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i nt erest. 1Tm3Qxamplpr@vbuepsyensed@@omomartzssmasmaSQCWLbhah amage of a
patient through,a;eftig di scan” plane which visualizes 30 deep structures
such as internal organs, gsues bony structures and abnormalities. The
surgeon u<®s the inages thus obtalned to select the optimumIine of sight
path for the appropfigfeAfastrunent whether it is a biopsy needle,

dr ai nage cat heter i nstrument. 35 The surgeon then,qguid t he
|nstru%ent al ong thé H ergariety o meéici& procedures, igcluging

biopsies, lesion drainage, stereotaxis, and discolysis
call for highly accurate placement and insertion of

15 medical instruments such as needles, localization wires
or other biopsy tools. Placement and insertion of the
instrument at a true access of approach, i.e. a
predetermined precise entry point and along a desired
line of sight path to a subcutaneous target, during

20 these procedures is of the utmost importance to the
-success of the procedures.

In many cases CT scans (computerized tomography),
or fluoroscopic imaging is performed in conjunction with
medical procedures such as biopsies to allow the surgeon

25 to visualize a subsurface, or subcutaneous target, i.e.,
a portion of the internal anatomy of a patient, such as
a tumor, which is medically of interest. The scans
provide the surgeon with a cross-sectional image of a
patient through a "cut" or "scan" plane which visualizes

30 deep structures such as internal organs, tissues, bony
structures and abnormalities. The surgeon uses the
images thus obtained to select the optimum line of sight
path for the appropriate instrument, whether it is a
biopsy needle, drainage catheter or other instrument.

35 The surgeon then guides the instrument along the desired
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Stit111111 *@0001* WO 98/52485PCT/ US97/ 18298 -2 path to the target, or
abnormality, to extract or otherwise treat it. Using avail abl e inmagi ng

t echnol oqy, both the insertion depth and angle required for a bi opsy needl e
5 to a|‘iV§r?9<Rﬁ18ﬁ a desired path to a target can be ascert BGHEHS18H8a very
hi gh degree of accuracy. In addition, gystens are known which are capable

of providing selective illumnation and sighting to reach specific )
subsurface nmenbers, or targets, of a patient's 10 anatomy. Such a systemis
disclosed in U S. patent No 5,212,720 to Landi, et al. (hereby incorporated
by ref erence)pathn tidiithaumdrgetdj abr cabhergaling,Syst extradeswf ace regions

of an X-ray tr SRATENt optically opaque object are targeted along a
qﬂ%yg;éguﬁggg% %

visible line% ) paf h” obt ai ned by the use of two radiation sources,
an X-ray and a |i deingavablaeke pragingbrechnpdogy., PeEh 44w | i ght beam

of 'Lhis Sys! SHJU QY diPSadpth SR Cangl8 Pbats gl 6! BO GRS didiid ¢ whi ch
Is | ocated between the x-ray source”and the target. A surgeon nmay use the
20 vi si bBe | it a1 grtth A MfeghreRePRERatPve FAFEEMSRD H%ng t he desired

path to the tzyggattaiddd witle Paveept RifAdWegree ofh adutdicybr agi i ce,
however, pre%%ﬁﬁﬁggacenent and insertion of .the instrugit }%£r1respect to
the desired Pt S EHGTR, 2RRI"PPHE BPASHGRESH PP D S I target i s
difficult topmwiding sélé¢tubvestbpuminatgongaaldosdghtimgpd,o agadtal and

error techn! qed il Lo, SIPEYEdaBEEDY e oucacon ol diavAdie,

desi red angl appr oac and then slowy agva €s t'he nee
i nstrumd®t | ARG pat$eeR '3 svayeRhiPedaBsdoresy i M-l Bptentd¥*tor the
position of theneewe eaduahde] &tSallaj(Bereby Anddrpdradkd By s technique
has the di sadvantage of requirjn he.surgeon.to alternate her or his
attention bet 'e%nstﬂ%nﬁhfgahﬂa}hEaaﬁﬁﬁﬁﬂq L aGhine YU at ed
fromthe instsubmntface regions of an X-ray transparent but optically
opaque object are targeted along a visible line of sight
15 path obtained by the use of'two radiation sources, an X-
ray and a light beam source, preferably a laser. The
laser light beam of this system provides a visible line
of sight to the deep structure which is located between
the x-ray source and the target. A surgeon may use the
20 visible line of sight to align the invasive instrument
along the desired path to the target within the patients
body. a
n actual practice, however, precise placement and
insertion of the instrument with respect to the desired
25 insertion angle, and line of sight path to the target is
difficult to maintain. If fluoroscopic imaging alone is
used, a trial and error technique is often employed,
whereby the surgeon estimates the desired angle of
approach, and then slowly advances the needle of the
30 ingtrument into the patient’s body while observing a
display to monitor the position of the needle and alter
its trajectory as required. This technique has the
disadvantage of requiring the surgeon to alternate her
or his attention between the instrument and the monitor,
35 which is separated from the instrument.



--3- - The resulting inaccuracy of placenent can result in
S|gn|f|cant disconfort to the patient and in some cases requires repeated
needl ewdesslagons before achi eving the proper |ocation ofpdfessragedse Wi th
respect to the 5target. In addition, fluoroscopic inmaging techni-ques
require repeated fluoroscopic i mages-td obtain position information with
concurrent ionizing radiation exposure of both the patient and surgeon. The
nul tiple CT scans 10 tie up available CT scan tine, which is highly sought
after. Thus it is slrab e to incre the accuracy of. th .
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instrument to reduce the length of the procedure, time
under anesthesia, and the cumulative 1on1z1ng radiation
15 exposure of the patient and the surgeon.

Even when a laser targeting system is employed in
cenjunctlon with an imaging system, it is often
difficult for the surgeon to monitor and maintain the
invasive instrument in alignment with the predetermined

20 line of sight path to the target with a desirable degree
of accuracy.

Certain other advancements have been made which
offer improvements over the trial and error method for
performing CT-based biopsies and other procedures. For

25 example, U.S. Pat. Nos. 4,638,799 and 4,706,665 relate
to mechanical guide apparatus for discolysis and
stereotactic procedures, respectively. U.S. Pat. No.
4,723,544 discloses another mechanical guide device for
discolysis procedures. U.S. Pat. Nos. 4,733,661,

30 4,930,525 and 5,102,391 relate to guidance devices for
CT- guided drainage and biopsy procedures.

Generally, the devices disclosed in the
above-referenced patents and publication are rigidly
fixed to the CT scanner. Such devices have several

35 drawbacks,



WO 98/ 52485PCT/ US97/ 18298 - - 4 - - however, including the requirenent of
preC|se attachnment and alignnent relative to the CT scanner. Furthernore,
t pe devjce may obstruct the field of operation of the surgeon, and requires

the bi oﬁﬂ/”ﬁz&sedure to be 5 perfornmed at the |ocation of PERYSENSEManner . :
Q her disclosed devices are separate.fgom.the CT scanner, but attach to the
ceiling, walls or to the floor. Sonme devices physically hoId t he needl e or

bi opsy tool and therefore require sterilization before each use. In 10

addi tion, sone of the above devi-ces provide no neans for ensuring accurate

pl acenent of némeﬁenpsynCDuﬁlagongetMqumremﬂhd|dﬁep&eéﬁsﬁnaﬁﬁﬁéhm@nthe

target as th e ri eedl e

i nsertion ang éir%?{§n@§£FoLglF§%§%tugghgﬁl éﬁ %%Glg%ﬂ %Eﬁpﬁ%the
patient. the) devhaeenaynobstrest, t&?tﬁ}qidxnﬁ|Qmer@th@sedfohhehe
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U.S. .patent no. 4,651,732 to Frederick is based on
the principle of two intersecting planes represented by
thin sheets of light. The intersection of the planes
defines a line which can be positioned to define the

20 correct insertion angle of the biopsy device. In use of
this system, the biopsy instrument is held so that
during its insertion it casts shadows in both beams of
light, thus theoretically assuring that the instrument
is following the preselected path of the line defined by

25 the intersection of the two planes.

This system has several disadvantages, however,
including the requirement of two separate light sources
which must be kept in alignment for the system to work
properly. This beam -alignment must be made with an

30 extremely high degree of accuracy since the light
sources are positioned a considerable distance from the
patient. This system presents the additiomal difficulty
of requiring the surgeon to maintain the biopsy tool in
line with the two planes of light simultaneously.

