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TI TLE: | NTRALUM NAL RADI ATI ON TREATMENT SYSTEM 5

10 - 15 CROSS REFERENCE TO RELATED APPLI CATI ONS

Thi s appl i caty@ggfabs "™ the benefits of provisional ROPUSTAELHNS
serial nos. 60/026,566, filed Septenber 23, 1996; 60/ 041, 090, filed
March 14, 1997; and 60/052,708, filed July 16, 1997. 20 The
present invention relates generally to an i ntral um nal

radi ation systemfor the delivery of treatnent el ements by way of a
catheter to a selected location within the intralum nal passageways
of a patient. Mre particularly, tTEIResent invention relates to an
i nproved transfer device 25 for handling the treating el enents and
delivering themto the  INTRALUMINAL, RADTH 5ﬂximﬁégﬁgﬂr assenbl y.
BACKGROUND OF THE | NVENTI ON Since the late 1970's ball oon
angi opl asty techni ques have 30 becone wi dely used for opening bl ockages
in coronary arteries. Briefly, the enlargenent of the artery is
achi eved by advancing a balloon catheter into a narrowed portion of
t he 10 artery and inflating the balloon to expand the dianeter of the
artery, thus opening the artery for greater blood flow 35 At her ect ony
t echni ques, in which bl ockages are renoved or reduced in size, have
al so been used to the sane end. Wi | e bal | oon angi opl asty has
proved an_effective way of i __openi ng thf coronqp arterles in a
S|gn|f|céﬁt nunber of CROSS, REFERENCE . PR - wedgai n at the

| ocati on where the 4his bpplmtms e!pamded:hesmmmﬁg pravigibaaled

restenosis. applications serial nos. 60/026,566, filed September 23, 1996;
60/041,090, filed March 14, 1997; and 60/052,708, filed July

16, 1997. |
20 The present invention relates generally to an

intraluminal radiation system for the delivery of treatment
elements by way of a catheter to a selected location within
the intraluminal passageways of a patient. More particularly,
the present invention trelates to an improved transfer device

25 for handling the treating elements and delivering them to the
catheter and an improved catheter assembly.

CRGRO OoF E X

Since the late 1970’s balloon angioplasty techniques have
30 become widely used for opening blockages in coronary arteries.
Briefly, the enlargement of the artery is 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.
35 Atherectomy techniques, in which klockages are removed or

reduced in size, have also been 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

40 balloon was expanded, such narrowing being termed restenosis.
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2 Restenosis is believed to be caused by formati on of scar

tissue at the site of the angioplasty that results fromthe i njury
to the arte d by the inflation of the ball oon. PCTIUSTN
recently, intral'umnal radiation has been used after 5 anglop?asty or
atherectony to treat the affected area of the artery to inhibit cel
proliferation and wound heal i ng response and, consequently, help to
prevent restenosis. Met hods and apparatus for such intral um na

radi ation treatnment are disclosed in the co-pending application,

serial 10  pegbenodtH 628, maeirehed;o%élcéusé@%y Woraltion REOrRAAt ed
herein by refﬁ%gné:len Thhiea i caéel&n ener al.| ¥§d| §§g§f$§ﬁ‘?{'ts from the

appar at us
i ntral um nal | injexy tm@l}mtamanduaedahmeme dnfiatdoncoff the balldmn.area .

to be treated, andyged &-&a@miydeiﬂ&%lfxﬂrlnfaq%ﬁﬁ;digh&é beexehtsaaraféber
hydraul ic or pney i c_advan ggnent and etrleva |nd|V|d

radi oac®i ve tPREIPRIPENE RN ectogmysto 4 B?i’gtttﬁ’& affected pred T ttdleand .
fromthe treaanteaty sittce. inhibit cellAs prolllifergtileri end nwenhdd hedXirghe

vascul ar systggupbise _and,MabnOBYSedy, Chelh | eqidinto FOStlRdiat no

pl eces or enent s are Se romoflf exlt ‘the device In

vascul ar syst’éﬁ?h‘ﬂﬁ s 34 H ARR tét'rsl y fofye SuGh  fBtrpdupingl radiattioment s
whi ch are novereatmen areodishtosedtial thedcofpéhding appldeabibny . senal

(ot | 207, L, noftba o (638, 81| Cf11de MAI0R] 1fadDGmicn il OGRS

treating el enents, ére I's a helgli neéd
any unint ende‘%le’é‘?(’db@fr EeSLrEnERer s appll%g%q:@rgeqp,ratlp,g Géé?l?ﬁﬁs an
radi oacti vi t yapparatus cohpei®inghe aapp@éﬂiewezdescﬂbad | Ast heinserted

above-identif n p o] a 2t d eve al.eas
where the :L1‘;£]r(1ae:'\'/"fn%:l'mc'lq't¥0 39\840 tne % gg}t,% rggg u%%é poésa5| {%e

havi ng 30 ‘ih%aq?énFOe%meéscapé ¥ utmnﬁﬁers@}%wérﬁ fPH‘uga%*Mﬂﬁlﬁ’g
pati entisand usithanfthieyhydraulic or phedstieadvincehent driterpti16vaRlor

obj ect of they nﬁ#ﬁ?ﬁﬁal raﬁmsgm& d%[%éﬁng gxa Enfs'd e%asd%&q %g%

cat heter asse uards to protec
patient and 3%t eftpg'erto and from the treatment 51 e.

As with any device inserted into the vascular system, it

must have sufficient integrity to insure that no pieces or

20 elements are separated from or exit the device into the
vascular system. This is 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
radicactive treating elements, there is a heightened need for

25 safety to prevent any unintended exposure of either the
patient or the user to radioactivity.

Use of the apparatus described in the above-identified
co-pending application has suggested several areas where the
device could be improved to reduce the possibility of having

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

35 user.
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3 More particularly, it is an object of the present

i nvention to provide a transfer device/catheter assenbly in whi ch

t he catheter a8 goe inadvertently detached fromthe PCT/USHINGSSE
device unless all the treating elenents reside within 5 the transfer
device. Simlarly, it is an object of the present I nvention to
provi de a transfer device/catheter assenbly in whi ch none of the
treating elements can exit the transfer 3 device unless a catheter is
connected thereto. It is a further object to insure that the

hydraulic or 10 MO£e Mg rt i asAyes it0 Wi Ciint djlecanséer the present

devi ce/ cat het er:mventt\ﬁnafée&%é‘iéé ;upi,flg%}es n&%ércg@hggggngg nﬂ,

retrieval of | enen xcee eter ned

"saf e whdsh khe catheter cannpt bg iRadyeiEeniiyl GGGFE edt BrOR hsle a
net hod and syste@nhdfer ddvlicedh®ess RO 1 BRe ArRRATIGRy &lgﬁbﬁﬁ\@sﬁﬁetﬁﬁﬂiimg

el ements dn deyi dfo rQvi di g v, al

i ndi cati ogn of the tri&i#c %%&ggﬁ & %aad’géfﬁcé 0 sﬁ"eai"?% é%ﬁtgresent
SUMVARY OF THElnmvmcm\mOProvme a Teeans sy mcea(nétbeher sassenbly |in
become appar enyh#BANnone of r@{eer%u{go elldifantkOldiV diglit JEl& tRghster

description are np. d_in_one aspec actuat or assenbly
for the aBySFe P LERR L AR e 0P BRRISttRd FHRERSEr that | s moveabl e
between a first posktibm ahfurghew ahjeatr d iimgurkeetbatstheohy@Saulic or
enteringd he | Hﬁﬁmﬂﬁé hereskiipbs’ tﬂn%}ﬁ.&ecﬂ@ pPahkEop hg@ice/catheter

permts treatln% gEnts to_ enter umen gate memn

moveabl e i nto PRECERIYAF SROILFERAARTANG t?‘ﬁeae‘c’t?ﬂ ment ?”d re‘:n%Y?%\cﬂf-ed
to the transfethdebreating Eilemritsatioesassendxgeed a predeteudined ‘Ssafte’h
menber bi ased ?gggsargl rst position that 30 prevents novenent of the
gate nmenber into its_second | ess the switch menber is

moved out of a firsttpds ﬁd’c?ﬂaﬂml °bJeFFt'%9 Proydag; 2 Pethed,A0d AyFte
t he gat a.srrenbefonpd]etédnng the préderice cxoabsehoe dﬁEItﬂ:@a!tdﬁgl elememtd him

central openin f L. an r
nenmber thgt |sth tra?r%fveeztalq%‘;ﬁc%t ggﬁoggfr%t %@hh% ﬁ%ié%%togr

engag
when t he such presence or absence of

eating elements.

. SUMMARY OF THE INVENTION

20 These objects, and others that will become apparent upon
reference to the following detailed description are
accomplished in one aspect by an actuator assembly for the
transfer device that includes a gate member that is moveable
between a first position that prevents treating elements from

25 entering the lumen of the catheter and a second position that
permits treating elements to enter the lumen. The gate member

is moveable into the second position only if the catheter is
attached to the transfer device. The actuator assembly
includes a switch member biased into a first position that

30 prevents movement of the gate member into its second position
unless the switch member is moved out of a first position that
interferes with the movement of the gate member upon the
catheter connector being received in the central opening of

the transfer device. Additionally, a trigger member that is

. 35 moveable into locking engagement with the connector when the
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4 connector is received in the central opening is di sengageabl e

by -means of a separate release button. I n anot her aspect of the
i nventi on, kre indicator s provided that i ngdpadsncss
transparent elongated cylinder 5 vi ewabl e by the user of the transfer

devi ce and housing a

cylinder. The cylinder includes an inlet port through which

pressurized

relatiye

fluid can enter, and thg piston is biased so that the

position of the piston and the cylinder provides a visual

I ndi cation of cémpedtthrlicy@ebbivéd Pt Thd! 8ehﬂré.'hfbﬂdn€iﬁl§f €& disengadiabilee.

The pressure
di aneter gre

I ndi cat or Vi ng a inside

LGRS L 3 <SHAFHES Soloind HyehRbe Y W Eh t he

piston is di sposedrramo&hevuwnecfpmﬁ the inventigumaupressuoe indicator

enl ar ged- d'anPéeﬁrQGiééthﬁﬁtthﬁciﬁhes aciféﬁﬁbﬁreﬂgﬂﬁiﬁhgﬁﬁé&/cydﬁﬂaékhe

fluid t
el ar god di arEtereis (Poreht prer o thB, ExanarBE; AVAR, BRBoBOBRIEEa% he
pi ston and expistamevhich iscglidiegly rexejivedhwithin pbetcylindemat Thel vy,

the pressure

comuni cati on
construction.

cjélindéf]dixﬁ@iﬁeé: agnbgn§eEnpoked ul r 3iHi%h T JLBéjsurlzed

nown

pi ston which is slidingly received within the

. a separate ressure val .
fluid can enter, :fﬁ'lﬂ FBe Bigken i %ﬁ%e‘il rﬁPer’F}(‘PG the relatiyg: or

10

I ncl udes posntinnmmﬁothatpuStoprandn&heendluhder|prpvcdesediv1sma1
centrajg 1RPRH b o h‘éhéf %ifaﬁivé‘eﬂﬁfd E;PSsBGPé‘e%Oﬁ:h'enCéz‘é%%%
| east one detent, for securin ¢onnpect or central enlng of

the transfer $Nic%, (ke BEE ﬁPrﬁaWﬂb"ﬁ"i?rbé:an in°1ﬂﬁﬁu%1|¥’?/r%’cﬂrbei’cﬂ"énﬁo
rel ease the catimtide Giawetér gﬂamtefrethan thatdpurtion of the cylinderin

further aspe oV, or. te ni ng
whet her the f"tr'eg{l ng e% e:%'nts re J'% nﬁggﬁgséé an% 'ﬁan‘g er the cg' ﬁ‘e

met hod i nclu

materias hasyllindexh cimseguently, wheeltigrhiiafpmaisure istsuEficilenti ng

to lights of
devi ce where
bei ng 35

20
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joRx | Wite hethe enlargedrdipnetieseRostion, of 5 the
f h
?:h AR FeE Fne Pistp%!ﬁ#&“&‘ié‘zednlo%ﬁr%ﬁfi ﬂl%géﬁ}é ”%ézftﬁréx{ Yk

enent

cylinder through the exit port. Alternatively, the pressure
indicator can be connected and parallel fluid communication
with a separate pressure relief valve of known construction.

In another aspect of the invention, the catheter includes
a connector at its proximal end that is received in a central
opening in the transfer device. The connector includes at
least one detent for securing the connector in the central
opening of the transfer device, the detent having to be
manually actuable to release the catheter from the transfer
device.

