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LI GHT DELI VERY SYSTEM CROSS- REFERENCE TO RELATED
APPLI CATI ON This application clains the benefit under

wa2B0&IG 119(e) of U S. Provisional Patent PCT/US2007/081131

Application No. 60/851 ,141 filed October 11, 2006.
Thi s provisional application is incorporated herein by
reference in its entirety. BACKGROUND OF THE | NVENTI ON
Field of the Invent)jayTDhEUNERYSYSTERNtI On rel ates
generally to a light delivery system useable for

medi cal treatnent, such as light therapy for the

treatnment of prolife i di scription of
@R@S%%F&Rﬁ&pﬁ_?@#g[—ﬁiﬁ%ﬁﬁﬁﬁéaﬁphot odynam ¢

t herapy ( . ch | : i pat

specific \Tﬁ%laﬁfﬁ\g}?ﬁldﬁd%ﬂ\%@%ﬁ%&}éﬁgh@g%fagéﬂ tgocvgr é@%(e) of
U 8. gabvierinal Patert|Applichtion Nay 8018841 4lefildd Gatober 11, 2006.
hot osensi tive through the admnistrati oq of a. . .

spsovisignal arplicatien is mﬁpfnoa@tqqid?ersma*ahfﬁ BEEREIIR its Engrety.
agent. This photo-reactive agent has a characteristic

I i ght absorption waveband and is commonly adm ni stered
BACKGROUND OFf FHENIN\AENTION i njection, oral

adm nistration, or by local delivery to the treatnent
site. It is known that abnormal cells in the body may

el ectjvel bsorb certain photo-reactive agents to a

€ han normal for healthy cells. Once the

abnormal cehb %ré@fﬁ imbheéla@ési%@meraw esaliight deliverpegstem
with the photo-reactive agent, the abnormal cells can
tibeablé ort medicatitregtnesntpsuciyas hightdhersipysor thel iregimestt ohn
appropri ate wavel ength or waveband that substantially
peiferafivmEi8e@8e¢-he absor pti on wavel ength or waveband
of the photo-reactive agent. The objective of PDT may
be either diagnostic or therapeutic. In diagnostic
peBLiistasr ohttie RélatesbAertl ength of light is selected to

th hot ti t tq fl .
Lo acqui T cLight Sierapy includRa R notRdYRABIG BE ARy (FD WG (S 2
d [ t he t. . - -
Bhpes gy BRES, £ afalic fmvePrplifbPREsband is directed toward
Lah el eeI eflckRs izt #aed bdehhehbierenhstiatosensitivecthrough the

administration of a photo-reactive, photo-initiating, or photosensitizing agent.

This photo-reactive agent has a characteristic light absorption waveband and is
commonly administered to a patient via intravenous injection, oral
administration, or by local delivery to the treatment site. Itis known that
abnormal cells in the body may selectively absorb certain photo-reactive agents
to a greater extent than normal for healthy cells. Once the abnormal cells have
absorbed and/or molecularly joined with the photo-reactive agent, the abnormal
cells can then be treated by exposing those cells to light of an appropriate
wavelength or waveband that substantially corresponds to the absorption
wavelength or waveband of the photo-reactive agent.

The objective of PDT may be either diagnostic or therapeutic. In
diagnostic applications, the wavelength of light is selected to cause the photo-

reactive agent to fluoresce as a means to acquire information about the
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agent causes the agent to undergo a photocheni cal
reaction with oxygen in the localized targeted cells,

wa p0gelos free radi cal species (such as singl eRCT/US2007/081131
oxygen), which cause |l ocalized cell lysis or necrosis.
PDT has therefore proven to be an effective oncol ogy
treatnment for destroyi ng target ed cancerous cells.

Fgét&i 28 s & Foﬂ?&ar“ﬁﬁ ?’edaé R. t|hQ@él?E)@htlé %bpllcatlons

er al sone O are eSCI‘I

then/l/amémth (ﬁd]gmed‘éilvegecbm thettaagméd cells reatgdSwith the photo-
Publ i cati on No. 2005/0228260 (U.S. Patent i c tion
ectiveAgent caises\ihe @aengtorw}d@ra@fat mot?@?%mégﬁ figm Wit

SR P O ) 08 190 s o
Qﬁbl‘e‘t’@fq{ Whﬂihtcéds@ﬂb@allzedfﬁellsyms oenestosis. as a
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ul aew
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??‘%“C%t‘a te |l aser diode array, coupled to opti cal
ers r delivery of the light to the targeted

cells. I I-lg\/\@\?grtype loé ligisted edifve tyasystehi ugied fooBPdelseatments
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aRRisirgAip NTige (ﬂywsﬁ@rﬁ@eﬁv@‘fy dystge nuzqntuehhles irmhedeasingle
addresses the desire to devel op I ratin

apiical dibes cvlmtrncaawffuee@eéempm S#% TREDE R steme, an
S o gAY AOS99 B e
ARRRIREBbtiA flbélgﬁlﬁlldé{/\m%klmﬁs hgtiteteliabsy, systmh mebaltyoejnploys a

tissue, or another object fromthe |ight path
rérotealy gispeded bighspaweradhieser gmolldr%ta%ﬂps%qilgde array, COUPled

gg;%&%%bt@g;foggfé L gcﬁége \Apbﬂtoa{ng lt%%g %’oeg(?@ 'H&REver, the use
\%Hsés %‘P r\gﬁfe %ﬁ{rﬁés Bgf‘%ggﬁﬁa?g%ﬂié&s?smé§ relafivéipaigh capital
costs, relatively large size equipment, complex operating procedures, and
safety issues in working with and around high-powered lasers.

The ‘357 patent application addresses some of these concerns
and also addresses the desire to develop a light-generating apparatus that can
be secured within a blood vessel or other orifice. The securing mechanism of
such an apparatus would also be capable of removing light absorbent or light
blocking materials, such as blood, tissue, or another object from the light path
between the targeted celis and the light transmitters. Securing the apparatus

within a blood vessel, for example, can be achieved with an inflatable balloon



inflated. An introducing sheath having a |umen
extendi ng therethrough to create a passageway for
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t hrough the sheath may be used with the |ight delivery
system One type of introducing sheath is described in
anot her one of Applicant's co-pendi ng patent

@ﬁﬁéie?@ﬁét%étchgghé\ﬁﬁnh@téfr bPthe ool ¢E53EPHEN $radsHibon is

I'n general, this type of introducing sheath surrounds
mﬂaEﬂetratlng device, which is introduced into the
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r'rangi ng ot he sentconduct or
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e ineivee oot e B AERbdfe sfiEa s 2 M Firdter for

nge{r@étwer{tel ated to a light delivery system usabl e
or treating a patient by light therapy. As use

herein, t hé*heehght sourghtion therlighy system eseskfor Lt trggtynents may
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pes o cal ‘conditions, such
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del i ver % system can have a rel ativel
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a4 h018,; am ak® mfthérm patent amshqabentl oned aI ong a
nounti ng base. The light bar is capable of delivering

a sufficient anount of lightto effectively treat
%Eﬁ%\%@ﬁ’&ﬁY OB 19%€e QUBREAIBRNt . the Tight bar is
The embodiments described herein are generally related to a light

delivery system usable for treating a patient by light therapy. As used herein,
the term “light therapy” is to be construed broadly to include, without limitation,
methods of treating a patient with light applied externally and/or internally. Light
therapy can be used to treat various types of medical conditions, such as
proliferative diseases including cancer. The light delivery system can have a
relatively simple construction to reduce production time and fabrication costs.
In some embodiments, the light delivery system comprises a catheter having a
light bar, which is formed by a series of light sources positioned along a

mounting base. The light bar is capable of delivering a sufficient amount of light



within a distal tip of the catheter. The distal tipis
preferably flexible such that the distal tip can be

wa Mosned1s bent, rolled or otherw se distorted. PANUS2007/081131
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the distal tip can assunme various positions during

treatment w thout adversely affecting performance of

the catheter or traumatizing the patient. In other

GIORA B o R, 160 SR a8 s

withievhaistdl itipesiithel ebthetery paths. The sem rigid or
rigid distal tip can maintain its shape throu

entire del Thedistalticispseteraply dgxibia i thabthe gg%fitﬁﬁtrﬁha% be
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treasghditdhe tatire delverypmcess, 80, or ranges

enco ' h .es. | i ati .
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g r: i . )
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medi cal treatnment conprises a pl [t '

sutiicmrdly fepiie & bengMTOLGhGN TR of 8HeBFLIAImdon", 140°, 100°,
tient and a dist i I (I ;

&P of Ernscair P A0 S, 1 pémdarBlons, the

%Mtingphemme iDARSStERIBIy UpBCEMEtransparaatios siansmitting light

mat er | In some enbodi nents, the device can be
fenaitted by, the dikaDs.

In some embodiments, the light delivery system is a low profile
catheter that is used to treat remote target region(s) of a patient. The catheter
is sufficiently flexible so as to permit delivery along a tortuous path through the
patient in order to locate a distal end of the catheter at the desired remote
target region.

In some embodiments, a device for performing a medical
treatment comprises a plurality of light sources capable of emitting light for
treating a patient and a distal tip. The distal tip has an elongate base and is
dimensioned for placement within a patient. The base can comprise a

transmissive material. In some embodiments, the device can be flexible, semi

rigid, and/or rigid.



rigid, and/or rigid.In other embodinents, a device for
performng a nedical treatnment is provided. The device

W@ewpni®es a plurality of |ight sources capabl BCDUS2007/081131
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emtting light for treating a patient; and a distal
tip has an elongate base and is sufficiently flexible
for placenent within a patient, the base conprises a

transm ssi p?eotﬁBF @Hbghlrﬁé'ﬁt@ 5 kRlice féHBéFfé‘rWuh?'a Pelicapn

of the light emtted fromthe plurality of
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lp%l \&éeﬁ &@é B éﬁf? éscglﬁe ?r‘!’éFrH zteggur}ei%gpﬂ@f]gﬁﬁﬂt%surces

Bemg%éantbad)powtﬂémésbhe el ongate support and
plurality of |ight sources nmounted thereto, the outer

body confi gus@nefamqujmems;m mgthac of %foﬂat?'ﬂgrﬁ C%thef&f for

Figetio SatienF i gvigef ghe Bem ey R AR RE Feufatiyof
Mdﬁ?@ﬁ ?g o4 f¥h&sstent BRNGBRI Qb soPTRié Rgit saiu@@ewlgelag

ray 0 t energy sources in an array of holders
spaced fratruoree deothes, canmectlm@ the pluealify of ightseurces such that a
configured to trea

BoBiet Boutom sresaizes i pRRay o o MEshuFaSs: Aoffiflatifo B’ Sliter body
Ea?&ﬁ]djﬁﬁ %h#&e@uﬁpgp% Nedl oﬁl%t%%ﬁr@s%b@ﬁt@drtﬁéreto the

pling the |light energy
DotEraRRlytcagdiyhrsd for pmertnong\gtwmh hipgitientata gglestad iteatment
fromthe fixture device; and encapsul ating the array
docatioght energy sources within an outer body, the

out er body ﬁ{‘e?ﬁ]%d]