35 In addition, it is often desirable to non N
invasively image or Asee the internal structures of



otherw se inserting an invasive instrunment such as a 5 drill, bore or
punch. Such techni ques have al so included radi ography, fluoroscopy, and

nere regelkkiussl trasonography, conputed tonography and ' npgnekigigh@sonance
i magi ng. .However, a need remains for an instrunment which can be used i-n
conjunction with inmaging 10 and targetbng systens to access sub surface
targets along a predetermned |line of sight path. Thus, there remains a -
need for a highly accurate and easy to use invasive instrument which

provi des an , |nd|§ation of i aI| nment with_a gredeternlned | i ne of

15 si ght pat Rl 1B é?s'sﬁﬁwﬂﬁ QIﬁﬂﬁﬁqfch rPFtPEe?hEFéfore
an obj ect of irenimecsendbbiaeest scmht aspnme dealis of sSyeikdiwhsrein an

e 9y Deam AR dLAE e SRR, B ShACU%d Sl MhiR g% BRL e

wherein an i ruitent i S enp oye 0 access ectdd Yar get
by penetrati nchéewisef dosest inge apodyvasivenonet nuneBt efuchy ase@m i s

nci dent gipony$Pey supbageod! phbemodiuiln & otk §deBcRAVEARNBE PO Nt, and

25 wherein the direction _of the_energy beam indiCates the desire angle and

axis for the }nGhefee raLPGFERNY0 Q%HQPYheaBGdyorSanﬁ@3§

i nstrument i n@iuﬂaggnogaaphgngmwtﬁ@wmmmga;parmagneluau ng a distal
end and a prOXI

na condu 0 ryion adapt ed
to receive the® %ﬂﬁ?ﬁﬁebéQﬁﬁ&thhgﬁ F%’ éﬂﬁeg.gé#%gggn %%f ?Ecelveg
energy to theldssramegudwhima|qanwhﬁnuaedmeheonnnnbudga wdais imaging
per cut angous| ynACEE2SERInbN &y R « AL SIS WubesRRRaLLe L gﬁg@}a nt er posed

bet ween e neans utaneous y accessing t tar get the dista
end of the en@lgygcénﬂﬁéﬂﬁﬁﬁqmiqq rilq¢m9%ﬁ%¥@§tr9§58n5|ve
98/ 52485PCT/ US97/ 18888 ,6 there remains a need for a highly accurate

and easy to use invasive instrument which provides an
indication of its alignment with a predetermined line of
15 sight path to a target.

SUMMARY OF THE INVENTION
"It is therefore an object of the present invention

to provide, in a system wherein an energy beam is

20 directed at a preselected target within a body, and
wherein an invasive instrument is employed to access the
preselected target by penetrating the surface of the
body, and wherein the energy beam is incident upon the
surface of the body at a desired penetration point, and

25 wherein the direction of the energy beam indicates the
desired angle and axis for the invasive instrument to
penetrate the body, an invasive instrument including: an
elongate energy conducting portion having a distal end
and a proximal end, the elongate energy conducting

30 portion adapted to receive the energy beam at the
proximal end and to conduct received energy to the
distal end. The instrument further includes means for
percutaneously accessing the target, and energy
responsive means interposed between the means for

35 percutaneously accessing the target and the distal end
of the energy conducting portion. The energy responsive



means, di sperses visible |ight, whenever the neans for percutaneously
accessing the target is in axial alignnent wwth the energy beam It is a
fyrther object of the invention to provide 5 a conbination of an instrument
for i nS¥PPPEHBdf a needle into a body and an imagi ng systREI/HSHHEW t o '
direct an incident beam of |ight toward a.presel ected point wthin the
body. The instrunent includes an elongate |ight conducting portion having a .
distal end and a proximal 10 end, the elongate |ight conducting portion
adapted to receive an incident beamof light at the proximal end and to

conduct the ijaindedidpaBas \}iﬁﬁléoli@ﬁtdw&b&'ev@id th@%ém regent
further |ncludes a needI ortion col #8 ﬁéend cqQaxi,al the Iight

conducti ng p&eH T DBEs Z98Y 29 HFb . bet ween t he
needl e portiaﬂygmﬁdd&awﬁﬁheﬁhewehefgyhbehnght conductlng portion for"

di spersi ng VISIb|%é fgneﬁﬁﬁﬁggn1o§B$EEEggkz ﬁ%dnge t|o ng%EEaXIa

alignment with the inci 'S a er ject of the
i nventi of t o arenkdiaat inn el am pﬂ%\?mnﬁgta(fm aﬂ@@nm@ @ orepdle

predet er m neq Ry B Yodp 4ty ash VEmhgsh UE“}QEeH‘ ald) d/Gl:cPr&’fFé’éE &sni N
which the instrunent is inserted axral a body. The t hod conPrlses

the steps of 1BHLARNG heaR 2k i highhet Véﬁgté‘rmrﬁ@(? Q‘F%Rq’ﬁ%tl‘?’gm Beam
b) adapting t hed rncaiyve Tmtimﬁmenchmhahdessuam eldorgite sLaghtted from
t he |nstrunent the in axial nt with the
i1l um nated 1'term %%ﬂgh§afﬁ nlné %a% ﬁﬁﬁqﬁﬁénaeg;%ﬁ+$aﬁnth t he
li ght 3o0beam@cmhmmIM$am&ig§ht cpgmqmmqm@dmme®Mt d)

novi ng. the allihe aX|é %ﬂrﬂﬁ@meﬁéoﬁgahh%fp&‘i@?{tera@ v% t he *mjht IBeam by

mai nt ai ni ng t al alignnment of the instriunment

moni tori ng t RO E] FPIYGht tRR LREAIEREPERE iOfst %ﬁﬁﬁntoeﬁb%s%$?F% 35
t][]e ﬁl i gned Ié}ﬁirummh irﬁé@rmh@nbodurwhlelrellmﬂlﬂi@smaﬂméé&léx @ftﬂbnglnment
(0] the instru Wi t t ea nmoni tev3| e
L ht e it e e 08, Shhel ek cRReTaab BoARi e gy et ki s The
f oregoi N anch dlti@ht ob¢sponsivid meangr és aq_fnttd@qﬁ&;tekmtwmnthen wil |
becorme nore fl 9@{@{1&11‘58&1 Eﬂé Bqlshaw %&%ﬁﬁr%wﬂ‘%ﬁ@d appended

cl ai s, taken |n co unction wt acconpanyi ng Under st andi ng
that these dreRRHEtHRDiRPTBAPY £QF é‘éISPPGTSe‘l%dPrM]se otight YASRBAYEEn and

ar Fi t her ef orgndot i 419t beos@Bet dageporitiicn AG Gfn id:6i $T WEightént M¥eehi on
W the incident beam of light.

20 It is a further object of the invention to provide
a method of providing accurate guidance along a
predetermined path of an invasive instrument in invasive
procedures in which the instrument is inserted axially
into a body. The method comprises the steps of: a)

25 illuminating the predetermined path with a light beam;
b)adapting the invasive instrument such that visible
light is emitted from the instrument when the instrument
is in axial alignment with the illuminated predetermined
path; c)aligning the instrument axially with the light

30 beam such that visible light is emitted from the
instrument; d) moving the aligned instrument along the
predetermined path while maintaining the axial alignment
of the instrument with the light beam by monitoring the
visible light'emitted from the instrument; e)inserting

35 the aligned instrument into the body while maintaining
the axial alignment of the instrument with the light



be described with additional specificity and detail through use of the
acconpanying drawings in which: FIG 1 is a schematic representation of an
eper gy WO 98/smsse enitting an energy beam al ong a predet erpcTresSypmbés t 0 a
subsurface target as used in connectiog with the present invention. -

FIG 1A is atop view of the surface t0 bé penetrated. 20FIG 2 is a
schematic representation of an invasive instrunent according to the present
invention as it is used in connection with the energy source of FIG 1.

FIG 2A is aef thSi Vo EYRQT chBevREe¥h &R s ducti ng
portion, depi'(?%%gﬁiﬁﬁpﬁ G 2. 2§ FI' G V3A gepi ctl t gn}le a clfgﬁ’ts%}l(peggt ween
the | ength 13i@fExuRenrfaneter d of the energy conducting portion of the-

present invention. FIG 3B depicts the rel ationship between the
|l ength 1 and _the di f e e ucting portion of 30 the

pr esent inveﬁﬂ;ﬁF\éﬁgiéﬁ?gIﬁﬁc&Eaggg.Bﬁxm&gﬁgﬁlG. 3C depicts the

rel ati onshi p bet wee tferégoihy andndthbee digjritey dhdffédeureerg¥ the
conducting pQrtio f. e hn lL.an i.s, increased. .- -

FG S 1o a BRSSP el Sar L1y BRI I el PSR eram,
preferred enttdd rigkleowingedpsesaption andhEirpendadD gl B 8 SRUTEWSE/ 18298

- 8 - - FIG &rfufcPEssP@EthYeneY heWorbahnia iy %%wiﬁgrru”em shown i n
FIG 5 viewed fromthe p§505|te gérectlon., . |G 7 is ,a side cut
away vi ew of UeTFARIIBI | hReFukBREeATRWANgs depict only typical

10 embodiments of the invention and are, therefore not to
be considered limiting of its scope, the invention will
be described with additional specificity and detail
through use of the accompanying drawings in which:

' FIG. 1 is a schematic representation of an energy

15 source emitting an energy beam along a predetermined
path to a subsurface target as used in connection with
the present invention. ,

FIG. 1A is a top view of the surface to be
penetrated.