In a further aspect of the invention, a method is
provided for determining whether the treating elements reside
in the transfer device. The method includes encapsulating the
treating elements in a material having a known
wavelength/reflection ratios; shining to lights of different
wavelengths into the area in the transfer device where the
treating elements normally reside before and after being
introduced into the catheter; measuring the reflectivety of

e and after
«Fﬂ#medfmi% telfié’aé’&ﬁhél"’éisedrre%r PAFtPRe and | e¥itg etheof
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5 the two lights as reflected off the area in the transfer

devi'ce; determ ning the wavel ength/reflection ratios of the

reflected Ii %bsrﬁ aring the neasured wavel ength/refl ecti earmsernesss ati 0os

wi th the known wavel ength/reflection ratios; and 5 I ndi cati ng whet her
the nmeasured ratios are substantially the sane as the known rati os.
A system for acconplishing the nmethod described above is anot her
aspect of the invention and includes a powsgf source, af irst light
source optically connected to the targeted 10 | ocation in the transfer

device and thatthemtwo alidit &8Vireflected ofiff ithe! amwec| ngthe transoer

Lgnt source OgelGRelY dGRBPREASTY the vaddiddifin/HedTbetibiCRLP0s | GRLLRLT LS
i ght having a second ) Wavel engt‘ﬁ, a protosensor optically connected
to the target e¥eflected| bightiio fopnaring £he asasuredvypielangtd/reglectiome

tar get ed 15 éla?qetbi Oﬁ%md (}ﬁ{eeakhaﬁna ﬁ@%ﬁﬂf&ﬂ@@ﬂ%&g tﬂa&rigbq; and
wi ndow etector _for erm.nin et her e signal .create
phot osensbr i s MPERP lﬁgp‘fﬂéﬁéﬁ%‘? :ﬁhﬁea‘%ﬁ}}ﬁego’f?‘éﬁ% ' fqb(?tgns:lalw Bnal
whi ch woul d be semeanedthg knoyn xHtifs.st and second ~ Wwavel engt hs
being reflected of f 4t B@sEdRFRIH aceblp sk (Y tNelhetRod dddd¥iindd'@boveSis
activated if the_ _signal creée\t&d b; th%, ;Phof %sensor Is wthin the
pr edet er mi ned gRQgher aspect o e invention and inclu eSRA\PQHEr source;
Fig. 1 is a schentirst didghtgsotircat opticabdy caxinetted 2o theytaegeted

conpri si a th deyi LME : : o} r
For conriaat i ng Fha fas. o te tZaRSrL K 40 L Enag Enits & 1iGHPORREERS

transfer devic® Sf-rFFle‘éavelengﬁ'?‘ésén’fe‘F%V’er}tiigBﬁ. sourte opticaldy,coppected
Cross-secti onakovithe dfaxdetessdavhitddn3®hat temdist crighdyiheevioly @ gse@ond -
Fig. 3is a cr P LN ' ' h er
devi ce. WaSelBALANA pHoREEhsby R ORaINY, Roietted to thENEalqdti

transfer devi céocabion that peasures the Jdghtexefected,r5f the kprgeted.

control 1sandl elocation and creating a signal corresponding thereto; a window
detector for determining whether the signal created by
photosensor is within a 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
20 light that is activated if the signal created by the
photosensor is within the predetermined band.

DRAWINGS
Fig. 1 is a schematic drawing of intraluminal radiation
25 system comprising a transfer device, a delivery catheter, and

a connector for connecting the two.

Fig. 2 is an exploded view of the transfer device of the
present invention.

Fig. 2a is a cross-sectional view of the assembled

30 transfer device of Fig. 2.

Fig. 3 is a cross-sectional view of the rear housing of
the transfer device.

Fig, 4 is a bottom view of the rear housing of the
transfer device.

. 38 Fig. 5 is a perspective view of the fluid control handle.
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6 Fig. 6 is a perspective view of the fluid control swtch.
Fig. 7 is a bottomview of the fluid control swtch. Fig. ais
a cross-secw %&L i ew of the central housing of thefidnedsey devi ce
i ncl udi ng the quar z sleeve for holding 5 the radi ation el enents.

Fig. 9 is an enlarged sectional view of the portion of the rear

housi ng of the transfer device that interfaces with the seed | unmen of
t he quartz sl eeve. Fig 10 is @ plan view of the distal face of
the central 10 housi ng. Fig. 11 is a plan view of the

Ept Uaagr. SW tCIh' Fig. 6 flstﬁ persp e'azlivf‘e 618{1&?!:‘ f\(:h%\/\'ﬂ?ﬁid hﬁarﬂiﬂﬁ switch. 15

I g. Is a plan yLew e X1 ma ng.

Fig. 14 is a plan éi‘éw gf“f it ]%?ts °n Vﬁ&8e°§f€'?ﬁe€§%‘%€ °°ntr°1h83§gﬁib

Fig. 15 is a plan Flhew &fis e qrass-sectionaloviewnef diheacentral housing. .
Fig. 16 is a Bk.aenaI&uﬁfe&hseﬁfé@asﬁ:mahageﬁhe Yhartz sleevd &orlﬂomnegr pl an

view of the release [ 18 is a top view of the rel ease
switch. 3 e ?—’ié\éi‘ﬂ) elementis,, i ewgof t he proxi Pral face of the front-
housi ng. FigFi 9sis 18n- enlargest rseatinali ntiewaofi theoportion edfase
25 trigger thansleaf'ﬁé&&rgdw&ﬂn%urt&-agskaf 4g9E8d B linicBeraces wi -
connector i nto t he gg evl ce e view of the
front housi ngthe seed Iumern;qf %‘ﬁ“é%zsﬁﬁ%ﬁﬁ?rc drawi ng of an
intral um nal Flgdi 20 ijen aspdhanvbed afy ithe thstal cfecd ofnthet central h an
S,O 3l er nahguggﬂétruct ion for the rear housing of the transfer

evi ce

. 21b is an expl oded Eers pective view of the rear
housi ng/ f1 ui d cont F®- s%\}t%ﬁh HPlany Vlﬂ’a"f he actuator @mifghi1936
PCT/"US97/ 16856 Fig. 12 is a plan view of the gate.

Fig. 13 is a plan view of the proximal face of the gate

housing.
15 FPig. 14 is a plan view of the distal face of the gate
housing.
Fig. 15 is a plan view of the proximal face of the collar
housing.
Fig. 16 is a plan view of the release trigger.
20 Fig. 17 is a plan view of the release switch.

Fig. 18 is a top view of the release switch.
Fig. 19 is a plan view of the proximal face of the front

housing.
Figs. 19%a-c illustrate the interaction of the release
25 trigger and release switch during the insertion of the

connector into the trigger device.

Fig. 20 is a side view of the front housing.

Fig. 21a is a schematic drawing of an intraluminal
radiation system embodying the present invention with an

30 alternate construction for the rear housing of the transfer

device.

Fig. 21b is an exploded perspective view of the rear
housing/fluid control switch of Fig. 21a.



7 Fig. 21c is a cross-sectional view of the assenbled
transfer device with the alternate enbodi nent of the rear

housi ng/fluid control switch of Fig. 21b. Fig. 22 is a top view
of the rear QWyssimesof Fig. 21b. 5 Fig. 23 is a siBerussmnessé the
rear housing of Fig. 21b. Fig. 24 is a perspective view of the
fluid control switch of Fig. 21b show ng the proximl side of the
sSwi t ch. Fig. 25 is a perspective view of the fluid control

swi tch . .of Fig. 21b showing the distal side of the switch. 10

Fig. 26-.is a plan view of the fluid control swtch of Fig. 21b

showi ng t he proxi meFigi d@lef isheaswirosls~-sectional viewi @f 2the¢ sassehbledi ew
of the fluid CQQEEQ%efWhE‘&Qch §uth the 'aglte%'”&t%h%ﬂﬂlhlgﬁtd'o‘%{ AneS| Figarof

the switch. schematic. view of the intral um nal

radi ation 15 h"PPé‘éﬁﬁE}n‘El‘gy%‘?’Eﬁq;f stitEchr eS et ARt i on. Fig.
29A is perspective view zd fsfajrﬁdpelvmwbodl'anetratr housingheft Fagsf2tb.

devi ce Ofy the presepigl nyentd o ALROANGULEOAe renr 1URINIOR ERIp,

t her et o. perspective vie
except for the top Fig¢ fo isha meﬁw Fﬁ%wtcrfaﬁ§?e?1‘éﬁﬁ9@tr°l switch

renoved to showti Fgl Nt B i sHowdaiRs itheC biretimal side of the gwiBBhis a plan

view of the housi ngdﬂ% the itsrgr}?ére Rective g?%wctffr gixe fﬂub%%ntaol switch

Fig. 31 is an explode erspectlve St
Fig. 29A. of Fig. 1@; shoying §h§ ﬁé?ﬁﬂél side @l &ha syAEFR. vi ew of the

transferyglevi ce of Fig., Z0Ais a plan v1ewaﬁ tﬁanu.ﬁldl tontrélddwiich of
cross-secti ona ransf e ZRA 30

vi e C
Fig. 32Cis an%éﬂra%asr&?w & P5R§Fm91rle %? ‘g% sg”‘t t he i nternal
conponents of the tFihsf2? devacplan wigw oPAthe fluld contrel Seifdhs of

|0n9|tgd'n?| CFo§s- §ﬁ§téﬁﬁﬁﬂnd“ﬂﬂﬁ @fisth® side oﬁfﬁﬁFﬁ§W1t@ﬁglce of Flg 29A
perpend! oular 10 P 95 1p m acngBR e 0y S g B Bracton
08/ 119385 treatment system of the present RPQIVeIgoigni6856.
Fig. 29A is perspective view of a further embodiment of
the transfer device of the present invention also showing a
syringe attached thereto.
Fig. 29B is a perspective view similar to Fig. 29a,
20 except for the top half of the housing of the transfer device
is removed to show its interior construction.
Fig. 30 is a plan view of the housing of the transfer
device of Fig. 29a.
Fig. 31 is an exploded perspective view of the transfer
25 device of Fig. 29A. )
Fig. 32A is a lateral cross-sectional view of the
transfer device of Fig. 29A.
Fig. 32B is a longitudinal cross-sectional view of the
transfer device of Fig. 29A.
30 Fig. 32C is an enlarged cross—-sectional view of one of
the internal components of the transfer device of Fig. 29A.
Fig. 32D is a longitudinal cross-sectional view of the
transfer device of Fig. 29A perpendicular to the cross-
sectional view shown in Fig. 32B.
. 35 Fig. 33 is a side view of the transfer device of Fig. 30.



8 Figs. 35A-D show a pressure indicator/pressure relief

val ve, and its conponent parts, that can be advantageously used in
the transfer device of Fi g. 29A Fig. 37 is a perspective view
of sel ect ede‘Jsﬁ'iésQr components of the transfer devigerglorfrésds 29A
nmount ed on ssi S. Fig. 38 is a perspective view of a
rel ease svmtch for use in the transfer device of Fig. 29A

Figs. 39A-B are the perspective views of the conponents 10 for the pin
gate for use in the transfer device of Fig 29A Figs. 40A-D
show the pin gate/release switch safety I nterlock used in the

transfer devhce of riig. 288D show a prekkibe 41;&1Eaﬁbﬁybi-é‘@s&$ hed Bief s
connector and_its var arts, us re venti-Qn.

il gs. 42 D SKBITS, cAPROREP SRAPPRERE, pettdocipel (HF  Be a8lntigdleny 2
in the presenusedvintthm transfer devifpgef BRI 98 ogic diagramfor a .

treating el errent Fig. \éﬁ“ié cat tﬁmeadvm aaeoﬁnsewead mﬁé&i&e
transfer devi ce f & g %Sp 46 46A-.2;. 46B; and
46C- 1, #6C 2, c%@%e‘%% ° e ’F%’tﬁ’ onyi A 9 'FPd”Fr‘F&‘ P& i ons.
set forth in thessis. |ogic diagramof Fig. 45. Fig. 47 is a
plan view of the h?.’r'tf' % QE & Jiddiiive vie? HIOQ! FEIdadd dltchl 295 le
device. 25 perspective view of the transfer device of
Fig. 47 with Pﬁet‘i‘%ptg\%’ﬁfedﬁ‘ W&cﬁoﬁg By%r Atfred to show i nterior
detail . Figg. 30A-BE axe thd peespedtives viesssbér tHeveamparierfisy. 47

| ooki ng gat th?of“?ﬁé‘lpf:{'q;at@ for use 1E' Ghe %dr%ﬂﬁ' aé%edesfpﬁiip%d ve

view of the trans devi ce o and B
are |ongitudinal cFi88: s&RATBHANhOY e\':%e oPm gatec/h’élﬁﬁﬁsfsé‘?’-tﬁ@w%%fﬁm’ Fig.
47. inteylodi Qisexd dnl dher akransper-dsdideo ] Pigew2oA.t he 35

transfer device ofLFLg. - / . .
PCT/ US97/ 16856 Ffég. AA E show the catkygeqzs c]a}x%%@torgand 1ts various

subparts used in the present invention.

15 Figs. 42A-D show a catheter and its cross~section (Fig.
42D) for use in the present invention.

Figs. 45 is a logic diagram for a treating element
verification system advantageously used with the transfer
device of Fig. 29A.

20 Figs. 46A-1, 46A-2; 46B; and 46C-1l, 46C-2, 46C-3 are
circuit diagrams for performing the functions set forth in the
logic diagram of Fig. 45.

Fig. 47 is a plan view of the housing of a further
embodiment of the transfer device.

25 Fig. 48 is a perspective view of the transfer device of
Fig. 47 with the top half of the housing removed to show
interior detail.

Fig. 49 is an end view of the transfer device of Fig. 47
looking at the distal end.

30 Fig. 50 is an exploded perspective view of the transfer
device of Fig. 47.

Figs. 51A and B are longitudinal cross~sectional views of
the transfer device of Fig. 47.

Fig. 51C is a 1lateral cross—-sectional view of the

35 transfer device of Fig. 47.



Fig. 52 is an expl oded perspective view of the pressure I ndi cat or

gauge and pressure relief valve for use in conjunction with the
transfer device of Fig. 47. Fig. 53 is a cross-sectional view
of the pressuy8esmozs | ndicator gauge and pressure relief \paiTwsoniesss g.
52, with the fluid flow therethrough shown schematically.

