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| NTRALUM NAL RADI ATI ON TREATMENT SYSTEM - CROSS REFERENCE TO
RELATED. APPL ixfgfoklsehds This application clains thercﬁﬁgﬁ%bﬁw of
Uus. 5 Provi sional Application Ser. No. 60/084,080, filed My -
1998. The present invention relates generally to an
intralumnal radiation systemfor the delivery of treatnent el enents
by way of a catheter to a selected 10 | ocation within the intral um nal

passageways of a patient. p I re L nvention
relates primarily GNERAFH§&8§& gﬁbéﬁ@%gﬁ é§§h§§3%3r%%§ EM ng the
t r eat nent , el ement s acmbs&IRmREN:CE MEONRELATED (‘JGEMEI@ATHM an

i nproved cat heter asse

| NVENTI ON Sﬁﬁ%e theppa% aE§9B sc% pron anglogggg?y tec |qu3§
have become Wi del yPusseis fonabpppkiealliouk $gas No.c6P4A8Ay 080, fidedeMayst,
Briefly, the enlargpgpgnt of the artery is 20 achi eved by advancing a

bal | oon catheter into a narrowed portion of the artery and inflating
the balloon to expand The E#ﬁﬁ%ﬁ%ﬂﬁ%ﬂﬂeQﬁ1Q4ma%ﬁ%%%%s t FRREHPHERY Nt healt

artery for et £lul el Lo atidh hespstony EBghnitgiees. ad i wdtheh of
bl ockages are renoved or reduced in size, have _ al so been 25 used to the

same end. treajmpent bﬁi?’&ﬁﬁtﬁn&iyoﬁfaéfst?f hds FHREPENtef Feci§IREYWRE
01;] openi ng t1de f:?)rmwamm Wwalthds, thﬁ Jaxﬁlmnf_ nn@anpassagﬁmys of abplﬁjtiéﬁes
the arteries w arrom1 | t at . where.t al | oon. was
expanded, such nar ﬁ’@r Ha'aféy’ g{l Efﬁec#esg:sttgxggitg.'onlqggggﬁggl}%rzrrgarlly
bel i eved to be caw&edubym@rovedummanaﬁeondeViseaioriBam@léngthkesti&atﬂanme
angi opl asty nfSUnls HEPIVLREn} Nilaly | Oo! Nnd" Ictivh @Sl dibe
r a ra as

i nflation of the b e recent intralumn at1on
been used after an@l\mmycaﬁh%ﬁ%r%ﬁﬂ@hlBS to treat the affected area

of the artefy to inhibit cell proliferation and wound heal i ng
response and, consequentlx hel p. to _prevent restenosis. Met hods
and BACKGROUND OF THE INVENTION

Since the late 1970’s balloon angioplasty techniques
have become widely used for opening blockages in coronary
arteries. Briefly, the enlargement of the artery is

20 achieved by advancing a balloon catheter into a narrowed
portion of the artery and inflating the balloon to expand
the diameter of the artery, thus opening the artery for
greater blood flow. Atherectomy techniques, in which
blockages are removed or reduced in size, have also been

25 used to the same end.

While balloon angioplasty has proved an effective way
of opening the coronary arteries, in a significant number
of cases the arteries will narrow again at the location
where the balloon was expanded, such narrowing being

30 termed restenosis. Restenosis is believed to be caused by
formation of scar tissue at the site of the angioplasty
that results from the injury to the artery caused by the
inflation of the balloon. More recently, intraluminal
radiation has been used after angioplasty or atherectomy

35 to treat the affected area of the artery to inhibit cell
proliferation and wound healing response and,
consequently, help to prevent restenosis. Methods and



2 apparatus for such intralumnal radiation treatnent are
di scl osed in the co-pending applications, Ser. No. - 08/ 628, 231, filed

April 4, 1990 Apgseer - No. 08/936, 058, filed Septenber (,21%%569&/3?8%5

both of which.are |ncorporated 5 herein by reference. :
applications generally di scl ose an apparatus conprising a cat heter,
which is inserted intralumnally into the patient and advanced to
the site of the area to be treated, and a trahsfer device for

facilitating either_th dr I| n a epen
retrieval of indiRR adsﬁafT‘ys fadr 0%1(1: ng?i’mmfn%gt rﬁslg}éénéntms% cz)irtm%ggce%e
al ong the cat het erditsslosd in fth:ﬁm tdm-gemeiammntapgltle:atlons, Ser .As Ngi.t h

any devi ce i nser t afh i 416 AGEM AEriYShEMoos, and lsdSindiah A, gHieEnt

integrity to insure that’ no pieces nents are separated from dr

exit the device |rftJdQ41e99Ptemb%s7c-’ul alr99s7ystbé>n’ﬁh ofTmihd ohs axs tinaarparatedie
for the 5 treaiéﬁarel RN fdlichitedl € ManRG el O appd ilda@Tcnise (yeﬂeyan

end of the cathete Addi ti"onal | y, because the, device is I it ended to
use radi oactive tr Ci]rfbseel 8P APPArAf NS GUWRLIRING A CHHGHEF mekhLleh, is
safety to prevent jaBeryudtiended uninal 1§X Aatid’ @ heOfpatdiehiteland Rivandidde o

h d
grescﬁl gedulsﬁrt he a%@ltea Jfo%ﬁéle%%ﬁ%(l £Q RR. ‘bre%"ﬂ‘f%%baadbc{ |acg:t§a5%0 Pdebice

suggest ed several &y feariddsathiere tehicheavi d:hecodnly«ﬂrlaahmpr ared gmamtamc:e
the PSS bl 144w n%e@“d NGrd e%@l%v%'le”%'}t S 1534 romxia*aelo aGtive

system thus enhanci ng patient and dser nseq It
is the principal JBjeating ekrments 0@ré§@ﬁ€15 nedendorthe %@W?‘él@rato and

transfer device and-3p the Gt aggbly that has additi onal
safeguards to protect the patient ,and user.

particularly, it is an?bfeth BRYdrviedagerted 1nFﬁv’é‘h?|‘f?f§Ci‘b1§fr SVisHeTy

transfer device/ C%ﬂ"ﬁﬂu@t ﬁas@w&hﬂflcmnt Iimoeyrhyt ke iﬁ@ﬁi‘%a@'rﬁfﬂiﬂ@es
dvertently rel eased fré) tthe transfer I ce.

cannot be i
It is a fur]trgﬁer olﬂre&leﬂ?rﬁtﬁsﬁf:ﬁ TR PGy ex1t th‘ﬁa‘g EVLGH Jfjo the
i ndi cation of the vesgniltardesgbteie hyahdsl its particularly true for the

treating elements which are moved to and from the distal
end of the catheter. Additionally, because the device is
intended to use radioactive treating elements, there is a

20 heightened need for safety to prevent any unintended
exposure of either the patient or the wuser to
radiocactivity.

Use of the apparatus described in the above-
identified co-pending application has suggested several

25 areas where the device could be improved to reduce the
possibility of having treatment elements escape from the
system, thus enhancing patient and user safety.

Consequently, it is the principal object of the
present invention to provide a transfer device and

30 catheter assembly that has additional safeguards to
protect the patient and user.

More particularly, it is an object of the present
invention to provide a transfer device/catheter assembly
in which the treatment elements cannot be inadvertently

35 released from the transfer device.

It is a further object to insure that the operator

has a visual indication of the magnitude of the hydraulic



3 or - pneumatic pressures to which t he transfer

device/catheter assenbly is subjected during the advancenent and
retrieval. of wdadegRat i ng el gmant s and that this pressui,e.rfaggﬁwg&t
exceed a predeterm ned "safe 5 pressure. IS o
addi tional object to provide a nmethod and system for detecti.ng the
presence or absence of treating elements in the transfer device and
for providing a visual i ndi cati on of such presence or absence of

treating 10 el ¥eNt $neumatic ressure Uﬁ“AR¥hQF TREansfe
| NVENTI ON 5 T 858 objectsp 3 ﬁers t hat §I becone a pé}en t

upon reference todﬁﬁécﬁdpﬁ$ﬂﬁﬁ§rdet%§$%@bh@scﬂﬁbt|§Hba?§t§§ d%ﬁé@ﬁplﬂgﬁéd

in one aspect by aavapképkat ascebvridralher the tredeiey devieatshaing
i ncl udes a gate nenber that noveabl e between a first position that

r i S
prevents treatingthat thé?eﬁ%ﬁ?%“??dﬁ?%%t%ﬁ?erQQﬁQIQJMQFQﬂtqqﬂ¥Q§ﬂ

and a 5secon%r§ggukeon t hat pern1ts treatlng elenents to enter 20
t he | umen. An el ectrqnma etlc | nechani sm . revents, th
gate menber fron1openi%§ 4&} é&?e £ o O REAVLAP ganﬁgd% an

t r eat ment eIenentsyamémnﬁnkedeseedsngrehe presentki ort hbsgnaet ofhdrsatgng

The interl ocking %‘;%H\%ﬂlén}_h the tr %@Ex”&l quT eb¥n§nf8i'%féfﬂifn&ef%lsual

detection system ano er aspec

pressure i ndindareition pebvisecht rpresertededr a ahsentficat taleatdag
el ectroni c 1@l rcui Lhpmeard an indicator light display. In a
further aspect a pressure relief valve is provi ded conprising a
cylinder that includes an inlet port 30 t hrough whi ch pressurized fluid
can enter, the piston bei ng biaseﬂMAibeogymhngthnqh@@es a portion
havi ng a I nsi de dianete reater an. that porti o9 e cylinder
in which the piston isT F§50§&agﬁﬁa'aﬁHGUPFQFrﬁoFgat wil e@ﬁﬁﬁhﬁﬂ@%ﬁ%ﬂ?

with the enl ar gedugoanmeegerpacei o 0heth6136W1ngcﬁbtadeed deCansgtient laxe

when the fluid pressure suffi t,t0_noy e pis Nt Q. t
enl ar ged- d}§neter complléhed in &n€ aéﬁed% b& an PX&Eed toP aééghb{§ foJ“%he

transfer device that includes a gate member that is
moveable between a first position that prewvents treating
elements from entering the lumen of the catheter and a
second position that permits treating elements to enter

20 the lumen. An electromagnetic interlocking mechanism
prevents the gate member from opening or closing when less
than all of the treatment elements and marker seeds arxe
within the quartz housing. The interlocking mechanism is
controlled by an electronic seed detection system.

25 In another aspect of the invention, a pressure
indicator is provided that includes a transducer, related
electronic circuitry, and an indicator light display.

In a further aspect, a pressure relief valve is
provided comprising a cylinder that includes an inlet port

30 through which pressurized fluid can enter, the piston
being biased. The cylinder includes a portion having a
inside diameter greater than that portion of the cylinder
in which the piston is disposed and an outlet port in
communication with the enlarged-diameter portion of the

35 cylinder. Consequently, when the fluid pressure is
sufficient to move the piston into the enlarged-diameter



4 portion of the cylinder, fluid escapes passed the piston and

exits the cylinder through the exit port. In a further aspect of
the inventi Quyofssh®t hod is provi ded for determ ning wh o
treating el ements reside in the transfer device. The P ﬁ{?&;@ﬁ ﬁ udes
encapsul ating the treating elenents in a material having a known
wavel ength/reflection ratios; shining to lights of di fferent

wavel engths into the area in the transfer device vvhere the treating

el enents nor nal I Si f ﬁm
cat heter; neasuri ettlhc%l Ot%e tCHe rE'Inovefly “%J'Eat ﬁ;eg;%lta\r%% ts as ref g%%&g
off the area and rexittshethe qylam;ta;r thrangh ddre exmtmmm ng t he

wavel engt h/ refl ection I?f‘téofuﬁ:h&?earsﬁtet:%moefd tHdMnvention§OEPaMdtHbd hes
measur ed wavel ength/reflection ratios wt t he known

wavel engt h/ ref | eRGVHdad | 63T SeFerRdNLAg; ﬁﬁlethef Wﬁ%t h&rAtHE GreBkereRts
rati os are subst ardd@id y ihhetB@mermsfer déliecknown That i ﬁ&thod included\

system for deternini ether the treat.in el enent s seed
reside in the tra?%‘taé?s%ﬁw ithegre qifﬁ’(ﬂgﬁ'}elre cttThf® e (T’]Fﬂ‘/% krf%Ytué?ld
[ ECl udes a power a knownswuveEengthVreflECgimnsxr:alm:esp;sthmﬂlrig/uoommght:edofo
t he targete catlonlnthe r d ) .

| i ght having a fléjls# e ét”r?@{t%ena‘?t ecgﬁgg Y’lg%t Igee%uti%ethga{j‘rgg%%?gg??glce
connect ed to t he WI&HIgEt‘EhIel tcaaitdangt tedtenmuss xrmally gheshdei ipforsecand
yavel engtipg a Phoj ASNSRLL Rp! tﬁettauced infONREE! Bl rhrlhs LS the

| ocation t at nmeasur es ect e he t'ar gete ocat I on

and creating a sugn%lectlvelmd?ﬁ égtﬁ)ri'dimd-ltﬂé?rsetat? refjienterd defbcthe 3Bpa

det er mi ni ng iphet hepethe gfandleess eat e@@eephot Os&éﬁéh’:m'ﬁuwlé hin gn&0
pr edet er m ned band correspo d| n to a 5| %na whi ch

C ted
by |ight of firstVayRlLeRsE 959 of th?eft%@t%ﬁtﬁgf Lh
el ement; and an Id&nmmglttg@tméémimcs wavelerﬁﬁih/\&ﬁéﬂhdﬁléﬂnerat:g@sllw1th

oreat ed, bng e PUALOSBRSSE \meigno e Lol ahis ot SELESHL NS P Il Heing
el ectroni ¢ count eshethdwedihen measurneg ratiost arel subpstanthakbyr the samesasr
devi ce uses for r&gé%{d&% ratios.
A system for determining whether the treating
elements and marker seed reside in the transfer device is
20 another aspect of the invention and includes a power
source; a first light source optically connected to the
targeted location in the transfer device and that emits a
light having a first wavelength; a second light source
optically connected to the targeted location that emits
25 light having a second wavelength; a photosensor optically
connected to the targeted location that measures the light
reflected off the targeted location and creating a signal
corresponding thereto; a window detector for determining
whether the signal created by photosensor is within a
30 predetermined band corresponding to a signal which would
be created by light of first and second wavelengths being
reflected off the element; and an indicator light that is
activated if the signal created by the photosensor is
within the predetermined band.
35 In another aspect of the invention, the transfer
device includes an electronic counter to keep a running
total of the number of transfer device uses for radiation



5 treatment. A | ow power indicator display may al so be

i ncl uded. BRI EF DESCRI PTI ON OF THE DRAW NGS 5

Fig. 1.is Q“EEB%QE%iC drawi ng of an enbodi ment of the pBTARbBeER!
radi ati on treatnment system of the present i nvention conprising a _:
transfer device, a delivery catheter and a connector for connecting
t he two. Fig. 2 is a perspective yiem/of the transfer device 10
of Fig. 1. Fig. 3is a plan view™of the transfer device of Fig.-
1. Fig. 4. pergp | ' ; r I LGe f
Fig. 1 show ng tggegﬁﬁ%gi%t'e s?‘dg"%%'é)\%nﬁqrﬁ@%%é%?o{ﬁa&%ﬁaydeﬁ%g. a% sios 1331ér)1
end view of the tingdsded.device of Fig. 1 | ooking at the proximal
end. Fig. 6 is an end view of the transfer device of Fig.

1 | ooking at the distal end. Fig. 7 is_an eﬁgloded per spective

view of the 20 transfer dE&lEEL2E§@Eéﬁijbﬂ—gﬁ—iﬂﬂ—g——ﬂ£§§§8 is an

expl oged S%r_spect } Vg, \f*'i%\i.v ef ised eerdrﬁéilaF*qic dga@vﬁﬁ@f faal aﬁoéﬁbbd:im&nﬁfof hehe

transfer device q ig. 1. . .. Flg. | S urt.her expl.gde

per spective vi ewléftra%ummaéel%‘?:qje‘?it’r‘?ﬂ egﬁﬁf’t{% oFRE ¢ thé:%(%r %%?Seernt

device of 25 Ringrention comprisifigy. alO tiranafeaxpldedeidesi eva ofdalivery

pressure indicator e and . press relief .\ transfer

devi ce of cathetpr and 4 conn%t‘é_%: l1{Erf(?:| SC:%émgercé:\s{Lg{%ggﬁ% o%a “view of a
conmponent of 30 t heFigy.eLslirse a peinsgenyt iyeuyd exh @ fHrdss reaneferfde@lcR

of 1Fd' 9. 1Qf g3 1 Fig. 12 is a cross-sectional view of the
pressure indicékbr'gaqge and pressure relief valve of Fig. 10, with
the fluid flow theret Figugh d8oanpiaRewhevcaf|Yhe oransfer deyice al Fidg

perspective viewjof selected interior conponents of the transfer

device of Fig. 1 nmounted on a chassi s. .
g Fig. 4 1is a perspecéive view of the transfer device

of Fig. 1 showing the opposite side shown in Fig. 2.
15 Fig. 5 is an end view of the transfer device of Fig.
1 looking at the proximal end.
Fig. 6 is an end view of the transfer device of Fig.
1 looking at the distal end.
Fig. 7 is an exploded perspective view of the
20 transfer device of Fig. 1.
Fig. 8 is an exploded perspective view of selected
internal components of the transfer device of Fig. 1.
Fig. 9 is a further exploded perspective view of
selected internal components of the transfer device of
25 Fig. 1.
Fig. 10 is an exploded view of a pressure indicator
gauge and pressure relief valve of the transfer device of

Fig. 1.

Fig. 11 is a cross-sectional view of a component of

30 the pressure indicator gauge and pressure relief valve of
Fig. 10.

Fig. 12 is a cross-sectional view of the pressure
indicator gauge and pressure relief valve of Fig. 10, with
the fluid flow therethrough shown schematically.

35 Fig. 13. is a perspective view of selected interior
components of the transfer device of Fig. 1 mounted on a

chassis.



6 . Fig. 14. is a perspective view of the transfer device

of Fig. 1 with the top half of the housing renoved to show detail .

Fi gs. 15_andwé)69gr pl an views of selected interior 5 conponent s of
the transfer e9|88§50f Fig. 1. Figs. 17-22 show aPeHPR¥E$0Sang.
connector for use in the present invention. Fig. 23 is"a
| ogic diagram for a treating el enent verification systemused in the
transfer device of Fig. 1. 10 Figs. 28 and 25 show printed circuit _
boards for the pressure i ndi cator gauge of Fi g 10. .
Figs. 26A and 26B are &3+ ddit 18i%gﬁ%‘?ﬁﬂ?ﬁt1tg‘1?ev’-ew I phestrrrsian; dayre

gauge of Fig. 10. of Fig. 1 withi tite tbp &ad 28fatRephbiéfgCiémbibdboarsisow
for the 15 ° mai &Eg%jg_(r)ard for the transfer device of Fig. 1.