20 FIG. 2 is a schematic representation of an invasive
. instrument according to the present invention as it is
used in connection with the energy source of FIG. 1.

FIG. 2A is a perspective view of the proximal end
of the energy conducting portion depicted in FIG. 2.

25 FIG. 3A depicts the relationship between the length
1 and the diameter d of the energy conducting portion of
the present invention.

FIG. 3B depicts the relationship between the length
1 and the diameter d of the energy conducting portion of

30 the present invention when d is decreased.

FIG. 3C depicts the relationship between the length
1 and the diameter d of the energy conducting portion of
the present invention when 1 is increased.

FIG. 5 is a perspective view of a biopsy instrument

35 according to a preferred embodiment of the present
invention.

S THIS SHEET HAS BEEN
B REPLACED



FIG ,8A is a perspective view of the energy conducting portion of the

syringe instrunent shown in FIG 8. FIG 9 is a side view,
parti aly J3fs9dsen away of a 10 drill instrument according rnative
enbodi ma%st ? tghe present invention. FIG 9A is a p'g‘?é’gg“”ﬁs\%% vi ew .of

t he energy conducting portion of the-dgill instrument shown in FIG 9.
15FIG 10 is a side elevation view a biopsy instrunent according to the.
present invention show ng the cannula of the instrument separated fromthe
styl et. FIG 11 is an elevated view of the biopsy instrunent as it
appears penetrati L@ heb sis faceesPPacyviean ewDEFAHED WRGEHY PTI ON OF THE
PRESENTLY PREFERREDhEDMBEAMANTE.25The 50l aiean sdeaidies igsion of ‘the
enbodi ments of, the present invention, as represented in FI'GS. 9, is not
i ntended to 194§t scope of the i nvention, as clainmed, but |s mer el y
representative of gie. pwes@nalslaéeéatradayﬂmmﬂwnaﬁstué piwpsyvention. 30
The presgytly refer $Eb€ Lmept s of the invention will be best _
under st oad eﬁﬁym e drawnngs wherein |ike parts are designated
by |ike nunerals tmI@mg&buLS a perspectivRefdew of rdve tened@ydrawi ngs, and
particularly engy agz&q type
preferred forCS us%%ﬁi‘g%#ﬂﬁg%lsgna\% 'Fﬁgt hg%fa b | n%?%)?\%p?%wdes an
energy. beam®&wch is directed along a predetern1ned line of sight path

65 toward an Irrageplmubwiéa&esiaége‘aeao &tllraag wthieen f ageyt 8£08t IS a

target residi | pw 1 he surface obj ect or bod whose
| ocat oritind Bt | SRebFERERE, AESpsRnb, taPay A kRFIY bUgreRReY HuenE;
|nag|ng meansos ucte aeresextr apvepstiem.or a CT scanner. Ener gy beam 66

dent th f 2 £2° of
bbj bt or body porTet 88%i8% BLRBLERIVECL L T Ul nsiyp 52 O AN

conducting portion of the drill instrument shown in FIG.
9. | |
15 FIG. 10 is a side elevation view a biopsy
instrument according to the present invention showing
the cannula of the instrument separated from the stylet.
FIG. 11 is an elevated view of the biopsy
instrument as it appears penetrating the surface of a
20. body.

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED
 EMBODIMENTS

25 The following detailed description of the
embodiments of the present invention, as represented in
FIGS. 1 -'9, is not intended to limit the scope of the
invention, as claimed, but is merely representative of
the presently preferred embodiments of the invention.

30 The presently preferred embodiments of the invention
will be best understood by reference to the drawings,
wherein like parts are designated by like numerals
throughout.

Referring now to the drawings, and particularly to

35 FIG.1, an energy beam targeting system 60, of a type
preferred for use in conjunction with the present
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10 tQ be penetrated at a point 71, and at an angle 72. Point 71 and angle
72 together help define predetermned |line of sight path 65, also referred
to as tWwo WeRWs5ed access path 65, to target 50. Energy beamratsorMEne
directed along line of sight path 65 tg target 50, can 15 be utilized to
gui de an invasive instrunent (as shown®i i FIG 2 at 400) along the path 65
to access a target 50 Energy beamtargeting system60 is preferably
of "t he dual radiation targeting_systemtype described in 20 U S. patent

5,212,720 to | al C SLE t hi yst em
subsur f ace reg| ohe” o rp%‘@i&&%%.ﬁsgggeﬁ? ?%EP‘Y |ca % %)%a bEeSEJe

such as thataﬂﬂnﬂ1QHPEEﬁGG?EmFGEQeﬂéaeapéh@xﬂhﬁs@&ﬁb 65 neowardi ght path
65, Obtalnedfﬁhééﬁééﬁﬁg@ffgéetﬁgrgéélgblOﬂgﬂﬂﬂﬁé&hdéghﬂ%ﬁﬁgeagurCe and a

| i ght beam source 60 referably a’l aser Qice energy am targeting
system 60 ha<akgect+S %n%?ﬁ?eﬁegﬁﬁéélgﬁbﬁf¥ﬂﬂnq%% FREERSCpaPK - Uéthén
target 5@ amr BPeye dRSboayenivheseh latatiain ﬁmwpwlﬂ&a wigBiat 400

may be used t rat e 80_thr h.s sur f ace 52.t hereb
per cut aneousl@‘%?& é’é i?%gé’éﬂ’tmgsg ?‘K‘% éﬁliﬁ‘ Q:& é?g%a?l e Rl E‘ﬁ'?éé' body,
or a supersﬁsumth% @uc& Tayasyakem oyl la @T #camerer surface structure

t hrough which it r OgkNt O r n or der
to access a subsur?%ce§¥ Sga% 65w%?9§?§§£%@%%$?5597 f§§5§géé gge 518%

FIG 2 shows.refREEedete n}é?FG-HfEnPS4€éFlé’cc5@rrd|9fg anp ebpeeter PEdPEAo@OENt
of the presenio ivwepéhebratadaatva pointument A9 anchydgsgae gbongate

' d ' t 430.h ol di st al d5
352 “reans ARPTE: fhr UHaRBINS v 2nboRelRY (LR ashing BreRetgyuined
responsi ve nekirse 4256 ?DghdlppehSSSQ whadﬂneﬁexﬂ&dmheneseth696931¢@af(x
per cut aneous| v, cGEGE B k3! O8h Rl S01eT GAlA 2 000R! 86 2NRhY

conducting portion re i n axial I gnme energy beam66. 10 .
Means 440 fordikectednabongylinecof mgahkr gatfscﬁ stprearsgabl $0colcamear

and coaxizal whé huelpigadet8NgudeC ARl UGHEMEROT i h HFrddEnt ENEEI¥HeRMAUeE | Ng
porti on. 430 15 @£ SLRhY) 20188 4RE gadth W19 SoSE0LT 2" 1o 803K1 T ener oy
Energy beam targeting system 60 is preferably of
the dual radiation targeting .system type described in
20 U.S. patent 5,212,720 to Landi et al, hereby
incorporated by reference. In this system, subsurface
regions of an X-ray transparent, but optically opaque
object, such as that shown at 80, are targeted along a
visible line of sight path 65, obtained by the use of
25 two radiation sources, an X-ray source and a light beam
source 60, preferably a laser.
Once energy beam targeting system 60 has directed
energy beam 66 along desired access path 65 to target
50, an invasive instrument such as that shown in FIG. 2
30 at 400 may be used to penetrate body 80 through skin,
or surface 52 thereby percutaneously accessing target
50. The surface 52 can be a patient’s body, or a super
structure such as a wall, hull or any other surface
structure through which it is desired to introduce an
35 invagive instrument in order to access a subsurface _
target.



