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where it is neasured. The |light pattern is observed by night vision
goggles (70) that filter out other frequencies of |igHldDecdheerd®D8ct ed
light permts location of the end of the fiber (10), the positional
accuracy depending on the thickness of tissue between the fiber tip and
the exterior of the body. STOVACH 19 Decenber 2005 WO 021103409 A3
IYLELETEEEE et et dr her b crere e terer e
&, OrR IF IT, LU M, N., PT, SE, TR, _9QAPI patent (BF, B7, CF, CG C,
CM GA ON, &Q GW M, MR NE, SN, TD, TG . Date of publication of the
I nternational search report: (88) Declaration under. Rule 4.17: - of
inventorship (Rule 4.17(iv)) for US only Published: wth international
search report before the expiration of the time limt for amending the

claims and to be republished in the event of receipt of _anend ééf .

5003 (10 1 nf oORHICAL SITMANGE S TEM FORIAN AStvES A LRETTH PLAL i t®
Gazette No. 12/2003 of 20 March 2003, Section Il For two-letter codes and
ot her abbreviations, refer to the "Guid ance -Notes an Codes and ' ‘

Abbr evi atlonst;@pmqm-p@[mmﬂ@gi n- ning of. each regular issue of the PCT
Gazette. : ' ,

The present invention was supported by The U.S. National Institutes of Health under

Grant No. NS-31465. The government may have certain rights in the invention.

5 CROSS-REFERENCE TO RELATED APPLICATIONS'_

The present application claims priority to U.S. Provisional Patent Application No.

. 60/299,299, filed June 19, 2001.

" FIELD OF THE INVENTION

The present invention relates to an optical gﬁidance system and a method for
10 insertion of endotracheal tubing, nasogastric tubiﬁ'g, feeding tubing, epidural catheters,
central venous catheters, peripherally inserted central venous catheters, chest tubes plural’

'catheters; and similar invasive catheters and‘tl_ﬂ)es;

DESCRIPTION OF THE PRIOR ART

Déterminjng the Idcéﬁoﬁ of the end- of a catheter inseﬁéd into pa’tienfs for the
15 purpose 6f prbvidiﬁg‘ nutrients or medications to specific locations within the body has been’
difﬁcult. Currently, catheter placement is either done without \riguél. guidance or, if the
. placement is particularly critical, it is done by x-ray, which can acc:nrately determine the
" Jocation of radio-opaque plastlc matenals used n mak:mg the tubing. However multlple X~
| rays are oﬁen necessary. The necessity for muitlple x-rays m ‘order to Jocate the end of the -

20 mserted tubing i is undesirable. An optical system thatis convement and easy to use and yet



19 Decenber 2005 1 OPTI CAL GUI DANCE SYSTEM FOR | NVASI VE CATHETER PLACEMENT
GOVERNMENT SUPPORT The present invention was support edglmecdiiperl20865 Nati onal
Institutes of Health under Gant No. NS-31465. The governnment nmay have
certain rights in the invention. 5 CROSS- REFERENCE TO RELATED APPLI CATI ONS
The present application clains priority to U S. Provisional Patent
Application No. 60/299,299, filed June 19, 2001. FIELD OF THE | NVENTI ON
The present invention relates to an opticap._gui dance system and a net hod
for 10 insertion of endotracheal t ubi ng, nasogastric tubing, feeding

tubing. epi durglyCalng, GEhd & bY §RRY ScGRkbIGtBEded RADOIRNGE Abd ¥ kaaps fsed
central venouS Ca eters est Tubes plural cafheters,. and simlar

i nvasi ve cathgbgfed. éf&éfefabl}%he pAsGidn ¢fTheaibeted Hﬁmwwﬂﬂ\’w@m’ﬁd Aunge thee
| ocation of the end of a catheter inserted into patients for the 15

pur pose of prmscmonglrm%@rthsp@ﬁlﬂ%@lﬁ g tipshecked a&%c‘i“fl?g‘q@éﬁfl ons within
the body has been difficult. Currently, catheter placenent is either done

. Wi thout visual, guidance or, if the placenent is particularly critical, it

i's done by x-ray, Whi.ChCafe@CEst: ALRYaty d6tiBEdHrORnbS (.4 OVRIOHORIdN al;
radi o- opaque plastic materials used in making the tubing. However, multipl e

x- rays arg ofoan %epﬁasmytdeﬂhenmenesef intenfiad orgags of ppatisnt Flﬁ?rs}n$er’iﬂ‘€ﬁ der to
| ocate the d of the 20 ted t d bl

that 1s converrensh. dmememale it reaionsh e s MBIERHidTIsT sk Sl Ber SRLS ™
end of the tubl e“gag §Eﬁ1% 1l BrBELOH B Bifveyi g%@ﬁ’oﬁtﬂu%émt phblfiRyHSiRicQherspy.ay s

Is desired. e position o cat het er ti'p may be directly

observed duri BGcﬁH@nd:éa%%ﬁdt@@e@fo@eﬁheteﬁpldcérhmtpos|t|on of the tip checked
at any tine thereafter. Prior art catheter Ilght dellvery devi ces are known -
(e.g., Wodward et al;

Other hight guldes such as Fontenot; 5,423, 3”1 have multtple light gmdmg
10 fibers of dtffcrcnt lengths that are inserted into mtemal organs or vessels dunng suroery
In the case of balloon catheters such light guides are used to place the balloon catheter
in posmons where inflation _cf the balloon will occlude the vesse_l if that should become
necessary. The light guide is an independent entity and observation is through the vessel
wall such that visible light is sufﬁcieu_t, although near infra red light is indiCated as
15 decreasing the intensity of light that is fcquiréd. A detection system is also described for

| determining when the surgical cutting tool approaches the vessel.