Figs. 29A-D and 30A- ‘e circuit diagrans for the mai n pc board for
the transfer device of Fhige. 115 and 16 are pHiags vislwsamd 3 lsected iideserior
circuit boards for, the to for: th I fer device of
Fig. 1. 20 5d e %)_neg)étsl sOﬁgq:\c/i\n‘er |t%§&" f\f% éir%wflgﬁe &fte 1fi(":%tgl'det ect or

for the transfer devi c&igs . Filg-22 show a cathetergandscomnechbri figr disgrim
for the transfer %‘Q'C%%esent iffer®i®n .1 25 DETAI LED DESCRI PTI ON
OF THE PREFERRED ENMBODI MENT . Turning to Figure 1, there is seen
an i nproved cat Fdt%r -bhsd8 RadPrsifofidghamerirsydt &mepfrimg tlement

p][ esent i né@ﬁﬂﬁ%a&ihﬂl B it@msﬁiéég_nin iﬂLIJﬁa #ensFed Htgsvi@rei BEi PLgs 1.
of operati are descrihed in the cq-pendin LS. pat.ent .

appl i cations Ser. Nos. Fd@%z%,‘*z?ﬂd %5| & oﬂpg’rrllniedlé'@.ré’ boards for the
08/ 936, 058, fil ed prepistrdeerindi,cat®q7 gauefeh off Riki.cllower e

i ncor porated by referenge abo Th em. 10 is _pade.up 4. of,
transfer device 12 andr}‘l:‘lagpﬁ'd %g%hgﬁgesér/%i gfrorf cggculgeldllv%ﬁ‘fla%atfﬁ& etrhe
14. 35 TprsEssyne ifiduwedor? gange7 oF, Filgs tldansfer device 12

has an ergononi cal |y desjigned,£x{.6{1 5§ é{@% CHri st E3SEL ¥cuit boatd &S Bhe
the user and has int er%}g%(r}orrponents whi ¢ E‘r g .
1 main pc board for the transfer device of Fig. 1.
Figs. 29A-D and 30A-C are circuit diagrams for the

main pc board for the transfer device of Fig. 1.

=

Figs. 31 and 32 are printed circuit boards for the
photo detector for the transfer device of Fig. 1.
20 Fig. 33 is a wiring diagram for the photo detector
for the transfer device of Fig. 1.
Fig. 34 is a wiring diagram for the transfer device
of Fig. 1.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Turning to Figure 1, there is seen an improved
catheter-based radiation delivery system 10 of the present
invention. The basic system, its use, and its principles
of operation are described in the co-pending U.S. patent
30 applications Ser. Nos. 08/628,231, filed April 4, 1996 and
08/936,058, filed September 23, 1997, both of which were
incorporated by reference above. The system 10 is made up
of transfer device 12 and rapid exchange radiation
delivery catheter 14.
35 Turning to Figures 2 and 7-9, the transfer device 12
has an ergonomically designed exterior which is easily
handled by the user and has internal components which



7 i nclude a pressure indicator, pressure relief valve, flow

control valve and pat hways, quartz housing, a catheter connector/pin
gate interl ogbko syssessm and a treat nent el enent el ect rorycer,g@t,ﬁggogon
system all described in 5 greater detail bel ow

transfer device 12 of the present inventionis a hand hoIdabJe
device. The transfer device 12 preferably 7 weighs less than two
pounds and preferably is sized to be no nore than four inches wi de,

nine inches |ong, jaddy ee ssur'e”cilflaic@tﬁii, pressure reAje¥e®Rive,! keow
expl oded vi ew of Figure 7 exterior of the Eranafer device 12 is

made up of an uppé&ontrol V%Y?l gRd1 PafhYays ovdRapbet S§ 9 0@ hCREPEEEH
conpri sing corilwittoygliin  Gaeet V\@nﬁéﬁlbchéﬂ sestdfe, ldhdita t@ﬂ@hhﬁénto
15 encl ose a chassi s .20, .on_which t éyﬁ 1? onents of the

device 12 are nouftEReeRlRGETPRLER YSERB| Akt W%’H u%Br
to mani pul at®e a pa_;/maﬁml tdetalid belowfor activating the electronics of the

devi ce, dafluid 24 .f o .
Control vaive 20 ¢ 26 The grasteravicrds’ 8 Bk kabkahe Wventitn. i
hal f al | ow thendidwldablse daticgr esBg etztamsm odevEDs m gmeferably
em tting diodes) d(‘fhc 1Y DRSS !Ewbnflbﬁﬁta%r ahﬁ %Qfei‘%lg 1s s&%d to be

treatment el enent ator LEDs 32 portion 16

al so includes a mmﬁnghapnﬁewymlms atide, \Hléw AGches (}L%’&rz agdethree

36, where tihe treaitlfafgs qiﬁ_mants and marker seeds are stored, and
di stal passageways (not | eading fromthe quartz sleeve 36 to
the distal openi M 45e8f1 H’Fé ttr%sﬁé q@él\?ldceviﬁ 9he FAAWre sHel | the

portion 18 has a wmfkmdﬁ d‘fOlth\él ewangftehede@ua:beuzduspiname%p of44nwhppér
identifies the nunber r.oce t hat ornmed w

transfer device. ﬁ?ertr?'fﬁ'} ﬂ& a8 e% ower ’9(5"1;':attlh°é1 tl\ﬁd §%8F’I p§5;:§8§ Egmgﬁasiég
t oget her create opemsihedd half. drlmg:wmesmmshaifvemd&,r dlsifart degetbei2to

that al |l ow,g 48 aﬁegﬁﬁ e? a gua‘é'fs 56”56}’ B?r:;t Afcn? O %ﬁﬂpgﬁéﬁté‘:t&ﬁt%e

35 switc | atch chani sm
connect or (descrimnﬁf%t%‘}’l%l d¢) are mpented. OpsNiRgeddss gie t AEPEHO

shell halves 16 anheh8 a8 Qe ow user to manipulate a power button 22
for activating the electronics of the device, and a fluid
control switch 24 for activating the fluid control valve

20 26 (Fig. 8). Additional openings in the upper shell half
allow the user to see the pressure indicator LEDs (light
emitting diodes) 28a~-d, low battery indicator LED 30, and
the treatment element indicator LEDs 32a-d. The upper
shell portion 16 also includes a magnifying window 34 for

25 viewing the quartz sleeve 36, where the treatment elements
and marker seeds are stored, and distal passageways (not
shown) leading from the quartz sleeve 36 to the distal
opening 40 of the transfer device 12. The lower shell
portion 18 has a window 42 for viewing the counter display

30 44 which identifies the number of procedures that have
been performed with the transfer device. The mating edges
of the two shell halves 16 and 18 together create openings
along the sides of the transfer device 12 that allow
access to a fluid entry port 46, a sliding gate actuator

35 switch 48 and either end of a latch mechanism for the
catheter connector (described in detail below) . The
mating edges of the two shell halves 16 and 18 also create



8 the opening 40 (Figure 5) at the distal end of the transfer
device 12 for entry of the catheter connector and . an opening at the
proxi mal end of the transfer device 12 (Figure 6) for allown

ccess
to a fluid NP8 52, 5  which preferably extends nini rré‘FF{}’,S9?’?93§§ -
all, beyond the exterior wall of the transfer device 12. A

conpartnment or clip (neither shown) may be added to the transfer
devi ce 12 to store or secure a fluid c@ lection bag (not shown).

Pol yurethane is an exanple of a material that canﬁ&e used 18 <150 k% t he
two shell hal ves tlee asperd.ng chfer (RiFHH ) at eera&fs?"‘ an®Q sd”r%e he
used. Cuid il d&&wféﬁ ﬁvﬁ@ﬂ&uszefd?tkgi@lf (HHef wiat hertegaspnneetior :md
as a fluid filled syringe or_automatic flu n 2
fluid entry port ﬁ%y‘PB‘?gf&ﬂrigl %%eﬁriﬁlmaipﬁlgﬁgfi%ﬁ‘aeFF\a/%ﬁ%ggnﬁg&gg?i g\zlal
of treatment el engpigure 6) fobeafllowingnacyessr ttoid ablwidwexih ppytr 8213
has a |uer 5 ¢ he ﬁﬁg&ﬁgéxoéfezféﬂlfd&%&d‘s xﬁfﬁi‘?&gﬁ i %a%%n%qqt,%e dPene

connected t nnect or O nore easlily couple syringe or
punp to the flui desherjoporall oo tdef ssangfers deviceskd. afd comparrment org)

extend from the ng#; ﬁﬂ%ﬂ:ﬂ@f gﬁowné mayaB8 38atQ €¥PERé! te#AdsEeirefkvace
syringe al ong side ansfter device 12 at predeterm.ned angles wth
% FBva

respect to its 12 to| akeFe vl acuss @ fdwid 6rdlesdion Ra S0P

the SYr i ngfo PL#PEEhaAldi HT AP x Ahp DA BNt Reiterdnall htat tiaal b25used
end of the syringe and the fluid e%}%ﬁr: port 46. . _The a

may be dest8ned ahl PE%Pt iHFedMD thglves’ 16 and ﬁ?é‘ atOEQ?Fgégragig

angl es. One such aatengerentanaylaogbe used. the syringe outwardly

approxi mately seven degrees_and I r oxi. qat al ¥t tyy - i
degrees with respect tg §§urget ﬂg Pgﬁalspgg?%% ¥%ﬁ§§e?§;ﬂtﬁ%g Pfa\rq??«gr' g&iﬁce
12. At | east aonElwidn fidledatsyyringec oweedutenakict £lptd | BAND, 1S
wrap around the a yring prOViL f it NWEasRF hydrauSidRPOblr
whi | e appl yi ng for%:’gﬁ?ggfﬁe {s:gr‘iefnlgﬁe.deh%%lfgpoéqr ar s ¥4§aand 54b
are configlbed supheumatichdediNpb¥aaBd retEke¥Ad A FrEATTRE tuSIEMeIE|

portion is proxi mphet 1408 entry pdt® 24basf shBen! enerighekl 1Bohkison, ks

providing a S eag:er .SI tIen léggii?fér\{\e egnt ré?(t%rn%)gorxrlalcoeﬂlgegéoé h%ay be
transfer connector '

connected to the luer connector to more easily couple a

syringe or pump to the fluid entry port. Two offset arms

20 54a and 54b (Figs. 2-6) extend from the shell portions 16

and 18 to support and orient a syringe along side transfer

device 12 at predetermined angles with respect to its

longitudinal axis to afford easier manipulation of the

syringe plunger and proper alignment between the distal

25 end of the syringe and the fluid entry port 46. The arms

54a, 54b may be designed and positioned to orient a

syringe at various angles. One such arrangement may angle

the syringe outwardly approximately seven degrees and

upwardly approximately twenty-five degrees with respect to

30 the longitudinal plane of the transfer device 12. At

least one arm preferably is curved, so as to partially

wrap around the attached syringe, to provide for increased

support while applying force to the syringe. The support

arms 54a and 54b are configured such that the arm 54a

35 extending from the upper shell portion is proximal to the

arm 54b of the lower shell portion, thus providing a

clearer site line between the proximal end of the transfer



9 device 12 and the fluid entry port 46 for quick and easy
connection of the syringe. Wth reference-to Figures 8 and

10- 12, the chas®iszs0 of transfer device 12 al so suppor tgeEyud skl ©
indicator 5 - and a pressure relief valve 56 that work independently _

fromone another. The pressure indicator assists the user I n.
determ ning the appropriate pressures necessapy to send and retrieve
treatnment elenents to and fromthe distal end of the catheter and to-

mai ntain the treayERRiceLhoMR$ e M uig i) :ﬁé"ft efel Phrt t:‘ééﬁt bgheLasy

during treatnent. The | tc:}fgressure relief “val ve 56 preve
over pressuri zat i ofospection s 8 REME%h coul d damage the catheter 14

?Ed/ or thet _ E_ransfrfgpcnd@éhséeeia%e t? Figufestg m;d)nmw,ethrédbﬁa?sgisoﬁ%
e present invention consi,sts n el ectroni c pressure sepsing an
di spl ay cir Bi EraRsiters dRiited bR FREAHS 4 doRCSFUFS o RALFREOr
board 58. Tie pri aagy aangréesondargliedessalfvd k6 pthatuidrk indépehdendly
circuit board, whi.ch _can _be sgsn iniﬁéuwes 24 . .. and 25 res ec%bvel%.
The schematic di a§FSMsCBf FRRTBET - egFFﬁﬁQﬁft&HdﬁﬁggﬁFé§§ﬁﬁg EnbPEatdrr
circuit board 58 dnedeterminhngmthel&ﬁgﬂﬁgﬁidﬁh&ﬂies%qmm&s@@mesmmansdocsenﬁo
mount ed on Lag g%%ﬁi&\(/r\% tP%%Eﬂ&RE &l éhithis N0 fh P& rch %B%”ﬁg%%glt&d
the fluid entry port . en € pressure sensing circurt s on
the pressure tran®futbe eethesstyr apdt he maintaprcthgrereptnantselements|at

flows intojghe trapsfefifeyi Cnd of fite ZRENBEEFSWHifr HEQSLPEathbRYL! The
converts the pressure nmeasurenent to a voltage readi ng and, det erm nes

whi ch of t hOYBEENEEr iRl HdVE EPR PBEVEDItSc AVEF RIFIHE ¥%frion of
portion of the presasuggsitedi Galioh Soudd dadwerjd thie taatibter i 14 ViR dASE tie
I ndicate the presgure rangﬁgft thﬁzapplied fluid force. For safe
operation of the i'RPPEESH G8V1Ce 12- qdiation treatment system it is
preferred that the firghe presyarbovinddr@Beri of | Ithei npredenhenitdention

Phe 35« Brecsur SoBRASSA: oty 47 SIERERERAR, hanihd PRebl g, UAL EpILY"
i 11 um nat ed when chocpissthat agcheunteéd eritherpresguredindicatorrgehit
i11um nated when LfagBr 6§SUrdh & 486k P &R secondary sides of the pressure
indicator circuit board, which can be seen in Figures 24
and 25 respectively. The schematic diagrams of the
20 electronics on the pressure indicator circuit board 58 are
shown in Figures 26A-B. A pressure transducer 60 mounted
on the pressure indicator circuit board 58 is connected to
the fluid entry port 46. When the pressure sensing
circuit is on, the pressure transducer 60 measures the
25 pressure of the fluid as it flows into the transfer device
12. The pressure sensing circuit converts the pressure
neasurement to a voltage reading and determines which of
the pressure indicator LEDs 28a-d located on the top
portion of the pressure indicator circuit board 58 to
30 illuminate to indicate the pressure range of the applied
fluid force. For safe operation of the intraluminal
radiation treatment system, it is preferred that the first
yellow LED 28a is illuminated when the pressure exceeds 6
psi; the second yellow LED 28b is illuminated when the
35 pressure exceeds 10 psi; the third yellow LED 28c is
illuminated when the pressure exceeds 60 psi; and the red
LED 28d is illunminated when the pressure exceeds 80 psi.



10 Therefore, the first and second yell ow LEDs 28ab are

i1 lum nated when the pressure is above 10 psi, all three yel | ow LEDs
28a-c are il ) d when the pressure is above 60 ps red
LED 28d and glﬁl%l? rge yellow 5 LEDs 28a-c are illum nate %9}05%5
pressure is above 80 psi . As seen in Figure 3, Ietterlng,
mar ki ngs, and/ or I nternational synbol pare pl aced on the exterior of
t he transfer device 12 next to the LED"wW ndows to indicate to 10

the user which L I ) Jat t 7 roprlate
pressures for trgﬁ?gg?gﬁg'th r% ?gd %e%ro(}’ gﬁei? tg‘EDﬁdfip tﬁﬁe
catheter and the abbumpna’aeé when thprpseasesefbs abdvieal fi pgit hallr threent
elements at the ye1jowdigbal ﬁ&i@faféelffaﬂfﬁsfea%h&ﬁet@w%f&&@eths

15 treat ment. The pressure for maintalnin e treat nent

el ements at the dRRP%e gﬁdﬂﬁldrﬂPQm&hﬁn%ﬁd éEgugﬁdlé§§ all thyge yvRdlow
pressure reguired kpsapgskéyasendl dadingtEdENWBen the ﬁhéséﬁﬁétﬂﬁnbbove 80
elenments. The treainent elenments can be mai nt al ned at the distal end
of the catheter wPPh*a force 20 between 6 and 10 psi. The illumination
of only the first AsYyelderv 1frDFigarends ,calestéhahgan nmmgs' At end/or
pressure for LN ng thebt eat nent_.e e nt s the_t | stal fnghOf
Phe catnetor i s piPRErBREEPhAY SREbRIE RIE BIBcEH on slip, 'SXetiof of [Ene
transference of trransfer ééeheatl2 tnexthdd rthve LES Qindowsatbeiedlcste to
bet ween 60, nd 80 [ LRat | : h t;.an d

Vel low Look80ga, beRegrest cintoh EEPE!E5uPA be 1110Mfnatld v8NfroFEADTEne
transferred wth appbppeiate PE@ﬁﬁﬂWﬁﬁeaﬁﬁﬁ\M&EﬁnféeiﬁénGO Bhe, ﬁﬁeatment

illumnation of glemets &y eshyekbew WhHeS dhécdPdhnat ahd ha % i'BEr:Late
treatment 30 elements are being transferred in | ess tlne Wit orce

bet ween 60 and SOPFEFSUERS hEPT oA ﬁ§§énﬁpgs§éﬁetF§ﬁ§Q$nt elepeptfeatskleas

al lgw deline tof saaeéyaja r asred ebftEBeg%d catéieﬁfé’clct nﬁak et@??ﬁtﬁraﬁb?w\é@f, the

i1 1Tum nati of t re and the three_yell.ow a-c

ndi cates T the SEeEReRt, N RRFITUNS pPEoBRIE tAINAN da iR B EX FUERF

(greater t han 80 exemembsl ahathehdietad and wfedih#t eatdetter is much less
than the pressure required to quickly send and retrieve

the treatment elements. The treatment elements can be
maintained at the distal end of the catheter with a force
20 between 6 and 10 psi. The illumination of only the first
yellow LED 28a indicates that an appr0priate'pressure for
maintaining the treatment elements at the distal end of
the catheter is being applied. The optimum pressure range
for the transference of treatment elements to and from the
25 catheter is between 60 and 80 psi. The illumination of
the first and second yellow LEDs 28a,b indicates that the
treatment elements are being transferred with a force
somewhere between 10 and 60 psi, and the illumination of
all three yellow LEDs 28a-c indicates that the treatment
30 elements are being transferred in less time with a force
between 60 and 80 psi. Either of these pressure ranges
can be used as a guideline to safely transfer the
treatment elements. However, the illumination of the red
LED 28d and the three yellow LEDs 28a-c indicates to the
35 user that the fluid pressure is at an unsafe level
(greater than 80 psi) and that there is an immediate need



11 to reduce the applied force to a safe |l evel as indicated by
the pressure indicator LEDs 28a-d. In addition to the pressure
sensi ng- Gi r cyid goysespad t he pressure indicator LEDs 28a-dp o))
button 22, the 5 | ow battery indicator LED 30 and the treatnent el ement
I ndi cator LEDs 32a,b are nounted to the pressure indicator circuit
board 58. Al of the LEDs and the power buttgR 22 are electronically
coupled to a main printed circuit board 62 nounted to the underside -

of the chassis 20¢oVhgRubhethd appthiel iRLEs &/ § RAKY Abvin, & lirtPlcdidh

| ocated on the main circui Ut board 62 flashes aII the LEDs for a very
short duration of b¥i ¥Bet BreaguEs: dndisatore LEPSs 28as4d- functional. A

t][a?rs]parent sili coge ”tﬁﬂbﬂﬂdﬂtlbhgﬂfﬁ tmtep ressure6§ens%ng: QLLHu DLy ANE thep
0 e pressure indicator i 1 cui 0 e lig e
rai sed areas Presguyeq ing aEOEVéﬁQﬁmfﬁ. 'aﬁmetﬂﬂy Flguﬁgpﬁ %Uh$
rﬁSpective epenmgt":wofbat'dt@nyppmdjsémtdm ﬂ.’?a Bioghindi ¥ige 66reatmentprelictrind
the conponents | t_of t ass s to
be visible to thet Bgéf:a © hfé]&f)owerAngrll fq%ﬁdzﬁof lfés_ Q%e g‘ﬁ %‘pe%oﬁg
in the light pipecégcngt boardnﬁ@e V: 8.8 qﬂw@happEBpraadetmmwgruhuttm 22
upper portion of ri . ,
F?,e%%géf %gry I%%&%Q%;%.ggin printed circiit board

di scussed previous at or cated on the
pressure |nd|catoﬁZCNPEDt?db§Qr§h§8uP§62§1de ednithet ehasgisha 0.owWhen &hp

i ndi cat or @brcwtéxeeerbhgcs are rf%viéféd C@IF; RO&fichel2 . 8413V01 685PAH abAr The
nmonitor the +5 and ower.__su vol tages, Low battery

t

conditions are malnséﬂ?ﬁ?%&ﬂ?ﬂég% 82y dikas /L pEhWL E?%)@%Fté very
Buri ng | ow babrer uxaitdidn 085 ttiend owcbaddeﬂc)audﬂdtﬁatorttfeo Bﬁns are
fl ashes continuougg% gt a_set grgguenc¥ e transf m% ice,l2
i s powered. The | OWPG&EPBRY i nfti CAEBPPRFG §6 lcone me 8§hFFH%%9 PAPCow
battery icon or if6ernatiphated oversybhel Hopcad£d tiej apresstpei tingicalter

S face ol 15Ne UPBEEcuiy bRl 54 P OER 3P pipe 66 Hifs PLETSHAC A1BLLe

y des or t R*PRe er

val ve 56 |s speci a trans evice
and has an acti vashaped tO pitsaver othEO(LEDSlSap@ thpe gridsswuithiel ithe

val ve 56 respective openings of the upper shell. The light pipe 66
protects the components while allowing the light of the
LEDs to pass so as to be visible to the user. The power
20 button 22 fits through an opening in the light pipe 66 to
mate with the appropriate opening in the upper portion of

the transfer device exterior.
As discussed previously, the low battery indicator 30
located on the pressure indicator circuit board 58 1is
25 connected to the low battery indicator circuitry on the
main circuit board 62. Two comparators monitor the +5 and
-5 volt power supply voltages. Low battery conditions are
set at below +5.1 volts and/or below -5.0 volts. During
low battery conditions the low battery indicator 30
30 flashes continuously at a set frequency when the transfer
device 12 is powered. The low battery indicator light 30
is identified by a low battery icon or international
symbol located adjacent to it on the surface of the upper

shell (Figure 3).

