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FREE- HAND Al M NG OF A NEEDLE GUI DE The present invention relates to

apparatu form ng needl e biopsy, aspiration or injegt
chputersgégéﬁﬁﬁ%ntrolIed novenment of a nedical needle as ﬁ%bggﬁ@%thes t he
bedy gui ded by an ultrasound or other imaging device. Recently ultrasound
di agnosi s and therapy have becone w dely used, and many surgi cal procedures
have been replaced by gentler and less tinme consum ng i nvasive needl e
therapy to the benefit of the patient.ylnter alia, ultrasonic inmaging of
maternal and fetal tissues has greatly facilitated prenatal diagnosis and
treatnent, and ultrasound i mging devices greatly assist the physician in
properly ‘positioning a biopsy needle to perform ammi ocentesis,

cordocentesi s and trans-abdom nal chorionic sanpling. There are many
di fferent biopsy techni ques and needl es, and the needl e depends on the type
of patient and the target organ. The nethod nost wi dely used today is the
"free hand" techni quefREFH ARMING QEJACHEEPSEpGHERE at a certain

di stance fromthe entry site of the needle and the needle is mani pul at ed

wi th one hand. ThisTbechnigue rﬁguir S conshderable skill and frequently
repeat ed punctures, -0fil REESERE LAVERLICE FELANEPIYY 1BRPFSaFMS | $O&t ed
superficipétrforkbngt hneedieasbdopayd alspdaatd omaniopul dinjer tdfont hdyneedl e as

guided_byc@gpyhg;aggggg Lgﬁgﬁoﬂigﬁrﬁ%%%mr%%yb&e%.%&kﬂc@i”%%e 1d e
physi cian, nuch effort has been nade to 3é5|gn and provide automattc

devices #br pPgpplragest hbe hedyl euiged @iy an ad togsounde ot t oddeund beam
Early dengkopgdaedervbces include a needl e attached to an ultrasound

t ransducer housing,Rthe n edlg WO 7% 3609 .
PCT/ | L96/ 00050 ecently ultrasoun agnosis and therapy have

become widely wused, and many surgical procedures have
been replaced by gentler and less time consuming invasive
needle therapy to the benefit of the patient. Inter alia,
ultrasonic imaging of maternal and fetal tissues has
greatly facilitated prenatal_diagnosis and treatmenﬁ,.and
ultrasound imaging devices greatly assist the physician
in properly positioniné' a biopsy needle to perfornm
amniocentesis, cordocentesis and trans-abdominal
chorionic sampling.

There are many different biopsy techniques and
needles, and the needle depends on the type of patient
and the target organ..The_methOd most widely used today
is the "free hand" technique, whereby the transduce; is
placed at a certain distance from the entry site of the
needle and the needle is manipulated with one hand. This
technique requires c@nsiderable skill and frequently
repeated punctureé.'uhléSS the target is relatively large
.or located superficially,'For these reasons and because
manipulation of the needle as guidéd ﬁy an ultraéound
image generally  requires both hands of the physician.
much effort has been made to design and provide automatic
devices for guiding the needle as directed by the
ultrasound beanm.

Early developed devices include a needle
attached to an ultrasound transducer housing, the needle



. 2 Being spaced fromand articulated with respect to the transducer. Such

" devi.ces h&¥@9Mxophysi ci an to manual |y direct the needl e ortcx/ilososhssi r ed
bi opsy docation and to insert it to the required depth. Such devices are,
for instance, described in U 'S. Patent 4,899, 756, issued to Sonec, and U.S.
Patent 4,911,173, issued to Terwillinger. Wile all of these devices
provi ded sonme novenent of the needle g2ide and needle relative to the

transducer, the physician is nevertheless significantly hanpered in
p03|t|on|q)gtn pr to an sertio as well as in
re-positioni n%et @eat@regns urgocramr a?\%eg %lﬁgg H ?’%ttlhnseﬁpgﬁtl nt*8 tﬁé‘ebody

Qt her coftBfducenseuchiadaceces hatputhe Phygn-ansdud;er mamtaldy coaxi al

needl e . gdiidecd ame WAl o051 £hONSG1 -8 dnkBBEY! 1BYaRsBG ALY NI | €
t hese deV| ces .allow rapid and convenient guid bi opsy, they have several

si gni fi cart®* & dwbddk o lﬁhel't?é‘ﬁjaﬁ%@lue@ﬁhns?“ﬁ@ peEdeqsdi pEenl y fover the
| esi on, tHasempaesquidestgriten siervlszaraoener 4|, 899(78B, NgsbByed Sterile

h ld.th d
Coveing, sthele VY € b4 €158 1 0138 G DGRk gRsiegt yDagne hand

site. 3) Mbdde jaddercifi thrasee Gﬁéebltt%s PheVidaﬁsdg@ermwsmebe bél dthg an
assi st ant n@edTest g decBMEhME1E tbEapesd! B0l Ehgﬂ%u}isﬁﬁggr‘” Wktiple

passes nma neQeSSI tat e re-positioni ng of the transducer re-insertion
of the R®RIGEELan) is rpeventhelpssectianyfiinaatiuy hareereddifibcult to
ent er somosupardumgaltueemame ordbst tbrangdaceifigaifsbrationst rasght and

relatlvelmelgrg% mp@ n 1ocota.l ﬁ%SFggg% ﬁ%?%|?§§r aches d|f icult.

conpl etely aut onatic ap ara FeoP&E g braln
surgery i $sddaseted |1mtl§8t1f9 07813140 i ssued to Kwoh. This apparatus

suffers fromthe QﬁﬂMﬂaCkcéﬁﬁﬂnl§he uQ@&dledeQ cegeed%ﬁ 1Q4Lde 4 1S

integrally connected to the apparatus, pern1tt|ng t he
physi ci an FTESHRGES t F@dpR KR3%EHRE needle 8“1de for manually

positioning and inserting a needle. While these devices
allow rapid and convenient guided biopsy, they have
several significant drawbacks: 1) The transducer must be
placed directly over the lesion, thereby requiring its
sterilization or its draping by a sterile covéring. 2)
The physician is forced to hold the transducer in one
hand while using the other for sterilizing and
anesthetizing the biopsy site. 3) After inserting the
needle, the transducer must be held by an assistant or
must be removed while the needle is maneuvered. 4)
Multiple passes may necessitate re-positioning of the
transducer and re-insertion of the needle. 5) The
existing needle guides may make it difficult to enter
some superficial lesions. 6) Most transducers are flat,
straight and relatively large, making some costal and
' subcostal approaches difficult.

A completely automatlc apparatus for computer
controlled stereotactic brain surgery is described in US.
5.078,140, issued to Kwoh. This apparatus suffers from
the drawback that the needle or needle guide is
integrally connected to the apparatus; thereby not
permitting the physician to choose the most suitable
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trajectory of the needle towards the target. In addition, the apparatus is
hi ghly conplicated, expensive and has to be calibrated for every operation.
Anot her deWP@#0368%9 an ul t rasound di rected needl e gui de, devebOrBEd6hposbhe
present Applicant, and disclosed in Israel Patent Application 107,523. It
I ncl udes an ultrasound transducer and a needl e gui de which holds a syringe
and needl e. Both the transducer and the needl e guide are each attached to a
uni versal |l y novabl e arm such that each gay be placed on a patient's body in
any desired position. The arms are vertically novable along a vertical post

and are pr9¥5§|gﬁtm-£, ? gthggd %n%J“'SarCé)nf :ﬁ?%ﬁ%%gheﬁfhgngérhel??ansducer

pOSItIOI’] ed I NS rurrents
transmits Ehe Pﬁageaeflsme hiehdy p@mminomagadmg edené rosel weh i i | na g Ut &)

transmts 5bechmfigg-gagaogogoegge %gqlaecrld}pans which is programed to
I ndi cate the angul ar dlrectlon o needl e guide onto the target and to

direct the physicianAB8 BFﬁcéeYhﬁenéédH§|94?9ﬁ§QRﬂ4e§ﬁr§Rﬁﬁ4|Qﬁﬁ@hﬂ
direction guifibe Aavekoped bPdyheTpeeRerteMpp Uit Y Orhz&ﬁekémsém@éd alia,

to inprove; rt e AN cl N licant's
above ment1 oneggfsar gel b%ﬁ?ggtgﬁﬁgﬁfg %?% b= e inf #hvention
does awayultragounghetmansdutarecdndammnesmdlprgndidieswhizdh g dweda

“free-handgybegbal dfa A08a1Ls! BErn! e WANMMAS: Al 880l Geq e
transducer 1s_used to project on _a conputer screen an | nmage of a%]b

portion to8hid ?réﬁ?eﬂac¥héFéﬁyhﬁ€rﬁPtﬁlﬂykyﬁﬂﬁﬁikﬂaﬂ?%&bkﬁnQ£W1snphhe

screen thethaef eeael ngggll ebérplaeedr vn as Wldiekk e wydygal 1 P0osidy on of
t he needlgegy ted ed e and needl e t The sici.an may t hen

correct the ac%ual pl?gg %3‘[‘bry FneRRE o AFEN FE T 1H’e"iﬂ L8 98 df nat i on.

CptlonalIyYthécaérgBOStn ané aodyppontiided twith dlrectlon sensors
configured to signal the position of the attached
instruments to-computer means. The transducer transmits
the image of the target to an imaging device which in
turn transmits the information to the computer means
which is programmed to indicate the angular direction of
the needle guide onto the target and to direct the
physician to place the needle in the correct position and -
direction on the patient's body.