The |i ght &&sg&eréyrﬂ%@ gHits Séescrl gf ﬁgéﬁe}?dqnagrggpév\%l%w
Sy {edl fdrarealing el patidt is Emwdaecan"ﬁhe methed bomw'sde blamgya”
systens can be used to 1 nprove Lightin

curayref lmhanar@wmuﬁ@eqomo@bagax of hldert P ?'25er device, the light

Iorn%(r:éeyS sour’ces configured to treat a patient when energized in situ; electrically

coupling the light energy sources together while the light energy sources are
retained in the holders; after coupling the light energy sources together,
removing the light energy sources from the fixture device; and encapsulating
the array of light energy sources within an outer body, the outer body

dimensioned for placement within a patient.
The light delivery systems described herein are well suited for

other uses. For example, the light delivery systems can be used to improve
lighting conditions during manufacturing processes, installation processes,
repair processes, and the like. In some embodiments, the light delivery system
can be used in combination with a viewing system (e.g., a camera, optical

fibers, etc.). During operation of the viewing system, the light delivery system
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repair processes, and the like. In sone enbodi nents,

the light delivery system can be used in conbination
WORMR/0#0¥3 ew ng system (e.g., a canera, opti cabCTUR®pB(81131

etc.). During operation of the view ng system the

l'ight delivery systenctan provi de adequate illum nation

for proper viewi ng. As such, the light delivery system
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g%wthe Agdrhufiealy, the liganaeiety appagihusheam beaiseddh combination
estruction. If the energy sources ? e LEDs, the LEDs,
érgr@mlwaheaceréagrog\@héa%tpés andhe i E‘?ent anount of

heat to ca j ,

ener gy sour zﬁlgﬁﬁ?%&a&l}? 8 Ia‘i’:{o Sg% ﬂﬁ@ﬁé&roy‘ fi§sue by
%ﬁ&fn@yéwérb? tﬁa’irc&@%e§ ekl destructiorendndi IolrImtre emeegy sources of
especral ly we suited for destroying a thi

the light dehvery apparatus can be activated to génerate enough heat for cell
destruction. If the energy sources are LEDs, the LEDs, when activated, can
generate a sufficient amount of heat to cause tissue damage. In other
embodiments, the energy sources can emit ultraviolet light that destroys the
target cells. Such embodiments are especially well suited for destroying a thin
layer of tissue without using a treatment agent or damaging an underlying layer

of tissue.
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| ayer of tissue without using a treatnent agent or
damagi ng an underlying | ayer of tissue.BRIEF

WORBERIdPTI ON OF THE SEVERAL VI EWS OF THE DRAW IMN33U$2907/081131

the drawi ngs, identical reference nunbers identify
simlar elements or acts. The sizes and relative
positions of elenents in the drawi ngs are not

BRYES T SERISTIN CrOTRES EVERAL VIANE OF TtHE

vari ous e(ll:emants and ang%ses may not be drawn to scal e,
and sone ofn thealrawiigsyiterdicargfdrenee numbears identify singled
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alephdiis @ha \aigisrmay ot eafrawndb scale, @nd soind bithese elements
cat heter assenbly of Figure 1, where the distal end

mayl ketarbitsarilyentdfoed and pesitioped de dMREAYS Fawing lggibility.

e 2k guF s 118 Sk sRYBRANETUiSw 35 JRBR YR shySIRaR
ﬁBG'i_ngfa EatBeenbRSEMbI\2SHE BbhtYolBysfang ldctotdingitg ohe illAtiated

a side elevational view of the elongate base of Figure
2mboeirgente 3B is a top el evational view of the

I te b f. Fi e 3A FEi i
1 oo oot Fiaas 201 s rvationtl Vitwiy o Msti pBu Dy ¥ Batneter
idmahl rENI o i
AP Syt o) o onros

mahited tman eforgatmbase t intetral basyooentsi grershwvaningashed line.

ST AT G I TN 0

;gggéﬁgm%ﬁﬁgﬁ%nﬂect adj acent |ight sources. Figure 6

ematic view of a distal end of a catheter
assenbl y h@yurg A ghd sislelsiewtional ciewaofehe lelgngstie pase of Figure
ré%l{nt ed to an el ongate base,

Figure 3B is a top elevational view of the elongate base of Figure
3A.

Figures 3C to 3E are axial cross-sectional views of different
embodiments of bases suitable for carrying an array of light sources.

Figure 4 is a side elevational view of an array of light sources
mounted to the base of Figures 3A and 3B.

Figures 5A and 5B are side and top elevational views,
respectively, of a light transmission system, where wires connect adjacent light
sources.

Figure 6 is a side schematic view of a distal end of a catheter
assembly having light sources which are flip chip mounted to an elongate base,
according to one illustrated embodiment.

Figure 7 is a top elevational view of the base of Figure 6.

Figure 8A is a side elevational view of one light source positioned

above the base of Figure 7.
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according to one illustrated embodi ment. Figure 7 is a
top el evational view of the base of Figure 6 . Figure

W@200804@1%51 de el evati onal view of one |ight sSORCTES2007/081131

positioned above the base of Figure 7 .Figure 8B is a
side el evational view of the |ight source of Figure 8A
after the |ight source has been assenbled with the

base. Fi gug u9e'8B ig atQBcle@Ieﬁl‘éﬁthIr\ﬁéw‘Hf% Wéht%u@éé é’ﬁ/Flgure
of light sodrces linearly nmounted to an upper face of

lBAea;tmslme lightpouecd Bas beansisdembles aith dmabasé.ew of a
i ght sour

nt ed above an erture extendi
through a %tﬂé#ée d%@otpﬂlex%"qt'(?na @eY"I ‘Pl*ﬁ\?ré?%ﬂpf'gq% sources
5@? hematic view of a
Ei S &@Ehtedﬁoﬁg?%tfbée% eérjg %(r:] array of I|ight
sour ces i SFiyurdi10 iam side efevatianal. viéw gfi adigh sourseanoamted
el evational view of a portion of a |ight transn?s i on
og 11l lus?ra?ed

g?@‘f%ﬁﬂ a@@c@r@eﬁ@ndmgowéough abapat WFOEHPY AP PPRL!

| IS a cross-sectional view of the |ight
Fﬂ’#gﬁpéﬁgon system of Figure 12A taken along line
12B-12B. Frgjire 113siaSsiad sahembtic viensofs@ distalreald ofi vatbbter,
the light transm ssion system of Figure 12A, where the

where anrasraynefdighbaourges ésrnitbingn RneaREYIFHc apsul ant .

oo 11 AERrEJRAls G B Y IARna B fia Bofioh Bt ight
Pr‘éh%ﬁf@s%r?gﬁ’étéﬁﬁ%cdﬂd% &f o BuSiratedismbddifriegtr e 14A.

Figure 15A1s a top el evational view of circuit having
traces couEllga_deﬂd&lstaasressmcb@mlnlgew of theolighd transmission

Iélyvl%tég{ éﬁﬁéﬂfgmq%gg’%@"& ﬁBl'SEBIFlsgSr 20tlgzm Fi gure
tlfgclez a t%&bﬁ‘@%'%lalvd@%‘é-géct%r@l R bf ihaMigh@ transmission
system of Figure 12A, where the light transmission system is within an
encapsulant.

Figure 14A is a top elevational view of a circuit having traces
coupled to a base.

Figure 14B is a bottom elevational view of the circuit of Figure
14A.

Figure 15A is a top elevational view of circuit having traces
coupled to a base, according to another illustrated embodiment.

Figure 15B is a bottom elevational view of the circuit of Figure
15A.

Figure 16A is a top elevational view of a circuit having traces
coupled to a base, in accordance with another illustrated embodiment.

Figure 16B is a distal portion of the circuit of Figure 16A.

Figure 16C is a central portion of the circuit of Figure 16A.

Figure 16D is a proximal portion of the circuit of Figure 16A.

Figure 17 is a cross-sectional view of a pair of light sources

mounted to a multilayer circuit.
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coupled to a base, in accordance w th another
illustrated enbodinent. Figure 16B is a distal portion

w@toosleoed rcuit of Figure 16A. Figure 16C is aPCEN$0a1/081131

portion of the circuit of Figure 16A. Figure 16D is a
proximal portion of the circuit of Figure .16A Figure
17 is a cross-sectional view of a pair of [ight

sources Mgl adER | ?arﬁr@ghghd?oggén%ﬁ i ém%beﬁﬁéntjtﬁ'% light bar

a circuit drfagramo ment of a |ight
Eirduituit. Figure 18B is a circuit di agram of anot her
enbodi nent _of a light bar_cjrcuit. re 1l

pers pect i VE'Q\W%\]/BBf'S arcirshisdiagram et a%‘i ‘?rn%mBB@!m?’BrOf a light
ggrg _the light sources of Figure 11. Figure 20 is a
ive view of the manufacturing tool of Figure

19, where FRRiréaoué agerspardiveaidw ios ah@niptyanamufaciusing tool for
of light sources connected by wires. Figure 2 1 is an

boldingihe lightt sputceswé Ngws/ 13t the |ight sources, wires,

and manuf agt t oql II

o0 o 38 4 Berbhd A 1 Bty opl of i
dosivRErd the thHuf%GtLﬁlnbV’t@oﬁlisdﬂhlhg aRtarERUsfar hsbaicestonnected
accordance wth one énbodinment. Figure 23is a

by arest | g crloss sectional view of a distal tip having

a two-sided. light source arra - d .

anot her &Wgrgﬂt's a "oe8 @%ﬁ?&g%ﬁﬁ na‘f;ﬁ‘ﬁ\ﬁflt_gtﬁ} sourees,

W% ' | view of a
E@%m@e@#tgg}@ gérﬁli‘bu%h?%:oetﬁflgg*i@%ont rol system

106 and a FEijure2ris assiderblevalitfaleschemiiticy/ie of al digtal tip

f d led t
havisgen bvasRadight gﬁ%&&&%“%cp te@gféi > 285 rd(dérﬁgnt
be used to

Li ght thergﬁ)p@‘[ %%ﬁh%ﬂi%tfr%@?ﬁ% gégﬂédﬁgléﬁgf aRl¥stal tip having

BR@oPsiaed ligat $algce brrelydnh aceadiahta yithrenathemembodimerdt
cells by subjecting the one or nore target cells to
one or nore wavel engths of light that are

WE X EFRbESCKIFTEN 8F FHiE TRVENTION

Figure 1 is a side elevational view of a light delivery system 100
including a control system 106 and a catheter assembly 110 extending distally
from and coupled to the control system 106, according to one embodiment.
The light delivery system 100 can be used to perform various types of light
therapy. Light therapy is broadly construed to include photo-activating or
photo-exciting one or more target cells by subjecting the one or more target
cells to one or more wavelengths of light that are approximately close to, if not
equivalent to, at least one excitation wavelength of the target celis. This photo-
excitation process can be used during an oncology treatment program, for
example, to treat diseased or otherwise undesirable and/or cancerous target
cells. It is understood that even if one cell is “targeted,” it is possible that other
cells in a vicinity of the targeted cell may also be subjected to light. The light

delivery system 100 can be used to treat other types of abnormal cells.
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the target cells. This photoexcitation process can be

waiz@dogords ng an oncol ogy treatnent program foPCT/US2007/081131

10

15

20

25

30

exanple, to treat diseased or otherw se undesirable
and/or cancerous target cells. It is understood that
even if one cell is "targeted,"” it is possible that

other cell$phRathetbChdicmblPh 1bhRcibaédgidtstartd h148Nd a
(f o light: Theflgt e

al so be subjected t Ivery system

¢80 etzrbody Useektending dmtweeh the digte $ipof edmbtheatontrol system

165 Ihe Getanimal &indels? 2 HGNETVSSIN ALPIBE: JbieoNe in Bhantom)
i 4 : | St

Fhelsd |5 obbAL e Syt o ohemy Qe Rrd ot

phvget eglorciarthe patiedt. t Onoethiitiisei ¢ipayi4 is positened aditlantarget
energy, suitable for treati n_? a target region i
[

| , in the
sie ithacontrakaystera W6sean be ugizedifor §e|@&§V?|V&HBH°[§FQttﬂ% output
arget site.,. control system 106 can be utilized
#rsp%gl(ﬁit?m%wst:ontrol ling the output fromthe distal
tip 114. TitRe GORtrbPSysiymi FIB dalbineiutel aebntdsiler 124 and a power
controller 124 and a power supply 126 (shown in

shpply di26i (shewg im @hantorm incbighiei! By ¢ammpnigatippavith the
ransmi i 20. Th | |

