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DETERM NI NG ACCESS TO A SUBSURFACE TArme““ WFERENCE TO A RELATED
APPLI CATI'ON (' Applicants hereby cl ai earlier filed

provi si ongho pRéssgd application Serial No. 684689, 365 5 fil edrdmspa3i®, 1998,
which is incorporated herein by reference. BACKGROUND OF THE | NVENTI ON 10
1. Field of the invention. This invention relates generally to determ ning
the location of and the METHOR AP REWFeFOR PETH g}HNG dentified by an

i mgi ng techni que, such afCEHuUE? ASUERTRRFAGhYMCERgneti ¢ resonance

i magi ng. Mare specifically, the invention relates to a device and net hod
for determlﬂrEkthe 0 tinallﬁgth to a subsurface target by correlating the

opti mal paer% SrRE o SRR TER %%ﬁb%@NHE?Nned by i mages of
markers in a CT 20 or MRl inage and a direction of a visible [ight beam
aimed at the tar 1 2._Background art. 25 Cui dance syste uskgn I si ble
light to iIIuning§é9}+ﬁ9%%$ Sl d?iﬁﬂﬁf%ﬁiﬂrfgyap?a?ﬁﬁfﬁ?Bcgfgﬁgin a

pati ent wer epkonimional heatpast . aphkicat Don deeckalyNoenb0A88AsRESt oget her

wi th an 4 mag; GhL0E; e S onpu h I, it was
known tog usgfg:ge%rﬁeh%%] rrSD’r gfér?ﬁarkg‘?slg?% ﬂ%l %ﬁ%%{r%??ngﬁgﬁtﬁgfggé‘it on of a
targeted are®efereR¢Se to the i magi ng equi pnent. For exanple, U S. Patent
No. 5,769,861 to Vilsneier discloses a method of |ocalizing an instrunent
in which internal_markers inplanted in the body of a patient and 35 secured

to the pati PRCECRRUNP QF | ENVENEE@N Ut i 1 i zed 13 DECEMBER 2002 WD
99365380 - 2

10 1. Field of the invention.

This invention relates generally to determining the
location of and the direction of access to a target
identified by an imaging technique, such as computer

15 tomography or magnetic resonance imaging. More
specifically, the invention relates to a device and
method for determining the optimal path to a subsurface
target by correlating the optimal path to an image of a
subsurface target defined by images of markers in a CT

20 or MRI image and a direction of a visible light beam
aimed at the target.

2. Background art

25 Guidance systems using visible light to
illuminate the direction of approach to a target located
in a patient were known in the past. When a guidance
system was used together with an imaging machine, such .
as a computer tomograph or an MRI, it was known to use

30 one or more markers to help determine the position of a
targeted area relative to the imaging equipment. For
example, U.S. Patent No. 5,769,861 to Vilsmeier
discloses a method of localizing an instrument in which
internal markers implanted in the body of a patient and

35 secured to the patient's skull or skeleton are utilized

L
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PCTI US99J13279 to deternmine an internal reference system fimpeqemsErroizng CT
or MRl imaging. Fixedly connected to the internal ' nmarkers are external
mar kers serving as an external reference frane for determ ning the

ori ent ati oMO®P/65388 ' 5 external markers relative to the intRGTASNIIRers in
an imagi ng machine. Additionally, in gr der to position an instrunent
relative to the two franes defined by“internal and external markers, the
instrument itself nust be provided with at |least two narkers to determ ne
10 the inclination of the instrunment. Cearly, it would be desirable to

provide a metBodet@imifSi Li0NIHRG AR FRleRnERRE 59 sfB g%gi par%emiﬂg
W t hout having to use two sets of narker Tranes, “one of which has to be .
i npl ant ed ianh@rp&ﬁIeﬂmagng | Fgmeddyi erngesyetergéher ANtegndll aser beam’

for use Wt hmarkéracarieexiterdRaC mak&ersN sk ingt bel an katern@li dance
System for CT- gw ded Procedures", Radiqgl qgy) January 1995, v.194. No.5, pp. -
282-284. | n FREETEPCRcEEaS Y SatSrmdndBgr tihgy ox ipRSAt 108y Afwddheount ed

on a 20 hori egtkehadr meekidrealrdlaitdivaf fiox@thel A nkeFhagdaifaikerEhan aser beam

could be rotated.about the cen Qf. th rot,ractar. The net.had of _using
the protract 0F2#PH MRE S er B@’#ﬁ&“ﬁaﬁ& cat® OFESH :L@ctﬂ%r’rtdf’“a&&r oach to

a target consnstedmefntt e Madlilveniting tdteetwo Aramasededin€l Yy i mages of the

targeted regi o] i sﬁ?}?;t I Qf, LNt Qihddie s34 nd t he
target point h\%gfgﬁé%o?g?_o%ﬁ&a ) %%%dfggﬁ%ﬁe%élﬁg{%’% I r?%{ldel?cgeerlt% the path
bet ween t he MHE§ebeapFovidleshmifpditntlesss tiven mevdkeai® trhaete@ing nt  of

entry wag magkediBr1Rha®itg & 34O 1RGN MmeIN MRINYa AR,  he RASURNpe SKin.
After that the %%Hint was noved out of the scanning plane and the

protractor wd§Si FedQ PHAHIAe thdetind t6r iRRSidRIE hRhoved al ong t he
rail until theskasmentedn @5 GRidididedichiine vitthaid apigiditt®rudde skin.

35 The syste nd th descrihed in the for i.n rticle.have a
significant g}"gagﬁgr%t é%cej Waf{%%a&eq%ef' SHS g’%?é%‘ %%’g 9 kﬁ%CEIVBER 2002
PCTI US99I 1321gpdkngwdoniny thre gegdriedtnat e vi sual deternination of the entry
poi nt aRg access pat ?éqg ase tqqu# | @%mr renci ng
t hat patmﬁ to the %irlgg:h:%o o&lﬂ%%ser eeg{nérzaﬁ t ergtligfr%é{%%e i%ﬁe i's
taken. 5 Mor ¥8feWithf @eCh HCamfD-WhArACTIRIadrin £hg R oke t Hea®@¥ient' s
skin, additi ciadan®Ryisieten MESeSHIuideE Brbcediliee g PPREdPbBegPg of the

k th t int of t i A di it | d be . .
gg\r/aﬁ': aggoussﬁgﬂﬁr qug sg’e‘rﬁ%‘:‘ds‘ﬁl@‘ﬁmﬁé‘? r%éaé]%e%“ ‘1:) *%ﬁ%?'ia?eﬁ)hc%\ﬁi ch
woul d al | ow o pseteetctidie upportoinegrd rlasewd lsemgh evad mpunoadhonhoaa t ar get
K th S . : . . , >
mark thal POiRl;ORRe RA! '%ﬁtfcﬁ'ﬁ?ﬂd%&%%aﬁ%sﬁ‘ SAgEELLY She

direction of _approach to the target w am at me i magi ng
i s performedlacerndgam Ol Peoret atedakeragelrisceBtee abl Bheo jdentify

various pat hpref raet®ssi Noridiand Bia®to £llis 11y Ofike | PREt PIcROLCREURE LWt hout
having to repeal | quding to agoess, sl apIILyi gl SLSLpatiyg paths: 20
target consisted of the following steps. A number of CT
25 images of the targeted region was obtained and the point
of entry on the skin and the target point were chosen on
a CT image. The angle of incidence to the path between
the target and the entry point was then chosen. Then
the point of entry was marked by placing a radio-opaque
30 marker on the patient's skin. After that the patient
was moved out of the scanning plane and the protractor
was inclined to match the angle of incidence and moved
along the rail until the laser beam was coincident with
the entry point on the skin.
35 The system and method described in the foregoing
article have a significant disadvantage in that they



It is, therefore, an object of the present invention to prOBECEMBERY® em
for use with i nagi ng equi pnent wherein markers are used to correlate the 25
poi-nt of- entry and the angl e of approach to a subsurface target in a

t hr ee- di nwO39mS380 pati ent space to those in the image of tME/PSIN32N

di spl ayed on the nonitor of the inmagi_ng equi pnent. Anot her object of the
present invention is to 30 provide'hfﬁé}get | ocal i zati on system whi ch has
as many degrees of freedom as the image plane of an inmagi ng nachi ne. Such a
systemis advantageous in that it determ nes the optimal path to a target

which is diffigcul I i i i i ng. nad 5

fo: fovm! ag ![ h%ai%it%rtrl] fQﬁﬁéeﬁﬁn%ﬁ%ﬁ%egﬁéfé&ga%‘%g%ﬁ%%%%gmf It\%/hgnot require
to repositi emntre painemndraccdss DRCHVBRR 09X Ng@9|6538d on 4 CT

PCTI US991 1320 4 diﬁ{tﬁaupeféﬁig%ﬁgﬁ?ée ol pdBgi 09 G detereiag dhe path

to the target. s yet anot “present invention to have a
syst em whi cHEBR obR%RE Permt abnshetf ol thedCE Feage i bmarakeRi on of the

vi si bl e 4 i ghiohesret N af t&F Jehé NBadYSISPAdnie Mhsleket Oid NS1LA6@ bRetREEC sion
of target Iocallzat;on End dgégrnlnation of .the, preferred position of the
target rel atPYErERE 1 FeSEIRt AR FRAL ME"YFIRE 11D NSFESERELSEPo the target.