The present invention seeks, inter alia, to
~ improve the articulated' arm system disclosed in
applicant's above mentioned Israel Patent Application
107,523. The present invention does away with the
articulated arm and provides an improved "free-hand"
technique for wusing the transducer and needle. The
transducer is used to project on a computer screen an
image :of a body portion to be treated, thereby permitting
a physician to obtain ‘on the screen the preferred needle
tra%ectory as well as the actual position of the reedle
guide, inserted needle and needle tip. The physician may
then correct the actual trajectory in accordance with the
displayed information.
Optionally, the target in the body portion to
be treated may be selected and marked by the physician,
such as with a cursor or other selection device. In case



ber treated may be sel ected and nmarked by the physician, such as with a
cCursor or v | ection device. In case VO 97/ 03609

PCT/IL96/ 000?863464'[3% needl e point does not lie in the pl anePc(;lt“m‘t9 goots%rget

| yage, the physician either changes the position of the needle or rotates

t ke i magi ng source or detector so as to obtain the coinciding plane on the
di splay screen. Unlike the prior art tme present invention provides a
system for nmultiple, daily use any physician who does not need to
be specially skilled in the art. resggt pénventlon the i rrage may be

produced tHS% negfile |Rpiat ‘?‘Fahlrtﬂ:f il ﬁtﬁ BRR ofa&hg ( taces
conputeri mg@mgrml’gm(ﬁlalﬁ é&tmq:r mhanbem’ kkhepeositipasbifi ogheg of the

ul trasound 44 e e eko Ol ol Nole IROLIBEIELERLY o8 B deshangs frompthe

act ual entry ereby perm g Sician to placé
an opti nalojfexin | e ¢chs1¢uatecplt¢me enr shghdésriliay sgeerhi-cation and

claims the term "neegl Bike ENAUPEISSELSr BRY, rcméasrt- s@a\el an%nte% and t he
term "needl e gui de" enconpasses_any devi ce uiding a needle

(or invasiRROGARTe Br D19 af AR Im‘éétépﬁéedl éa&&#’ i H§SS| ¥ de®P¥e or
tool) wit tpmiﬁagr ablesl AdearctinaiKesdstonbeTBpe@lY0r KRATAREONTN
enconpass spatl position information with respect to six degrees of
freedom s 1n a Cartesian system position along any of three

nmut ual I y per pendl cullm atles ok senytil anveotébnontabouu.magy omayhebaxes. The

terns oripel[g é ol at?:?' 9{}5”‘*’9‘;’“”?“93‘?‘15 gég\g@@qﬁabl ¥uc§he ggesent

i nvention may use a variety of apparatus ing thé orientation of the.
t r ansducertlfReseunt e CORUARE 29 eﬁOEﬁSBGPhﬁnt(cé'f) eFpXraeys f 8highfining

the positiwmDf fdwmil tEGSOIIBhiAANSHUERE WikRasound transducer or
other imaging detector at a distance from the actuzal
entry site, thereby permitting the physician to place the
needle in an optimal position}

It is noted that throughout the specification
and claims the term "needle" encompasses any invasive
device or tool and the term "needle guide* encompasses
any device for holding and_guiding a needle (of invasive
device or tool) as well as a needle (or invasive device .
or tool) with an integrated electronic syStem. The term
"orientation"” encompasses spatial position information
with respect to six degrees of freedom, such as in a
Cartesian system, position ‘along any'of three mutually
perpendicular axes and angular rotation about any of the
axes. The terms "orientation" and "position® are used
interchangeably.

_ The present invention may use a variety of
apparatus for sensing the orientation of the transducer

" and needle. One preferred embédiment 6f apéaratus for
'defining the pqsitiongof the ultrasound transducer with
wireless transmigssion includes mounting three small
battery-operated infrared ultrasonic transponders on the
ultrasound transducer in triangular alignaent, each
transponder having a different triggering code. A
position sensing device is provided with three Spaced-



)

wteless transmission includes nounting three smal | battery-operated
infrared ultrasonic transponders on the ultrasound - transducer in

triangul ar _alignnent, each transponder having a different
triggeri W@23%8. A position sensing device is provi de@CHILPF000%) ceo
spaced- WO 97/ 03609

PCT/ 1 L96/ 00050 5 apart infrared ultrasonic transceivers which emt coded
infrared signals to the respective transponder on the transducer and
whi ch receive ultrasoni c responses frofthe respective transponder. The
received signals provide triangulation information for the controller to
cal cul at ecapdeteximfrposdtudbnrasohlie ttransdedarens whircde-ehihenseadwd space.

A positio LAg | r e eql ; | [ mlar _.manner.
The posit?%ﬁggégﬁsi%géﬁa%%igggigﬂgrgﬁﬁgggﬁﬁt I%ﬁéhighﬁdfﬁn é?aﬁggéivers
confi gur eBrapseransm andj vhiebsresgdys witdamPignaAesrnses | efeam t wo

transpondens pRYPLEdioR thanBpsaberQr THREHd Ve i 4 SSpkovidded
signals bag anscei ver féqécxucul t q? t he need| e position

k t the .t X
and di r ecEFHARERAATEER, FRRCARALLAR dA%a B (GRD &P RATERLtE di spl ay
on the sctkenexhntapotheioanbodihenttranaiduddre in attorhcadinemskiddeed needl e

are provgggg W th transmtters whi ch continuously emt signals which
are receiv By separate receivers. The received signals are transnitted
to a conputer for c8npasikjonrhesepgdmigalundit damttlion nfedle nmaxnmwakicer and

needle. 19, ygt gopihgt eHRALFENThd HosiGWd | Wendile O i gR{@LIAN control

systemis based on nmagnetic field sensors, such as described in U S. Patent
4,945, 305PFBVEAGA, WAERd| 8&| 4888E SWAMKFARYLIYRTT pT R ELEFRP i Nty
referencetrdhgmiyswerepestceoley indruiess aFisldato COEPLELSt NMBghnetic

field Sen%g£§5p%nggggeggﬁnkggn%gi%%%zneedle or needle guide which
issue coded signals back to the transceivers for
éalculating the needle position and direction, and to
transmit the data to the computing device for display on
the screen. ' ' _

In another embodiment.'both the transducer and
the needle are provided with transmitters which
continuously emit signals which are received by separate
receivers. The received signals are transmitted to a
combuter for computing the spatial orientation of the
transducer and needle.

- In yet another eﬁbodiment. the position and
orientation control system is based on magnetic field
sensors, such as described in U.S. Patent 4,945,305 to
Boyd, the disclosure bf which is incorporated herein by
reference. The system preferably..includes a personal
computer, magnetic field sensors, a magnetic trénsmitter;

" a magnetic'receiver attached to an uitrasound probe, and

a 'magnétif receiver attached to a needle. A display £
screen shows an exact real-time ultrasound image of the
targeted area, and the needle and the needle trajectory
are shown in accordance with a color coded scheme. The
color coded scheme indicates whether the needle and the
trajectory lie in the ultrasound plane or parallel
thereto or intersect therewith.



. a ragnetic receiver attached to an ultrasound probe, and a magnetic
recei ver woalsy@séygd to a needle. A display screen showspap ﬁfﬁﬁ

real -tine ultrasound i mage of the targeted area, and the nee and the

needle trajectory are shown in accordance with a color coded schene.

The col or coded schene indicates whether the needle and the trajectory

lie in the ultrasound plane or parallelgthereto or intersect therewth.

WD 97/ 03609 PCT/IL96/00050 6 It is
appreciated that th rientation.senso f . the transducer and t he needl e
may conprise many ot & i% g rectgggasgﬁagde§F08§13 %hﬁﬁnM<§ e

sensors ey tdtﬁrrﬁq%}!is%lllmlt eand othacuerdloneedr sonpirdls epmanyde ohatn al
orientati aiypdd a e mémétt@éw@éeslewabbestahglu %mPats%@%oAf 3%836. the

dlsclosure of which js incorporat.ed_herein by reference e abi'lity of the
present i RPERTGHE (THHT 87 S ha?k?ﬁﬁeBP“Fﬁ%”?a?&éfheﬁﬂﬂWéﬁqIﬁ?ﬂﬂiﬁélC|an to
mark the tearigettatimee odat® céhgnalssksuchndst Gescrebedn tia the tayget at

sone | aterp fJ n I gy entuaII I,n erted into the target or
not. This aufﬂﬁiary'i é' %e§‘%§%° Hy3|8|a§h58gd& Sot RGP TPANEES, t he

m ddl e Ofhﬁ?QHQrkﬁmkﬁfPEﬁmeHatlOn for exanple, and still be able to

mani pul ate the ul tméoymwmﬁﬁue&é bPebBhYI Enybl e il ddiflysqhere s

t hus provided jin accordance g enbodi ment of "t'he "present
i nvent i on BafkidgoPF ofhe rercsehdenprbies Aheophysicdane toomanks thear get

| ocat ed irtaa;-gtwﬂ.y \if) +éEon t €8 dsTeﬁé?dthBEhUdhﬂa tRenSraRturd RPdUgieng an

| mge of the t t and t bod ransntttl the | mge by neans of
an |nag|ng%ﬁ§(un ? i??%tih%%ﬁ gigﬁregﬁéﬁhFEhacBﬁﬁﬂ cdfe &¥HYe Wosi ti on

sensi ng cdmsesttest, Hetrsi the spatget ori sotat Fhlsdauxidiietye figmgineg

detector piddlk (SN sidfan %o 857 ELRBECLasks in the middle of an
ultrasound examination, for example, and still de able to
manipulate the ultraéound transducer to retura ﬁo the
target. ' .