BTt St TR0 bt P Sl 66 pP s R p oot ne

Ismo%%f @ﬂiéﬁ%ﬂér@@bﬂiﬁ@d‘éﬂlﬁii% tFaEhE5RidR QystERe 120

ustrated interhal power” supp 126 is a battery,
such as a [Thehilustnabed irdepal power dlepply 1B6ds adrattery tsyeh as a

S LTS8, PR v
ﬁg g&?@ﬁﬁfv&él souf&diseh gai‘sf’al?ﬁ hl‘tet:%ﬁca%uﬂ%th%icélw fo@hbl%t a hospital,

or performn g her apy. e contro
sisdicanfadifitycencihee suitable Ipcatien fooperfotmsing dight therapy. The

ot o i e o DR b e o
ut | . .
B 51 R} A B D ower

GB0FdedUza b btikzdidt tal cvdrahe fight délveeppstachy t0Z enent
and navigation within a patient. Such i\ constructii%n
al

al | ows convideiaatbetesppsemblyahtd of BigkiRhhagma IoWePIgf
o o B I BERLI ool i oAt
FaReAL! Judr 8 onBtrattidh Afowl oemairmertdidlioeryadieplacement of the
distal tip 114 at remote locations within a patient, unlike catheters with larger
light bars. The catheter assembly 110 can also be dimensioned for other
means of delivery and placement. For example, the catheter assembly 110 can
be configured for external light delivery (e.g., transcutaneous or transdermal
delivery). This external catheter assembly can be larger than the
percutaneously delivered catheter assembly described above. Accordingly, the
dimensions (e.g., the axial length, cross-sectional width, etc.) the catheter
assembly 110 can be selected based upon the accessibility of the target tissue.
The catheter assembly 110 can have a cross-sectional width that

is less than about 1.25 mm. In some embodiments, the catheter assembly 110

10
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delivery). This external catheter assenbly can be
| arger than the percutaneously delivered catheter
assenbly descri bed above. Accordingly, the dinensions

s & orod 1ol %4l is HRRAA BBLLPTmIIABmEt C. )

er asse can e sel ect ed based upon
éﬂmbodm@ﬁ& ﬂbnel gatyetef at@nbl&r‘glél has asmss -Sdutionat widte that is
can have a cross-section wi dt h t hat i)ls 110
y

Ieégéhamaho%%ﬁp AR T
(188 BRE6Es- Q8RR it Ahais et/ R BBA! 78NN A dbrhéat

ESS I'n"so ment s

éﬁibb@trﬁént@sfﬁ@ﬂdtuetéi @sé@ﬁbh} Trolhas a Mss;s‘@dtlomadwwm Ihlaat is
is less than about 0.80 mm In sone enbodi ment s,

t&as Hil@are abauk@ABIMmmM1 Tthedistad tipcgahave Pmﬁiérs%t'eﬂﬁ' W'F?Ht less

t
{02 Buf o 8 Pl 26 T A BB G 0,8 iy an
raﬁwde%se%doh%s%tr@%udh VRItHBN Offe dithehsions iape @wo ﬂswesﬁ:la

cross-sectional wdth | ess than about 10 mm 5
mm 1.25 ninsdame emnbod)mrestamlpe gt dﬁhveafnséys,tqng@ can be used

gg%@'%a@ﬁét[‘ @gﬁa&\o ths%ﬂ Qr%%gﬂgrrée gg'ﬁlﬁgg éﬁﬁ'@'@ Rvasive
o}%?%}ééé%g%@?r@@ed{ﬁ@g @e‘mﬁ@p&ﬁb#ﬁ%@ﬁu?&g loR gt YURGiEal

such as mnimally invasive
ptranwmh vesethat pfm‘ermpgm@acceﬁsmmrqﬁm@ﬁu&gm dany
ot her surgica rocedures that, prefer d
Himess the @C%saég?hr@aw%ﬁa@tpf%e& f& ¥r Vé‘f‘%e?gs toa

f ,Se &?th Hd rﬁ)’?ﬁ#eﬂr £ U n%ﬁﬂoﬂé’réﬁcﬂwd@nce such as
b £

tar relo can perforned by a

Mcﬁmys{mﬁé Used fd)rquformmigammmallyun‘#aa‘ee saigeries. Those skilled
systens used for perform ng mninmall

suthgeait secogninssthat mqre@ae e gt W3 gt farpgt region can

her e are t i
8 %@gg@%mﬂ?% ,bht;’@%ﬁ/ra %{stﬁnl ﬁ/(glsyuss"e)@/g@g{r‘ngﬁﬂéwwes
IR IS S Heatis, @@‘IV@’W d@‘icesotelg V@tﬁdb@bpes J‘isrpndbdasmmeys optical

devicés (e.g., endoscopes, bronchoscopes Q
iimstturoentst stc. )etrttro;iucem ﬁ@'@at&a biopsy d1eesie Oor S faﬁfﬁﬂ'tab'e medical

needle or dj :
chent e BBfoc M, SR8l A0pR Tk 48 Ben:.
%‘ilb&:}tde\ﬁ@éé I ESVJs‘éaf‘uoﬁ&&We(ﬂnéiﬂ navRstibarthrough tortuous
conveni ent navigation through tortuous
body lumens or other anatomical structures in the patient. The flexible light
delivery system 100 can be easily positioned within the patient using, for
example, steerable devices, such as endoscopes, bronchoscopes, and the like.
Semi-rigid or rigid light delivery systems 100 can be delivered using trocars,
access ports, rigid delivery sheaths using semi-open procedures, open
procedures, or other delivery tools/procedures that provide a somewhat straight
delivery path, for example. Advantageously, the semi-rigid or rigid system 100
can be sufficiently rigid to displace internal tissue to help facilitate light delivery
to the target tissue. When inserted in the patient, the system 100 can be easily

rotated and advanced axially while maintaining its configuration.
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patient. The flexible light delivery system 100 can be
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exanpl e, steerable devices, such as endoscopes,
bronchoscopes, and the like. Sem-rigid or rigid |ight
delivery systens 100 can be delivered using trocars,
access por kyurés IAhriEIB SABY tﬁb%tastuwsnm%mg ity
procedures, “open procedures, or other delivery
transmigsiacsyhiems] 2thencapsulated irna pooteative ovter &oghit136. When

Seiraneisaion Systen &%yé’p@éﬁvatsév%ﬁer&em' Y isddfferest from the
r‘aﬂ%ﬁil égﬁmwéﬁmd the b§teHBodP 1 be hd tﬁé‘&ééwéoatta?get

ry to the rget tissue. Wen inserted inh
tégionp) qbne&nbblytth;sueyﬁaae thélﬁ@tea: bodpd 36asichythaiaraefiectivedamount
advanced axially while maintaining its

@Bfﬁdliﬁlr%r@ﬁr@%égeﬂg%ﬁﬁw -show the distal tip
114 incl udi gtHhesrrﬁléé”}B@@gééﬁgzﬁ\@é %&Qe Spﬁﬁ)?é‘éh@@ﬂ

|naprote Ive ou e transm ssi

SYEfcRE %bﬁn%@tcbmataelﬁbsd w2 ans wedrrgyeins thielermeeadrgy
fromthe transm ssion system 120 through the outer

sodicel B6a soadchteraeand ngiudasgbut qsggqtamltegrtgf @neJglypources

R R

Tikftifd exstibRsy @He?ﬁl sSitds28an belligiesonraes eapavlieof emitting

enerdy sources 138 nounted onto a base 142. As used
visitge tight wavesrmarn: wa@iq;yglﬁm\@@ and cemhinationsdharegid The

| udes, but d
ng\(égéjy gglgpegﬁppt%eﬂgélp %tlhe a%tﬁ(gg%gﬂﬁtilﬁé Cs‘ﬁ?‘face emitting
§Ieged 19 ngéf&ﬂﬁrﬁbs) Negkt moﬂéggoredtﬂéph@tabl@ BAEQY sources.

sourde ht sources capable of emtting
visible Ii g’rrguma\%’sanmﬁB-llhusiraje@ |lne@h6fr\ﬂu\f~ﬁé—E%@38 spaced

SIS i U O Rl
T e e T

Qald)hg'élélba@érﬁ)'k A cohdsctivd&sypacta 14,8antermrma§t5 the LEDs 138 so

length of the distal tip 114. t
gcmatghute elgetricgtanargy bg,t\ge%ra,ﬂ’fﬁ Qg e t[e?megonductlve

tc‘)é" %gié%fgégﬁﬁ%é@ﬁaglgpsé \X/iﬂﬁ:@ut%%ta@iﬁnt ié%d(s) wire(s)

I'Ve connect or
PFeﬁl‘éFéUI\ﬁﬁéilﬁlet\bﬁeé)EB&s b3fAsk@ esnductive $itm |olo unleapphed to a

su%(;turalt; %@?ﬁeerrc%mdggttovr\%ﬁﬂalglgefol_ eEI[e)?:trorTIrc]:gll; coupllng the LEDs 138
to the control system 106. In the illustrated embodiment of Figures 2A and 2B,
the conductive connector 148 is a plurality of leads 150 formed by a pair of
wires 160, 162 extending above and coupled to the LEDs 138, thereby forming
a complete circuit.

The LEDs 138 can be arranged in parailel, series, or
combinations thereof. For example, some LEDs 138 can be arranged in series
while other LEDs are arranged in parallel. As such, various circuit
configurations can be used when mounting the LEDs 138 to the base 142.

Exemplary non-limiting embodiments of circuits are discussed below in detail.
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c_on_nect_or" is a broad term and i ncludes, w thout
limtation, lead(s), wire(s) (preferably flexible
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to a substrate, or other conductor suitable for
el ectronically coupling the LEDs 138 to the control
system 106. In the illustrated enbodi nent of Figures

2A and 2B, t 8 o
of | eads 1\6\8@%@@96%&2@%%{&?@9\{% %g ?Lééh EE. W@héé y

electrodesnd7apt¥2 campled do thewires 160e1 ﬁED@SQG&]VGj)h ekaply LED 138
formng a conplete circuit., The

a@m al%@éaclvﬂe (PRELTBPrE [2YPFSE. ] oﬁaggsﬁﬁ?ﬁaﬁ?@ﬂéﬁﬂﬁ%ﬁewaN
5@%3% uﬁg%g%a@/rxg@ﬁ 3&(&@) &%gﬁf@fgef\ﬁéeﬁﬁh’ee‘éectrodes

VED l ﬁmsaﬁd aabstrate BELHthWIs m:EJg ube2As da thédlnstrated
nmount i ng the LEDs 138 to the base 142. Exenp
aeRodiment Hip swRsdtated ﬁ?gs aftransrussive sHPTes &al% sxgmple, the

DGk b YA AR 65 R Bl 2o

%g@ﬁ)ekﬁg)oo\kﬁz respect | veI y Each LED 138 can aI so
i nclude one or nore | ayers ., @GN |l ayers,
| ayers, | nEhlillusjiated L%\Dls ara9@itsapaﬁ@pr@texfawd%mth(8) or

WBebshal) $BRSSE SRR e VRISt Ty aiment

L PEHfSt ¥ altRhrpehp g eme Q%hét&fédcﬂﬁ@ ot PRotosensitive agent) is

ansm ssi ve subs?rate For exanpl e, the substrate 182
ualnzé@b tlmspLEDesI 138 prederablyremit racduatnmanQlﬁngaﬁs) pewayekand(s)

h
i e B a8y 4 AT
Wﬂvteﬁghﬁg f)%atte&%ﬂé lof %tﬁé’fﬁllé@éét%te thed éqbrﬂr PMdt(S\s'éﬁsnwe agents

{ nment ag ent. a treatne agent e.
@batdﬁtehemvel oree or mtmabsmpson weelengthy of waueban@a@at excﬂe

:ﬂ?gfmgg@b%m%m L ;thfercaq%lo\gll EB" radl %@ﬁ%g\r’\av l‘lgrgﬁg? re)at target
V%ﬂ% §P g}\@ éé}h N oPRYANPIIHAS EEU%H(&W&?B@ ohdiglredito emit light

erw se actrvate the agent Phot osenS| tive

320 MgSa SN eRingen ohaueelvared mrthm:raagalfmm abowtrt00 nanometers to
wavelengt hs or wavebands t hat ex0| t t he roduce
/060 nABE{dS c N BaMERMbe-IEENS, ERLPall 4 Magplength or

tifg%l%‘g)gﬁhbri U%Fﬂor]fggfff R go'ug ﬁ]b? r{éﬁgﬂféf@r@%%bow 806 Rahometers.
In some embodiments, the LEDs 138 emit a wavelength or waveband in the
range from about 600 nanometers to about 700 nanometers. In one
embodiment, for example, the LEDs 138 emit radiation with a peak wavelength
of 664 nanometers plus or minus 5 nanometers.

