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application is incorporated herein by reference in its entirety.
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adm nistration, or by local delivery to the treatnent site. It is
known t hat abnormal cells in the body may selectively absorb certain

phot o- r eact igyecRGRBIINBLOLE THE NEBlEIoXxt ent than normal for heal thy
cells. Once the abnornmal cells have absorbed and/or nol ecularly
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wavel engt h or wavebandhefpressentiiaintion eelataswenagaiytio a light delivery system
useable for medical treatment, such as light therapy for the treatment of

10 proliferative diseases.

Description of the Related Art
Light therapy includes photodynamic therapy (PDT) which is a

process whereby light of a specific wavelength or waveband is directed toward
a target cell or cells that have been rendered photosensitive through the
15 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. It is known that
abnormal cells in the body may selectively absorb certain photo-reactive agents
20 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.
25 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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remotely disposed high-powered laser or solid state laser diode array, coupled

20 to optical fibers for delivery of the light to the targeted cells. However, the use
of laser light sources has several drawbacks, such as relatively high 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

25 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 cells and the light transmitters. Securing the apparatus

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



30 within a blood vessel, for exanple, can be achieved with an
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PDT treatment.
The light source for the light system used for PDT treatments may
also be light emitting diodes (LEDs). Arranged LEDs form a light bar for the
light system, where the LEDs may be either wire bonded or electrically coupled
15 utilizing a “flip chip” technique that is used in arranging other types of
semiconductor chips on a conductive substrate. Various arrangements and
configurations of LEDs are described in U.S. Patent Nos. 6,958,498; 6,784,460;
and 6,445,011; and also in the ‘357 patent application.

BRIEF SUMMARY OF THE INVENTION

20 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

25 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



delivery systemusable for treating a patient by light therapy. As
used herein, the term"light therapy" is to be construed broadly to

i nclude, without Iimtation, nmethods of treating a patient with |ight
appl i ed exPHW894%%3nd/ or internally. Light therapy canPBEUSHEHSIB
treat various types of medical conditions, such as 25 proliferative
di seases including cancer. The light delivery systemcan have a
relatively sinple construction to reduce production tine and

f abri cat i on toeffestivalntreanargatitiosiiareimane embeodimgint, toe lightday isgesitianed

conprises a cat.heter havi a lLight bar, which is forned by a series
of |ight sod’?’@ﬂga;ﬁ?ﬁr‘i%ﬂg@eéﬁa ®fa nounting base. The light bar is

capabl e of delivering mhesdidthi 1 RHreRMEBN fleblel dughtthat\th distal tip can be
2008/ 046015PCT/ US2007/ 08113 to effectively treat target tissue. In

one enbodi netwisted,Hent, rghed paethesvipe distertate dTiis; hendigtaditi can assymef

the catheter. T IS LD .

Gistar i cnohE Erble b Bafih Rt aieRio pBe ekt hgh el
the distal tthe caftizt@ssritrauniativiiig thedatiost. tih @tiserdmborimensatherdistal tip is
wi t hout adversely affecting performance of thgorc(?t het er

¢ . | or
traumati zi neaMIIghOr Baid andys paricuiaslyyell sHiteddor dejivery; aleng semgwhat
sem-rigid | Qi nd_i ' anl : b : TRy
a1 ong sonewnneet SRR al, FAC o of iR skl S8y RIS 1Y,
tip can mai nhedughousthehentiee telivenghmeess.ne entire delivery process.

10l n sonme_enbodi nents, a |ight, delivery . s mfor treating.a patient
i ncl udes'® catheter hé@isﬁg‘egﬁ{ﬁb?fﬁmﬁﬁ%e\él‘péﬁ%&ygm%yéierﬁg ab mgf% |
transm tting, tieﬂ_‘f‘ﬁmluﬁé@déélh%te?ﬁﬁ&iﬁ@%né@f‘ nRSte BGRY WuEEsh ¢dpabid &f SO as

to output radiative energy. In some enbodi nents, the |ight sources
are LEDs t hatrarfsonitting lighhThé light splecasERs hsagnasgized iresity §0 3p i edtPHf ong

mount ed t o S ANE G Horbaee P ERoT IRty £ [Py e e b oo B 2
through an ap @apf TRE LEERSIan1flinebdl) spadéd alblg a distal end of the catheter.

15 In some variations, the LEDs are mounted to a mounting member which is
sufficiently flexible to bend through an angle of at least 180°, 160°, 140°, 100°,
90°, 80°, or ranges encompassing such angles. In some variations, the
mounting member is substantially optically transparent for transmitting light
emitted by the LEDs.

20 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.

25 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

30 rigid, and/or rigid.
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" In some embodiments, a method of forming a light delivery
system for treating a patient is provided. The method comprises placing an
array of light energy sources in an array of holders of a fixture device, the light

20 energy sources 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

25 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

30 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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emitting energy that causes cell destruction. One or more energy sources of
the light delivery apparatus can be activated to generate 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
25 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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Figure 2B is a top schematic view of the distal end of the catheter
assembly of Figure 1.

15 Figure 3A is a side elevational view of the elongate base of Figure
2A.

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

20 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

25 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.

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

above the base of Figure 7.



2A. Figure 3B is a top elevational view of the el ongate base of
Figure 3A. Figures 3Cto 3E are axial cross-sectional views of
different 20 enbodi nents of bases suitable for carrying an array of

| i ght sour W&200804601fe 4 is a side el evational view of aPCHP$A(7/(§1131

| i ght sources nounted to the base of Figures 3A and 38.

Figures 5A and 5B are side and top el evational views, respectively,

of a light transm ssion system where wires connect adjacent |ight 25
sour ces. FiguaSB is a side elsvationat Nienaef tbe lighisayfceoidfigurs!
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Figure 9 is gbhdvemreamarare erigndingeivarighanbase, agcarting tglvnesiustratsi
l'i nearly rmuenr%ggd“tn%ngn upper face of the base.
Figure 11 is a side schematic view of a distal end of a catheter,
where an array of light sources is within an encapsulant.
i0 Figure 12A is a top elevational view of a portion of a light
transmission system, according to one illustrated embodiment.
Figure 12B is a cross-sectional view of the light transmission
system of Figure 12A taken along line 12B-12B.
Figure 13 is an axial cross-sectional view of the light transmission
15 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
20 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.
25 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.
30 Figure 17 is a cross-sectional view of a pair of light sources

mounted to a multilayer circuit.



S5Figure 10 is a side elevational view of a |ight source nmounted above
an aperture extending through a base, according to one illustrated
enbodi nent . Figure 11 is a side schematic view of a

di stal endWH20%¥/UaRet er, where an array of |ight sour cBST/PE204/48k13%
an encapsul ant. 10Figure 12A is a top elevational view of a portion
of a light transm ssion system according to one illustrated

enbodi ment . Figure 12B is a cross-sectional view of the
light transnission sysigure dBAHS guaireuit diagraikef one empddimentiaf B-lighBbar
Figure 13 is_.an. axial cross-sectional view of the Iight transm ssion
15 system of®fure 12A where the Iight transmission systemis

wi thin an encapsul ant Figure 18B is a circuftd@igiém bt Anbther efr@Bdrhetit aF B oigA
view of a circuit having traces coupled to a base. Figure 14B is a

bot t om el eveh@r@igvit.vi ew of the circuit of Figure 20 14A. Figure 15A
Is a top glevational ClLrcul ' C ,
accor di nggt o anot her ﬁ'qqﬁ'gﬁfﬁﬁg&%g#é,eg@?%g%?{ Mﬁgﬁrﬁg&%%%c@ﬂg@%@%ﬁ
el evat ! onal hﬁ_ldmlg@}ﬂe ligtet sourceidf Fijur&iigur e 15A. 25Figure 16A is a top
el evational view of a circuit having traces
Figure 20 is a perspective view of the manufacturing tool of Figure
19, where the manufacturing tool is holding an array of light sources connected
by wires.
10 Figure 21 is an enlarged perspective view of the light sources,
wires, and manufacturing tool illustrated in Figure 20.
Figure 22 is a side elevational schematic view of a distal tip
having a two-sided light source array in accordance with one embodiment.
Figure 23 is a schematic cross-sectional view of a distal tip having

15 a two-sided light source array in accordance with another embodiment.

DETAILED DESCRIPTION OF THE INVENTION

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 108, according to one embodiment.

20 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 cells. This photo-

25 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.



coupled to a base, in accordance with another illustrated enbodi nent.
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 proxi mal WHIPYUEOI5f the circuit of Figure 16A. 30Fi guPel/U2p07/a81151
cross-sectional view of a pair of Ilight sources nounted to a

mul tilayer circuit. WO 20081046015PCT/ US2007/081131 Figure 18A is a
circuit diagramof one embodiment of a light bar circuit. Figure 18B
is a circuit diagram dihexathdier asaebualy Addinahides 4 digtal tibad4 endeui t .

ol ai ng i he CIOHE LAt LL8 EFeteRY e ddh AEPdial A2 G I Bor st

perspective @WK dishe tifmnufmwéé aeahSalssiin dystim 824 Gshowreih@hahdm)
manuf acturing tool is holding an array of |ight sources connected by

wires. 10Fi gendigpredite auipwEngrgye §UpR A8 Fraiantanelg ke wutable far trqalng a

SOl e, e PN "Gl At 14 By ol
site, the control system 106 can be utilized for selectively controlling the output
from the distal tip 114.