Figs. 54A and B are perspective views of the |atch body for use in
connection with the transfer device of Fig. 47. Fig. 55 is a
perspective.view of the latch sear for use 40 in conjunction with the
transfer device of Fig. 47. Figs. 56A, B and C show the

assenbl ed | atch nectBid.sH2 is an explodrf mmectavehvmwflm%wrmpreand

l'atch button Inmdmatorpele;%nastlaﬁa Pé@é!ss‘ﬁ@ Qeqsafseoﬂwalfdﬁ eWse in
respectively. ow,t he § %rt connector for use
p

in 15  conj urRepBmshian f"ﬁggcﬁ?ﬁ%ﬁnﬁ%ﬁ vdrei BT pEtdpetti ve and

cross-sectional viewig. eSpecis vel ycross-sectionalFjyiew70fj sthe pressure

Cross-secki Ona|1ﬂﬁf‘d’¥t‘8°r bhege ahd %Es@ﬁﬂeoiehef valveo L iRt 55, GRARIEEhe'
showing the cen n view of a catheter

R s, a
for use in the gdw"g's&ﬁ?rﬁm’éﬁ‘f‘?}brfh"qm sc’ﬁematlc% "58B is an enl arged
| ateral cross-secti dhzgs.vﬁdw ahd B are pemspea:tthveev.leﬁs Fatg tHe8Aatch body

19, D8C 1o an £ Usiedd eaghiudl faly P Saies teahaber abfite of Eil! 11

distal end of t eca eter o I's aplan view
of a treatnent el emdrid-s@8difra; HersPectl“feoWi&?e°Fntlﬁ?lel%ﬁ%e?ﬂazi ﬁ\‘i’é'nPFBn
Fig. 60 18 a | agi cohijagictdohowithetlie datansfee! deeite of Figwyerification

system for use with Fé%% t rs%gigﬁr gﬂ %h%fv gii% issembledd' 71at%91 mechanism,

Figs. 61A-1, 61A-2 t
di agrams for peiduRing fhe ripkah drdket 1atsh 1593F  and latc'hl BBT—Eméll #Bram -
of Fig. 60. perspectJ.VEI Opléip ard acrvsizesectiofa Boviewd Orrespdictlikelyt i on

board for thegireati t i h.cat] Sy, f Fi angd 35
poard PRSI HrR" sHBl' Ehe™ AoVl &6 e 20
PCT/ US9738 6856 conjunction with the catheter connector 1@n perspective and

cross-sectional views, respectively.
_ Fig. 57C is a cross-sectional view of the proximal end of
the catheter connector showing the central plug.
Fig. 58A is a plan view of a catheter for use in the
20 present invention. ’
Fig. 58B is an enlarged lateral cross-sectional view of
the catheter of Fig. 58A.
Fig. 58C is an enlarged longitudinal cross-sectional view
of the distal end of the catheter of Fig. 5BA.
25 Fig. 59 is a plan view of a treatment element seed train
for use in the present invention.
Fig. 60 is a logic diagram for the treating element
verification system for use with the transfer device of Fig.
47.
30 Figs. 61A-1, 61A-2, 61A~3; 61B; and 61C-1, 61C-2 are
circuit diagrams for performing the functions set forth in the
logic diagram of Fig. 60.
Fig. 61D is a schematic diagram for a distribution board
for the treating element verification system of Figs. 60 and
35 61a-C.



Figs. 62A-C are printed circuit boards show ng the mechani cal outline

for use with the treating el enent verification systemof Figs. 60 and
61A- D. Fig. 63Ais a schematic diagramshowing the electrical 5
connections Jebiresy the various parts of the treating el enpétwsomiesse
verification system Fig. 63Bis a circuit diagramfor an

equi val ent circuit to Fig. 63A 10 DETAI LED
DESCRI PTI ON Turning to the figures of the drawings, Fig. 1
illustrates an intralumnal radiation systjgm 10 according the

present invention conprising a transfer device, generally I ndi cat ed

by 12, a delivery tmu;eet es2agenarel | yringidacidchiyt 1boardss, showlig the

connector, generé [ d_hby for se ly,

del i very cat het e?’afécta tﬁ’%rt?rlggsf%r ¥ de £ ‘i’%’ﬁ the ﬁreaa?ﬁq‘%ery cagﬁet er
14 and connectwarifdcatdonysysteniof Ili'/l% 50 anddé3arPbed in the
above-identified CQ‘:.@Q”@:;@Q igpal ls@&biuﬁﬁlbﬂhﬂﬁagram sh&?ﬁng&ﬁié lél%t&@.ba‘led

herein b reference transfer nctj ons t.o
neom ¥ o o o 12hs, Parvesn e VRRARUE RASYH Gt Fhe FFSAL I etbuRt
non- r adiexidticat ionr kpstereds, and controls the direction of fl UI d

flow for primng thaqlrangalf ¢s geyiscnit? AMran 'ESEeénléq@ﬁFhlent cigheet i ng
delivery and ret r| .eval__of the individual radiation 25 el enent s.

The transfer J&iFd@-15%As shown in expl oded view in Fig. 2 and
consists of three main assenblies: rear housing and fluid control

switch ggsenbly 18, central housigﬂ#,ﬁgﬂ ﬂ% swtch/shuttle gate
assenbly 20, and front housing 2 rear nhousing and fluid control
switch assenblies FNEHRE to then fAPURRSsi P oHRP adduAtidigsswi FdBrshdtt | e
gat e assenbl y illustrditesl asethtmiaininmnle radlat b yetleme 10/ ddicddEing the
correspondi ng p 0, b r

present a{r%_\ﬁergiﬁﬁl ﬁ&{hl ng%ﬂg APQYEnEeLE %%ge %ﬁ%%&%%er

application e rear Corrprl ses a drl
24, 35 pr efidtddnareday 38 8| YR} YRIGRtbEkSE /| gER Xv@d‘%ﬁ
V\D 08/ 11936 14, and a connector, generally indiB&Ted/SBy/ 163 for securely

11 thr QU 143P Bie 2ol AP HalthBBERI1 4 Wb THEC¥RaRSed P Hevid195!
The delivery catheter 14 and connector 16 are substantially as
described in the above-identified co-pending application which
has been incorporated herein by reference.

20 The transfer device 12 functions to house and sh:.eld a
radiation source train (not shown), which may include non-
radioactive marker seeds, and controls the direction of fluid
flow for priming the transfer device 12 and catheter 14 and
effecting delivery and retrigval of the individual radiation

25 elements. ’

The transfer device 12 is shown in exploded wview in Fig.
2 and consists of three main assemblies: rear housing and
fluid control switch assembly 18, central housing and actuator
switch/shuttle gate assembly 20, and front housing 22. The

30 rear housing and fluid control switch assemblies and the
central housing and actuator switch/shuttle gate assembly
disclosed herein are interchangeable with the corresponding
parts disclosed in the above-referenced co-pending application

The rear housing 18 comprises a cylindrical member 24,

35 preferably made of polycarbonate, that includes two axial



the rear housing 18 to the central housing 20. The threads of t he

screws 28 can directly engage the pol ycarbonate materi al of the
central housing 80 or the internal threads of the 5 | unens 26 can
receive heli Gahoegfagigl €d Wire inserts which wll be ewpgnassi/ibssst he
threads of the screws 28. Alternatively, the lunens in the centra
housing 80 that receive the screws 28 can include internally

t hreaded netal inserts (not shown) secured therein by, e.g.,
ultrasonic welding, so that the 10 t hreads of the screws 28 engage the

i nternal threads of the nmetal inserts, thus providing a nore durable

connection thropghmdemenfic26 cfor pnsiittignisgahvot serewst28 | thasucongesyd.
Th | i ndrical I
e cylinarl Catﬁ@jl &F %é{}ﬂs ‘i@eﬁﬂatﬁ d\%‘é&hi%oﬁ%% The %Qé% of

pl acenent of a contro W tc di scusse [eater
detai | bel ow. thee SSFEWRJRPCERN rElERGtLY, engage the Policarhgnatfepaterial
connectors or foft ttlgsScéftrall, houeing abby or the ivstkrnall athprdadsarddnthe

and securgd to%%g%%k“c@%ﬁ%cé@@ﬁé%hcal co%fl.eﬁywarw:.ﬁé!é é‘ qghvgllil'he

| uer fittings bart or co recessed
within the realbezGngagﬁéuﬁ’n&hESthEEé‘?sf?ft‘F’Pﬁ;} %"E?"és e \f‘é&eirﬁaitéﬂﬁélé: 32a -
in the Cyhendument IRNMEISE cehtaryl houkling! 80 dtistmeatetiate @nevxsbheﬁs '

fluid inlet Ch%%n?:g 3?21&?&3& frﬁ.e&d{agl\'? % ?d A_Qéai Lﬁﬁ{selststﬁ tEh&gn 2

connects to a I|qu i sTuse
for hydraulic @ecpweérrmhre@eéel i¥ar ye <& zs’-trascw:q HRNdigg t Ro rmntattlem

source ty@in tanaeddkr em the screwsdﬁélé‘ﬁ%agélaiﬂwtﬁfte%ﬁal threads of Ltigé

fitting 34 isr ved in . rece 34a of nmenber 4 and
isin fluid cor‘f\%&’ﬁ#caﬂ o?ﬁ/ﬁ't h%éus provfxidd.lng eXi tmo%an&g%é% F° neﬁs.

The | uer fittihgtysepahhgorear dusimgl 1§ Badcbhwecenfral @Wﬁmgd%al | ection
bag or reservoir fThe ¢ nmdxsﬂsam)memb&ez@yiwmdéﬁla rfilitiardé¢adl fecess

i ncludes a ravlic r cha 4 see I|very
channel 42 (Fi 30 %’I‘Yr g%c%q) en e°£h %1%6 é g]LlO %éﬁ§g4§ q’m%
communi dt e wi Blischeseqd| imdrieatiexr debail Jmlow. The cylindniQaghenbes 24
PCT/ US97/ 16856 jncludes two luer connectors or fittings 33, 34, preferabﬂr

fluid control swi,¢tch_4 ect vel i des._a
vari ous channeF§d§6°fﬁp° 8"3%3 ‘géﬁﬁ?ué'ﬁ /g? the °yl’1n§fr" er
radi oacti ve tr 84t yn@ dlVewures adhesiveker Theeliwer fittings 32, 34 may be
either partially or completely recessed within the rear
20 housing 18. Luer fitting 32 is received in recess 32a in the
cylindrical member 24 and is in fluid communication with a
fluid inlet channel 36 (best seen in Fig. 3). The luer
fitting 32 connects to a liquid or gas-~filled device (not
shown) that is used for hydraulic or pneumatic delivery and
25 retrieval of the radiation source train to and from the
delivery catheter 14.
Luer fitting 34 is received in recess 34a of the
cylindrical member 24 and is in fluid communication with a
fluid exit channel 38 (Fig. 4). The luer fitting 34 can
30 optionally be connected to a fluid collection bag or reservoir
(not shown). The cylindrical member 24 also includes a
hydraulic return channel 40 (Fig. 4) and a seed delivery
channel 42 (Fig. 3). Each of the channels 36, 38, 40, and 42
communicate with the cylindrical recess 30.



from the delivery catheter 14. To facilitate easy 5

mani pul ati on of the fluid control switch 44, a paddl e-shaped control
handl e 46 is secured to the fluid control switch 44 and cylindri cal
menber 24 b of a retention screw 48 t hat extgrRggsorhésssoh a
central bore 1n the handle 46 and switch 44 and into a bore in the
cylindrical housing 24. The 10 bottom of the retention screw 48 abuts a
set screw 49 to limt t he novenent of the screw 48 and prevent the
screw 48 from bei ng unscrewed by operation of the switch 44. A

| ocki ng cap 50 closes the central bore in the handle 46. As best
seen in Fi o Piruidecbhti6l caRitéh handbtedbiven) Wﬁdﬁ%@és‘ ke

15 portio 2 whi.ch be cqnt our.ed h rW|see omc l1ys

shaped to pr OG?E%e?rﬁet(ﬁ?sg#&f’t’ﬁ ¢ 380&%'0?i O4n3n %a ° Serd arld/or

mani pul ati on vetrieve|theal nagdioactiyvei trhatment elements an@omtﬂnatl-’;ﬁedﬂm s
head of the repgRti @ReSCHBYS¢EryBYchBheter 1410t Choflo SOFABEL i tatledChddiyy DI N
Fotat; o moBSRLARLEELEH S 'the ﬂpéﬁeﬁ%‘%a“oﬁ siicaidy Arapdate apel
count er cl ockweertrol chemdlef46 hiss securedf ttg dheofilndd tantitel 4€viknl d4not

| oosen the Scéﬁ&’ 881indrical membd | SV W'ﬁe&ﬂ& tde 5'*&&1?19181{ Aehigndiee 46

where the hea the retention scr rests. wou receive such a
| ocki ng pin. $hat ex""‘?'“dsl Fhgryeh @ ek t@’%feg?"éeq‘ﬁ wanghet #é Ang d
control switth cdn hdacdntbeariadizd eich theechbindricdl hoasiwgt 24. 44 he

an al i gnnen 'S secured
recessed ar eatB® B‘PV?W?‘ e %ﬁs?ﬁﬁe‘t’reﬁ%e?miwrwfﬁbsﬂﬁ VRFEEW3 (8 frqnbcat e
the switch inpe gfuj unsd@iﬂa,d bgndpef&tivm o @hiet s@itSch 44. At bécking dcap - '

trol it o at h d
s, oy i e e o, il 418 o
which are hou§$ﬁ |ﬁ'at§ﬁofft1“PGrr€ﬁ“EH°{-FP3ndle 46 B’}CW ?ﬁnatl’i%d 181 cal

menber 184. portion 52 WlchShdy B contoured or otherwise ergonomically-
PCT/ US97/ 1685 . , .
best seen in Bped/ t? He e ﬁ%rﬁ% f‘ﬁlth mBr?ve? cditrol am% ch 4% S
i ncl udes a C—Bﬁﬁ%ﬁﬂl%%k%(ﬁfoﬂ%éﬁﬁéﬂ gentrel fyitch 44.¢| | ptical - shaped
connect or channel Gfcickkaliggntiie Ieud OF 4he retention eldrewedsalayt Kehe

C,shaned 2 Bobbpla B BAPSCLGORIREN ok aRABY ey B Blbiperdlr 1
channeR8 66, ggc)agm }eeking pin would prevent rotatlonal movement of the
retention screw 48 so that counterclockwise movement of the
fluid control handle 46 would not loosen the screw 48. A
shallow hole in the fluid control handle 46 where the head of
the retention screw 48 rests would receive such a locking pin.
25 In order to limit the degree to which the fluid control
switch 44 can be rotated, the bottom of the switch 44 includes
a fluid control slot 54 (Figs. 6, 7) which cooperates with an
alignment pin 56 (Fig. 2) that is secured in a hole in the
recessed area 30 of the rear housing member 18. To positively
30 locate the switch in "off," %“send," and "return" positions,
the f£luid control switch 44 also includes three dimples 58
(Fig. 6) that interact with a detent ball 60 and compression
spring 62 (Fig. 2), which are housed in a short lumen 64 (Fig.
3) within the cylindrical member 24.

