ S
aun - 2 PR Rl oG A REL B, BRRUS: foodit § By g B of the
rectum inteetheesta ofttheprogbate gtaat éhddiappssrs mboomthlr e. An aver age
of six cores are taken fromthe prostate (top, mddle

and bottom right and left sides) to get a
[0003] r e[Thesrentahtval ds Sieinpsceitdd pbbsiblprio giadeethgl merdicaacturaiely into the

conermSEREL 3 8 A5 R bE0 A, A8 Pp PSP ML i v orer
tissues.f Whepwhe dicdsgrdunais| activdted Rinedasrdie opss yersbtes: sidter cylinder of
tissue (%%o)ﬁlt WﬁmbE/ %‘Pé"),\{:gheu a cé)r];, ih'arattion aF R lsggonrdgéro'pg)y ﬁ«geocf@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 needle is
withdrawn. A sextant (six-part) biopsy is the most common prostate biopsy procedure. An
average of six cores are taken from the prostate (top, middle and bottom; right and left sides)
to get a representative sample of the prostate gland and to determine the extent of any

cancer.
[0004] However, the current practice for prostate biopsies has the following shortfalls:

1. Random biopsy sites: The maximum total volume of tissue samples retrieved can be

calculated to be, for example, about 220 mm?® in a 14-core method and the volume size



cal culated to be, for exanple, about 220 MmB in a

14-core nmethod and the vol une sizeof a typical
w@e@snstes Wi th a di aneter of 40nmis about 33, BODIB20®/000194

Therefore, the biopsy cores represent only about 0.6%

of the prostate in ternms of volune. Wthout having

accurate know edge of the cancer site(s),
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a biopsy robot systemto try to address the probl ens
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as a gantry hechanismto assist the needling. The
gantry hol ds the biopsy gun, and is manually driven
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robot SJS?QT?HrNes 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 prostate better.



systemutilizes the transperineal approach to achieve
a cl eaner biopsy and covers the apex area of the
wW@e@snse3 bett er. [ 0006] However, the biopsy robPoOL/1B2007/000194
system descri bed above is Jmi ni y manual | y operat ed,
except for the positioning of the ultrasound probe,
which is notor driven. It uses the lower half of a
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current prostate biopsy systens. DESCRI PTI ON OF
FIGURES [0008] FIG1 is a sectional view show ng a
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with mefiS e o Bissa (e R oot et e MO sSee i ew
of a needling nodul e and |naging nodul e nounted on the
5 DOF platform [0011]] FIG4 is a side view of a
needl i ng nodul e and i magi ng nodul e with patient
DESCRIFTMONIQF REdiRESentry and its relationship with the
ul trasound probe. [0012] FIG5 is an isonetric view of
a needling nodul e and an i magi ng nodul e of a preferred
[0008] enbiclinerd sactidnal yiewushowingos tcahieali appapguhocfi reatkeing the prostate
h hIocatlonlv\n;h respect to the probe and needl e [0013]
roug [g?e@%rqeg\% ront view (6A) and a back view (6B) of a
needl e sheath orientation assenbly in the needle

of f d di ment. [0014] FIG 7 i
[0009] ¢ gg&?uéw ?V&Y'ee en‘{ireg%?i%ﬁfﬁax?l - of 1;1 bi opsyI zuﬁ

hol der with notorized stopper in a preferred
embodi ment . DESCRI PTI ON OF THE | NVENTI ON [ 0015 e
[0010] Kzt is imnGlesRuPoYiew o6 i eRedling oIS AL %fiwg pejnted on

the 5 DEGPPRkfME a percutaneous needl e to be |nserted
accurately to predefined points within soft tissue. As

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

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

probe and needle

[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.

[0014] FIG 7 is a side view (7A) and bottom view (7B) of a biopsy gun holder with

motorized stopper in a preferred embodiment.



shown in FIG 1, a conical approach (that is, a path
Wi thin one or nore conical envelopes) is used to reach
WO b@7/0839s3 at e t hrough one or nore pivot poi nt SPCT/MR2807/000194
provi ding nore than one cohe) on the perineal wall.
The bi opsy needl e penetrates the patient's skin
through a pivot point for nmultiple cores. The needl e
may conically rotate around the pivot point. Miltiple
i i necessary in the case that the
DESCR&%&@ ‘g'gﬁgbar‘%@‘sﬁe needl e's way to sone part of the
prost ate. [0016] The apparatus conprises of two
mechanj.cal nodul es edI n ul e, and
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part of thépragesé.t i on of t he stopper on the biopsy gun hol der.