35 The pressure relief valve 56 is specially designed
for use with the transfer device 12 and has an activation
pressure of 100 t 15 psi. The pressure relief valve 56



12 conprises a housing 68, a piston or other valve el enent 70,
an o-ring 72, a spring 74, and a spring retainer 76.. The housi ng 68

as seen_in , has an interior fluid passageway _/
entire Iengthﬂﬂégéﬁ end of 5 the pressure relief hou3|ﬁ§W&%§Bﬁg

with a fluid connector 80 (Figure 12). Distal to the fluid inlet of
t he housing, the housing has an interior surface that t apers
outwardly to create a valve seat 82. The intefior surface then steps.-
up to a slightly Larger diapete cre l.der 84. and

t.i ho
continues {0 a stFIMBRESHaL A nOUSIAG, 6c o BT OR, o Ik LA pYE S hrment
relief housing 6870A an o-rpnngaalap@prlng o4, tmmdpasspmunm vetaenet en@nt

70 is t aper t t e ;Se 0 pro e f
tight seal. The tgg%rggq%g?l |oéné186£|§(;f kg }ei p?lstalf)lﬁ&ré V]é veYl &h %.H{:Qr%or 70
preferably has Ehﬂupéﬁsa@¢6®2é736§lQQﬁ its entgrgcdmpgthof ERehsead of

o-ring 72 tg ass'ﬁﬁe'n%ﬂééyﬁf%rmkellef fhédsidbtlaﬂhtmégéb witheeq 'ﬂluld
Figure 11, the groove reated su that .its top. and bottom

surfaces angle COonn@ghAkaPl ﬁ?éﬁpfﬁe édnt r sERls ter thee AR BT 70
tlo 20 a posigtne hpefsderdi Ctﬁ@rggﬁé:éngﬂﬁasplé&l Omngerﬁzbr \Alnface that

el enent's tapered_exterior, surface ch a_groove Y.

mai ntain proper o CAPRES pPY E@ﬁ%%f'é§ﬂi?ﬁ valve sFP?n@? seaﬂa ény?éﬁor
piston 70 is forcedrfacandteronstéps up teeat esﬂpgistlyoﬂargﬁre @xametar,

surface of Bhe p' %SQt% ? shox‘{i‘&é!? §J}ap§x§‘ﬁ§ ggn{:gxg\pe%\h ”Qti&’fghé' pIU Y

| ar ger an annu ange Fheva
el ement 70 is |n §Ccth@eﬁﬂ&@ﬂwﬂ¥§ﬁﬁﬁtQﬁmthet@@eéﬁﬁﬁﬁarellef hpugapg 68.r At s

on the annular shgubdena4yg %Et&%ﬁ Qﬁ#stﬂs HlstonGQn:1$ﬁfvé”bﬁéﬁ&h%0W0 is
bet ween the flange 92 and s ul d revents over conpr.ession. of

the val ve el ement t2BeREBNEC mate W ﬁgﬁbﬁ@&vﬁaﬁ§éts§3ttBZPr?Héd§I?gﬁ%?%d
| arger diameter tightPssdlon e ek éhédVﬁtbﬂ‘QL@ﬂleﬂ’@'ﬁf the pasebn BttﬁaI\F@

st epped di ter rtlon 96.in the sing 68 so as al | ow_f I uj

floapto paﬁ arogﬂﬁm?P ;b Bﬁ§§§£§§i¥ 8s a?xnﬁWQﬁi??ﬁ QHﬂgvear E b
di anet er exteriorpkacémentobf ttlee seal qn @P@ﬂn@HYZbEOShaéﬁdtoinr§n®VB@hﬁ@
provide a larger , £7,;42§33HE"8%a10" ab! Welln' iQVriJUG XA En& PP SoPE §8

Create
may be created such that its top and bottom surfaces angle

downward from the central axis of the valve element 70 to
20 a position perpendicular to the piston’s or valve
element’s tapered exterior surface 86. Such a groove 88
may help to maintain proper o-ring placement and create a
firmer seal as the piston 70 is forced to and from its
seated position. The exterior surface of the piston or
25 valve element 70 then steps up to a slightly larger
diameter creating an annular flange 92. When the valve
element 70 is in a closed valve position, the annular
flange 92 rests on the annular shoulder 84 of the housing
68. This interaction between the flange 92 and shoulder
30 84 prevents over compression of the valve element 70 along
the tapered valve seat 82. The slightly larger diameter
portion 94 of the valve element 70 loosely fits the
stepped diameter portion 96 in the housing 68 so as to
allow fluid flow to pass around it. If necessary,
35 portions of the larger diameter exterior surface of the
piston may be shaped or removed to provide a larger
passageway for fluid flow. One example could be to create



R

13 flat sides 98 around the periphery of the |arger dianeter

portion 94 of the piston 70. The distal portion 100 of the piston or
val ve el enment 70 then steps down to a smal | er dianeter. The proxi nal
portion of tWMeI¥pSRHg 74 5 is positioned over the distal BRWU$9M8O0 of
the piston or’ valve elenent 70 and is held in the appropriate -
conpr essed state (pre-calibrated to provide a seal strength of 10015
psi) by the spring retainer 76, which is prefgrably a retention or

set screw having a through hole for fluid 10 passage. The retention

screw has externaflatbreadss a9l asound the gexvigthanyt @fi Khedilsrgerpdibmetepf
a housing 68. Sys pr re S u t

unseat the - %Sﬂ:lon?aﬁ O%S% fq%g::/ﬁ?} ﬁl orjiﬁlaérzda{é al %E'l&?'ﬁﬂ éb@ of
fl ow through the bh&v@l%'—cahdoﬁxﬂtalt\ﬁé elamensr Hbvfcb@nlzs'q@s domwnoukth &he

fluid exit port 5§mwie£aglsm&%9a' &hal groxmalr afﬂehr o(fn%é%gm 74

O herwi se, the spring i ases i'ston 70/0-rin i nat’i on
into a seat®d is B@%}H—%edt%léweoldéé%ﬁﬁgPPFBWf‘hlggg%ftW \PAIS 15 6T

and al | ow ngai{ze%wn&wtmtaead @sbpesalsh ytnt appirepriii gonpRessetihe
system earance and_functionality of.fluid cantrol

val ve 26 in Fi gur§§a§ea q7Ca} LOF el i CAPTRY 10R R BPaL it rength qf 1§0+15

control valve di spk@sedyi mlﬁerspﬁldlngoafw 76, whlf:hl etk SppeﬁebaéblSZSa
1997 and |dent|f|ed thetein _as

25 | 5
The fluid control T§&Fg&OR o f’§ S(ﬁn p}?%‘ggﬁ% ?‘ hdé’\’/l ce %93%?8%?
the fluid 10 fpessages helly stetembioh amrewbhageheradd hramis agd he

{1 ow oontrol swi ¢ gbrageReiesnele! gkedr gl 1bRIKENa ABging coneUS3Lon

positions. The va conpri se ftour shou
capabl e of vmthstanﬁﬁﬁgr@héb§§7§t dfPs 15 Pshh glkﬁasﬁu%%bq?h@ilﬁgtﬁr gssapt thee.

at |east 100 to 1dpsPsh) 70/0-xin ehz %ﬁ@iﬂ&tﬁ%taﬁg A16R33né Hrfadd to
w . 040 ports), manuf act ur e the Ham | t on Corrpany of Reng Nevagg
‘b%lp 12

As i ndi cat ed abov&lOWhERTARgR| bhe e SNt P dde tatnérﬁefrerdeéfér\‘r‘rec
are construsted sepasagh! xheandf It @it portt B4 hénebasgi sexfernber €1thay

:Lg LSLBZS togeth%esé?501r (no% 5%w%3nnu%éﬁgf§¥§é?/{E%ngpgintug n%l%gés
the piston 70/o-ring 72 combination into a seated
position, thereby blocking flow through the valve 56 and
allowing flow to continue to be safely directed through

20 the system.
The appearance and functionality of fluid control
valve 26 in Figures 8 and 14 are identical to that of the
fluid contreol valve disclosed in Ser. No. 08/936,058,
filed September 23, 1997 and identified therein as fluid
25 control valve 512 in Figure 48. The fluid control valve
26 of the present transfer device 12 directs the fluid
flow of the system which can be manipulated by moving the
flow control switch 24 between detented send, return, and
neutral positions. The valve 26 may comprise four ports
30 102 and should be capable of withstanding the system’'s
highest operating pressure (i.e. at least 100 to 115 psi),
such as valve part no. 0162336 (HV4-4, w/.040 ports),
manufactured by the Hamilton Company of Reno, Nevada.
As indicated above, the interior components of the
35 transfer device 12 are constructed separately and mounted
to the chassis 20, where they are joined together for
fluid communication by means of tubing 104 and barbed



14 connectors 106 as shown in Figure 8. The fluid tubing 104

shoul d be kink resistant and capable of w thstanding the system
operating PHRS® wi t hout significant fluid | eakag | es

of such tublng%ﬁénclude annealed 5 pol yur et hane tublﬁangﬂﬁmgﬁﬁéaLgd
PVC tubing. Figure 12 is a flow control diagramthat visually
explains fluid fl ow of the system Tganing to Figure 9, the transfer ~
devi ce 12 further includes a separate®bl ock nmenber 108 which is

nounted to the ch i a S q e 3 N .a_pi .
gat e nechani sm 15%,?1%3%5%gﬁe?g8t$%sﬁg%’h %‘nk’lg?hge %é < %lu]\%eﬁupﬁggt :Lglr%
system The bl ockhpuiiiebelB88nkaresigtant and cappbbﬁeofiWﬁth&ﬁanﬂ&ngiShe

machi ned bel ow t bg gupf aﬁﬁei)gtiﬁ? Ogre%sufl%é)c$_¢ﬁ:{gl'ggﬁ:rnp%9§ g&%atnﬁat fi\t.l

recessed within a’cavit esign re uces
t he number of 15leaké§ﬁponen$§a@81%§Icﬂﬁru?qﬁh otﬂbﬁgggréﬁﬁéUQQG gangaledt

directly igto thgo%’?hke‘%ahaetﬁﬁihéYaﬁci‘%hn%lé&"eauﬁﬁé £+#6ing. g{}ﬁteedz is
projection 112 refera ort f bl o menber 108

i's painted bl ack®( &&P¥ EB%GFPloPgégrﬁﬁdEhat VlsuB¥l$ EFB%Rl?Haﬁkylﬁaf%?Val

isgcﬂ as 3l a(r:]k aCb;f: :the Siisseml Tu!'lnh.hg| €SSPilguneag] eﬂlrl]éef:?:&ﬁ*sfért device

I ght ana thus, ,Lncrease_thne_ac of the ele OUI’CG
sensi ng o2t EnFeher iobibaRE e SRRREFFE LR o0k BAfber . PO rRhash ot

the visibility ofouh&etr tat tiestchelssisn2$ amdtttmlssserthe quartz sleﬁhe B)B pck
member 10§ may anggﬁ %Q‘t?%éd}ﬂarllqﬁlgﬁq025and ‘El On ds ([ sS O‘MV%M) FLQ?%8| d

t he quartz sleeve roper posi I'n allgnne
optics for propeVerlflca§é@§(ﬁﬁ&&ﬁm(Nwh%vbhowhemﬂmh?nrb@&féﬁsdeW|métQQ is

dropped. A Iumpréééc%&bﬁnqizalcﬁaq EBemJaéﬂﬂﬁ@doﬁeiSﬁ the suﬁfa&ézoﬁleﬁae
36 for storage o e treatnment el enents and 30 mar ker seeds when th

ey
are not being usBdork memrbge 108 sucnr&ﬁ?ét%?wi%lﬁéﬁﬁﬁfe H@I@&§rﬁz°§VéE¥e

36 shields the ugabt shown)fr@nl@e%imp&ﬁ.fb.éﬂeée%ﬁtﬁéii@éé e e heabeend
el enent s t her t hus_enabl.i ng a user i?F afel handle
urk@

t he ransFORPEBERES. BY S hOtig ofn oo 20PG: HEF QR t
118 preferably hdiracthgnfiatot ar,hpr a2t ofeatheharwyritps ket surroumdﬁseythee

bei ng tra“Sfe”eﬂatedTgfoﬁQ{:JﬁESn' PO bRl e dlifhny, a119%Y W pRkesys 38 £RD be

seen through an openin
block member 108 is painted black (dark color) or is made

of a black (dark) material, such as black acrylic. This
20 will lessen unwanted reflectivity of light and thus, will
increase the accuracy of the electronic source sensing
system, as discussed in detail below, and will increase

the visibility of the treatment elements to the user.
The block member 108 may contain a spring loaded
25 assembly (not shown) to hold the quartz sleeve 36 in its
proper position (in alignment with the optics for proper
seed detection) even when the transfer device 12 is
dropped. A lumen 118 extends along the length of the
quartz sleeve 36 for storage of the treatment elements and
30 marker seeds when they are not being used to deliver
radiation therapy. The quartz sleeve 36 shields the user
from beta particles emitted by the treatment elements when
stored therein, thus enabling a user to safely handle the
transfer device 12. The distal end of the gquartz lumen
35 118 preferably has a chamfer to prevent seed hang-ups when
they are being transferred. The entire length of the
quartz sleeve 36 can be seen through an opening in the



15 bl ock menber 108 which is aligned with the view ng w ndow

34. To provide even better visibility of the treatnent el enrents and
mar ker seedsv\'ﬂ?gr‘ﬁ 25t he gquartz sl eeve 36, a col ored mat BET/ASI9905hbe
adhered to or placed under the 5 bottom of the quartz sleeve 36.--
Al ternatively or additionally, the bottomof the quartz sleeve 36
may be textured (for exanple, by bead [Alkasting) to create a
background for enhanced view ng of the treatnent elenents. The -
pin gate nechani sinlbrk oembest $08f whighnigaabigoed withy, the/|virwing wipidow

nead 122, siider Blyock dodordy i@l Ben bettbPChi42Bi1489! TPl trdhenthit

| eaf spring bl ock 130 ng t oget her, to _pos pin gate
120 in an etlenead s @nsk a@rker s@adsc Widhidhde santobkegva i3k 9o

f) Ihe Ikurren 118 JUSfctoq'o&fe@ xmtéﬂ%flqt&aéwbél ARKRraf f&f éét pla&éap%‘hh'e%e'ﬁhte
ocking or permtti assage 9 r eat nt.s e conmponents
and functionms of &1‘?&% g4t ethe q“ﬁﬁEﬁan?%ﬁ?‘ﬁO %e |déﬂttr%rd?a)?30?%t B
the pin gate ad@hﬁﬁ&ﬁlaﬂ!ﬂydl Sﬂieoskmi:tdmsm tie. qQ8r836s0e8vef |3I6e(fhay be
Sept enber 23, 1997 ans fied.ther e 0 uner, al
However, the pin 5’ %ﬁ LJF%]Fn ff(?g%)rl 'he beaed;) gg%ﬁglnﬂ&e |oﬁr%a VI é’es
an additional saf éxqph‘gamumdefor enhémequaxmmnmngt hkepiregtment 21 ¢mearbhs .

cl osing onto and %&g%ﬁt%rﬁég ﬁl eirﬁ,ntcodsf ga& atgfe?p% %5 g(‘al,(:%se

t he pin gate 12077s Phent el enent I'n
pat hway of lithe pi i29at eyliodrikalppiot hﬁgdl b2k, 19bider block ord entrdyoting

such a way that 'tlo@@ceslz%‘)t 1@a%arsptr*1%\?pqt2%walénd le fOfspt %d“M' Jdk sl3edeny
124 and prevents any furt ancerent of ah 't der 124, which in
turn halts the workd@\snmb?ae%ﬂoﬁcofp?ﬁétbpﬁ e oRLH t9Rter d20melR an

el err;snt gO hAIt te@{ﬂé?ﬁde\dek&loséb? o:@lxmatxgﬁt&d Tepeari §B‘s1‘&i8ntf@lla;t:tkﬁa to
positioned suc s .e rac i

the distal end of zlggmgﬁ %1§i15ta)& ﬂ gBSh WAL of %‘ﬁ‘é?mgg £0r°
ext endi ng fisom t he:etsqmutflvtelig blockmlgaldrz peEirad b 19y msayeercsfed:tnemg:nmntth
the quartz |umen %ﬁemen%% The onémF Eéﬁgegﬁné£§8 12fd%§|0 1%2 ate

I ncl udes a latch rechani sm {EHowh 1 | r'gur I Fécei’ving,
mechanism 110 are identical to that of the pin gate

mechanism disclosed in Ser. No. 08/936,058, filed
September 23, 1997 and identified therein by reference
20 numeral 352. However, the pin gate mechanism 110 of the
present invention provides an additional safety feature
for preventing the pin gate 120 from closing onto and
damaging a treatment element. If an attempt to close the
pin gate 120 is made while a treatment element is in the
25 pathway of the pin gate 120, the pivoting lock 126 is
oriented in such a way that it does not clear the pathway
of the moving slider 124 and prevents any further
advancement of the slider 124, which in turn halts the
downward motion of the pin 120 onto the treatment element.
30 Alternatively, the pin gate mechanism 110 may be
positioned such that the pin gate 120 is extended and
retracted into the distal end of the quartz lumen 118
through a radial channel extending from the top of the
gquartz sleeve 36 and intersecting with the guartz lumen

35 118.
The present transfer device 12 includes a latch
mechanism {shown in Figures 9 and 14) for receiving,