10 It is al sensunpé hiehie oprepér opladingreS ethe | aekét oont therentte a net hod
of determ ning. and jd i fying ath.to subsur f a arget, wherein

mar kers are s%@gt%fdégérﬁﬁ%%'tﬁ%g%%f%lﬂﬁfx’th% %%Vg§o$ean i magi ng nmachi ne
and at the sxdvantagecusdedihaveha syseenl ang metbddaoisStargebl e |ight beam
I's diregded Pécélﬂé'ééfoﬁ%h?&h'J@éﬁi&@ﬁowﬂ?& §¥fé8£“ eh tESiHT;eéE”t

i nvention conprises a radiolucent support structure stch as a frame

assenbl y postRFBYiedndi 2Rghet AE PRTEReh BOCT Sanankr BArknbhAErP2BNEMAgI ng

machi ne. Sui bt ke dpht eiBaBSsRURNaAS FiGEREaAESEBRYYi8aAthielatRet he frane
assenbly about its.,axis_.of rotatjon. Two markers ar at&acFed to the franme
assenbly at %bB%EF%EnISEa?PBHQ?C EC &89 HéﬁgﬁEswéﬁng. bEPkePSaWs 8% for

X-ray i magi nghe sutthe asm&ginganai pgrfareeds r atli wonpdgbe. evenkaogesui t abl e

for use,&n i nance i png . p UEES n; opggnetic, so
they dokt | AeLehtaqbSag)eniBe) ABOL HOPLAERELESSvEE EolR PRREOEH
"fiducial s" ascessingotheptargat durkagsoneai impgéngoprecgdbrecul ar type of

| magi ng. ForyexAgRt ehav9ngf tEUEEpLat $RAgLABI €8CAEsEAG 3uiRABYE i#R kers for
CT scanning, _or_non-ferromagnetic markers that can be imaged with MRI. It
is al so undePEtBbherRaFiVRePatBRist fiducials that are both radi o- opaque

and non ferromagnetic, which are, therefore, suitable for both 35 CT and

VRI ina?hggLﬁ§@%§ﬁ§sogfThEaENghﬁglaﬁe manuf act ured, for exanple, by BRAIN

LAB in

It is, therefore, an object of the present
invention to provide a system for use with imaging
equipment wherein markers are used to correlate the

25 point of entry and the angle of approach to a subsurface
target in a three-dimensional patient space to those in
the image of the patient displayed on the wmonitor of the
imaging equipment.

Another object of the present invention is to

30 provide a target localization system which has as many '
degrees of freedom as the image plane of an imaging
machine. Such a system is advantageous in that it
determines the optimal path to a target which is
difficult to localize, the determination being made by

35 following the motion of the image plane. Use of the
system will not require to reposition the patient in



WD 991 65380 _ 5 _ 13 DECEMBER 2002 ' PGITI US99I 137279 St at e3$3 DECEMBER 2002
description of the present invention theterm"fiducials" is used to refer
to either type of thenmarkers or to the BRAIN LAB type of markers,

dependi nyvm9965380 t ype i s better suitable for a parti cul ar PCT/US99/13279

i magi ng5procedure. A visible light source, either distant or attachedto the
frame, generates a |ight beam which i*s directedal ong the path between the
two fiducials either by aradiolucent mrror or by the Iight source itself.
ThelOf rane assenbly can be positioned using Xx,y,z translationstages such

that the co i s _of.d .er. arel | s t f target.

I n such acog’hﬁ&g?téﬁ %rgo&ﬁls%%ﬁog‘naﬁ %&%r#lg‘%?/ls% %&n%%@@g he tgrget )
as the visi peghl itghttheoaageits rot at ed by t hel5frane assenbly around the °*
atient.Wien the fr ' A ' ' : a Cr

pat i T A2 235 8IohdyS NI Aiedid gl dARORR AN

scanner and the patien anat oy i si"maged, e i'mages of two uci al s
wi || appear tion heiy& fagyséem whisinraayides g d1mngnt it Andf

the20scagnnerotAtGomAUl fotdere it @thd Vigitalevasyithadmpfiguci al i mages will
i ntercept certain.regions of t heli?éﬁl ent's, anatorg/ nd, at fhe sane tine,
will cor resﬁ&‘t’f@le&lﬂ@g FiFE N h TH RE NS5 PR At i nt he

]trame assemn:ay*g@ft tilealrieaeriion mtﬁ\tdmrrﬁrﬁﬁﬁn‘ph &fjﬂtme garefoipé@ t he .
rane asse . 0 eqgreesto si.td on .t i ials r roun

t he pati en?g’r%,ll{tq'ﬁer g&g%e% 1% (‘5’%%859 tLFegLrlattlhvee fq%ﬁtcﬁealélférgég]%sﬂg%wmﬁer %r ound
the i mage oflirestisn oft 'ascasa dry.Uhe qisotget frane assenbly a visible |ight
beam i §30di r ect ed ;0 ati : i i LSl e by the
l'ine disi?pl ayed oﬁlittﬁest %’(?nal%t tgp%{)%h%gis%a%ér}gr%f %%%%é%%aﬁﬁﬁgégﬁes t he
poi nt of entOy REAVHEDp A mardon af Metirrwiating andeldert bfvingpproach tot he
target corresRMdNG addie PRI gl Whawdid hedrrass eapé 4884l tae

defined by the twa fiduycial |mav9ie ont he scanner nopitor. B asuring the
i st ance beCTEETMIARD S B350 With the MR PHoHEHITEarhssss ( he
skin and t handtagnddet tsamgettime tthe dSEimsmgehe thinelepldngf wheaht aati on of
the instru . ] g{‘f I I r dyre the frame
assenbrl;? isne.’gtsﬁo%?i%t ?‘g‘ﬁg‘? %{?C’an[‘f_\ﬁsat éeé%%l%%a gé‘P?%gi 1g&fehéﬁi mage pl ane of
t he i magi ng WMEHUYRENtAn i nage of the target is displayed on the nonitor
together with theHdmgetdf dfaid Qdsdse hivdiei §hawsmpeiveanat he two
fiduci al irra%e;,oislrl\{ﬂ%rr%gpts thett Eﬁa’{%géq‘;?negg;ﬂqlthh#%e;n iﬁggﬁi Qgﬁtgh 1 oi nt 10
of entry an i HRRAF t p t +¥To be

abl e to chogesitthenadfwitiach poid £ieldeot ad 0€T, sthanapedat anothetrhe

i magin chine . reqotely r sijtjon,the fiducials relative tg the frame
asserrbl%yo,rraor;L "{cl’r%lalrf1 "fa}'nc«reﬂllﬁbes’iti%"g&oﬁbjt%ed’ﬂ"éﬁem%%%%nﬁwf‘lg?i s%le..r Once the
preferred passamblihcammpdtaties the ctrane ageenhdyi agontichtseaxd® € t ur ned

of f. A visihlgtddidH. beam iddMarating dbeashbgCt8deRRCERR@D path to the
subsurface target wll guid surgeon, performng_an i nvasi ve nedi cal