' ncl udgy botforh |48 Qh%oiﬁfzgﬁtf%ﬂs %_w( kb Wout a 7ée¥‘@&%\f%p€6 :ﬁﬁt‘M th



the recess 30. To further prevent |eakage around the fluid control
swtch 44, an o-ring 74 is received in an o-ring channel 76 about
the 'exterior of the fluid control switch 44 10 (best seen in Fig. 6)
and an o-ri nGyd9sA@¥s be received by an o-ri ng channelpcpivesiinessse

di stal opening of the switch 44. The o-rings 70, 72, 76 and 78 are
preferably made of Buna-N or et hyl ene propyl ene. I n
operation, when the fluid control switch 44 is in the 15 "send"
position, bath the fluid injection channel {36 and t he seed delivery
channel .42 comuni cate through the C shaped connector channel 66.

Si mul t aneousl y the hgdbesti sesrtin IFig. 7, thkeabotton(bfirthd fufilduicdnexol

channel 38 comuinicat g4 . - | L0t 0 0 C

channel 68. Thus, It%?&ufid‘ ris%ﬁes al I%m%%egd f+§)}{v¥/{é{%°(§tsjg t eeq'f [gt}?déﬁa an

i nj ection chan®iligicaloaped conneckar chamisdd 68onT&& SPRERRhRIItEE 4hd
into the seed d& regkigved aboutctite teishdpedFdnd eélllhptibypesisgred kenheetdr ng

el ement s 4 30N ehanne1s, df1C BN EPGep! LN HBLIVCTS- PRI 9 Yhady

returns to the Ic return chann owed,

the 25 el | | pEsPeELiNgpEd WHtheBeal i fRBRECROr [Channglst 6 o ffhagainst
exit channel 3&he recess 30. \Wenfubehér Uprevent Neakade! Grodfdi ehbNeihes

"return” sitiaon..both the fluid.lnjecti.on _channel. 36 and the,

nydr Ul ¢ r et uFTERRAn AV AFERe A8 10 4% B IS o8 LB St R d RS- Eing
connect or chans&angel 78| aboutyithe s¥rerdgrhof hthe cbiighqoptrpl switch 44
channel A2 and (eetf bekfl £Xikigha)N@na3@naberthg WE thdy Pedkreceivea bf€an

el l'i ptical -shaped.connect or. channel. 68,, nsequent | ol LU 1S
a1l onetl 1o 11 0B CHPSGIEERE: AELE FF ctitat BRANHEY of the swyen 4l [ e
C-shaped conneetdinghaffel 786 afdantr 38ghrehpreferably dnade | of r Buna+N or

channel 40. AgthheeheepltbpghdisLments are WO 98/ 1]}936 g
PCT/ US97/ 16856 : . 14 . .orce
hydraul i cal I'y from FRCRFEROM RGP Th8 LI LOPTEL(SWiteh 44, ispin the

transf erl&devi c&sepd"f pogittion albathedheo fihdd injeotion channededd andithe y
channel 42 to Ghgaf lddidvery! Haanesl 438 ddiRiitate tndd@ne! Lt bchapdipped
connector channel 68, 5 Wien the fluid control switch 44 isin the
Tt oo PPBRCEPROChRTNGL | i oot SIASLHARPERSTR Fie  RESEARLLG remharm
al i gned wi th tchafnehapedambruhec tfdnidharit| clifnnell138s communicate through
the elliptical-shaped connector channel 68. Thus, fluid is
20 allowed to flow through the fluid injection channel 36 through
the C-shaped connector channel 66 and inte the seed delivery
channel 42. Fluid that bypasses the treating elements reaches
the distal end of the delivery catheter 14 and returns to the
hydraulic return channel 40 and is allowed, through the
25 elliptical-shaped connector channel 68, to flow through the
exit channel 38.

When the fluid control switch 44 is in the "return"
position, both the fluid injection channel 36 and the
hydraulic return channel 40 are aligned through the C-shaped

30 connector channel 66. Simultaneously, both the seed delivery
channel 42 and the fluid exit channel 38 are aligned though
the elliptical-shaped connector channel 68. Conseguently,
fluid is allowed to flow through the fluid injection channel
36 into the C-shaped connector channel 66 and through the

35 hydraulic return channel 40. As the treating elements are



outlet exists for fluid flowng to the connector channel 66 fromthe
fluid injection channel 36. 10 The transfer device 12 preferably

i ncl udes a pressure relief valve (not shown) so that the system 10
cannot be o pressurized. The valve would open tg~ uid in
t he wmr%l% to escape once the fluid pressure exceeﬁﬁms&&
certain, pre-determ ned val ue. Once the pressure in the 15 system
returns to a safe level, the valve would close. In one form the
val ve may be spring-actuated, so that flujgd pressure greater than
the pre-determ ned val ue conpresses the spring to open the val ve,
thg valjvls bgiﬁaré‘%%) 1tzaauprfra&n \mﬁsﬁl diBeal erlnd of g;mtedcatnsﬁw ?oacﬂ:f
reduced to be e et erm.,ned_ya n_a [ e transfer
device 12 pre %Vg étj? 14, gﬁ‘é{fﬁd aoa °('ﬁ§t E8hg€\lﬁ‘)’ glfm% t%iel ar
appar at us forseed rd@linxargr channEh Sule dhei Eluddmrwit chapnedsds cthpighst
the radiati Ontﬁé‘tléfﬁptical-fshﬁbﬁdaagnﬂ@é&ﬁ’f Sfffe1Vgsl.e they are IOOSI ti oned

at the distal thet 4 so, t hat .they canno 3 avvay
from 259’ t he di s‘mﬁm eﬁ’g‘eo 8 17 « A4 t at"r’t‘en%‘h a%fq
during radi atpositiesat rtem fliilid anﬁemtliem achamnelal3so ibetheednly chanrml
TRintain a subpighld By etsﬂaﬁééuesf.ﬁaéwét chifinel 66. tr%tﬁsng

el enents and mar see remaj n etely wthin
the | uren of w%lefaa@sizsgqefarefwgnﬁwxng §PS FBF cCPBNEHEPT SEhaNNeIP: hey
are not bei ngfremdcieorfluid injedtabhothdmesl rast . D stal of the

rear -hqgsing 18 a gpq
act uat g? swit ch/ s%t | e gate asés%;rﬁe)({eo 12 pregﬁé%%océghﬁe nrrerséln%

rear housi ng A8L38% W%éﬁ??a‘-’fh%) s°h%%%? rfé‘eaﬁblsﬁﬁ!'u’aq é’rani\ﬂtt BR/Q¥RR | e
gate assenbl ypPéssmyizeri. The wvalve Woudd/ bkeib to allow fluid in the

PCT/ US97/ 1685 ured by
al i gnnent pi ngy 1fnot 10 to% escape, %I:‘scseen%}ie Zfomld preééurf%dggcge%%%t ral

housi ng 80 ha%ﬁ%a%!‘celﬁ?? eterminesd Y@*ue- OnGeecleht PEESSREE odar Bhe
sl eeve184 (Fi gys€em Witthrnextondssdfie 1evel, tR8IVAPBréd a@NRA ehokae mraxfeal

Stored. ok, e Yan V8 mayy e BEFLE A BRI Pad L SLoIEERAE
pref erabl y negeedterthan t’e&meoﬂ%eﬁaimselwe\msﬁapéessqﬁéhe sprmsum tz
sl eeve 84 is gpeant efibhrivejetné vlvd deihy 6YOE@RIBYE the sprifijawhen @he

quartz gl ass é{ﬁ'fc?dptgeléaé’tﬁze) is E'egvt.nh,gé Qgtl%io% the pre-determined value.

20 In addition, the transfer device 12 preferably includes an

accumulator (not shown) or similar apparatus for maintaining

‘a substantial amount of pressure against the radiation source

train and marker seeds while they are positioned at the distal

end of the catheter 14 so that they cannot migrate away from

25 the distal end of the catheter 14 and the treatment site

during radiation treatment. The accumulator may also be used

to maintain a substantial amount of pressure against the

treating elements and marker seeds so that they will remain

completely within the lumen of the quartz sleeve 84 and

30 visible to the users when they are not being used for
radiation treatment.

Distal of the rear housing 18 and connected thereto is

the central housing and actuator switch/shuttle gate assembly

20. Proper alignment of the rear housing 18 and the central

35 housing and actuator switch/shuttle gate assembly 20 may be



10 consisting of natural or synthetic fused silica. A lunen 86

extends the entire length of the quartz sleeve 84 and the radi ati on
sour'ce seeds and marker seeds are stored within the | umen 86 when

t he seeds ar qygsinidygi Nng delivered to the treat nent spewussthessguart z
sl eeve 84 is used to shield the 15 radiation emtted fromthe source
train so that the transfer device 12 can be handl ed safely. The
gquartz material does not break down as a result of storing the

radi ati on-emtting treatment seeds g;d al so remai ns clear so that

t he seeds can be visually detected. The quartz rod is of
sufficient 20 assuhedkbyssaligriventk ping efsot OShpwnient Bhet RssenbiLit 2.

In Pracihefuads L&) CHNGS QIoquiag B@Snﬁ@@ﬁ?fauaénepapelmﬁ g Y
In order to nore east di scern the présence of radiation source

I he .
seeds. and nar kERCEERYsOhi Fhe napaEty Biteve £4 (Bige R dibich exhends, of
one uni form di aneiee 3derdghasofio the centxtadpshousing i8G)saskd spnsedhiche rthen.

Thus, th enti gl 20ath Qlurce tragh"8r WALIZ HePraredn be seen. The | over

hal f -of the quartz eeve .can be covered wth a white film
preferably vinyl The cgntyadeliousing 18P c L8atyndEidcrdstimhgshBaRRgARghd
for the sourcepBfferalsbedfade Asilidlearallexanr ogl tkeant poyyarbonatagni fineng

pi ece may 1.ihe t e 84.0 ' I . of
the quar TIFLTECELERNE oy |11 ey CBUAe Yo Phatufa ) PN lithe il
source seeds. WWAFE% oRE| IgRargz| gdasssdfusedc WaTtEe , uor jotder matenigls

gtétT ; Eg ggyiggggesnémﬁ@rm RRGrERr KLl speailtic fused xisilicél‘p 9B/ 1Thikfeipd asb
. est

ceen in Figs SUSRAD the eubite lenen of theoquartz'Biepve py ana Rhe

t her et hr ough coagiation geurgeceneds AN maxker seeds are gboredrelthin the

housi ng 18 andigmsii r 8 hensri Nghe0 deds are AGEViKEING fdel rex@WUE6 ChieON

bet ween the se elivery,, 5 channel 42 and e.u 86 of .t.he .quartz .
Sl eove 84 ' hr chEgeenent” deg nd "GHIE, 30808, Y i TRAe bl enidial e
L- shaped5and radiatigresimidéed: fizomrthe sauusiceyais Seobhat gehr ituansfer t he
rear " _ hf)&@\ﬁk&h i&ac}tﬂg'l&@ Ha@.taqeangaféw.g QHET&{{B:R%I hﬁ%lelﬂ%-m&ﬁ:?hfé et
rear housing lunens an e quartz lumen. S er, off-axis
e ough1 unen SEEAk 8’ 8 dhoRePwit S8 Stiring, sne Crafiat G- ie
and i s a contitreatrentpoisecds and alsoc remains clear so that the seeds can

be visually detected. The gquartz rod is of sufficient

20 thickness to block at least 99 percent of the radiation. 1In
practice, a thickness of 1 cm has been found to be sufficient.