16 | ocki ng, and properly seating the catheter connector in t he

transfer device. The conponents of the Ilatch mechani sm i ncl ude
a |l atch bodwa98s5682s | at ch sear 138, a | at ch button 140pcmuwd9diossosbal |
and spring plungers (not 5 shown), all of which reside in between the--
bl ock nenber 108 and end body 144 of the transfer device 12.- As
illustrated in Figures 9, the |atch body 13@6is generally rect angul ar
wi th an el ongated opening as seen fromits distal face and a raised”

portion with a Ulskkied, erespridperlyseseingnhd scprivxtenl cbanectorThe
USh?pEd recess It%xe t{tﬁé@g%%ceae:riget he ef'l?engg:tol?ng)o?l%%@sng&fextth%ds tch

partially al ong ening s rength accessi ere rough
Because the U shmp@dhaﬁlé@asgnﬁmld e'lra*IQXHerd’Ye Heongatkatch seagpddBrga

some of the raisg P4 Oﬁﬁf{@%m ami s H‘R% ?Eﬁﬁge%er(hélﬁs a
portion of the elongate peni ng l'at ch bo eferab

made from &n opa@@@wn)r aLﬁﬂQﬁlWﬂlQanﬂﬁ%é?[kﬂrb?ﬁW?%PpF59|BeOPGme@PFy
bet ween it eehyq&s naLe @t kY| teapsgees déviceblock as

ortion 108 and en bod 4 Wi which it will he 2 sl

gontact The | dt QF' lég FFEErﬁthi 1até%:§4%y g?@yl§hﬁﬁgﬁgally
rﬁceSSﬁd porlt:on @ catag gufle erprvmmrman}‘emngated ‘1’83“’39' alschsdrextly £#86 dash
that the sma at e

el ongat ed openlngps%ﬁg %%Ce qgﬂ(ﬁ]ﬁﬂﬁﬁei:H%ﬁ'ﬂ%h§%§éb % ﬁpggég gnEggFfﬁg
150 and 230 sl iadessemeronhdtepparoxdmdd 15eand TH4 df-shapadit cacesar is
138 and |atch bogej%%%n%u%ts {08106 UL Bp8R PR Bellithls partiLAPLIZAGON

spring (not sho are i n con ela
button 140 is sed:heedopmir@sl dtesigth, andbody amSﬁﬂveebatmeaeﬁhsmghg

Pl ungers, 142 ext gad AU AMcAR o-sRUBLLONLO0LES i g ehd Rtk kg sUEh

t hat each of ts w the valTeys a
proxi mal face ofdgﬁaﬂmgaﬂ$Qwaﬁ1$©elNabéﬁﬂeﬁnshheed portepongaweeuogéngng

and the e@kﬁndedd%aﬂféEééy1a%éfﬁﬁ%ertgoEQ&eHQthehe e?sngated opfRifg.

cat heter connector 158 Is being I into the transfer deV|ce 12,
the distal end offhehelabppebody 136 1s preferably made from an opaque

material (such as Delrin) to provide lubricity between it
and the polycarbonate or acrylic pieces (i.e. block
portion 108 and end body 144) with which it will be in
20 sliding contact. The latch sear 138 fits within a
similarly shaped recessed portion along the proximal face
of the latch body 136 such that the small end 148 of the
latch sear 138 extends within the elongated opening. The
latch button 140 houses a compression spring 150 and
25 slides over the upper ends 152 and 154 of the latch sear
138 and latch body 136 such that the latch sear 138 and
compression spring (not shown) are in contact with one
another and the latch button 140 is secured to the latch
body 136. The ball and spring plungers 142 extend from
30 shallow bores within the end body 144 such that each of
the two balls rests within one of the valleys along the
proximal face of the 1latch body 136 in between the
elongated opening and the extended portion with the
through hole.
35 As a catheter connector 158 is being inserted into
the transfer device 12, the distal end of the connector



17 158 passes through the unobstructed half of the el ongated

opening of the latch body 136 and seats itself on theé mat ed

proj ection 1WDWEEesdi ng fromthe bl ock nenber 108. To pogkusotressos _
connector 158 into the transfer device 12, the 5 |l atch button 140 i-s
pressed inward to facilitate engagenent of the relieved section of
t he connector 158 wi th the U shaped poftion 146 that overlaps the

el ongat ed opening in the latch body 136. As the latch body 136 is

rr]?ved L r o][n t Ee unia% cﬂlssds@@stﬁf@mgm q:ﬁéezdcadsaﬂmbﬁmiﬁém ofl&khe élhﬁldflﬁield'f
of each of the two ba n ri nger.s s ra to o 0
t he peaks adjacen? ?%ﬁngaF& Q@l nta 8 B Pﬁg éﬁﬂ§ ﬁﬁ? FEAY Yﬁ%ffanhqﬁﬁﬂy
136. This ranpi ngated prcgam’e:som hEl 2 perst treen dod recp et gk mlgertslddla el ir0ss.s

and force the 1abERRodo 6 and188080ed LRONGELOLAPCRLONBLAAS sne

the mated projection end-o
t hus, ensurbng thhatehchhntapn1624@n as pressmrthecimwardsetp 1@hadiditate
conpl etely seat edg é‘gé‘gé‘ﬁén{:h‘éf the r@l&ee)%gi %éél?or?r@f'{?ﬂéo%%te%tor 158

alignment with its | cat1on that e connector

has been fully 2ow1t eﬁ}g%décﬁhi‘?%d R o 1ids 1Rt pveriians ddy elsggated

(opposite topénehg EANERE! BEtER bBay! akeh bakt Qﬁelia)ccwpmfodwtlsfsr am
the side of the transfe devi.c

t narklng
on the free end 188VEd W’P)Fh\ﬁ é‘Pﬁlaé'fcg‘?F?eHOSltlontE‘é t(f%"’erlacféﬁ’?fg W at
the connector 158the bavll otkedcRSof thétﬁwbhballaaﬁﬁeSPdQn@p@lﬁhgefEO142
di sengage t he conpect or sfer,devic free end

8 fro tra
T66 0f the PECERRpsd, onshBue o8 s REHR TAaTEYetE Hhs WhinskEs of
portion fromthe teéi predimada fafcet ef cdmmetabechl1b®dy 136. Thlﬁorpmqmm@e

a safer transfer o t
| atch body 136 angggﬁe sﬁieyggfiA& Efggﬁd gFﬂﬂﬁgysllgerﬁ%fo Eh§§§Q§I%
toward the distal force thedlatch Rody didff endiepdage Wﬁe&mtli%é%aﬁd

gate 120 ;33 a”@hetﬂﬂéedabkeﬁéciﬁéntﬁQQt@%ﬂtﬁéEﬁﬁﬁ%élténéeoéeEM¥ﬁ&ﬂ%ck
out of the transfer device To enabl e this novenent the shaft 170

ext endi ng from t HREeMPSE | 108 $hUShe SRFREING thaly| GckCROMESXY LA IR odgh

hol es ﬂ‘ L he | at chohnéédr 14@sert 164 aish coMs1dSSly areadtiicrhahadyst3&nhe
must a ein

projection 112 and in complete alignment with its opening.

As an indication that the connector 158 has been fully

20 engaged, the free end 166 of the latch body 136 (opposite

that end cohnected to the latch button 140) pops out from

the side of the transfer device 12. If a band 168 or

other marking on the free end 166 is fully visible, then

the user can be sure that the connector 158 is now locked

25 into the transfer device 12. To disengage the connector

158 from the transfer device 12, the free end 166 of the

latch body 136 is pushed inward to remove the U-shaped
portion from the relieved area of the connector 158.

To provide a safer transfer device, an interlock

30 mechanism exists between the latch body 136 and the slider

block 124. The slider block 124 slides toward the distal

end of the transfer device 12 to retract the pin gate 120

and, thus, allows the treatment elements to be delivered

out of the transfer device 12. To enable this movement,

35 the shaft 170 extending from the distal end of the slider

block 124 and the through holes of the latch button 140,

latch sear 138, and latch body 136 must all be in



18 al i-gnment. \Wen the | atching nechanism 134 is in the

unl at ched position, regardless of whether or not a - connector 158 is
i nserted.int@ddigedszgansfer device 12, the ext endi ng sh S
not align with the through holes 5 and additionally, theaiévéégmggﬁ _
switch 48 is inpeded by the popped up latch button 140. Wen the

| at chi ng nechani sm 134 is in the latched position and no connect or
158 is Iocked into the transfer device” 12, the through hole in

the latch sear e it r ho,
the latch button % %Zf(é}grﬁe nov rrent %ﬁé %%lt %ﬁn‘g' S ?oﬁ] %?m 49%12%1 hg
by the Iatch searumm:ched poditeien, wegandiessonedct Uhemn sOlrnsabt:eda
into the Lol & e i 112106t 0a 1A ENMO b ahied,s dlviiddl e the

en 8 atch

t he connector 158 for engagenent purposes e_snal

sear 138 col | i deeXfending Sattedt’st doss pedt align wighothet ﬁ?@éﬁhe’é@%ﬁss
relieved poytion gyd® Mﬂﬁﬁﬂﬁe,d the actuh@%@wi@@h'@é fi*‘s 'édlﬁ ane

agai nst the spring 150 such rough hol e of | at ch sear
now al | gns BoRpaf R HLaHER | BRCHIBGHD 1 hORRIh T oL ahah LHG RagEsn Lo
button 23 t hr ough D@I Qn th_EM&tcttéﬁa gnntmt ean&2ﬁoggm)rﬁﬂic}td_l€ 158 is 4
retracted to an 0s 0 e connect,or is inserte
into the transfeof goahé gFPQSgﬁ g&&we (itz'b Jﬁt etrfléﬁ‘%% ﬁ*&? € in

mechani sm 134. the 1atchFum£herh®Bedoabemo&hean@bs@aly adndnt iwdrth athe

met 25  pgpd the ‘% %egx;brggﬁt%?t 1?& xt]hfzﬁ? m&%ovéhént of the

| at ch body 136 cannot ron,
preventing the | &kkdendplegk f 1éMm is lﬂmesi@rdgaQYngtlt%e lraéilql’levééaﬁorﬂ%n

172 on the connegi@feve¥S; when ‘ﬁ?eanﬁﬁEE%o§aff§9’ &%Utix?é'eﬁﬂédal\ﬁ't%uathe
rem nder to the 30 user _that the connector 158 is_not_to, be di sengaged

from the t r%%@eﬂm%@%zlmf}% R IAtF R 2b36 sig shid toward
retracted positi Ofthe tdhasdtist 0I5 W dE herdadendanfpatb®ses, thetomall | &@st

CABIER SRR TR TR S RN

above the connector’s relieved portion 172 and is forced

toward the latch button 140 and against the spring 150
such that the through hole of the latch sear now aligns
with both the latch body through hole and the latch button
20 through hole. Thus, the pin gate 120 can only be
retracted to an open gate position when the connector 158
is inserted into the transfer device 12 and fully engaged
by the latching mechanism 134.
Furthermore, when the necessary conditions are met
25 and the shaft 170 extends through all three holes, the
latch body 136 cannot be slid back to the unlatched
position, thus preventing the latch body 136 from
disengaging the relieved portion 172 on the connector 158.
As an extra safety caution and a visual reminder to the
30 user that the connector 158 is not to be disengaged from
the transfer device 12 while the pin gate 120 is in a
retracted position, the actuator switch 48 is configured
to at least partially cover the latch button 140, thus
preventing the latch body 136 from being moved into the
35 unlatched position.



19 A counter has been added to the transfer device 12 to
keep a running total of the nunber of uses of the I ntracoronary

radi ati on treatnent system The counter conprises a mcroswitch 174
that i s mouwW@aYss82or 5 adj acent to the bl ock nenber 10&CTAISIPOWBPRCt
with either - the proximal or distal end of shaft 170 of the sl i der -
124. In either |ocation, the mcroswtch 174 is el ectronically
coupled to a counter circuit on the nain 19 circuit board 62. If the
mcroswitch 174 is positioned 10 near the proxi mal end of shaft 170, the
shaft 170 trips A chuntecr bswi bedni1addad thetbei teansferadgvice gate

mechani sm 110 1 g6 k@égrahfughﬁagoteeﬁutb@nthénnumber ofdflse0B! epbhe

mcroswitch 174 bein condi ti ons nust
sati sfied. F|rstln?ﬁécérééﬁfﬁnréglilen hosatRenbnsSY§heMsec3RE, cPHétQFeen

seed sensing LEIbéﬁ?rlses anaiérbswhtbnnlmateﬁaesléhﬂoaﬁeéa 5aearsen8|ng
LED 32b is | ngui s edpé I ndi cat] on ipﬁt t he treatnent, g

have been Pet ur nddideePhetguilezPhegki RgPPer+ to intepagt, Wi

pOSItlonedhnigz the ?r&k@haﬁndroﬁégﬁaizjnahaftsﬁZﬁt the & Eathelzgigerpskthe
mcroswtc er n_gate. LSm ocC
io the 3980 pbei BLOReE| OSAGEPRonchs Pheabai EER ) 2inatEs

m crosw tch beingléctppadcalhp oohpledohdlalonsnnestcbecult on thei phied.
plrst, the el ootLonL§se"iahol%6gN, 220cha mlcragﬁeesh i g agbgesaﬂgene a

sensing LED 32b nus reen see ensin
32ais 10 exnﬁaguthﬁearéahmﬁhd?@étPﬁnshﬁﬁt 1ﬁ@rttbatﬁbﬁﬁteﬂéﬁeﬁféps

have |eft the quﬁﬁézmhefééﬁﬂichEﬁﬁb 5&”%hé|£11&é§6124 and ﬁQﬁdbEt@nS are
nmet, the nunber on a mniature_electronic 30 counter disp a¥n44 (see

Figure 4 of bottBarhanislgllQi Lpck intoj hheealesey Bﬁﬁltl°n° As an

added safety feahygerion €beehéomREPeswEtch 174|E§Kh§9tﬁE§§éalSﬁanbehéQtS
with the slider blo ng, or osing of th

en
gate 120 when th@oggltlogﬁeﬂu§gng?ngaFﬁﬁ£ﬁ3%0r ng§£825he3§heFﬁa éF@ that
not 15al | ohutbeber el nend steord} sthadgreekesesdedenaing LED 32within

the quartz hOUSiHgs§6béa§?fﬁmkgg%§§bagSthe amber seed sensing LED 32b is

extinguished (an indication that the treatment elements
have been returned to the guartz housing). If the
microswitch 174 is positioned near the distal end of

20 shaft 170, the shaft 170 trips the microswitch 174 as
the slider 124 and pin gate mechanism 110 lock into the
open position. In addition to the distally placed
microswitch being tripped, two other conditions must be
satisfied. First, the electronics must be on, and

25 second, the amber seed sensing LED 32b must be
illuminated as the green seed sensing LED 32a is
extinguished (an indication that the treatment elements
have left the quartz housing). Each time all three
conditions are met, the number on a miniature electronic

30 counter display 44 (see Figure 4 of bottom housing) will
increase by one.

As an added safety feature, an electro-magnetic
locking mechanism interacts with the slider block 124 to
prevent the opening or closing of the gate 120 when the

35 seed sensing indicator LEDs 32a, 32b indicate that not
all of the treatment elements and marker seeds are
within the gquartz housing 36 (amber LED 32b is



20 i llum nated and green LED 32a is not). The el ectro-

magneti c | ocki ng mechanismnay be a solenoid 176 that is battery
operated and has mnimal current draw such as “magnetic | atching

sol enoi d t yP® 9E682830- 001 nmanufactured 5 by Bi cron EIectr«nmug&ﬂﬁmmpany.
Such a sol endid conprises a coil, a magnet and a plunger 178 -
residing in a frane. The solenoid nay also include a spring to
assist in forcing the sol enoid plunger 178 4¢0 either an ext ended or
retracted position. The plunger 178 extends 10 or retracts based on the

gi rection of el eclyumidated and tgtnfémglmﬂmeazaoilsmn%h)e cwm]erléléd:am%n oge
i rection Creat es olarit I N I C t.he n an
Thanot epel ondiagt ity SR, ety 4 nay He £ BTG PTE @lEeats .
Creates a positihetipmtwaroperatedvamh Hfs mlnﬂmakﬂqqu&nﬂ%@ramdsue@n0$

attract one anot@% ?tlc tlatChdll'b% lsé’%}Le <15 (P’]J %@P IRQH&P&CE\H@&&I S

20 per pen 0 an e sol'eno
176 is conhectededBECEQneﬁkﬂQtnﬂnlﬂﬂ QﬁmﬂﬂnY¢1tSth|% SOléHOldonnected to

the seed sensi ”9?&\%% Ora LER dr 'é’%ﬁa?gr?@@m?cp a ﬁ%éhfe%iafn&‘ wte
timer 180, all Ich are ocated on th naln circuit board

When the anber @ fram%ee'ﬂ‘%é%]re?w?{dé@@@]ﬁé) IFMC1dR)i 2 IPFHNY hBP f ewer

t han al | éih@létf e rﬁﬁcﬁ{garm SsAhdRd kerurfads) 78 eimi éDtHer an

the quartz housin he sol enoi d plunger, 178 extends 25 nt o
recess or hole |%g? %él?ﬁﬁrﬁﬁﬁP Eﬁéiﬁkp )%qnﬁiﬁﬁﬂﬁ 0}7%h%x2??ﬁ%r
124. As sken in &t gteerddts thesed on tmajr@efec]ﬂi&:n o f X pasleri airdy prevent s
the slider 124 f e Shlf ale [ t he
anber e B 18 9o on B i T A LD SRS 4 PELISH
exti ngui shed andcrémtes eemadeti3ta pcslaﬁitynmtvdd,cn Hlehe plun@nn@é& ang
retracts and all ve

position. As see IR €%%éﬂ%§é2ﬁ‘éﬁép srﬁ'hedeCrUffrEprcls I'n Fﬁlg open gat e
position and t heoﬁm%h%ﬁ! directign Grpates pOSERITRIRPEARITE bR oeieh ng

the slidefs124 3\'§he @@Mﬂﬁ%ﬂd‘tﬁé}xé’d asad- gat Q)d@séﬁéﬂﬁ'@ﬂ when the
anber LED 32b i S As. soon as the anber LED 32b is

extingui shed and the TheetPtePDA 1% ]ﬁ IMAAnTRb PR tHhe chassis 20

perpendicular to and below the slider 124. The solenocid
176 is connected to a solenoid driver which in turn is
connected to the seed sensing indicator LED drivers 32a,
20 32b and the five minute timer 180, all of which are
located on the main circuit board 62. When the amber
seed sensing LED 32b is 1lit, indicating that fewer than
all the treatment elements and marker seeds are within
the quartz housing 36, the solenoid plunger 178 extends
25 into a recess or hole in the slider 124 and impedes
movement of the slider 124. As seen in Pigure 15, the
plunger 178 is extended and prevents the slider 124 from
being shifted to an open gate position when the amber
LED 32b is lit. As soon as the amber LED 32b is
30 extinguished and the green LED 32a is illuminated, the
plunger 178 retracts and allows the slider 124 to move
into the open gate position. As seen in Figure 16, the
slider 124 is in the open gate position and the solenoid
plunger 178 is extended and is preventing the slider 124
35 from moving into a closed gate positioned when the amber
LED 32b is lit. As soon as the amber LED 32b is
extinguished and the green LED 32a is illuminated, the