15chgnnel (as best illustrated in FIG 2A at 445) extending from proxi mal
end 451 to distal end 452. Energy conducting portion 430 is adapted at

pk oxi ma| 1 to receive energy beam 66 through opening_436. eni ng 436
prOV|dé¥°§g%€§ for an energy beam and 20 al |l ows energy t e er gy
conducting channel 445. Qpening 436.i ggpr-ef erably surrounded by a fTange
435. Energy conducting channel 445 nay be a hollow core, or may conprise

any material capable of conducting energy from opening 436 of channel 445
to distal end 25 452. Wen the energy is visible |ight energy, energy
conducti ng channelFE35 2reghdresf invedivée phastrumemt am@<ﬁduurduqyctoapaque

mat eri al cap e. ¥i I | e ner gy
conducti ng c anneeicifrfcéfgrgg %%?eﬁ@b%gmégg ﬁggbg e?a%té%\% Si [)}llq{‘hﬁ]L beam
such as a | as@stzaupeny rﬂQ(ha%n@ %@emangélnasa@@egmemgmszqr&wmg FI G 2A

serves to pr% ﬁ%idhﬁﬂé%ﬁﬂa¢ﬂﬂgcét?QBxQﬁalh%nBQ%Bh'%&dﬁ a [desheanasel ative
to openlng 4 all owi ng the_opera surgeon, to 35 adjust the

posi tion3of | isiMRAT S F4 AinkR BEBCEEEHGPHa% e RESGP B0 65k 7% openi ng
436 in alignnaid emdigy heespdiis 2865a48hBCILESE oYl Si%persling -viaxisld21l of

cner oy condicti e CHATIGLE 4o 0 GLD o Lot A T YAt gocor i ng

to desired i i on. narrom/ | ange Wi results i*n Tess Vi
cont act mﬁthuangggf$ﬂxuﬂm@6thaneﬁorﬁee&pnsa@e|amn§9xupquuﬁﬁxummnt 400 is

out of align Wvvr]ﬁh4§@er9¥ebgaﬁaﬁﬁalAawl%hefdtawcﬁMéﬁ&g}e%éﬁ 68,

vi sual cont act ener beam 66 over _a W der deviation in_al]gnnent.
Fl ange 435 i 3Mgnng e%‘h%l?o’&hp?écub'ﬁnﬁpﬁﬁtlyl AccesHing drugRk fhel@nergy beam
66 forms a mMyrefoeasEy ésllfhear and coaxial with elongate energy

conducting portion 430.

Energy conducting portion 430 is preferably an
elongate rod having a central, coaxial energy conducting

15 channel (as best illustrated in FIG. 2A at 445)
extending from proximal end 451 to distal end 452.
Energy conducting portion 430 is adapted at proximal end
451 to receive energy'beam 66 through opening 436.
Opening 436 provides access for an energy beam and

20 allows energy to enter energy conducting channel 445.
Opening 436 is preferably surrounded by a flange 435.

Energy conducting channel 445 may be a hollow core,
or may comprise any material capable of conducting
energy from opening 436 of channel 445 to distal end

25 452. When the energy is visible light energy, energy
conducting channel 445 may be formed of plastié or any
other rigid, opéque material capable of conducting the
visible light along the length of energy conducting
channel 445.

30 Energy beam 66 is preferably a visible light beam
such as a laser beam. In that case flange 435 (best
illustrated in FIG. 2A) serves to provide a visual
indication of the position of the beam relative to
opening 436, allowing the operator, or surgeon, to

- 35 adjust the position of invasive instrument 400 such that
energy beam 66 enters opening 436 in alignment with the



10 visible spot on the surface of flange 435 upon incidence. As will be
appreC|ated by those skilled in the art, a wide variety of instruments and
t ool s hawigsg2asari ous neans for percut aneousl| y accessing aptmugelnsavsrilar to
15 that shown in FIG 2 at 440, may be adapted to include energy conducting
portion 430, energy conducting channeﬂl445 and energy responsive neans
425. In addition to nedical instruments, these instrunents include drills,
bores, punches and any ot her i npl enent used to penetrate 20 a surface to

reach a subsurfacgﬁéf\r tené?#h&csﬁdﬁéﬂln 44e§:tr cs aﬁf’ﬁaw [

appr eci at e, eam nay? conpri Se€ vrsi suc red
light, or thef |ﬁjltﬂn9?ﬁ= 0¥5 dmaly byany| a§§prdep90ttlfperd€f@rm oinémagyonapabl e

of being 25 ty 81%-;{;3}6&ef'lé.&l%éh£1§9h”h0§:e§ui‘t%e(itr€<ié¥‘§“01§&§f nEé‘EEOde

rays, electron Ener g)élh&espona Ve means
transl ucent Ofitdt HRACHEY HPeAN $68poHEETe PSiDHIE 13RS1%e nay be a

Ssensor r &spongistnimet e£00 ofiagoati eftdaaligmmulm\swgi e &egy 30ehMpPEs .

Energy respo SI ve. e r QVi a \vi_sua ication in,response to
the energy it ?Eegfa%ﬁequﬁﬁﬁ gl &3 A F n% %ﬁn?%ﬁ?lveéﬁndlcatlon
in response ten&tgyrhe%mvé@ evergq. wAderodentiegusiorarimtabhgnmentint ended to

remain wthi C il e T. SIEET BEEN i
REPLACEDI ’b%éﬁ@é £95 25 %Qefgksﬁqptg??é?%sqggﬁgﬁa.t g%?%n pr|RC|§Ies to

be consi der edch#entleensRetgYi RGABN Sy EHEd e MIKP porerend430d aleazn be

seen froyg t he, £k i 805ponenacser durgaice WH |£ ldiaye P35 ngpehes, the

rel ati onship petween length 1 5 of energy conducting portion 430 and the

di ameter d of *BAMETGYCBonducti ng channel 445 determi ne the maxi mum devi ati on
e fromeither sideagfwikbtbal apprecihvdd dy caiode sloikladedin shel brt,

al | owi ng e“ergywi’&é%éﬁiéeyt b3V §h%t Aedte itk 1t 81 £MBAGYnG ORI Y bluRY
portion 430. 10"~

means for percutaneously accessing a target similar to

15 that shown in FIG. 2 at 440, may be adapted to include
energy conducting portion 430, energy conducting channel
445, and energy responsive means 425. In addition to
medical instruments, these instruments include drills,
bores, punches and any other implement used to penetrate

20 a surface to reach a subsurface target.

| As those skilled in the electronics arts will

appreciate, an energy beam may comprise visible light,
such ag infra red light, or the light provided by a
laser, or other forms of energy capable of being

25 transmitted in the form of a directed beam, such as
cathode rays, electron beams and the like. Energy
responsive means 425 may be a translucent or other
material responsive to visible light, or may be a sensor
responsive to electromagnetic transmissions of other

30 types. Energy responsive means 425 may provide a visual
indication in response to the energy it receives, or it
may provide an audible or tactile indication in response
to the received energy. All of these variations are
intended to remain within the scope of the present

35 invention.
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An energy conducting portion 430 having a given dianmeter d (such as that
showmn in FIG 3A), and a given length 1, determ ne the all owabl e deviation

e.fro before energy beam 66 will be prevented fr ver si ng
c_hanng]‘ﬁg%@ ééachl ng energy responsive neans 425. |If the &3%%?2’6%3
deviation e is exceeded, energy responsgive neans 425 will not illufnate.
The failure to |Ilun1nate signals an out of alignnent condition of
instrument 400 with path 65. 20An energy conducting portion 430 having the

same length 1 as shown in FIG 3A at 1, but a |lesser dianeter d (as shown in
FIG 3B), will toF&Gaté lLiddsmstawtats cmereembndamgnzpzrbat@péeen@ogjoe

respons) ve TEaHSiderelX Wl itk ity Xnbrqystoahfecilg pokedbadl 2

| onger | eng energy conducti ng portion 4 laneter d. A
| onger | engt A32.r edgl €3 pg &een JAxqmaricee f@Fadings: i 8RdeaCCOFIIEIs t21 and

greater accuyagy ﬁﬂ@w@ﬂ 1R p 1<‘eaa)ab¢ﬂétﬁeiatmﬁgh&pnbetwé@& 13a5¢mniing now
to FIGS. 5, 6 and 7, there is shomn n, |nv§§b |n§§ nt accor ﬁﬁg to the
princi pl 8s oPft FBEFIYs SARAURHRYT &PELl ednfin Bg‘? ters & Sfent 10,

a preferred eﬁbaﬁynemmddauﬂng/ah&ﬁne&mﬁﬁSlﬂetermdaptedetmahanmmspon3|ve to

190t e 9Yqels LR Mot d A6, S0 deadkasehEsh) | bhfal oAl Ghildh T & L

at 66. - 13-- own a an el ongate energy
conducti ng peani be @@#@M&ﬁﬁﬁéiSﬁ&ihgaBbowhaglﬁQEQEYeh@quG@oﬁGUCtlng

channel 45 dispoeedd heleWddyth Cast "éneBgPB¥ocRAueeasy pe@d o 4mstic or

other 5 suitable materials having energy réesponsive propeérties which wll
allow al8irected light beam such as a laser beam to travel in a generally

3;r?;?hénglge path??eﬂﬁrgﬂﬂigg?ubK%gg;ﬁgﬁgégﬁ geggﬁpgémggzéﬁgigzﬁl tﬁ
s a3 hden Brgonyss 8 ng
syl

surface wher runent y ‘grasp oper at or
during inserflesgth 1, d@m@m@oﬂd@o@lhgwehéﬁnélewtatm @orﬁmnsms]ol | ow

cylindrical bANeRGQY R Undasy el smfzmc%e phrevaddRied ddn recei ve a
directed | aser 'beam.at an opening 15 36 ] ocat ed at t he proximal end of

casing 38, atFaVeTEGHLGhatRel ARt HeRRNLATa CHERGYaFEFRANSIVFh(MeaRR pat h
t her et hr ough 42f5r.omst thep raii swdb B daedri a8sbng e3@ st @xideeddidst anerfly | f

desired, the Lt erl o SYLARS £hs 351190 ¥RLERBRCK MR F B AUt 19

channel 45
to illuminate signals an out of alignment condition of

instrument 400 with path 65.