The control system 106 can include a controller 124 and a power

supply 126 (shown in phantom in Figure 1) in communication with the
10 transmission system 120. The controller 124 can be operated to select the
amount of radiant energy emitted by the light transmission system 120.

The illustrated internal power supply 126 is a battery, such as a
lithium battery. In other embodiments, the light delivery system 100 is powered
by an AC power source, such as an electrical outlet typically found at a hospital,

15 medical facility, or other suitable location for performing light therapy. The
control system 1086 can include a power cord that can be connected to the AC
power source. Accordingly, various types of internal and/or external power
sources can be utilized to power the light delivery system 100.

The catheter assembly 110 of Figure 1 has a low profile

20 configuration suitable for percutaneous advancement and navigation within a
patient. Such a construction allows convenient delivery and placement 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

25 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.

30 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



having a two-sided |ight source array in accordance wth one
enbodi ment. Figure 23 is a schematic cross-sectional view of a distal

tip having sided light source array in accorda ]
another  onBom RS e O RESCRI T ON OB THE | NVENT! B b lostist

Figure 1 is a side elevational view of a |light delivery system 100
hncl uFI: ngfa cont (rjol system 106 and a catheter assenbly 110 extendi ng
istally fr and coupled to e cantrol st em 106, according to one
enmbodi nent . 0*?@ al'ﬁr@sﬁs&ﬁ‘t'oriféW'@EFW@?@@W@%W%& BEL U89S per f or m

vari‘ous typesnodditetty tHd5thBYr abidblytRer to
i ncl ude photo-activating or E%gao excI t1h§gr%§3ﬁeér§?§%g§gr%gﬁgﬂgﬁiidﬁ@

by subj ect i rlgsg than@boubp. &&mm tlarsgete erebodiments; the catheter assemily digt hs

of light that are appro t el | .as t i f_nqt ui val ent to, at

| east one ejast%l?i 85 6%’?% tﬁt s ?Ia:farbgt?o@& f@mn:\-hrg SRSt 0- 25
excitati of RASESHNHehtd) trteecatﬁesér dysriBlyan 00 QraYs-bECRINER MR ERG M
for exanple, to treat diseased or otherw se undesirabl e and/or

cancerous t degthagebiost 01740 men. (Hiredistebtin CahéﬁV%@é}ﬁOSSFSQﬂHén@é/V'ﬁth lgss

LA 08, bR ST, S8 8 g DT Y
system 100 Créﬁ?@@eu&ﬁd passind e@dh widkrey. mmaealmﬁnswmmrmwocmésmle WO

2008/ 046015PCT/ US2007/ 081131 cat heter ass 110
i ncl udes a distal tip/nsamgrmbodiments; te '&5@96‘1‘@63/ éY&t%WdW‘:pgcadéi‘

the distgh tasoa&%&uﬁeﬂddrnf;gst RhdiGhe TR F GRS, ss a%'rﬁﬁw%aw nﬁvésl«f’e

I ncl udes a transm-ssi on wn I n phantom confi'gured to
out put ener gyrocsdures asperggioaedures esegyi- ;opEmi grabddurés ror othetsiurgjcal 5

target region th t On h distal ti] ' 0Si L]
at The t ar getrocsdus ¢hRE reRTanyY PEyidecicros eadented Her TaoR o M
sel ectively goad nRb lab@ébstt%hl%i&é’élénd pRIBetRsdiset 3b pidvitielddbess to a

The control syst'em 106 can include a controller 124 and a power
supply 126 (ishgetmegion sanbegarfonmpi dyreesurgeemapdriarpletici dayios Such ae

el cor ThS sieBalE SerePdear oSy i finghp vEdle BirgRReE Thes Sdled,
system 120. in the art recognize that there are many different ways that a target region can
be accessed. Optionally, the light delivery system 100 is used with guidewires,
delivery sheaths, delivery devices (e.g., endoscopes, bronchoscopes, optical
instruments, etc.), introducers, torcars, biopsy needle, or other suitable medical
20 equipment. If the target treatment site is at a distant location in the patient,
delivery devices should be used for convenient 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.
25  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
30 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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The illustrated internal power supply 126 is a battery, such as a
lithiumbattery. In other enbodinments, the light delivery system 100
I s powered by an AC power source, such as an electrical outl et
typically Wéﬁ’r?&s/%mé hospital, 15 nedical facility, or BtHEP208T/(81Lp) e
| ocation for performng |ight therapy. The control system 106 can

i nclude a power cord that can be connected to the AC power source.

Accordi ngly, various %@Pes of internal and/or external power sources
can be utilized to po/dgurep@A anghiB gbpivijiee disialdipdidingudimgéhe at het er

B Y ot e Sy o che B b BREARE B o

const r uct i ontheltizpsmisxiary systemt 1206k iactivatednddipghtiesemgnis ddliveretl faoratiiad
tip 114 at renote |locations within a patient, unlike cgt heters with

| ar ger | i ghtréngraission Systemh&2Q iraugibine qutarkpdyahiododbe gesitrdgristoned
f th j : t
tenbly §10 R brétgtdolPige BbabREGTEPboay P16 Sidt{Raban EHECtR s

t r anscut aneoeofgadiant energgaeactiesdbe targel/jegiorhi s ext ernal cat heter

assenbly can be larger_than the .percutanggusly delivered catheter
assenbl y described abo\¥ TaQsaysY HSV?L}? @]@F%Qﬁéf’aﬁé"m’a??e&%

axi al |engt hso&&%s;$3§?rﬁdn%h%n%‘aq§5be L. As LE&I REEEHRS teimsendrgy 110

can be sel ected based upon the accessibility of the target tissue.
30The cat het soureg’semirpad t@gnmcand inglusles, kutds sotliaitecioaPNOUOHSRUICREL | s

1507 o 80s5habls Sheding Gt Rn s aR BT R BechBRaBR ORI foREI", 1.
is |ess thanlirﬁiﬂﬂ@exén‘lﬂﬁrybﬂe vREBROEmMBN light sobeses aabablerof aasiting| v
110 has a cross-sectional w

)SS- S¢ th that is |ess than about g 80 I'n
sonme enmbodi nesible light vayes neareyisibiss g Waves cantheerabipatins ¢ %@Pf'gﬂ?&?
wi dth that i t I i ;
Cat hot or - assENE) PR BRI L RY bR as g YmeRor SRAR S ey
about 0.70 nuEDIhsupdir drainetéentdmDshdaseradicdass of sther suitatile ahengh soges.

£ gﬁgegbgﬁtéo #gagrsni ng s éa&ﬁgﬁméhééﬁ‘wmafﬁﬁe%ﬁ 'Qaé(r7°3 @Bsso%éoi%n%%fjg.nd
In some enbogimeaicg thd%erdis B trdedistaip 154/ Skhaft IRRraRA drbstivent, the
LEDs 138 are coupled upon a longitudinally extending upper face 200 of the
elongate base 142. A conductive connector 148 interconnects the LEDs 138 so
as to distribute electrical energy between the LEDs. The term “conductive
20 connector” is a broad term and includes, without limitation, lead(s), wire(s)
(preferably flexible wires), bus bar(s), a conductive film or ink applied to a
substrate, or other conductor suitable for electronically coupling 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
25 >wires 160, 162 extending above and coupled to the LEDs 138, thereby forming
a complete circuit.

The LEDs 138 can be arranged in parallel, 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

30 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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10 as an adjunct during another nedical procedure, such as mninmally
i nvasi ve procedures, open procedures, sem -open procedures, or other
surgi cal procedures that preferably provide access to a desired
target regl@PO%MAASti nes, the access techni ques and prBEEHERORESESE
to provide access to a target region can be perforned by a surgeon
and/or a robotic device, such as 15 robotic systens used for
performng mnimally invasive surgeries. Those skilled in the art

lr)ecogni ze 'élhat t_hereI Aéh rentipugrireterence tadyaure 78 each hFHet3&kaf on can
oui devi 1 os. SRRSO 172 REubIEED SIS Ho 6% RROLERAY, HEBELED s

br onchoscopeasin #§s irchlde dred orumerd layest(e.q,, GaMiayess) cGaN lagars ahGaN
bi opsy needl e, or other suitable nedical 20 equipnent. If the target
treatnent silBepsARIGP HYSiAA/PARGN laysry) Kisnoses egtweaisihe piggjrodes

devi ces sgOul#h B2 UREG S RstGRDYEA RndIAVh $3idr8 DA Nhatg hub Rl ous
body | unens or 'ot her "anatom cal Structures inh the patient. e
f1 exi bl e |i ghmhboliimentrthe syissteate 160 isatrahemisaiiel subptiaiet | Famedamptehitie

the patient usinp exampl e, steerabl e deyi ces, such .as
endoscopes, Sﬁ%ﬂ{gf%i&ﬁ%’% ,ge QHchllaérqqugr_enég) tégﬁ;pﬁﬁ, ?rai’f@g(;;on;u G 18yt
delivery sysi&eBpdd8ps@ be delivered using trocars, access ports,
rigid delivery sheaths using sem -open procedures, open procedures,
or other delivery toolTegtusteted EEDsHEB canemitiappropiate wravelengih{syer

del i ver ath, for aml e. [Advant ageous]. h - g i Qi
Syst om 108 cavarangld Al oG e bRYR ralwy, T of Fibaltiing Fhsh®ed
hel p facilitgemt! if@‘ﬁreéiﬁién\/égdnﬁ@.gi,% bh&tolraa@Rie driphdtusenyitien agestplst ed
in the patient, the system 100 can be easily rotated and advanced

axi al Iy whi | @¢ilised.rthailiEDey138 ereferably qumihEadiion weyelength(s) or waveband(s)