There is thus provided in accordancs with a
preferred embodiment'of';he present invention, a method -
for free-hand directing of a needle towards a target'
located in a body volume, the method including the steps .
of producing an image.of the target and the body volume,
transmitting the'inage By means of an imaging detector to
& display screen which conpunicates with a éosition
sensing controller, sensing spatial orientation data of
the imaging detector with respect to a reference,
transmitting the spatial orientation data of the :imaging-
detector to the position sensing controller, displaying
the spatial orientafion data'onto_the display scfeeh.'
placing the -heedie with a point' thereof substantially

" pointing at the tgfget. sensing spatial orientation data
of fhe needle'with'respect to the réferenceé,transmitting
the spatial orientation data of the needle to the

_position sensing controller, causing the position sensing
controller, bésed'oﬁ_the_spatial orientation data of the
imaging detector and of the needle, to indicate on the
display screen a trajectory of the needle point, and



transmtting the spatial orientation data of the inmaging detector to the
position sensing controller, displaying the spatial orientation data onto
the djsplay screen, placing the needle with a point thereof substantially
poi nti ng vab ot/bs09 ar get, sensing spatial orientation data ofCctrAioemessdl e wit h
respect to the reference transmtting the spatial orientation data of
the needle to the position sensing controller, causing the position
sensing controller, based on the spatial orientation data of the imaging
detector and of the needle, to indicatg on the display screen a trajectory
of the needle point, and WO 97/ 03609

PCT/ | 196/ 9R98RcLnicnSehb! RS NSl 1L Ddde posiayol papeLoyar gt he

target in-accor tra ector i ndicated on t s%lay creen.
| n accor dsac&eki dn &cspﬁﬂepﬁedMaﬂkxﬁhﬁwﬁr%ﬁe¥h@rpré@@m@atﬂ@emn|bhe t he
met hod fugllen aknglkwden.the step of indicating on the display screen an
actual progressive notion of the needle tomargs the target. Additionally in

accordance with a prBf ePFEQTEABGSH MEHEDE o BTR 5?E§%nte?%%%h??%ﬁ efie net hod
further |mhbudeaebhatsﬁapenhlbnduxﬁerupthbdheudts@fayiscxewasa fryi ation

f th f d
of the negq LQWIFHQ%EF%EQ L Ok éﬂgt splAP sg&g%%oggﬁﬁr?%%?a+ncludes

preferred e odi fren resent 1 nvention,
the step sFrosapssivegmatppanaf mhﬁunﬁQﬁi%ftQherﬂﬂag@esbaaseto cause it to

coincide with the pﬁ%HE'tQBanlltyhe ﬂﬁeou@cmaﬁcsn&ﬁmngathﬁréﬁégf- 3 Still
further |nm$ccordance wth preferred enbodi nent_  of %gresent |nvent|on

t he met ho& BFPHGPtlnefu&€§ Pﬁ?%ﬁﬁﬁ)%ﬂv??&ﬁﬁﬁtlﬁﬁe %FFM pof¥FERAT sensi ng’
controlIeﬁnhhadp@5|&hensahptW€1mﬂdxﬁatwngvﬁklﬂﬂetﬂﬁsﬁﬁigeicﬁeeﬁheadlSp|ay

screen. I%e@ %%rd%n%% Wh%hn%e ref éigmgogrg?ectory.

Further in accordance with a preferred
embodiment of the present invention, the method further
includes the step of adjusting a planar direction of the
image so as to cause it_ﬁo coincide with the position of
the needle point entering the target. ' |

Still further in accordance with a preferred
embodiment of the present invention, the method further
includes the step of indicating to the position sensing .
controller the position of the target by marking the
target on the display screen.

In accqrdance with a preferred embodiment of
the present invention, the steps of transmitting the
spatial orientation data of the imaging detector and the
needle to the position sensing controller aie perfdrmed
by means of wired communication. _ _

Additionally.-the steps of transmipting the
spatial orientation data of the imaging detector and the

" needle to the position sensing controller are performed
by means of wireless communicatidmn.

Further in accordance with a preferred
embodiment of the present invention, the position sensing
controller indicate on the display screen a _ two-
dimensional trajectory of the needle point.

Still further in accordance with a preferred
embodiment of the present invention, the position sensing



tire present invention, the steps of transmtting the spatial orientation
data of {wamrieagei N9 detector and the needle to the posi t | PHTALSE80050
controller are perforned by neans of wired conmuni cation. Additionally the
steps of transmitting the spatial orientation data of the imagi ng detector
and the needle to the position sensing controller are perforned by neans of
W rel ess comuni cation. Further in gecordance wth a preferred
enbodi ment of the present i nvention, the position sensing controller

i ndicate on di sp, screen F nmensi onal trajectory of the

needl e porﬁP“t§Pil |ﬁ§§% ﬁ??euﬁ&wcﬁﬁ%emgrfﬁiﬁyprﬁFeFFéd Enb&AFSERL of

t he presenﬂlmwwmﬂauat ﬂduaqnxnﬁy(nf'sﬂnsrmgedleV§b93k03609

PCT/ 1 L96/ 00050 8 conty;, olle{ e,opht% p?e§QL§¥dSCE§SQd§P Qree
Hie nee i

di nensi onal trajectory oft e poin n accordance w ngerred
embodi ment tde tNQQQﬂaﬁﬂﬂannkﬁﬂﬂ{nthQrmﬁh%@ﬁoﬂu?ﬁhﬁnerinnémdées the step

of displayikr@pt hefsratsrpqlayqrdgermfglsqrh@ﬁéﬁ otikheaBesd! @aR! Ookehe cfiespl ay
screen. Additi nalny in accordance with a preferred embodi nent of the

present i RFEMEORTEY e Q3FPL2%SHFeRMci ng an image is performed by
ul trasound i magi ng emmqmnwunaﬁiytrun ac@ordaﬁcerdanne aW plrefedred

pref erred E%%W'ﬁ?ﬁ ¢ g Eﬁé?g%%; 'PX@QLLQEn @ﬁﬁ fureﬁerOf

produci ng an inmage 1s perforned
accordanceEMQQWQ;qﬂwﬁﬁnre&ﬁﬁsﬂxkﬂrnﬁﬂfor@#d bﬁe uéteeenundrnﬁensnas t he

step of RRApaeHt. an i mage is performed by conputerized
t onogr aphy equi pnent._ 1 n _accordance with a preferred enbodi nent. of the
present invention, trﬁ?%ﬁQﬁf(ﬁ ﬁﬁ(ﬂhﬁﬁ%@”%ﬁ“?ﬁageiFg a  preferred

embodiment of the present invention, the step of
producing an image is performed by X-Ray equipment.

Still  further in accordance with a preferred
embodiment of the present invention, the step of
producing an image is perfdrmed by computerized
tomography eguipment. _

In accordance with a preferred embodiment of
the present invention, the step of producing an image is
performed by magnetic resonance imaging equipment.

There is also provided in accordance with a
preferred embodiment of the present invention, apparatus
for free-hand directing of a needle having a point
towards a target located in a body volume, the needle
being manipulated only by a hand of the wuser, the

- apparatus including a position sensing controller which
comrmunicates with a display screen, imaging'apparatus for
produclng an image of the body volume and the target, an
imaging ' detector for transmitting the 1mage ‘onto the
display screen, a probe orientation sensor for sensing
spatial orientation data of the imaging detector with
respect to a reference, and a needie 6rientation -sehsdr
for sensing spatial orientation. data of the needle with
respect to the target, whereby the position sensing
controller, based on the spatial orientation data of the
imaging detector and of the needle, indicates on the



perfornmed by magnetic resonance imagi ng equi pnent. There is al so provided
in accordance with a preferred enbodi nent of the present invention,
apparatus for free-hand directing of a needle having a point towards a
target | W@9REB6ON a body vol une, the needl e bei ng mani pul RCRAILIGDOPSDY a
hand of the user, the apparatus including a position sensing controller
whi ch communi cates with a di splray screen, imaging apparatus for producing
an i mge of the body volune and the.target, an imging detector for
transmtting the inage onto the displ9y screen, a probe orientation
sensor for sensing spatial orientation data of the inmaging detector with

respect to43ghqfaq’ R et | £ At {108 f QL 1§€NSsipg,spati al
orientatioﬁ ggtgsgf %hgeﬁéghﬁé Wt ﬁagépect to thiggggéetgsﬁﬁgreggg?he
position s&R€i ¥§ré&ett-rol | er, based on the spatial orientation data of the

i mgi ng detector andref tdedieRtice With CatEse Poride en¥WEuALAB609s
PCT/IL96/0Q§50 9 dISp%&{ screen trajegﬁgry.fron1the needl e 80|nt_|nto t he
target. |n-8€cor BXTEENE t h BT ed odt HeFIHf  RRPATAFUSent 18

I nvent i on, ulttiresoumegiimeagingp Eprmrenestus i sndl thasinagingadengcappar asus and

t he i magi ng,d hgggg%ukﬁ qggﬂgﬁggﬁgppd transducer. Additionally in

accordance with a preferre nment of the present I nventi on,
the probe orient at f§diddennllsbnimi cdeeardance twethosat i prefencedg

control | er ewbdsd nentdgeidNg QLS. greéddt  idven@£6R! dangge “ﬁbgrbea
needl e

preferred enmhodi nent of t he resent invention, t he |
orientatioﬂr§§H§5ﬁﬁﬂﬁﬂﬁﬁﬁ§%ﬁeﬁ?ﬂéhqfﬁﬁﬁfixﬂﬁ??cﬁP%eﬂ%?ﬁﬁiBBnFFBFFBF via a

triggeri ngcontdeolIer lvifaurd hari ggemiotpreedee With a preferred enbodi nent

of the present i#HG%Héé”L intr“%ccégégﬁée with a preferred
embodiment of the presént invention, the needle
orientation sensor communicates with the position sensing
controller via a triggering code.

Still further in accordance with a preferred
embodiment of the present iﬁéentidn. the probe

_orientation sensor and the néedle orientation sensor are
électro-optical sensors.

'In accordance with a preferred embodiment of-
the present invention, the probe orientation sensor and
the needle orientation sensor are magnetic sensors.