Vander Salm et al; 5,906,579 and Duhaylongsod et al; 6,113,588 51m11ar1y
descnbe methods for v1suahzmg balloon catheters through the vcssel wall under surgical
condltlons In these devices, the opttcal ﬁbcr isan mdependcnt entity and is prcferably

20 inserted through one 1umen of a multtlumcn catheter. The dlsciosed devices are

- specifically dlscloscd for use in card1othorac1c surgery.

Such pnor art li ght guldes dc not use a smglc fiber that is butlt into the structure
- of cathcters with multiple dlfferent functions, are niot directed pnmaniy to locahzmg thc
tip of an mscrted catheter durmg non-surgical proccdures for endotrachcal tubmg, |
| .25 ‘nasogastnc tubing, feeding tubing, epidural cathetenzatton, central venous

catheterization, peripherally inserted centralYenous-cathetenzahons, chestltubes plural



5 5,947,958) that provide illum nation of internal organs of a patient
after insertion through, for exanple, the peritoneal 19@dcemién 205
illumnation is to provide light for either imging of the tissue surface
or for delivering the light used in photodynam c therapy. Such devices are
not used for catheter placenent. Qther |ight guides, such as Fontenot;
5,423,321, have multiple light guiding 10 fibers of different |engths that
are inserted into internal organs or vessels during surgery. 1In the case
of balloon catheters, such light guid are used to place the balloon
catheter in positions where inflation of the balloon will occlude the
vessel if that should becone necessary. The light guide is an independent

entity an ati on .S . . I gt vi sk hle |ight
is suffi cgaetﬁgt,gﬁ{é‘\\('?'biooﬁéﬂﬂ nse"%a]jrigriqn :51 ’é’g ? gtcri’gﬁ)‘l?s;%{ld %ué\@él r?&?gg{;‘%hn%sarg@a}éf%%r easi ng
t he i nt engbtnpt gfe lohlylreat indtarddslight gince dbe vessaist are triob surgicathe exposed [agd

descri bed,, gdot 1 | gl cal e Gutt | r es the
vessel . Vgl'f"ﬁlgreer h&@aﬁﬂg e'ltEH rgﬁ%hvﬁag‘géjq?%%e%dﬁ%m%%o%&%g ﬁg{ ogﬁﬂé)g%%é{% 588
si m | ar | y Mgesswen. Isecheiorott devives\are walptivenexpsasiveo and &t erticak eonipanstigh t he

vessel WahlayUadfe Sicot FBIA sGOR! éih@&e%lrnag BewsctdRY ipafisnt. T prkémal fiber
i's an i ndepéndent entlt%/eand is preferably ™ 20 inserted through one | unen

of a nul t INVERHeR addiepwasdhesetimitationsdn 8gUion@ti ces are specifically discl osed
for use in cardiothoracic surgery. Such .prior art |ight guides do not use

a single ibmwmm the structure of catheters with nultiple
di fferent 2 - Q¥ ect ed primarily to localizing the tip of
an inserted catheter during non-surgical procedures for endotracheal
tubi ng, 25 nasogastric,tubin eedi ng tubing, epidural catheterization,
cont 1ol BRGNS 8. Bieb et 15, 10S Evendort, Beye: MBUPHL An SRAL SRS o
cat het er i agtérongitableh &stdirecting plgebmentl of SnDepiatheguidiD sathetent fret sysiemt i on, or
with simlar invasive,. g; IS t . -SUC ri rt ,devjices do
ot use ornyPREE 2 ERL BRI R Mer R = GBI S Sl Bho oL B
exposed aluhenyesidptieal Ifibghtoypiddute ther aatitgteroarmnepdgndingotd dedistalneruf 6 thieent
penet r at i PGl RHE aistAUGR BY W oftichl B Gl & ! ati vely
expensi vegé;}ﬁ%&f hel; %66’*?@‘3?9 @S%Oaﬁce{ngs 'S oftlc ' e

catheter, wherein light is provided to the light-emitting point from a light source such

that if the catheter is placed within a patient, the light emitted from said point would pass

through the patient's tissue to the outside of the patient's body; and an external detection

device further comprising a filter to block light in wavelength ranges outside of a range of

wavelengths of light emitted by said light source, whereby light emitted from the light-

emitting point is detectable, suitable for indicating the distal end of the catheter within the

patient.

According o a second aspect of the invention, there is provided an optical guidance
system suitable for directing placement of an optically-guided catheter, the system
comprising: an optically-guided catheter having a proximal end, a distal end, and a
fumen; an optical fiber coupled to the catheter and extending to a distal end of the
catheter; a light-emitting point at the distai end of the optical fiber coupled to the
catheter, wherein light is provided to the light-emitting point from a light source for
emitting 'Iight from the light-emitting point; and an external detection device further
© comprising a filter to block light in wavelength ranges outside of a range of wavelengths |
of light emitted by said light source, whereby light emitted from the light-emitting point is
detectable, suitable for indicating the distal end of the catheter.



may require difficult FDA scrutiny since they nmay contact the patient. The
present invention addresses these limtations in the19mk@éma@umo§UNNﬁRY OF
THE | NVENTI ON According to a first aspect of the invention, there is

provi ded an optical guidance system suitable for dlrectlng pl acenent of an
optically-guided catheter, the system conprising: an optically-guided
catheter having a proximal end, a distal end, and a |unen; an optical

fiber coupled to the catheter and extending to a distal end of the
catheter; a light-emtting point at the distal end of the optical fiber
coupled to the catheter, wherein light is provided to the light-emtting
point from a Iight source such that if the catheter is placed within a

atient, the li i tedfr sai . poj. nt_ .
et ont ' s Atputd 6 8 L AL IR RRLMcR tnate, MR eBA herkl P HIRN RS
det ect i on thallegatoe df wrdristelrem:!owfmn apticgllysguidef toathetes sutabwfor ugshin 4 patigat/el engt h
ranges ou f f. h I ht

Cour ce, wi HE8q oBmbRALHS sten M LB Tofl ol Mop B dePthabibaieho . BT
suitabl e fieg dsstnbnr@aaf ithegcatheterdiveraby e dnsefted light @aﬁ%tﬂ@muw thriontigahberpat i ent .