2008/ 046015R 007/ 3 <E1 gur, gq,:p@ gB show the
distal tip f%{g%s(&&f‘ag%e%?ta'ﬁ%sﬁi"s"s?l”g Wsltﬁégén@%& ncazjsul ated in
a protecti veygusteinds)diatlsaite \bh etharhizetactivateitss agents \Ritoborehgifivé sgents

activated, radiant energy is delivered fromthe, transm ssi system
120 1 hr olih GaREOERI BAVa,Gii ORmeTE BDTATBIMLERYRIANGUES QL Hayepafsdhat xcie

preferably ty égﬁt‘? B1580cd SR &ls Wael dé%@gté,%trbb%r &Heﬁié@ﬁééﬂ&ﬁg{gﬁé

anount of radi energy reaches the targ regi on. . Th
t ransni ssi ontissystod thel patiénic Fodexarople, the Iddp® 138 cag pe senfigwed 1@gmit light

nount ed onto_a_ base 142. used .herein, the term.ene "o 4k S
a broad ter nﬁ‘%"r\'&g Pl’{@vl?fzfé@ﬁ? pLvayebatstin the [3nog f‘fo(grﬁn agﬁgkr%@y%%%ﬁéégrsltb

capabl e of eqigbbinaporREEraN 1IN SHREBMbdTiBBnRSthe! LEDs e3Rgmittd waesleng or
Non-limting exenplary energy sources can be |ight sources capabl e of

eni tti ng20i swhvebandgnttheangs, freroeberseE) sanaraeters g about §( nanometers.

conbi nati ons, t her eof . u

Tt ng LEDD SN Biood iR S ELRLT SE SRy Al of Bidfbdtis RilE
di odes, or ofdnge fiom GBBLIESENEAMESeLY toehoul 360 ganeraedés. aimcorieB
illustrate a linear arra

of the di st apmbpgimerd, for éxé)%eféivEﬁ'ls%égS%t% ggg%ga%ﬂ@“%?%%éﬁ%@%%
L L S e N
138 so 25 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
30 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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as to distribute electrical energy between the LEDs. The term
"conductive 20 connector” is a broad term and includes, w thout
limtation Iea s), wire(s) (preferably flexible wres bus bar(s),
a conduct i V& 1M %& ink applied to a substrate, or oth€¢T88Wﬁh%¥ f
suitable for electronically coupling the LEDs 138 to the control
system 106. In the illustrated enbodi nent of Figures 2A and 2B, the
conductive connector 148 is a Iurallt% | eads 150 forned %% a pair

of 25 wires SY§teM MY Rspwgsmmede velesH el aaiiate and depetivatedi
thereby for rge@ct%i g?&ﬂ%ﬁfs?of@ﬁlﬁ% 48 al %Bln% the lengtht %ﬂiﬁs Ilﬁ%olﬁgth%an be

arranged in para Series, or co er eo r exanpl e,
sone LEDs 138amweer, bereatranigadidcol, Wémpldacbteslm hﬁLEEIE{)ED lbes Bt iarar anged

in parallel. As such, various circuit 30 confl t| ons c% ?Lmqused
when nount i rREriaESeqsNCesat 1 Bartinulappowen leyel TRl e 36

enmbodi nen i in det ai I
2008/ 0460 S%Pﬁgg%%géﬁ{ e(hg Céﬁyél%tmh%vt h conti nued reference to
Figure 28, each LED 13&ehhstaemm¢1l4 ode balg any mlﬁmbeoafplllﬂﬂsﬂ%t hethei r es

160, 162, tively. E ED 138 |
Fayers (e o bgkapd Sytiodiont e LENEAE Prsliciied deraly 0fe.Be, " oy er s
and/or All n@ahgnk@fﬁél%kxsdéf&ﬁea%@bilﬁﬁtmemd\/v@/efaléeﬁrghed@ﬂo&eilmnbéﬁaf and

a substrate 18 as shown in Figure 2k In the illustrated enbodi nent,

t hg subst r atlEEDg2aN be@e!m%l?a@ﬁ eretheudesired eaergyorutestapiitied t he
182
IR L N e N iy

appropri ate gwargy pegéﬂaét&)n ahd b@wemrweebaem(@ramatetrablrmdme etnbedlmeﬂgs t he
patient, with or w thout usi

ng_a treatnent agent. { eat ment
agent (e.g.,foaeyaople: ?B%&QQ/E’QB? a&%@%&e@rﬁ?'ﬂgg&@ %l%f@htﬁ) é ﬁ?i IMRiteh.
the LEDs 138 ﬁé%@ﬁ&%@ﬁ&% tiAEEPLIAR b‘@aé{‘aé GHRBLA ¢ rd?nbe%‘éﬁ@@tnﬁéﬁm

t hat correspon | east overlap wth, the wavel ength(s) or
waveband(s) tohdldoueRd then.oin suinieeembedinaits \Aassethahe"OaLg?@ﬁ are spaced along

wavel engifis e GHIcRMA fratneesBPeRmn ts BrOqlE A B RAces 2mech
damage, dteSt fh@istal 1t her W & dradmBcHiaehtst iess wearpi0 LEDspaé Bﬁétted For

exanpl e, can be configured to emt |ight having
wavel engt h oalongtiebdistal tin t1¥e Therlustrateshi BB 188400 eﬁﬁ'ﬁbﬁﬁﬁ‘éﬁ%a'i%form a

1, 000 nanonet.er n, sone enpadi t t h
or 20 vvavebaﬁ'ﬂgérfoi”hgowgﬁﬁ%fenﬁ% E?%O%{ar%ggﬂ Dérr?éfb% OF{S':lrbouw%éi%r{gé
nanomet ers. }igts3 68 180dheTedé 8 matrie ok EPBs438. enit a wavel ength or

waveband in the range from about 600 nanoneters about. . 700
nanonet e29. I n one enb%‘éiﬁﬁﬁﬂbEdfaéPV@%hWr@d'?’hé"th%&“r%%AearﬂdtzB the

radiation whna g3l WHED BhSh He Gfbr RARCITY 6 the BLYE 122 B &hitdble

nanomnet ers.
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
25 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.
30 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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25Each LED 138 of the distal tip 114 can be configured be to emt the
same wavel ength or waveband, However, LEDs having different

wavel engt hs or wavebands can be used to provide varying outputs.
These LEDsMB¥¥U%Be activated sinul taneously or at di PEEVEHI7SRES
depending on the desired treatnent. The various LEDs 138 can al so be
activated and 30 deactivated in a pul sed sequence. For exanple, the
LEDs 138 nmay formtwo halves of the |light array which are alternately
turned on arfodifies aseladivelsiage, mmuréingmagom&)umsm‘m@ Rroonyedant3l

1 erent sonaty B CATReRE s PeT Bl Wk el d bR EndRREl Bhgt rop

bar. In thi SarfyilitRber ¢f LIEDRAL ment  pr ot ocol for exanpl e causing the
LEDs to be lit in a certain sequence, a particular power |evel for
a sel ected period of tlhedasgelft BSBéefﬁ'ia@b’r wﬂwﬂwh‘mo(@@ﬁ@ pgImit

system 10

LEDs 138. o | SNy 4i5toRion ‘{f%aéj Hrgr%aqdf’%%tf%ﬁg& %%‘éges?‘@“p%%ﬁ’ﬁ%ni
geﬂer ﬁl |y altlmyg Mzecdrrrghs@twméldnbéntamllsdpénd/dlmeottiesmm distqrteti] preféfablyver .
a higher or |ower nunber Ds can sel ect.ed e re
energy out put h%ﬁﬁf‘yé’&pﬁ?'% %‘ﬁg?ﬁ?g) %‘b'aﬂa?g é”é‘lW‘?ejdc
area of tar gfbreld! b sifiglehffodifdiRs, Mk LRREA d&ﬁ%%@%@ﬂwo@gma@bh e

treatment paraneters n some enbodi nents, for exanple, about

are spaced adf@2§°t180°diSdal307,002120°60% andmgwsemnompasgm@uch
enbodi rrenés he LEDs can be at a pitch in the range of about 1.5 nmm
to about 1. 2M®S: I n some enbodi ments, |less than 70 LEDs are spaced

along 15 the distal tipsdie. edmsbd?ﬁ]@ﬂfs eHEDOsHTRIT 8.2 thes fat &8P obA flekibre
are spaced along the distal tip 114. In yet other enbodinents, |ess

t han 40 LEDsmatesialphhethimbase) 1ﬂaéetmss'eétucq tihs praiiie ofthe light rapsnaissien
LEDs 138 nl
e oot COBER 20 Eon el The Al o s R Oy or LBl B

i ncl ude a mef14. xF@thdrdte, 1R8 bad®As2 dan il duatly bboivand mistedtealiowon wi t h