Each LED 138 of the distal tip 114 can be configured be to emit
the same wavelength or waveband. However, LEDs having different
wavelengths or wavebands can be used to provide varying outputs. These
LEDs 138 can be activated simultaneously or at different times depending on
the desired treatment. The various LEDs 138 can also be activated and
deactivated in a pulsed sequence. For example, the LEDs 138 may form two

halves of the light array which are alternately turned on and off. Alternately, the
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about 400 nanoneters to 1,000 nanoneters. In sone
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waveband in the range from about 600 nanoneters to
about 800 nanoneters. In sone enbodiments, the LEDs
138 emt a wavel ength or waveband in the range from

t
54, 0 ST 01 S PORDAEATE o Ao

gelebteal smkervt/a‘géLEﬁlﬁ Bdalodgsha tengtievbthe kighidaor Imthisis

nanonet ers L 138 of the d [t

B@n@sﬁfa geat@aersgﬁ?wce ffQr Wiﬂ%‘éﬁ%ﬁk@éﬁ@ﬂ&fﬁs élée it a
Eg 1N %Ilhga%rBBWeP%\}éh Birec{ Sobctia\R r%@%fhﬁne may

used rovi de varyl ng outpu
?i@gﬂaﬁﬁﬁed&&oQ%cbﬁtr@l@ylst&ihG@GSI mul t aneously or at

ferent times depending on the desired tr t
The var i oudhe misfahtys1t4 62 haye foyumierfd- Eg?ﬁjngg In the

[EBG e g hePhrilsaCRS S PRFRoned befiM fond IR o,

Rfr@nt@ﬁin‘é! BRI & Yhé distdipon 4andowtler, é| Higheasrelbywer number of
thésystem may be programmed to sel ectlvely activate

hEDsczache selestad bamdem thecfesifaskerarganirutoemitiads 138

el 05 Bebafl s ARyt o

%h&rdfp@qé%%ﬁb@ an& %ﬂ#t—ﬁ"’tfé%tméht Paimhdters)! mfsm@mﬂménts
el ected period of time, may be programmed into

fmm%emb?ﬁf%‘rﬁ@%re shaceti sloag the phsialztlnzaiﬁ ﬁbaé mm pitch.
i% Vi erpodieps g ﬁﬁ@a'%@ﬁm@a { 2 pHER A58 SHR0E 1.5 mm
k&%ﬁbu&@%’?ﬁh\ 6\?‘1'3?) ohfbt Pﬂhéﬁt@' lefsb@hérl#o LD spaed along

er or | ower LEDs can be sel ected based
e tizealdipsi 14ed|necrtaeggmodmumntse|ess thah SR LEDsnepergpaced along

e B S ESaAFER o B [ e s
t [
7 B0 T A8 PR B s o

Jsirﬂglé‘?o@ Howsvdt b ﬂ’@r LED@@Hnamgembnt&arerﬂos&bﬂéweFQvE@emple the
can be at apltchlntheran e of about 1.5 mmto
akistat i1 54 ean include Aenalis&di §38. ess than 70 LEDs

o oapaced & 30%hRR Aokt chhfedioh whfl FRIGIEE 2A and 28, the

LEDs 138 are mounted upon the upper face 200 of the base 142 Any suitable

mounting means can be employed to temporarily or permanently couple the
LEDs 138 onto the base 142. For example, adhesives, bonding material,
fasteners, solder, or other coupling means can securely couple the LEDs 138 to
the base 142. The mounting means can be optically transparent in order to
transmit light generated by the LEDs 138 to the base 142 which, in turn,
transmits light that ultimately reaches the patient. In the illustrated embodiment
of Figures 2A and 2B, optically transparent epoxy permanently couples the

linearly spaced LEDs 138 to the upper face 200.
With continued reference to Figures 2A and 2B, the base 142 is

an elongate member that extends longitudinally along the distal tip 114, and
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the distal tip 114. In yet other enbodi nents, |ess
than 40 LEDs are spaced along the distal tip 114. The

WO Rdoges6oad ed LEDs 138 are evenly spaced and f oPCa/ES2007/081131

single row, however, other LEDs arrangements are
possi bl e. For exanple, the distal tip 114 can incl ude
a matrix of LEDs 138. As described above in connection

é\‘oﬁbe@ éJHarI 268%@ nf(ﬁ{rhlhaearéglaﬁ the %Rﬁé?femé%(?ﬁ)r ¥BAlenient

he upper base y suitab
pilacembngoﬁtkarl.flan 38e Theaseechrt e aesqppoetrsubfstrate sized to hold
perrmnentlé/| couple the LEDs 138 onto the base 142. For
@%ﬁw@era kEBSves, bonding material, fasteners,

sol der, @é FS\E? Clgfﬁ% Emiﬁaﬂp%fﬁ@%nﬁﬁ AL Ble/sG alRb Eermit

t he LEDsl t1ng neans

&fogH dietdrtion bf m@smtaaenp 114 for deliveirp atcm@m; mnudusgmh The
generated by the LEDs 138 to the base 142 whic

base 142 can e wasterigpent FelletondlpE SR WIS Al RBE e areferably

G153, A e ATHERSS 0y BRRE B o, (18 e

vt In isbind Emeat et aetbdselDr2ledh be mdvedipipsugH asangle
200. Wth continued reference to Figures 2A and 2B,

oh220524801.4150°s 1307, 03RS S0NmanAskiangesEneRmMpagsing such
I onlgl tudinally along the distal tip 114, andprovides a
PBYIEFi vel y | arge nounting area on the upper face 200

for conven|£gimlcssdifienty, tﬁé‘Saé@ﬁ’%Zl&ggthl'ﬁhﬂalbs?tﬁ?oﬁi@rﬂexmle

be a support substrate sized to hold any nunber o
hizisrial THdebthirebdst? 142 hpipsfredate W@pﬁlia:ofetﬁﬂ light trapsmission

;gﬁzﬁb%z"%ﬁa;"@qs%gaga@y U NIRRT E e

b {tqwghﬁ hé’gg%e 1&9' afhe éé@(yoderﬁta*hﬁrtwsiéd to allow

pré er out any "appr eci abl e danmage
h@vfgbﬁorb&&mgl’e@&uand/pathsL\EElsmlﬁé patient, st permtting flexibility in
sonme enbodi nents, the base 142 can be noved through an
splgcting freafroentiyiotocplp 130 90, 70, 50, and ranges

enconpassi .
base 145 | 4 e PRELET hald R SRP RIS ocklién (6.9, 2
T@@ah@ul@r BrysS-skttioRp |em1‘1‘s>t|b3|0h>r6§s-tsbetl¢]1,mfrldtlmeru#umabte axial cross-

1 ght transm ssion s%stem 120 and, . consequent | E
seetien.| Figuees 3€det3bilastraleatanioss axia cggg-%gctlppé of the base

142.

Various materials can be used to construct the base 142.
Flexible, semi-rigid, and/or rigid bases 142 can be made of rubber, cdmposite
materials, thermoplastics, polymers (e.g., polyester, polyethylene terephthalate
(PET), polypropylene, polyethylene naphthalate (PEN), and combinations
thereof. In one embodiment, the base 142 comprises a somewhat transparent
material, preferably an optically transparent polyester. At least one wavelength
of light emitted by the LEDs can pass through the base 142, as discussed in
more detail below.

The material(s) forming the base 142 can be selected to achieve
the desired structural properties, thermal properties, electrical properties,

optical properties, and durability. For example, to dissipate heat generated by
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114. Furthernore, the base 142 can be easily bent and
twisted to all ow navigation along tortuous paths
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selecting treatnment protocols. The base 142 can have a

pol ygonal axial cross-section (e.g., a rectangular

cross-section), elliptical cross-section, or other

ﬁﬁié' LSS @ 384Nl b AP PAS 85 LOMprise dH&H c%ﬁdh@tlv%ﬁnaterlal that can
l'ustrate’ vari ous axial cross-sections of the base

adtas ¥heabsiak fier Goridaicting heabaway éom thechES iuotdarie maintain

b 142. FI b
P VeSO SYem 140 Ak aR Aba et phe Bting 1EREEratlR.

i | .
i ki ———
Ry elchydreg comsthbt Stalicttml eRighgnts ad beoadidedhta thedase 142 to

thereof. In one enbodi nent, the b 14
g@m@vm e de%r%am@mﬂ%t/g? natedeﬁh@%: F'!fbg ER% b?%i%? ly

an

bOBREREL AP bR B iR anRRloRE PR, 3 e Jez n
éé?al t|§51 (e féﬁ@%ﬁ%g rghTQafx@erdeﬂyﬁtd thlegbatient fiiey be a rigid member
material (s) form ng the base 142 can be selected to

acmpesed of mejals rigiddplastia, or ethar syitablyrstiffavaterigb nal
properti es eI ect [ da%zpacﬁ[& gweé @%seec'14?%h%@h}ﬁ{sgpaefréh§rﬁrsswe

and durabl di ssi'pate
Sﬁattsg.uewn@w bﬁﬁ&edlﬁam fhee ERS © éés”s fharetbesuyh. SEhus, the
t conductive material that can act as a heat sink

base deaculvatageoesly suspprtsthen ERs 138while alsodesrmitging the

mai nt ai n

aﬁﬁ%ﬂﬁp 'tgéﬁé*beergg{rpt : ané%i‘?%ﬁhgye A%ytdﬁgﬂgﬁlgﬁﬂr%atment and
Béﬁ{)&r S8 dowis: co?ltsbap‘ﬁeﬁr Furihet the ba%é'1ﬂlf20cfa¢\eb@félatlvel¥ large for

strainr el errents or other structura

gh@mrgedm hmmﬂildgctdne w.tfmmazpermw ceciding the ameunt of
esired properties, d th
Bahtisretingrheiteioet | figgey o HS (RSl FH'%%SW%}%'P] & (AR EDs.

exanpl e, Stﬂﬂﬁﬁle]’(?gn%rﬂlsgi'vétrﬁétehél% |ﬁé|ﬂldé°5utad}ﬁ|dﬁtmmlted to,

i ght externa atirent nay be a rigid menber
%Wér%ﬁéilcﬁfasimlyéster IFQEETJl polgsbpglener ccombmatleuss thesegf and the