According 4 ﬂwead.étsr%radof%@e&hetei wﬁaﬁhu%%rér@@mséﬁw i%td fhe Bt d&#uﬁ@ opt i cal

gui dance system suitab directing placenent of an aptically-guided

cat het er, lightefrany s light-e E’dﬁ'ﬁﬂr P%’I"'tngt therdigih ?'@aPﬁ V‘Bgﬁ?ﬂ’tﬁéldﬂi?&t'ﬁé'?%ﬁamﬁtﬂ ng a

proxi mal %@rebﬁlfdhes&aihetmgpla@@ai.n@o alpw'@m,th@@mwﬂaa u.gﬁtlwduudol@dssqmu@@remeto the
catheter and extendin distal end of the emtting

poi nt at PAEETHS dKp te %‘fs'qu*R; thsratients hopbﬁdeél&ilﬁﬂgﬁc“ff@ '{gﬁh emi ‘Eﬁg fter
wherein | klﬂﬂ”llﬁghl-_éml@tl’r@vpbdﬂﬂd)nttﬁe ch@elet gﬂérmmﬁgttbmgoqmgnrmfwawmeagthrrgrlsgessour ce
o oo el P R NE bl ST 19 RS o ABE B RHRE g e
ranges ouidsieeginiaf llca:aranqah@f:grvmuﬁh@gmmat thef distalginid ofthd ¢atloetéry suchitiit] i ght
Uit abi e 5 EOHECal Megrarheai: rmenauisbe: e TRLHTRY dh U srB B 5005 <
3a Accor dathgtet witkdn tHelpadieraspect of the invention, there is provided a
nmet hod of determ ning
According to a fourth aspect of the invention, there is provided a method of determining
the location of a distal end of an optically-guided catheter, the method comprising the
steps of: providing light into an optical fiber that extends to the distal end of the catheter,
whereby the inserted light passes through the optical fiber to the distal end of the
catheter, emitting light from a light-emitting point at the distal end of the optical fiber in
the catheter; externally detecting light emitted from the light-emitting point on the
catheter after filtering to block light in wavelength ranges outside of a range of
wavelengths of the light emitted by the light source; and determining location of the light-
emitting point at the distal end of the catheter, such that the location of the light-emitting
point is suitable for indicating the distal end of the catheter.
Light from a small laser diode may be passed through an optical fiber that is
either included in the lumen or incorporated into the wall of an invasive catheter tube
during manufacture. The light is selected to be of a wavelength that is minimally
absorbed by tissue, preferably in the range from about 620 nm to 1100 nm. In a
preferred embodiment, 780 nm is used as this is where the tissue absorption is near a
- minimum. The light passes out the end of the fiber (at the distal end of the catheter) and
through the tissue to the outside where it may be measured. The light may be



the location of a distal end of an optically-guided catheter- suitable for
use in a patient, the nethod conprising the steps of 19DeoshbérBP06i ght into
an optical fiber that extends to the distal end of the catheter, whereby
the inserted |light passes through the optical fiber to the distal end of
the catheter when the catheter is inserted into the patient, emtting
light froma light-emtting point at the distal end of the optical fiber in
the catheter, whereby if the catheter is placed into a patient, the
emtted |light would pass through the patient's tissue to the outside of
the patient's body; externally detecting light emtted from the
light-emtting point on the catheter-abter filtering to block light in
wavel engt h ranges outside of a range of wavel engths of the light emtted
by the Iight source; and determning |ocation of the light-emtting point
at the di sbsdrveshbly oight hieioo gropglee that ditierhoutHight int ¢tbed foequengnrapges-hdhe
light-em tgJ | i i he
9 \%I\Agfteﬁlgd Fﬁght'Hum'N? |o%%{%6na$)f thie E@cli of fAdiBat I%gpésﬂﬁng a%EﬁJa f&k&h]%m

cat het er I en Accor ng to a OUI’t aspect vent i on,
there is pnd\ﬁtb@w@smétlsh:g@l befvege therfivehiimand the extederf ﬁ'@rboé? bhejingthgl end of

an opti cakd yg ﬂ*’h&%?at@?JrI%?ﬁaﬁEhll&%d%h%h&@f@mehﬁihﬂgkhr&ﬁrfao"‘etcﬁ%uﬁg but

prOV|d|ngI| into an optical hat extends to the distal end of the
cat het er , mayhet kyyenliggble ?‘i’s“é‘?ﬁe&ﬂs Plreas Withirstoe Sotneayify Af 9me laigeiagdlfs-f i ber to

the distal end of the catheter, emtting light froma light-emtting point

at the distal ﬁng Ef &he Olpiiéﬁl figgr in the catheter; externally

det ecti ngB | E N emtting point on the catheter
after filtering to block Iight in vvavel ength ranges outside of a range of
wavel engt hs of ,the light emtt t he |ight. so rce;. and det ni ng

| ocation of thé”lqpﬁ?ﬁl%uédr?f'ﬁ i°f e'B tm ttho?ﬁ r @F% ‘at OEr?Bdog‘facﬁ??i WlYet er
such t hat nadugakteic afubing, déedirye tmblr@mte;ﬂmmlt icathetegpni néntiab venousalvathefans,

i ndi catin t he di stal h [ I di ode
my be. paSgitrerl SsgeEReuH vibs FRkERH npet N RN A AR [