Fi gures 2A and 2B, the LEDs 138 are nounted upon the u ace. 200
of the ba8e navigatigmalang tosioas pathstwithin H&P@'%‘gﬁhﬁ%%ﬁ%ﬁ JG @ﬁ'ty in

o1 BB e e 50 onte 16 be 12 Fo
coupling neans can seclitechasectifptan hine 4 BOlygod axial cross-section (e.g., a ,
rectangular cross-section), elliptical cross-section, or other suitable axial cross-
section. Figures 3C to 3E illustrate various axial cross-sections of the base
20 142.
Various materials can be used to construct the base 142.
Flexible, semi-rigid, and/or rigid bases 142 can be made of rubber, composite
materials, thermoplastics, polymers (e.g., polyester, polyethylene terephthalate
(PET), polypropylene, polyethylene naphthalate (PEN), and combinations
25 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
30 the desired structural properties, thermal properties, electrical properties,

optical properties, and durability. For example, to dissipate heat generated by
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25 the base 142. The nounting neans can be optically transparent in
%de[] to transmt light generated by the LEDs 138 to the base 142
ich, inturn transmts light that ultimately reaches the patient.
In the ill ¥Q398%6 8nbodi mantg'.J of Figures 2A ané 2B, opt FEHPP S70sis
transparent epoxy pernmanently couples the linearly spaced LEDs 138 to
t he upper face 200. 30Wth continued reference to Figures 2A and 2B,
the base 142 is an el ongate nenber that extends |ongitudinally al ong

the distal tthe LEDs 13 dhe bese b3 caa comsriesabsabearcygtivesmagarial that san

relatively | an ' f. i:
bl acement o3t g 1 ! Sigor iR lnd Weat RRSY 1b@ifie TEDs florderl BRtdh,
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decrease power consumption. Further, the base 142 can be relatively large for

15 an enlarged LED mounting zone without appreciably reducing the amount of
light reaching the target tissue. This results in easy placement of the LEDs.

Suitable transmissive materials include, but are not limited to,

polymers such as polyester, PET, polypropylene, combinations thereof and the
like. One or more layers of material can form the base 142. Preferably, a

20 substantial amount of the light directed from the LEDs 138 towards the base
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

25 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

30 transmitted therethrough. Additionally, one or more light passageways,
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Various materials can be used to construct the base 142. Flexible,
sem -rigid, and/or rigid bases 142 can be made of rubber, conposite
mat erials, thernoplastics, polyners (e.g., polyester, polyethyl ene
t er epht hal 32984915 pol ypropyl ene, pol yet hyl ene naphth%?épgw%ﬁENV}
and conbi nations 25 thereof. In one enbodi ment, the base 142
conprises a sonmewhat transparent material, preferably an optically
transparentﬁﬁolyester. At | east one wavel ength of light emtted b

the LEDs carinfsaigs-halesvyjhdews dheiher sirpctuses earsbe fureediin thpbasedtdiol
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or nore ribs, stiffener | oints, | nf t nb, in 5
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base 142 to RehiceWRitbd o, dFek  HEmMRARD AidtaFartidfatBobePorBeY 8r ofhe base
142 may be sonewhat rigid'for Some nedical applications. For exanple,

a base 142 imaigrieisdhat ¢gn e godted oapspIdisbwgsad thraugbeutk on athepwise dispesed

bther suld adnyrEpre s Breared 2RERREeP sl Rusnas e sk G msi
conprise a tgrgieverionecorimdrenvidleldrytiad bomavdtginids éioht teadhingahe phtteritSDs

to pass therethrough. Thus, the base 142 advantageously supports the
LEDs 138 whilisséu@ll so pernitting the passage of |ight therethrough to

et on Eurt b PhaBSb b eI BAL Abdesias R o e
enl arged LEDRiistatty il h4 atomgetheiehticuiengibpofdios edthgter eddei1@. trhethanount  of
the LEDSTS. eMbodiments & proxhied opfl ahLln wse, Baiaparianed FRAT R bus
g)rerblnggt ! 'Onmsélfté iéﬁrée? gPe;ﬂmﬁtﬂﬁéethéfé@ BsSSmPY I 8S IFRF exAmple, BRY prokii leht &f
the base 142 can be positioned at some point along the catheter body 116, or
within the distal tip 114.
As shown in Figures 2A and 2B, the light transmission system 120
20 is housed within the outer body 136, as discussed above. The outer body 136
is preferably transmissive so as to transmit radiation emitted from the light
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
25 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
30 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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like. One or nore layers of material can formthe base 142.
Preferably, a 20 substantial amount of the light directed fromthe
LEDs 138 towards the base 142 is transmtted through the base 142. In
sone enbodMPEMPEOOYS | east 40% of the Iight emitted t owBSHYSONASELLe
142 is transmitted therethrough. In sonme enbodi nents, at |east 50% of
the light directed towards the base 142 is transmtted therethrough.
In sonme enbodi nents, at |east 60% of the |ight 25 directed towards

t he base 142h¢ outarHegii3fe Alichratvelys hegprten bpdyohid earpdrfingenbaliovyt

| east 70% of | i | 6. LSy i4ted

t her et hr oug hc_htaﬂﬁoeg g %egt“é'ﬂ%% gfrﬂﬁreﬁ%tr ésé%\ggb gl%\e’é'ts%@ ”%8@?‘9% é‘f‘ﬁé%‘f%‘@ﬁ@ﬂ“r ected
towar ds t he GOgtihalig2he uterdsosiyl 136arhnt becare ekpandable rhambersuch as those

enbodi ments, at |east 90% of the Ii,ght dire t,eg| t%(v;/ards th? ﬁse 142
i s 30 transrAi$eerd iRdPR IR RAJAN IRRAY %W%WC&‘, IS HREEQYINGRIPRE ?‘8 Y
passage S, P f oM ,
or ot he\rNagé,t rr&é@(%%%ﬂﬁ%ﬁéﬁ@ét?b% [ ﬁ%}ﬁ%ﬁ%ﬁé b%é@e?‘gmih@r@g%tédﬂﬂg@%
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passi ng thergifiredlon siarahi. FASRIdiAgly aBeHuler Y 136\, havedl omgpieclor

conbi nations thereof can be utilized to render the base 142 (or
portion t herrooltipieemesnsiucipaque. I n sone enbodi nents, the

opaci fi c%i on agents |ﬁ3(glé[§g§A ggt %@‘ig}é@ﬂ%‘&%%ﬁgtehg‘i°d%gﬁb°f@ &g@gg :

nmetal particul ates or ertal’s can be coate

onto, di shurpefodlveoaafealtip 14 Wikewite dendingposedgued. iFigurbe 3pats@EL42.
I f desired, the base 142 can function as a filter so as t 'iaﬂhi bit or
prevent one Howhedaga/MZenaichds the WB&M@”?‘F@@F’B‘QSHF%B'# dp 114.

patient's ti 0BERA e bAdE142%R shbn in
ext ends prox&n%?ﬂglsfarr%%ﬁ?%heeddtpstbgluaplé%%eg gﬁg ﬁe entire | ength of
t he cat het erFigordy4.1The bhse déRenaitGirsithediesieed spacingbeivwesnlthe mpusted he

asserl y 18100 ERbI S RANBILES RS AAre SEMeDr opae BRoehiod Bane 122
i stal tip D e O B T Pt L1 ansm sa, o
system 120 be subjected to subsequent processing. Inthe illustrated embodiment of Figure
5A, for example, the pair of wires 160, 162 are connected to the electrodes 170,
172, respectively, with solder while the LEDs 138 remain securely mounted to
20 the 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
25 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 molding
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
30 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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20 is housed within the outer body 136, as discussed above. The outer
body 136 is preferably transm ssive so as to transmt radiation
emtted fromthe | i ght transm ssion system 120. For exanple, the

out er bodyWP3BOHYUA Olge made of the same material (s) for nPRHUSNE(54SE
142. During advancenent through the patient's body and pl acenent at
the target site, external forces may be applied 25 to the distal tip
114. Accordingly, the outer body 136 can be nade of a materi al
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114 ther 80y dieteteraf abautdi74immashhéisatig digattic 36Q ean E@gé rgﬁjlé‘ dde

transm ssi N, FatREf My G8fvetyBYMhs! Rhile 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
25 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