€ a ( g
procedur e WASTRRAPLD A RIRRGTY th el QCAEESR and- Bhel POt ABAESES @R3&Ssi ve
radi ation omMam@nsd iusdd efdis . x-hhep eimdging hesueh) ast eTapdantdarf,agae of the

resent,d nventi.on will be i ncreasi re apparent to.t.hose skilled
P re 2 R tadne’s Tt 2% et o LREcuBRD I RaghBtid t e
acconpani ed wrssomargs: iRkREMPRSCHYETh s Grrd HiohRABK KGMaGBERES Flgéd 1 is a

scherat | o 1 Qntesenl Al ol ANEe 2R Efe MRS HLLaCbakE ALgPEN | NVenti on

in the tunn
process. A term "fiducials" is used to represent markers

suitable for a particular type of imaging. For example,
30 "fiducials" can represent radio-opaque markers for CT
scanning, or non-ferromagnetic markers that can be
imaged with MRI. It is also understood that there exist
fiducials that are both radio-opaque and non-
ferromagnetic, which are, therefore, suitable for both
35 CT and MRI imaging. Markers of that kind are
manufactured, for example, by BRAIN LAB in the United



scanner. FIG 2 is a schematic representation of the el engpbsceMeeRYe0S r ame
assenbly of the present invention FIG 3 is an illustration of an
X-translational Y- 35 translation and Z-rotational notion of the frane
assenbl y avO®%i65380 esent invention FIG 1 is a schematic repP€TaIB9IR2HN of
the frame assenbly of the present invention in the tunnel of a CT FIG 2 is
a schematic representation of the el nts of the frane assenbly of the
present invention. FIG3 is an illustration of an X-transl ati onal,
Ytransl ati onal and 2-rotational notion of the frane assenbly of the present
I nvention CENBER. 2 5380 1 ls s a
Cross sectloﬁg%ésggﬁ/taken 9%%%%¥%§9%ﬁ gt gPECE&Q§§%£ §%z%nElghb%ﬁﬁg a
fiducial, raBebmulépdugipts! bmduaedi §pbr@frzrgﬁp edthes wwe oF §hethe

assenbly. 5 RFhEketB be @oCEHéSB@QﬁI' aRsl cypewo@ Hihk:&(er‘&so RePer@Angnd

show ng anot her gnbodlnen a frame assenb Cross
sectional vi8W ¥ ﬁFIEVPFOIFIEﬁtﬁ%Faﬁﬂl§ﬁB%Fn§°§éP QﬁSFH&uiﬁﬁximﬁﬁ%ﬂﬂ of a
frame assenbpyocéBukkG 5 is a schematic illustration of degrees of freedom

f the f I t he, t t,i || ti

of images of fidubi SLETHLFI i BOE SEPIRES nESFOEs 1S CARY PEI@ATR ant o
anatony. 15 EbGShe?Ax;ﬁeargehérasesaalmmghS|behm‘ﬂhacﬁl@s eliared-tymdovi di ng
schemati ¢ rePiSﬁg“EﬁE' ?Iﬂghoﬁei:ﬂégﬁs&% E%‘ %q.?iu%.l%ﬂ.%t %VD(:erf} ‘BJa‘;agre“t

| ocations relative to ucrals ont view o
enbodi nent orafihelzeepte@éﬁrornvénbb'oﬁheFﬂ@;gmAa%xrares|1G@aﬂ+few'13fe an arc

enbodi Mm@t SiFahar ats.gehmy eaan@ P%sﬂ@‘ibn\é@le'h@ﬁi‘lgf hdyciAltsra{f dta ed in
atient_ gnd a“visible |ight source

t he i mage pl ane on the s%ge g
i s |ocated ofit8Pge PHQ i FBFE P §n€°°2'511F‘P§e39l9ﬁ dt8 GEWSH AFDf an arc
enbodi ment silpckahized bhathef shb&uraket taliejedi.n ard isgith source serves as a

of ‘an | mage SPURASPERLLE RO BRI Bodt B ROAP ARG BT HGIET 50 Fi g,

11 is an il ader &airgetohsatier vitsibdeoflight source is rotated by the
15 frame assembly around the patient.

When the frame assembly is positioned in the image
plane of a CT scanner and the patient's anatomy is
imaged, the images of two fiducials will appear in the
image of the anatomy displayed by the monitor of the

20 scanner. A computer generated line between the two
fiducial images will intercept certain regions of the
patient's anatomy and, at the same time, will correspond
to the line along which the light beam is directed in
the frame assembly of the present invention. A CT

25 operator can rotate the frame assembly up to 360 degrees
to position the fiducials anywhere around the patient
and, therefore, to position the fiducial images anywhere
around the image of the patient's anatomy.

In such a frame assembly a visible light beam is

30 directed on the patient along the line which is
represented by the line displayed on the monitor of the
scanner. The light beam indicates the point of entry on
the patient's skin and defines the angle of approach to
the target corresponding to the point of entry and the

35 angle of the line defined by the two fiducial images on
the scanner monitor. By measuring the distance between



- approach to a subsurface target illum nated by the |ight hepeeevBegBbsle an

i nvasi ve instrument. DETAILED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT 35

WD 991 65380 _ g _ 13 DECEMBER 2002 PGTNS99/ 13279 Turning now to Fig. |, the
present iwgeyssgyn conprises a support structure in the forpOTaiS9/13279

radi ol ucent frame assenbly 12 positioned in the i mage pl ane of imaging

equi prent 10, such as a CT scanner or6 & 5 nagnetic resonance i magi ng

machi ne. Frame assenbly 12 conprises an outer support nenber and an inner
support nenber which is freely noveable with respect to the outer support

menber. In the preferre nbodi men f_the present inyention, illustrated
et ai 1 e B Gk G Apteided tardat S0 e PhrliaSin i renber s
are in the GBepulofofl ipegsetifataish 3 whe hirsterumsoentan dse and copl anar .
Quter ring %%t%ﬁjb.i%esd.a track 35 in which inner ring 34 is rotated by a

not or gear asse y Via a renote control device. 15 The dianmeter of outer -
radi ol ucent ring IBEigrefan ashaging sprdcedite i the dirdaee passeholiedisi t hin t he’

i mge field 3 3 qgngi I ' t o t he

di anet erseof éa;?nlg:rl%enscp 34 a@tiat‘%n%lggl fa{r%g&eér‘ltgsugﬁﬁ% oﬂgct("szlggm%% e the body of
a patient 1@lana ®f Zhe remgmganehing. M tiragoret oheckargely B8 nust
be of a di amwléﬁ@lém%ﬂ@rmm@aﬁné%@éhéf B RSEREDiMadds | HE1 €Re @
scanner or gﬁgpetlﬁrlnagéqf,qu%gnent en positioning, he,fgane assenbl y
to enconpass FY5aErd-itul B IR PREYRRT Hite SY¥ia b‘%r‘;}?li 1hRSFEri ng 34
carries a plintadrdeptd tdpacedirgpar imdgepctinhs. indicheingetrerpdinubodi ment
of the ese invention, illustrated in Fig...2, the ipner ring carries two
fiduci aill s 3 IE;ietrgca %cﬁ%tp FHe® o %0%?950%% st%ftlf?‘let%{%ﬁet &P g#let he i nner
ring (i.e. ISTidgsi espacemartTo B adllet tonchogse f theeprusfenbeqg patbarries a
radi ol ucent 141 a t NEs VL Sk D k ght ; whi ch
gener ates at\ﬁ Sl %e‘%ﬁ%ﬁ' Btggla%?l gﬁ?%%?egfen%%% %ﬁa%%gﬁegégﬂiﬁlénééYn FI G
1-3 and di r aROGLY FePRSH ieRr thenildneials| sepakiveokedthe £&rMect the

visible |ighisdmamyb 4P shangéi Rk BOYIELoR JofNEheOfgdhmechsblfblef | ect ed
beam al.ong ific 4 ne' def | ngg by, [he. {4y (LOHCI 8l gl LL5ey 13 DECEMBER 2002
WO 99I 80

selected, the imaging machine can be turned off. 2

visible light beam illuminating the selected preferred

path to the subsurface target will guide a surgeon

performing an invasive medical procedure without

20 exposing the surgeon and the patient to excessive
radiation or magnetic fields.
These and other objects and advantages of the
present invention will become increasingly more apparent
to those skilled in the art by reference to the

25 following description and to the accompanied drawings.
BRIEF DESCRIPTION OF THE DRAWING FIGURES

FIG. 1 is a schematic representation of the frame
30 assembly of the present invention in the tunnel of a CT
scanner,
FIG. 2 is a schematic representation of the
elements of the frame assembly of the present invention.
FIG. 3 is an illustration of an X-translational, Y-
35 translational and Z-rotational motion of the frame
assembly of the present invention.