In order to more easily discern the presence of the
radiation source seeds and marker seeds within the gquartz
25 sleeve 84, the sleeve is of one uniform diameter and has no
steps or o~rings disposed thereon. Thus, the entire length of
the guartz sleeve can be seen. The lower half of the guartz
sleeve 84 can be covered with a white film, preferably vinyl
or Tyvek®, to create a contrasting background for the source
30 seeds. Additionally or alternatively, a magnifying piece may
either encase the quartz sleeve 84 or lie along the top of the
guartz sleeve to better permit visualization of the radiation
source seeds. Additionally, a light source could be utilized

to better visualize the source and marker seeds.



hydraulic return channel 40 in the rear housing 18. Fluid | eakage

bet ween the connection of the return |unmen 40 and the rear housi ng
18 -and the return lunen 92 in the central housing 15 80 is prevented by
a neans of avl?o?s:ﬁbzﬂig 94 (Fig. 2), preferably nmade obcBygdnbise’

et hyl ene propylen An actuator switch 96 is |ocated at the
distal end of the central housing 80 that pivots a shuttle gate 98 to
operate the system The actuator smﬁtch 96 allows for two positions:
20 "connect/prinme" and "send/retrleve The connect/ prine node

all ows_for connection of the connector fFl 1) through the

tlriansfe][ de}/: ce 12AsABtegt 88LAULK t@dana][lg , canpest / iusihg msermode
all ows for usi transf.er C

catheter 14 wi'th q-'(%t ?:Pu'ém%b %%%%gﬁ'e AEAC’ ea%"s %’t]e%(g‘ é@tfrgg F
The send/r et rikateesndcthe | ywerf dllottmedellﬂv@%ﬂ oﬁeﬂ'héal housnaau &0 ofior

source train Frovidihg' SIS tcfbmm%&ticaeiéhe\@tween theonzedde aéngval end f
of the cat heter 14. Th eve t he .act uat Wi tcg
he

send/
cannot b accég’saé'tﬁ’e&nl“gs h& 30 meBoﬁﬁeﬁfo&i@?ﬁaﬁt?‘o&?ﬁqv&ﬁ d thRPYs
transfer devi Cem@d 90 of ThesipsevtnB8.i n&heerlwwan d29i isr L.-shapéd and

radi ation Soufg)z"ecludes thel Eré&’tﬁﬂj’ é%‘t@n fE‘Bﬂeﬁl?PétEhﬁ&‘eirﬁﬁl el Y-ear

cat heter 14. hi s end, therlc__i: ce of nt rg housi ng
i ncl udes °&‘Srlé’@es‘§ed FREYENG ﬁ%"g‘&ﬁ rhpeens the
squared U. Tdearr hoasing ODunens | aradb ﬁHtequmrtzrmhmend of

98/ 11936, A s aller T Qf £f- I9:{15 tgxrough-fﬂgﬁJ§%7€%g ﬁ&s through the

17 posi tioni n pI 119' osit1vel he act’uat or
switch 96/ shutanergat %i?‘ﬁ |§c9s Figh 14 tW nbled G’P§E&§§é’6’-°" of thgove.
The actuator dydrailic retoedechénfeband phasheCcredr housfingi aé, sEliias

Acetal or Delry eﬁukagL efGbdh e VY h%@t%n of txﬁ*}%%uﬁ?nt il 4d %qugﬁﬁ‘e

(Fig. 11) that has”a depression SO user nmay use SO
thunb or a fi FEAF PBUSHRY k& andethe retuxn,lppan 92, EPEFIRtLRS PS‘HSM‘SO
i ncl udess t wo #Ha ghsl ypravert@dd by a angand6lofl hah extwivgdy ontwaykilg. apyl,

downwardly f r%&’etf}é?aiﬂyf }naaédﬁf%ﬂﬁ‘ I«Pfort Q@Rgﬂﬁgh%ﬁ%%lm rect angul ar

| egs 96¢C exte om of t W th each | eg 96¢
havi ng a  hoPB 3cthatRy SWitehgRc s Losatedtabrthendigsalenshiofgthen
102. Bedentealt houkifig! 8gStRet, pivditd | DVvsHtitleo yatel @8dTol Bperabte

‘the system. The actuator switch 96 allows for two positions:
20 "connect/prime" and "send/retrieve." The connect/prime mode
allows for connection of the connector 16 (Fig. 1) through the
transfer device 12. After being connected, the connect/prime
mode allows for flushing and priming of the transfer device 12
and the catheter 14 without the delivery of the radiation
25 source train.
The send/retrieve mode allows for the delivery of the
‘radiation source train and marker seeds to, and retrieval
from, the distal end of the catheter 14. The send/retrieve
mode of the actuator switch 96 cannot be accessed unless the
30 connector 16 has been locked into the transfer device 12.
This prevents inadvertent delivery of the radiation source
train to any location other than the delivery catheter 14. To
this end, the distal face of the central housing 80 includes
a recessed area 100 (Fig. 10) in the general shape of a
35 squared U. The recess 100 receives the proximal end of



m dsection of the switch 96 for receiving the top portion of 15 the gate

98 and a conpression spring 104 (Fig. 2). The shuttle gate 98
is made of a plastic material, such as Acetal or clear

pol ycar bonat gyg adpedes Of sufficient t hi ckness to i nspceusdzakiski ty
when the gate pivots. The shuttle gate 98 includes a body portion
106 (Fig. 12) that has 20 a shoul der and tapers inward to a curved
bottom The body portion 106 includes a hole 107 for receipt of a
conpressi on. spring 105 (Fig. 2) whigh biases the shuttle gate 98
toward . t he connect/prinme node. A neck 108 extends upwardly fromthe

body portion 1%s&hbhengapm 9ﬁmr'(d~‘:jg”xclztydes posbtivellp liork?2The avhuatot he
conpressi on Sprmﬂgﬁoés}én }éﬁ‘ie 95‘%8:‘5 ﬂo%%ﬁ'oio £pE twe eﬂ%&ﬁﬁg Skt

112 for receiving e p03| I oni I NC es a
t hrough hole 18PO¥E-its botton1for recei pt of a plvot pin 116 (Fig.
2), so that the gat@h88 aftuator swittRt! @eabast mdde pofotapinarblbpldstigate

A onde! ke iy ook ad RelE VRN ddiT AT S aile” ARG edd-loB Lo s

posi t4 oni'hg enou to a e trea
el enent s hagoapteR m@enhr%iﬁgr{?lﬁ!n 31} |'¢¥gifg|h©§vé depresgians Ssntb%ﬁ:h

side of the gaigef QsereatiyVuBe 28181y BIthdrob (bbhak emﬁqasl es operatetme

pr oxi mal openln f the . seed_ho ri,n 4 ( encircles
the distal opefff 8 Bt ¢ S‘é‘é‘da*ﬁ%'} e‘-)‘“(l“?‘héf%" rﬁ’ﬁ’g‘é‘%es £ SIlghtlyvﬁ‘ &
08/ 11936 arms 96b that extend outwardlYyCpandsSodownesxily from the
18 10 122p3824ctibs. oﬁ)u@r kaﬁéﬁtfd SW%c\e&ﬁ«?ﬁim mgté@%erextend

swﬁtch/shuttle ate re,_nmoyved t f, r_yari at.i on

[err]-rings dof Fﬁﬁv%?t‘é%? é’&gﬁé %{ t E)l §Gc having t""hus
reduci ng wear hnlehﬁsd themrnmtgprﬁorch'ea;m ofrrbbe rmsmionlrzgcpu.nnlwl.en
operating the %"tﬁe@ﬁ the two le%s déb OFherlﬁhl% ﬁ%%lsﬁmkﬁéﬁaé’nlﬁ@é'ﬂge 104

bi ases t he ator_sw tc fromt hut ate
Che act BAABRSEAPD 9F e SwIToro SR AOR RSV tbe the POPELOR(OF.
t he coniZessi othepgahg 1@4andraaqmmpressmongsprxngiqu S Figued) 10 t owar ds

the bottomleg of thge Unhapesd gatee9s 180mbde L€ a plasneeﬁseahmussm& 80

and the collar hou5|n 146 to P novenent _of,the actua or,swtch
96 and t he shuffl ARk 98 clear bé’f’v}x@ﬁr’?‘h’éa‘i%vo 589. t}9nof sufficient g
shuttl e gate gﬂhmeknesmred timshire Gtskdlliegd wifert hehe gate pivots. The

. shuttle gate 98 includes a body portiocn 106 (Fig. 12) that has

20 a shoulder and tapers inward to a curved bottom. The body
portion 106 includes a hole 107 for receipt of a compression

spring 105 (Fig. 2) which biases the shuttle gate 98 toward

the connect/prime mode. A neck 108 extends upwardly from the

body portion 106 of the gate 98 and includes a hole 110 in

25 which the compression spring 104 is received. Neck 108 also
includes a slot 112 for receiving the positioning pin 102.

The gate 98 includes a through hole 114 at its bottom for
receipt of a pivot pin 116 (Fig. 2}, so that the gate 98 can
rotate about the pivot pin 116. The gate 98 also includes a

30 hole 118 between the axis pin hole 114 and the positioning
slot 112 that is large enough to allow the treating elements

to pass therethrough. An o-ring groove 120 exists on each

side of the gate for receiving an o~-ring 122 (that encircles

the proximal opening of the seed hole) and an o-ring 124 (that

35 encircles the distal opening of the seed hole). The o-rings



15 central housing 80 by a gate housing 126. As best seen in Fig

13, the proximl side of gate housing 126 has a recessed area 128 in
the general shape of shuttle gate 98 and a general ly rectangul ar
openi ng 129 he gate 98 is in this recessed argdpis neck
108 extends“ﬁwkgn tﬁthe gate 20 housing 126. The gate housrngni

I ncl udes a seed | unen 130 which is chanfered at both its proxrnal and
distal ends to facilitate the delivery of the treating el enents. (The
seed | umens in the other housings al so be chanfered at their

ends to facilitate delivery of the treating el ements.) 25 The

di st a: si de Oiziz he mat & sig 3:%% (lei:%tteaeeéb | fhat whehl @:lhe14a\ct:1%]\?e&o&- q
circul ar recess a beve circli e see

| umen for bet ?‘é %H’Féﬁt {"ﬁ ﬂxff'emm’esc&’%d%ﬁé‘&B?uié'arﬁ‘BPs £$ RIS rof

t he gate houstheg d_-_aﬁngst dot het travelcenteost tieuedggs30f amy atherlparttsousr ng.
146, the gat echQu's)duh g weh5 oft! Eﬂehésrl}%§san’d3§:rfo‘%d5.ﬁ§ef8f NEhSdtfass 138

(Fig. 2) and a nnent ol receiving alignment pins 142,
144 (Fi getign "$H%" FrBeﬁB %I%‘b’ includes a fiuid return

channel 148 (a corianoperatiof, tlthefln:mrbressibn carirgy 904 i biases thee
central housr &@%%?%ﬂbﬁwlﬂapﬂrf%%etﬁéosﬂﬁt{fg go’§te 9‘&00% %de of

the gate housin for recel
PCT/ US97/ 16858ctuator switch 96 is pressed downward agajmst the forge qffj g

2) . An apert UtRe lédmpredsion spriigl 164 fetipd ;i&ﬁtlomng pahewmuss bved
recel Vs the E’&é&rﬁé e@ﬂ?OLoEQSmp' %&Afg ntll‘éﬁ ed re BUté at e

98. housi ng osr er rre I at

gat e housi ng 49®BtEMH BOREANE W@usﬁ‘fr‘fb ‘:‘BG cwrprmﬁgf%% to Per’@ﬂ‘-the
col | ar housi nrgoxlé;ﬁex(fl@f e actwabRedswitiol ad Yard tHe shuttle Hatelosf ace

of the centr F nd i ncl udes a recess 158 that
e recess e’18:(5"("" k,%ﬁ#@; 2

conplinents t e central housi ng 80 and receives

the distal end of The fittleosRtg PEnigosecuredytoptthenhdishal terd ff dheg.

The cohbar h%a&ﬂ%ﬁ@ﬁ@m@%@ra%@@m@m@owmg As bestlgéefxprm
recei ving the con I|eved on t

1
proxi mal si de’ ¥ nJh %&el 3}"’?&6@2?‘ %“%16“} 8?28 h°“5“rgec“ psaﬁf or?‘f
(Fig. 2). A anee% adg8l akn opbeai ril}nfs'illl?hapeex@%nébuthleught?hé%oanﬁr a

housi ng 146. géﬁliecatmy AFedUifguUl@r opening4@2onc| wHen ankl date ®BUriE GhaNNel
162 (a conthggilon éggaarea 128 the neck 108 extends beyvond the gate
20 housing 126. The gate housing 126 includes a seed lumen 130
which is chamfered at both its proximal and distal ends to
facilitate the delivery of the treating elements. (The seed
lumens in the other housings may also be chamfered at their
ends to facilitate delivery of the treating elements.)
25 The distal side of the gate housing 126 (best seen in
Fig. 14) has a circular recessed area 132 with a beveled edge
encircling the seed lumen for better alignment with the
connector 16. For alignment of the gate housing 126 with the
central housing 80 and a collar housing 146, the gate housing
30 126 also has holes 136 for receiving screws 138 (Fig. 2) and
an alignment hole 140 for receiving alignment pins 142, 144
{Fig. 2). The gate housing 126 also includes a fluid return
channel 148 (a continuation of the fluid return channel 92 in
the central housing 80) and an annular groove 150 on the
35 proximal side of the gate housing 126 for receipt of an o-ring



fluid return channel 148 in the gate housing 126) with an annul ar

o-ring groove surroundi ng the proxi mal opening thereof for receipt
of o-ring 164 (Fig. 2). An alignnent hole is also 20 i ncl uded for
recei pt of ali@ss pin 144 to align the collar hous¢trgsslAbssei t h
t he gate housing 126 and anot her hole for receiving alignment pin
166 for aligning the collar hosing 146 with the front housing 156.
Cut-outs on the distal face of the collar housing 146, 25 W th
conplinmentary cut-outs in the proximal facggof the front housi ng
156, receive a release button 168, rel ease switch 170, and rel ease

trigger 172, whseh (Fdgpeepte Baa lapertuneamﬂ4lonkthe proximel ceidesodHrtHH

ip;g;Qs fjrespié%ffdﬁgﬁgﬁﬁl?r%qv\% the Fhtaradtion gﬁ%%&% gase E{ﬁ?nt e

168, rel ease skhecphubble gake 98. (¢l ease trigger 172 are described in
greater detail bel oyhe collar nousﬂi@ 186 cisepbkiiggened 72ntéifedide the

extendi ng t her GrEBriousing T AH PonBiiodd Bk dee Mol BI3KTAED face .
di stal side of og5the qdidamy hggemqw_lmrfeq Wbk He shapedAimidanlyctokhe egs

172b. distal VEa88/dA XHe central housing 80 (FJ.g. 10) and includes
PCT/U897/16856

the rel ease trPgl8Fes921P8  FidkCorRbimenss Sbprecess %anfspe Th’gtl"’%/ﬁg °

one end of a cbepsingidh ans regeives (Yhgdistal en@)of the positioning pin

rel ease ;g tchlwoofFﬂge gniictiec @_@Sggn el ongated 5 rect angul ar body
170a with a curved no cheg}rar{p

% one gn {I rotr udi ng
arm 170c (Fig. 18) tﬂ% OUsHPd 133 asTRD SPIRI9eE FRR QFQ&W%&
170d for recei pé0offox dmesliving the conig®toFi ¢.6 2jFig. The aaﬂea&adhut:t&n