30 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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25 Figures 5A and 5B), the outer body 136 can be fornmed by various
nmol di ng techni ques. For exanple, the outer body 136 can be forned

t hrough a nol din rocess (e.g., an injection nolding process,
conpr essi oW MY Spr ocess, etc.), thernoforning, machPRT/NGBHEEENs,
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20 Figure 10 shows a light passageway 334 (shown in phantom) in
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

25 pre-formed perforated base 310. Preferably, the light passageways 334 are
positioned so as to effectively transmit light 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

30 below.
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25 wire bonding described above, solder beads or other elements can
be positioned or deposited on chip pads such that when the chip is

mount ed upgjfigsdoupsi N/ on the substrate, electrical conpﬁ@b#ﬁgﬁosﬁ{g

est abl i shed between conductive traces of the substrate
Figure 7 illustrates a circuit 309 including a base 310 and an array
30 of conducting traces or el ectrodes 314, 316 suitable for flip chip

mounting. As shown in 8A ED 304 d ab
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nore |ight passageways can orne he se 310
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respectively, the amobunt of transmtted ht . 20Flﬁgure 10 shows a

i ght passagﬂaaﬁgad;@@s(nl@hgvmnmreqshdwmtreweﬁh@thebhe sivhgnithe disiiiRol e

in the b As

casi 1y (B oublt BEThalterigyts 1 noFiRyeh P sRHAlE doeP i hoiaepsny
passageway 3&63 6@8y Bt femeaddainr Accmrngngthmleaas (L) cahbelpEItBﬁéd i s
mounted to the base 310. For exa he LED 304 ca
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]P fiﬁ]a?ﬁ\g’aﬁéﬁﬁlrsg{?gﬁgf ée i’tljeg %ggi 131- 85mb Snifdarrént¥eledds &P e hcl adhot
points defining the bending axis of the distal tip 400, if desired.
20 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
25 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

30 encapsulant 362 from the base 354.
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Figure 11 shows another distal tip that can be incorporated into the
| i ght delivery system 100 of Figure 1. The distal tip 400 may be
generally simlar to the distal tip 114 illustrated in Figure 1,
except as WRIPEMYSt ai | ed 30 bel ow. WD 2008/ 046015PCTPCEPERITT (3818131
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25 transm Ssion SShEMaHAct af)dodhtRairt bPlridBuRkstdtoacosaBS Thant 362

can pass throudgh the Tocking structure 3 ext endi ng through the base
354. As suchacdonembdatkiamerdangedtoskéingBsiouctae 3e0nthe distanee hptweegportions

prevent nove t bet | i ght transm ssj S
encapsul ant g%Ee t@&ﬁggggngwﬁan Eﬁ@qr%%sladnas §b$ﬂ%ﬁ$§s%g§%aﬁme
advant ageousjystdtbl Bifbdimentfeigure aRantiadistance D1thetwaen dreciagss| 364
362 fromthe base 354. )
20 366 is greater than the distance D2 between the portions of the traces 364, 366
adjacent or beneath the light sources 352A, 352B. The spacing between the
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

25 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,

30 366 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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WO 20081046015PCT/ US2007/ 081131 The illustrated | ocking structure 360
of Figures 12A to 13 is a through-hol e having an el ongated axi al
cross-section. In sone non-limting exenplary enbodi nents, the

| ocki ng st MAAPFUOHE0 has a width of about 0.005 inch (BCHY0MHIS 1A
a length of about 0.011 inch (0.28 m) and is |ocated 5 between two

| i ght sources 352A, 352B, each having a |length and wi dth of about
0.014 inch (0.356 mm. The size of the | ocking structure 360 can be

i ncreased orA degriaysi®d (sbowncemaved oy Fidetsr B9eanrayspay et ieasia pertien of

amount of the, encapsul ext endy r he e .
other enbodiHRiNE Byt Rt e Lo A abS P nb e A B uean s
(i ncludi ng rounded pohliygaigat delivkfy §)stdms desdribedi Hetsihaan Halve 2guits Wied
suitabl e cross-section. Adrilling process, machining process, or

ot her sui t aligerppbexdigueationse Thes@ntigurations efiibe sirpuits Gandbessjected to
Wth refefe . I . Fi , - L r 1S5/ 0
ol udes 5 anGthg de@rq BUf Teredciigh) Slres  PRERSTAAR FetTifIaE
15 i nt er posegirchitd theat oah be Usedhn treolight eelivésy Syst8ma BisoisbedadmeeiB5 Figufee

traces 364, 366 _interconnect _adjacent pairs of Ii sqQurces 352A,
5558, Toac CAMBURIECRA Rk GGIRS A6e Sutiert S4BES APALY Hce
bet ween por ty . ' Siged n
Fi gure 12A. ttér?éték?gfzi F?ﬁs%ﬁ at eg Ie;br?g)o%lggn%ngﬁldf lez?%‘ﬁggg%%% taflezpdi st ar(ljce
D1 bet ween ttheetaiae e 1R so@@e88F 7 i(shayvremtphantdah t he di st ance D2

bet ween e portions qf the traces 364, 6.,adj.acent or _ beneat h

l'i ght soi&ces 352A, 3&@@?‘983? ﬁﬁtrt@ceﬁeﬁ%eézg't% Cf%%%@ c&%—ov%é%rag%m
be sel ect ed |ageflugRateb®nshdfimeROSH Fi%@’éﬂ@(]‘ﬂﬂ@fra@@ﬂﬂ&bﬁ Slosover tradee
| ocki ng structure 360. The other |ight transm ssion systens disclosed

herei n can ansbinglsdes elnaifcofepeosing dengitudinely-aytendindids artiopy 374A,

exanple, th e 142 of Fi i I j
ctruct ur es. | OB UL AG Ber st oga; L 4R A Bl o s e SR foons
Thus, | ocki rgr4t 37aBUNE $his atarver,uhe trave B4 wan eohnectepph&iby cohhegorshafp
LEDs, and other chip nounting arrangenents. Wth continued reference
to Figura8 13diacend lightssourers 377 cEae St 30 eatchaveAydyRenPf tiagesas
connecti ng té&beslnjehght sources 352A, 352B. The base 354 is interposed
bet ween the déli'very traces 364, 366 and return traces 368, 370.
A pair of return traces 378, 379 of Figure 14B is coupled to the

bottom surface of the base 375 and can increase the current carrying capability
of the light delivery system without blocking a substantial amount of light
20 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,
25 374.
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 controiler or
30 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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WO 20081046015PCT/ US2007/ 081131 A coverlay 361 (shown renoved in
Figure 12A) can overlay at |east a portion of both the base 354 and
the traces 368, 370, as shown in Figure 12B.

The |ight de ?i%\(}se/(%g@lgystens described herein can have ci FelPiR YS!
different configurations. The configurations of the circuits can be
selected to 5 achieve the desired output fromeach |ight source.
Figures 14A to 16D illustrate circuits that can be used in the Ii%}t

del i very sydligablioht sevigsenetishewn). Engillugtrated tiace sysiert 880 hag psing
371 incl udi . M | f 2,
373, 574" colbrTgleios: RUERT, 3R daRibd Rl o Sptrble S cah tBRd 18T,
recei ve t he deipghite 9aeror@sord igh{ sdwees.i n phantom). 10At | east one of

the traces 372, 373, 374 can_be % ross-over trace. .In the .

il lustrated enbodi nentF'%Fe?Zﬂ@grt‘é @@ﬁ, oW Ight RDSANSRIGNSSYSIRP Y s - over

trace andgi ' ' ' H i ' e
d%ﬁq%ck!g%zg@ vt EnPdmBBBRRIMIThE ﬂﬂbﬁ%gﬂ@h{ {rarmhissigh RYstehd

portions and a cross-over trace 3 extending laterally
bet ween t he 3f5duf Figurei hiAshayd Ajsta poBion 386 (HigurerdGBRrproxingl peaies 3874

can connect 0Si connect o f j ace i ght .. h
creat a5y BERRE 150 G el podbn SBaRELAEE ol pfBheiRg WeieBenibln. K1
pair of ety diftrcRs 3898, 3891 eRfenti deHEthe4dndth of eprtbntiosibheysteint om
surface of the base 375 and can increase the current carryin

capabi | ity o¥85 hebhrsgif 3 irepesitoneddieivenn e tFreres 3% c RPHE- As shown in

substantjal anmount | jght,. ) t. ' C

The rotull (aues ¢80 10 gnf sRed 21 [ SR HERuh ) BAHEREced from
portions of dduh dthecaiond it light FanSmibskmadystdnaB88sh@he traces 3898, 3&Darnto
not increase the anount of blocked |ight. In so ferrbodi rrenhs t he.

wi dth of t hePrefesrily spaged @?@a@éﬂ%éhaga@r%umﬁse‘g%a@ frgprgyeq fragsmizsion
the wi dth of ' ofit | COE I EsHreRt. 372,
573, 25 374, nioUBHREBASEALBTIA bROSHodkiSCRGEREING 6 Fahldrent
circuit for a light ddlhelustratgdlighhtransmission syptare 385 8anhaye Scingia 0§

t hat i de i _ t activati f 1iaht

sour ces. 1 ihaauic SPqra T Pa L AgeTeRt s Mty et R o

traces 381A-Bp{m/éatt8%f>fbvbhﬁe BR6caI Phsperfessithe Obber18r Laferamidiorh 384
Yy n

for selective controlling current flow is positioned between the
traces 381B, maghadicaiieutingntecbhinues g@xbe aed turenarMe? RPEN{AE- Ar r ent

flowto WO 32u %%%?8%%5@ éHﬁ%%J{eﬁgjo]f% base 413 positioned adjacent and/or

beneath a plurality of light sources 415. Other types of material removal
20 techniques, such as etching, can also be used.