_ g _ PC'flUS99/i 3279 contenpl ated by the present inventi qaptd@aiseRra6®
assenbly 12 can carry two or nore visible light sources. For exanple, the
frame assenbly can carry two oppositely spaced visible |light sources 14
serving awof9esesscal s at 5 the sane tine. In such a desi gn RET/U$N13379 e
assenbly one or both visible Iight _Squrces gener ate visible |ight beans
directed toward each other along the 'dianeter |line defined by the two
sources. Any collimated visible light beamw |l illumnate the line, but in
the 10 preferred enbodi nent of the present invention the visible |ight beam

i I b f |s that d
is a laser beam g J8NE, e t%%el%r{mnq;l%q} algbaq%r{t)y kﬂﬁh:erd(rﬁ S a o]

not interfere or ot herw se I magli ng ca scanner

or an MR nddiiendA-AX rignd i, ok sdib|showdnghia H iangimlendaf FOkuaedE wi t h
VR | magi ng naGcHedta S ShI R0 RId GERIRAI rg i al s that can

interfere with the accuracy of the data gathering process. The materi al

used for nmaff ¥Yng the fiducials 30 can be anything that is not
transparsent 20 tmmramg f®ra @rdémgéétgucfrm axmlsﬁ.ualmﬂl 2 :gmihol i ni um
oramaterl an be imm Wi suc adol i ni um. The

mat eri al s of é”rna%ll"’lﬂ #%rm O} ad‘f‘ee 358§ ent to

X-rays. For exanHk;. t4@ is ra crrass sim:mh:dm]ofvnmvasdimlmet@w% with Ag

to reflect tJhe é'ﬂ‘g"jlt‘{%%‘b%t&fﬁéﬁb% ]lr@é(}f‘to tabi will also be

|nV|S|bIe|nxras serveasare or VISI le light. O her
materi al s w%ﬁﬁ%ﬁbﬁYar properties can be used to manufacture the mrror, as

requirag by a parﬁi@“'?&é”%%étﬁéﬂi@ﬁlﬂét% Eon OETRE COFMESRLSs 06t Lhe frame

assenbly that are located in the I na I ane 0 deV| ce are Xxray

transparent Lrrpdamsferthe, £ ?\%‘Fes%%?ﬁ eréfr"e%%IE]F?@e‘il%b‘é"%t%%
patient's anat omFIdhs €iDs. aﬁ&mﬁ&adimtéﬁtﬁméé@r@f aps@ubiyld?2 is

i npl enent ed several nbodj ments. Fig. 4A shows a_br ce 3 one end WO
001 65380 - [FETHIEGEVEHEIE PHOo FRRISHE 135 7N9E i e h?)%%r?ed by i nner
ring 34 rotaanartgomyl a track 35 of outer ring 36. Fiducial 30, which is
attached; to innerpfdg 24. 75 0L Al €511 %@#Q@Io%tgl&ffafngg FibN0s Ahgached

to the sanme end of brace 32 is a radi ucent 5 mrr ch receives

vi si bl e |i gRTPELAND FFRAMITLT FePrespntabipoee 28 iWageerPEcts it al ong

t he di anet erpadidmnes dndgomdy ih NALE Berdt V1SRt Eohbgbélseiveetds is
situated at tth(f of her end of brace 32. In that enbodi ment both outer ring
36 and i nner % are 10 nmade of a material that is x-ray transparent,
or does not interFEee &iid dofrant ovied ah anageci ambadMRentrolii bbe such as

plasticgA ?}% Lot &@Qgigﬁnt of the frane assenbly of the present

invention i own I n where outer ring 15 36 and inner ring 34 are
attached to the sBHe- e%% bs aratdesyiey Qf sl arri gubodaneBE BAMITAL ot her

end of bracec82cKa¥ réesricdusi abu8OwR8dei AdE9ahbsaNE Hrer 2bcd8edb@nh of
whi ch are '”tﬁh61$§§ ¥ flggeogft ecggggaggge'of the patient and a
visible light source is located outside the image plane.
25 Fig. 9B is a side view of an arc embodiment similar
to that of FIG. 8 but wherein a light source serves as a
fiducial located in an image plane.
Fig. 10 is a schematic representation of an image
of patient's anatomy together with images of fiducials.
30 Fig. 11 is an illustration of a direction of
approach to a subsurface target illuminated by the light

beam to guide an invasive instrument.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
35
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In this enbodi ment both rings 34) 36 are renoved from 20 {3mEceEmBgR2q@Rane,
thus, reducing the risks of their interfering wth frormation of the imge
and degrading the image quality. In yet another enbodiment of the frane
assenbl y WO 995380e present invention, illustrated in Fig. REI/USHA3TY end of
brace 32 supports visible Iight sourge 14 which carries fiducial 30. The
other end of brace 32 is carried by Fnner ring 34 which rotates brace 32 in
track 35 of outer ring 36. In such an enbodi nent visible |light source 14
generates visible Iight beam 40 and 30 directs it along the dianeter of

i nner ring 34, f | tlngt %]g%qa #?@e i 0-1 ucent
mrror. In order’rtutjxlﬁ(r:iél ugé%tﬁg glé |6‘| |ttﬂ3%e egradi ng t I‘?‘-he&guallty of a CT.
or MRl i nagE€BPIige snat éppapgtu%emqsuz@ ranFhec theem 19k #isible |ight

sour ce, theaggsAticent! Frahlel aRsetMISMIALRS & fdid® Agsend! ymaberein the
13 DECEMBER 2002 2’%99' 65380 - 11 PGI/ US99/13279 source is | ocated away .
fromthe i nRgé9S inpgipgaedgente 14 si B 13HR HLaRTRRIEF aREnPtted to
the i mge pharmetic fne@@mmbeein@@l@@edadhzgﬁ C ok oasserhblyhﬁzl mage

pl ane is flxed wi.t h respec to im q;g ui pne(g:)é the frane assg
possesses at® TELH™F5h A% Y, &reggp x anhP T r AHBF Lt PBRBPT Xt and
Yt, and onememﬁm:n ovidlchZis fmﬁ]yahncmﬁblbgw:ﬂﬂs véspeeedbom aheow t he frane

tom)vealo r | 816 o] in Fig.
5. The rotatl onal %\%’q‘t ?"%Hb free om aFTt %% e‘? ?o ro?a%élg ar ound
the Z axi s, this @Ii-”ei%rﬁerlﬁléfmitémnar #HQW@M@@I@%@altuiﬂhﬁigﬁre as

shown iy F' QAa-3d, thcﬁ:}ﬁrthet Wty 'a?rRi‘ttﬂLe Q:Lihﬁ’@ls 58 kEhmEanléeraEer
transl ati onal t Xt of frame asse Z)Eﬂ‘ onggghe X axis. A_vertical

support 15 pgdt & iods TEngs @6 s FERCERERALAL] onal
notion Yt ofaﬁdwecdﬁmrass@ﬁﬁer aiong 36\edé(fﬂxe§ aAbr¥ck Beadsl ghiehal

stage drive ,assenhl PUNES fr ssenbly, 12 al ong_the and.Y axes. A
gear assenbllyn‘ﬁfrro%/ ¢ e HHE eqa??é ¥t%ﬁo%?r FSPFQ@YZUlgsgenbly 12
around t he Zemats ddm/tmxﬂr dentiare t he |mage plane has its own degrees of

freedomdin othery %rcﬁ%méttercacﬂf @Y@ei‘“ %Qdi@?&@&h t91§1 € 3lgmagi ng

equi prrent) as is e case W th sone es o suc pnment ., then the
frane assentﬂ’iﬁfrﬁfs%?@s\ééss Eil%cﬁha}tbnh‘F @%@r%@spﬁﬁlFF@él&ém%}’é-ﬁl &heow t he
frame to noviamadd Eid1ed idRGe @F Akindet r 8AShAt MRDahagdhdfe .t hatZtad s, a

rotational around {he tational .aroynd. the As. shown
in Fig. 5, v%a"&q'l]ﬂ‘%s{ﬁeat%]satﬁr}ee fnhﬂ?ﬁﬁnﬁé?goggdgaﬁeé’s 233 ?‘rer(g(?om of 30
t he frarre asyenigly od ddmopueixte tiheebodpnefi a pddiendn U6o idegirdses of
freedon : %;‘Ze i 3@:@1 as a [ YLe Zt and
rotati onal degrees and‘}>a<pf er atelggrgl‘gg ﬁat%r&a%ln ssem?)r}uysqgf t he
present 35 i é‘]t‘i’fﬁfﬂ%%ﬁfi-‘U’(&Olé\ll@t’rﬁ@§dmﬁye§ﬁn§§aﬁ’§l drame apasthbes a
conput er t onpyrapde de | HCAA B F B Ohagnetic imaging equipment when
positioning the frame assembly to encompass a particular

region of the patient's anatomy.

25 Inner ring 34 carries a plurality of spaced apart
fiducials. 1In the preferred embodiment of the present
invention, illustrated in Fig. 2, the inner ring carries
two fiducials 30 situated at the opposite ends of the
diameter of the inner ring (i.e. 180 degrees apart).