| umen or inwesivepcatbeterd andttabeishe asmbdancd walmthmamﬁlmlso‘arttﬂaetdescrlbadbéelowur| ng

manuf act u i wavel ength that is mnimally
absor bed @gh{é@gﬂ%‘%gg&% erg@%@ﬁﬁf&?ﬁgggg?]g@c rom about” 620 nmto 1100 nm
In a preferred enbodinent, 780 nmis used as this is where the tissue
absorption is near a mninmum The |ight passes out the end of the fiber
(at the distal end of the catheter) and



through the tissue to the outside where it nmay be neasured. The |ight may
be. 19 Decenber 2005 - 3b observed by ni ght vision goggleseimbat2006! t er out
light in. other frequency ranges. The detected light allows |ocation of the
end of the fiber, the positional accuracy-depending on the thickness of
tissue between the fiber tip and the exterior of the body. The nethod is
hi ghly accurate for small children and for catheters near the skin surface -
of adults but may not be applicable to cdt-heters placed within the body
cavity of sone |arge adults. BRI EF DESCRI PTI ON OF THE DRAW NGS An opti cal
gui dance syst em arggpRtn@dsitanss 4 creerdection of a ettt vatasintegmaiopgcal fiber that
- nasogastric tubing, feeding tubing, epidural catheters,. central. venous
catheters, pemsghiaragbdrgarca saththe mventemio 10eatoihe tRAf e WY G ypes
plural catheters, and simlar invasive catheters and tubes in accordance
"with the invention is further described below with reference to the

acconpanyi ng dr aw pgs.. 7 fuibicdy sidOvieResiietai?i@of FourEilgure 1 illustrates

a cross-section of & cat{l}eter wth an integral optical fiber that is used
i n accordance with the invention to locate the tip of the inserted
~catheter. Figure 2 illustrates a side vi of .the catheter. o | ELQuUr e
3 illustrates the E@N@.@Psweﬁi‘@ﬁ?‘ge‘lﬂ P%Wé@?%&a Wr}ﬁéﬁ%g%éy ‘g*?ag%g‘%‘éﬁ“gm
and the detection of the. ki BEmE ERnAkr difiRe SRkRRLRS ofthe fuiemenr est
spot - of t &gﬂigﬁ?f“@%ﬁﬁﬁh?@%ﬂ%%@@%ce SRR e e ed o T he inventi on.
DETAI LED DESCREPH b @anceHREH INVEAGhéd o Aihe dpichtiad. gui dance systemiin '
‘accordance with the invention includes a | aser diode having a wavel ength.
in the range of 620 nmto 1100 nm preferably a 780 nm wavel ength 10 with.
an em ssion |less than 2_.n ' l in power that/ is
carried t hrOIEETMm%DESWWEﬂ:SEWMN ical- fiber to an "ST"
optical connector at a distal end. As shown in Figure 1, the glass optical
fiber 10 is enbedded in (i.e., partially or conpletely .
| | An optical guidance system in accordance with the invention includes a laser diode

having a wavelength in the rarige of 620 nm to 1100 nim, préferably a 780 nm wavelength

10 with an emission less than 2 nm wide and less than 5 mW in power that/ is carried through a -
i 56 micron (or less) core glass optical fiberto an “gT” optical connector at 2 distal end. As
| shown in Figure 1, the glass optical fiber 10 1s embedded in (i.e., partially or completely
smfounded bjr) the wall 20 of a éaﬂleter. 30 havinga cathetc_:r lumen 40. The optical ﬁbe_r 10
| runs. the entire length of the catheter 30, and the unterminated end of the oﬁtical fiber 10 at
| 15 “the disfal end 50 of the catheter 30 is adapted to be inserted into the patient as shown in
Figure 2. The Vproxin-lal end 60 is terminated wi_th an ST optical connector (nof shown)
appropriate for connecting the optibai fiber 10 with the laser diode (not shown) .
‘Conversely, the optical fiber 10 may be inserted into luﬁlen 40 of the catheter 30 at its
proximal end'60.and fed to the distai tip 50 of the catheter 30 and held ipplace so that Iight

20 e'scapeé from the distal end 50 once the catheter 30 is inserted into the patient.

The operatdr-users a detection system such as near infrar "night vision" goggles 70 |

. watch ﬂlc progress of the cameter'30 from the site'of entry to the chosen logaﬁon. The distal E
eiid 50 of the catheter 30 is treated as a single light source and the diffuse rayé from this light

" source are ‘d_etected_. A narrow pass (<10 nni_ ét half height lis preferred, although wider .

25 ‘bandpass filters could be used) interference filter 80 witha center Wavelgngth of 780 nm (for




surrounded by) the wall 20 of a catheter. 30 having a catheter |unen 40.
The optical fiber 10 runs the entire length of the caglpetenbad®00and t he
unterm nated end of the optical fiber 10 at 15 the distal end 50 of the
catheter 30 is adapted to be inserted into the patient as shown in Figure
2. The proximal end 60 is termnated with an ST optical connector (not
shown) appropriate for connecting the optical fiber 10 with the | aser

di ode (not shown) Conversely, the opticak_fiber 10 may be inserted into
~lunmen 40 of the catheter 30 at its .proximal end 60 and fed to the distal
tip 50 of th I3 : i N 00216 70 ARBEnEARM
the distal e%&l%gg&g#%g f’? E%ﬂiéﬁg%s%%d;tro ngaitg&%ﬁ%grkgggﬁénﬂfgﬁ € patient. The
oper at or usegoatrideti@csi thesastiemliphahs arraasawitnincersdg wWndth o the epitioal filter
goggl es 70 watch the progress of .the catheter. 30 fromthe site tﬁf entroy to.
the chosen | beadriasn Thetvelugiofless thaw hOnmos ssiecieddo allew seres vagiption i thelasr qiode o