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

25 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

30 course, the board 391 can be transparent to allow the passage of light

therethrough.
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di stal light sources (not shown). The illustrated trace system 380
has a single controller 384; however, any desired nunber of
controllers can be used to separate one or nore |ight sources.

Fi gures 16X Q¥¥BGShow a |i ght transmission system in BCHESWAHMALE
wi th one enbodinent. The illustrated |ight transm ssion system 385 of
Figure 16A has a distal portion 386 (Figure 16B), proximal portion
387 (Figure 160), and central portion 388 (Figure 16C) extending

t herebetween. A pair s ridteg abov8he liGRIBNCKHisHiIsh &fstargs ireidsed gereinf
the transm ssion system 385. A base 413 is positioned bhetween the
traces 389A, CaBAYE VRYONRAYiRES of cirguitagangamenis. Figure HBAIS graircuibdiageam

415 (shown i 01 PRe f Im Li ght
transm ssi on%@gé@]evsﬁ @gﬁ@%@&?sfacesgfsé%%,mgggg%"gégag?ﬁ‘f era {a{%qggaced

|l ateral |y frgaralidi@rtangbmestuTioe fighitisoufees 4040 avb404D arsslikesdsein a

t hrough the base 413. I n one enbodi nent, the base 413 is transparent.
The i I usPr R8sl iagrRNIemEnt nfiay Psﬁr%'@ewah?fégé@g‘;%PLﬁa%C% 6¢ RERRORH M1 5
doubl e si ded, goIEI &1¢a én?élﬁ?ﬁ%@fligh@é&r@@é 504R1402B éﬂgend@ﬁ%ur&ééztga@,

be renoved to I nprove the optical “properties of the base 413. Laser
and/ or nmechad4iaformogrolipg 4080404, qesrsctvely Hbalgredartanged ibgeries. gyt i on

(e.g., a substantial. portion) of the nmaterial,..of t.he .

posi ti oned a'&i‘j"aa%rrf% Ilgﬁ%%rc%gﬁc&g{srpag bs AIfaI9san 5p ”??'gﬁ@ageoﬁ%%'e”é' stiqigs
Qt her types QbiurRkeof RIht'sBlR¥al407A-C &¢ hRkABSarang@iems et ching, can
al so be used. The circuits of Figures 14A to 160 can be
used for 18 one-sided drigurae-19iansR¥ shqy piathrdscrfirediping digtah pgfor light

Fi 17 sh t wo-si d i i :

5008 mount edd BeBrpA Ry ElaRES 39T sl Rl i SR mBR b EprotEidio,
39|1di ncgggesgﬁﬁaaCé bgﬁgtaggizﬁsggggg@k dﬂtﬂhtiﬁdgﬂ@f Fgure ddes dm#edaﬁbv:.i a
sol der . The traces , ted t : .
upper base 395. A ret Lﬁiﬂu'ﬁr%&:@”@%ae ﬁg’?‘?}ngg‘f'ﬁ%gégﬂﬁg?‘\‘?\g‘&ﬁ'zflﬂ%gﬁg@vgn
base 395 andgg%hgmﬁe E-Eggré%%ﬂ{g%ésbmbﬁiagotrhe«mu%&%dl fixtureWalRe 440

traces 398, via so per and | ower coverlays 401A, 401B
can cover5anihcludes eatartayeofthoidess 432 2nd 303inoiciongated s@gp44Bedending

respectively. O 30 course, the, board_ 391 can b r K | ow
t he passage B'P”Qi"@'?’l‘t‘rdf é?r@thl"le(ilfbe_ ﬂﬁ?‘e %%63)"%86@5?&%%&%8%%8@%31
As not ed aboygeq g c#)h reli G REIEIVESAIIBadt K5 RiGn Bf el LB tier Bharpattem
have various types of circuit arrangenents. Figure 18A is a circui

t
di agram 403 shiteihuigdrs 42 covespendssoshe desimskpatteyRof hikkles Bagnholder

0 i | Lel i '
are | kew Seltbehmerises ArEMETTR on 8 addd nTEHh Gk A T tia
sources ogn Bertidh4AAARM bda feddt@ohfgurad targivenit ledSia partion oftber ces

404A, 404B and |ight sources 404C, . . .
LEDs. Alternatively, the mounting 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
25 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
30 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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404D form groups 405, 406, respectively, that are arranged in series.
Any nunber of |ight source groups can be arranged in series. Figure
18B illustrates a plurality of light sources 407A-C in a series
arrangenenfv.o@@qi‘?“é‘ﬁlses 19 and 23 show net hods of producPREUSR8T131
tips for light delivery systens. Figures 19 to 21 illustrate one
enbodi mnent of a process to produce a distal tip, such as the distal
tip 400 of Figure 11 as detail ed bel ow. Figure 19 shows
a fixture device 440 Wsahows indridurg 20edires exendingdram theholtdmoss LUEEDs

1, e R b S e B
al ong i nwar Glha g%@?%fb@ﬁee ﬁhgg:aﬁfeffeeﬁléﬂ Kbl rtﬁ? 0EPsGRd4difes imrshed der s

442 are size onfigured to receive at |east a portion of the
LEDs 410. THecatmnsdo ensiiretgrepérapaiiianingianctaligrnegrninPncedhe hghtdesi r ed

o a ¢ hrBugiTBTE e R ARG 50 (BbeTou Th R OB o s

configured tipasRagdide spdtehRE5T cah B Fdrhéedofrorh ilfe fikilre déVi¢eedsiidrvel y,
t he mounting portions 444 can be one or nore protrusions, keying

structures, ssbseguent procassinde I&avacwum avasaPPiag dgiing assRMMndatheg an

LED. ot ' trat: i ent 0
within a cor\faézgﬁ%%rh%eeﬁé(ﬂdgg? Oﬁ%&ﬁﬂﬁ%@@%me&s '? ?@rl?gglﬁo ftgglfhtﬁ 6031?}0
i s placed wiihBifiRtu?d daviee4es e sdmegnimdirieniy, positioa plebsusisiapplied to

the el ectrodes of the LED are facing outwardl S ShC{ Ln 'l:i ure
20. To eh@urielaasaihe hEDstem Hhetost ophs AFSETR Qgﬁg SiGant ﬁ%‘? bepac Ina

cor r espondi qgoiaoe!rﬁ%ﬁcagaéam@d YRR HHT E R0 B GedRkh 9flalditehBRnt haough

hol e 446. Optronally, e nounting portions 444 can have sealing
menbers (e. gdiscussbdm comsantion withdripliies2®. f | anges, etc.) to forma

| bet 30 the L d, hol . 442, Pref . X i
conti nuousty appl i ed e 8 1SS deidiosd Anoud FaTREMUILAE PR o
of the LEDs. o MQLRARRGOAROImRSY d9978BHEHA8 IHigdre 22 shows a distahsip 0w i n

Figure 20, wres extending fromthe outernost LED can pass through
the sl ot $544i8avimg 8 liwbsittsd light enemissiondygiens 510.n The ightEansaissiehe

fixture device, 44 an.effect] 0 LE @941 nqdesbh@d
| ocati ons t osyéﬁ%m%é gr PP S%Jg}sgﬁeﬁﬁn%ﬁrgﬁl%ﬁ%*m%tgu Ay ght
5 transm ssi gRapyslighisébfes $285s 988 ifdsttzasd embodiment Fhgwiee 2@)dedilight
| ight transm ssion system 450 can be renoved fro thg Eiﬁﬁdﬂe de}z\i,qe
440 for subsseprees 5} JSsaredgounted £ YBReIAN ‘é’e%l%]ﬁ?§ d figePectivey.
assenbl i ng, c 8d594 s3d FHERRtdgRoDSl HitecBarght in
removal of té&ﬂﬁé%gggr o'm%ﬁ?g%ﬁ )%?‘t&}ree gev’i ce 440. In _sgc?rrp gnbodfiharrent s,
a positipe pdiEesnt direstiapppieferably in substantially opposite directions. The
illustrated light sources 524, 528 can be applied 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
25 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

30 the inner portion 606.
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10 rel ease the LEDs fromthe tool. The assenbl ed LEDs can then be
place in a nold and encapsulated with material to the desired final

di mensi ons, as discussed in connection with Figure 23

The di st al MAPB/YEYSr i bed above can be nodified to havePFTEROESIEes
facing any nunber of directions. Figure 22 shows a distal tip 500 15
having a two-sided |ight transm ssion system 510. The |ight

transm ssion system 510 is interposed between a first array of |ight
sources 524 and second’han’mw pm‘rtidﬁ@@ﬁcmhedi@m%iztemugh a ¢asting lon saldingd
enbodi nent, the wire urces 524, 528 are d