30 Additionally, frame assembly 12 carries a radiolucent
mirror 38 and at least one visible light source 14 which
generates a visible light beam 40, represented by dashed
line in FIG. 1-3 and directs it to the mirror. The
mirror is positioned to reflect the visible light beam

35 40 from light source 14 and to direct the reflected beam.
along the line defined by the two fiducials. It is
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13 DECEMBER 2002 WO 99/ 65380 - 12 PCT1US99/ 13279 subsurf agpeetemegetzotnsi de
a patient wwth the help of a CT image. During a conputer tonography
procedure frame assenbly 12 is inserted into a tunnel 11 of CT scanner 10
shown i n wb©o/essgo so that the fiducial lie in the 5 inmage p#cmeswbmwthe
gear assenbly and the visible light source are |ocated away fromthe inmage
plane. In the preferred enbodi nent-0? the present invention frame assenbly
12 is coupled to a table 18 on which a patient 16 is positioned, so the
frame assenbly can nove in and 10 out of CT scanner 10 together with table

18 without dis ortégg t.h pOEItIOI’laJ al i, 8nrrent of the ?errents of the
assenbl y wi FRPFETR hERGaPrERENt AP EREAST F§aEar 5% r ovi ded, for
exanpl e, byaaseabilgngemean &a&hyaSthat sbrenviisible 13ight5 sthameshe

patient's ag.g&ogyca i’}'&”ﬁ? @f}a&n% EL %_alnneé W|th E’h%a‘,lf’ %#’ﬁ’g?% g(the

i mge pl ane, i mages uP5FEare 88 F°6h Ya | spl ayed
on nonitor Bpagkdt Nessbd#néngh@egpmre:@a A4FisgrvdngA asarfgsiudiiales 2t bet ween

[ duct ak [ MRees cRiel RUSRCCPTNGWRR 20a3aakmod TRAC 2 ety face

target displaye vi deo nonitor the scanner, as ustrated in
Fig. 6, is §BReP&t b@t@y wigdbdef thigiht sENFCe§ @enerater i

operat or of beAfsCHiSERAMRRA tOARAS Radh SW¥Ped GAFHL Ittf&%\al%é&f algie the

inner ring 34 of th 25 frame assenbly 12 to |t|on he fiducials
anywher e al éﬁ& yr &l &MonEQVECeShe ﬁ’i‘ﬁer‘p&sjﬁé“ itions of

fiducials 3([,1gm:r b@ranﬁ&la.lld illsidin@ate ghie id.ure:,eblrt arre tﬂh@wn in broken
lines i the ne I tions tmn vi.si bl Ilght sour ces
14 arehgo gv?n%egs fFeq‘]ereg'tenﬁ‘go hg: prr%?ge e t]toéf ‘ﬁb t he i nner

ring and rep’@§|lhl@nllngﬂft| dheeimalis @i sl@@,rs hamges 20 of the fiducials in CT
i mge 23 in thei ‘I‘Hée"hla‘?déatag%%M gfzg sv%érﬁgfileclﬁaéd% mASeSLLNG 1N

broken lines in Figs rably, re 05|t|on|ng the 35 fiducials
i s repeat ed teth G 104 yinkarflenen on a?’:é@cr%% sgrade dhe 1PRIMRSired area

of the pati eripapidnialyorgf & CT s 4RARH 3&h Mliﬁ ma&mwae&faa@ .
TS RS TSR e 6 e e oS

equipment should not contain ferromagnetic materials
that can interfere with the accuracy of the MRI data
gathering process. The material used for manufacturing
the fiducials 30 can be anything that is not transparent

20 to x-rays for CT imaging, for example, lead or
gadolinium, or a material that can be imaged with MRI,
such as gadolinium. The materials of which the
radiolucent mirror 38 is made are transparent to x-rays.
For example, the mirror can be made of plastic covered

25 with Ag to reflect the visible light beam. A wmirror
made of thin Al will also be invisible in x-rays, but
will serve as a reflector for visible light. Other
materials with similar properties can be used to
manufacture the mirror, as required by a particular

30 application.

All other components of the frame assembly that are

located in the image plane of an imaging device are x-
ray transparent and, therefore, not seen in the
resulting image of the patient's anatomy. As Figs. 4A-

35 4C illustrate, frame assembly 12 is implemented in
several embodiments. Fig. 4A shows a brace 32, one end



- attached to the franme assenbly, in which case the second pasttEmdet 2oozng t he
path to the target, such as, for 5 exanple, the center of a circular or
ovdl franme assenbly, will be known and referenced in the i ng machi ne.
Proper poWDi99si8Ag of target line 22 relative to anatony |?ﬁ58959293?7? CT
imge 23, as in Figs. 6 or 7A-7B, 10 orresponds to the direction of
visible |ight beam 40 in frane assenb y 12 defined by two fiducials 30.
Target line 22 in CT imge 23 corresponds to the direction of visible |ight
beam 40 directed at a patient. Therefore, visible |Iight beam 40 indicates

and uni quel %, fdghiings s&ﬁ%&ftéaow ﬂ{ndﬁ:{‘t ustg%tf@ta@gﬁg oh &Pprgegh to the

subsurface target in pat i ent ated 1n Fi , an_invasive

i nstrument 26 &mAUSIhFingesd e Birdumial &9 r Jtieiel b%s?‘t'—’f—%ﬁ’é@ch‘Pl nearly °
with visibl qndé@mu@em AGcthit e idthd Ptwitec Rt i@ér Wrihg., 20

i nt ercept such and regions i ent as are nte ce ted by
target |i neAé'é" Ormtgbe 2’% Wrég\i%{eb‘g?c%e%ut?nﬁ f"h 1ar %EE from
skin 62g0 mn&tﬂmura‘eamm:’tcaf geichidran txlmé:helélelpgm BHamrmgefiam the depth
to which iny SI nent 70 ul d. be vanced in t 25 patient in
order to reac }sﬁbsu ce %oalrgccﬁs@)l war ‘E‘ﬁ%@mltcﬁiéng 8. rection of
advancenent d;famemmsmfe dingetr unierg B0. | nto Fhg. pahi ehsibiedéightd and

|| umi nat ed dyuldie 14 Sl dhidtla AR O, oendT. SRANBET bE0cRr 380 MRy machi ne
can be turne off before t egl nni ng of Cthe i nvaslve procedure. “Turning

t he i magi ng Wl HRRdigentibath z@stemermoéﬁr@néf ipperpuinrgnd4afdenedi cal
personngl t Gnagd S aamstat%ﬁmg Emeié cxfi-8) derahkpavbneackif HekBY accuracy
and precision of, the 35 inva rocedure gui ded the visij bI e |light beam
in the frandsseHifiLfeHe t"Hé: tiow At i BR. 1“‘39\é 88| 883M¥BL. 14 13
DECEMBER 2002 d¥ink Uﬁﬂiﬂ%ﬂﬁpllatstfmy happen that a particular d| rection of
target |ine 22 i nf ofoRoling. Aol IRISE 20N EIEMRE8eAR11S oF che

undesi rabl e, becdlise THVasi Ve | hd anC|ng afong-suc

di rection rragm;mragemwarailm g:amsslmowxml mdFlgS 4Bsswherdi opsead riagneen
skin 620f te DAl | Bie AN HY bﬁMé@&e m}%@é&ﬁéd%o Eﬁe%ﬂﬁ‘t(e kodf bd a

suitabl e direction of target 1 ne avol ds vital organs,_ inner ring
34 is rotat ¥ rPHAT (Y g)e%gllf- nBOYPCEnd4 - t hahef OtBeT RBY Afe defi ned
by two fidudbdce i3p Jcﬂa:hl‘i?é@ a&:&wb&y 1@. akll eagianaueenti MEAFEec26 3ies

located in the ce 2 line 22, tti nof aner Ji.ng 34 will
reposition tgaﬁ-get S"h%l% a]he tla \Aiaﬂ‘)a?ﬁap H% Par §et T: f‘sr?g W not  be
i nt er cept i ngirarkhismenbedines: dnyobr eings B#|, ud6r ared riemoNieg. £zaM To

over congy 15 4 sidhdd iptliy, Lh)Ga MeLDAMC0ho! RDEARRAL deneakizon, provi des

for positionng ana I mage In cente arget_line 22 in CT i mage
23, then rot RYSHESHING ‘H‘h‘@ %qn&%ﬁbfmcéﬁt EPeZS“@ﬁIﬁ |an§1 SerA i Doi nt  of