21 plunger 178 is retracted to all ow novenent of the slider

124 into the closed gate position. Wen the five mnute timer 180
turns off- t havebessszsoni cs, the plunger 178 is ext ended, Pcanlsosapghde
slider 124 into its present 5 posi tion. Turning to Figures.
17, 21 and 22, the catheter connector 158, which conprises a further
aspect of the present invention, is ppevided with detents 182 that
interlock with an annul ar shoul der in the end body 144 10 of the -

transfer device 1§1ua drmige be wamwatkydqaebual@ew movemen® WS RicawititRr

cat heter connecto the transfer er |t has heen
unl at ched by the 55% ﬁP% e clogg hgﬁtgnpo?ﬁgleﬁtheﬁ@FnCS%ﬁ% Q

i ncl udes a tmmetraBOptugnpobffomhé8é1batroglasLhmm&g@ﬂunqyr'n&& arsd
15 cantil ever C [ ecelved
by central plug t%%ggaééﬁungﬁggggg ER gﬂggﬁr }Qﬂ wg%%gé&%hgf%s over the
di stal portbon ofpphétionnector 158 but which remains outS|de of the
transfer device 12 e gt 1 fybly nRegt ereto.
The 20 connect or |nsert g4£§ng @gggraﬁﬁ §§ hﬁdt?oﬁ f@% W?{éﬁ‘

i dentical to the &aengeseri b&d.i whieh. CN@Pr@8P§36 §ggther asPﬁQﬂ(ﬂi the

Sept enber 23, 199§re§bhermﬁbéﬁehwn,tm§ ggabiabd with dBteatRontg20oRnhkd4 may
have the wal | between the i, nwar d fron1both ends

to enhance the seéPFﬁﬁlQSk WlEPféEténBFlﬁﬁegBOP#ﬁﬁ§ inTRbesgng
t hr eaded over of the eakherer tebing apd hhanmuatteé mbﬁu@an@e@bQMakéa

i bonded h h bi f d d

ot on of e coRRubEehatas She Hakidrskuebino e 1k e A, e il

Wien t he connect odet¥h8ei 32f aktgr30t hasnbeenednlatoheﬂebyram£fdmtmhmmge 12,

th kirt 190 th t t |t
c transter devi BeciINER:; oTph SaHERLRE] bbRBEcHHE 158" hBTRAE S STR. 1

t he transfer devi ce
12, and sur r oundsCensradnpasgopoEhieant 84 hav1nq9a tbreaght damene 1 8¢e@inge

12. These ﬁBaraCt85h§EEE§e9fa§ﬁs 18§hea55bﬁheé99r5§ﬁ¥§rE01%@'WﬁTdﬁ is

sterility of the distal tioh of the connector 158 as we] | as
prevent foreign Teceijgdt by FPBH?éénPéﬁﬂlﬁBrPHEhCéHWGBtéﬁsenﬁﬂﬂh@esfgitto
t he 190 that fits over the distal portion of the connector

158, but which remains outside of the transfer device 12
when the connector 158 is fully connected thereto. The
20 connector insert 164 and central plug portion 184 may be
identical to the one described in Ser. No. 08/936,058,
filed September 23, 1997. Alternatively, the central
plug portion 184 may have the wall between the two-o~
rings taper inward from both ends to enhance the sealing
25 effects of the o-rings. The skirt 190 is threaded over
the catheter tubing and then, after the connector 158 is
bonded to the catheter tubing, it is fitted over a
distal portion of the connector 158 which includes the
cantilever arms 188. When the connector 158 is fully
30 inserted into the transfer device 12, the skirt 190
covers the slotted portions 192 that remain external to
the transfer device 12, abuts the distal tip of the
transfer device 12, and surrounds the connector entrance
194 to the transfer device 12. These characteristics of
35 the skirt 190 serve to maintain sterility of the distal
portion of the connector 158 as well as prevent foreign
matter from contacting the connector entrance 194 to the



22 transfer device 12 through the slotted portions 192 of t he
central plug 184. The skirt 190 preferably has two - opposi ng

rect angular wigd®seshd6d for nmating with the depressible s e
cantilever arms 188 and for 5 indicating to the user mhe#gﬁﬁgﬂﬁw&g

mani pul ate the cantilever arnms 188. The skirt 190 is preferably made
of silicone or other material that is erxrb%g enough t perm t
mani pul ati on of the cantilever arns 188 as t connector 158 is

pul | ed out of th%%&ﬁé‘f&frdgﬂ'&%ﬁlizﬁ %httl'. aé’gb’c{f«??gg&%l&ﬁ%t 399uLg!

sides 196 may be I nner provi de
for easier ﬁ@mr@%merabnpbﬁgth%4cadfh¢e$blrﬁrh%01BBefEHab&g h@s two

d th t
€press the armsué‘?ﬁer Sgerébﬂ?ﬁgtgggu ide@uiéé 8oL b Bn wn:gC%HBeC or

158 provides a f or preventi ng_ I nadvertent
wi t hdrawal of thed%Bﬁ%%§¥Blel§8des of th?oﬁ@@?kﬂ?V%ﬁs@éﬂsde§5cén§2f°r

As seen in E'QUFelédl@éibﬁéefolﬂh@fuééﬁ WHEeE€Nto maniphDd €8t tAB connects to
the transfer device 12}?% cat hete in_FEigure

nect o %
21, to permt 20 CanHE{fVRFAERS¢ L%Strégﬁﬂe 1tte &t%ét8r3%§ gg?eﬂagﬁte
within a patient.ofheitatbeeeor hashar matkenbal etidatais flexdbieakenendh and

an el ongated portj t he f e 8-20
di stal portion of ¥ %ﬁ% @ &ggféwﬁﬁg%on %%h%$%t§£ﬁ#f?%§§5 %gﬁ%ngggaaéeggglunen
198, a 25 fIurdomneutarlhﬁ%nlﬁnpulka@wmgt ehdtle guransfer Hewmége 12.

2o o1 PABCLIE RGO Db rebbeLig e otbudl o oy B Wi,

Iunens t he seed unen hown
stiffening | umen tan the Eeed of Skl?%n%%ol@g %ﬁdt@hﬁr@VBdﬁ ferupasiaren

are contiguous frpsm3ulatibf OFf OXhdBtawPdl Sfet h&nﬁ@t beger ﬂlévﬁ.ﬁgt 'ae di st al
end of t he catheter 14 and comruni cate with one anot her

distal end of thedRRF$ES cFNG42FHSF oLH Wil ie (5 UM HFRRgoUsSLyY PE&iﬁEStSP 5%
which is |ocated ¢onhidetseetss upedvidss a furtétFmgussefae} fdheurat fal:um nal
connect or f?4 is 35 v refer %é% §€de of w S g gﬁ andna 9 158

rei nf or ces Phevel %%? ERF6F c * ? 4 ¢ BvERE Fﬁ
treating el enent stfoontiesi tragsfée devied Ehd of the
As seen in Figure 1, catheter 14 of the present

invention connects to the transfer device 12 by catheter
connector 158, best seen in Figure 21, to permit

20 delivery of the treatment elements to a selected site
within a patient. The catheter has a proximal end, a
distal end, and an elongated portion therebetween.
Referring to Figures 18-20, the distal portion of the
catheter consists of three lumens: a seed lumen 198, a

25 fluid return lumen (not shown), and a guidewire lumen
200. The proximal portion of the catheter 14 consists
of three lumens: the seed lumen 198, the fluid return
lumen (not shown), and a stiffening lumen 202. The seed
lumen 198 and the fluid return lumen are contiguous from

30 the proximal end of the catheter 14 to the distal end of
the catheter 14 and communicate with one another at the
distal end of the catheter 14 through an intraluminal
connector 204 which is located in the seed lumen 198
(Figure 20). The intraluminal connector 204 is

35 preferably made of stainless steel and also reinforces
the distal end of the catheter 14 to prevent the
treating elements from exiting the distal end of the



23 catheter 14. The guidewire |unmen 200 at the distal

portion of the catheter 14 has an opening 206 at its- distal tip 208
and ext ends welmesest he opening and a guidewire exit pech ng.
the sidewall of the 5 catheter 14. The guidewire exit port g%%ﬁmﬁ&?

| ocat ed at any point along the catheter 14, but is preferably

| ocated 30 to 40 cmproxinal to the distal nmgst portlon of distal
tip and significantly distal to the proxinal end of the catheter 14.-
The distal gui dewpsengkbt Pt %Qe uaagwa&@vu@ﬁ@xﬁ Q00 A drxEnNas
delivery of the catheter | IS being guided over a guidewire to a
sel ect ed sPPétl?HeogtFPPeﬁ?ﬁBeFﬁﬁeﬁ42§250ﬁntm&%&%%& 6 R thteh

of the catheter 1&1§x§@nd§pfnom bha pxeendel b%ltdle@:fn tdie openingaideter 14
to just proxinmal

ur dewire _exi or ont
stiffening wire oguﬁéﬁﬂi ? §§“%t98ft 218% PB@]&@? émﬁ%wﬁfﬂ fzgh?prOX|nal
porhhon OT Bpe . cathetebetl ér 1Zhdugnndewizer eixdrt, poad 2U0amayn bearibcated
wi t hdrawal of the_ca e [ Lgures .21 . a t
proxi mal end of tﬁg 5F§f§ }Jiﬁga\%gflé gﬁ? ?glébg%e 1s%écﬁ)rue fse%%ee%er @%the
cat heter connect oio¢s8ed Fheto 40 cmspirbkémadg twi tde2 8l shalemisst rpomttivn
connector 158 {0 of disthiCeRBaany! SiBht¥100athg oisdan 1 PHd ALl

or nmay extend to a I sta the qui dew r
port 210 to prOV|@@da@ﬁlFh@n@ﬁtéﬁﬁﬁﬁrﬂ4durWh§ é&ﬁﬁéﬂeﬂqyﬁeWIHﬁﬂﬁﬁﬂHeﬁqnﬁ1

For opti mugpsuppogie bP@vi&é&fEBtng i B€exchan e2&%1llsre&ryefo€fra§1é/ JRIRe @
stai nl ess steel round w provi de ? reater flexihility near

t he gui dewire as lExF? BEFPQZQBI ﬁeog?FfPeH|ﬁ& 1re 3 @
%L adual th aper o][ ﬁiﬁétenEHeCQﬁifgéﬁ&thﬁuﬁénl 29 2dioFt &Jhr?B(g;roxifme portion
ring the manufactu e.ra xghange cat het er
pol yethyl ene beadPhotat acrbRRFEELk, FRFAGS® erom kRSl eBnAT, st 200
just proximal to tathghedeWirto Just pxokipailt oZl@handuideiised ebdtt lport
| um nal wal ks so 9?0 §n§5cont8£§¥' 84 ?SEBEE? Qﬁ% %% h@ d?éf‘%%%'%%é%re
rf2 or the Tusing

212 and the g ew re exi
process, a small pr@t@d©$ subpﬁgtzier(phefpraznwauowortlon Of the

catheter 14 during insertion, manipulation, and
withdrawal of the catheter 14. As seen in Figures 21
and 22, the proximal end of the stiffening wire 212 is
20 securely embedded in the catheter connector 158. The
stiffening wire 212 extends from the connector 158 to
the near vicinity of the guidewire exit port 210, or may
extend to a point slightly distal of the guidewire exit
port 210 to provide additional support during catheter
25 manipulation. For optimum support, the stiffening wire
212 is preferably made of stainless steel round wire.
To provide for greater flexibility near the guidewire
exit port 210, the stiffening wire 212 may have a
gradual taper or flattened configuration at its distal
30 end.

During the manufacture of the rapid exchange
catheter 14, polyethylene beading 214 is placed within
the stiffening lumen 202 just proximal to the guidewire
exit port 210 and is fused to the luminal walls so as to

35 provide a barrier between the stiffening wire 212 and
the guidewire exit port 210. Prior to the fusing
process, a small piece of tubing 216 (preferably low



24 density pol yethylene) may be inserted into the guidewre

| umen 200 and positioned adjacent the guidewire exit- port 210. A
mandr el - 218 waywotskg2s be inserted into the distal end opck cﬁ]g%gms
guidewire |unen 200, through the piece 5 of tubing 216, %roug
the guidewre exit port 210 to the exterior of the catheter 14
(Figure 19). As a result of the fusin? gProcess, the tubing 216
col | apses around the mandrel 218 and frlls in and around the

gui dewi re exit poa%gglgytEoggﬁeﬁﬁlgﬂebnhsgrﬁh Eﬁﬁgr@Edl nto 5? gra?wﬁﬁyj

| umen 200 (Figure eate e
inclines toward themen 200 apdeppgitépnedeadaanents the ggﬁﬁqwhnﬁaﬁﬁﬂﬂanp

for . directppgtt heogui ﬂewaﬁaremtz% mh§ @Hbgepkr eneéh:tne@rltnto the
210 as it is berngbrnserted through t he |stal end of ewire

15
| umen 200. The t8pSbpli gRdf pfefhBugphgewire lumeg ﬁﬁ9rn§§J°P&hbgh§kﬁﬂéﬁe

OL f to ﬁxpose at beastibaing 216, AAat tnaoﬁght hﬁecaamaetute e&Qte@cﬁ:rﬁ Q1 gof
the cat heter

h 216
be of a col or reaHPI%hﬁr??Eﬁggsgaggfgﬁ? H%PﬁgeFe%# zgiﬁére Hgﬁrng étg?y
14 so that the | ogasiudn of the flusdlpyi peocess, thri tupdnty 216 icoldagpses
dentifiable to tDEUAA the mangrgl 214"GnEAERELE (hdanhl Sr3R6H hyren 198

and its QUI ewre enera roun Cross-
section. The flui dguidewinel axbh, pm;tte%ﬂ thabeaanSan lneEIgrr@tL @art of

Cross-sectjpgn to tﬂgrgagaewfeateﬁetoml '('Fggure ?’tet)f ! O‘f"h\@'%; Qe

conproni sing the outer di aneter cat e greater ar ea
| owers the pressufgeated bYrEBﬂrméﬂd¥8lsEﬁadﬁﬂlﬁYaPﬁCl&ﬁGsr§PM@#
treating chquesior bE cheocdensearesaipe provill bakemp cfoio

transfer the treatrn el.enen s fro the transfer
di stal end of thedéﬁ RELBP & aﬁHl LIS PUY of tge gFBﬁ@V&Fe Fﬁ&tHHQQE
return | umen nmay be&Ooksany $5zbBebng insertelaphroaghr thieddikaalopnidralf

brof oranl y-5ss ChReonanruize HEER Podens Ba. Bet; B Shehdvdth duminl o
| umen) are di nenskbfiedayonpedvtdeber ehivedt offetrenexpoag at leasina@ return
times each in the,LaRggL0het PRECCHANKER to the exterior of the catheter
14 to recreate the exit port. Also, the tubing 216 may
be of a color readily distinguishable from the rest of
20 the catheter 14 so that the location of the guidewire
exit port 210 is easily identifiable to the user.

The catheter 14, its seed lumen 198, and its
guidewire lumen 200 are all of a generally round cross-
section. The fluid return lumen, however, has an

25 elliptical cross-section to increase the area for fluid
flow without compromising the outer diameter of the
catheter 14. The greater area lowers the pressure
required to send maintain, and return the treating
elements. It also decreases the time it takes to

30 transfer the treating elements from the transfer device
12 to the distal end of the catheter 14 and vice versa.,
However, the fluid return lumen may be of any size or
shape to provide for optimal transfer of the treating
elements using a limited volume of fluid. Preferably,

35 the catheter fluid lumens (especially the fluid return
lumen) are dimensioned to provide treatment element send
and return times each in the range of three to ten



25 seconds and nore preferably within one to six seconds,

whil e not exceeding a 5 French outer catheter dianeter, not

exceedi ng a woesssprse of 100 psi, and using not nore t hpprARedidesds Ui d
to send, maintain, and return the 5 treatment el enents. Far
uni formdosing, it maybe determ ned that the treating el enents need

to be positioned at or near the centegsof the lumnal wall. In this

case, the seed | umen 198 may need to be positioned as cl ose as

possible 10 t sddndLded Mbré hﬁréﬁéh&bﬁ] ﬂtﬂth@npbﬁéeﬂb A& %@%@nds,
| unren 198 and radi,oactive el enen s fro ne side

of the Tumnal wdiiie not eXiE8aing 8ok nbraich (Snten: Srthabey AaaBotata

si ngl feI b extiwim?ﬁ%ﬂ:@@%lmdeﬂsetgfpbbyepﬁﬂeaﬁd wBiiak mltllﬁoreh
very flexible, saqft_a ubr u char eristics ow t he
catheter 14 to bg: gﬂ% thoig %Qe?ggggu?%§n5?+%’a |ﬁ?§u§ﬁ Eﬁ&oluninal
area withirb tr&dﬁm&nﬂm&ﬂémw@msuthout damaging the lumnal walls. If a
catheter 14 rmade of 1 ene %ﬁﬂﬁ] &%Pﬁﬁyei'{'yﬁngﬁe'c‘i&g}?m%ﬁed th%%f rth%r

pliable, then a polyet
per cent age of bot¢r¢ﬁ%ﬁn§uﬁﬂ¢mﬁmt5 need depshbe yppdiyeongdeat ﬁﬁyn§éru§b§ To

mei nt ai n deidi o8 Vel 1621 AL . 141n LB1ROLYSEDY LRBe sband

must have a hi gher percentage of | owdensity 25 pol yet hyl ene.
Turning to Fig. 2Z0imem k1§ igmineed i po b8 R%%%ﬁboﬁed as °1§ﬁﬁlpst§ﬁéﬁlble

(preferablyp 11 degs egfe Wedt@SS GH0th@Statheter p4 eﬁ@r%bésfe_ﬁtdeﬁéeeébdand a
smal | distal tip radius

f
energy) to the SOlumend]iian?n%nﬁa%o?‘ﬁtél%% IE?IB‘?XE reﬁﬁg i’ggrﬁﬁgggpgisﬁg
cl oses the distaltemise cdiddeos etk | Lumind P8vahil. the fluid return

ren, The 110,208 19 ARRTOIBEEL Y PNE: prorerGTY L RNS! hoRssTptle e

of pol yet hyl ene (prefera vin he™g e wre
| umen 200 35 eﬁﬂﬁﬂﬂﬁiQHWQﬁmﬂﬁQhelQWﬁdamﬁlhmdP¢LY¢thEbemﬁthwhlgheése

220 of hlghsdenSL%é¥¢] éy {g&%eéﬁalfﬁﬁriggﬁé. TheseS! €eve 220 is
made of a materi 'S
characterlstlcs allow the catheter 14 to be inserted
over a guide wire and into an endoluminal area within
the human body without damaging the luminal walls. If a
catheter 14 made of 100% low density polyethylene is too
20 soft or pliable, then a polyethylene blend which
consists of a certain percentage of both high and low
density polyethylene may be used. To maintain
flexibility of the catheter 14, the polyethylene blend
must have a higher percentage of low-density
25 polyethylene.