single light source,and the diffuse rays f t Qi ' ' :
detected. A N4 Fgﬁﬁbﬂgyﬁﬂ‘i@mﬁﬁ%ﬁe W&?g‘r‘?“ﬁgﬁ%%%t"meztﬂ&?l Sk gﬁ?{é gﬁg%lﬁ%cﬁls ﬁhat
wider.. 25D Q&Qﬁﬁ&od bl th S dGutrbr e [%fggﬁ}; 70 NOEERES ifaghdrividvelengtBlight werea
center wavel-ength of 780 nm (for 19 cenber 2005 a |ight source of 780
" nm) is used tused;anepproprate atterterencediltef eantered atonbthgeger e vaength wogldhemapd.
contribution of other anbient lighting increases with increasing w dth of
the optical filter bandpass. The value of less than 10 nmis selected to
all ow sone variati.on in: ' t 4 fHeHodl &€ at he
anmount of |ight O?:Qflf% e?hlgﬁ %ﬁ%?%&? %Opgz(%r iqo%he@'f%g%ﬁ%dggosses t hr ough
to the det ecggﬁer@fvié heaapaghie sathbter O and®tHesdtectibn of e lighet \iedne tigt tip 50 ghithe
were used, an appropriate interference filter centered about the %ﬁhﬁr
wavel engt h wostheteh30 atthe. nediegispet of fhelpatientisiskin inppecerianes with ftp Betheq ghihss 1

d2i ted into the body of a.  pati.ent.vi ) ic_cat hat |
2hd the ddt cerveanont 1o smpie Abaie ek 3 LAY 0¥ e B

near est spot gl obhee RALIrEhoTI BY b AGHBRER RN sbhbe MThETti tihigh10
I nvention. In"the exanple |T~I ustrated in Figure 3, night vision goggles 70
with an .  app ¢t b@tide ofitler fatiemt’estombdlt er. 80 thereon al l ow the operator to
see the infrared light through the skin outside of the patient's stomach.
Those skilled in the art will appreciate that other designs of the optical

NS sy SLem fhrs IR0 S il BRFGHHARGE whh bk Besi LAY St BPrica thidae
| system for catheters in accordance with the invention could be constructed using different
| 15 light sources aﬁd light detectors. Whilé 780 nm light is suitable since tissue abserption is
| near a mlmmum at that wavelength, it would be possible, for example, to use an LED as a
Iight source as long as the lighf provided was of appropriate wavelength and energy. Inthis
case, 2 wider bandpass filter may be required on the déte,ctor (anLED ght outpuf is broader .-
' .' than that of the laSér diode). Similarly, different detectors could be used, including
20 | photodiodes, photomultipliers,‘ avalahche phofodiodes, and microchannel plates. When
: photodiodes or otﬁer single site detectors are used they could be moved over the surface of -
_ Vthe tissue to detect the maxiinuﬁn in the specific light emitted from the optical fiber. The
sehsiﬁvity of the measurement could be maximized by modulgting the hight ata specific

fréquenciy (such as 1000 Hz) and detecting only the photosignal of that frequency.

25 - - Another modification that would allow the operator to detect those cases in which the‘

' catheter had “doubled back” inappropriately would be to inco;porate two optical fibers, ane




15 light sources and |ight detectors. Wile 780 run light is suitable since
ti ssue absorption is near a mninmmat that wavel engtb,Decémbe&rdogdsbe

possi bl e; for exanple, to use an LED as a light source as |long as the

| i ght provided was of appropriate wavel ength and energy. In this case, a
wi der bandpass filter may be required on.the detector (an LED |ight out put
is broader than that of the |aser diode). Simlarly, different detectors
~could be used, including 20 photodi odes,-6 photomul tipliers, avalanche’

phot odi odes, and m crochannel plates. When photodi odes or other single
site. detect@ifinated dboeds tagimaas befokethpnipedalie vthichet thertipacEheafwo ¢owdd be
tissue to detect the maximumin the specific light enitt dg%léo .the optical
fiber. The dietirguisheiiby differenpes m@@lme%%ﬁ)@nﬁ@rw}%P Ogbg%dul ating
the light. at a specific frequency (such as 1000 Hz) and detecting only
t he photosignal of that frequency. 25 Another nodification that would allow
the operator to d i | it6h, thB Qight disivatgicelratd codhlibtlede a
back" i nappropri atﬁlte%%\ﬁ%gﬁﬂ?%%ﬁfgéﬁgg\ré%o%e tv%o opti cf’al fi bers, one 19
Decenber 200&nsifive ngitrichatmebplatedutagsr inerminieisplay diedcdy dn fivat of pnaeis efifae

"other at the tip. The two _could be disti ished by differen M| '
modul ati of fonsgiiencyhisramudd allew drecorprHer @Hgigjlf @E‘E‘ﬂ“’f #ed??é‘e é?ri %ﬁﬁ%ﬂ‘%‘?yt"‘ﬁe

det ection sygt ené t he ni ght vision goggle 70 could include a sensitive.

m cr ochannel eﬁrg ‘e imager in a mni-display directly in front of one eye of

the 5 operator. This would allow the operator to | ook at either the patient

or at the display as desired. Al though exenplary inplenentations. of the

i nventi on have beAithdeshoexetpliry implaweaiationss e inyenfian hawe bpabdgsanbeddng ¢

will readily appreciate that ymny additional nodjfications ossible in

the exenpl ardet@d i f%sqaﬁetdﬂﬂgﬁe "ﬁg}”’gi ‘7‘33&1? APPEBAFE iﬂﬁag%i"g&% d g{rtﬁ%fl e novel = -

teachings and advar i | 185 -emfNadinteHEwith6u rhaatidiBneparig

intended to IB%@?%&%%%?RA‘S%R ér:ﬁtthg&gég{ 6@9& this invention as’gglﬁ ned gby '
the fol | pgi NGorkInDasETBREHIBROMdTadvhmtages of the invention. Any such modifications are

- intended to be included within the scope of this invention as defined by the following

exemplary claims.