Additionally in accordance with a preferred
embodiment of the present invention, there is provided a
'three-dimensional viewing device for three~dimensionally
viewing the needle and the~traject0ry- on the display
screen. ' "_'

' - The preseﬁ; invention will be undeysﬁéod -and

. appreciated more fﬁliy f#qm the foiiowiﬁg-'Vdétailed
' description, taken in conjunction with the drawings in
which: | ., _ . '

Fig. 1 is a sihplified :block diagram of
apparatus, constructed and operative in accordance with a
preferred eﬁbodiment of ﬁhe present invention, for
directing a needle having a point towards a target
located in a body volume, and including an ultrasound
imaging system; |



orrentation sensor and the needle orientation sensor are electro-optical
" sensors. weopssss dance with a preferred enbodi ment of the pepRADGH00SO
i nventi.on, the probe orientation sensor and the needle orientation sensor
ar.e magnetic sensors. Additionally in accordance with a preferred
enmbodi nent of the present invention, there is provided a three-di nensional
vi ewi ng device for three-dinensionally viewi ng the needle and the

trajectory on the display screen. The present i nvention will be
understood and appregiated, npre fuI I foI | owi n det il ed
description, taken i'?t 1€onj finctfon i qtp%fs ‘? g ?

is a sinpkipparatubl ockondtageapd amﬁ am&mannxﬁ xnn&ﬂqqmﬂ&mbandwbpbratlve
in accordange,yhLp %P%Fé?ﬁéﬁdem%%%ewtof Yhe  NreddfSeNn é£'é’ff‘£‘%' on,

for dlrectlng a ga olnt towards  a target oca in a
body vol unefornddiperténggaaneapd HPE P HP 5ytwands a0 HFrE8E09

PCT/1L96/ 00080a £84Fifl- & BodySvolumdi,Mind 19t 1dd 06K arlli 0Ok @y iRdging
apparatus, constructed and operative in accordance w th anot her preferred

embodi nent BYSERBipresent invention, for directing a needle having a point
towards a target |ocargeg.in3a lﬁedyavolsumpl:atricbd N loiing ddagedmy |6RQgi Ng

system Fig chIRELELRH O edl AULTEy HCARALAL U5y

constructedagﬂgrggg?at i SRR accordance f ef ©F red
enbodi nent yet  ahethepresenefemved: i mquimetmr e ng tabmeeobeemw ng a

poi nt towargdgyent@bgst fbecatedcltan@ ROReeld Hav Al d W14k NOtSwards
conputeri zed tonngra? (CT) . or _magnetic resonance, i magi ng (VRI)
syst em a targe ocated " in a body volume, and including a

computerized tomography (CT) or magnetic resonance
imaging (MRI) system;

Fig. 4 is a simplified pictorial illustration
of directing the point of the needle towards the target,
in accordance with a preferred embodiment of the present
invention, using an ultrasound transducer and a needle
guide each provided with three spaced-apart transponders;

Fig. 5 is a simplified illustration of a needle
provided with two coaxially mounted emitters or
transponders; _

Fig. 6 is a simplified illustration of a needle
provided with three emitters or transponders;

Fig. 7 is a simplified flow chart of a method

- for directing a needle having a point towards a' target
located in a body volume, ih accordance with a preferred
embodiment of the present invention, using an ultrasound
imaging system; _ _

Fig. 8 is a simplified illusﬁratidn ‘of
apparatus for free-hand directing of a needle,
censtrueted and opergtive in accordance: with yet ‘another
preferred embodimentiof the present invention; |

Fig. 9 i; a simplified illustration of a
computer screen displaying_'the needle and needle
trajectory in the same plane as the ultrasound plane;

Fig. 10 is a simplified illustration of a



Fig. 4 is asinplified pictorial illustration of directing the point of the
needl e towards the target, in accordance with a preferred enbodi nent of the
pr.esent invention, using an ultrasound transducer and a needl e guide each
provi ded VP OM03689 c e spaced-apart transponders; Fig. 5 is anT’#pﬂ 9589

i 1{ustration of a needle provided W th two coaxially nounted

emtters or transponders; Fig. 6 is a sinplified illustration of a needle
provided with three emtters or transponders; Fig. 7 is a sinplified flow
chart of a nethod for directing a needlé having a point towards a target

| ocated in a body volune, in accordance with a preferred enbodi nent of the

present i¢fygpaten, us&:ﬂge:an duiﬁ's_a&pma@ i rm@i ng;e%mteem did. néebdie a
sinplifi strat ree-hand, directing of

a needl%ra&%ﬁg?Fﬁc%% Eiﬁcﬁ %ga?ﬁﬁeuﬂﬁﬁﬂﬁéﬁéﬂﬂﬂﬁfﬁﬁtPF anot her
preferred enbodi nenFigs$. thelpresehﬁ I neat i ort3 Fi Ared i s amm:'iéd ed

|IIustraligfuggﬁgtgggputegf SgLERR e db @égaéyﬁﬂtJEEhne MfeéH¥L needl e

trajectory in the same plane as the ultrasou ane; Fig. IS a
sinplifielrientatian onseRsar. \WPYPLEYsGed and  operative in

PCT/IL96/99@59d;Aceonweler ths6eeepredieritc® | Mhbddimerefdlgr bk needle
trajectorgrlnters t he ul trasound pl ane; and Figs. 11, 12 and

ctin
are e§?ﬂﬁl§??839+??UStratlons of needle apparatus with a
needl e orientati on Referente isonsbwuaiagde tandrig.ofer aéhich isn accor dance

W th thrEgmp?E?%:SﬁrE?ocﬁni’i’%w&gtéf }@&Jaf%esgrfgfog{(o ddVANdOf - o fRPF Erence

is now di dgra of bpar at us
10, constPBéFéHiaﬁd dperacondantce HGG@r@aMﬁ?ﬂmqnﬁdi[ﬁQﬁQﬁ#mﬁhtenﬂbdlnent

of the present invention, for directing a needle 12 having a
point 14 towards a target 16 located in a body volume 18.
Apparatus 10 preferably includes a position
sensing controller 20 which communicates with a display
sereen 22, -preferably vie a computer 24. Imaging
apparatus, such as an ultrasound imaging system 26, is
preferebly_ provided for producing en image of target 16
and body volume 18 by directing ultrasound waves thereto.
An  imaging detecter. such as'an ultrasound probe 28,
preferably communicates with system 26 such as by means
of .a cable 29, for transmitting the image ontp display
screen 22, preferably via computer 24. Unlike the prior
art, probee28 is not held or guided by articulated means,
but is manipulated "free-hand". '
Preferably disposed in probe 28 is a probe
orientation .sensor 30 for sensing spaﬁial position data
. of probe 28 with respect to a reference. such as a given
inertial reference or;gin. The positlon_ data is
"preferably displayed on aisple§ screen 22, and a user
1ooking at display screen 22£can.direct'need1e 12 towards
target 16. Optionally, the user:may indicate to position
sensing cont:oller 20 the position of target 16 by
marking target'16 on display screen 22. This marking may
be done by any convenient method, such as by a keyboard,
mouse, joystick, thumb wheel or touch screen. An
advantage of the option of marking the target 16 is



ttre present invention, for -directing a needle 12 having a point 14 towards

a.targetwd®7ioagit ed i n a body vol une 18. Apparatus 10 prefperabdéndosc! udes a
posi ti.on sensing controller 20 which communicates with a display screen

22, preferably via a conputer 24. | magi ng apparatus, such as an
uttrasound i magi ng system 26, is preferably provided for producing an i nmge
of target 16 and body volume 18 by direqgti ng ultrasound waves thereto. An

i magi ng detector, such as an ultrasound probe 28, preferably communicates
W th system 26 such as by neans of a c Ele 29, for transmttlng t he i mage

onto di spl 45§&ibed h?felﬁrb@flé’\“amlyﬂh%\e SPPUEEr £94F18n| ke the prior art,
probe 28 is not hel dNeedge ded shy pardferabledneransixbat inSanaaepulat ed

"free-hand" Pref rabI% é*f%%&%? %gghfmg €32$fp%§ 8§ prosﬁ ?ééggiation

sensor - 30 For Sen I ng spatlal position d Ptoa
ref erence, guddiesas wildi \ben desamtiidd igeferther detegln. heThdnbpdewti on

data is Q'i.%fher@.'@ﬁéré;ic%olt%y%gé)nd‘?' sg! aYlScigeﬂnazl3an9n1§keus€fxe| ooki ng
at dlsplay screen 22 can direct nee 12 towards targ 16. Optional ly,

the user nRYiPFdiacH e tedthsdsingetteschdi Rgr BERALS Eéid92§2 ife P63Ati on

of target orlGui@edKidtd ilcAirigEied tn®tingli sSphayiscreffpdlatéldi 3rpReki ng may
be done by, any, ., conveni ent nethod, such as by a keyboard, nouse,

j oysti ck, wheel or touch screen. An advant age of the option of
marki ng the target 1@®@rneferabA¥ 97 086€@le orientation sensor 34 is

PCT/ | L96/ 000300k A195¢ il I GhEI P o4 o1 it Uy LLRRRHGE1LOnElella o7 1BEdI € 12

Is preferably he In a e quid enbodi ments of
needl es af@T né&NsLnfishetig) (onkeneatiepedats Phr Fﬁéﬂlﬁet &2 MAthi nbel ow

with referpepd 'rdcﬂsthe51r£f‘eﬂé]nce12 PGQ:LéBonUBEhEthththrﬁ'll%rrt 20nei t her

needl e 12 nor needl e gtti1 I de SSZaéisalheézglgtrit tign daxaart | cuIn%tedqe ags, but

i s mani pul RASEY £ ARe- P ’
indicates on display screen 22 a trajectory from needle
point 14, the trajectory be;ng an imaginary straight ray
emanating from needle point 14 along the loagitudinal
axis of needle 12. Probe orientation sensor 30 and needle
orientation sensor 34 -ma& ‘be in wired or wireless
communication with position'sénsing controller 20.