entry and angh€ DfaddppeRlicyo anatony inmage 26 are
In yet another embodiment of the frame assembly 12
of the present invention, illustrated in Fig. 4C, one
25 end of brace 32 supports visible light source 14 which
carries fiducial 30. The other end of brace 32 is
carried by inner ring 34 which rotates brace 32 in track
35 of outer ring 36. In such an embodiment visible
light source 14 generates visible light beam 40 and
30 directs it along the diameter of inner ring 34,
therefore eliminating the need to use a radio-lucent
mirror.
In order to reduce the possibility of degrading the
quality of a CT or MRI image by the materials used to
35 manufacture the visible light source, the present
invention contemplates a frame assembly wherein the
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20 identified, as illustrated in Fig. 7B. To acconplish pQsgpEteNHeRGoeS
anatony inmage 26 in center 28 of target line 22, X-Y transl ational stage
drive assenbly 56 in Fig. 4 allows notion of the frame assenbly in X and Y
di rect i onWQuewésB80t he center of inner ring 34 coincides 25 RCTNS?1S279
coordi nates of the subsurface target._ \Wen that happens, center 28 of
target line 22 will coincide with én&}oﬁy I mge 26 in CT i mge 23, as
illustrated in Fig. 7B. The anount of the necessary X and Y displacenent is
measured based on CT inage 23 on nonitor 24 by the 30 conputer which then
cal cul ates t nepd a od f the
frame assem%&fggﬁigp%ﬁgéeﬁﬁé‘?ﬁentl%nwes l#l?% a#g?ggbl nle:IEEEaE’
that enbodi rie#fe sthe drs Hekenbight sbq@‘ﬂuéédtlfén%mlﬁﬂiédGGOSShGaFF\?Qﬁg
fiducials 3 Eaﬁélamd fibé ttﬂ@él%?'@ﬂﬁe?flﬁ?ht t8R8LBEoFBChi ne. Dependi ng
on a particul a gﬁqﬂgg S_1%1_65380 CEMBER 2002
PGTI US09113279 }PRIG RIYpE o1 & éeXﬁﬁbeE ali$8ReSheb0s 1B8EiNThe use
gf f a ci rs:lul aéqm):ltpmmatt fu:lwefh mgﬂli)éy?mMySbeweSQeEl gg 18a9tdth@‘ué| al's
efine alin 0 [ a,visible m 40.i s di rect
radi ol ucent §?$¥%$9§%E SFEPBI e ?V%h Bgﬁﬁ?gﬁoPglgeﬁér%?édgﬁyé§dVisibIe
l'i ght sour ceond. robagssn2D 3. hmransﬁatfﬁhakﬁdegree$|@é fre¢edaorpting a
L9 o) IS BRoRTCHE I e 260 ol doal BRY' R0fIBCY AlreRf ilkls ughkaigd i
Fig. 10. Arc 0ssesses vari ous egree eedon1a Iomnn 't o nove 10
rotational | ytiae %m%ﬂélﬁéaﬁﬁala§ $b@Wﬂ|%Bchg sélec?h@nr@ﬁa$WQn@Qtlnal pat h

to the ﬁ@lbsuaégﬁeet@f gefeea{bﬁl Qifo&éghheseyaﬁ\e td caRake Siiowdidednapart
fromthe i m glane as. shown in g RA or t he i ma 3 pl ane, as shown
fa iy SJ

in Fig. 9B. +ght WRHGR c&S 1RSFReY a4 £R £he 19adfn 3ane, it can
al so serve aBuptkenhotrdp ésdshoﬁh51BOF1gl|31nhbraga&betmeedmﬁﬁkomtSﬂparate

second fiduc b ea paren one d in the art
t hat vari ous %eps o?hgﬁigh ésenf‘g éentloﬁnggﬁ£§8%%é %%Fﬁ%?hég %ontrolled
and opt i m zefiréye saseenbhy appabpngat.bes@t BxAgs add veatdmstlerssippodt
inputtiyg thegyLnke a;progsam Qi%é‘enﬂﬁb%ﬁh LRI YTE et 1 npl ement

conputer-integrated contro he i nvention, as shown in Figs. 1 and 3.
It is therefBF%nﬁb%E%%ﬂﬁltﬂaF12B Vhéa%r%%%n?r?%%eﬂﬁﬁﬁﬁbélcéﬁﬁpgsHB@ ¥ts
i ntended obj gris. Vh|®-enbedhakatsonhlt ke apeeseilved REHHMKIY, Ve been

described in etaltl t hat |sag é t he rpese Ilustratlon Jot
limtation. Q ERP20 QVV} 9?%??@0%%8 %$adg ¥ laxes A gear
assembly 50 rotates the inner ring (not shown) of frame
20 assembly 12 around the Z axis.

In

However, when the image plane has its own degrees
of freedom (in other words, it can move with respect to
the imaging equipment), as is the case with some types
of such equipment, then the frame assembly possesses

25 additional degrees of freedom which allow the frame to
move with the image plane: a translational along the 2
axis, a rotational around the X axis and a rotational
around the Y axis. As shown in Fig. 5, which
illustrates the maximum number of degrees of freedom of

30 the frame assembly of the present invention, in addition
to degrees of freedom Y, ,X., and Z,, frame assembly 12
has a translational degree Z, and rotational degrees Y,
and X,.

Operation of the frame assembly of the present

35 invention can be illustrated by an example that
describes a computer tomographic localization of a



- 16 What is claimed is: PGI/US99113279 1. An appar at us f1@beceviser 2002 a
direction of approach to a subsurface target along a predeterm ned path for
5 use wi'th i magi ng equi pnent, the apparatus conprising: a support structure
carryi ngwo /65380 i ty of fiducials defining the predeterm REANYSAYES27R| ati ve
to the support structure; and a vi sig%e | i ght source generating a visible
light 10 beamtraveling along the pretleterm ned path and being indicative
of a direction of approach to the subsurface target. 2. The apparatus of
Claim 1, wherein the support 15 structure is radiolucent. 3. The apparatus

of Caiml rd.SiJd1g sa J.adi qfr par.ens. neflect | recting

t he vi si bl egﬁlbéﬁ'?rft?eam zﬂ%neg: tlﬁiglgd:ée%etpgérpn%eﬁgtd%aq%.ér%o kfglzé Q#hgd acglf)ar atus
of daim 1, imAgeei n Durd ngupp ompitrar thameog mapub greanadiidey fotamsul ar. 5. The'
appar at us of sEbiidTy31 MM Gl e & URRAY ta 2yrild UGSk i@r ithstantial Iy

circular. 6. The apparatus of Claimd4, wherein the predetermned path is -
defined al ok EROYHR dFetdC ofl + fe dhforthatiifuaiddl i An #he apparat us of

Cai m1s whemage thland sidite dhedlfe £0 W Lfemely emas e tdibhe fidghuei al s.
5. The abparales oD ok S TLe s Bl o SRR 2 ount o
9. The appapzedierofedCleabodinemterei ntidpreseit einvegittidmeaframeavel s from
e esor el AEn d S 8 S PrOORY R R AR
conprises tW6 dppasitidiipngshcerp filicizdme assembly can move in and
10 out of CT scanner 10 together with table 18 without
distorting the positional alignment of the elements of
the assembly with respect to the patient. Such coupling
can be provided, for example, by an arrangement such as
that shown in FIG. 3.
15 When the patient's anatomy is imaged by the CT
scanner with the fiducials in the image plane, images 20
of the fiducials are seen on a CT image 23 displayed on
monitor 24 of the scanner, depicted in Fig. 6. A target
line 22 between fiducial images 20 intercepting an
20 anatomy image 26 of a subsurface target displayed on the
video monitor 24 of the scanner, as illustrated in Fig.
6, is generated by the software running on the CT
scanner. The operator of the CT scanner can use a
remote control device to rotate the inner ring 34 of the
25 frame assembly 12 to position the fiducials anywhere
along the circumference of the inner ring. The new
positions of fiducials 30, mirror 38 and visible light
gource 14 are shown in broken lines in Fig. 2. 1In Fig.
1 the new positions of two visible light sources 14 are
30 shown as 14. Repeating the CT image after rotating the
inner ring and repositioning fiducials diéplays images
20 of the fiducials in CT image 23 in their new location
relative to the patient, as shown in broken lines in
Figs. 7A and 7B. Preferably, repositioning the
35 fiducials is repeated as necessary until the target line
intercepts the desired area of the patient's anatomy at



11. The apparatus of Claim1l, wherein a displacenent of thepEdteipERab®
relative to the subsurface target alters 10 the predeterm ned path to the
subsurface target. 12. The apparatus of C aim4, wherein a displacenent of

t he suppofo sldsspt ure relative to the subsurface target plpceosiong279
subsurface target in the center of the Z5 dianeter of the support

structure. 13. The apparatus of C ai m31l,- wherein the visible light beamis
a |laser beam 20 14. The apparatus of Claim1l, wherein the fiducials are
radi o- opaque. 15. The apparatus of Claim1l, wherein the fiducials are

non-ferromagnetic, 25 16, A systemfor defining,a direction of gproach to
a subsur f ace®t ¢§ere yP?FPEnFHQt@hﬁeStbPEdetéFnﬂﬁeélﬁatHOﬂFFP § VPsible

I : ght beﬁm phecﬁyaéeﬁhéoﬁﬁébéhﬂglnﬁantﬂaﬁl wgt?aéhenﬁlba\t?aq andl mige

pl ane, the i ane, hayi ng a rality.o egrees o0 eedom.