Z&%E&éé%%w%g%%%ﬁ A 01T Enesbaes T hreTeraby. 2
Thitedal LRBLLNS: thERgnt Gir@AST SR PEPYIRS tbikafds iecpase
142 is transmitted through the base 142. In some embodiments, at least 40%
of the light emitted towards the base 142 is transmitted therethrough. In some
embodiments, at least 50% of the light directed towards the base 142 is
transmitted therethrough. In some embodiments, at least 60% of the light
directed towards the base 142 is transmitted therethrough. In some
embodiments, at least 70% of the light directed towards the base 142 is
transmitted therethrough. In some embodiments, at least 80% of the light
directed towards the base 142 is transmitted therethrough. In some
embodiments, at least 90% of the light directed towards the base 142 is

transmitted therethrough. Additionally, one or more light passageways,
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base 142 advant ageously supports the LEDs 138 while
al so permtting the passage of |ight therethrough to

WO posea®es t he ef ficacy of the |ight treatnent BEEIUS2007/081131

decrease power consunption. Further, the base 142 can

be relatively large for an enlarged LED nounting zone

W t hout appreciably reducing the anmount of 1ight

frf -ﬂe|e*sh§nﬂo%v&%rbtr%ts%uc{ﬂ?é§ chRPe foPmbA iR &Y base 142 to
acenent of the LEDs. Suitable transm ssive materials
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enbodi ments, at |east 40% of the Iight em

d
eombinatiens Meresf ¢ambe wiilizedita eadef Heobase 11&1 ‘?%%@%’85 sghc’ereof)

FORBRHEE BhduisIr §G136 eltidinehi¥ i, SPngdiRir Bants polude, but
aRRotaImhiest e ales, pﬂ%nieae@tm&awpaxﬁ:cmheeé oghdwdern, ecbtbr
towards the base 142 is transmtted therethrough. In

swierialsitatioasrhescoated lopig tdistysed thraagheyiher athesviseflisposed

t oyards t e 14 tr itte ] r L
LI e DB BBsE 85552030 S B0t B P Bo dso e
P{g t BH@ o??r%ﬁe%éléndth@@ﬁ WalveBEndRORL fREGHEG- the Patient's

enbodi nents, at |east 90% of the light directed
tl!(ijﬂ(/jlm’ds tlhe base 142 is transmtted therethrough.

Addi ti ona one or re . ligh .

passagewayB/ §q;m8§%qufg%ggts \xﬁ%bgag 148 x&qrhdérproxmally from the
stocf?g’f ffa f\B the eﬁwﬂfé*r%ﬁrgtmoftthe c,%%ieﬂﬂady 916N éﬂﬁe@

unt of 1 ght passing through the base 142. The
bﬁﬂﬁ)dl:ﬁéntsaa mpxlmahahdpf itime baske 142 ds positioned dﬁ@jlyeof the

RevamehoRer e sabetsadascmpit et g aalso e Bsginal ond o

UBE o175 <R RIS fon i et sdnic ppirE ARrd S colfeter pody 116, or
Ramth hediéwil tiparidi on t hereof ) somewhat opaque In sone
enbodi nents, the opacification

not limt e&stshovm,@sﬁgg[ agnehegd Z%nt Sllglatrtfqr&mlgggg sgﬁteém 120
0 t
BoUS et R SR IB &, BRls GRR GRS AheiEr bocy 136

;@?%féﬁh%ly ﬂrénﬁﬁ@bfv@ci;o add tbmulﬁédmmm &mnitead fromethedight
|

ter so as to inhibit
transmission system 120. For example, the outer body 136 can be made of the

same material(s) forming the base 142. During advancement through the
patient’s body and placement at the target site, external forces may be applied
to the distal tip 114. Accordingly, the outer body 136 can be made of a material
suitable for limiting or preventing undesirable damage to the light transmission
system 120.

The outer body 136 can define a chamber 206 sized to
accommodate the light transmission system 120. In some embodiments, an
encapsulate (e.g., a polymer) can be used to fill the chamber 206 in order to

minimize or prevent movement of the light transmission system 120 relative to
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reaching the patient's tissue. In sone enbodi nents,
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114 along the entire length of the catheter body 116.
I'n other enmbodi ments, a proximal end of the base 142
is positioned distally of the proximl end of the

ﬁ%t &ﬁé?%oé? §850 ntedidlive o the saep bSd¥ ke dancdfinea ﬁﬁnbw

ase 142 can be positioned some point alon
theembat 2@8 evhidiochn ihtésaser thei avieraill ﬂé)ebllihymfathe diq@alj_t[pm 1g 4,
nsm s

Optioanibi 308 puleh 5oy 4 36 G b ahe*BapertIB agmgs Sugd ¥ those
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nsm ssive SO ransm’'t radiation em't rom

idferdnicghi its reanmsetyss‘ herchambarﬁOBZ@n befi II@d(M’[blam, inflatton fluid to
outer body 136 can_be made of the sa mat er l%%b )
by Bads a

ndlate the aiter beds 19621 pifer .eg\bmmﬁe oyter
&?{“&?ﬁ‘;‘f Bgﬁé’@}é@a&nﬁg% appln%lé%{ ?Réﬁglgzhﬁ?déc?over the light

fHeRSESRE ystée Ando@dlngl?dmel&ﬁec bodpd36mda ha’veaa one-piece or
material suitable for limting or preventing

mmudiépiacettonstidatiee to the Ilght transm ssion system
tl goaclgfmg i&fu&e\? gﬂy éBﬁEﬁ ﬁﬂ dsﬂgteaor‘?@@ %rdlrﬁgﬁtéﬂazﬁﬂ)cess

SImM SSI on

o%g‘e%gfaﬁ 1@y mtﬁm ® ue FHigures)3Ac3E
to I1‘|III§the cﬁg@n‘oer 206 |dn &ggg tsg r;glglm)

ehowrtheebase rei2emiioh ithet ﬁsﬁlnggﬁatquaéf@ﬁ?%'ﬂgﬁhgﬂﬁ%'ﬁip 114.

bEDs Tabiis Stachediodi thedt S apd R AR B2 ad tfown in
ré%rﬂ?és %@%Q\h%lﬁfémsf ﬂ@‘dléﬁlﬂe'dtéba@fngt lb@v@eﬁttﬁé niéunted

I ona the outer body 136 can be an
mwmwanmm@me tmrcls 650 aedoemeld s ¢ thismanner [ibe base 142
pat ent application, whic

refis oy fefosiensen et hE LR 68 it tRLEDs may

i|

ey Eiested o g et pthesait ""‘?ﬂ%“@%ﬁé&%ﬁ*ﬁ;’@%‘?f}t;’f rigure
%A%Wéxérﬁplé theopaicof wizeod66; 162 ateeconnraied tasthe efeslredes 170,
nol'ded over the light tran

smi
AGzorasmeghvely: WE Ser WiUBy NG SELE T BRI SRUISlY Ququnted to
%e base 142. Accordingly, the base 142 can function as a LED holder thus

reducing fabrication time and improving tolerances. Additionally, the base 142
can be made of a low cost material (e.g., polyester) that is ultimately integrated
into the distal tip assembly 114 thereby reducing material waste and cost.

After assembling the transmission system 120 (as shown in
Figures 5A and 5B), the outer body 136 can be formed by various molding
techniques. For example, the outer body 136 can be formed through a moiding
process (e.g., an injection molding process, compression molding process,
etc.), thermoforming, machining process, or combinations thereof. In some
embodiments, the light transmission system 120 can be placed in a mold cavity
corresponding to the desired shape of the outer body 136. To overmold the

light transmission system 120, a molten polymer can be injected into the mold
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mul ti-piece construction. Figures 3A, 3B, and 4-5B
illustrate one enbodi nent of a process to produce a
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3A to 3E show the base 142 which is the starting
material for formng the distal tip 114. LEDs 138 are
attached to the upper surface 200 of the base 142, as

AlferRABEIg the ouldtbRRST36L4aNn H@'a%r@fdtﬁ*nédl@ol%@ﬁh'feﬂ@ber
spaci ng between the nountéd LEDs 138 while the wire

bba dightitsansmissioarsystem [120tdansberimsaged intbdhe asembenuntil the
to | ve th | erances between the LEDs, even
JRb TR Tt ReBLSsaeraieds o

subj ected to subsequent

pr ocessi ngg; %’Fe Bf},?ﬁws' ARdthét é‘fﬂbsaﬂﬁéiit'&%tld@lfal fih H4t@an be

5A, for exa alr of wmres 160
meonerated ihto thiedight dehvaylsystbﬁMOQb_ﬂFlgwe pec'[ha/dispal tip 300 of

Floure 8 Tpax be Deneraly sminnt Ge divel adad iisveien In Fgure 1,
%%@Q%Ql‘ﬂﬁe'adagﬁ)egggﬁe thus reducing fabrication

rovi ng rances. Additionally, the base

142 can beTHédiﬁSt@lftuﬁSd)@)M Eiggire BﬁtwaraiarréyeogLEDs 304 that are
polyester) that is ultimately integrated into th

masinged in » flipschipBrpngemenke AdHy chivdds Anedyrace mt%ﬂ!fafed circuit

U3 69 oA B B9k AR oo

Eﬁ@x (é36, tﬁérbhlil?n'fd&hﬂﬁg' a*mang@mewaegmtsudwaaocsmhmoqmeetuon with
exanpl e, the outer body 136 can be fornmed throu ¢
$Rt@gr§e

Riguresl il FB)p r'Bu:ﬁs wires.qy leadmthab fydeallyrconpedt aghip/
r . h
ﬁa{l‘ﬁg?ﬁ%%b‘éﬁv@eﬁsébw”e%&é’ﬁ%s gfgied orfUhEF oL Gb B profie of
t .
T S D Pt g

sbauaa arfd isheelbsuiterd foodyll\aaﬁ alang oaréowma;*psag@waysg hBy way of
transm ssi on syst

EWATBI 4 ARSI TbPEYe ﬁamqlaé@r%ﬁ%”iﬁrtsf AHE rapes
BB 135afiPd Aot 192 AT ARMbUYH bR aiBRRAErs diecalbo pBEsible.

SImM SSI on SysS Inserted into the

MBS cHipt inbuhted distal B 300f Figures has bydiamstertin g range of
Fi gure 6 shows anot her enbodi nent of a

@f@nut)@ 8§ movicpahaut&l’ Mbo I §eMS YRPOLINS @rtbes%?&lﬁ Jghas a
of Fi f

Sarbr Y £f abpy 026 B3t P, Fag dReeip 308 P BhuiR along
rél@ﬂﬂ@lyharrow delivery paths, while providing the same output as the wire

bonded distal tip 114.
Figures 7-10 illustrate one embodiment of a process to produce a

distal tip 300 of Figure 6 having flip chip mounted LEDs. Generally, instead of
wire bonding described above, solder beads or other elements can be
positioned or deposited on chip pads such that when the chip is mounted
upside-down in/on the substrate, electrical connections are established
between conductive traces of the substrate and the chip.