Turning to Fig. 20, an atraumatic tip 208 having a
small taper (preferably 11 degrees or less and most
preferably 5 degrees) and a small distal tip radius is
fused (possibly with radiofrequency enerqgy) to the

30 distal end of the catheter 14. The fusing process
closes the distal ends of the seed lumen 198 and the
fluid return lumen. The tip 208 is approximately one
centimeter long and is made of polyethylene (preferably
ethylene vinyl acetate). The guide wire lumen 200

35 extends through the tip 208 and is lined with a sleeve
220 of high density/low density polyethylene. This
sleeve 220 is made of a material that is of a higher



26 duroneter than the tip 208 to resist the guidewire from

tearing the tip 208 as the catheter 14 is delivered over a guidew re.
Radi opaque n#oO@9rseszands 222 nmade fromplatinum 5 (909 - pet/usdorpo30s10%)
are located at the distal end of the catheter 14 to assist in proper
pl acement of both the catheter 14 and the treating el enents.. The

mar ker bands 222 are secured to and fygsh with the exterior of

the catheter 14. Alternatively, radi opaque narkers may 10 consi st of

radi opaque ink ordarbietadi eRaguehpatipches to respstnthe gulabwak@dfeamo
the exterior of t .ntralym na

h
connector 204 at Fﬁéggagekﬁﬁliﬁglzgﬁdaﬁngﬁecégéﬁg?EﬁT§4lﬁageﬂévﬁﬁﬁg grer

platinuniiridi umsogasdewipe.visibl e under quoroscopy 15 and p055|bly
ol nate the need, Tor ebASoBhahel ndBKEE ppnag 322 AR pePSSRSRINTRL .o
when the cabheter (48%) - lridluma(Ith anel bécatedgmtdehaﬁdmssaltbnd bfie
[Loroscopy can ey LL0eo0t U3 cBrbBkibP A0S OBhLY bl sBlngar B botn
proxi mal end of thhecaahheeer144aaﬂdekhenﬂsedtsngléyements. her madkstrance
fromthe distal epg gE gg% SPQ”SEEB%ed to aH@eff?éﬁ %?Fgﬁfgée%xt39§o§t5§'”

relief tubing 226 a é for protection s or ot her
damage to the eatheter 14. aAdtersativedyprsedéepaguer Barkges may

rad'OaCt'VQotreathHsEE@”BEt§aé§ogQﬁMeaiﬁkt6§“§i§§rfgdlogaque'BthieﬂeQUt
of the catheter 14. nbodi nment ~ of exchange

del i very 30 caPRénEedt At PeaRkedt ontQ the exbRsier BévEBS Fgtheter 14.

identical to thatxﬁhaaaltmoﬁlguhéslﬁ%ramdmzﬂaled@ﬂﬁéctor 2ouhat the
catheter has no s ffe gp n._or % the guidew re

eni
| umen ext ends frofh-8t8 s? pche cathﬁ% ggt%a$ Bﬁlﬂ@ 8%exit port at a
| ocati on proxinalp35t1numhﬁrndiﬁml561aaltooheecisibleThﬁdeﬁtheuetos06pyises

two 15UmeNs, 8 3689:bYYERI ANengel! ¥hd AELET Pok UPRE: a§¥tE 98 Ker

band 222. The proximal portion of the catheter may also
have a depth marker 224 to indicate when the catheter 14
is near the end of the guide wire so that the
fluoroscopy can be turned on just prior to the delivery

20 of radiation.

Strain relief tubing 226 is placed over the

proximal end of the catheter 14 and extends distally a
short distance from the distal end of the connector
where it is secured. The strain relief tubing 226 adds

25 rigidity for protection from kinks or other damage to
the catheter 14, and also adds protection from the
radioactive treating elements as they are transferred
into and out of the catheter 14.

Another embodiment of a rapid exchange delivery

30 ~ catheter that connects to the transfer device is
identical to that shown in Figures 17 and 20, except
that the catheter has no stiffening lumen or stiffening
wire and the guidewire lumen extends from a distal tip
opening to a guidewire exit port at a location proximal

35 the intraluminal connector. The catheter comprises two
lumens, a seed lumen and a fluid return lumen, extending



27 along the length of the catheter between the catheter's

proxi mal end and | ocations proximal that of the catheter tip. The

di stal gui deWO ¥/3682%en ext ends from a di st al openi ng i PCTNS99/09805
guidewire lunmen tip to an opening in the 5 sidewal | of the catheter at
a location proximal that of the fluid return lunen or the

I ntral um nal connector. The guidewiregnen is short preferably 5 cm
or |ess. The transfer device 12 of the present invention can

al so be coupl ed waliBnanthel llehytiridretdies RItdIebdtwdéh thetclf@tneters
co- pendi ng appllcatlon Ser. No. 08/628,231, filed April 4, 1996 and

Ser. No. 08/936, 0BEO¥imadd e8sh@dfdocations, progigral that 'of the gatheter

treatnent el ement %1gre mh%f arlatﬂm Rdideddilrie/ Gumen exteldLesraf 4astdtded
within Appllcatlon

er,i al 08/ 62 231 fiil 1996. The
treat nent el enent SPERINY l@or@l s UASRIES, ERHE%F?W%QI]FPS % es
and BWO nas&ﬁkwe&edsf tche @bt&mﬁtnﬂattﬂ Hdnaﬁrnh(pxnximal that of
train. The narker t 0 ment
el enents at the tr t%@&ﬁ sFtég:%%rrlld(iélfmgqgg’rlj 2 %'&teel%gb Ilg:]ao]r OA%\%) éotr(%‘t
pl at ed, since gol @hies guiigieplige lumen uwd@mdmtupnaﬁangblxMﬁ(ﬂmlartkﬁﬁsio
noni tor the r adi ldvyer : r ?ggﬁ : | 4%
delivery time to and rleI?tre: g\%g?‘%tf:eg dﬁvol%ét ﬁgcéﬁas‘%et gﬁ t?euwz?dﬁhon can
catheter, the end2l6p brecoRpled ¥ddds anyy ofe the cathgtanseschiihedrin

seeds can kg of 9%@ bﬁbg%dflh'g‘ %@ llcatJ_Wnt h seox o M/ ey ef 23 Bbl sl ddne
distal end of the i stal seed is slotted to prevent |t from

bl ocki ng t he openﬁﬁ§lﬁo4vhé99ﬁtP&Phﬁ@ﬁalN@bnﬁ@é@éﬁ Opfy filed jeptemberond

of the proximal magkengsged is also 30 sl otted. In addi tion
to the radiation doses es ribed int above r.enced Ilcatlon
Serial No. 08/628,231, T tredtnen fgﬁﬁﬁ“&'sr i Raed c?g’ellbf ragi rm
in vessels solurzepsr asi mglry.b&d?mahapnpm@»pmwmre Sy iremh |ND.35

g;)gfg;ﬂmfg?;f 418 0@76% éﬁm 'f&l\é%si?}riloh QR T Mheatment T 1¥hdrts
CODSlSt of twelve radloactlve cylinders in series and

two marker seeds, one at each end of the radioactive
train. The marker seeds are used to properly position
the treatment elements at the treatment site and are

20 preferably gold or gold plated, since gold is visible
under fluoroscopy, which is used to monitor the
radiation delivery. To decrease the source train
delivery time to and retrieval time from the distal end
of the catheter, the ends of the marker seeds may be

25 slotted or marker seeds can be of gold tubing filled
with epoxy. Most preferably, the distal end of the
distal marker seed is slotted to prevent it from
blocking the opening to the intraluminal connector. The
proximal end of the proximal marker seed is also

30 slotted.

In addition to the radiation doses described in the

above referenced Application Serial No. 08/628,231, a
therapeutic radiation dose of 14 Gy at 2 mm in vessels
of approximately 2.7 to approximately 3.35 mm in

35 diameter or of 18 Gy at 2 mm in vessels of approximately
3.35 to approximately 4.0 mm in diameter may be



28 adm nistered to the patient. The nmean radi oactivity per

radi oactive source train should be sufficient to deliver

appr oxi mat el wo édgsar ay per second at 2 mm fromthe Cept-PisdogasysOf
the source train. 5 At specific tinmes during the radiation —
t her apy procedure, it may be necessary or desirable to determ ne

the position of the treating el ement sand na&%er seeds W th respect
to the quartz sleeve 36 in the transfer device 12. For exanple, the-~
user may need to ¥ehihystlred kBakh@'hakgah%e heahll eagieabsi3ady! war

mar ker seeds present wth uartz sl eeve before defliver
of the el enents tﬁaﬂh@aﬁtéﬁﬁlS@H§°§ftﬁﬁéncéﬁﬁgﬁérb§45uff1013n§nG°f6ﬁ1§3?§ty

reasons must be SHEerbEﬁha%lethf otshegray pert 68abhAYat! 8"RA $rand ther ker

seeds are within t quartz 1 sl"eeve 36 prior to closing the gate 120
and di sconREBLERg1iRE Ofi kBEeFOMXCE §KALRe transfer device
12. 5 To det%k”b@@cWﬁQbheﬁm@é aatlabltaé rhalhtgahnmmbrapy

elenents are within théggparti sleex b an el ectr nlc 281 ﬁ g ction
system (shown i n PFQGPEYLS7- 3k) BA¥KPENDE essar¥e8§u EELY ARG Qe fELCEPLRE
non- presence of thhedpssaklgnldf the treatkag etenent sandnghekeosiseeds

o " the AUt fwikiPespect bling SuaRfy dideld $8°1h Y] Eraigvpee 12

Thi s el ectronic ection syst unc ions sim aH
det ecti on system devdrcebdad. |nFS§rexN@P198/996 U68Y maYeneed to vespf¥nber

23, 1997, 4q dEte%ﬂthaiﬁdth@ﬁb@aEﬁeﬂQihBeélQﬁents and"eko! RRrkkeakEeas

el ements are within the quartz sl eeve However, the neans
enpl oyed by the eP&€t pEgsent WlthlaeFEGtHERIFB 5&ﬁ?¥9e3§hée§ﬁ§eré?&FVeFX
altered 30 si g theashleeh@sptodene alﬁtﬁm|§ﬁd ger enef theheter 14,

system that uses |le S batter ower rovide a no ccurate
rgadlng of the | o& Sﬁro§agé§ tF@QFR&ﬁth 2'be §P€ﬁe%5§taﬁaln§%kg ©seeds.
The systenmcolorlmebamdabl¢1dmhﬁc95aadgmhﬁk&nrkeedQSare Wy thinnithg bughtzof
di fferent velen%&Q% %ng% ¥Q§O§ F1°ﬁln§ %Bg g@grfghhg gold mar ker

uar

shoul d reside wit 89&hd " theA™feasuring the
reflectivity. disconnecting the catheter 14 from the transfer device

12.
To determine whether or not all of the treatment
elements are within the quartz sleeve 36, an electronic
20 detection system (shown in Figures 27-34), which
measures the presence or non-presence of the distal gold
marker seed at a single position within the quartz lumen
118, is included in the transfer device 12. This
electronic detection system functions similarly to the
25 detection system described in Ser. No. 08/936,058, filed
September 23, 1997, to determine and indicate whether or
not the treatment elements are within the quartz sleeve
36. However, the means employed by the electronic
detection to achieve the end result is altered
30 significantly to produce a simpler, more efficient
system that uses less battery power, and provide a more
accurate reading of the location of the treatment
elements and marker seeds.
The system colorimetrically detects a gold marker
35 by shining light of different wavelengths onto the small
area where the gold marker should reside within the
quartz housing 36 and then measuring the reflectivity.



29 Based on the way reflectivity varies wth wavel ength, t he
system det erm nes whether a gold object (gold mar ker) or non-gol d

obj ect { st ai- M®EWS682Seel seed, background, or saline fil Pedusosodses
| umen) is occupying 5 the area. If a gold marker seed is detected, it--
woul d be reasonabl e to conclude with a safe degree of certainty
that it is the distal marker seed and that aldg of the el enent s
proximal to the distal marker seed are al so within the quartz
housing 36. To i nBasasle dohehteyage reff 1EHEtivider tvimites twiath avd vebasstla) e
within the quartz u { ni ¢ S n de to
det er m ne \}'VE’%t %’é'@%b dete 6"? Ss{;gv gétgl%eg%r elrcﬁlgbgt%clct?i B%gl W thin
the quartz housinqazaerHoWEVanﬂgﬂkﬁIQQnﬁQﬁxiﬂhauﬁless Steﬁkuﬁﬁeﬁihin t he
LAt e aevice T Shchghidun A4l UNdle 411l Confiit) OB | Stbupy s ﬁ e

conponents. pr actice, photosensors are not

to blue and5red | itdist aé?r?@ + HE iantgedsl mprker seast R%éieteCtedoth‘érWQ’ﬁﬂsi

adj usted by a fixe¢d GyRaNAtticdoRdRAWIe With a safRChicyted ner candidi
where the photosensor el ectrical 20 output is the sane for_both colors

This techni que isthat itdis Yagori st %Isleexﬁeraé% that all of t

opt o-el ectronics, efifé‘ihents prfdmntalle ﬁwrﬁmseﬁsaj‘alt harest sded e also
descri ption, wher e i S stat?%)that QF

and bl ue intensities e
equal, it is undeM{dd& ttt}n‘ﬁ G 4% %S °ar e%g@qdé’lc%?s tr}é %r
by the out awt of mhetphmnqsemsm'all seeds areIw1thﬂhtﬁnﬂ1quarhnehnusmpghe

absence or presengg Ofhe elffé&ogﬁ_lcd Al q)espﬁaef o8 %ﬁéfﬂhé n the

gquartz sl eévé Iu e electronlcs wali Iomhf
state for the powshelqerodpoth ﬂ@llb'@rprs@%iﬁd ane pepEnly3posit mctatmhln

Light-Emtting Di ‘%‘iixh qéxov'ivle%?) miEitg 3. 3%%&ver, 'y Zr'skfs!%\gﬂcfeé Qﬁ%?ém”t

4.7 seconds after button has been pr to indicate

that the LEDs andSpace wiihig ithe ZZ@nérf@rf devticendior dwusging radditdanide

or ahgence @ﬁé@ﬂf@ﬂqcﬁﬁmﬁﬁbpﬁidﬂraﬁ ﬂﬁglcal sensor, 35
I ndi cate whether a gold marker .is dete | um n tlnqsone

two seed sensing i ndi cdfoPrASsdC82, PO osenél%na:s?,%e é’ﬁﬂ: G ensitive

automatical ly rettonbllme l2ed e&®d light and the intensity of one or the
other must be adjusted by a fixed compensation factor to

achieve the condition where the photosensor electrical
20 output is the same for both colors. This technique is
well known to those well versed to opto-electronics, and
for the purposes of the rest of this description, where
it is stated that the red and blue intensities are
equal, it is understood that the intensities are equal
25 as measured by the output of the photosensor.
In addition to detecting the absence or presence of
a gold marker at a specific position in the guartz
sleeve lumen 118, the electronics wait in a low power
state for the power button 22 to be pressed, flash all
30 indicator Light-Emitting Diodes (LEDs) 28a-d, 30, 32a-b
on and off for about 4.7 seconds after the power button
22 has been pressed to indicate that the LEDs and
batteries 228 are functional, detect the presence or
absence of a gold marker as view by an optical sensor,
35 indicate whether a gold marker is detected by
illuminating one of two seed sensing indicator LEDs 32a
and 32b, and finally automatically return to the low



30 power state after five mnutes has el apsed to conserve t he

battery power, or restart the five mnute timng ~ period if the button
22 is pressewgpacsesduri ng those five mnutes. 5 PCT/B59/09805

el ectronic systemis powered by two 6v battery packs 228 which -
contain two 3v lithiumcells used in series to produce +6v in each
pack. The output is also inverted to gpoduce a -6v supply required
by the el ectronic circuitry. Exanples of such batteries 10 -

i nclude Sanyo CR BdwePaBaatr areBrPEivanflidtasehhs ela s@hZQ%AcBﬁ%EQbées
For safety precauﬁbgniat% fuse i battery. Wen

necessary, the lo er?h@PWeﬁalPr1§eﬁFaFﬁegﬁ?aﬁ§V8rm&BVFSet& Alfe

renoved to pepliade ittheheabuetynpackis?2pBessbd again dulréngovBbse
supply is controlfed b%ﬁa %]eep circuit. Appl yi ng power turns the
sleep circuit off; turn shuts down the power supply so that
It draws onby en®heh elemtronack esgptemeisypowareatli bg. tWbdt Bvr bhetenge

to Figure 23, the,quuaw,bah. B30 SoRraigkoPele1stghe 80115 LBEAYSLSPST)

push button switc nthe swt by nnnentarlly
pressing the butt&eraesi tonprieduce +6v éntéacbrpacktheTheaﬁgtpﬂtdéeu@ésgz

the sleep circuit jhgerted todpebaned andstvuga%p@p FBgupesar pyuRRLi es
232,234, one enerating +5y and the ot genérating -5v. The power

25 generated Pde tF§P1§p6PF8815§YstaF#FﬁBl?ﬁeOEOEHFBoRﬁtBFrleS an

|nte[na; t%?E{h18Qn64u6@UBhﬁ&odCR¥§Q ,PraRdsenk€ GRLP2, and bﬁfa&g%% 234
ni nut es e mi.nut e suppl i es are
turned off and thﬁggggépga¥%erle5|r%ﬂrtsﬁgﬁsﬂegr?ﬁaﬁﬁFQBSUn?lEu?ﬁe 1fexp

time the switch 3@er1e23@1mh theskditery. thuhbntheoeagary,pthesedwdnr|ng

the f1ve MRS hETedePSl ofle hRSnLbl) "eBeEL bah bk RBhoyed vo
all owi ng the power on | onger an ' Trve mnutes. &rna
timer 180 can be seplase @h@ batsevyraacks 228.durations in the existing

design. Eagh tine the &h&e %&er gh§§§9 lb”@&né§91§éér5§ g élgegeEQPgu3€St

phase, timer be I ns enabl es a 3. tiner S
derived froma 3. BPENW1§§CPPW§FoFuZBS thﬁeséeQPFQlFPH%F off, Wthh in

turn shuts down the power supply so that it draws only
enough power to keep the system alive. With reference
to Figure 23, the on-switch 230 is a single pole single
20 throw (SPST) push button switch 22, When the switch 230
is closed by momentarily pressing the button 22 from the
exterior of the transfer device 12, the sleep circuit is
awakened and turns on the power supplies 232,234, one
generating +5v and the other generating -5v. The power
25 generated is first applied by starting the countdown of
an internal timer 180 (a counter driven by 27.3 Hz set
for five minutes). At the end of five minutes, the
power supplies 232,234 are turned off and the sleep
circuit becomes inactive until the next time the switch
30 230 is closed. If the button 22 is pressed during the
five minute timing period, the timing period is reset
allowing the power to stay on longer than five minutes.
The internal timer 180 can be set for one of several
durations in the existing design. Each time the five
35 minute timer 180 starts a 4.7 second test phase, timer
64 also begins and enables a 3.4 Hz timer 236, which is
derived from a 3.5 kHz oscillator 238. The 3.4 Hz timer



31 236 and the 4.7 second tiner 64 are applied to the seed

I ndi cator LED drivers 240 to flash the tw seed : I ndi cator LEDs 32a
and 32b {onavosogpseen and t he ot her i's anber) on and @ifuse ,09805
simul taneously at 3.4 Hz for 4.7 5 seconds. The tinmers are a -
applied to flash on and off the |low battery indicator LED 30 and
pressure I ndi cator LEDs 28a-d. This ggtlon I nfornms the user that

the batteries 228 and seed indicator LEDs 32a and 32b are in working

order. After thez4s7apacend QeﬁtsEG%%% tdmer GQfaEb”%gpﬁiedtQ% %%%tggbﬂoes

into its normal detection det ecti on nbde uses
the optical propaPfil&eter LED drl§€§§n?é§st§t§éPSPtﬁ@%ﬂ%ﬁ&W%ﬁed

encapsul ating th@ndlcatorr@@D@aeuavanasgngqunéndsgg&@ehtB%dn&%%rb%heQr

pl ated 15 mat eri al . of .the naakerf ee Sbh and tge %%§gl H%

different reflectPvPIPEL)oPDr B09aREThPdBY L EFRECTS1¥a &Prstailnl ess
steel and §ol d. Feeongdsi.csThe thmezxgstem also appldleddeca flllash bhDand?2
enploying Galliu n | 1l I a,re ED_244 enpl oyi ng
GalI|un1Phosph|dg*%Othniggab??%grghépgéégg8?N%§g 3Rc%& R&eESBHSto di ode
and i nt egiaddcasopl LEDer 28a~ GRINTbGsadcamDnlnﬁém;mbthezaser that
and a second phokﬂéeBQQEe%§gs ﬂebcgnﬁrge@hllﬂaﬁéggor LEDs. WhbniR gt Bg),bl ock

menber 108 that houses the qua rst p otosensor
246 is perpendi cargr Ly !Qrklngopréﬁfed %ﬁﬁﬁrréﬁﬁeéb7t§e?ﬁ@dq@§§¢nga§§ve