suppor t struggg?ggﬁgvkﬂgtﬁ? EﬁgF 8% WS#thbﬁanéﬁ §8SFek EF

transl ati onapoileyr def§iningr endoputhat tbeahe tamgétdusuehsasuuﬁbed on the

support gtrug% lgndtﬁétg%bggrlgﬁtge &g@gﬁaglg eov%ﬁdf%g visible |ight
source generatl he VIsi e rave along he predet er m ned
pat h and 138@%%@@@@%&0@%@53&@ P@fNSQQﬁ:@QZ‘lQ theg imagiingi nat i ng
the path as gadhifetion of approach to the subsurface target. ' 17. The

system of Claim 16, wherein the imging nmachine ' 5 is a_conputer tonograph
or a magnetic resBHRREE PRE4LAGNAASHPEe targetThdney 2ReFedPtAVE L6

wherein the gHppemy ihégétQGelhaETaimﬁﬁéyzdegh@einO@lb%ee@OﬁhﬁSAbhﬁ i mage
10 plangoof %Q%régﬁgnﬁg to the direction of visible light beam 40 in
frame assembly 12 defined by two fiducials 30. Target
line 22 in CT image 23 corresponds to the direction of
visible light beam 40 directed at a patient. Therefore,
visible light beam 40 indicates and uniquely defines the
15 point of entry and the angle of approach to the
subsurface target in the patient. BAs illustrated in
Fig. 11, an invasive instrument 70 comprising a needle
or an electrode 68 positioned colinearly with visible.
light beam 40 and advanced into the patient will
20 intercept such points and regions in the patient as are
intercepted by target line 22 in CT image 23. Moreover,
by measuring the distance from skin 62 to a subsurface
target 64 with the help of CT image 23, the depth to
which invasive instrument 70 should be advanced into the
25 patient in order to reach subsurface target 64 will be
known.

Once the direction of advancement of invasive
instrument 60 into the patient is defined and
illuminated by the visible light beam 40, a CT scanner

30 or an MRI machine can be turned off before the beginning
of the invasive procedure. Turning the imaging
equipment off minimizes the exposure of the patient and
medical personnel to x-rays and strong magnetic fields
without sacrificing accuracy and precision of the

35 invasive procedure guided by the visible light beam in
the frame assembly of the present invention.



19. The system of C aim 16, wherein the support structuredsEcvBERaMRI al |y
circular. 15 20. The systemof Claim 16 further conprising a

radi otransparent reflector coupled to the support structure for directing
the visiWwe9%653sx beam al ong the path. 20 21. The system @FCTRISWPMAIANG,
wherein the visible light beamis a | aser beam 22. The system of C aim 16,
wherein the visible Iight beam travet% Tromthe visible | i ght source to the
path 25 through a |ight conductor. 23. The systemof C aim 19, wherein the
path is defined along the dianeter of the support structure. 30 24. The
system of C aim 186, et ej he.fiduci al.s . radj Q- Qp: : system
of Claim 16, V\/ner&gi ﬁl\gphégk% El}c?‘aast %r ﬁﬁ%&%ﬁ?ﬁ%&ﬁ%@*ﬁz%%@wm .
2002 WO 99/ 83880 2RGENU82GLPRANG anbon3s imagsy 2bemrf GIT daddge kB alsirection’
of approach yhdeditubi" | Beeatdk0Gin ik ive YRR & RIS IEAPd pal h

with a visible ['ight beamin an inaging machine, the systemconprising: 5 a,
support str @do0g8e Shghi Ag dd reickdsn mpyofdamagisciviltaldangang endlood

predet esm Ne@dspallls Kalspldserd et S WK t6 S IJRUHHE Gatiensidne | i ght
source generati ng: t he "vi %_I ble | !.ght beam travel j ng. al ong, ”E ath and
i | | uninati ng"“&ﬁ%‘ 530k FOrIeta odir et &F aﬁ?préﬁgq] atc?“'?h"ea Jd%surface
target; andddrectidvreofbasadiety dtiem o whistitdwigids seital prgaeslures
The subsurf 3EFa7ddl Vs, FORATER B ko B 20T PR ffr i 51 ng &
r adi ot r anspangnt thefledorer, ¢digplldchd dafimesligportwestfidecialéoindirecting
the visipl e d,lgat abs%%mb@yoﬁgz Thenpatdl 4l & Tih\?ap?jéf%e?”lgfl&é‘{gall
wher ein the.!na%:ng nmachi‘ne 1's a conputer toﬁ%gra or a magnetic resonance
i magi ng macHiméhexgenter Abstadfntaragtai s 2hharetat ier efppeper
ring 34 will reposition target line 22 in such a way
that the target line will not be intexrcepting anatomy
image 26 anymore, as illustrated in Fig. 7A. To overcome
15 this difficulty, the method of the present invention
provides for positioning anatomy image 26 in center 28
of target line 22 in CT image 23, then rotating inner
ring 34 about center 28 until a suitable point of entry
and angle of approach to anatomy image 26 are
20 identified, as illustrated in Fig. 7B. To accomplish
positioning of anatomy image 26 in center 28 of target
line 22, X-Y translational stage drive assembly 56 in
Fig. 4 allows motion of the frame assembly in X and Y
directions until the center of inner ring 34 coincides
25 with the coordinates of the subsurface target. When that
happens, center 28 of target line 22 will coincide with
anatomy image 26 in CT image 23, as illustrated in Fig.
7B. The amount of the necessary X and Y displacement is
measured based on CT image 23 on monitor 24 by the
30 computer which then calculates the required
displacement.
An alternate embodiment of the frame assembly of
the present invention is illustrated in Figs. 8-9. 1In
that embodiment a frame assembly is reduced to an arc 60
35 carrying fiducials 30 situated in the image plane of an
imaging machine. Depending on a particular imaging



25 structure conprises two oppositely spaced fiducials. 3¢ pedesperste@m of
Claim 26, further conprising nmeans for providing a displacenent of the
fiducials relative to the subsurface target to alter the path to the 30
subsurf acav0a9/6538¢ t he di spl acenent bei ng cal cul ated by t h®CTAIH%IR2 based
system 31. The system of C aim 26, rein the support structure is
substantially circular. 35 WO 99165380 - 20 13 DECEMBER 2002

PCT/ US99113279 32. The system of Claim 31, further conprising neans for
provi di ng di spl acenent of the support structure ' relative to the

subsurface t4eRink0 REECRELNBES UBMLEAGRY HeISaah IR iR e 0"

di aneter of t support structure aceme el ng calc ated by
the conput er Usgsef &y siasenlas. 01h@V§95ﬁhmmmﬁ aasgmhlaa Wersdioyn Ha vi si bl e

l'i ght beami %‘1@9' a%e@ b%@@hc&%l@dem?xesﬁs'[ﬁ.'ﬁeo rﬁ_jzml%ﬁzh Vﬁ"eifféﬂaltéw
fiducials ar 19 t gﬁgpaap 35.. The stemof, Cam wherein the
n 0

fiducials ar ﬁﬁgﬁéMQ§t by GRAIRIREN HIGFEARi Ry a path to a

subsur f age tazrlgeuolfe0r11@m Wslalh |4rmgﬂm@eewﬂwtb3hanﬂgsme Meihtpl ane and
an out put device

plurality of 5% 5&? Q‘I S si O%@%ﬁ qﬂﬂ%@% epfefome prting a

intercepting a target image 26 on monltor 24 of the
imaging machine, as illustrated in Fig. 10. Arc 60
possesses various degrees of freedom allowing it to move
10 rotationally or translationally facilitating selection
of the optimal path to the subsurface target. Visible
light source 14 can be situated apart from the image
plane, as shown in Fig. 9A, or in the image plane, as
shown in Fig. 9B. If light source 14 is situated in the
15 image plane, it can also serve as one of the fiducials
30, eliminating the need for a separate second fiducial.