1. An optical guidance systemsuitable for directing placenent of an
optically- guided catheter, the system conprising: an19pktéabérz008i ded
catheter having a proximal end, a distal end, and a |lunen; an opti cal
fiber coupled to the catheter and extending to a distal end of the
catheter; a light-emtting point at the distal end of the optical fiber
coupled to the catheter, wherein light is provided to the light-enmtting
point froma |light source such that if the catheter is placed within a
patient, the light emtted fromsaid point would pass through the

patient' sS2igsie to the outside of the patient's body; and an external

det ecti on device further conpr|5|ng a filter to block light in wavel ength
ranges out5|de wavel engt hs .of ht e aid |ight :
source, wlerebf" OPFC@']?U'Q cf’t%stﬁerf‘lsﬂl b&@rﬁeﬁmg Eftar?ocfp fy‘allﬁs det ect abl e,
sui t abl e fyoided nathetat, ithegsystes abngrisihg: end of the cat het er wwthin the patient.

2 0 DLl ARG A S R B0 AL L

optical ly- gui nprising: an op gui ded
cat het er havi ngn apiprbitienaduptedde the @llﬂﬂlanénne‘n@nﬁitﬂ@ distedeand of the opt i cal

fiber cou%ﬁgtepo the catheter and extending to a distal end of the

cat het er ht-emtting point at the distal end of the optical fiber

coupled to t headjﬁlﬁﬂm@ﬂg poipk e thei distaliegrof the opfienl filrs gowrled Radhe Fyfhgteeni tting
poi nt frophardid IQJFIE ISW dé@ t e usménﬁltnﬂg pbi‘n%’ém aligREoliae shétﬂhéﬁﬁ'ﬁbt ting

p0|nt and an external detection device further conp r|5|n filter to

bl ock | i gRetheier irelasee Mighin a retidlbe mh@matt@dcﬁonasaﬂawg@t wa'%aﬁé RS of
:lgm eni EWt:QUt‘s&@f@b'tl&ﬁ‘?ut&?&'%?%pﬁﬂé@{‘@ﬁbbﬂy angght em tted f{ﬁm Ej het | g
1 g em I Nng poln etectanl e, sulita e, dl a en
of "t he  cat het oah exomal felseRE dovich o cameysten flar ' iaseion Bvarlefily oi n ¢ ne
| i ght Soursifyes 00BIdE €5 rangs of WhvelshgtHsdf agHl emitteddFyrsaidilightesoulval werebys | i ght in
a vavel enﬁgt]hq e%?tpe%%ro% the%(g)htpemllttmg pgi%tqg d&g]ctable, suitable for indicating the distal

end of the catheter within the patient.

2. An optical guidance system suitable for directing placement of an optically-
guided catheter, the system comprising:

an optically-guided catheter having a proximal end, a distal end, and a lumen;

an optical fiber coupled to the catheter and extending to a distal end of the
catheter;

a light-emitting point at the distal end of the optical fiber coupled to the catheter,
wherein light is provided to the light-emitting point from a light source for emitting light
from the light-emitting point; and

an external detection device further comprising a filter to block light in wavelength
ranges outside of a range of wavelengths of light emitted by said light source, wherehy
light emitted from the light-emitting point is detectable, suitable for indicating the distal

end of the catheter.

3. An optical guidance system of claim 1 or 2, wherein the light source comprises
one of an LED and a laser diode that emits light in a2 wavelength range of 620 nm to
1100 nm.



19 Decenber 2005 8 4. An optical guidance systemof claim 3, wherein the
light source emits light at a wavel ength of approxi mag@efenS8 2005 5. An
opti cal guidance system of any one of clainms 1-4, further conprising a
detection device that receives the light emtted fromthe light-emtting
point. 6. An optical guidance system of any one of clainms 1-5, wherein said
detection device conprises night visi®%n goggles having an interference
filter over a detection surface thereof, the interference filter
effectivel P bl Qcki n in wavel en a out si de of rrow band

i ncl udi ng%a \/\/agBPB W"?aé‘ﬁﬁéy%‘?ﬁ‘f’ gy “@ﬁfeﬁ‘g‘ﬁ?ﬂw SQUGE eqits lfgahtﬂﬁ opti cal

gui dance swsélentobf fppyoximeelp78Chml ns 1- 6, wherein said goggles include a
m cro-channel plate imager in a mni-display directly in front of one eye
of an operator of the system 8. An optical guidance system of any one of
clainms 1-5, \Ahanebticas@iidhmeﬁterhohanydmeiafelah:m‘rpéf,ifs@mrabmbwagaone

phot 0 od et UMD WEPldcEfies RLTLANNRCANG AL BRg pBhe" OChannel plate,

or a conbina ticar gui dante sys any one of |
clainms 1-8, wherein the optical flber is enbedded in a wall of the

catheter fube. oL@, |d%P?L§&§dc8§stt&H'oﬁ'&ﬂFﬁue%f§|%ﬁﬁE fé v@rﬂ;\‘euﬁ%d%te%!ﬂiems 1-9,