Gpper and | dBreseazE 853h miswioR mBRlA T oers T1E Prg GulBh BDE anbiign

| i ght sour ceguped 6022808 AnaRYABE FaReealiModhé Batek YoltioBlB08! Nn 28
different directions, preferably in substantially opposite

di recti ons. ernkodiment thepuier prgion 608Us iethegorm obadubsanThr0igHPPEANt 0

ot her - enbddi L DEPrars SRl BET Ry Reh¥ L RE bS8, chilb Bie Bt Byt '
flip chip mepgedn gt p@ﬁwmwe mnwmmiembommms ainsloltenportibaces ioh a

base, preferably forned the process illustrated in 2 F:?%W 71to
9. Thus, I ghﬁfmﬁﬁ&eiéﬁﬁ”@é%ﬁﬁpeigedaPS‘Y&HWMﬂ%ém'e? ty ]

mounting sulspr "Sﬂ%tS %tl%%&%&v@th%ﬂﬂﬁ@r % BREL ABning thd BAEr and

transm ssi on sy aving a t i p nount1 ng arrangenent .
The |ight sosuteesortiids 6664508, the aswnmiycwﬂsadted teoa reﬂoasntemneeatum)ﬁou on

606. An outer portion 608 ig di sposed o ner rtqjon 606.
WO 2008/ é@eo%@@ﬁﬂ@?é@'??@é%ﬂ"g' POFPO” 866 2 %‘P& 0”6 fodio%06 can

be formed thg ﬁﬁ%t@nﬁéréﬂﬂ&;t@%&ﬁ@ﬁ@é% 6I}8Chl'rﬂ§réﬂbw nj ection
nmol di ng process In portion 606 and |ight sources 602, 604 can

t hen be mseericm;tsulat!on phecessresulisdn aistiong @nd ermsskbaiwsea theiner and
outer portion 608 Hér@%ormof a tube. The outer portion 5 608
can be proce%%i%p? OB% g ere, or otherw se couple the outer

portion 608 to thehl nnﬁeraln@ﬂferrlemloaﬁﬁentl mesrggetramassmrsystemmo isut er

portion 608 is a thernoplastic elastoner tube a.p

bl ock anilfe inagded PEBikE eytet pertion S08. Mataral is @gféat%%@tq W@qP% ?ﬁ?’ of

portion 606. Aft r 08,
the ouﬁ% a‘?&g&%bg '{'@fo%rt?lethé WHer g%ﬂﬁmoéﬁﬁe InRBHid %50&%1‘\136

the assenbly areflowtenperature to 10 cause at | east
one of the imagen pelymemrs ﬁﬁ)&ﬁ;t@dmht@ﬂtedumor&1l3cancﬂﬁﬂvsbethewthQ pleteeby
coupling the inner._and portions This refl

encapsul at i oh°®96§8§§n|dé!9m ¥r§n$rﬁ'3§'°§t§y6‘ﬁ6ﬁ ﬁgadw 8135@{ @?MW@ the
inner and ouger. Aot MBSukER 61898

20 The thickness T of the outer portion 608 can be selected based

on the desired overall axial width of the catheter. In 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

25 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

30 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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I'n anot her embodi ment, the light transm ssion system600 is 15
inserted into the outer portion 608. Material is injected into the

| umen 613 of the outer portion 608 to formthe inner portion 606. In
sone enbodMANIH46HS| t en pol yner is injected into the | REEHSBITBOSA
fl ows between the outer portion 608 and |ight transm ssion system
600. The polymer preferably fills the spaces with the |unen 613.
20The thickness T of the outer portion 608 can be sel ected based on

the desired \yigugkystanisahclubitl b @ndt hgitedtd &irgdn systemnbeciidulaiedr at ed
enbodi ment of Figure 23, the ?nner portion '60 ha); a dianmeter in the

range of abdstems BRdiaieer sutabRIsystms v taedatie: 025 i nch (0. 635 m).

I n sonme enbodi nents, ' . t | . i '
0.020 inches (0.508 nﬁ# §°'$hgé@£°et{'“ﬁgé she%s"gﬁiwgém’lt%ﬁ;eg%sg%}’éggg%P??dgﬁ’qg%aé
?ﬁghb(eOl 2 7t8 hﬁgcwelgfswé, mnbs %m%demb ﬁ(drpoﬁé tissorg lotatealutinettip b&Fath

. . In some enmbodi ments, t t hick T i .
i ncht (0. 1%7 thﬁfk{ﬂ@ir?é’MWESSPﬁée-gi:drﬁceEPé?ﬁt\Pé:*'fifasn§§$%ﬁ'§|aliféﬁq§‘§atteg 00%
positioned r : et asi 0 | ich
PPaht to thdrparaE hrl SERAE) Alel B o e e e
to treat orghliserysystamhsatam be used $ueenjevegor, otb@mvtisehliarthesestypes of

connective tissue,, nuscle_tissue_and ner | d. .0

2008/ 046015PAPAISATG PO I AEa PoRlaligh K25 0P 5 Wit e ey
limted to, ;RE&BOratYS bR MeferdticEGH (tabRfitetys YiiscRites vandudhdeiodsuirbatrlent
systens in the patient: I n 'some enbodi nents, the |ight

del i ver y18ysigemts, and the éke thatcas e used o sembing§or with e light delivery
subcut aneoussy%gein(])so agséribse%lheeréigggﬁr%gt wsée%ﬁjay beneat h

Visceral fat, such as panniculus adipose tissue, may have a
contributory role in medical conditions, such as type Il diabetes. The reduction
of this visceral fat may improve a patient's condition. If a person is suffering

15 from type Il diabetes, for example, the reduction of visceral fat may reverse or
improve insulin resistance, diabetes syndrome, and/or metabolic syndrome.
This can lead to reduced medical costs associated with diabetes. The
frequency and likelihood of complications (e.g., heart disease, renal failure, foot
ulcers, and diabetic retinopathy, and the like) of diabetes can also be reduced
20 oreliminated.

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

25 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 to

30 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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5 the skin or adipose tissue (e.g., visceral fat or intra-abdom nal
fat) located proximate internal organs. After admnistering a
treatnent a entg the light delivery systens can be used to renove or
otherwi se ¥A¥PPAYSe types of adipose tissue. U S. PatBrE/US2007/081131
Publ i catio_n No. 2005-0085455, which is hereby incorporated by
reference in its entirety, discloses various nethods, treatnent 10
agents, and the like that can be used in conbination with the |ight
del i very sy%&rﬁlitdﬁwob@embsﬁtﬂzrﬁhg] ©Ooe or gatre visgakgationfaids can be provided

Vi sceral fat, such us_adi ssue, my have a
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li kel'i hood qﬁtrmhsgabtwam( ether suitstaé ineding e Aster tHecadnt fsaadeaguetely oot
ul cers, and diabetic retinopathy, and the |ike of di abet es can aslfso
be reduced xispsrsed ahihedawet site, the transmissionsystane 1804o3rtivaiaddo t he
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dlnen3|oned I'nsert ., percutaneous Into and
through a paédtlem‘ed fifh@bahtsitradurtann tﬁMremmwéﬁa‘rmn\ﬂmjpamﬂrtb dperative
engagerrent W th the?'F)atlent S viscer I oned, the 25
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of ti rre I n some non- Hingittd )
assenbly 110 has an outer |an§?§g?%g§§?ﬁai€%m{fngﬂ We@aw&ebﬁ

conveni ent pdradeaiiyndveniantextended peaioderi timeyant euie suesqauenty asaihed ks
hiroducer dReErRORats Pl B REaname eyl HtuEie o bEEdudR iR
fat. The [i gé‘Eoﬁ’t?dlieYﬂ{e)hn%YSﬂ'ﬁl@plcQébMél che bplpaeieemadiahg numbkr af tiesat
vi sual i zation technique (e.g., ultrasound, fluorosco VRI
15 different locations until the desired amount of fat has beeg ehmmatec{il Eo )
example, visceral fat can be removed until achieving a noticeable improvement
in insulin resistance. Of course, fat at other target sites can also be treated in a
similar manner. Thus, fat deposits can be precisely destroyed or eliminated for
health or cosmetic reasons. Moreover, because the system 100 has a low
20 profile, the distal tip 114 can be delivered to remote locations using minimally
invasive techniques.