Reference is now made to Figs. 2 and 3 which
ililustrate further emhodimenfs of apparatus 10, wherein
the .imaging detector -and'_épparatus. instead of an
ultrasound probe and systém. ﬁeépectively comprise one or
more x-ray detectors 40, one or more x-ray radiation
sources 42, and an x-ray continuous imaging system U4
(Fig. 2), and a CT or MRI detector 50, a CT or MRI
radiation source 52, and a CT or MRI scanner systenm 5§
(Fig. 3). | - .
Reference is now made to Fig. 4 which

illustrates directing point 14 of needle 12 towards
térget 16 in accordance with a ppeferred embodiment of %
the present invention, using?ultfasound probe 28 and
needle guide 32. It is appreciated that needle guide 32
may carry a'syringe (not showﬁ) for injection or tissue
examination. In the illustrated embodiment, probe

orientation sensor 30 and needle orientation sensor 34



hand". Preferably a needle orientation sensor 34 is disposed in needle
gui de 32, or alternatively needle 12, for sensing spatial orientation data
of needle 12 with respect to the reference. Position sensing controller 20,
based on WP&OT®R0i al orientation data of needle 12, indi caPeETe¢/00958p| ay
screen 22 a trajectory fromneedl e point 14, the trajectory being an

I magi nary straight ray emanating from needl e point 14 along the

| ongi tudi nal axis of needle 12. Probe orientation sensor 30 and needl e
orientation sensor 34 may be in wired o¥3wirel ess conmunication with
position sensing controller 20. Reference is now made to Figs. 2 and 3

whi ch- i | ldadty Qicﬁn;fﬂ-liéé‘ee{n el nent shpéeaeaa&aauapmm Waah@pdnldags | MRGI Ng
det ect or nd é? I nst ead an ul trasoynd prohe and system
respectlvéﬁy dﬂﬁf Dnep%ﬁp%&ﬁbyﬁl¥ay Bt eEFLPBERA BT one 8 BRBLB - ay
radi at i on Transgamdirs anid anend r6y evet i preflerablgi ngleytirdFoptichly. 2),

o v Sndls INEELRT ferafe SenOlnrlRohldE LA G5 e 201 2

CT or MRl scanner sys erence 6 Fig.
4 whi ch Tdangrondens dﬁQ ecandg Géomrefgnabiy neegpondl2 tot owaded t ar get

16, |n aceoiglance dkibeds Nplerssd SFDOALERILNOLehLS:PERSANa ALARL O

usi ng ul trasound probe 28 and needl e IS appreciated t
needl e guitfe-eR* “(ﬁﬁ?®°%.%@r|ﬁ@%p?ﬁvagﬁﬁmmﬁlFGFnPﬁﬁééﬂﬁbn GPlYtlssue
exam nati cdwo rdgporndersif2 usdy sbedproestiedi fMAnlLine pﬁaheaowe&&hahuon

Eg\_}slorl_%/ n%dtlee%{é o aéé Oé]effﬂgoghéﬁmfﬁ\é\?og?/ Q- n(?egp}art gtur"zgf’i"sponder S

ISe an arra rée space
60 and ¥, ?E%p%cb¢#%¢yn° ¢qedtfbanggpary adlingrrmentt. ofr ameedider s 60
and 62 argpreferably electro-optical sensors which operate with infrared

or visible light.
While three t:ansponders are illustrated in

Fig. 4, it is appreciated that all three transponders may
be alternatively.packaged as one transponder unit.

It is appreciated that needle orientation
sensors may be mounted on the needle in a variety of
manners. Reference is now made ¢to Fig. 5 which
illustrates a needle 76 provided with two coaxially
mounted emitters or transponders 72. Transponders 72 may-
be mounted on the body of needle 70 by bending needle 70
into an approximate S-shape-and;attaching transponders 72
to an upper portion 74 of the S-shape. Since the distance
of a needle point 76 from the transponders 72 is known,
it is possible to compute and to show the depth of entry
of needle 70 on display screen 22 (not shown).

Reference is now made to Fig. 6 which
illustrates a needle 80 provided with three emltters or'
transponders 82. Needle.BG is substantzally straight, and

- transponders 82 are preferably fixedly attached to the
body of needle 80 in a fixed relationship with*a needle
point 84, thereby making iﬁ possible to compute and to
show the depth of entry of needle 8@.on display screen 22
(not shown).-

Reference is now made to Fig. 7 which is a
simplified flow chart of a method for directing needie
point 14 towards target 16, in accordance with a



Transponders 60 and 62 preferably respond to coded signals emtted by probe
ori ent at waoeraag®or 30 and needl e orientation sensor 34, reETALIGHUD5(Y -
Alternatively, only two responders 62 may be provided in line with a
vertical axis of needle 12 to define the position of needle guide 32, there
being no need for rotary adjustnment of needle 12. While three transponders
are illustrated in Fig. 4, it is apprecgated that all three t ransponders
may be alternatlvely packaged as one transponder unit. is appreciated

that need| Gor ord en %toﬁqn s§hsor t:lgrgly vag gggnt ?gvggttj_g% needll\%ﬁl n a
5

vari ety P3 hvaner s.© S ehce” i ch
|IIustramé§n§$ﬂ§aﬂ(;ﬂHE#nanﬂxkxﬁmmzﬁ tmo coaxially nDunted emtters or

transponders 72. TRARSRMRIS 7ZyEYeRe BNt gdo@lckBe bady ofigpgedie 70 by
bendi ng needle 70 intQ an approximate S-shape and_attaching transponders 72

to an upSEPYRERE Hher taRBeE ARl tRIACLBRRE #Fst SRBE oft%a #8&dI e poi nt
76 from tatiesptraampmdenspmay Ssd(ﬂ"l@d\til 2pt CSmpﬁssrbEQ receampst @aatad to show

(1 et gl ldob £l R AL 88 BRACRRRE B ghN Lo o e

S now num e es a
three emisensos c3r4 tmmm@ She Naeeieleo pE babbt mrobel Y semdi ght, and

transpongeeyi®2 Fidy effy all yréw@ﬂ{:x %téﬁhe@nfe%%g? b9Q¥‘e @fnc%eed' e 80

in a fixed relatlo shipwth a need oi nt ereb |n It
possi bl e GORRFRFULE afkP QQFEﬂﬁﬁﬁth%sa Hen BPdeHFF9n6Ftﬁ9§dP€ €on
di spl ay samqsoaﬁ;d NAnddWlanded ££68L8ted WDOhNPEBLEO BBY. Siwiech is a

ts:a;rgle![fl q_g\ fl ov¥' Cha‘{;’;ﬂ%&‘,«i@é‘ ho%drggacgllas\% bg?oggggl e gol r&&1 14 dt owar ds

PCT/ | L96/x(31)&8110]:14 priefraratesl 2hapip eant onf stheepr @2enthenveskeiron camsi ng
rotate probe 28 so as to place needle point 14 into the
viewed plane. _ |

Comﬁﬁter 24 will now compute the trajectory of
needle 12, typically' in accordance. with w2ll known
geometric formulas. As stated above, the trajectory'is_an
imaginary straight ray emanating from needle point 14
along the longitudinal axis of'needle 12. The trajectory
is displayed on screen 22, and the user may then insert
needle 12 towards target 16, after having shifted needle
guide 32, if necessary. The path of needle 12 during
insertion is displayed on screen 22 and can be corrected
in case of accidental deviation.

Optionally, .-the user may mark target 16 on
screen 22 such as by means of a keyboard, mouse,
joystick, thumb . wheel or touch screen. After marking
target 16, compnter 24 can calculate the spatial position
thereof and target 16 may then be tracked saccording to

'known'tracking methods.of the art, such as'by tracking it
in ébnt:ast' with the ultrasound image. The ability to
track a target may be important in some situations whén
the targét moves due to movement of the body organ in
which it lies. By marking the target, the physician can
be alerted to movement of the target and change the
invasive procedure accordingly in order to precisely



ultrasound inmagi ng system 26. U trasound system 26 produces an

I mage containing the target and this inmage is sent 'to and displ ayed on
di.spl ay screen 22. Conputer 24 receives data from probe orientati on sensor
30 and n¥BIP¥0¥OPent ati on sensor 34 and conputes the positPERIIOPRCh probe
28*and needl e guide 32 in relation to an inertial reference. Conputer 24

al so conputes position and orientation of the ultrasound i nage pl ane
associated with probe 28. Since the igo-dinensional proj ections of

yaw, pitch and rotation of probe 28 appear on screen.22, the user can
rotate probe 28 so as to place needle point 14 into the viewed pl ane.
Conput er Riengé¢| thowtgogput eithetheapeeddey of needle 12, typically in

accordance with wehl kpouBo9ReMEHEIse cigBdrAS 1 S étge%de Qifeq Lhe

trajectory is an imaginary Strarght ray emanating fromneedl’e point 14
al ong t hedesrmt R tiiPmal ofixi 8 oprpéegredipethed  (fgrecidimeqtsing spihkgyed on
screen 2Zeédlet hgoUseheMBirgben ANmork Naedlag 164 t Gy dsi gwirget o6, after

havi ng shi fted needl e.quid 3 i f cessary. Th th of , needle 12
Gari ng © R Tieh Rrar enrafenstnod, badd 55" b shinal  haraAhr 19t casa of
acci dent afoxlevhat embodOpenonak| Figt.hé.user may mark target 16 on screen 22
such as by means ofgapkgyhgard, ;QOUSGy | %%%i Chyo t D Wheel gy fguch

nmp

screen. After marking target 16, comnputer can cal Il ate the Spati al
posi ti on ¥hpsbratesd anpaeates nlf fren freerhande dingctdm® nef t @ known

tracki ng neédnsls 92, tBendttuctanaad Byelradakindd taddbrddiidd asficnv th the
u!traspwuLénngeﬁ ngr abili}g tg tra % a target na%:be i or%&nt in sone
si tuati ors®® wheAPP STt ar BEETREGEs GHROLI B Fem®tft oftR%he gg‘iﬁf M gan in
which it inesntBynpar kppgrekest 80geire flerabllyy sinklardesan e mdg@rdteit t o
movenent pleide h8LIELoANInE"BRIEN AT 1RV AU AY WA, AR Y 11
escribeg in U.S. Patent_4.945,305 to Boyd. The magnetic
system preferably includes a magnetic transmitier 94, a
magnetic receiver 96 attached to an ultrasound probe 98,
and a magnetic receiver 100 attached to needle 92.
Apparatus 90 preferably inclqdes é computer 104 with a
display screen 106. Display screen 106 preferably
displays an exact real-time ultrasound image 108 of a
targeted area 110. Needle 92, in a preferred émbodiment,
is shown as a distinctly colored line, such as a blue
line, even if needle 92 is outside the ultrasound image
108. The expected trajectory 112 of needle 92 is
preferably displayed in accordance with a color schene,
so that a physician may quickly and easily discern the
relation of the needle trajectory 112 with the plane of
the wultrasound image 108. An example of suéh a color
scheme is described hereinbelow with reference to Figs. 9
"and 10.
- A three-dimensional viewing device 170, such as
a three-dimensional eyeglasses device, may be provided
for_ viewing needle 92 and trajectory 112 three-~
dimensionally. Alternatively, computer 104 may be
provided with a three-dimensional imaging program for
displaying three-dimensional images of needle 92 and
trajectory 112 on display screen 106. Such a program may,