Both the orientation and stopper depth are driven by
notors. [0018] The inagi ng nodul e consi sts of an

[0016] ul trgaswﬁagbtaé WathpriBeatdn, dtw@ tngpfdﬁl%nlf gﬁ‘écﬁbnluéIL madaresd a needling
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formati on. Positions in the imge data are ma
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controliéll By tHebhdrdtiohtst 1 8bpéeon tHeUSiop elddraBegt the orientation and
moverent . [ 0019] The 5 DOF pl atform gives the surgeon

StoPperldﬁ'BWcﬁf%H”Wye‘F‘PW sufficient to position the inmaging
nmodul e and needling nodule with respect to the

patient. During the imagi ng andneedl i ng procedure,
[0018] | ﬂhaslmmwgp gles RS o¥f @mé“tf%ﬁ@“%g)"i’hﬁjéh%atﬁn@ frﬁ@s -rectal

ultrasod%V&bbé’oérﬂt arPLittB8umte 8 NgbIdE dphien 268 tamgmeatﬁée robe usmg a
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20]
motor. iigmefric ig3es, ﬁﬂtaﬂ? GB@StH{ﬂtQPe'PV ngta(npqg@ ﬁtaﬁh @f ?p@'gﬁscﬁ'ﬁg irgages.
Target 16BQMsSRatdeéddrmined 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.

[0019] The 5 DOF platform gives the surgeon improved dexterity sufficient to position
the imaging module and needling module with respect to the patient. During the imaging and



relationship to the needling gantry 24 (FIG 4 and FIG
5) because they share a comon reference on platform
wQ@7Z007/08@s530venent of the gantry i s neasured byP@r/1B2007/000194

position sensor (not showbin either FIG 4 or FIG5),

whi ch may be nounted bel ow platform 27, that of the

ul trasound probe is neasured by a position sensor,
needlingnpriocedure.ythervitirasednchprobp sheathrof difie tnmegingmodulgand] 106 2ot point
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the needl e sheath 40 (FIG 6) during use. This w ||
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motor 28.i ke prostate biopsy and brachyt herapy. The appar at us
conprises 1) a needling nodule to hold and orientate
the needl e sheath and control the insertion depth by
[0021] noTbe gun wloppei 58 it noweddo s dreicalkealatidnpsitioa aneddltp is pushed up

. h t at udes t bal I
against FRCEd, S A8 HEC DB BT T ST b BT MRS osroc
needle deptiubs it userndrivas tlmmedzdj@Sogmhieramm thepyum lcolaeém(rM)/stopper (58)
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ot t opf e e e O ELR W Rl Lo Hp e e or o
placeabj'ésmyllnériamgs&ddeemr ostate; and 3) a 5 DOF supporting
platformto support the needling nodel and inaging

nmodul e. Using such an apparatus, a needle is inserted
[0022] t oTheaokenton arcgmesaa:muealbeglydWabbérﬁthofot duidisgi@ needle into a

t hr ough pred ra'ector. and with a
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and with a predetermined depth under ultrasound imaging guidance.

[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
the needle sheath. The front ball 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



mai nl y manual |y operated 2. In the present invention,
the user may change the nmounting point of the whole
woewdlogsosheat h orientation assenbly to defi ne BCT/AB0emi00194
pi vot points. As nentioned before, nultiple pivot
point is necessary in case the pubic bone bl ocks the
needl e's way to the prostate. Rather than having one
design vetd paantry withtlidrge wireistiéing fguides, which éakes uphauglt BQEhSPace.
vent i
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arch. It also provides good coverage of the prostate
2. In tresprasetahesndion vibk lusasmagichgnge thebineuntngopeintnefshe gvhole needle
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transm ssions (FIG 7) providing a stopper to control
the depth of insertion of a needle Simlar design
3. Whaoinsdriing theneeddis, the fifiepsyngurbiobpBg mjesent invention is held by the
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observed that a
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lnsept'io‘?]v ?I Caﬁ%edﬁéqe 4 %}Z g?gg ﬁ] e NRY¥edifiB¥nt biopsy guns.
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e cart our s 2 under 1t and each
wheel has a standing pole 1, which

4. The present invention has means to prevent prostate movement. It has been observed
that a moving ultrasound probe inside the rectum may disturb the prostate and move or
deform it. The new design incorporates an ultrasound probe sheath preferably made of
TPX (4_methyl-1pentene) materials. It has been proved that the probe sheath does not

have any significant side effect on the ultrasound image quality.