V\/nerelntheotlca I nsert into a |lunen of the catheter tube so
as to ext gavca @pmnﬂ@eﬁwgiﬂtams'wgehesbﬁén@am Iesrference filkas oxercR @GH%C“@{@H cal fi ber

is held '@ur@éc@%‘er&&?eth@Hﬂbﬂreﬁc@?ft&%’i‘fect%!y biYekAG lig IR wgwéi@frp@n astem of any
one of clains 1-10, further conpri second optical |ber i nserted

into sai dodlgidaef 8 paFqykandaclydinga waw'w@ﬂafanae p@itied ﬁaﬁﬁﬁd'ghtpsegfcﬁ on a
predeterm ned distance proximal to a terminating position of said optical

fi ber and carr n t havi | east one a difference in
rodul at | of 11 eBUERED| HdEHOS PIAT SLamIaTE P Bt 6 WP SRHEPBUFS and (2) a
di f f er encnciude waniebengirel plateimab@hih adanirdispthylaitectiydn fostilf boakyd oftzar,  wher eby

doubl i ng back, of tﬁa'd catheter tube if the tube is inserted into a patient
i s det er nPRABICEOKPORSNi ti ons of the light emitted fromthe respective

8. An optical guidance system of any one of claims 1-5, wherein said detection
device comprises at least one photodiode, photomultiplier, avalanche photodiode, or

microchannel plate, or a combination thereof.

9. An optical guidance system of any one of claims 1-8, wherein the optical fiber is

embedded in a wall of the catheter tube.

10.  An optical guidance system of any one of claims 1-9, wherein the optical fiber is
inserted into a lumen of the catheter tube so as to extend to the distal end of the catheter
tube and the optical fiber is held in place therein or thereon.

11. An optical guidance system of any one of claims 1-10, further comprising a
second optical fiber inserted into said catheter tube and terminating at a terminating
position a predetermined distance proximal to a terminating position of said optical fiber
and carrying light having at least one of (1) a difference in modulation frequency with
light carried by said optical fiber and (2) a difference in wavelength with light carried by
said optical fiber, whereby doubling back of said catheter tube if the tube is inserted
into a patient is determinable from positions of the light emitted from the respective

optical fibers.



optical fibers. 19 Decenber 2005 9 12. An optical guidance system of any
one of claims 1-10, further conprising a second opti aglDe:kmbsr Zoosert ed
into said catheter tube and termnating at a termnating position a
predeterm ned di stance proximal to a term nating position of said optical
fiber and carrying light having at | east one of (1) a difference in

modul ation frequency with 1light carri%d by said optical fiber and (2) a
difference in wavelength with light carried by said optical fiber, whereby
doubl i ng back of said catheter tube is determ nable from positions of the
light emtted fromthe respective optical fibers. 13. A nethod of

det erm ni Pg thAn bmlgmmé sgstéth of aly e @f olbinas -OR furter bymprisingexd cat het er
suitable for e ste

atient, th h
orovi di ng sreptesi B Rl bia s elEerithe"SRRE L e U RTHFERS ond of < e
cat het er, positiver efrpdétaeninetbdisttmst proxhél tp asdaednating pesitiontdfieaid pplicablibel i ber to
t he di st | t to th
e ot 5t iRl i RSt O SR ool B RBLRI i 0 L1
the opti cbghtfcarlued by aald hetlcat@ttelnenéw awfiflerazioy in Waveleegthawitndigbt cardeddlyaced i nto
a patient a.& Iaﬁllc% ﬁér%érémouwlﬂéclp@ﬁa%ld éﬁhfé?&glhbé:?@etgﬂ'ﬁ I’l%’%frémt i ssue to

t he out SI at | ent extern etecting emtted from
the |ight P@?anﬁloﬁ@eﬂghtrﬁm*mﬂ ﬁmtf@a@w@@ OP&F?!'é'Pe'Fi ltering to block light in
wavel ength ranges outside of a range of wavelengths of the |ight enmtted

by the Iight source; and determ ni ngz | ocatjon of the |light emtting point
at the didal Amethad 9feterpigingdiedpcation eha dista eade angplisalyguiged  he

l'i ght - eni tithétgr AMbble forsuss iH 4 pétlent, frarmeétAsd Q@iﬁ;br&mgtth@step& sgtal end of the

catheter within t 0 e he ocation of a
Grstal Cend of Brvape gk o apikatfivet Tehsxiens t e didehod L bwGAeRg © ne

steps of : wherely thengserted lightipaises @noagh the aptical fiter td thadise eedicithé 0 t he di st al
end of the ﬁeatt het e i ght passes through the opti cal

|
Fber to HEAH! Shel e sARGEr Bisered hERE bfert,

emitting light from a light-emitting point at the distal end of the optical fiber in the
catheter, whereby if the catheter is placed into a patient, the emitted light would pass
through the patient's tissue to the outside of the patient's body;

externally detecting light emitied from the light-emitting point on the catheter
after filtering to block light in wavelength ranges outside of a range of wavelengths of the
light emitted by the light source; and

determining location of the light-emitting point at the distal end of the
catheter, such that the location of the light-emitting point is suitable for indicating the

distal end of the catheter within the patient.

14. A method of determining the location of a distal end of an optically-guided
catheter, the method comprising the steps of:

providing light into an optical fiber that extends to the distal end of the catheter,
whereby the inserted light passes through the optical fiber to the distal end of the
catheter,

emitting light from a light-emitting point af the distal end of the optical fiber in the
catheter; _

externally detecting light emitted from the light-emitting point on the catheter
after filtering to block light in wavelength ranges outside of a range of wavelengths of the
light emitted by the light source; and



catheter, emtting light froma light-emtting point at the distal end of
the optical fiber in the catheter; externally detectygngetdrghdr 2005tted from
the light-emitting point on the catheter after filtering to block light in
wavel engt h ranges outside of a range of wavel engths of the light emtted
by the light source; and 19 Decenber 2005 10 determ ning | ocation of the
light-emitting point at the distal entlof the catheter, such that the