20 - An energy conducting portion 430 having the same
length 1 as shown in FIG 3A at 1, but a lesser diameter
d (as shown in FIG. 3B), will tolerate less deviation e
from axis 21 before energy responsive means 425
extinguishes.

25 FIG 3C illustrates the effect of a longer length 1
of energy conducting portion 430 for a given diameter d.
A longer length 1 results in less tolerance for
deviation e from axis 21 and greater accuracy and
alignment capability for instrument 400.

30 “Turning now to FIGS. 5, 6 and 7, there is shown an
invasive instrument according to the principles of the
present invention as embodied in a biopsy instrument 10,
a preferred embodiment. Biopsy instrument 10 is adapted
to be responsive to light energy in the form of a laser

35 beam as best illustrated in FIG. 1 at 66.
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20 provided with suitable light responsive, or reflective coatings which
maxi m ze the |ight conducting properties of energy conducting channel 45
accor di wep 9852p85 nci pl es well known in the optical arts. Apcgrydbmssesy,
energy conducting channel 45 may 25 readily conprise any suitable |ight
conducting, or translucent material, asidpposed to conprising a hollow
core. Suitable materials are those which allow light fromthe |aser beamto
pass.-fromthe proxi mal end of casing 30 to the distal end only when the

| aser beamis 30 in.coaxjal ' i th axis.21 of channel 45 within the
.desired tol erance (ﬁgﬁease@%%ﬁg%g% %S%nﬁécﬁ%ma\ﬁ ArHESe SR and
30). | n sonduddnc partidre goempripessaotashiegpBéseavingrdn on,

bi opsy instru fddddifle i 6 | LSS O aR el :%t]%g% J y accessing
a target, in {T%?%%’g’se a neetdllrgéc(best iglfl ugt?agts% E_e%. ICI;1 1 q“gf”gﬁ)
conprised of [ FASINSHESET MANs hcrfens REpERegpof\oLlagtis @ pharso7/ 18298

- 14 - a sbyl ebuiRAN ol Tate FAHKS HAVING 28ALE mg%oh@iw?%ﬂ&ﬁ'@- 10,
and 11) and can [ EEGS 0, and_ 11 Styl et

means 15 is telwg‘g'lé: %q: frﬁ‘g"ioagiﬁléfggwglc& & ﬁeﬂﬁ'n SyEh 'r?ul TNt
means 22 beam, to travel in a generally straight line path along
the axis of casing 30 from proximal end 51 to distal end
52. In addition, casing 30 provides a convenient
10 gripping surface whereby biopsy instrument 10 may be
. firmly grasped by the operator during insertion.

Energy conducting channel 45 may comprise a hollow
cylindrical inner core of casing 30, which core is
adapted to receive a directed laser beam at an opening

15 36 located at the proximal end of casing 30, and to
conduct the laser beam in a generally straight line path
therethrough, from the proximal end of casing 30 to the
distal end. If desired, the interior surface of casing
30 which so forms energy conducting channel 45 may be

20 provided with suitable light responsive, or reflective
coatings which maximize the light conducting properties
of energy conducting channel 45 according to principles
well known in the optical arts.

Alternatively, energy conducting channel 45 may

25 readily comprise any suitable light conducting, or
translucent material, as opposed to comprising a hollow
core. Suitable materials are those which allow light
from the laser beam to pass from the proximal end of
casing 30 to the distal end only when the laser beam is

30 in coaxial alignment with axis 21 of channel 45 within
the desired tolerance (+/-e, as discussed in connection
with FIGS. 3A, 3B and 3C).

In accordance with the principals of the present
invention, biopsy instrument 10 further includes means

35 for percutaneously accessing a target, in this case a
needle (best illustrated in FIG. 11 at 24) comprised of

THIS SHEET HAS BEEN |
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5 to assenbl e needl e 24. The energy responsive el ement of biopsy
I nstrunent 10 conprises a portion 40 of a connecting hub neans 25.

Connect | ans 25 and energy dispersing elenent 40 nmay be a Luer J
Lock, hg{;_??fgﬁgsﬁght transparent 10 portion, as commonly EgéﬂJSPHIVﬁ% .
medi cal arts. Connecting hub means 25 kg i.nterposed between casing 30 and
needl e 24 by affixing hub neans 25 to the distal end of casing 30 by
conventional mnmeans well known in the art. The end 27 of stylet nmeans 15
serves to block 15 passage of Itght fromthe | aser beam past energy

responsi ve neanstilett hezety YHusa nopuhcoghtingecgyinu abmesus tiant {ghdwn

di spersed t hrqug I%E? tsr-an rial _fromwhich _ener esponsi ve -
means 40 is cggls'??ruct'e .&T?#eﬁ%i sp)e;%é(g %gﬁﬂ?igngpa?%cgﬁgggééré%om
responsi ve 20 imedI&ES40 10 iandidhht SStnkattmeanssas Beamealemdopicdblyli st al

end of ener gy zORYIGHIANG FhAdWelvéd within LHed Bhﬁh‘i”%x&ﬂ? Lt D
bi opsy i nstrunent 10f'th3plengtH:é4d¥lca§?ng gocis 10abn1an ?%% I nner

di aneter & ist® ARsSBRIS P ve nmeans 40 has an 25 outer dianeter of
6.5 nmand is 7.0 rohd redeanygy Greépumhevﬁ ébemend mpsimyarieasmment
restrictive a ] afitude in Lpensions of .instrument 10 J

per i ssi bl e qu':%I 30\243 olvéenég g r%°?‘h’s?‘§u n?gfg FRREECSA S AT 2h‘(i_‘r_ei n.
30Bi opsy i nst Comasctingnbiyb meane 2i8sandbedengyi tiwpesibyy ielsreemnt4e i n
conj unction Wyt eadedi r ' yst |l St in FIGS. 1
and 1A. A Iaser@btggnafgrﬂg%i.ﬁg syst errin&%%?guéhiggﬁ;thg one e;féglr% bed in U S
patent nd0 5, PPXLARR 4 A FRIMRLIY used {Befhpomedigade@rt® | aser beam 66

along a |line dorsiedtintHubméong 39bsyriacerpased betwiddidhsimati@nt’ s
body 80. The and needle 24 by affixing hub means 25 to the distal end
of casing 30 by conventional means well known in the
art. The end 27 of stylet means 15 serves to block
15 passage of light from the laser beam past energy
responsive means 40, thereby causing light energy to be
substantially dispersed through the translucent material
from which energy responsive means 40 is constructed.
The dispersed light energy causes energy responsive
20 means 40 to illuminaté when the laser beam reaches the
distal end of energy conducting channel 45.

In a preferred embodiment of biopsy instrument 10,
the length 1 of casing 30 is 10 cm and the inner
diameter d is 2 mm. Energy responsive means 40 has an

25 outer diameter of 6.5 mm and is 7.0 mm in length.
However, these dimensions are not restrictive.and a wide
latitude in the dimensions of instrument 10 is
permissible while allowing the instrument to function as
described herein.