WO 97/ 03609 PCT/IL96/00050 15 pierce
t he t ar gefyoWrjolsgbNe needle. The foregoing description is a gﬁﬁ

descrlptlon of a preferred nmethod for directing the needle to e arget A
nore detail ed description of another preferred nmethod wll be descrr bed
her ei nbel ow for the enbodi nent of Fig. 8. Reference Is now nade to

Fig. 8 which illustrates apparatus 9 for free-hand directing of a
needl e 92, constructed and operative in accordance W th yet another

preferred errbodr ment ‘_é{)r eseg ﬁent on. par.a
pref er abl y f0%c| uf&2 a’lﬁ'agnrf rd“ fi bRFefoAiBRBSSPPA taﬁP5§e§ensPr¥g
system sudhsaiakﬁnaw mammecdifbetheutdﬂméds;aﬁﬁlt01Begds Toe magnetic

system prel ot | USR] CvLLARSHLLYEE. RS, oRLIROREL ¢ srsgel ver

96 attached to an uItrasoungl gnetic receiver ttached
to needl e @nd AiEAtateyes90 preferabl y includes a conputer 104 with a

display screen 10Gs s@e%phfiay p§§re§n iifo’éraJQE:Ef:?Sra@ﬁ Qhﬁph@éﬁéean
exact real otime ul trasound a targete ar ea
d

in a prefefe %&d’i%ﬁ y Tg“stfb’vﬁ'rt“a% 5hai uttRegpyrdol ate&ei-. n&heduch as
a blue |linaragestdrdy neﬂm er.é)%naw:outsr dewhheeuhbtaeeumdnbr:rage 1@@en The

expect ed raj ed e y di ed I n
accordanceti\/\/lt(ra?cj%f'p &I sche °”¥h%?3a ﬁ?EFE“ f Egﬁ qHF%E Hﬂ& easily
di scern tm»dans.atison p@frttm rieﬁéiil@fttajieecooyyllﬂw whithe phese dh t he

ul trasound dgpae W18 oie emmla?satnéugbaaecetoaiﬁshsr}ea' Sadesqrihegd

herernbelom/mrth reference to Fig hr ee- |nensronal Vi ew ng
devi ce 170, Q§ﬁﬁpz%%%?%lﬂ%ﬂ?ﬁﬁ%ﬂﬂuﬁ@%a?egyéﬁl5§§e815€9léé FagrBeygAovi ded
for Vi ewiazg a el dottedldnd J adwE€t anyintdtdecthbrepodneEnsyonakl y.

"mmgi ng pr SHPRARAT deC s aibks e FRERLFonT HhuBBRoSFIRCEdl 6082 and
traj ectory theEseon Cdzlqﬁaay ager eaveridly Sesamplpsograndnmapther  color
patterns may be employed.

It is noted that if trajectory 112 is entirely
in front of (or behind) the ultrasound plane, i.e., it is
either parallel to the plane'or the intersection point is
.out of view, then the entire trajectory 112 is displayed
as a red (or green, if behind the plane) dotted line.

The distances between-the dots of the dotted
line may visuaily indicate to the physician an
approximate angle of attack of needle 92 with the
ultrasound plane. The closer the dots, the more needle 92
is perpendicular to the ultrasound plane. The further the
dots, the more parallel needle 92 is to the ultrasound
plane. _

In addition, display screen 106 may optlonally
display =a window 1184 intended to aid the physzcian in
positioning and orienting probe 98 (not shown in Figs. 9
and 40). Window 114 preferably contains a fixed rectangle
116:? designating a top view of probe 98, and a movable
line 118 showing the projection of needle 92 as seen from
above. Whilé rotating or otherwise aligning ultrasound
probe . 98, the physician can observe in window 114 how

probe 98 and needle 92 relate to each other in space as



WO 97/ 03609 PCT/ 1 L96/ 00050 16 for
exanple, form the three-dinensional i mges by di spl ayi ng consecutive
t wo- di nensi onal i mages of the objects corresponding to views projected onto
the | eft wod7oBeat eyes. As seen in Fig. 9, if trajectory ptPapssoespedl e 92
both entirely lie within the ultrasound plane, then trajectory 112 is shown
as a white dotted line. As seen in Fig. 10, if trajectory 112 intersects
the ultrasound plane, a portion 160 of trajectory 112 which lies in front
of the ultrasound plane is displayed as7a red dotted line, a portion 162
behind the plane is displayed as a green dotted line, and an intersection
poi nt 164séén di SPbRYEBloRE. aCHhvELsEIPL Y thier Ehagel bfi neddeci2at @@yt hat
these calors cLE ner‘ﬁlyr egang#es, gnd oth% ow col or a%tern% may be
enpl oyed.PFt i 5 %8P ed® P Rat TPFCRPELEct 5 178V s SBQF r BOYEREY oniof (or
behi nd) tiktoasousduptobeéa®®, i.e., it is either parallel to the plane or

the intersection pogpt f§gput90f %kﬁg@ t Rgaghlae g@tiﬁqe%rahgptor e112 S
di spl ayed as a red _(or green, if behind the plané) dotted |1 ne. e
di st ancesubbragenngheinage oplene. ddipedlifnecrogdes honigomEalilydi cat e

to the tpPPRYGERI aPectaiig®OP’ 0X60Bt Enargee Ohoatt aGkhcel RRAGIR 93w th the
ul trasoungd plane. The closer the dqts, the re needl e 92 is perpendicul ar
to the ul%?ggﬁﬁﬁﬁtﬁlaﬁgg ?ﬁérfﬁ?PﬁgrlPﬁéedBEEPerh 198 & 1%ar BLESCeFeedl e 92
i's tF there#t;ga?igul?lanﬁanlangﬂd!ghengtdLsp!gy SC{een ;?6i33¥ op;kgnally
glrisgn?iyng ;L:)Mr(r)]be 98 iﬁo?ﬁghgggs?'glgkggggggggﬁg(’la}%&i#nglgev?#ﬂ%grq%foerabI y
cont ai ns Bhekxeditr ediangentizelydwithiat ithg altopsouad ofclansbe 3@, and a
movabl e | spgwa18iahopipg t§erpEObRahb28,0f theqdl &n¥2 FroreRiuded Os

performed according to the following steps:

1. Select the needle insertion point.

2. Position the needle tip on the body at the point of

insertion. Orient needle 92 such that the expected

trajectory 112 crosses the target.

3. Rotate ultrasouna probe 98 so that the wultrasound

plane contains both the target and the whole of the

needle and its expected trajectory. Once such aligned,

the expected trajectory is shown in white. The rotation

of probe 98 may be optionally observed in window 11l.

4. Insert needle 92, making sure that it stays in the

ultrasocund plane, i,e;. its displayed image remains

white. When the display indicates that needle 92 has

entered the ultrasound image (i.e., the blue solid line

enters the image), observe needle 92 as imaged diiectly

in the ultrasound image. | . _

5. When. appfoaching the target, take extra caution to
" observe the actual needle 92 and verify.

6. Insert needle'92 into the target if the orientations

of the needle tip and target are verified. -

If in-plane  inseftion is imﬁossible in the

specific protédu:e. or if the physician chooses to insert

needle 92 so that it does not lie entirely within the

plane of the ultrasound, the method is performed

according to the following steps:



above. Wiile rotating or otherwi se aligning ultrasound probe . 98, the

physi ci anweagyedkper ve in wi ndow 114 how probe 98 ‘and needicanPdsmsat e to
each ot,her in space as WO 97/ 03609

PCT/1L96/ 00050 17 seen from above. Conversely, the inmage of needle 92 may
be. fixed and rectangle 116 may show novenent of ultrasound probe
98. In Fig. 9, since needle 92 |liesi8in the ul trasound i mage pl ane,
line 118 crosses horizontally through rectangle 116. In Fig. 10, since

needle 92 inters ts the .ul trasound,i .nla I|ne 118 pierces rectangle
116 at an angl e thereto. 9 ?ﬁ%‘?g y%f‘g?g% gh gses t'o insert needle 92 so
that it |i2ss erftqsrlethpw theé nnedélel tiasonndheppbady, atasthsh@wint n ofFi g.