It should be readily apparent to anyone skilled in

the art that various steps of the present invention can

20 be performed, controlled and optimized by selecting
appropriate settings and parameters and inputting them
into a program or a number of programs that implement
computer-integrated control 80 of the invention, as
shown in Figs. 1 and 3. It is therefore apparent that

25 the present invention accomplishes its intended objects.
While embodiments of the present invention have been
described in detail, that is done for the purpose of
illustration, not limitation.



observing positions of inmages of the plurality of fiducialigpEfensig 208t put
device; and 25 utilizing the positions of the imges of the plurality of
fiducials to deternmine the path to the subsurface target. 37. The nethod of
Cl ai m 36 wOp9/658380 conpri sing 30 repositioning the pluralityyQyUsSpaia?al s
relative to the _. subsurface target, so that new positions of the inmages
of the plurality of the fiducials céﬁ;be utilized to -. identify another
path to the subsurface target. 35 38. The nethod of Caim 36 further
conprising providing. a visible |ight beam generated by a source, the

vi si bl e ﬁ C§h %%1 10 99/ 65380 PGI/ US99/13Z79 - 21 |ight beam
travel ing along the pa I'llum nating the path as a direction of
approach to the subsurface target. 5 39. The method according to cl ai m 38,

further conprisi j U I ing the
visible |i gﬁt bea{%rh to r\ﬁoﬂa\r&eﬁaéchrf%trthreafesf'i mgiﬁf]gac?%%ar ge?gn%5§ %M%Aeé}?ret hod of -

G ai m 38, wher & FUbflirfage|tangefhaisngng Predetssmingn net hod of”
Caim 38, fuskehe/ittPnadbiny <duigrlddty e Apddtdd %mMH@ ong the

path by neans 15 of a radi otrans arent reflect or.. 42.. The thod of Claim
38, wherein the W& STHRROYS Me[ CRITYELF FnRIFRLE ¥ 0 the path
through a | fdducd@iduciefiinizy £he Predetdotindd @atiim 36l aties eta t wo

oppositely C QECI Slt ed in the image plane. 44. The et hod
of Claim BG%B\%h%SIéJﬂ satlfﬁ‘lcfat(rzl Nl s 2’?‘{@ 25 radi o- opaque. 45. The nethod of

d ai m 36, wherei @ tWesitldiciight s dJenexstaigrneta cvigibls. 1ightt hod of
sel ect hRg apdes! "§hJocald Oeﬂlcﬁf %W&é\?@rrﬁﬂ{é}ft 46h 3nd "B&L ﬁ‘?u”&‘:h' ne

havi ng an out put device for an_ appar at us co rising rality of
fiducials c&Mlé‘@Wea %%p?pmresqtrm wle, aEP@?@?h’b@i %mm%w@ age
posi tioni ng tllkgrexibsurface target relative to the. . apparatus in the
i magi ng machi ne such a way that an
2. The apparatus of Claim 1, wherein the support
15 structure is radiolucent.

3. The apparatus of Claim 1 further comprising a
radiotransparent reflector for directing the visible
light beam along the predetermined path.

20
4. The apparatus of Claim 1, wherein the support
structure is substantially circular.

5. The apparatus of Claim 3, wherein the support
25 structure is substantially circular.

6. The apparatus of Claim 4, wherein the predetermined
path is defined along the diameter of the support
structure.

30

7. The apparatus of Claim 1, wherein the visible light
gsource serves as one of the fiducials.

8. The apparatus of Claim 1, wherein the visible light
35 source is mounted on the support structure.
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target and imges of the plurality of fiducials can be observed on the

out put device and a |l ocation of the imge of the subsurface target relative
to the i negesesisof i duci al s can be 5 determ ned; and reposi pCTIOSIMRILTIE
plurality of fiducials so that a new_|ocation of the inmage of the
subsurface target relative to the rhédb§ of the plurality of fiducials is
the desired | ocation. 10 47. The nmethod of C aim 46, wherein the support
structure is substantially circular. 48. The nethod of C aim46, wherein

th t d5 st t [ t el . I al, 49. Th
rechod of G & m 45 REPaFAtRR. SRostREn Roc s rter R vimipt St Bt
subsurface thegettravehsabovon the véstibieoflighti seulreewtenthke fiducials.
20 50. The ”ﬁ%@&gté?}m%éa”gé@gf Eh&Bﬁ%hCQ”RE%%f\‘t”%oﬁéﬁ%%ﬂg a set of

0 base to | t

pr ocedur es a conputer- syste enment conputer-integrated
control of positioning the subsurface target relative to the apparatus, and

25 reposstionpng fhe Bpphehthy ef thdyl al Swheleif ¥REhadpbROSi tioning an
apparatus for deternlnln% a.direction of approach to a subsurface target in
an i magi ng nBERMAEUTEREOMRELERE fHOnPRPOSH tedapsPecsd £idusdddspl ane havi ng
a plurality of degrees of freedom the nethod conprising the steps of:

i di hawi I | I d
Do transl at Eonal THEGPEEE-BF Py BXabme b 1 SUEAIY & TERIEHIBT e al s

carried by thbestipduriadsr weflatdyveand the subsurface target alters
10 the predetermined path to the subsurface target.

12. The apparatus of Claim 4, wherein a displacement of
the support structure relative to the subsurface target
places the subsurface target in the center of the

15 diameter of the support structure.

13. The apparatus of Claim 1, wherein the visible light
beam is a laser beam.

20 14. The apparatus of Claim 1, wherein the fiducials are
radio-opaque.

15. The apparatus of Claim 1, wherein the fiducials are
non-ferromagnetic.
25
l16. A system for defining a direction of approach to a
subsurface target by illuminating a predetermined path
with a visible light beam, the system comprising:
an imaging machine having an image plane, the image
30 plane having a plurality of degrees of freedom;
a support structure having at least one rotational
and at least two translational degrees of freedom;
at least two fiducials mounted on the support
structure and situated in the image plane; and
35 a visgible light source generating the visible light.
beam traveling along the predetermined path and
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fiducials in the i mge plane of the imagi ng nachi ne by noving the support
structure along its at |east one degree of freedom 5 52. The nethod of
. O aim51Waw6538h t he support structure has as many degr e®ETHSPARIAom as
t he i mage pl ane. 53. The net hod of gl aim51 further conprising executing 10
a set of procedures on a conputer-b 8ed systemto inpl enent
conputer-integrated control of providing the support structure, providing
at least two fiducials, and positioning the fiducials in the innage plane.
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UL AN &p§%£%&€¥§%i§§ Me Aabh UsAl - & AL 1 8L BeAapprdiE v lerfd ’
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23. The system of Claim 19, wherein the path is defined
along the diameter of the support structure.

. 30 24. The system of Claim 16, wherein the fiducials are
radio-opaque.

25. The system of Claim 16, wherein the fiducials are
non-ferromagnetic.
35
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29. The system of Claim 26, wherein the support
25 structure comprises two oppositely spaced fiducials.

30. The system of Claim 26, further comprising means
for providing a displacement of the fiducials relative
to the subsurface target to alter the path to the

30 subsurface target, the displacement being calculated by
the computer-based system.

31. The system of Claim 26 , wherein the support
structure is substantially circular.
35
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32. The system of Claim 31, further comprising means
for providing displacement of the support structure
relative to the subsurface target to place the
subsurface target in the center of the diameter of the

5 support structure, the displacement being calculated by
the computer-based system.

33. The system of Claim 26, wherein the visible light
beam is a laser beam.
10

34. The system of Claim 26, wherein the fiducials are
radio-opaque.

35. The system of Claim 26, wherein the fiducials are
15 non-ferromagnetic.

36. A method of determining a path to a subsurface
target for use with imaging equipment having an image
plane and an output device, the method comprising the
20 steps of:
supporting a plurality of fiducials situated in the
image plane;
observing positions of images of the plurality of
fiducials in the output device; and
25 utilizing the positions of the images of the

plurality of fiducials to determine the path to the
subsurface target.

37. The method of Claim 36 further comprising

30 repositioning the plurality of fiducials relative to the
subsurface target, so that new positions of the images
of the plurality of the fiducials can be utilized to
identify another path to the subsurface target.

3s 38. The method of Claim 36 further comprising providing.
a visible light beam generated by a source, the visible
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comprising deactivating the imaging equipment while
utilizing the visible light beam to approach the
subsurface target.

10 40. The method of Claim 38, wherein the visible light
beam is a laser beam.

41. The method of Claim 38, further comprising
directing the visible light beam aloﬁg the path by means
15 of a radiotransparent reflector.

42. The method of Claim 38, wherein the wvisible light
beam travels from the source to the path through a light
conductor.

20
43. The method of Claim 36, wherein two oppositely
spaced fiducials are situated in the image plane.

44. The method of Claim 36, wherein the fiducials are
25 radio-opaque.

45. The method of Claim 36, wherein the fiducials are
non-ferromagnetic.

30 46. A method of selecting a desired location of a
subsurface target in an imaging machine having an output
device for use with an apparatus comprising a plurality
of fiducials carried by a support structure, the method
comprising:

35 positioning the subsurface target relative to the.
apparatus in the imaging machine such a way that an
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implement computer-integrated control of positioning the
subsurface target relative to the apparatus, and
25 repositioning the plurality of fiducials.

51. A method of positioning an apparatus for
determining a direction of approach to a subsurface
target in an imaging machine, the imaging machine

30 comprising an image plane having a plurality of degrees
of freedom, the method comprising the steps of:

providing a support structure having at least one

rotational and at least two translational degrees of
freedom;

35 providing at least two fiducials carried by the
support structure; and
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53. The method of Claim 51 further comprising executing
10 a set of procedures on a computer-based system to
implement computer-integrated control of providing the
support structure, providing at least two fiducials, and
positioning the fiducials in the image plane.