Figure 7 illustrates a circuit 309 including a base 310 and an array
of conducting traces or electrodes 314, 316 suitable for flip chip mounting. As

shown in Figure 8A, an LED 304 can be positioned above the pair of the traces
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except as further detailed below The distal tip 300
of Figure 6 has an array of LEDs 304 that are nounted

WO 2008/04doitp chi p arrangenent. A flip chip is onECT/YR®0T81131

integrated circuit (1C chip nmounting arrangenent that
does not require wire bonding between chips (e.g., the
chip nmounting arrangement described above in

?ﬁé‘&%‘ ' Q&ldfé‘[ bBadd 996 @fe forpfeld o {HéSelewré&és 994 bEBRSLED 304

dt typically connect a chip/substrate having
susinixat iwhenghe ED 804 énlobered ontanthieezircud J09; praformed solder
reduce the g_roflle of the distal

beadspan piectinglly andﬁa%@ag"%b(é}onﬁﬁsf ﬁhﬁ_@%éﬁiﬁﬁi%ﬁg&s 314,316
& BEHask P10t LAt chd ér wRkd o?*Het BeD§ ‘3’04%& é)\f el g SH'the base

nar row passageways. By way of exanp tip
3149, thé sBlcwﬂrb%a&Ismlﬂ) de@e hediealrm’tthermailwﬂrmatednml thie solder

about 1.5 nmto ab al t hough ot h
PGl SOUNRRIe! LEDS AO4 b 115 b ShG.AR SOWR 81 Biowe BB, After

B2 B8 o3l APLBIR ST o0 pBaP g e
flirledl inthe nifthedesaritticrapsws. of about 0. 74" mm Thus,
the distal tip 300 can be delivered along relatively

narrow del Tberb,’aspéiﬂﬂspf Rigiinee’ parwpmpﬁlgettmsgwatﬁrm as the

Bk 62 B S8 82 et R pegomes o
ﬁ@é%at&hgls:}’%r@xaﬁi&é‘rtﬁe@a@é\mfﬂ)gcé‘ri b farhiea Mgbkydmlde

General ly, 1nstead W re bondi ng descr|
aladeral (8@ ctm|y|hndelﬁem)rthat Isegspeiciaty well- %tatecbf@r flip chip mounting

Branesmsniss “hoditease e aBodeket 18R BaSHid vidbp ¥ Base 310,
gh%&t@#@%glgtﬁ?ggggdé@@sadﬁ 58 ttRiddasiRaRe BQE%@O A light

( ces of t'he substrate and the chip.
Eagwg:‘eﬂay tanibe mathesugh-bolecwirndo®g dransolisslie graterialés, or other

10 and an array of conductln rac or Ie trod
suitablg eenvant igp INcreasing Fhepa B* ﬁﬁﬂ?ﬁt'}?@{e g TGl the base

L

dBereiseatts assasR or Gécrichee LiEBPaOHVedy) the aheduntioé transraitted
LED 304 is |lowered onto the circuit 309, preforned

$ightder beads can electrically and nmechanically connect
e 0 PSS s ey b i
the form of a through-hole in the base 310. As such, light emitted from the LED
304 can pass easily through the base 310 via the light passageway 334. The
light passageway 334 can be formed before, during, or after the LED 304 is
mounted to the base 310. For example, the LED 304 can be mounted onto a
pre-formed perforated base 310. Preferably, the light passageways 334 are
positioned so as to effectively transmit fight from the LED through the base 310.
Figure 11 shows another distal tip that can be incorporated into
the light delivery system 100 of Figure 1. The distal tip 400 may be generally
similar to the distal tip 114 illustrated in Figure 1, except as further detailed

below.
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310, the solder beads 320 can be heated or thermally
treated until the solder securely couples the LEDs 304

W@ osheobnse 310, as shown in Figure 8B. AfterP@HES10FIE81131
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304 are nounted onto the base 310, an outer body 330
can be formed in the manner described above. The base
310 of Figure 7 can conprise the sane materials as the

base 142 gféh H%‘tﬁlgﬁof(b‘boﬁ@?a%1%%%thtttrlé‘ﬁshﬁs°s¢or3é§)stem

can al so or me mat eri1 al s.” For exanpl e,
i?blﬁ:ldb@sa plﬁJt_ﬁIityanﬁ Iifgllst stcmmﬁd 460 thatmoe wire bendext together by a
e.g., polyimde t ' ' -sui
plaaliy pg?@%/q%tiﬁﬁ SRR A e JBREATLS! fFaobn AeuaatdendSly. the
h ot .
AR 80 88 R S e he b ies a8t

AbdvedMThe Agisaeamsmyissian shetemn thn dedlirdetly enowmted awthe outer
transm ssive material (s), or other suitable el ement

body 460G rsmas tyradusedhe anmbsr of cgrponeatsdiormia thedkgh

. 10. Th ' . L ,
G030 39 s BAEES sl bt i Heissage of v
f?{eré‘tﬁ%u@%ﬁl‘herét?ﬁlﬁﬂﬁﬁwg\tﬁé YiuntiRgtiGieime t¥fsutr ammsi tHeedistal tip

Ight. Figure I0 shows a |ight passageway 334 (shown

#00 phabearsed to ddliger an inaseased ameughohlighd. i n t he base

310. As sugh, light itte he | 4

easily thriaﬁﬁir{eg% 05351%5%31% %{ggt %‘88[? Eﬁﬁ%agé%g&g?/ﬁ the

%ﬁé‘ss HiserldridBl H)ARSASSNY5 BB F RiePRATRIIER bBeaRsEthe base
urrng, or arter the LED 304 is nmounted to the base

349 of Figure 2&nmiag helh defireDtr@ke nchaxip ©f aistalttpd tht Hs guch, the
Ere-forrred perforaged base . _Preferab

asedféwapsayse e epdSts 19 103%%0 an Unlg%i[eaw?e 95‘@% from
a f. . .
L
N4 o pertiadiguet 1, wdvghta deppartbass gees mot o®vefthe bend

T
as r1ur r A . di i . i .
Tl L L ST T s i

Rkidl 8tréésesobn tidlehds ou semedhibodintents deads 41D cadadt as pivot
together by a gl urality of conductive el ements 412 in
points defimiod the hesdinakis obiedliste) tip 418, if desired.

Figures 12A and 12B illustrate a light transmission system 340
having a plurality of flip chip mounted light sources 352A, 352B coupled to a
circuit 353. A base 354 of the circuit 353 defines one or more locking structures
360 for enhancing coupling between an encapsulant and the light transmission
system 340. As shown in Figure 13, an encapsulant 362 can surround the light
transmission system 340, and a portion 363 of the encapsulant 362 can pass
through the locking structure 360 extending through the base 354. As such, the
locking structure 360 can minimize, limit, or prevent movement between the
light transmission system 340 and encapsulant 362. Additionally, the locking
structure 360 can advantageously inhibit or prevent delamination of the

encapsulant 362 from the base 354.
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distal tip 400 can be fornmed without utilizing the
support bases as described above. The |ight

W@ e@BeMossi on system can be directly nounted iPCE/H8§2007/081131
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outer body 406, so as to reduce the nunber of
components fornming the tip. Additionally, the support
bases descri bed above may inhibit the passage of |ight

therethr ouﬁﬁeflmfrﬁﬁdslk)gﬁh? ishractie %b'dfrﬁi@lﬂ{egCH{Zﬁptfo 19R a
0

tissue. Thus, the ip 400 can be use
thediigleholerhaving anstohgated akiabErdssegectiomhén somegwnslimiting

ey, T ota Pl PSR 6P co
{ i . i
U307 e R B ol el o

pétwer the llhtdoardes 352A)852Baeadh Aavingdekengébaed width of about
di stance fromthe | eads resulting in incre

G0dga0 (0456 e dbs Saesl RO suetio 366 a8 bsdnpreased
n
phaSoBHEE t7 el 7 dodtedUPRBLLadRg . HREamREht B8

ERGap st %%ﬁéﬁdihg_tmghitﬁ@bdsé%n. dan otttertdmeboudintents, the
axis of the distal tip 400, thereby reducin

lickingreituatigrea3@atans have 849 lyaenahEnclugding. rOPngggi?elygonal),

bpficaingroutar. GEADY e apE ReS aBLel RYMigprocess.
ijr‘raa%hfrﬁﬁ’% ngc%é%?ér SiRAr a0thrie Broddsedantbeused tafurm the structure

transmssion system 340 having a plurality of flip

eB0p nougtsed l'i ght sources 352A, 352B coupled to a

circuit ...A hase 354 of, the ci [ ' :

or nore | o Ifm§9§qe,n§gtqga§§t03%|§u?%ﬁng:qﬁgﬁgﬁgrgb%ﬁg%léﬁggystem
T R O e
rterposet Moteeththé lighttsourcess352A, 32B:9ad basg 04. dine tsaces

B b isg-sor B el ol 7R HEBLEL
3 oBAE by Ao 08 o006 43 G e prton

fof ANS Fa66d 964 5368 €an B4 n@edsen aapshdvemin Bigare 12A. In the
Addi tionally, the | ocking structure 36

sttt O DSH PR AT LTS 124 208 S Rtea i BRVBRN dfe {rages 364,

apsul ant ..362. fr . ' r
CRETRRLER} (Bt aPEF 208 28 IRBohi RiiAL oo 304,500
R 0P BERe AAhBighNs GUreag 3624, 352B) Thempacigchetomen the
I'n"sone non-limting
traces 364, 366 can be selected based on the size, position, and/or
configuration of the locking structure 360.

The other light transmission systems disclosed herein can also
include one or more locking structures. For example, the base 142 of Figure
2A can include one or more locking structures interposed between adjacent
pairs of wire bonded LEDs. Thus, locking structures can be used with wire
bonded LEDs, flip chip LEDs, and other chip mounting arrangements.

With continued reference to Figures 12A and 12B, the traces 364,
366 are delivery traces connecting the light sources 352A, 352B. The base 354

is interposed between the delivery traces 364, 366 and return traces 368, 370.
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exenpl ary enbodi nents, the |ocking structure 360 has a
wi dth of about 0.005 inch (0.127 nm and a |l ength of

W@bwen4d101 1 inch (0.28 mr) and is | ocated ber@EESR0DWEB1131

l'i ght sources 352A, 352B, each having a I ength and
wi dth of about 0.014 inch (0.356 mm. The size of the
| ocking structure 360 can be increased or decreased to
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emitted from the light sources 377. The return traces 378, 379 can be
positioned directly opposite portions of the traces 372, 373, 374 such that the
traces 378, 379 do not increase the amount of blocked light. In some
embodiments, the width of the traces 378, 379 can be generally equal to or less
than the width of the opposing portions of the corresponding traces 372, 373,
374.

Figures 15A and 15B illustrate another circuit for a light delivery
system. A trace system 380 has segments that provide independent activation
of one or more groups of light sources. The illustrated trace system 380
includes a plurality of traces 381A-D mounted to the base 382. A controller or
switch 384 for selectively controlling current flow is positioned between the

traces 381B, 381C. The controller 384 can thus determine the current flow to
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IS interposed between the delivery traces 364, 366 and
return traces 368, 370. A coverlay 361 (shown renoved

WO pooBlogrot®e 12A) can overlay at | east a porti onP@F/URDTI081131

t he base 354 and the traces 364, 366, 368, 370, as
shown in Figure 12B. The light delivery systens
descri bed herei n can have circuits mﬁth di fferent
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The circuits of Figures 14A to 16D can be used for a one-sided or
two-sided flip chip mounting arrangement. Figure 17 shows a two-sided
arrangement having light sources 390A, 390B mounted to opposing sides of a
multilayer board 391. The board 391 includes the light source 390A mounted to
traces 392, 393 via solder 394. The traces 392, 393 are mounted to an upper
surface of an upper base 395. A return trace 396 is interposed between the
upper base 395 and a lower base 397. The light source 390B is mounted to
traces 398, 399 via solder 400. Upper and lower coverlays 401A, 401B can
cover and protect the traces 392, 393 and traces 398, 399, respectively. Of
course, the board 391 can be transparent to allow the passage of light

therethrough.
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traces 381 B, 381 C. The controller 384 can thus
determne the current flow todistal Iight sources (not
shown). The illustrated trace system 380 has a single

controller I e .
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P E Z AU T TN R
'L%ﬁsr!t ﬁ[t@r?'a%ﬂge@?fh‘@eﬁeuﬁﬂ?g portions 444 can be one or more protrusions,
keying structures, or other suitable structure for engaging and holding an LED.