30 Biopsy instrument 10 will now be described as it
would be implemented in conjunction with the energy beam

~directing system illustrated in FIGS. 1 and 1A. A laser
beam targeting system 60 such as the one described in
U.S. patent no. 5,212,720 to Landi,et al, is used to

35 direct a laser beam 66 along a line of sight path 65 to

a subsurface target 50 within a patient’s body 80. The

e —— = - 7]
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THI S SHEET HAS ULAN REPLACE!) - 15 -- |l aser beam 66 creates a visible
spot 71 on the desired entry site on the patient's skin 52. The |aser beam
66 al sowplIsEd8sat es the |ine of sight path 65, which, if P@T/Usmrtz%/\oul d

| ead to the target 50 beneath the 5 pgégent s skin 52. Wth this -
arrangenent, the precise angle 72 nécessary for the biopsy instrunment shomn
in FIGS. 5, 6, 7, 10, and 11 at 10, to reach its target 50 as defined by

the | aser beam 72 may be determ ned as well. 10The operator, or surgeon,
places the tiy é&%egkﬁesié ecééaeésbaogﬁlb&%t rsl.#&“tnl(br?“tﬁ@edé’éﬁkége spot
71 (best shomn In 1A) | gns_casi ng lum nated |ine

of site path %’Bﬂﬁél‘ﬁ)’d\hel ‘PPFF@ E?téﬁt‘}ﬁ Ph&?‘:‘@aé%'rg 3¢ 13senppedni ffit e
axi al al i gnmeptsyv i dhihdeesashe heam ofhatighe gdightes; owhide, beam enters

opening 36. T ocation of .the_l.aser an1re| ti t 0 _openi 36 may be
det er mi ned byg]? ra‘f’%?igi ESFQ E? \7 u&ﬁ‘r i r%ogtl?%rhe%?htﬂgerel ative
posi ti ons of p&mﬁemg'§6shﬁﬂ BRe Washr thdsmardtifipemerstal théspreaisen
descri bed abov Y. n 3 :ﬂﬂﬁgé £ O . ngs36. Wien
t he | aser beaﬁ? 23}%%| gsgabﬁ Ehg g&ﬁfgggﬂgﬁhfﬁﬂi e |t§§§g§té§ a

vi si bl e spot B¥G$i ghi ﬁhth ﬁﬁy B@dvﬂéuéﬁl}Qnmﬁqcﬁ%ﬁp%ylﬁﬁetﬁﬁgﬁétéP as
the operator 24jgstsnbdepyotardibaerP®Eain 02 Glaypi KPsdet 86hineRNAs10, and

t hereby the alignnent of casing 30 with the | aser beam The operator nmay
adj ust the ad@%f%r position of biopsy instrunent 10 until the |aser beam
appears 1® be ali gred wpelkaopeni oy SurgiHdftherpleasesnge3® tipi h9aodul ar
al i gnment MAthéer 16 of biopsy instrument 10 on the visible spot 71
(best shown in FIG. 1A) and aligns casing 30 with the
illuminated line of site path 65 (shown in FIG. 1) such
that casing 30 is in approximate axial alignment with
15 the laser beam. That is, light from the beam enters
opening 36. The location of the laser beam relative to
opening 36 may be determined by the operator simply by
visual observation of the relative positions of opening
36 and the laser beam.
20 The visual observation described above may be aided
| by flange 35 which surrounds opening 36. When the laser
beam is incident upon the surface of flange 35 it
creates a visible spot of light which may be visually
monitored by the operator as the operator adjusts the
25 angular position of biopsy instrument 10, and thereby
the alignment of casing 30 with the laser beam. The
operator may adjust the angular position of biopsy
instrument 10 until the laser beam appears to be aligned
with opening 36.
30 When casing 30 is in angular alignment with the
laser beam energy responsive means 40 will illuminate,
i.e., disperse visible light. The operator monitors the
illumination of energy responsive means 40 as s/he
percutaneously accesses target 50, i.e., penetrates the
35 surface 52, in this case the skin of the patient, and
inserts needle 16 into the body of the patient until
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| aser beam energy responsive neans 40 will illumnate, i.e., disperse
visible light. The operator nonitors the illum nation of energy responsive
ngans [Je percutaneously accesses target 50, i.e., _penetrates the 35,
s_urfacgag%?/s?#gthi s case the skin of the patient, and inspe&’gsﬁélémse 16 -
into the body of the patient until THhRE SHEET HAS BEEN | REPLACED WO

98/ 52485PCT/ US97/18298 ~ . - 16 -- needle 16 is in contact with target 50.
As the QOperator advances needle 16 toward target 50, s/he observes energy
responsi ve neans 40, adjusting the position of energy conducting portion 30
SO as to nai medidles 14 |ianimt¢ontatt embthytargpbnSove Asarthel®pesxratul cat ed

by the di spersiamals ialdle 14 dhbudberehboat 46505HA0Ghsdpdlesi red path
to target area I's mal ntal ned as the operator advances -tsh_e biops

i nstrument t GRELTIN HIFROLBPLVE ARARH04R, sRATREGLIRE the Rositian foreci ate
based on the drRgpidndleseingipePtiénVani 8byasl tonwasneainst r.unent s
havi ng needl es _such as.fluiﬁaas L ration needlesg%such S _ammi ocent es| s
needl es) Sand PHEHIRHAAR L ?%&%dﬁﬁ?@BnPEJVeu ang A4 as e Al so
15 the instr wenthd Gidpdieiqn esEnvishblat ldghtayheeefdapt.ed for use in

vari ous biop £ﬁ£ﬂg S, b Dck udi C ogiC Ihaty |
aspiration, %chc% 0 o_glsgjﬁ' b?%gpségg?ggg éé?*l g’? 8%3%"'& taﬁ_%r?ﬂcugtdagie%us bi. opsy -
techni ques. 2BRRGIHESHIES t Hee pPREEAEOFnFENERESE Smivieh ® 1QRHH ed

instrument toward target 50. :

10 As those skilled in the art will appreciate based
on the foregoing description, a variety of invasive
instruments having needles such as fluid aspiration
needles (such as amniocentesis needles) and other
needles may be adapted for use in this invention. . Also

15 the instrument 10 of the present invention may be
adapted for use in various biopsy techniques, including
cytologic aspiration, fluid aspiration, histological
biopsies, as well as coaxial percutaneous biopsy-
techniques. |

20 Furthermore the present invention may be adapted
for use with medical instruments other than just needles
wherever improved guidance mechanisms are desired. For
example, trocars, insertable scopes, catheters and the
like may be provided with an energy responsive element,

25 responsive to a beam of directed visible light directed
along a path to a target.

FIG. 9 illustrates yet another invasive instrument,
a drill instrument 500, adapted in accordance with the
principles of the present invention. An energy

30 conducting portion is provided by adapting shaft 530 of
drill instrument 500 to include an energy conducting
channel 545 having an opening 536 at proximal end S551.
In the drill instrument 500 of this embodiment, the
shaft 530 is the energy conducting portion of the

35 invasive drill instrument 500.
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for use with medical instrunents other than just needl es wherever inproved
gui dance nechani sms are desired. For exanple, trocars, insertable scopes,
cat het eVO 9843218 he | i ke may be provi ded W|th an energy respCnusvasdsenent ,
25 responsive to a beamof directed vi | e light directed along a path to
a target. FIG 9 illustrates yet another I nvasive instrunment, a drill
I nstrunent 500, adapted in accordance with the principles of the presenf
i nvention. An energy 30 conducting portion is provided by adapting shaft

530 of drill instr mgﬁoeoﬁ@ueeghgdehaﬂnemesgx e&*&k&t changds 545
havi ng an openln%?536 af f §XIHB| 8 i In the drill 1nstrunment 500 of
this enbodi mertt® 39 tQ dhataherps ééﬁd&ﬁ|%ﬁ?§iﬂ53QﬂP%fd¥hbl

35i nvasi ve dridddy rns29 ynewth56Rat thékanSHEETlﬁﬁﬁﬂﬁﬁaidﬂiﬁéﬁlﬁ)521 &f --
Ener gy conduct] Y eext fron10 536 to distal
end 553 of Sharﬂ%gé%%ﬂ?ﬁ%e?ﬁ?nﬁ gﬂgéggh g%éhighat fhéu% | ongi t udi nal
axis 521 & emeﬂ@llﬂqﬂenanwéthSnsel axiis @cfaxn@,nsarfbﬁ col l'i near

al i gnment wi t hd @éﬁéo@élﬁé@ée&@in@eﬁ 2aReusidh ?tfee“ SidY &2 &EE?YSOO' s

the case a dril] bit 524 Yoke portlon 572 of I nstrunen
adapted to i n@ifieeh- energy responsi ve neans 540, which is 10 interposed

between drill bit 5pdkengoetidegase2ener @yitandueitgnainy tSom H30aakpeeay
responsi ve means 540) ¢an be 2,LLansLueelh i s UdST WISD 1S
positioned to
10 interposed between drill bit 524 and elongate energy
conducting portion 530. Energy responsive means 540 can
be a translucent ring, or collar which is positioned to
surround distal end 552 of energy conducting channel 545
such that light from channel 545 may be dispersed
15 through energy responsive means 540 so as to be visible
to an operator when light reaches distal end 552.
In operation, a laser targeting and positioning
system 60 as previously described and illustrated in
FIGS. 1 and 1A, is used to direct a laser beam 66 at a
20 subsurface target area 50. The operator positions the
.~ tip 519 of the drill bit 524 (shown in FIG 9) on the
spot 71 created by the incidence of the laser beam 66 on
the surface 52 to be penetrated, as described above in
connection with alternative embodiments.
25 When shaft 530 is in angular alignment with the
laser beam along axis 521, energy responsive means 540
will illuminate, i.e., disperse visible light. The
operator monitors the illumination of energy responsive
means 540 as s/he percutaneously accesses target 50,
30 i.e., by penetrating the surface 52 of body 80 with
drill bit 524 until drill bit 524 reaches the desired
target area 50. As the operator advances drill bit 524
toward target area 50, s/he observes energy responsive
means 540, adjusting the position of energy conducting
35 portion 530 so as to maintain illumination of energy
responsive means 540, as indicated by the dispersion of
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surrqund distal end 552 of energy conducting channel 545 such that [|ight
from channel 545 nay be dispersed 15 through energy responsive neans 540 so

as to be visible to an operator when light reaches distal end 552. In
oper atVOP8/5885aser targeting and positioning system 60 RETHISOVIEES| y
described and illustrated in FIGS. 1 gnd 1A, is used to direct a |l-aser beam