36, and the of klineraed, reﬁeLE9§t3ﬁ2g3é§ ih%oO&tgnh%Qmﬁh a@t@EﬂiénO”

either side of the first photosensor 50. Channel s thin the body
direct |ight froRPERe LEDs 242, 244 to a targeted Iocatlon al ong the

quartz sleeve 36 and whaOda&ectldnrmoaetheeseth@Cbpdlbaghbrb elcttiest be
first photosenso ned § t ween the

quart z EESénﬁﬁsﬁnﬁg?ﬁi ?tERth%8F6§ n§8F E&Bﬁagéeas €on the
quartz |umen 118raﬂ1bbetsv9e1abéopebhandlgbad ¢gbhd materiadmpkeplabed! d

reside wheg all fhrkbeatr 83 LAE GhERBR Sedfs) aRRCCAL! REBuSgUAT L2

sl eeve 36. The c€és an I nh becones
roughl y focused 8affergat reflegﬁlvaééesfthéegh@nddbéde lipbtageseatht he

GRIN | ens, of stainless steel and gold. The optics of the system
include a blue LED 242 employing Gallium Indium Nitride
(GaInN), a red LED 244 employing Gallium Phosphide

20 (GaP), a photosensor 246 including a photo diode and
integrated amplifier, a GRIN (Gradient Index) lens 248,
and a second photosensor 250, which are all housed
within the block member 108 that houses the quartz
sleeve 36. The first photosensor 246 is perpendicularly

25 oriented with respect to the quartz sleeve 36, and the
blue and red LEDs 242,244 are oriented at an angle on
either side of the first photosensor 250. Channels
within the body direct light from the LEDs 242,244 to a
targeted location along the quartz sleeve 36 and also

30 direct the reflected light back to the first photosensor
246. The GRIN lens 248, positioned between the quartz
sleeve 36 and the first photosensor 246, focuses on the
quartz lumen 118 at the site where the distal gold
marker should reside when all of the treating elements

35 are within the quartz sleeve 36. The GRIN lens 248 then
produces an image that becomes roughly focused onto the
surface of the photodiode. The axes of the GRIN lens,



32 the red and blue LEDs, and the first photosensor mnust al |

I ntersect at or very near the sanme point along the axis of the quartz
housi ng- 36 twomlsesdsl y determ ne the presence or non- pr|SeU$HY/ 8§05
gold marker seed. 5 The blue and red LEDs 242,246 used in this .
system supply blue and red light at peak wavel engths of 470-
nanoneters (nn) and 88 nanoneters (nm respegjively. At 470 nm
stainless steel has nore than 90%refl ectance, and gold has about -

35% refl ectance; ghe8888 Qﬁéhbi.@e LEDS| 3AnM eSfe St A&t %l@o@&éé‘n@éfem\ﬁ@{e
than 90% refl ect ance his means t hat stainl ess steel reflects blue

and red I |©H~ hBB‘EFS%ﬁEa?FyO%eY?rY BRAG NP AN Rk #LPRI Hae

red |ight but pooakyslefthnebd;wsrtzgmuémctaacwe&éylably detbshibhs the
blue light). Therefore, the neasurenent 5 (ﬁ%Pe blue/red ati o of
reflected Iight cgﬁeﬁﬁgﬁﬁlﬁﬁoﬁ%?“Presence &t I BT $7°ot a gol d

col ored obj®&ct, in thi%he blue amderadghﬂmbrﬁ#2u246|used|imetmhatsyensmr's

osci |1 ator 238 20°EbK, Bhes e sRdcLLgRE et AR SIGRS! 9 a0

create t wonghgmnatersebeh) hand nBB angnenpkers )l rEspeptively. At
flash the blue a”@?beHmLEQEa% fe@é‘lsﬁébi s (&&Oe Okﬁgerr?egso% refle@elan@é
phase). One of the two Si

S 1s ap g% D driver 252
and the other is ﬁbﬁlgéadtha?h%b9%ﬂ reflﬂ&?%ﬂ?%wwaQSQB%% ?%%? each LED

243 t2;]14 i sygri Vens@élnless sa@@loamdr&}@id/ Haxiéidﬁiz'e tHe ef @% eret hecOidé e
an e

red 244
they take turns f?’é%ﬁlﬂ@aﬁﬁ g‘i‘uﬂgo??a”?'ﬂ%ﬁ? |-°afs?§ ects %ﬁ‘f‘%ea%‘%dr?%d
i ght travel fron11§BtLEBBuﬁ4éq@ﬂﬂlytWElnmﬂaﬁﬁ)gold(ﬁEﬁWEdSsmwehlnlthhe

bl ock nenber 108, d,t hypu th rd t t ed
| ocati on where thﬁgg i he Qu% gbr 1%gr §ﬁ% $ f? %ﬁiéﬁé eeds
are wi t hi nabderhsathe blmenl:&g_lst:) if '%h@t@ﬁcm%sstm ge¢aserement of or

fluid i 0g5UPYi NninELh By 8ed oLt 2634 eI DDA con iREpEEGaRLP! Ue

light are reflected equa apprOX|nate
fills the quartz #ehkernine whether or not a gold colored object, in this

case a gold marker, is in the photosensor’s field of
view.
The frequency of an analog clock oscillator 238
20 which oscillates at 3.5 kHz is divided by two to create
two signals, each having a frequency of 1.75 kHz, to
flash the blue and red LEDs 242,244 in turn (180 degrees
out of phase). One of the two signals is applied to the
blue LED driver 252 and the other is applied to the red
25 LED driver 254 so that each LED 242,244 is driven at
approximately 1.75 kHz. Therefore, the on time and the
off time of the blue and red LEDs 242,244 are equal as
they take turns flashing on and off. The flashes of
blue and red light travel from the LEDs 242,244, through
30 channels within the block member 108, and through the
quartz sleeve 36 to the targeted location where the
distal gold marker should be if all of the seeds are
within the quartz lumen 118. If a stainless steel seed
or fluid is occupying the targeted location, then both
35 the red and blue light are reflected equally well
(approximately 96%). If nothing fills the quartz lumen



33 118 at the targeted | ocation, then the background, as
long as it is untinted, also reflects both blue and red | i ght
simlarly t o568 stainless steel. If a gold mar ker PESAIS99/09805

within the targ
much of the blu
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eted location, then the 5 red light is reflected but --

e light is absorbed. A first photosensor 246,
photo di ode and an in8&grated anplifier, is
coupled to the targeted |l ocation within the quartz 36 by
48138 shathehtaphetedeidoont2ds, cthenOthe hsakgreounde as

e%BHthE Qkuﬁsaﬂﬁtiﬁgehiggiso r 1ec€é°§b£ﬁfbﬁ§@sﬂh

lue/red ratio o faefed S use
reséght similarly jpsEhat ef §t3énaeﬁﬁrﬁ§¢elv If a gOldThe

34matk-Reg Lbedt 98 %@tﬁintﬁﬁelﬁargetéé”§6§ét§6ﬂ'C%héﬁ ehéows
o al so_be ed off ] ect mnth

f red 1lgbﬁe15h5?8%§ﬁ§89 EHB m#ﬂ% ﬁﬁo?B%eP%BF é&ahﬁnﬁﬁ
abgbrpes. |Ighflrétaﬁﬁbtbéénéﬁrtﬁ@GFedoﬁﬁﬂsbhn@ bieght .

i pRBEoSds0yndaha; aBr thFRGREE kit  Elor, 18 BREicALAF"

¢heppbdt bsehber tddgeted louutiobewmphiattneaQuamth Bsghy

gh e apgpaLen Lew png r t he
ctp8°GREN AehEOaEBCEE nkk PEDOpHLEERMRSC,, ZUBLERLT, O
umeagura tbeuegféentghlpgssnfeacbrt256blue and aeﬁuiight-

oug gt gﬁéo#l?gg@rggdrgf#g%ggféycljrren ;bl:utee re%?%:a-g.l (fe 9.

r renbves a ht™si"gha
shtegherted lightahd thedbbbf detérhpset hbespnebenneusr

ucgbgg ce 39059é8ﬂﬂdm99k§f by providing a | ow i npedance
he sync ronous tector I's circuit whichis

th the Bhaevigdirgdwirgopupéealomgethe topsyfchforbas

seﬁraﬂsfékuaeaﬂéereé augaagsamblentU§igﬁtths 8288 fe’5 kHz
to drive the 35 bl ue LLED 242 and renoves_all signals

e reflecﬁ?@r?%ﬁtaﬁlEh?ooPh%CBlﬂét%hﬂ the £Epidoas piawaaf
the photosensor 246. The photosensor 246 will detect the

ambient light in addition to the red and blue light.
The signal of the ambient light superimposed on the
signal of each the blue and red LEDs 242,244 may affect
the output of the photosensor 246. The photosensor 246
must be operational with light coming in through the
transparent viewing window 34. Therefore, the signals
due to ambient sources must be removed from the system.
This is done by using in series a high-pass filter 256,
a buffer 258, a synchronous detector 260 and a low pass
filter 262. The high-pass filter removes all DC (direct
current) light signals (e.g. daylight or flashlight),
and the buffer helps the synchronous detector to reduce
background noise by providing a low impedance drive.
The synchronous detector is a circuit which is
synchronized with the blue and red LED pulses. The
synchronous detector processes the blue and red signals
using the same 1.75 kHz oscillator used to drive the
blue LED 242 and removes all signals except for those
attributable to the blue and red LEDs 242,244 and



34 converts the resulting AC signal to a DC signal. The

anplitude of each pul se corresponds to how nuch light is bei ng

refl ected fromwdopesasar geted | ocation and the DC vol t aggcyGsdsfaydsse! Y
proportional to the blue/red ratio 5 of reflected light. 1In the casel
of gold being present at the targeted | ocation, the DC voltage
output is nom nally zero. In the casggf any other col or present

at the targeted | ocation, the output is a non-null vol tage. The | ast

step in filteri ng:&weﬁgnaié fééli&tlﬂx% ACEIAE] 40l De é'ﬁ%ﬁ‘ﬂla | By pass
filter to renove the e on t’he DC si naI eX|t| e synchronous

L ppl
det ect or. amplityde s‘§/§t b PHES TS dﬁ‘f%l]r’yglh |1}s
voltage with the selngtrofl @ftgd| thdprthen tRasjdtied M&tﬂ&) and zghi® pol t age

with the detection pf stainless st nul |

signal is unaffect®t-¥L aHy 1nversee1§¥al%0pé)rré:maa.r gcdjgatﬁﬁgglf‘h%f rﬁ%’p%t h
(zero tinmessany of refhagred utlieghts. allmythez evase ofhusyld Hseinglplségsmtt S
much |l ess likely n Wi round

t he reference vol ge ?Oé%e%&% h.foéﬁfcﬁﬁ Ct% l%aidqy&lg)a(:gause ﬁﬂse nul I signal
is |ess affected ®9minally zen9atilgndhd ase Mfe%t@?heélmﬂ% prgent cal

tol erances and tefpefid U Lr %ﬁ)cdttldns Rl dﬁ;@'fs a non-fdBp a
non-nul |l vol tage. After set g}}t e red LED, the only adj ust ment

needed for naki ng"@He2Hut puEL e%/ dsfgstep in Eidtenimsh ontydt Hanatk & From
occupi es the tar gailetedOCEIdI is usingd @ AdjwPdsRg finedmtenstdnowd tHe

bl ue LED 242. Two nal.s of, th | i.t ude pr.oduce zero volts
AC ConverSHIBLe KR it T 5 ) SXIE 1A the SHEITEO G0 20

when the bl ue andietsbtdfls 242, 244 are the sarre intensity, the

phot osensor 246 sends gut s%}@ﬂa% § Pl soirg %ﬁ C@% e e c'%rver%ﬂ(yg‘nf

signal for blue and | ow SI gnal :
non-nul | DC vodtaggevitn tirejeieﬁemtndme qfr godic o agfd golpbs ot e chare- a

35 nul | old,, j d@b%tc lpd 5%59] of
ot o t he ]Etl[{&e and rZﬁJe el lefosn s%éém)ws

reflection for bot Th5|s
i ncreasi ng the drihdckground) tﬁ%q_%az@ll signal is unaffected bY any

gains encountered along the signal path (zero times any

magnitude is always zero). Thus, the null signal is
much less likely to go outside the tolerance window
20 created around the reference voltage to be detected
(null). Because the null signal is less affected by
variations within the system, such as mechanical
tolerances and temperature changes, it is more reliable
than a non-null voltage. After setting the red LED, the
25 only adjustment needed for making the output voltage
zero when a gold marker occupies the targeted location
is adjusting the intensity of the blue LED 242. Two
signals of the same amplitude produce zero volts AC.
Conversely, because gold reflects red and absorbs blue
30 when the blue and red LEDs 242,244 are the same
intensity, the photosensor 246 sends out signals of
different amplitudes (high signal for blue and low
signal for bred) which are converted into a non-null DC
voltage. In order for the presence of gold to produce a
35 null, gold, not stainless steel, must produce equal
amounts of reflection for both the blue and red light.
This is done by increasing the drive of the blue LED 242



35 while maintaining the drive of the red LED 244 const ant SO -

that the blue LED 242 illum nates with greater “intensity than the red
LED 244 -TheWar?Bi5e®S by which the drive nust be increaserCI/gsvlogsnswi t h
whi ch produces 5 equal anplitudes for both red and blue reflected -
l'i ght. By increasing the intensity of the blue light by a

specific percentage, gold now reflects the e |ight equal ly as
well as the red in conparison to absorbing t he bl ue when the red and

bl ue LEDs 244, 24 tidve mantdiningariee diviree ofNovheated rkkD e244 ecopstant

anounts of the bI aE&hgqﬁmg%éﬁ zmmﬁﬂ%ﬁ%he OtA?(]‘réégé@I from
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a non-nul | out volta t hey uld be untinted or._tinted blue 20
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gol d doesl. I i equall;)r/\me welEl (3 Sttlg:ﬂafed S.rﬁtccmqmn‘l'ﬁéduy tergbyatbingt he
system wi i ndi c t ver,

due to certain va |at1? ?’ﬁ %ﬁﬁ? J%%Bléj bld‘e LErRst @I% f‘g%"‘%m%

rarely real as zaame/crhtsve A Now golq)agiﬁllam:st recpshb| ahalstes tof 26! bb.le

win " the AT S ERAR SRIER R ol YA g e ool

detector with botBhqlrsenser aﬁﬁﬁmé@ﬁ%ﬁm@ﬁ%@é’fﬁ)l&ﬁl@@l Olbe‘ih%r%*eb%l? ound

zero is not necesssy, bﬁf@%ﬁécﬂfh?&rﬁ of stairle¥B tdteeest a4l r?@é.e|w1th
seeds, saline, and uartz | ume are found to alwa s be 505 tjve).

The buffered +2. @l)le becauﬁeef%ﬁefﬁb"e RRASGL G vRsE %9 Rhg ive

potential 15 B derhé’&Bﬁozfe),l | chee b iye as:u;natly mllraia;éf etha OtHe Bd
generate the threshol%[ref t hreshol d

|t W N+
dotector 264 recd WA I Samiidd Sad Siave roduaghad TRTARES ¢

exceeds the posith&eroltage. To make sure the stainless steel treating
elements and the background always produce a non-null
output voltage, they should be untinted or tinted blue
20 so as to reflect blue and absorb red, which is the
opposite of what gold does.

When the DC signal is at nominally zero volts, the
system will indicate the detection of gold. 1In
practice, however, due to certain variations within the

25 system, the DC signal will rarely read as zero volts. A
positive threshold detector 264 is included in the
system to compare the threshold reference voltage with
the filtered and rectified DC signal (a true window
detector with both positive and negative thresholds

30 centered around zero is not necessary because signals
from the stainless steel seeds, saline, and quartz lumen
are found to always be positive). The buffered +2.5 v
reference voltage 266 travels through a potential
divider 268, followed by a unity gain buffer 270 to

35 generate the threshold reference voltage WIN+ 272. The
threshold detector 264 receives the DC signal and
determines whether or not it exceeds the positive



36 threshold (for exanple, +450 mllivolts). If the signal

does not exceed the threshold, then the threshold - detector 264

deci des- that. whes/sBsnal is consistent with the pr esencepg-img@,@sosThe
threshol d can-be changed in 5 order to vary the tol erance of the -
systemto errors. After the signal goes through the threshold

det ect or 264, the decoded signal enterggthe two drivers for the

i ndi cator LEDs 32a and 32b. If the decoded si gnal i ndi cates that gold

is present, then thee8h6€A LE&B&aaﬁLple, a&wgnihﬁw@ptéﬁ of TEhenkr amghan
device 12 mnthln o the

pe 66 is m nat ed, . di s i.ng
user t hat é ?So?th%X??gngﬁ E?%%%%?%é Rt Hhe Phgeghax
housing 36. If theetecoded264 g@ed:m@dlﬂa&estm@aél@ow is consLStéﬁt with
present, then the nber LED 32b alo?g thfhéqg?%G ransf.er

15 he
evice 12 within FRE PFEREIEE pof o8 PRITIA SR BPoEhABRRETED e
user that pbssiblgrder to varyatheofolémwanceadf nghel syeoes toeewrdhnsn t he

quartz ho“% £Q8r3bhe signal goes™ %b‘]tt%g {’Aé'etﬁPQslﬁSﬂ LﬁgﬁeﬁéngM

are tenperature 2 sensi out put~ si ficant
decr eases &§4thﬁhﬁe@%@@@?@r%lgm%bseﬁﬁﬁr%|Eﬁ@ft%%. ¥yV¢ﬁ§r§9§e§h§s

the tenperature diﬁ&§ca@B§SﬁEﬁ§nﬁﬁéaéﬂ&332ﬂducﬁ§ the dec&&é&9§§gh81the red
LED output will disturb the blue/red ratio of reflected ht _and

may hinder the sydbPdpfates that geld s (Rregent: theD precsEeeBr LEBI 422 To
stabilize 10 tQEoﬁthth:@pltwtof atlps | gPaAMessr CAevi®é 1PO0RitEin the

I ncl uded to regul he out an ensate fopor nper at ure
effects so as to ﬂ tﬂép?e {hi&ég) &, %ﬁﬁﬂi%ﬁﬁngTﬂg %ﬁﬁeuﬁgﬁ 242,
however, is suffithent&ayl36f theenmeatdmgeeSEméﬁEsowﬁe withior the gQperati ng

tenper at ur e nol@9hE 8F, *10r [Ble] fodfudd L 10 LARELELOLoNnEe qora

bri ght ness I S necessary for
LED bri ght ness cohﬁr@@tlDD®S¢m%orthﬁQut&eaamhﬁxnﬁED 32b appogothastep256.