168 is securedybPidiéa on the rﬁécﬁﬁ%ﬁls‘yih%ho%mhﬁyc%ﬁ&f H&uéx r£4% lect
(Fig. 2) that 1Is ease Sswtch

yed
170 N FBPRLRE voF s SoF bR LA Bidmi T | 1BGERADERRNIAT | SRR 18 (
of the n#él easeestendd tiough the collarTheusingt meuswmge 1861 rarhamising he

di stal end of me includ udes hAPRIFS r%%ﬁecﬂ&md mac e ;agr&& &l of WiRD

180 (Fig. 19) recel vin connect or a portion of
Lhe cntTaid| FREHTR gBRRneE| 148etabhes GaLR HOUSAPI! d264avatho %5
rings that fitanmlame ceutisgdgradve sarcoundingthétpmreimdhepening thexewsfct or

I's locked intogbheddAptl 8 SE¥ing 154 (FPg585!. LBR alignment hole is also
20 included for receipt of alignment pin 144 to align the collar
housing 146 with the gate housing 126 and another hole for
receiving alignment pin 166 for aligning the collar hosing 146
with the front housing 156.
Cut-outs on the distal face of the collar housing 146,
25 with complimentary cut-outs in the proximal face of the front
housing 156, receive a release button 168, release switch 170,
and release trigger 172, which cooperate to receive and lock
the connector 16 into the transfer device 12 and to release
the connector 16 from the transfer device 12 as well. The
30 interaction of the release button 168, release switch 170, and
release trigger 172 are described in greater detail below.
The release trigger 172 (Fig. 16) includes a generally
rectangular body 172a with two legs 172b extending therefrom.
A sloped relief of parabolic shape 172c on the distal side of
35 the trigger 172 makes up the edge between the two legs 172b.



connection between the connector 16 and a fluid return |unmen 20 184 in

the front housing 156. The front housing 156 incl udes two holes 182
for receiving the screws 138 that secure the front housing 156,

col | ar hou3|% Mﬁ, and gate housing 126 to t he Cen;“[&a‘lg@aﬂ g 80.
As descri bed above the lumens in the central housi

receive the screws 138 can optionally 25 be lined with helical, coiled
wire inserts or include threaded netal inserts to provide a nore

dur abl e connection. The front hou3|%g 156 al so includes a fluid
return.lunen 184 (a continuation of the fluid return lunmen 162 in

the collar The W%ﬂ"&ﬂe‘l@eiéﬁe Ras gferaig! Q.rncq abgg grs?xg.\ﬁ e
surroundi ng tf@é pLo rrgp 0 n|n f'or recei pt -ren 2¥6 ?E
2).  An #8 £8Fe PREY PDr #l6 pfca F@EEF%%l%FPl%ﬁm %ﬁ|4n (F&8-f or

insuring alig®ent of the front hou5| ng 156 with the collar housi ng
146. Turhenge18gue & €17 PPEF A | i tuator 35
88k b1ty OPRER] o) nciiibs A6 WikAGely

98/ 1193 uttlg %%angular boéy 170a with a curvm%gpm ramp 170b at

21 posinei end(amdl & protamddatyoarid 61706c (FigConBECAEH® dﬂh@r end.
LL?PﬁfgeiggeFF%elig o he o EAPRREY obe’ [10R°EbT LB, 1or o AgHBL PR gger
172 engagi ng por"‘il?eorr%'#e%ﬁ?e button [ 36§ iBOIsestunede Tl thee
switch 170 torledepséhewitdieas?o Spy tfidans of a Eewed780WRiggabnStnibeis

conpre d sp (Glg., 1 I £ d|t|on the rel ease
buttons"i(g8 |SE%§%§%28 i:ﬂreaceglgpél& 170e J|“nn t"'IE'e o g e?n bet t Bé%¢ol | ar
housi ng 146 afdtf Bﬁ?ivelyf theoFeilagseseutton Jéﬁdmav be.eardmm:egpan past

extends througlf the #éleasepmanitigs 1¥89 and 161 in the gate housing 126 and

col | ar housj r v bot.t o e openjings 129,
161 and is p05| ti oi‘ﬂg é%}g%t ﬁ?&%ﬂ% ?gg9§°’f'%i%ee§/eme {%’es'iﬁal{[" dD 8?
pivoting to a Haéﬁﬁﬁﬁlﬂ%}'#% iRcandeineludes @ geutral lumen 180 (Wign 19)c
connectisr 16 iEeri peeeliefing nthet Bonséetsrl 16 UMePhd SaistdBOpoitidie ¢

1oL, 55, R L 5008 b LFeve o, 307l D b
172 upwar dl y, *&RgPethat fitgspm theneytsige cofipthe scognedkors pré nehelry 4eHei g.
19b). As the connectdiﬂfﬁsﬁ&{dtﬂgﬁkolﬂenﬁfﬁ%@&alﬁéﬂﬁ@ jhe (ES' df é%é& tch
170, 20 ”DXSHHQén n be wreeelne%%% g\émn;xggt%z? Olé an%o | %rigld re qur(xa lumen
20 184 in the front housing 156. The front housing 156 includes
two holes 182 for receiving the screws 138 that secure the
- front housing 156, collar housing 146, and gate housing 126 to
the central housing 80. As described above, the lumens in the
central housing 80 that receive the screws 138 can optionally
25 be lined with helical, coiled wire inserts or include threaded
metal inserts to provide a more durable connection. The front
housing 156 also includes a fluid return 1lumen 184 (a
continuation of the fluid return lumen 162 in the collar
housing 146) that has an annular o-ring groove surrounding the
30 proximal opening for receipt of an o-ring 186 (Fig. 2). An
aperture in the proximal face receives alignment pin 166 for
insuring alignment of the front housing 156 with the collar
housing 14s6.
Turning now to the operation of the actuator
35 switch/shuttle gate, when the gate 98 is in the closed



the rel ease switch, biased by the conpressed spring 190, noves

upwardly until the curved ranp 170b engages an under cut section on

t he ‘connector 16. This | ocks the connector 16 into the transfer

devi ce 12. vﬁﬁ?ﬁﬁ Bas’ €l ease switch 170 is noved 25 t o | opérBEd7Asishe
connector 16 e rel ease button noves out of its recessed area to
visually confirmthat the connector 16 is | ocked into the transfer
device (Fig. 19c). Sinultaneously, the dowel pin 176 noves to the
top of the openings 129, 161 so thag,it no longer prevents the gate
198 from engaging into the 30 seed transit node. The act uat or

tsvw tcht 96 ganbaaweﬁcﬂnv(edxdf ramteennectorcqme%y Fi'fdﬁffcﬂﬁﬂ@cg ﬁéu]glae se@th
ransit node ing.do a or e
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central 35 namnrﬁgs@)smmagq (Fighe 2domikh ppesPfigthaclegs i3k of
\2/\? 98/ 11936 t{xe release tngger 172 engagmg thepﬁﬂ_ﬁttéﬁﬂﬂtlﬁ'?:’é@mn of the

mai nt ai n wnwar orce at or, .SW
vorizont & 1 or B TSk BeoBHF ET e i, fo, FoLhRrR 1o release switgh o
t he positioni ngressed Gdwrhagajhst Hmmmompnatsaédgﬁmm 2P0 (Fig. 119|aee In
recesses 100, %ﬁg t%ﬁ&!@c;%e{:h&eféié@ée %‘E‘E\‘.@x 168 ¥ co'inpletei

t hen rel eased Sitionin I n %" to f the
vertical groovePt s oReniNg ke ‘6&3’98 F‘ﬁ Collar t?}‘é"%’é&ﬁ n€"€f§"

Wien t he act uahousing t156.96Ths eayjadetihe dowel pint h26 s&aeuiaﬁdsanhrbugmdﬂ;e t he

gate 98 yigs posa%nmg%seigh%aa 161 in B | ST nbIELAF! $285 Y QOO €5

t he sane space occupi e t he

connect / pri me Jgg@ing 146, resPec‘TbV‘FJe‘ﬁD\Pé: the E’B’ﬁ?@‘&t‘%ﬁ the ppeninge 129,
transfer devi 01361 hend is posationédradsjddenit 88 gatem@aecta pirevéht the gate

connect / pri e £pGe pfJding to andl Lnbhgihd O i YeRUCRLIRAN gRiker seeds

have been returned gua swi tch

98 is in 15 t he Yhphdde ﬁpmecmfaem -"-ﬁelﬂﬁ%'a%% Jdmcwhementea r3é§‘§é'd
I nwar dl ¥ 5t 0 noy@ot e r eheafront thdudiny dassyartie/ pgokimalt lemd ‘of the

spring 190. Th | e o t pr.event
novenent of thg ﬂix?%ﬂcgg iokag:{q}t%cq%e sIé %H?’L’éﬁrsTP%'?EEE 172 Sk 1:hﬁ1erec'.“oer?(r%\éctor
16 can then betm | L7 t @ afAreeonthee aigger ¢ AA3f enpwerdly, while
Wthdrawal of shunenietisly ¢omprésiitng RBe sprind @magrigl ignsr. 17s thebe

forced by the dr. r S Qf . | egs
17551 n_ o SPLdALL WAJR:119 moves URUP RPGn'EROSELI QIO ierl W50,
movement o the release switch 170 is no longer impeded and

the release switch, biased by the compressed spring 190, moves
upwardly until the curved ramp 170b engages an undercut
section on the connector 16. This locks the connector 16 into
the transfer device 12. When the release switch 170 is moved
25 to lock onto the connector 16, the release button moves out of
its recessed area to visually confirm that the connector 16 is
locked into the transfer device (Fig. 19c). Simultaneously,
the dowel pin 176 moves to the top of the openings 129, 161 so
that it no longer prevents the gate 198 from engaging into the

30 seed transit mode.
The actuator switch 96 can now be moved from the
connect/prime mode to the seed transit mode by pushing down on
the actuator switch 96 to force the positioning pin 102
downward to the bottom of the grooves 100 (in the central
a5 housing B80) and 158 (in the collar housing 146). While



170b, returning the rel ease button 168, the rel ease switch 170, and
the release trigger 172 to their initial positions. 25 The
relrease button 168 cannot be activated while the actuator switch 96

isinthe s rapnsit node. In the seed transit J:',ﬂ te 98
SR i Rels

IS position at it hinders downwar d novenent o wel pin
176. Because the dowel pin 30 176 is connected to the rel ease switch
170, downward novenent of the release switch 170 is al so i npeded and
the curved . ranp 170b cannot di sengage fromthe connector 16.

Turning to Figs. 21-27, there is seen a further enbodi nent of the

rear housing/ igain€asAhgOh WkintlraOitored ioh Ihe adtifatioraniiitichdasg ce 12

O e DT e e ok ehta L rord® 13°ERenapplied to the z\a\/\&%éolrl%%gtchlz?a_t%lm

the rear housimeye2tbeippgjidriandingy pinl 192irtihgmughnthe horizinhed gmdovecéfides -
two axial threuah-ddmRaes’Gd,0M158 to tRESictheR ReritWeadCigi¥ovesuchrRs

screws 28 in Fi ) to,secure t he _rear housi,ng ,200 to the central
housi ng.? The F@gf-"ﬁoﬁéi 1§ then relpasgd.anf,fhe KQRIOTHRY P3G 1PR O¥RR pt -
of luer fitti mpstorthe top ofotinectexticailngroove docpiacet thes 3@ tch498hiown i n
Fig. 2. Such | stet ] I SRAU; ' r S 206
by rrear'l].'gl eo?e%éll%&%sj'ﬁ/g.ggéhWSgr E?let tl ncs?}(?’r]f-laew g%air\ét:ia%l Flzg%?éd
conpl etel y red®sthE fredhitransdt, BadenctRe (HptR0g8 bERPRFHdnefh so thak 3 yer
connect or recepoxrtdonnofetResgatd 8 avvwlaicdupies the samkaspaeat that awas quid

or gas .f4 11 ed | ce4 (ROt q_ymrt ' U‘gfﬁ%- apl.j;c or
pneumatlldc del io\ggﬁbggﬁdgé)eﬁ?eva elo:iﬂk 176 i]t-lhe fa m%%r(%é&rgcgu’.%éi n and
mar ker seeds to an@°f F&RPYRcthe connegipr, a6 f¥eR Hietranstegedpyire the
connect or secudctdatdbrle¢ttch B3 is BOGedtinehet Gonnddt)ptio heaki antdag

(ot hou) a1 e, erapd ' bR G il CobdE S PRI 08 A0
switch tp1bheananta slegge dikcr Qe ithed&ckuptpyt ewitghe8i dgreiner of
the cylisndri czhe REMe2Ipring! mabel, Y thewldelealstamititon ara@esis 2Pressed
o) | ABbbnd of WOk ket e 1o ek Sy gl
212 connects FPE&BY 29Q. t TheAauali pdnj 2F spbpeltanecuslyoRoVppgsolas ty
fluid exit chppeeent fovsldiiCoE £K6 afte’?96 back to theldded tiraRdhtCitbador €
208 (Fig. 23) g @B 1l S85Y then be manually withdrawn from the
20 transfer device. Withdrawal of the connector 16 allows the
release trigger 172 to be forced by the spring 174 to drop
down and reposition one of its legs 172b in front of the ramp
170b, returning the release button 168, the release switch
170, and the release trigger .172 to their initial positions.
25 ’

The release button 168 cannot be activated while the
actuator switch 96 is in the seed transit mode. In the seed
transit mode, the gate 98 is positioned so that it hinders
downward movement of the dowel pin 176. Because the dowel pin

30 176 is connected to the release switch 170, downward movement
of the release switch 170 is also impeded and the curved ramp
170b cannot disengage from the connector 16.