66 at a 20 subsurface target area 50.” The operator positions the tip 519 of.
the drill bit 524 (shown in FIG9) on the spot 71 created by the incidence
of the | aser beam 66 on the surface 52 to be penetrated, as described above
i n_connect i 0p; uhbheahtgheatheeeerortli MaHcHr BR8N 1M tadB3led$ pdrigngul ar
alignnment with the | aser beam al ong ,axi s 521, €nérgy responsive ans 540
will illunm nkPetardet ageapelsds, M&imtainesht . The operator nmonitors the
illum nation of energy responsive neans 540 as s/ he percutaneously accesses
target 50, 30 i.e., by penetrating the surface 52 of body 80 with drill bit
524 until drill bit 524 reaches the desired target area 50. As the operator
advances drill bit 524 toward target area 50, s/he observes energy"
responsi ve nmeans 540, adjusting the position of energy conducting 35
portion 530 so as to maintain illum nation of energy responsive neans 540,
as indicated by the dispersion of THHS SHEET HAS BEEN REPLACED WO

98/ 52485PCT/ US97/ 18298 - 18 - vi-sible light therefrom Accordingly, the
desired path to target area 50 is naintained.



- 19 -- | claim 1.In a systemwherein an energy beamis directed at a
presel ected target within a body, and wherein an 5 invasive instrunent is
enpl oyadobgszussess the presel ected target by penetratingpPdrausonigage of the
body, and wherein the energy beamis incident upon the surface of t-he body
at a desired penetration point, and wA€réin the direction of the energy
beamindicates the 10 desired angle and axis for the invasive instrunent to

penetrate the body, an invasive_ instrunment including: an el ongate
ener gy conduct portion haV|ng a distal end and a proxinmal end, said
el ongat e eneﬁb ucting portion adapted to receive the energy beamat 15

said proxinmal end and to conduct received energy to said distal end; neans

for percut ane:l;)usl Y1265 6 ngt\?geféiﬂegn energ BRLAY 'L ML Rans

i nter posed between “sal ans ercutaneou y accessing the target and
said 20 di st @regrlettedi trEget gyiEBhBURt PREYpoRFPoNREE iR &fer gy

reSDOPS' \6e W%Rﬁal §i§é)eiﬁ$@ﬁuﬂiéﬁtbh.§ émgmbywaeragvarccwg HHRANS fOL

per cut aneously accessin | xi a e ener gy
beam 25 2. W?%%%F%‘g ’F"ﬁg??gngﬁt pgpetprg% \ﬁ%‘@r%"rrﬁ%acied?é S for

per cut aneous|yodrg cessd nghéheihathet energyl bieasadsanddident alpos ttheai d

el ongat e ener u p |,0 0 dﬁﬁﬁu gclaim
1 wherein the %%g %%a%ﬂ%o%éysgg \%I glég,lﬂ%l% 3% 1:‘63: v%hzrel n saleSJIfl

el ongat e eneryyexehuthengineshsons ofr svied emaxdbh haamk iR CRR{el® ng

channel {@ COﬁ'é’é'fieéaéﬂgiéshﬁheakhghffora&%e\/\ﬁl@fv%ﬁxﬁéllﬂaﬁh&h@nﬁ esponsi ve
means i s responsive 35t0 sajd visible |i MO 98/ 52485P {H§B7/18298
penetrate the body, an inva 1ve instrumen 1nc
an elongate energy conducting portion having a
distal end and a proximal end, said elongate enérgy
conduéting portion adapted to receive the energy beam at
15 said proximal end and to conduct received energy to said
distal end;
means for percutaneously accessing the target;
energy responsive means interposed between said
means for percutaneously accessing the target and said
20 distal end of said energy conducting portion, said
- energy responsive means dispersing visible light
whenever said means for percutaneously accessing the
target is. in axial alignment with the energy beam.

25 2. The invasive instrument of claim 1 wherein said
means for percutaneously accessing the target is
collinear and co-axial with said elongate energy
conducting portion.

30 3. The invasive instrument of claim 1 wherein the
energy beam comprises visible light, and wherein said
elongate energy conducting means is provided with an
‘energy conducting channel to conduct said visible light,
and wherein said energy responsive means is responsive

35 to said visible light. eecetal oo



- 20 - 4. The invasj.ve instrunent.of claim3 wherein saidvisible light is "
infrared |ight. 5. _The .invasive instrunent of claim3 wherein said 5
visible bi E% is laser light. 6. The invasive instrunent of claim1l
mhereiﬁ” ﬁg RWasive instrunment is a bi opsy i nstrunent aﬁ&T§§FH"ﬁ$5ns for
per cut aneously accessing the targetljszm.io bi opsy needl e coupled fo said
bi opsy instrunent. 7. The invasivelinstrunent of claim1 wherein the

i nvasi ve instrunent is a syringe -and said neans for percutaneously
accessing the target is a needle coupled 15to said syringe. 8. The

i nvasi ve i nstaunenThef iovasive dnsteiumente afhvdsiine 3 ndiexedmtsaisda dril |
and sai d neans. e ngQu s he target is a drill bit 20
means. 9. Thgl%%§%§iéggkgs %uééﬁf%%%ﬁgﬁégﬁ¥% wherei n said nmeans for

per cut aneously accessing the target is a needle neans. 25 10. The i nvasive

I nstrument of s¢l ai Pl WAGESHiReS Aind umatnd G REVLith B amsteiRCceLs8i ng the

target is a puncturing,cannyla. 30 11., The invasive instrunment of claim1l
wher ei n s@i d ¥e8A®leorl igBEc dBateReH ssing the target is a drill bit
means. 12. The invasive instrunent of claiml wherein said 35 neans for

percutaneousl% acc

per cut aneous! y acoasl g LR e i9fic hindhe PTG Ve LS SHEET HAS

invasive instrument is a biopsy instrument and said
means for percutaneously accessing the target is a
10 biopsy needle coupled to said biopsy instrument.

7. The invasive instrument of claim 1 wherein the

invasive instrument is a syringe and said means for

percutaneously accessing the target is a needle coupled
15 to said syringe.

8. The invasive instrument of claim 1 wherein the

invasive instrument is a drill and said means for

percutaneously accessing the target is a drill bit
20 means.

9. The invasive instrument of claim 1 wherein said
means for percutaneously accessing the target is a
needle means.

25
10. The invasive instrument of claim 1 wherein said
means for percutaneously accessing the target is a
puncturing cannula.

30 11. The invasive instrument of claim 1 wherein said
means for>pércutaneously accessing the target is a drill
bit means.