In the illustrated embodiment, to place the LEDs 410 within a
corresponding holder 442, the bottom portion of each LED 410 is placed within
a corresponding mounting portion 444 such that the electrodes of the LED are
facing outwardly, as shown in Figure 20. To ensure that the LEDs are properly
retained in their corresponding holders 442, a vacuum can be applied via the
through hole 446. Optionally, the mounting portions 444 can have sealing
members (e.g., rubber inserts, compliant flanges, etc.) to form a seal between
the LEDs and holders 442. Preferably, the vacuum is continuously applied

while wire leads are attached to the electrodes of the LEDs.
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protect the traces 392, 393 and traces 398, 399,
respectively. O course, the board 391 can be
transparent to all ow the passage of |ight
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NustAtd kiR biPcdsS524, a20caH b&kaBplied to the base 510 by using the
process illustrated in Figures 3A to 5B. In other embodiments, a two-sided light
transmission system includes flip chip mounted light sources mounted to upper
and lower faces of a base, preferably formed by the process illustrated in

Figures 7 to 9. Thus, light sources can be applied to any number of faces of a

mounting substrate.
Figure 23 shows a distal portion of a light transmission system

600 having a two-side chip mounting arrangement. The light sources 602, 604

are encapsulated in an inner portion 606. An outer portion 608 is disposed over

the inner portion 606.
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retained in their corresponding holders 442, a vacuum
can be applied via the through hole 446. Optionally,
the nounting portions 444 can have seal i ng nenbers
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capsu material' to the desired

Eheabsulatisnpiceess resulidiin custee bond: fonmedtbedween tthe inner and
Figure 23. The distal tips described above can be
eutdrfiosionsob@ma08. i ght sources faci ng any nunber of
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_ rent directions, preferably in
spbstamitheheyuropp&didt e directions. The illustrated

O o e Rikosd e PR bl e B baser
|3 R AR AR SkiSH wiith WPthe éltFeter I the illustrated embodiment
of Figure 23, the inner portion 606 has a diameter in the range of about 0.015
inch (0.381 mm) to about 0.025 inch (0.635 mm). In some embodiments, the
diameter of the inner portion 606 is about 0.020 inches (0.508 mm). The
thickness T of the outer portion 608 can be in the range of about 0.002 inch
(0.051 mm) to about 0.007 inch (0.178 mm). In some embodiments, the
thickness T is about 0.005 inch (0.127 mm).

Generally, the light delivery systems can be positioned relative to
a target site and then activated to deliver light to the target site. The light
delivery systems can be used to treat organs, vasculature, tissue (e.g.,

epithelial tissue, connective tissue, muscle tissue and nerve tissue), and
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transm ssion systemincludes flip chip nounted |ight
sources nounted to upper and | ower faces of a base,
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Figures 7 to 9 . Thus, light sources can be applied to
any nunber of faces of a nounting substrate. Figure 23
shows a distal portion of a light transm ssion system
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In some embodiments, the light delivery system 100 of Figure 1
has the catheter assembly 110 dimensioned for insertion (e.g., percutaneous
delivery) into and through a patient. The distal tip 114 can be moved into
operative engagement with the patient’s visceral fat. Once positioned, the
distal tip 114 can illuminate the visceral fat for a desired period of time. In some
non-limiting embodiments, for example, the catheter assembly 110 has an outer
diameter less than about 1 mm for convenient placement within the patient.

Various delivery techniques can provide access to the visceral fat.
A delivery device, such as an introducer or biopsy needle, can be used fo
access the visceral fat. The light delivery system 100 can be placed while

utilizing a visualization technique (e.g., ultrasound, fluoroscopy, CT, and MRI)
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di aneter of the inner portion 606 is about 0.020
inches (0.508 mm). The thickness T of the outer
portion 608 can be in the range of about 0.002 inch
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The light delivery systems can also be dimensioned to fit within
the vasculature system, such as within lumens of veins or arteries, or other
anatomical lumens in the respiratory system, for example. The size of the light
delivery system can be selected based the target treatment site and delivery
path to the treatment site.

All of the above U.S. patents, U.S. patent application publications,
U.S. patent applications, foreign patents, foreign patent applications and non-
patent publications referred to in this specification and/or listed in the
Application Data Sheet, to include U.S. Patent Nos. 6,958,498; 6,784,460;
6,661,167; and 6,445,011; U.S. Publication No. 2005/0228260; International
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delivery) into and through a patient. The distal tip
114 can be noved into operative engagement wth the
patient's visceral fat. Once positioned, the distal
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ina Furthermore, the skilled artisan will recognize the
interchangeability of various features from different embodiments disclosed
herein. Similarly, the various features and steps discussed above, as well as
other known equivalents for each such feature or step, can be mixed and
matched by one of ordinary skill in this art to perform methods in accordance
with principles described herein. Additionally, the methods which are described
and illustrated herein are not limited to the exact sequence of acts described,
nor are they necessarily limited to the practice of all of the acts set forth. Other
sequences of events or acts, or less than all of the events, or simultaneous

occurrence of the events, may be utilized in practicing the embodiments of the

invention.
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| ocations using mnimally invasive techni ques. The

i ght delivery systens can al so be dinensioned to fit

within t healRSG teihferict 53 badlt Bisthosthiifit LUARREof

of veins or arteries, or other anatom cal lunmens iIn

tdreain emfthadiments and erample; itavikivpl undefdtood ibyehose skibed in the
i ght delivery systemcan be sel ected based the tar

L}tgmmeAlaltimﬁm@nam@em beyang tbgtapeptﬁC{aNﬁédtSP@é?ﬁ@mboc%tentS to
&tsf agtriage shilfodiBfs andipy B8£ 804 pptiols édfiddtions and

EQUIhRAPMRESFS THOMBIEHAI ahethbds Pringes! amhembadiments
nonpat ent publications referred to in this

diselosed hereioraragivesy by ey ed exampie oplyAnd-ane At infgnged to limit

heet, to .jnclude U S _Patent S..1:6.958 498 .. .
fheraspngcd)thg cisiicsurah anf . ARugiRgly” freahlention is not

i Pid 198 REUisdicypes af pritafrEaeaodiments

Eg%:“?éc‘gﬁ 58 lifiod B 3ho BREERE Med dire0 o b Ba LT 44046;
disdldgde8.hePeiovi si onal Patent Application No. 60/640, 382
are incorporated herein by reference, in their
entirety. Except as described herein, the enbodi nents,
features, systens, devices, materials, nethods and
techni ques descri bed herein may, in some enbodi nents,
be simlar to any one or nore of the enbodi nents,
features, systens, devices, naterials, nethods and
techni ques described in the incorporated references.
In addition, the enbodi nents, features, systens,
devi ces, materials, nethods and techni ques descri bed
herein may, in certain enbodi nents, be applied to or
used in connection with any one or nore of the
enbodi nents, features, systens, devices, materials,

nmet hods and t echni ques disclosed in the
above-nentioned i ncorporated references. The various
nmet hods and techni ques descri bed above provide a
nunber of ways to carry out the invention. O course,
it is to be understood that not necessarily al
obj ectives or advantages described may be achi eved in
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accordance with any particul ar enbodi nent descri bed
herein. Thus, for exanple, those skilled in the art

wawrdoB/os@tdOgni ze that the nethods may be perf orP@HUB2003081131

manner that achieves or optim zes one advantage or

group of advantages as taught herein w thout

necessarily achieving other objectives or advantages

as may be taught or suggestgdyfgei n. Furthernore, the

skilled artisan will recognize the interchangeability

of various features fromdifferent enbodi nents

di scl osed WHEISHClREPEH 1Sy, the various features and

steps di scussed above, as well as other known

equi val ents for each such feature or step, can be

m xed and frat chAdcathetenasesgmblydonpesforningllighhtherary ap@
ds in.accordance with principles

to . f t
ﬁ@@gg{’%gﬁg&@ CORRI¥%nal 'y, the methods which are

descri bed ' tER £5hp18A & Be dpRratel byl druéed to
t he exact ger%ﬂyr?!:%f act smdescr?bgd, nor yare t hey

necessari | p datmeteetody exteadingsfcomndbe contipl systemhtheseatheter

set forth. O her sequences.of .events or acts, or |ess

Préw dHT‘P”%P“?q’\g"’e‘is}%?ci?rg,er_“o‘i‘”t@[‘ﬁﬂ? ?Hﬁ@_&ﬁ_@"@ccur rence of

the events, d]?ﬁé{ ﬁﬁa%hle'nﬁ?‘d? thé cQLH’é?ér‘ t?ddr}g th Gistal tip including a
0 e e

enbodi nent s I nventi on. Al t hough t i nvention
fapshaent dibstratedrving 4 bruralitptof dckalg featurasnan array of spaced

enbodj nents and exanples, it w /|l be und%r t odqb]

aneddigbk poureas for Mg fontmeURteE QN ihe RUBSHalE e fientrolled by
evond t.he ifical ' - t

e

RRgkfraeairiome IRy sedrdicsalrenieing heskedfto tidisubstrateivia the locking

nmet hods, ranges, and enbodi nents di scl osed hef:]tgi 3 gge .
deataresy wheaginghe dsanspaeens substsate teansmiti mpst eifhediont emitted

limt the sc of the di ' .

s o ey S B S5 UL A Bt g i
L BaraHReGitéd thrBLGK RS vilsstraté apiieheroutet member to
éﬁ@%&ﬁ%ﬁﬁygihigclosed here?n.CLAINB What is clainmed
istivate athemapedtoallp effentive/amounpef reatmert ageghin the subject.
therapy on a subject, the assenbly conprising: a

control system adapted to be operated by a user;

2. The catheter assembly of claim 1 wherein the outer

member has a cross-sectional width that is less than about 1.25 mm.

3. A device for performing a medical treatment, the device

comprising:

a plurality of light sources capable of emitting light for treating a
patient; and

a distal tip having an elongate support and being dimensioned for
placement within a patient, the support comprising a transmissive material such
that a substantial portion of the light emitted from the plurality of light sources
directed towards the support is transmitted through the support when the light
sources are energized, the plurality of light sources being coupled to the

support.
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a catheter body extending fromthe control system the
cat heter body di nensioned for placenent within the

wapesn1s and a distal tip at an end of the car¢iBEU£2007/081131

body, the distal tip including a transparent substrate
having a plurality of |ocking features, an array of
spaced apart light sources for emtting |Iight nounted

on the subgtrat ﬁﬁ%m
and a fl ex?'bl e gntégj%\l&%%ec?é éﬁggg?d%lgﬁpﬁﬁgﬁft e P
gomprises anasdeit enibey thatsunroumsls dnel sbpporg ahd gterdlityoof light
the substrate via the |ocking features, wherein the
SPHi¢Epar ent substrate transmts nost of the |ight
emtted fromthe array of |ight sources towards the
substrate such that a sufficient anount of light is

transm tted, t hr qhghigvite Gfudlaint atweherdin thb&)umettmemlmrrhﬂer
to activate a therapeutically effective anount

direansiened foyarercutanepus galiyesy to atargehsegign nathin fhe patient.
assenbly of claim1l wherein the outer nenber has a
cross-sectional width that is |less than about 1.25 mm
3. A devicg for Tpardeids oclainmBdiiistkin theasui@ninenibes is made of
device conprising: a plurality of light sources

piastiol andogncapsutatesytha sipporband theaplurajithoplightspurcagnd

a distal tip having an el ongate support and bei ng

di mensi oned for placenent within a patient, the

support CORpr i Siig &ex@é@ﬁﬁ&?ﬁ u\o%éfetrﬁﬂhbadutéum@nmatha@ a
substantial portion o Ight emtted fromthe
Rrogsasedtionafl widtlytthatds lessebadiabeat #@5tromwar ds t he

support is transmtted through the support when the

i ght sources are energized, the plurality of Iight

sour ces beigng ¢ T

claim3 V\hespel nGH% &é{l é? f&?ﬁﬂ%ﬁ%lﬁgﬁ‘fh&ﬂgﬁ??ﬁg@gq{as 2
Qb S-s EETRI \Mid”tﬁtthat% newtdantdmeusmppmrt and plurality

of light sources. 5. The device of claim4 wherein the
outer nmenber is dinensioned for percutaneous delivery

to a targeto regign 4b ikl Be b BALAERIN 1 ouheifratas a

of claim 4 ere
cross-sectional width that is less than about 0.75 mm.