The SeCO“dIQhOtOSSESQﬁezéP%SQﬂgﬁﬂﬁéGfE%5%& witiPin et a%ﬂﬁ@ sgdyged
changes in the LED out put g focusing at the tip e red LED 244
only and lllumlnate displaying to the user that possibly not
all of the treating elements are within the quartz
housing 36.
Both the blue and red LEDs 242,244 are temperature
20 sensitive. The red LED output significantly decreases
as the temperature rises and significantly increases as
the temperature drops. These temperature induced
changes in the red LED output will disturb the blue/red
ratio of reflected light and may hinder the system's
25 ability to detect the presence of gold. To stabilize
the red LED output, a brightness control loop is
included to regulate the output and compensate for any
temperature effects so as to hold the red LED output
constant. The blue LED 242, however, is sufficiently
30 temperature stable over the normal operating temperature
range of +10 °C to +35°C; therefore, no brightness
control loop is necessary for the blue LED 242. The red
LED brightness control loop incorporates a second
photosensor 250. The second photosensor 250 compensates
35 for the temperature induced changes in the LED output by
focusing at the tip of the red LED 244 only and



37 medsuring how nmuch light it is generating. The second
phot osensor 250 is positioned at a 90[err] angle with respect to the
| ongi t udi-nalwe»ps6esas the red LED 244. The red LED out pugcfri§ssabsdsS
detected in the sane way as 5 the blue/red reflective signal by flow ng
t hrough a hi gh-pass filter 274, buffer 276, synchronous detector
278 and a | ow pass filter 280. The outcom ng-DC si gnal t hen passes
through the noninverting DC anplifier 282 to set the control | oop
gain 284. The si ﬁié%lsxﬁ@.@@REiddﬁducﬁl Hignt pasidd e aega%n vergai feéond he
e°r

ref erence si gnal F) 286 t at S the drlye range.
The adj ustpé‘d’tsqs@{%ﬁo%r?t%g q?“éﬂ‘ %Iﬁ“ﬂrq t he
red LED out put caonrsipstt et\certltéldugfgjt’dlﬁimmedx1s of th:e“rmlastl DEDII«g«hI for
any given curren stem

var. 0ock t.he s
el ectronics is s# %efﬂfe:n r?‘ﬁpd{ﬁ és%la]g? adnai'ﬁbv 1€, e wWay as
el ectroni cs ar e the b]ume’(retd) 1! Jord brieter |a:ngriql (h_zyt eftitowimeg chlsreuhglgoad

mar ker , r 0

magneti c | ocki ng hg'gc%gaésovf %o ésrgr??eqoaviﬁqunéd:ocat d tsﬁln%&{ et p?%rssure
to the user, and 278 carsiolaaﬂth@ar&mﬁerlter 28(of W@\MCW@@QS%QHENI

el ectronic circuidyeh passes SHUgH Hhd hﬁ)rﬁfrﬁ‘;%%ﬁ %é%'é]ﬁbﬁff@ftié’z &€

on the primary and secondary si des, of the nal printed circujt

board, which can 5 &dh SR EEQYu IO B3 22881 25 The [Signat j3d4s e1ERgr
fAﬁSt Ihng EVICUJEdUVQﬁ)él:Tﬁ.wId}: Qiergaﬁilve galn wr&é@eﬂm@%tmn@nnecggr

i ch makes accessihl e thi.n the circui e
mai n circuif @M} 528(,5(5353\?3: #’Eed gfﬁlﬁ‘tv{\g LR 5392y the f or
protection agai nsatdjrﬁstﬁdﬂﬁgmﬁ rentdreith oreieheathd@D Hriversimeiowtaine
chassis within t tran \J schemat i | a f the
el ectronics on thhzg’ %is LED O%g‘l rcwc[on% zflp&" avenﬁhq:g\/vﬁl tg}%%cgtg‘fang_ D and
30A-C. The amosrd: @i rﬁlezilmlﬁmml}b(mm whingterdr enayo Wwraeyl. on t he
two photo sors 246 an

P 5133”a A fi% £ rd %yﬁ%nﬁjelﬁv’@c%lc

schemati c grans are shown |n gure 33." Th tr1cal connectlons

bet ween the diff dfeigyia £ of as ln@%ﬁ%merd&h%@%ﬁ@%ﬁﬁ#e
Figure 34. used to calorimetrically detect the distal gold marker,

to detect low battery power, to control an electro-

magnetic locking mechanism, to sense and indicate the

20 system pressure to the user, and to display the number
of transfer device uses. All electronic circuitry,
except for the pressure sensing circuitry, are on the
primary and secondary sides of the main printed circuit
board, which can be seen in Figures 27 and 28

25 respectively. For testing procedures the main circuit
board may have a test connector which makes accessible
signals and voltages within the circuit. The main
circuit board is coated or stored within a plastic bag
for protection against moisture and mounted on the under

30 side of the chassis within the transfer device. The
schematic diagrams of the electronics on the main
circuit board are shown in Figures 29A-D and 30A-C. The
micro printed circuit boards which are mounted on the
two photosensors 246 and 250 are shown in Figures 31, 32

35 and there schematic diagrams are shown in Figure 33. The
electrical connections between the different parts of
the transfer device are shown in Figure 34.



38 As a backup to the electronic source detection

system the w ndow 34 above the quartz housing 36 al |l ows t he user of
the transfer wowhsed2 to visually detect whet her or 1%;99%8 tshe
treating elenments are within 5 t he quartz housing 36 by e t(f]

detecting the presence of each marker seed on either side of t he
treating el ements or by counting the er of treating el enents
and marker seeds within the quartz housing 3 assi st the user

To
thovi | d .
\5,9“ ;ndvhzyai S gte§$ Iegnt oﬁﬁ ”&%Aéﬂdﬁ‘%{éeﬂ? ]%Olleocntg?%%fé é]ﬁ%c%nd@c ?%%8308

where it is systamt ceheliwidow %ﬂa@)@wmethmaquazrtzjrﬂmcnuamg 3ﬁeallémgs
used may magnify idhONEsF MO %% amnr@é/ fW@o visual @éé@é
magni fication of 2X or greater. The lens i1s cyl |n rica ass ens

of plano-convex faMAthepRmdot all of &'t%rtq%ﬁ??ésg rﬂew‘a%earem%haé a

neans to assfst thae quartm%uym %%yaleleteiéictd@&é@élﬁ@etﬁéegiégahce
el enents and cribe lLine or i nscri bed

onto the surface df t?@%d@ﬁ?%o?%‘?‘i@’h?%hﬁ%mﬁa}d%d’ &?‘ﬁdﬁ%ﬁﬂbﬂ 9to the
user that the di stea]lermmfﬁ@erozsagd cartting thd hiansdt of etatemglﬂbemaamentbs

properly positi oned thi n, t he, rt ho SI Al hough
the inventions have dDe %r)%eesc éeE)esd "i’lntch%%1 tzh "n:qu Ii‘% speC| Pec
enbodi nents, it i sasmcbstr stﬂm)dzsza wnﬂhauamln dﬁ:emdncaalmgnaﬁmngahgas
may be mad 1 t hese i i

to e ag%; dso? *Se % éhc?r!fd)or!?s ande-{pak to the

reference s ouI d be det erm ne
proper scope of tH&Re HQW"emncm% the blOCk POI'UJCNI \VIH) &orwh e eo i VED:

L 0 a transf ers dayie uppable ) by SRMdirts Lubd A8 Dohe lens

treatment of a selected site in a body atient by at | east one
treatment el ement YRRMHMEH BRINLEY ddgr?%? I‘H%rér"r’q %W?é‘%’r%f%ﬁ‘ dBIY cBaY®it o
a lumen of a SEAfRE CRRIEIf inatiRanSOR2Pprasyézesk f | Urle lens is

through a fluid entr ori in the transfer vi.ce, the transfer dewce
havi ng a s ce of® ﬁ.{)@gjm %lﬁ ¥ o plario-convex form. Now

other lenses may be used. Also as a means to assist the
user with visual detection of the treatment elements and
marker seeds, a scribe line or marking may be inscribed
onto the surface of the guartz housing as a visual
20 indication to the user that the distal marker seed, and
thus all treating elements, is properly positioned
within the gquartz housing.
Although the inventions have been described in
terms of certain specific embodiments, it is understood
25 that various modifications and changes may be made
without departing from these inventions and that
reference should be made to the appended claims to
determine the proper scope of these inventions.



an actuator assenbly nov ween a flrst position 10 that prevents
the treatment el enent fro lrl’ ﬂ" uu! | umen of the catheter and a
second -posi tWOrPIEERIS ment el ement to enPET/UISMS)hmen

of the catheter, and a battery povver ed detection system for

determ ning the presence or absence of said at |east 15 one treatnent

el emrent within the transfer device, the 39 nprovenent conpri sing

a mechani cal interlock operatively connected to said detection -
system so t hat sé&%&ﬁﬂiﬂM- interl ock prevents novenent of the
actuator 20 asgenbl yrind Q:&%rﬁslﬁéierdéi&dia Gl@é@aswnl&y&t@ybtem for
determ nes the presence of said at |eas eat nent_ el enent

Wi thin the transfetTRdRTERady treatment qqu?tﬁﬁ¥%933$d%EYebe heodEt @€t fon
systh em i sI of f. lpatlent B atTflféatsrtfmﬁfeertzdﬁﬂmwfeﬁxﬁém havheﬁ@%a the 25

mechani ca nt er npri.ses a .so oi nger, t hat ves

bet ween an extencfg’(fot’i@\ c}ﬁm}%{’ 1n ﬁ'{/ﬁt t(ﬁtaqstfeé%gé%‘é]sc? hgn %tﬁa%‘c")lp %s‘ggnﬁl y
to prevent respTEtte tdas:rtmﬁemrhy angagts aft eptqznmmlmdtﬁlmdgrrglage

the actuator assq,_@i fe:}':0 device ha3(71ng rb% ta{@aisgt%r d%’é&tm%d%@%l ca?or

further conpri sing ressure senso
i ncluding a betweeppr ésdumst rmm tlb;att IpreversisnEhe sty eatnenh

said fluid entry AQident & dal &g tafd N Wpen of the catheter axﬂ&”%]

measur enent of the pressure of fluid as I t rough

tansfer défice, teEHePaFition that permr%mr%w%oﬁm@% ® a

vol t age enﬂ@rOFthet I1Q@n toF the Maﬂf-’n%ﬁe@s ¥ aary lél’é’étrléally—
i ndi cat or actuat ed dhe voI ta The transfer device of

Claim 3 wherein tpr?é’ ’t r?é’sé"cﬂ“brf%rﬁ?ﬁesré%l%%%r? RFCFFYRE sOF
each | i ght absenve oF |sa&doamgeddwmmtt&ttammmt heel gmieersis Lrethin
transducer genergtin redet er. ed re l.d .vol tage Q.._.correspondi ng
to predeterm ned%[%ﬁeg:ﬁ:o n%f%%egget};r}fe(:% t Qa %‘q‘%r%‘?%e@%ec?ﬁ%%?]e?gdew ce of
Caim4 wierein the se megdiagfidalg iinsegdimek sgeerfdtitglyy ecommectéed r d

and to said detection system so that said mechanical

interlock prevents movement of the actuator
assembly unless either said detection system
determines the presence of said at least one
20 treatment element within the transfer device or the
electrical power for the detection system is off.
2. The transfer device of Claim 1 wherein the
mechanical interlock comprises a solenoid having a
plunger that moves between an extended position in which
25 it engages the actuator assembly to prevent movement
thereof and a retracted position to disengage the
actuator assembly.
3. A method for inhibiting stenosis in an area of
a vessel having an inside diameter of between
30 approximately 2.7 mm and 3.35 mm with an intraluminal
radiation source having a center line comprising
providing a radiation dose of 14 Gy to said blood vessel
in the area at a distance of 2 mm from the centerline of
the intraluminal radiation source.
35 4, A method of inhibiting restenosis in an area
of a vessel having an inside diameter of approximately
3.35 mm to 4.0 mm with an intraluminal radiation source
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fourth light 'emtting diodes, the first Tight—emtting di ode bei ng

i I'lum nated when the threshol|finiians i exceeds 6 psi, the second
li ght eni-ttiwg.ssgdisase being , m'mmf!!'ﬂ d when the thresﬁ;{.,gs;y/(?§ ure
[ n e —-.

exceeds 10 pst, the thirdclig g diode being illTumna
when the threshold pressure exceeds 60 psi, and the fourth l.i ght
emtting diode being illum nated when the 280 pressure exceeds 80 psi.

6. The transfer device of Caimb5 when the first, second and third -
light emtting di . ey I ' n rth_Li .emitting
di ode emts Qg?%ﬁa}%gﬁ??teﬁ%¥gé_8$h$£g§1n§h§r§?§%§$§rEd§3pggkﬁﬁgglaim
1 further do9erEi hg:Gy to said blood vessel bat theyapewerati adi cat or
conprising at ist beast SRIMPRE AL S L1 £AEDBEC th® 1Ak
voltage to a pred%%%r%?%%d ?hres gﬁﬁ VO tageggnd a 30 1§%§ugpﬁ1nal
di spl ay activat edc®JL2BECROFPEFE®Or if the battery voltage is

bel ow the psedetermnesl, A method ¥&feshWiMiting restenos8s ihh@nt azeaf er
device of daim10_wherein sual .,

ihe . . Vi ndi cat or ﬁo rises_a |light
that flashes on apfl @ vessel compriging providipg,apnlp EQEHWFQFQ vol t age
ijs bel watge DFEdﬁ?@iﬁ’iﬁﬂOﬁi sourcé &siwyda centerline, 9théhmehansf er et
evice o aiml tther. . [ rising.._5 \ .a.pressure re
val ve i ncl udi ng arﬁghg?ﬁ ivity ogngahgv?%%r%% ?%%%?i%PfFFﬁF§n§a§$a§8%éye%
along its a raéngattive fdose ofl approximatedy eﬁGOOGyigbﬁ at a
housi ng |nlgonnunégg%éggew6frbtqﬁ fPUmC€h8fcen¥erli%e BECERHM 284 oblitliGe
d outl ef a nd end of sal ston

and a fluid o a seco housing, a p
received within sgparce. fluid passageway of said housing; a spring
Wi thin sai d gl ui drpagsegengdedi dev10e S8kEapia! 9 bNEYstem for

fluid-tight contact with said fluid inlet, said ' .. Spring exertlng a
predet er mi ned for ERtERLEMLRRY YEeatment Qf 3 ofelectedt Sifet pB Br POSYr PEe

fluid exerts a patient bpr&e Deasti éhi ctOatHestt 81lenbal advdnced
predetern1g§d forcer t%ﬁ glftoqnngge gggénst thed  ce i oforﬁe %f t?ea
spring to break tHBrPHERq2 (TR AT SE AR RS SAPGOr Puld™eR 8
thus permitting separate catheter by means of pressurized fluid received

through a fluid entry port in the transfer device, the

improvement comprising:

a pressure sensor and indicator including a
20 pressure transducer in fluid communication with

said fluid entry port, the transducer taking a

measurement of the pressure of fluid as it flows

through the transfer device, the pressure

measurement being converted to a voltage
25 proportional to the pressure, and a visual

indicator actuated by the voltage.

7. The transfer device of Claim 6 wherein the
visual indicator comprises a series of lights, each
light in the series being illuminated upon the pressure

30 transducer generating a predetermined threshold voltage
corresponding to predetermined threshold pressure.

8. The transfer device of Claim 7 wherein the
series of lights comprises first, second, third and
fourth light emitting diodes, the first light emitting

35 diode being illuminated when the threshold pressure
exceeds 6 psi, the second light emitting diode being

illuminated when the threshold pressure exceeds 10 psi,
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20 pressuri zed fIurEF“‘TTevrThroughnsald housi ng and out

said fluid outlet. ;; sfer device of daim1l further
conpri si Ag: WO 99/56825 H | l er m ning the nunbgerebs %F‘F 25
of said transfer device inclwudi y ..

tch el ectroni ca
coupled to a counter display, the m croswi tch being positioned in
relation to said actuator assenbly, o that when t he act uat or
assenbly is noved froma sel ected one of sai first or second
positions to thet@%h%miyhfﬁigﬁt emitting fdiéﬁe(Eefﬁ§Qﬂﬂl@ﬁih&t@&swhéﬁeb

mcroswitch is tripped, and the counte flag I.s ] ncreased
one. the thresho%é;gqessure exceed 0 nd the fourth,

said fluid passagawmt @nﬁaﬁﬁgxgsailcbde Being n.il)lumlnated wheh| thé- prébsure
contact with said qurg Iet sald spring exerting a
predet er mi ned f o pi ston so that if the pressurized
fluid exertss a 5 9. 'Jﬂmrdn:amsfmj dgridorofrebdian 8 mhesatle first,
predet er m ned force t VEes, .a t rce, of e
spring to break 76 ¢ a 45€§¥}dn1 §htggﬂig%lrﬁzi%o%ﬁt?p§5|ﬁei$ﬁlefﬁ?é ,
thus pernmitting and the fourhtesksighty exiniffuing tdblddevenitouyedshighhousi ng
and 10 out Sqdjflfﬂ‘$‘¥ﬁd fer device useéﬁ&e'fhaat g%ﬁé reggevi ce

useable in a systemfor intralum nal treatnent of site in

a body of a intyaluadmady tgeataant e a reakertrd eﬁfie%ntn advhRpdBdof ram

a lunen inghe traRsat QﬂzV'aQ:e ldds: %dé'@e‘héﬁméhtlfelem&% hg&@anbyqmeans of
pressurized fl ui the traqefer devi ce having an actuat or assenbl

moveabl e from a filsugh a lugen win, Fhe, AransdmgnCdeIfe (IREP nkhe LVBeReL

from ent er Ian@etﬁae:dwmamfeﬂdle oA tnteirey @Cbzaemﬂe@oﬁlﬁi@n the
that permts the treat nt elene

t ent
catheter, the i vr?ﬁr% Sr%vd.ng rl)aettery powereé)a{n%%%rllb?me ofnd
deternining t he mmd@mayﬁ,lnha31mprovement aomdisiirigansf er devi ce

:jlng:ofg;”gt %em croswtch 5 jow batt@:SF PRML A GABY SCohfr s SRYNLET

least one comparator to compare the battery voltage
to a predetermined threshold voltage and a visual
display activated by the comparator if the battery
voltage 1s below the predetermined threshold.

20 11. The transfer device of Claim 10 wherein the
visual indicator comprises a light that flashes on and
off when the battery voltage is below the predetermined
threshold.

12. In a transfer device useable in a system for

25 intraluminal treatment of a selected site in a body of a
patient by at least one treatment element advanced from
the transfer device into a lumen of a catheter by means
of pressurized fluid, the transfer device being in
communication with a source of pressurized fluid, the

30 improvement comprising:

a pressure relief valve including a housing
having an interior fluid passageway along its
length, a fluid inlet at a first end of said
housing in communication with the source of

35 pressurized fluid, and a fluid outlet at a second

end of said housing, a piston received within said

fluid passageway of said housing; a spring within
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m croswi t ch being positiaoned in relation to said 25 act uat or
assenbly so that when the actuator assenbly is noved froma

e fira oro e T rﬁllmumnmm s the wrorosui ton ?s&?r.pp b5 and

the counter display is incréaséd by one.
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said fluid passageway biasing said piston into-

fluid-tight contact with said fluid inlet, said

spring exerting a predetermined force upon said

piston so that if the pressurized fluid exerts a

5 force on said piston greater than said
predetermined force, the piston moves against the
force of the spring to break the fluid-tight
contact with said fluid inlet, thus permitting
pressurized fluid to flow through said housing and

10 out said fluid outlet.

13. In a transfer device useable in a system for
intraluminal treatment of a selected site in a body of a
patient by at least one treatment element advanced from
a lumen in the transfer device into a lumen of a

15 catheter by means of pressurized fluid, the transfer
device having an actuator assembly moveable from a first
position that prevents the treatment element from
entering the lumen of the catheter and a second position
that permits the treatment element to enter the lumen of

20 the catheter, the improvement comprising:

a counter for determining the number of uses
of said transfer device including a microswitch
electronically coupled to a counter display, the
microswitch being positioned in relation to said

25 actuator assembly so that when the actuator
assembly is moved from a selected one of said first
or second positions to the other of said first or
second positions, the microswitch is tripped, and
the counter display is increased by one.
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