Turning to Figs. 21-27, there 1is seen a further

embodiment of the rear housing/fluid control switch for use in
35 the transfer device 12 of the present invention. As seen in



25 retrieval channel 216 connects the cylindrical bore 208 with

an opening 218 in the distal. face of the rear housing 200 (Fig. 22
or 23); and a fluid return/seed delivery channel 220 connects the
cylindrical Rasesibss to a central distal opening 222p¢1ros9idsssg a
rear housing insert 224 (simlar to insert 88 30 in Fig. 9) (Fig. 22 or
23) . The fluid control switch 210 is a solid cylinder,
preferably nade of a white or clear Teflon material to allow snoot h
novenent of .the cylinder 210 within the cegdral bore 208, and

I ncludes four fluid channels (described below) for 35 sel ectively
connecti ng charbgl s2282 &hd Zédrwhbhsihgnaed siglgenerally cylind’iBad8/ihl1936

PCT/ US97/ 168564 w4 @nd £430.
t 1l u um 2
The switch 210 |n%?udand %88 g%%ﬁlarw%uta%ha 22%Pr° g ensts upper end

for receipt of PREHELRNING tWOSFERYSNFNCR ag gerews 28 i Rigogd) ko Fecureso
t hat the dist athernfba&?:&oﬂfslhbezmrw €hdZfentral hoﬁsiﬁgsnumleyrui-mdusﬁng 5

over hang Sor ot bpCLIRE e rBhebbis Aol J208 iy 2BcB0pE Bt tner cintingBRe
fitted into theom%@%@mlsamdar totcamgaters 32, 34 ghovRuinl Fignt 2el Smht ch
210, and the fhyesd ﬁQﬂti s SWbUId ¥d Usecured irs 4MSirdcuieiés 2oul)e 206 b

cylindrical bore 208 hou 09 0 00 | L€ . querhang
231 is posit i 6hed % +%°(ﬁﬁ té"ﬁ'@gs ngvf’%% 1-21-1:(?1 An®t he
over hang 231 o¢omm&ﬁte1y reqe%#&ﬂewiﬁblabkhﬁ;ﬂﬁﬂ§ doysing| 200.  HRreferabdy

bore 2080 thusthe 1luexP’ 8¥RAEEESY I HERERVedf 'trheraaaséea&B f@{ﬁ&é@ @b Out

226 d th h dl e _ 228 t t tch
The ?PUId cont?g éké%] 1 ﬁ@?gﬂegrf%%ﬁ eF§$Eﬁ§ (“°t ShOQﬂi4th256

and 248 for seiecmsedalfgommmang ohephéwnationdelivery and heetsieval? ofnd
fluid exit Chaﬂ@@'ré’d—ﬁﬂ!éﬁ ddifrde "!:H:m and méf'ﬁéh" réé@d\’éj ﬁc?tiﬂde\ﬁlom(:l&ﬁ@nel

216 and fluid eturn/ se channel, 220. best seen in
E o "6 and AelfyaiD Fathotar 14 .o ey Lubs, CORRGAEAT  AeciRas dn, Fagess
del i ver #5chann206 ZatXaches togaf fdnddrecliecttionibel 2ndt shewwd retrieval:

channel 246, and Towaﬁ@f&h!'ﬂl&ﬁii”éhd”&%nEﬁé rék houSLng 200 tﬁék%jls a -

operation, when the fluid control swtch 210 is in
posi tion, bot FCYHNGYiFal hoxg 208, Hat E?EeéﬁﬂstF%Ps%&HPQH?°Dt§ﬁ9|5VéF?h
channel 220 i n2ithe whdah WHLIibey d2@Cribeduin datail later. The diameter of

_ the cylindrical bore 208 is slightly smaller than the largest
20 diameter of the fluid control switch 210 so that the fluid
control switch 210 fits tightly within the bore 208. A fluid
inlet channel 212 connects recess 204 to the cylindrical bore
208 (Fig. 22); a fluid exit channel 214 connects recess 206 to
the cylindrical bore 208 (Fig. 23); a f£fluid return/seed
25 retrieval channel 216 connects the cylihdrical bore 208 with
an opening 218 in the distal. face of the rear housing 200
(Fig. 22 or 23); and a fluid return/seed delivery channel 220
connects the cylindrical bore 208 to a central distal opening
222 including a rear housing insert 224 (similar to insert 88
30 in Fig. 9) (Fig. 22 or 23).

The fluid control switch 210 is a solid cylinder,
preferably made of a white or clear Teflon material to allow
smooth movement of the cylinder 210 within the central bore
208, and includes four fluid channels (described below) for

35 selectively connecting channels 212 and 214 with channels 216



t hrough the seed delivery channel 242 in the fluid control swi tch

210. Sinultaneously, the fluid exit channel 214 and fluid return/seed
retrieval channel 216 in the rear housing 200 comuni cat e through
fluid returp ¢ | 248 in the fluid 30 control smntqhn%#g

fluid is a|P6M£§H§§ flow from e.g., a syringe, throug he f|UId

I nl et channel 212, through the seed delivery channel 242 in the
switch 210, and into the seed delivery channel 220 to advance the
treatnment elenments to t he di st al of the delivery catheter. Fluid
t hat hypasses 35 the treatnment el enents reaches the end of the delivery
WO 98/ 11936 ang 220. The switch 210 %Pc%udes a reéﬁaﬁéﬁiﬁy39§%5ﬁut 26 at

25 catheter and returns to,t

return/ geed retrieva
channel 216 ahﬁsl‘ém%ﬁ?(ﬁﬂé’df%ﬁﬁ@hp?h%fftﬂﬂd&er &8 FhenhpfEpngular cudrg
the switch 216utt2eé limvstibepdaugh theet fthe diskal @khriaddl of the h&idlear228i nt o,,

e.g. aflwdfél witsin 2t. When the fluid control switch 210
S |n t he ' retrlee éﬂdﬁn ?os}:tion both the flujd innlet channel 212 and

the fluPd rBre handdeq2281 1§ endardednat) 159 glistal, endo220 R Ehag 200
conmmuni cat e tbtouﬁl acesiverdiarice\oal stlepnaahl.248hen the distall end 230c@ft r ol

S e 210, oS LLGIEOY Yo BEEHghNEndd W Dieotferobaensle 20 a0 he

seed delivery C onmuni
t hrough the ftmctmpﬁn'emhrﬂitzmm and jthet ftuid ganteed F¥itch Bidoch

210. Consequenidsitifidnéddini he cylind&hlcﬁwedoi'@ 4 ds)wﬂ kkheuglat Neoddiwigd
i nl et Bannelzg&z toe}l@ re o er’}??‘f'?g %gérl eg/a q:trlraglteﬁm‘gi thro h t he
aan

fdereturn/seeﬂl rieva eer o
hydraul i cal | yClrcumfe#Qﬂ‘@e ehesViteR | 30 éﬁ@nt’@lef rovexhangl 334 ofndhef t he

cialt hetgr ba;:rhaﬂ?wenis;] amfﬁd tgﬂvis(iaewﬁh.mubtaﬂﬁgugéﬁtréi UWhélre 208, tihﬁxs

a owe to ow Iromthe see eLl er C nn thr ou . t

fluid return Bﬁ%ﬂ%‘f“ﬁf"“ﬁf‘& ?%e&ﬁ %'Iaa’ggfi ?g%héﬁu%l&fl&,ggﬁﬁut 223%(?n§ut of
t he transfer sesuxring the handle PR8rwithin |thed swatchoR18witch 210 is in the
"of f" 1s posi t ifHe f'lQ'iE 8bntre1 Ehadl 518 1PncRides 268r 83@nn3ﬂ£84344

246, and 248 Ermlzp' her.. Thus for
any fluid fro%ng he ﬁc S-.d:M%F;Q ‘%8 ann%?c ‘Qe-li e onp'ecg'%gT%%eff iter%ol
switch 210 i nehaprsl a%ﬁanm cﬁlugﬂoovlélt chanped 24 ™ddd vtbeo-frllmg 252

to prevent | epkegitn fsdedf reBPieval channel 216 and fluid return/seed
: delivery channel 220. As best seen in Figs. 26 and 27, the

20 fluid contrel switch 210 includes a seed delivery channel 242,
a fluid return channel 244, a seed retrieval channel 246, and

a fluid return channel 248.
In operation, when the fluid control switch 210 is in the
"send" position, both the fluid inlet channel 212 and the seed
25 delivery channel 220 in the rear housing 200 communicate
through the seed delivery channel 242 in the fluid control
switch 210. Simultaneously, the fluid exit channel 214 and
f£luid return/seed retrieval channel 216 in the rear housing
200 communicate through fluid return channel 248 in the fluid
30 control switch 210. Thus, fluid is allowed to flow from,
e.g., a syringe, through the fluid inlet channel 212, through
the seed delivery channel 242 in the switch 210, and into the
seed delivery channel 220 to advance the treatment elements to
the distal end of the delivery catheter. Fluid that bypasses
35 the treatment elements reaches the end of the delivery



cylindrical bore 208 (Figs. 24, 25). The fluid control swtch 210

al so includes three areas of enlarged dianeter, generally I ndi cat ed
by 254, to prevent cross-talk anong the fluid 30 channel s 242, 244, 246
and 248. TReseyasas of enl arged di anet er corr espongcnusdribise
openi ngs of the channels 242, 244, 246, 248 and create a tight seal
about the fluid openings. Alternatively, o-rings could be used in

pl ace of the areas of greater dianeter. WO 98/ 11936
PCT/ US97/ 16856 25 26 On
the distal face of the fluid control switch 210 there I s an obl ong
openi ng 232 (Ficgthe¥erwWdamh esterns rtadi théy fluid retwny ddesi f zetrbévalhe

swi tch 210 so E:;ﬁ%agwn?ﬂse t%l’g} 31‘;]! Pl et t&rougljx g%r%& aﬁiﬁﬂd"%'&hﬁnt 8fannel

cylindrical bore 2C ) openi nf(% a ns, with a short
through |umen 248 iR the SELCEHELE) e Tlow thr‘PHﬁhoB'P%ré‘HﬂeﬁP‘ﬁﬁ ohannel
term nates intguaahhyi dhtéheefd.yi & £luid cedlédtios\wagih 210 with three

6 e 23 WL gkl hila comero, SOIBOFSHEN T a7 o Rtu It

pi n 240 i g. 21b) n-t SitTonin control
switch 210 10 positiemi | hotho thiee Tonigh einletn channgyl 621an@ndalthedef bid 60
shown | pekhfn/deea TRELENENa Dl chiitndD! 20¢ 9ACHNRY rEdt Adusling PR

in conjunction with the detent pin.2 tQ_l.i r t | ch
the 71t d- cont POMAPERE SHERudH et Alctzsolhl BAEnHED' 765 O the el 00
has a bal | - shapentzal switcheld.15 Simuitamecusiy i Rptlesthes fluid tewit

"of " pogg Ui ONchlfindet 294 BNA the seed*Ad19VeyWdhanhelNe20l dgl &Hl g AS

the fluid control |, switch ,210 i noved to ejth the "sepd"” oy the
“retrieval " | housipg 200 Gomminicate Enrough the thud resHrppehomeeh 244 n
240, whiihe thiet hEluishdcontmdle switsh t 20Ar ds CdrsqguentAy,t Hluwsdi tish 20

ampr s b ot ASkE Yo b herial ths I SABR RISz, e
W TR the pin. FRESs SREESEVALnENaRRPh D08 FHORUED (3 Fluid reeduefTeda q
so t hat #he baketvievak ghiann2d02i€standvintonthe cathdtentephpdr®elinaldyvhen
the pin nmoves pypyel QB  BLReAkiRY eé%@ﬁentsd'frﬂoﬁng £1d 2lgigRa®f diif o¥! ivifer
it does not nove, outside of t he openi 232, the pin secures the
cylinder 210 wFRHRRESFPack o the tranefsr GAich. aSAmilrgpecusly, fluid
Turning to Fi gés £kBExd thefbow Fromehharsestpdeldéstery channel 220, through
the fluid return channel 244, into the fluid exit channel 214,
20 and out of the transfer device.
When the fluid control switch 210 is in the "off"
position, none of the channels 212, 214, 218, 220, 242, 244,
246, and 248 communicate with each other. Thus, no cutlet
exists for any fluid from the fluid inlet channel 212.
25 The fluid control switch 210 includes a channel or groove
250 that receives o-ring 252 to prevent leakage out of the
cylindrical bore 208 (Figs. 24, 25). The fluid control switch
210 also includes three areas of enlarged diameter, generally
indicated by 254, to prevent cross-talk among the fluid
30 channels 242, 244, 246 and 248. These areas of enlarged
diameter correspond with the openings of the channels 242,
244, 246, 248 and create a tight seal about the fluid
openings. Alternatively, o~rings could be used in place of
the areas of greater diameter.




transfer device 300 for handling and delivering the treating 30

el ements in conjunction with the intralum nal radiation system of the
present invention. In contrast to the previously descri bed transfer
devices 12, g e idsgnsfer device 300 i ncl udes an er goRGS#H;$94ds¥e
designed exterior that is nore easily gripped by the user.
Additionally, the various 35 I nternal conponents of the transfer device
300 are unitized WD 98/ 11936

PCT/ US97/ 16856 6 27 for easier
construction and assenbly. The transfer dzevi ce 300 al so features

gd?i titpnal or | Ufr@v%faﬁigtmf 9&??‘@% theUeluds control _bszg_aamt c;&@ﬁ@l e
etection cirguit_an i splay, .a | £SS . i ndi cator/rel.i.e

val ve, and a tht Bt é’g’188ﬁné’é{£5’rif'§e§§20r&rdi% lﬂ:ﬁ which ee’&rﬁ%% ofaff,l%lp’ of
whi ch are deszlémpdhen facear€rthietswitch 210 soethak, when the switih 2l6g to .
the expl oded yiqyifedwdtndh thé &A% i¥88bore 208, Rk bBfohd ApEing

devi ce conpri seség.t Wogi\gt shgl I N #ml U(illl Qaﬂ 'Shf:tl?l hal ves "302a "and
302b whPch entdAHIFNEWMLtR & shgrt Fhugpy PRI I ANVERT SRR s of -
the transfer Tewi obl80§ apening 232nthexrimddat@he ipherhahldy f o802hel Mdluides a
magni fyi ng wi gy : s M4k QW r e i 308
having a | unen J’P‘Ewg&-gg ?%gﬁﬁﬁyﬁeht@ﬁgg%%e%?eygggé %%? S ov‘\‘/)na)q;,h

i ndi cat or a coppgassion SBRimGicPaBoRRd E8RERFSPAR BAPs (Figa 23%)3TOL
(Fig. 15 JEBigthaini aHecpositheniny dife theecatinmpat comtdwlarswiteri @uog i n

the quaptz sl . S | t r | '

associ g? ed caf%{ellﬁler ’r glopS%%%ﬁ%o%%fzgégﬂicﬁzﬁgé?%@%eeltlt_aEB &0 shmmseed
det ecti on/ i ndiR KiH- Rlst eFRea ePABs O Ehe RPIND CPRNARENZ32 act ap Fhops