12. The invasive instrument of claim 1 wherein said
35 means for percutaneously accessing the target is a
boring means.
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13. The invasive instrunent of claim1l wherein said target is selected from
the group conprising manmalian tunors and manmalian tissue masses. 5 14.
The i nwieiosms248sst runment of claim 1 wherein said el ongate pagbsyrasnguct i ng
portion is a hollow, opaque cylinder. 15. A conbination of an.instrunent

for insertion of a 10 needle into a bbd%lahd an i magi ng system adapted to
direct an incident beamof light toward a preselected point wthin the
body, the instrunent including: an elongate |ight conducting portion having

a distal end a X , 1Sal { ' nducti ng.portion
adapted to rei‘glgi/e ﬁ%g ?ﬁ?‘%‘agﬁg 6%%%%%9{%%€a%1%{a}%‘d£§?%§¥%ﬁ? LWwtand to
conduct the inchdeat besasrdbcteghifnom ddiel il cemprising mammakihe

portion collingghor8dan8amhamaMibih SRidghd epdess | | ght conducting portion
20l i ght responsive nmeans interposed between said needl e portion and said

distal end of said elongate |light conducting portion for dispersing visible
light whenpverigai dTReongeheilvieginstantisit ngf ROTdimnL i vhéredyi ghidl i gnnent
with the inci deft beam gf. 'k:ght sz%t]i% Ther conrtl)i nat i ag ﬁ) claim 15 wherein
sai d i nstrument-P8I&%bi 5pSY nESEHCY 9 PPTHR Bt AT ORY of CRFIPH 16
wherei n sai d bcypspde@.needl e i ncludes a puncturing cannul a neans and a
styl et neans. 18. A nethod of nonitoring the alignnent of an instrunent
with a visible |light beam the nethod 35 conprising the steps of: a)
providing a vi P bl e F@H‘Plﬁé&mon W5 g6y m%@qmrtggn_of B)
provi di ngg@n i RSELAYEBERLtBAY BN RIPRERt Andd Oy system adapted to
direct an incident beam of light toward a preselected
point within the body, the instrument including:
an elongate light conducting portion having a
distal end and a proximal end, said elongate light
15 conducting portion adapted to receive the incident beam
of light at said proximal end and to conduct the
incident beam of light to said distal end;
a needle portion collinear and coaxial with said
elongate light conducting portion;
20 light responsive means interposed between said
needle portion and said distal end of said elongate
light conducting portion for dispersing visible light
whenever said elongate light conducting portion is in
axial alignment with the incident beam of light.
25 | !
16. The combination of claim 15 wherein said instrument
is a biopsy needle.

17. The combination of claim 16 wherein said biopsy
30 needle includes a puncturing cannula means and a stylet
means.

18. A method of monitoring the alignment of an
instrument with a visible light beam, the method

35 comprising the steps of: —
a) providing a visible light beam; ;



conducting portion, said elongate Iight conducting portion having a distal
end and a prOX|naI end and adapted to receive the visible |ight beam at

sai d 5 E%%J end and to conduct received |ight fron1sa|dn?rOX|naI end to
sai d d| d: a penetrating portion collinear and coaX@/USHTABR8a; d '
| i ght conductlng portion; |ight dispepsing neans interposed betweermsaid

penetrating portion and said distal end of said |light 10 conducting portion.

for disprsing visible light whenever the penetrating portion is in axial
alignment with the visible |ight beam C) nonitoring said |ight dispersing
means; d)bladpxeviding henpbestirument baivdngnsnr edengabiet 1 itht

tt
i sper ses vi SIS paBRloH o EiC 0 bG8 dabt ddbr i R (0 Tor ng
step i s accoRANEiRR Bvingumedisbal epd IRE AePHEFiBRlcEMAMANE wherein the

noni toring staaihp@ecpe:féow@élw ehecwgmbmenmgm p24m Eie gamighod of claim
18 including the furfher_ste

iptainin sition of said
i nstrumem wWRIPF ctnd AR, HOVFQPgBEtI FSﬁFlg'@Qme[&ggﬁ fram @adidi e 1 ght
is conti nuous;iz;o:cﬁmmbrmdi toosatdi diktght edd3pear pengteaeismgt podtidh A

device for PENSH ALY Sn5UbSULIase,1BhO8h:Al 934 REpRlnmyIed path and

at a predeterm ned pene rat|on angl conprising means
for penetraun@yﬁ%@mtfhk@hto@aﬁﬁﬁraingn@eéné dntexposed begweeppsaid

98/ 52485PCT/ Lg%ﬂé@ﬁ@@fing 3ércmn aff gheagaagta&e@% SENHIGH NG g Li on
| ocat ed at t her , end of said_device and cou 1§§H§9 aid uncturlng and

penetrat ucmﬁ%%sP?BFlaPsSQFsFﬁaP rSipge HAEREURH ween
said el ongat etmegSQtYetﬁ@'dﬂﬁgl porpavhi a8 andasdad sRdrsandedit P raid ng a
surface; %5 eeig At E-SRer gy conducting portion adapted to include a
i nearly exten h energg condu¢ting channel extending fromthe proximal
end of said el ongatk moRigoring said light dispersing means;

d) adjusting the position of said instrument with
15 respect to said visible light beam such that said light
dispersing means disperses visible light.

19. The method of claim 18 wherein the monitoring step
is accomplished by a human.

20 .
20. The method of claim 18 wherein the monitoring step
is performed by electronic means.

21. The method of claim 18 including the further step

25 of maintaining the position of said instrument with
respect to said visible light beam such that visible
light is continuously dispersed from said light
dispersing element.

30 22. A device for penetrating a subsurface target along
a predetermined path and at a predetermined penetration
angle, the device comprising:

means for penetrating a surface located at one end
of said device; R




10 conducting portion and termnating within said nmeans for dispersing
visible light, said linearly extending energy conducting channel being
coaxi al wand/seq¥sl i near with said nmeans for penetrating a sp¢tageyisiss 23. The
instrument of claim?22 wherein said neans for penetrating is a needlLe- 24.
The instrunment of claim22 wherein sai2® means for penetrating is a dril

bit. 20 25. The instrunent of claim22 wherein said el ongate energy
conducting portion includes nmeans for driving said penetrating neans toward
the,target. 25 26. The_instrunent of claiom 25 wherein, said nmeans for
driving is a dril |2hpEbPRg3%e $RETHNS CPRMTEIRE AW WP IRErErd 3hid

el ongat e energhe cotlect éeng porsahd devd ceardide coublssd cedigwbd| y 30

ext endi ng ener conductin | l.indrical opening di sposed
within and«a&éﬁ&ﬁ%@l¥§o%?ghégggg%%%éigéﬁ%¥%#ﬂsaid handl e to said nmeans for
di spersi ng vi si bl en¢aghat fogsdigpeTsdngnyimikde bkght alrtovpepedei n said
light _ disp | i e @ﬁhh AR PESE : :

98/ 52485 CT/8%%??%%§S§Q?d2§l§n§%8g %Eé ins#?hnent cﬁgé?%%%%%% %ﬁgrg?ﬁdsaid
connect i ng hukeamanEor sPeRBEraLisd fr SMTfad%ar plastic material. 30. A

met hod of providi ngaggcelehgagei eneeeyalcvighee iy epertl ordafapbedf tan

I nvasive instrunent in Lnvasive procedures in which the instrunent i's

noerted axi AAGTRE cRal BBA LT ERERITE SRS rierdictiis dfFhhel

i |l um nati ng exeepdidgt Erpmnetepprioximall eid ghff $ebdn elondapei agergy

i nvasi ve d nst g en h ; i§ky | | g f 5905t heahgSEpyTENt

when th?QInnéynEn%tﬁggiﬁ%gﬁ%g al I %%Sﬁﬂﬁaéf%fhe %ﬁ?ﬁn%nated 2

predet er mi neddpsparsing visible light, said 1lpearly extending energy
conducting channel being coaxial and collinear with said
means_for penetrating a surface.

15 23. The instrument of claim 22 wherein said means for
penetrating is a needle.

24. The instrument of claim 22 wherein said means for

penetrating is a drill bit.

20 '
25. The instrument of claim 22 wherein said elongate
energy conducting portion includes means for driving
said penetrating means toward the target.

25 26. The instrument of claim 25 wherein said means for
driving is a drill motor.

27. The instrument of claim 22 wherein said elongate
energy conducting portion is a handle and said linearly

30 extending energy conducting channel is a cylindrical
opening disposed within and extending from the proximal
end of said handle to said means for dispersing visible
light.

35 28. The instrument of claim 22 wherein said light
dispersing means is a connecting hub means.




aligning the instrunent axially with the |ight beam 15 such that visible
light is emitted fromthe instrunent; novi ng the aligned instrunent

al ong the gredeternined path while maintaining the axial alignnent of the

i nst rumMR 84268 the 1i ght beam by nonitoring the visible PCHHS7@8tt ed from’
the instrunment; 20inserting the aligpgg instrunent into the body while

- mai ntaining the axial alignnment of thé %nstrunent with the |ight beam by
nmonttoring the visible light emtted fromthe instrunent. )

.

29. The instrument of claim 28 wherein said connecting
hub meins is fabricated from a clear plastic material.
30. A method of providing accurate guidance along a

5 predetermined path of an invasive instrument in invasive
procedures in which the instrument is inserted axially
into a body, the method comprising the steps of:

illuminating the predetermined path with a light'“‘

beam; '

10 adapting the invasive instrument such that wvisible
light is emitted from the instrument when the instrument
is in axial alignment with the illuminated predetermined
path;

aligning the instrument axially with the light.beam
15 such that visible light is emitted from the instrument;
moving the aligned instrument along the
predetermined path while maintaining the axial alignment
of the instrument with the light beam by monitoring the
visible light emitted from the instrument;

20° inserting the aligned instrument into the body
while maintaining the axial alignment of the instrument
with the light beam by monitoring the visible light
emitted from the instrument.
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