| ocation of the light-emtting point is suitable for indicating the distal
end of the catheter. 15. A nmethod of claim 13 or 14 ‘{Y” rein the |ight
inserting stepde@imininglosationof e dghtpmitting, gaipt at e istghan iogﬂ'ﬁ wavel ength range
of 620 npathéted $06h than théloBat®aiotthe mihicamhitih g Peint is $Gitabk forihdiestingfthe | ai m 15,
wherein tg_e t%%lt inserting step conprises the step of inserting |ight at
a wavel enffif %fﬁ'b‘? heldlt el y 780 nminto said optical fiber. 17. A nethod
of any one of clainms 13-16, wherein the detecting step further conprises

viewi ng w,th njght wvision s, havi an.j f g its
detecti onqé'urfé%ée&hofé). CP'"ﬁg?ﬁ'gJ&E gp??hnytn%H@nérj}sg%ﬁéisﬁééec?@-sﬂ%s t@\??lgetﬁgpfn t he

| i ght i nsimsérting light o 4 Wavetgrigthorahge $fi62e@mmi to 1180 novittaseidloptidal fikand t he

determ ning step includes the step of filtering the emtted |light through

the interference filter so as to effectively block Iight in wavel ength
ranges oul&i deAofethpdgglalne g thereimie light insesingstsrovanmneed thestepichserted into

sai d optifalrind f HveldhgfRdRABBroRimatdly 78016 Rio GAi@bpReall@=l8, wherein the
detecti ngﬁlg%'g?)é P%‘r%t%%aer vecor?‘pﬂzfratlS sggrotthe step of p?ovli d?%é a mni-display in
front of one eye of an operator wearing night vision goggles. 20. A nethod

of any ongzof &hitnER of Anyl&ne SHeRNRE ms-ada,%t%iﬁmeidwecﬁgg&eponpri ses the step
of detecting light emtted fromthe opticall ¥ 8UI ded _cat h?} er ugl ng at
| east further comprises viewing with night vision goggles having an interference filter on its

detection surface.

18. A method of any one of claims 13-17, wherein the light inserted into the optical
fiber is narrowband light and the determining step includes the step of filtering the
emitted light through the interference filter so as to effectively block light in wavelength
ranges outside of a wavelength range of the narrowband light inserted into said optical
fiber.

19. A method of any one of claims 13-18, wherein the detecting step further
comprises the step of providing a mini-display in front of one eye of an

operator wearing night vision goggles.

20. A method of any one of claims 13-19, wherein the detecting step comprises the
step of detecting light emitted from the optically guided catheter using at least
one photodiode, photomultiplier, avalanche photodiode, and microchannel plate, or

combination thereof.

21. A method of any one of claims 13-20, wherein the optical fiber is embedded

into a wall of the catheter.




one phot odi ode, photonultiplier, aval anche photodi ode, and m crochannel

pl ate, or conbination thereof. 21. A nethod of any ongpeterbaiames 13- 20,
wherein the optical fiber is enbedded into a wall of the catheter. 19
Decenber 2005 11 22. A nethod of any one of clains 13-20, wherein the
optical fiber is inserted into a |unen of the catheter so as to extend to
the distal end of the catheter and holtlling the optical fiber in place
therein. 23. A nethod of any one of clainms 13-22, further conprising
inserting_a se ond tlcal into the catheter so .that said second
optical fiBer égyaneﬂh%ﬁf'é? @Bn“é[@’%ﬁ‘gle 'gﬁ‘t’t{r'? ‘"S‘F’t%dgpﬁadi stal end
of said CﬁlnﬁlﬁicﬂltheWr@bﬁgtdeﬂéﬁdtbﬂi@@t&léﬁdoﬁﬂﬁ&:ﬁmemnhh&abldhglﬂ&f that can

be disti n%u€ E&bd k?qr inserted into said optical fiber, suitable for
det ect i ng®P eém?%d ﬁ'rnt)ugh the patient's skin fromrespective ends of

each opti cal f| ber, and determ ning whether the catheter has "doubl ed back"

on 1 tsel {30 WRAARSEL) Ofl of EhFE 758300 COBMAGR LS, Ploke |1 o

emttedfromt e respec any one of
cl ai ns 13ogksal iﬁhﬁrirhelthe@empnersw ﬂngt $aibegcond gpikadfibeotedninalesiacal fi ber into the

cat heter ?%O%{éﬁg éhgﬁﬁ%g{b&@ H%ﬂ;}tal%h@ saﬁ 'fﬂerf@'tlﬁ§erﬁn RIERES &hign ned

di st ance sal eter Inserting Iight into

sai d seceerpndpplicahfiber thaéean bradistingrished fiers ﬂl&‘ﬁﬁ insedediptorsaishonticalnt i nsert ed
into sai dggpt étﬁl‘abieffér%fectlrﬁ-’ﬂg%?@rhiﬁe& ﬂ{ro@ttg&ﬁétﬁgt d dihfork F@stpééiﬂe feh@%“

respective ends of each optrcal fiber

cat het er Rbeach@ptieal Beer -b%@l@et%wlﬁ'ﬁgs‘weﬁh%ﬁ?q ‘F?g‘eiteﬁi'éﬁ q%‘ﬁ%d b&@'f"(-ﬂ”r‘ﬂisﬁ%bl e from
posi ti ons d@ing ke riidng Béte RiThdbiceforh HOsNidrR®f FrRIBRCGMING gt tfeAespdcher S .

optical fibers.

24. A method of any one of claims 13-22, further comprising inserting a second
optical fiber into the catheter so that said second optical fiber terminates a
predetermined distance short of said distal end of said catheter, inserting light into said
second optical fiber that can be distinguished from light inserted into said optical

fiber, suitable for detecting light emitted from respective ends of each optical fiber, and
determining whether the catheter has "doubled back" on itself during insertion,

determinable from positions of the light emitted from the respective optical fibers.
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