9 for exanplﬁ:sextts%t, tt@;@ﬁeceﬂyéelelswerfs%med t@fap@rcttm & dd it ea
foll owi ng steps: ct the needle insertion point. 2. Posi t1 on t he

needle tip &F%iﬁé’m ¢ros$Rs pbhfit tageetns 8nd Hataqtﬁrlt"‘h’e'éﬂl €iFrlach

that the expectsd tHeaj e@,t-@éy 11:31§rﬁs&as thatt &h@ettra"‘:.}ectd:iig! at@&rosses
ul trasound pr.obe 98 so ul t)rggsound | ane contains both the target

t
and the wholtg‘ebf AR A ‘b‘?ep%tﬁﬁel PEREYHEC Péd PP EERTY. Once such aligned,
the expectedirajlbciery nsedhewB2in white. The rotation of probe 98 may be

optional [y apSeruithdfy W BAOW dltuat- pokQilbh JICUHS SfeedB Np Sy thA!

it stays in the plane, 1.e., Its displayed i mage rerfai ns white.
When the di fReYHdi cates that needl e 92 has entered the ultrasound i mage

(i.e., the hiyue sata:dgéleseeatgéﬁthhgohmgemmwm ke 99, amdimoed
directly in the ultrasound_im roachi ng the target t ake
extra cauti o‘f‘Pet%‘bTo%e?Véc%ﬁe gEFﬁthﬁeédPe°§2 t ¢ f§Plid lifggery

needle 92 irdp t hebserget thet hecénmant alkiedle tip, as shown in the
ultrasound image.
c) Once verified, return ultrasound probe 98 to the
original position in accordance with step 2.
5. If at the verification step 4, deviation of the
needle is observed, (the needle tip is away from the tip
of the blue line), mgfk the actual needle ¢tip. The
computer will calculate a corrected trajectory, taking
into account the observed deviation. The blue 1line
representing needle 92 and the'cxpected trajectory 112
will be redrawn according to the calculated correction.
6. When approaching the target, take extras caution to
observe the actual needle and verify.
7. Insert needle 92 into the target if the orientations
of the needle tip and target are verified.

‘Reference is now made to Figs. 11, 12 and 13
which are simplified illustrations of needle apparatus
with a needle _orientétioﬂ sensor, constructed and
operative in accordance ﬁith three preferred embodiments
of the present invention: ' .

In Fig. 11, there is shown needle apparatus 120
which preferably includes a needle 122 and a _ connector
124, preferably standard, foc_connection to a sampling
device, such as syringe or other similar device (not
shown). Apparatus 120 preferably further includes a body



of :.the needle tip and target are verified. If in-plane insertion is

| npossible in the specific procedure, or if the physician chooses to insert
needles 92 so that it does not lie entirely wthin the plane of the
ul trasounWO970p@9 nethod is perforned according to the PETALA&OARSOSt eps:
WO 97/ 03609 PCT/ 1 L96/ 00050 18 1.

Sel ect the needle insertion point. 2. Position the needle tip on the body
at the point of insertion. Orient needle 92 such that the expected
trajectory crosses the target, and that th%e white circle is on the target.
This means that the trajectory crosses the ultrasound plane exactly at the
t ar get . 3. 12bnsent whAaRHl @s9houvhted \éerﬁéqdlé'hmriactmaionpﬁshkbﬁn 08t he

needl e as fol |l ows e the o soun probe 98,
unti | the mﬁlfe ngcletﬁeLPsqﬁﬁfékatléh éi Eﬁé%ég% #igég'bg 9 rve
the actual opdediad tuepec&sloshmle 3@ hEox| w!atmms magenser llﬁce

verifi ed, &Q%Hrne%k%&%%ﬁum%ﬂ¥éﬂ¥%§¥3 (ﬁbtthEh&Wﬁglnaéeﬂ@éft'9§8'n1s
accordance with ste 5. ¥§r|f|cat|on step 4, deviation

of the neeaFéfP§aGB§eP%&TdQﬂqM}WMRRﬂ% t is anay fromthe tip of the
blue line), mark the agitianalaad) eddp. 1T6enapnpotrrise| tweal poraiens

corrected tpajyector Ki, C i d atign he bl ue
l'ine represe?’u dy e’:ﬁi %naerr?d%%egggie.c‘gg f?%é e‘g‘?o f')"(éllzgvvl ;
redrawn accdidd |ng mceﬁm@ahﬂxnnaﬂnﬁnqnw1ECEFbﬂCth tOVﬁbﬂ dpppgaehlﬂg t he

target, takgn@plsid L Hdddie 122 ONSEd ViFok BEoRC1 46! 1 AELEAEs aBEnYBEI f Y287
Insert needle 92 into the target If the orientations of the needle tip and

target are P&4 fioRtiolecahie | BRhoprbLoRo1EPgReing Tougalles and

sterilizable before each use.

Reference is now made to Flg. 12  which
illustrates ‘needle apparatus 140, constructed and
operative in accordance with another preferred embodiment
of the ' present inventibn. Apparatus 140 is preferably
substantially identical to needle apparatus 120 of Fig.
11. In needle apparatus 140, needle 122 is preferably
fixed to a groove 141 formed in body 126 by means of one
or more clips 142. Typically needle 122 cannot be removed
from body 126 without breaking clips 142.

Reference is now made to Fig. 13 which
illustrates needle apparatus 144, constructed: and
operative in accordance with'jyet another preferred
embodiment of the present invention. Apparatus 144 is
preferably substantially identicél to needle apparatus
120 of Fig. 11, except that connector 124 of needle 122
is preferably attached to body 126 via a mating connector
146. An additional connector 148 is preferably in fluid
communication with needle 122, and is mounted on body
126. Connector 148 may be used to connect apparatus 144
with a sampllng device, such as a syringe or other
similar device (not shown).

It is appreciated thet various feaﬁures-of the
invention which are, for clarity, described in the
contexts of separate embodiments may alsoc be provided in

combination in a single embodiment. Conversely, various



which are sinplified illustrations of needle apparatus wth a needle
ori ent at ivpd 9765596017, const ruct ed and operative in accor gefgoeuiobdy t hr ee
pref ersed enbodi nents of the present invention. In Fig. 11, there is shown
needl e apparatus 120 which preferably includes a needle 122 and a
connector 124, preferably standard, for connection to a sanpling device,
such as syringe or other simlar devie® (not shown). Apparatus 120
preferably further includes a body WO 97/ 03609

PCT/ 1 L96/ Oogggt JRe126_gn \Q/gl ch §emq@i‘ed v‘,ahn‘:{,s-hedlgré)r| ept 2 atiqgn sensor 128
for use with an orienfation and p05|t|on Sys %en] and’ an %ptlo Vit ectric
cabl e 130 féesephhedt ingthsengnrext2@fiia Finsderembodinentuinay 4wt
shown).  SepsOhrodifed §eBE€E€é§?| xrerib.ec&#ﬁ i oghe %c&agéi 4y, body

126 may conprise two Eortlons 134 and 136, joined together ast ener
132. Portion 134 is ph&f eMiBLyDBePRRESSHAL t%h%%F‘E‘U‘% hes%ﬁlslgﬁ%ab’ﬂé

i nvasi ve neeldé eat22thand ther presehd6 invainlien stswdt 1260 psl o) i B¢ cabl e
130. porti 136 bei n r%gsagle and sterlll ie befor ch use. Reference
is now ma t BSER; gartisulaghy gh I"Inus%rate THR&S I SLeIRFbeYR: 140,
construct edRathed oper acove pf abeonmgaaaumidqumidmwlqndéﬂinem enhpdi nent
of the presgytthgvgmgigg whBRRT 2bY43 o%A0 is preferably substantially
identical to needle apparatus 120 of Fig. 11. In needl e apparatus 140,
needl e 122 is preferably fixed to a groove 141 forned in body 126 by neans
of one or nore clips 142. Typically needle 122 cannot be renoved from body
126 without breaking clips 142. Reference is now made to Fig. 13
which illustrates needl e apparatus 144, constructed and operative
in accordance wth yet -another preferred enbodi nent of the present
invention. Apparatus 144 is



preferably substantially identical to needle apparatus 120 of Fig. 11,
except that connector 124 of needle 122 is preferably attached to body 126
vi@ a mating connector 146. An additional connector 148 is preferably in
f4uid conWP74€36GPon with needle 122, and is nounted on PODARSECHBEGD
Connector 148 may be used to connect apparatus 144 with a sanpling device,
such as a syringe or other simlar device (not shown). It is appreciated
that various features of the invention which are, for clarity, described in
the contexts of separate enbodi nents maglal so be provided in conbination in
a single enbodi nent. Conversely, various WO 97/ 03609

PCT/1L96/ 00050 20 features of thep ipveniign which are, for brevity,
described in the context of a single enbodi nent may al so be provided
"separately or in any suitable subconbination. It will be appreciated by
persons skwhhedikncihemagt ikhat the present invention is not linmted by

what has bﬁen particxlarlﬁ S§°¥“ agd dq&grkﬁ%&-herejnabove. Rat her the
scope of the present?i nB&8XRPANTPE AEFCAERTSHISFIRF T8 Qi B IRSIH% ol | ow
WD 97/ 0360Bowards a target located in a body volunel/ | 13 OGhadll C L A
Il MS Whatcbﬁp@kéhﬁgdthéisleps of: A nethod for free-hand directing of a

needl e towards a Target |l ocated in a body volune, the nethod conprising
the steps of: producPR8d8firgnde dm28s @& £ tAREehiandbaRid Hadw;
transm ttiagiaaee i nage by neans of an imaging
| transmitting said image by means of an imaging
detector to a display screen which communicates with a
position sensing controller;
sensing spatial orientation data of said
imaging detector with respect to a reference:
transmitting said spatial orientation data of
said imaging detector to said position sensing
controller;
' displaying 'said spatial orientation data onto
said display screen; X
placing said needle with a point thereof-
substantially pointing at said target; .
_ sensing spatial orientation data of said needle
with respect to said reference;
| _ transmitting said spatial orientation data of
said needle to said position sensing controller;
causing said position sensing controller, based
on said spatial orientation data of said imaging detector
and of said needle, to indicate on said display screen a
trajectory of said needle point; and '_
inserting said needle into said body volume
towards said target in accord@nce'with said trajectory
indicated on said display screen.