[0024] 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. CGuaranteeing a firmlock for the cart is
WO aansas: as the procedure assumes the cart iBCT/iBeear/000194
with respect to thepatient.7 The cart 4 hosts the
controller PC5 and other electrical equipnments. The
cart 4 also hosts a linear guide (not shown in the
patientf Tigeicart 4doststthe homthﬁeupeamhddmm élécﬁthcdl b&u&rﬁbﬁ)s TBY cart 4 also

nosts S e 401 ol i flabé 14t on iion el abrnve MBI Go3 14) may

slide atohg thel Zedixiqarte (¥dis dfiven bpfm’ldsckm/\ﬂhaﬂmeouhnérspamm icanh Ig@d.lp and

down I%L;y (Eﬁ B‘% osu\émertcézaggtdz T(‘\Fl S %Eq chrx]{vé'nt %ggpg{]gc{rﬁrgﬁ%d BE%% SVJIthE 19(FIG 3)
on the phadigaom A tabl e 12 is mounted to the top of Iift

part 13 via a pair of l|linear guides 15 and may slide
along the X axis. The table 12 is | ockable by manually
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figure) thap liek thierigisle aohe dHeper plaiféreh 2PRhifed goirs f faksend.. The
surgeon positions the ultrasound probe sheath 2 1

within the patient's rectum so that the ultrasound

[0026]Pr OPKS 28 kR rate8 Ve h@&jlm@oﬂn@d@éOéﬁcﬁtlﬁla%?nrrbﬂa@sbﬁ@ Bekferred
thlnthe Iegath Then_t he suglgortln atform?27 is

embodifegni being R R &efieHg Th EUigBoR RASitiRAm e yiraspynd prabe sheath

21 wntrﬁrﬂtﬂeepahgnt s?lfé@tm'slo thatithé ul@solit probk 28 d%h%@ersthéaﬁlﬁle prostate
22 matches the Erobe sheath 21, and the surg
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matcheg e QEQ?F a2 aBdfne LEgeRD e Mrseatoar (aheath BT 22. After

that, tlﬁuhﬁrﬁﬁolﬂﬁi bbb 23 & AREtetiNG thk Yirebe Wolder 25! h\fhldl’f e be moved
F r 25, whi Cg’él n turn, di serl?ages t he not
manually g diieSoROKY 68 W GRET BRbask 41 SeFes 4041 e guide 31. Bution

26 is t6\esiehdNthedaunth Withih hiBYprébeansiiét 25,akin8 i ien silsedyades the motor
ui de 39. The whol e needl e sheath orientati on assenbl y

transm%gp@ 6) is mounted to this needling gantry 24 at a
pre- defl ned nounti ng poi nt by tightening the big screw

50. The surgean pushes the needlin antry 24 unti
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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 touching point is defined as the pivot point. Changing the mounting point
of the needle sheath orientation assembly on the needling gantry 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 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



perineal wall. The touching point is defined as the
pi vot point. Changi ng the nounting point of the needle
W@ b@awgsoss i ent ati on assenbly on the needl i ng gepeT/IB20@%4000194
allows different pivot poihits to be defined. Once the
pivot point is defined, the needling gantry 24 is
| ocked with respect to the supporting platform 27. The
respect fto dretsdmbhmgcplatform 27, ittee fronttbai foihtodk sdcondidereddixeti avith respect
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shown in FIGS and FIGG Assum ng that the patlent
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via worm gear 56, morn1mhee| 55, gear box 51, rack 44,
I i near guide 57, and slide 52. The gear box 51 is
mounted on the slide 45. Left and right novenent of
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f orwar d- backward oscillation, or in the sane manner, a

conpact brachytherapy seed applicator, with or wthout

needl e rotation/oscillation. CLAIMS W claim



1. A needl e guide apparatus for guiding a needle into
a selected location of a patient relative to an
WO pwgiossyss nstrunment, for percutaneous intervenPCDIEA007/000194
procedures, conprising: a %eedling nodule conprising a
needl e sheath hol der and orientation assenbly that
conprises two ball joints providing different pivot
CLAIM®oints for a needle held in the needl e sheath hol der
and resulting conical notion envel opes for said
needl e; an imagi ng nodul e that hol ds and positions an
We claittt t rasound probe; said needling nodule and said
i magi ng nodul e bei ng nmounted fixedly upon a 5 DOF
supporting platform 2. The needl e gui de apparat us of
1. A Géallenglidei appakatad forheuidiegd neelenidolze sélecteidocation of a patient