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

25 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

30 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

29



WD 2008/ 046015PCT/ US2007/ 081131 to facilitate proper positioning. One
or nore visualization aids can be provided on the system 100 to all ow
easy visualization in situ. The treat nent agent, such as
t al apor f i nWEbHP#H601San be administered to the patient bYCHUSIPT/eRHIR
delivery means. To deliver a 5 therapeutically effective anount of

t he agent, the agent can be adm nistered intravenously, or by any

ot her suitable neans. After the agent is adequately dispersed at the

target site,pitapt ApElitafids NoeNPETAISZ005203285 12#d RETRIE( 10440461 ahd &L $.
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sites can aﬁgat%%s,ts[yg dFH'_Cﬁ_s’smﬁﬁ"g}s’ W&Hhoeqs_arﬁtﬁgﬁmﬁ%% éee%%éfg s can
be preci sel yhdtai thX,GIH BFtaR driboditrRAts 86 dppacd to @TuseasIebhredtioasths .
Mor eover, because the system 100 has a | ow 20 profile, the distal tip

114 can Be dantyi ere edmore peifetambastimentsnicaliyengysiamsmsievices mmatsrials.
t echni . The light, deli. . i i to fit
wihinorhe vESTads kSR H Y aSkRRETD RRnBle oot i RASRA © 1!

arteries, orrefdBpeeganatom cal lunens in the respiratory system for

exanpl e. The size of the |ight 25 delivery system can be sel ecte
based the target treat%‘{af&uﬁé“%tﬁed%iéﬁs@%ﬁhy@ﬁﬁI‘i’e{sg['har(i!eaqorv&ﬁr%ﬁ?a

site. or OF \A/&C\}gstot%‘?r%(a&ﬂ Yie idventidiet 6fécursé)itSs 68k @RAblerstood that

application B‘ﬁ'ﬂpl catl patent applications, foreign patents,
forei gn pat enét ragueksarily b bbjeatidesonageantagessiestiiksst ey berashiaveddn t o

(5 | e udlChessan TRy i Rsbo SR A B! et
6,445,011, UsgimpleblrosaiskMBd W the?At0ndi02e8g ML tHa tey mathioasahay be
performed in a manner that achieves or optimizes one advantage or group of
advantages as taught herein without necessarily achieving other objectives or
20 advantages as may be taught or suggested herein.

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

25 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

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

invention.
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WO 2008/ 046015PCT/ US2007/ 081131 Pat ent Application Nos.

PCT/ US2005/ 032851 and PCT/ USO1/ 44046; and U.S. Provisional Patent
Application No. 60/640,382 are incorporated herein by reference, in
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may be taught or suggested herein. Furthernore, the skilled artisan
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di fferent enbodi nents disclosed herein. Simlarly, 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 25

mat ched by one of ordinary skill in this art to performnethods in
accordance with principles described herein. Additionally, the
met hods which are described and illustrated herein are not limted to

t he exact sequence of acts described, nor are they necessarily
limted to the practice of all of the acts set forth. Other sequences
of events or acts, or less than all of the events, or simnultaneous 30
occurrence of the events, may be utilized in practicing the

enbodi nents of the invention.
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Al t hough the invention has been disclosed in the context of certain
enbodi nents and exanples, it will be understood by those skilled in
the art that the invention extends beyond the specifically disclosed
enbodi nents to other alternative enbodi nents and/or uses and obvi ous
nodi fications and 5 equivalents thereof. The materials, nethods,
ranges, and enbodi nents di scl osed herein are given by way of exanple
only and are not intended to limt the scope of the disclosure in any
way. Accordingly, the invention is not intended to be limted by the
speci fic @igigh®sures of preferred enbodi ments di scl osed herein.
Clains 1. A device for performng a nedical treatnent, the device
conprising: a plurality of light sources capable of emtting |ight
for treating a patient; a distal tip having an el ongate support and

bei ng di nensi dned A devigefenpetrfovmingasmeaicahtredthem, theldey of
| i ght sources beiﬁ Eﬁbﬁg- R&n t he support; and an outer nenber
surroundi ng and e 3&%@ iﬁg he el ongate support and the plurality
of light sources characterized in that the support conprises a
substantially flat strpi L L 851V terial chet :
substantial portion 0%1 ﬁ@%’%ﬁ@ft@%@@@%%%@@ l'i ght
sour ces \(;IVihrect ﬁd ]tovvzﬁﬁghtfdletmﬂmmg' ta pat?ggsn‘ittea E’Erough tpe I
T e e o AR R B PEL ShumyERB BEY e P C £L
1 wherein the plurali §:ﬁ |ﬁ§ﬂ 2 *B\" AL ur face
of the support. 3. Thdirdensiened torg)iacemientevithirha patient,thgber i s
di mensi oned for percu I+ \&r t i i hin the
patient. 4. The devicéﬂggﬂ@?aﬂﬁJENﬁh%?gﬁﬁ&§A@égﬁi5&8%£ﬁ§grhbg"hade of
pl astic and encapsul athes sthigpedpgeyd and the plurality of Iight
sources. 5. The devi ' j S a
cross-sectional w dt hﬁﬁé{lt?éﬁb%@%%ﬁ?@&@@ﬁﬁ%ﬂ#ﬁ%qI%E—l arly
| ess than about 1 nmm in@the edongaieauppodsand bhe pusalityco g nm

sources

characterized in that the support comprises a

substantially flat strip of transmissive material

such that a substantial portion of the light emitted

from the plurality of light sources directed to-

wards the support is transmitted through the

support when the light sources are energized.

2. The device of claim 1 wherein the plurality of light
sources is coupled to a flat surface of the support.

3. The device of claim 1 wherein the outer member is
dimensioned for percutaneous delivery to a target
region within the patient.

4, The device of claim 1 wherein the outer member is

made of plastic and encapsulates the support and
the plurality of light sources.
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6. The device of claim1l wherein one pair of |eads electrically
connects each adjacent pair of light sources. 7. The device of claim
1 wherein the plurality of |ight sources are LEDs nounted to the
support in a flip chip arrangenent. 8. The device of claim1 wherein
t he support conprises a plurality of |ocking structures, at |east one
of the locking structures positioned between each adjacent pair of

| i ght sources. 9. The device of claim8, wherein the outer nenber is

an encapsul ant. sust oundi e, su d light .source erein

each | ocki ng nsst‘ru magw@%wﬁ}%ﬁﬁq&bﬁgg%ﬂ?g%@@r%%@%%I@§on of

]Ehe elncapS_ul alnlt : amroﬁﬁ_seetimlqlividihﬁthaﬂisf re}sst treain oot S'L?;ﬁi: rTrEans
t t Jd1.

devi ce of o ai m 16 SR ART BsHRest Hotut Ay FOCLE Tt g < he

plurality of |ighuladyless thamabses 0.7&4cesmin conmuni cation with the

|l i ght sources, the traces arranged to provide activation of a

sel ected nunmber of the light sources. 12. The device of claiml,
wherei n the elBongdte depjoe of chain dswheceircone pamfddats gleavi de

Prg\rll\a[ af:?u£ ihﬁgplt ﬁreﬁ}&%%'%égo@lﬁ%}% %%J[ﬁ %ﬁgc#ﬁt%?@im@ﬁtgqﬁcea acing a
![i ght transm ssion assenbly in a .I urrr,nrof_ a.n out F_r metmgr, .t henl)iug[]ted
N L L I L
thermal |y encapscr it FOrRRESEHE"tr ansm ssi on assembly | n the. out er
n]?nbﬁr. I _14.h The nethod of claim 13 wherein Fhe thermal encapsul at im(;n
onto the 11 gt anE oSO SBITtf WREHSRFhE RUbbRs EBMIMREs "

into the |unen of atpkirality ofneckéngisirusiirasatl iegat enenghilei on

nbl dth i
Ehet 1 owabr 6. mat or (ARG FRE ureR o For Bended FEaEhe Al i
material into theprimehlightstaireaser menber.

9. The device of claim 8, wherein the outer member is
an encapsulant surrounding the support and light
sources, wherein each locking structure is a through
hole that receives a portion of the encapsulant.

10. The device of claim 1, further compriéing:

means for electrically connecting the plurality of
light sources.

11. The device of claim 10 wherein the means for elec-
trically connecting the plurality of light sources com-
prises traces in communication with the light sourc-
es, the traces arranged to provide activation of a se-
lected number of the light sources.
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15. The method of claim 13 wherein the el ongate support conprises an
optically transparent material or wherein the el ongated support
conpri ses wi ndows positioned beneath the |ight sources.

12. The device of claim 1, wherein the elongate support
carries a circuit adapted to provide power to the plu-
rality of light sources.

13. Amethod of manufacturing the device of claim 1, the
method comprising:

placing a light transmission assembly in a lumen
of an outer member, the light transmission as-
sembly comprising a plurality of light sources
mounted upon a transparent elongate support
that carriers a conductive connector adapted to
provide power to the plurality of light sources;
and

after the light tfransmission assembly is in the
outer member, thermally encapsulating the light
transmission assembly in the outer member.

14. The method of claim 13 wherein the thermal encap-
sulation of the light transmission assembly includes:

melting the outer member onto the light trans-
mission assembly; or

placing flowable material into the lumen of the
outer member between the light transmission
assembly and the outer member, and reflowing
at leastone ofthe flowable material and the outer
member after placing the flowable material into
the lumen of the outer member.

15. The method of claim 13 whereinthe elongate support
comprises an optically transparent material or
wherein the elongated support comprises windows
positioned beneath the light sources.
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