2. The method according to claim 1 and further

comprising the step of indicating on said display screen
an actual progressive motion of said needle towards said

) O R




detector to a display screen which comunicates with a position sensing "

control | agd 9563586 NO spatial orientation data of sai plotAivsroaaso
detector with respect to a reference; transmtting said spatial orientation
data of said I magi ng detector to said posi tion sensi ng
controller; displaying said spatial orientation data onto said display
screen; placing said needle with a gpint t hereof substantially
pointing at said target; sensing spatial orientation data of said needle

with respegt to said _reference; transgittipg said spatial orientation data
of said needle to saﬂ??xﬂﬁ?qQﬁl%%ﬁ%f%%néoﬁgrSFFgFr eiu&itignsaild #8<Gi ti on
sensi ng com r dnderfudtdsaf conpaisispatheal soepeonfatindd cédatimgofonsaisiidmagi ng
detector a f [ eedl e, _toylngd] Ld disgl sgheen a .

traj ector yr&é‘?%slaal d '?lgeé;rcﬁee'l pot nt?é‘égéclig?zr,ée'rg?i %gkgai é%%ggél e %% £4% body
vol ume t owdhrdsl extiarst-arget in accordance with said trajectory indicated on
sai d di splay screen. 2. The nmethod according to claiml and
further conprising the step of indicating on said display screen an actual

progressi vé noti on of [R&BFHRRA RS EONRI B8 £Qi Bn¥aPrdeclainsnd g7 303md
PCT/ | L96/ 0GQxth&%r 3.comprisidge tkéhosltescosfli ngdijaseiinger 20f ¢lainygy 1 and
2 and furthgr, c risl t he, st e | pdpcating on,.sai d di.spl. sgreen a
deviation 0O rseaclq: °nnee°0tlngu}er om & ?dg%r%ugeﬁo?épgi 1¢°%0 c%@"%t ﬁ'é‘d:
accor di ng ttheappsfitiimiol the Beedllefpeinhtrenteminigsithg targetstep of
adjusting a pl anar direction of the image so as to cause it to coincide
with
5. The method according to any of claims 1 - 4 and
further comprising the step of indicating to said
position sensing controller the position of said target

by marking said target on said display screen.

6. The method accoéding to any of claims 1 - §
wherein said steps' cf transmitting said spatial
orientation data of said imaging detector and said needle
to said position sensing controller are performed by
means of wired communication.

7. ) The method accor&ing to any of claims 1 - §
wherein said steps of transmitting said spatial
orientation data of said imaging detector and said needle
to said position sensing controller are performed by
means of wireless communication.

8. The method according to any of cleims 1 - 5
wherein said position sensing controller indiééte on said
display screen a two-dimensional trajectory of said
needle point.

[}
Ut

9. Thé method_ according to any of claims 1
wherein said position sensing controller indicate on said
display screen a three-dimensional trajectory of said

needle point.
I

| A O
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_the position of the needle point entering the target. 5. ~ The net hod
according to any of clains 1 - 4 and further conprising the step of

i ndd cati-ng to said position sensing controller the position of said
target byW@R7l0B60g sai d target on said display screen. 6. PCTIL96Ideeso net hod
according to any of claims 1 - 5 wherein sai d steps of transmtting
sai d spatial orientation data of said i nmagi ng detector and said needle to
said position sensing controller are perforned by neans of wred

conmuni cation. 7. The nmethod acc23ding to any of claims 1 - 5
wherein said steps of transmtting sai d spatial orientation data

of said i mdiglg det ectuaf afickipa dhdesLhenkOr8ahllyPOY L1Q343451NG ang

controller are perfornedjﬁg nmeans of w reless coimunicati on. The
met hod accdMithEn o CARP IS & the 1stePsofhdigphayirg pééﬂ@loﬁpgénglng

control | er ioidiendiativh Shith BESEHYd $668ES odtol WRid AERHIAYAscleledl eCtOry
of said needle point. 9. The nmethod according to any of claims 1

- 5 wherein said position sensing controller indicate on said display
screen a thidde-di nensilivml nethettacgoodisgi doneegl efpeilatins 1 WO 96/,03609

PCT/IL96/OOQ@Q§§§&H)i]id stggm5§m5p€ @fﬁgrghngmggsgg¥ %rgbrmggt 8H 9 and

further conprising e step of displaying sai orien dat a
of said nee&¥§QﬂﬂRY%§ukF4£¥ﬂﬁeﬁﬂ%k?%%ht 11. The nethod according to
any of clainms 1 - 10, wherein sald step of producing an image i s performed
by uItrasou | magi ng ui pnent . met hod according to any of
claims 1 - %0 \/\/r1ere|1ﬁ"qe sa"f?itré‘{%pa%‘lwb‘libﬁﬁcf:ﬂgaaﬂ Piagdai@spdr for #d by
X- Ray equi pwhereit3. said stidie ofiplodueingr dhngnhgeady percboamed lby 10,

X-~Ray equipment.

13. The method according to any of claims 1 - 10,
wherein said step of producing an image is performed by
computerized tomography equipment.

14, The method according to any of claims 1 - 10,
wherein said step of producing an image is performed by
magnetic resonance imaging equipment.

15. | Apparatus for free-hand directing of a needle
having a point towards a target located in a body volunme,
said needle being manipulated only by a hand of said
user, said apparatus comprising:

a position -sensing controller which
communicates with a display screen:

imaging 'aﬁparatus fbr producing an image of
said body volume and said tafget; '

an imaging detector for transmitting said image
onto said display screen; -

a probe orientation sensor for sensing spatial
orientation data of said imaging_detector with respect to
a referenceé and

a needle orientation sensor for sensing spatial
orientation data of said needle with respect to said
target, whereby said position sensing controller, based

* < L M 1 *




wherein said step of producing an inage is perforned by conputerized

t onogr aphwoexqageent . 14, The method accordi'ng to amgraiosmossons 1 -
10+ wherein said step of producing an inmage is perforned by magnetic
resonance i magi ng equi pnent. 15. Apparatus for free-hand directing

of-a needle having a point towards a target |located in a body vol une, said
needl e bei ng mani pul ated only by a hanaliof said user, said apparatus
conprising: a position sensi ng controller whi ch conmuni cat es

with-a d| Iéa%?ggﬁﬁﬂﬁl|§¥¥rgkaggggragg%Et@o%agﬁogugg a%e éﬂ%% of said

body vol 0re “an an I ma ector f fsmit sai d
i mge onta®dsaiaf diasis m%iireeerﬁ-nﬁlﬁﬂﬁsé e saist idéﬁpgemsoscmenserasl ng

spati al afiHEA¢d QN HHmP i & HdeiMBIPBInECERG 0L a WAL RabGBRECT tO A
reference; and a needle orientation sensor for sensing spatial orientation

data of said needle with respect to said target, whereby said position
sensing<mﬁurollerAﬂphxﬂtus \Vr&dra26@9to claim 15 wherein said

PCT/ | LQGII%%%)“E% pél}_é 341199 gg&atd] q_qla%at %eﬁgg%taa:}%tg& gl ng detect or

and of sal |ca es on sa| romsaid

needl e pdiaid |=m¢sm diﬁ%ﬁ'{}mlf is. an ultrApmmdt msanadwuem .ng to cI aim 15
wherein said ineging apparatus is ultrasound inaging apparatus and said
i magi ng detector is an ultrasound transducer. par at us accordi ng

to eitherlTof cla|mﬁ?ﬁ?r%ﬁﬂfJEFCQHGF§Snt§m%§¥%¥m€foFﬂéﬁﬂﬁ|¥ﬁ1§§H%
communi catées Whérein s E igdshhe SGBSEhg:a(tQI&W Olsle@s o A cdmmnGGAtedd code.

18. aratus accordin i ther l,ai ns .15 an 6 erein said
needl e orligtﬁfat?% s%?.ss’o‘i1°(§b%ﬁﬂ?§ﬁ§e§°n rolldr via r]ig'gevglng

code.

18. Apparatus according to either of claims 15 and
16, wherein said needle orientation sensor communicates

with said position sensing controller via a triggering
code.

19. Apparatus according to claim 15, wherein said
probe orientation sensor and said needle orientation
sensor are electro-optical sensors.

20. Apparatus according to claim 15, wherein said
probe orientation sensor and said needle orientation
sensor are magnetic sensors.

21, Apparatus according to claim 15 and comprising
a three-dimeneional  viewing device for three-
dimensionally view1ng said needle and said trajectory " on
‘said display screen.

. 22. For use with apparatus for free-hand directing
of a needle having a point towards a target located in a
body wvolume, needle apparatus comprising:

a needle;

a connector for connection to a sampling

L) O O




- W tsh said position sensing controller via a triggering code. 19.
Apparatus according to claim15, wherein said probe orientation sensor
and” sai d W&I,l@ rientation sensor are electro-optical sensors. 20.
Appar at us Ao ing to claim 15, wherein said probe ori eRGVILI6000S0OSOr
and said needl e orientation sensor are nmagnetic sensors. 21.

Appar atus according to claim 15 and conprising a t hr ee- di nensi onal
Vi ewi ng devi ce for three- dinmensionally viewi ng said needle and said
trajectory on said display screen. 22.25 For use with apparatus for

free-hand directing of a needle having a point towards a target located in
a body volemice neaufle apparatus conprising: a needle; a connector for
connection to a ,sanpli WO 97/ 03609 .

PCT/ 1 L96/ 00050 25 devi L%%é%%% a°“?188c7§|331°6‘ri ER"Ft3%on “Idetsor semseh

senses or9EHiRE? bROBIOE s el develedlni Wh thespapedto t LHYEhce .
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