10.  The device of claim 3 wherein one pair of leads electrically

connects each adjacent pair of light sources.

11.  The device of claim 3 wherein the plurality of light sources

are LEDs mounted to the support in a flip chip arrangement.

12.  The device of claim 3 wherein the support comprises a
plurality of locking structures, at least one of the locking structures positioned

between each adjacent pair of light sources.
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pl asti c and encapsul ates the support and the plurality
of light sources. 7. The device of claim4 wherein the
wOuis4GiETber has a cross-sectional w dth thatPCBEUS®8B081131

than about 1.25 mm 8. The device of claim4 wherein

the outer nmenber has a cross-sectional wdth that is

| ess t han about 1 mm 9. The device of claim4 wherein

t he outer t hat is

| ess t han about “rg@%\ﬁce%f)%émi?ﬁ fgt\ijlétg o?hglln im3

wher ei n onenmdapeﬁlahemsowhcang lthe:au;bportanddagh'sscaaces
adj acent pair of ght sources. . The device
w@reﬂn@amép@klng tSFfé'CTMT% s thrpugh hOiI%mat SRAIvRs;a @P&tlon of the

ed to the support in a flip chip
E%R%@ 12. The device of claim3 wherein the

support conprises a plurality of |ocking structures,
at | east one of the | ocking structures positioned
bet ween eadH. adJTzh\@edQVlQﬁaOfrC@lm Bi fythes saPwESING3. The

Sur roundi ndh B ©F piRsticalso RERT bt CRORER Holes.

each | ocking structure is a through hole that receives
a portion of the encapsulant. 14. The device of claim
3, further 1Gonprlihsi d@ncembdelnﬂ aé v@wemh@anegns for electrlcally

connectin ta Y#l ural i ht sourtces tion with
FOUNeeting Hidli§y0 éPH“‘teﬁ i?sesf acea'eepmfeamf:@

GRE ﬂgﬁtt ddifcdd GO trabal ntrangBbaltd %Pév:éé’ YEGRRIPOSTY $8186ted number
tra I'n cormuni cation W t I ght sources, the

tof dieeiglatrscamgesd to provide activation of a sel ected
nunber of the light sources. 16. A nmethod of producing
a catheter for treating a patient, the nethod

conpr i si ng:yLOUR }RGh&y Bt g(oﬁlubmg %Eat{h'ei’eﬂtfoﬁﬁééﬁﬁgsa atient, the

a transpar ent el'ongat e support sour ces
heéthadddagstsing:om one anot her; connecting the
plurality of |1ght sources to a power source fo

coupling a plurality of light sources onto a transparent elongate
support, the light sources being spaced from one another;

connecting the plurality of light sources to a power source for
energizing the plurality of light sources; and

placing an outer body around the elongate support and plurality of
light sources coupled thereto, the outer body configured for positioning with a

patient at a selected treatment location.

17.  The method of claim 16 wherein the coupling of the
plurality of light sources comprises mounting a series of LEDs upon the

elongate support with a bonding material.

18.  The method of claim 16 wherein the connecting of the
plurality of light sources comprises connecting adjacent light sources with a pair

of leads.
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energi zing the plurality of l|ight sources; and placing

an outer body around the el ongate support and
wpLesasdoryy of |ight sources coupl ed thereto, tPE/os2087/081131

body configured for positioning with a patient at a

sel ected treatment location. 17. The nethod of claim

16 wherein the coupling of the plurality of 1ight

sources coRPri sqheREthodty chifelsd fhefdinldhlh liGRPSolirBe has a

el ongate support with a bonding material. 18. The

fiest st afd ah aipposmgvdemoadrsidedhe firaisided isgnofinterddo the elongate

pl ural it f light sources conprises connecting

SHPRoE AN g ARl QRGN 8 T sPoRRd PllRas. 10, The

nmet hod of claim 18 wherein each |ight source has a

first side and an opposing second side, the first side

i s nount ed200 t Abeahethgdtad claippts wwhenein tthe cbeplity afrthe

connected to the second side. 20. The nethod of claim

Phiralfy alilight $RUIESR I TeelBRIRIESYRPRFAATRIISES: | i ght

sources to ; t [ c ing a

pair o ol SSAPUTLEPANE SRR, AR 1BAF sofRERb S

eorrespoadifg pairfimowitingopads ovg thessispport.t he support. 2

1. Anethod of formng a light delivery systemfor

treating a patient, the nethod conprising: placing an

array of | :2 hgevn%%g—){qﬁéwlof@ﬁ}g' i @élﬁ/@ﬁ/r%ésst@rﬂlf[;?fréating a

of a fixtu ener gy so

GRAEHD Wi thetod EEMprigingat i ent when energi zed in situ;
electrically coupling the |ight energy sources

t oget her wiplacing Be arfayref light eggrayaeucess inran agayoheglders of a
i.n the holders. after coupling the |i r gy
SBtuie Vit i e Fhebh ot tdRue) Etbfieptnen

fd; %ﬁ& iff kipf-ure device; and encapsul ating the array

ofn ght ener'gy sources within an outer body, the )

out er body etectecallycremplifg thelighteanangy sbvices tagether while the

22. Th h i i si
digpt 99%@ggou?geso£recrle?éir%g inlfhefrlljorltt:lgr%g conprising

after coupling the light energy sources together, removing the light
energy sources from the fixture device; and
encapsulating the array of light energy sources within an outer

body, the outer body dimensioned for placement within a patient.

22.  The method of claim 21, further comprising applying a
vacuum such that the light energy sources are pulled into corresponding

holders.

23. A method of manufacturing a catheter for treating a patient,
the method comprising:

placing a light transmission assembly in a lumen of an outer
member, the light transmission assembly comprising a plurality of light sources

coupled to an elongated base; and
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vacuum such that the |light energy sources are pulled
into correspondi ng hol ders. 23. A nethod of

worene&oturi ng a catheter for treating a pati ePET/U$1907/081131
nmet hod conprising: placing a |ight transm ssion
assenbly in a lunen of an outer nenber, the |ight
transm ssion assenbly conprising a plurality of |ight
sources co
Tant i raneree o R ReRopRI EesinRl 1SN Rle Altel fember,
thermadly lencapsalpting #e h\gﬁtttransmlgehon asasamblysisitbe outer member.
assenbly in the outer nenber. 24. The nethod of claim
23 wherein the thermal encapsul ation of the |ight
transm ssi as
menber ont 2B't hesl;ﬁgt}h%éthltoregldrﬁc,'{:?n£ @s%%gg%g%tww enﬁapsulatlon
e tHeoky M ftrapismiss i awaﬁhlynnblheles I tiragy tr&nclatps memhb@monto the
of the light transm ssion assenbly includes placing
fighifaansmissioarasgemiY.-o t he | unen of the outer nenber
between the light transm ssion assenbly and the outer
menber, and reflow ng at | east one of the flowable

materi al ang t hgheuhethodedfiutdinadd Whelﬁélﬁcth@g\érhml encapsulatlon
flowable material into the lunen of the outer

6 theTlightrteansotssion @Isaem‘ﬂbmlnﬁhlé'e&|n|ﬁqlfl*&ﬂ@\r\'@h§dﬂé@"@b§%° the

S50BD 575  SER BASHETA B larsmoln e
%Wméﬁ'ﬁe\“" élﬂ\ﬂ@ﬂo%‘? bt RASHoRE BEMHEFIdWdbIE ingditerial and the outer

sources. of treating visceral adipose

member aitéteplaemgdtje flowpbiesinateriab irgo it hanen @éthee@léter member.
having a distal end with a plurality of |ight sources,

the distal end being sufficiently flexible for

pl acenent wgt hi 'Ttr%rrﬂ@’ém&ﬂ?]f cIéﬁPd’QB‘WH&eﬁwrtﬁe@kﬁg’:dte@Bdse

of the catheter oug e patient until the distal

ehprisegrayxoptidatly transparent staeadl. adi pose tissue; and
illumnating the visceral adipose tissue with the
plurality of Iight sources.29. The nethod of claim28

wherein i1 lam natd ng by 8f §5iR5 28 wherein the elongated base

comprises windows positioned beneath the light sources.

28. A method of treating visceral adipose tissue, the method
comprising:

providing a catheter having a distal end with a plurality of light
sources, the distal end being sufficiently flexible for placement within a patient;

advancing the distal end of the catheter through the patient until
the distal end is proximate to the visceral adipose tissue; and

illuminating the visceral adipose tissue with the plurality of light

sources.
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adi pose tissue with the plurality of |ight sources

conprises activating a treatnent agent in the visceral
W@Rlopos®1t i ssue so as to destroy at | east a poP@T/U82007/081131

t he adi pose tissue. 30. A catheter for treating

vi sceral adi pose tissue, the catheter conprising: a

distal tip dinensioned for delivery through a patient,

the distal obi p BRLMeREER) @hIM2EFhErn ﬂldlfrﬁlhéflr?c_{‘fhe visceral

anount of [i'ght to activate treatnent agent in

adipose dissae withsthe tplwality oftight stnercds sbalprisep activatingaa

treatnent position, V\,hlchlsgroxumtetot '

treatent agntin fhe WS%éya%l?f%% SHHE 59 ARID ﬁgsgpiy)gg'epagfg%porﬁon
t
?E@‘eﬂp‘ﬁgﬁ. p | mensi oned for percutaneous delivery o

o the treatnment position. 3 1. The
cat heter of claim30 wherei n the energi zed distal tip
emits sufficient anount of ght to activate treatnent
agent in tRe. vi éc@&tbeteaéf?rdﬂ%ﬁi'ngl‘é%ak%ﬁ@%%? figsuey, ffee catheter
Vi sceral adi pose tissue illum nated by the distal tip.
§9MPASHS hod of manufacturi ng a catheter for treating

a pat i ent, atdigtalp ARAeRIoREd forrlivequthrduyh @pahelmtathé distal tip
of light sources to a transparent support nenbe

beig adapted jzo euu«m sufficiend emeasint ohlighiita agtivate ttﬁatmeghﬁgent in

sour ces wer r.CE.Ccan _en

B oie) sgpose gieis Sepuss LB o Rrina FainihtmeSiign, whicn i
mépé)(g g@ﬁer d plurality of light

?g%&ri@ggégboupl e ﬁé%er eto, atﬁﬁe guter boéy di rregsn oned

for pl acemannain bdsdweﬂepdmgefmmm disted tipe theoanadt bedwai m

32 wherein electrjcall u t her

gimeasipped & nqrsﬂian§eu¥ S@EV%ME?“%(@%?% 6'Rr¥8é{‘1? {gatment position.
adj acent |ight sources with a pair of |leads. 34. The

nmet hod of claim 32, further conprising: coupling a

power sour @d.t o ThHeecathetealbof thaim 30 widrteirs ther erargizeddlistal tip
ower
peml’ts sufficient amount of light to activate treatment agent in the visceral

adipose tissue to destroy the visceral adipose tissue illuminated by the distal

tip.

32. A method of manufacturing a catheter for treating a patient,
the method comprising:

coupling a plurality of light sources to a transparent support
member,

electrically coupling together the plurality of light sources such
that a power source can energize the plurality of light sources; and

forming an outer body about the support member and plurality of
light sources coupled thereto, the outer body dimensioned for placement within

a patient.
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source capabl e of simultaneously energizing a
substanti al nunber of the |ight sources.
WO 2008/046015 PCT/US2007/081131

33. The method of claim 32 wherein electrically coupling
together the plurality of light sources Comprises connecting adjacent light

sources with a pair of leads.

34. The method of claim 32, further comprising:
coupling a power source to the plurality of light sources, the power
source capable of simultaneously energizing a substantial number of the light

sources.
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