relatve G35 i afiBens B Besrerars (b Dio R o fbs RS Rk oprioing
upon imagi ng data fromthe ultrasound probe. 3. The
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comprusebttwasnaunjdmm ohmdnagldlfierermlp]Mwmﬁsj fqzrra)hneedlel Imlasld in the needle
rans
sheath ﬁ@?‘?f@a‘ f“B?Ul '?95%‘?'}'9%8‘0 I°h& \(/ﬁ?()g) ?‘J%ﬁ %}; 't | ssue u3| ng
an apparatus of claiml, conprising: controlling an
ti of th bi
an imagiirAayia 0 SR e st B AP RO RE ol o by a
notor; and translating an ultrasonic probe of the
. ' [ dul
said s, PRI e BRRE S e, (elFieCfedly upon, 5.5 DOF

supportthgydifoe@t conprising, i) inmaging a prostate organ of a
subj ect using the ultrasound i magi ng nodul e of the
apparatus of claiml,ii) planning an intervention

2. Theprodieduide apparggusiat daifir brin whishdhe nesdiog inddwisgfuriber caneprises a
iii),.inserting.a.,n e S S

aun stopley et ik i ey 8RR P o RSest 6 e tfpStion based

upon inmethyl datafromitbe akblpaoamdmrobé claim 1 6 A nmet hod for
inserting a needle into a body tissue using an
apparatus of claim1, conprising:

3. The needle guide apparatus of claim 1, wherein the imaging module includes an

ultrasound probe sheath, and ultrasound probe, and an ultrasound probe holder adapted to

translate the probe using a motor.

4. A method for inserting a needle into a body tissue using an apparatus of claim 1,
comprising:

controlling an insertion depth of the needle by a stopper on a biopsy gun holder of the
needle module that is movable by a motor; and

translating an ultrasonic probe of the imaging module using the motor.

5. A method for performing a percutaneous intervention procedure upon a subject

comprising,

i) imaging a prostate organ of a subject using the ultrasound imaging module of the

apparatus of claim 1,



I magi ng the body tissue using an ultrasonic probe of
the i magi ng nodul e by translating the ultrasonic probe
wasings®sot or and nonitoring the position of P&EIB2007/000194
ul trasonic probe with a pog0tion sensor, controlling
an insertion depth of the needle by a stopper on a
bi opsy gun hol der of the needl e nodule that by a
i) plarmirigoan inteneentios @rddedoredeiirig e from the titrb¥olht itagir@Muidie
position sensor nonitoring the position of the
ultrasonic probe. 7. A nethod for performng a
i) ingeetinpub aeedigsintdpesiiend mithinpsid edbjeet dlﬁmédfainstﬂbl %&rﬁ trgrough the
.conpri Si i) imging.a prostate organ of a subjec
neem"ﬁ@%ﬁﬂ”?ﬂ@ﬂﬁﬁpbﬂggﬁﬁgc%WQérng nodul e of the apparatus

of claim2, ii) planning an intervention procedure

sin ta fromthe ultrasound ipaging, and iili i
o A Taeled B Top e up cectie, MR & R AESUl ing O ppabtyscet oo 1
compricie§i ned in the plan through the needling nodule of the
. . apparatus of claim2 to.a depth set by the gun ,
maging B2 Toso 1Ridalt Has S mighl o dgmading meadethy tansigting the
ultrasonioi prbbd heinger Mst@ gl monidrizigietgosiion Sf ahd UAGIsBAIE probe with a
i bi o SV 9. The nethod of any one of clains 3 to 7 in
pos 'OQ\B?'LJB 't he percutaneous intervention is placenent of a
controllingaah ytdeeticnpsiesth esf. thé heellepiay at stspgBnbrmatBIeEy gun holder of the
needlesn%) l}lg r‘gftwl\tatl)yl ¥ r%gtog,e %r ilngeerglorp %%Stlhnbeing set by data from the position

sensor monitoring the position of the ultrasonic probe.

7. A method for performing a percutaneous intervention procedure upon a subject

comprising,

i) imaging a prostate organ of a subject using the ultrasound imaging module of the
apparatus of claim 2,

i) planning an intervention procedure using data from the ultrasound imaging, and

iif) inserting a needle into positions within said subject defined in the plan through the
needling module of the apparatus of claim 2, to a depth set by the gun stopper.

8. The method of any one of claims 3 to 7 in which the percutaneous intervention is a

prostate biopsy.

9. The method of any one of claims 3 to 7 in which the percutaneous intervention is

placement of a brachytherapy seed.

10. Apparatus and methods substantially as described herein.