- providing a visusinjuntitian eithf théaiddantdpinessorto A@nit vhé degrdee to

treat nent sy f M o] Lmlar in
function to ﬁ%ﬁ&l%%o diha%&ﬁggﬁz %‘F’Pg%%éjcgn 88sEPF g%‘mabove), for
actuating the flui%heofetentsRinci240 has apghd-shared jendf thaé FasEsng
shel | bhal f 30Zbthwiw the diapies 236. Ithen*3iH fgysitfieonc thbedeteropiact or

& sliding gar2i0 £8Bel dufthyn WS, HEREIRTatkblEY A YRRCEAR i TN

318 to switahe Rl Hes mavad i @Hdherethgs8sendy her chectrstdeviaddt or
when the treahdthdf Beedsidile Windd mavekeaway o' tive Gdetent pinNDigde of
L oL e AR UL YoVl RolBE e Hn. a2 AT
20 210 and dimples rotate, the detent pin is pushed back against
the compression spring 238. As one of the end dimples becomes
aligned with the pin, the force of the spring 238 propels the
pin 240 forward so that the ball of the pin 240 rests within
the dimple. Because when the pin moves away from the dimples
25 during rotation of the cylinder it does not move outside of
the opening 232, the pin secures the cylinder 210 within the
rear housing 200 at all times.
Turning to Figs. 29-33, there is seen an improved
transfer device 300 for handling and delivering the treating
30 elements in conjunction with the intraluminal radiation system
of the present invention. In contrast to the previously
described transfer devices 12, the transfer device 300
includes an ergonomically designed exterior that is more
easily gripped by the user. Additionally, the various
35 internal components of the transfer device 300 are unitized



a fluid collection bag (not shown). Turning to Figs. 29A and B,
the transfer device 300 is shown with a detachable syringe 322 which
provi des the pressurized fluid for hydraulic delivery and retrieval

of the 35 éapugRnt seeds used in the system The syri pgerusitidesss
WO 98/ 11936 PCT/ US97/ 16856

28 connected to the transfer device by a luer lock 324 and is
supported on the transfer device by a saddle having two off- set
arns 326a and 326b (best seen in Figs. 30 gnd 31) that extend from
shel | hal ves 302a and 302b, respectively, and wap 5 around the barrel
322a of the syfongsm<idd tonktrutyidolathdt hesembly. Theitngmsfert Qevicarddter

device., o8 Canalo SAaf A Biait il or inpRBlel odfihy HeaRifeds Zaich el O

at an angle fromthe ongl t 1S O e transfer  dévice to
permi.t easier treatment segd detertimn FPrEc‘éﬁl%deH?@ér g f3yid pressure
As indicated phaicator relikifevadires 08Nd e datniterheonnectot faeed eor ¢dw ce

300 t d; I . . Lh [ :
whero they ar IBE MPEBIINE] $ad Broubilly e Qescpinehlih GrsatEy et o,
means of poI yeb@ddene tubing (not shown) and barbed connectors such

as, f g, 3(218 (Fi 9-médninglTo th’éhéﬁpia@@d '.QifevﬁQJiSthi!th B2) FBYc&EIBE lseen
S| npl er an

truction of ., t
transfer devi gg{'at the Fﬁﬁﬁsf "é\‘hcg%é‘l’é#‘t? SSC?Ig 2 %r%‘oggﬁéﬁf s“?ct}‘%n@h
e.g., the shthub@évemomaawgandre?m whighhenaliesier a ahnasdsi \3@4,f loni d
palssggewt@ys) f«ﬁﬁémetﬁé uvat:kmb [cHmp® WehEB taﬁetﬁaclgréwféf C&E\ZiQ:e 300 @gks of
solid materi a 0 e or
fluid control @W‘? '3 sxf‘ﬁ‘e]l' ?‘F‘g% @)aq ges a “a%"déyﬁ&g %‘Y s"g%a
standard four Pertviewing Um!a/qwc;h &deeve orvhowsinpdi08 rhaviz@l AK\Lumen
manuf act ur ed bﬁ’oé$etl'§$96‘ﬁ@1@ tRé treatméiteasee@é (ﬁ@'&oﬁr{g‘?he{n&'&%ﬁhe

Sa o) Tl T rfights G VapanbRiatareh dvpniding 1EDF A3 AR Fige

200. 15 3o0Wthaty dhdicate whetliqys tha0Bre@ineninde@ds ahe néwmisting 304

of the transf eﬁhé‘@iﬁﬁ%ﬁngé{ré%ﬁﬁﬁﬂﬂér@ Pﬂq'&?é”t‘i'ansfer device and its
i ndicator/pressure relie al ve, generally indicate 3 30 that S

vi si bl e t hr oug?FIIRLHeS 9#831:%« PareL; m3A2 4P ac%:.vgﬁépg the £EB02a.
The pressure isekd& standatdlongfinditatoB83ysten, a pressure indicator window

314 for providing a visual indication of the fluid pressure

20 within the treatment system, and a fluid control button 316
(similar in function to¢ fluid control handle 44 or 228
described above) for actuating the fluid control switch.
Along the side of the housing shell half 302a are a release
button 318 for the catheter connector (similar in function to

25 the release button 168 described above), and a sliding gate
actuator switch 320 that covers the release button 318 to
prevent the unintentional release of the catheter connector
when the treatment seeds are being transferred to or are
inside of the catheter. The transfer device 300 also includes

30 a compartment 319 at its proximal end (Fig. 33) for receiving
a fluid collection bag (not shown).

Turning to Figs. 29A and B, the transfer device 300 is
shown with a detachable syringe 322 which provides the
pressurized fluid for hydraulic delivery and retrieval of the

35 treatment seeds used in the systen. The syringe 322 is



in fluid conmunication with the syringe 332 and is designed to

provi de an easily-readabl e visual indication of the relative fluid
pressure in the treatnment systemand to rel ease the 35 fluid to the
reservoir xceeds a predeterm ned maxi num /11936
berT Uy 168 Dehlss gg FeTSiESE
(e.g., 100 psi), thus insuring that the fluid pressure does not
attain a level that could possibly damage either the transfer device
or its associated catheter. Lt h reference to Fi gs.

35A-D t he pressure 5 indicator/relief valve conprises a cylinder

334 wit hsgaV'd&néBted to thal gi-aﬁggﬁr?’éévié‘efﬁylﬂt maﬁuwgzat g@m a\ft)a hlé[]ﬁ

syrlnge er asagauae e | anet e e
Yol 19e 322 suppprred'6nng Miinetls 035520 0b7 (4 Hadald Having 3R’ he-

| ar ger seti axmisci326ar andn 338Bb (beshgseengin F399.i BO @Rags1) 3tkatnd

B). 10 ThGrenll PESH s%%‘hhﬂ&'f@és %d%'af&ﬂ& k31 Sh:é%ﬂe&ﬁﬂzéiy | Ridd@rap

snmal | er di ameter portion 338a of

i nder 334 342
i s intet pose@rH, the kerig JstWaBﬂ? the s¥ringg 322 o aﬁmlyof’ iﬁeh‘gr ger .
di anet er porEwmﬂnQ&Bboothertrandﬁemddmylibe As candpe iseprB4h Figsa 8pAing

constant andd@obh Saleobedshge ez T Pheld e BhsleR A0 drn the.

smal | er-di aneter pbrtlon cylinder 33
pressure readipdgitpdinal axiﬁré@eﬂ@?%1¥ﬁ§?ﬁﬁ%ﬁ RAANiGHcHe t RETBAE | RAS3ED | S
sufficientlymanlpulacmﬁﬁresaﬂﬂabmmhhgefbmhdgafeszzwe to permt the piston

30 tao MV R ghosel TREEROEHAD S33RoRbalbe B LAEC

334 2 pressure ?ea passes around
t he piston i ¥ansfer| %s‘g?eqe éPﬁrﬁ%P%ﬁFPﬁﬁeéﬁP%ﬁaﬂeﬁé’ and are appphedr and
exits thr ougltoanhe%mﬁsfsfléombatmeﬁelﬁhew e preferarspwmrfe’a t@@e’ﬁh&f‘

| ar ger - di anet, o] it he t |

pressure in tfg’g 23%‘@ 8?@’%2'?’[ thr?ebé(Smeanﬁr iﬁthgt}e%%? 8 ﬂﬁ"%prl ng
342 bi ases t shophgt 8nd3parbed CORDaekorﬁt%u@heaSnaPF@r-d3&ﬁeﬁ€%9po3l)on
338a aofs the awliisndeype of construdEidhesiit | ﬁe&ﬁﬂten@hﬁ’éf@b ah@ phétéen 340

coMr 159 49 conomscRE” LEnJANLANh Y0P SNl 8 chle kRaBLgBLCqRVLEL | eved

i nterface which sea Sea tains
cont act bet wédant khe Prawously éﬁacriqlee emhasgingnggeinrwhich, epgnyi the 338a

of the cylingaridd4. holiddngi Sh@mbdde bgand theBAuf pebpeseivd aryhide

Delrin materia. and ihe Sea {ﬁ f4 control WiteR ard'EAcBintd¥ron

nanufacturedp3§ BEFveEs) %ﬂ%lﬂ%% %ﬂ
blocks of solid material that have to be joined together. For
example, the fluid control switch 330 of the transfer device
300 may comprise a standard four port valve body, such as
valve model no. 7017KV, manufactured by the Xloehn Co. of
Brea, California, rather than the custom-machined switches 44

25 (Figs. 1, 2, 6, 7) or 210 (Figs. 21B, 24-27) and their

respective interfitting rear housing members 18, 200.

With reference to Figs. 29B, 31, and 37, the chassis 304
of the transfer device 300 also supports a pressure
indicator/pressure relief valve, generally indicated by 332,

30 that is visible through the pressure indicator window 314 on
shell half 302a. The pressure indicator/relief valve 332 is
in fluid communication with the syringe 332 and is designed to
provide an easily-readable visual indication of the relative
fluid pressure in the treatment system and to release the

35 f£1luid to the reservoir when it exceeds a predetermined maximum
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30 hvo #11936P0! | shed i nside diameter and graduati onporukdmesss ( not
shown) on the outside thereof which are visible through the pressure
I ndi cat or wi ndow 314. The graduati on marki ngs permt the user to
have a visual indication of the fluid pressure in 5 t he system based
upon the relative position of the piston 34D within the cylinder
334. -~ Further, the spring 342 is preferably stainless steel,

such as that nealvectelged hpot pei), thus Lﬁmtﬁmigngihsunpheyfm;cBrpnﬂdqurg New
York having 2 SEEdoackhin o 10vhi U107 Sost H147bMREL Eftnor The

course, var i ous ressure gauges an S as are
wel | -known i n t¥ansfer device pEyibe agseciated ﬁ’aﬁ"&EBrof the spri ng- | oaded
pi ston and wdtmderrezerangenento dewigshed 3b6a¥p, the  presshirée

the abovg-descyjb cc%&{{i) ‘l‘ QWalM‘%o&gagﬁé%gr g:ﬁ; '19:5% 334 gggg%ﬂis"%f)“ for

i ncl udes™a rel eao I ease sw C
recei vi ng and ts& Rpx @Qﬁat%tféﬂléoﬁﬁ’wﬂmcatmn with cﬁﬂﬁéﬁﬁm éR2.

devi ce (sin | arhéd Ryainaarasse rﬁ@dacgﬁaiam ins:Lde dianiéterr etre shallllegiger

172/ rel ease swiich t170 de?,rcrl bsgsa Que; ? r%%im ;.‘g 19%.

The transfer T FF I PRer>°2r PGy u&e 2 V\ﬁa XEeHf

the quartz seelianeterc-peotion 338k baingl c2ic h§9§ebﬂ- I(tﬂmﬁ_-t 35prande By .

treat mepp seedsprd oesmmaer 39391 thdlﬂséé"eati% reraﬂ@vgffeawml eilih! the
e

permtting f|UId (ge% :}d'ﬁifg'seﬁ:g@af&ém ng

rough
Pre s vst oy, | ‘ealiby aiameter berb sl
interiock  sprine yien ishdnterpasedt betweer roieasiston B0 350 khé &hd pin

25 gate 353«a]919'8ﬁr ﬁﬁéhdx‘!ﬁzcé&ﬁﬂeéé!r %&%3535896? 'tﬁ‘xerﬂlxﬂ&)é) The
that prevents the release . swtch fromb elng egressed}é”q: Yﬁ#

preventing t heRISEY 174t PBFoR nBPYARY c SOREERR gth selectsd | fig
transf ets5devi od@intaimhdhel pigkba B40r éhr anabller-adiameter portiibnog3shaabf

permts treat gh e 3
Turning to Fi ?2%?§§?E932%§§nhﬁEQ% tﬁ%reé?%%segﬁessu*g%aecnaersat ghgl ock

menber 356 th 5o TR LA SHRSTICHAG (RPTANG 342/is, @t Ficiently
trigger/rel ease:mnesslednbyhahesmxﬂﬁﬂ mEredspire ot permit the ghiztiosn3362to”

general |y descﬁfd@dnﬂg% l%i'g%l-hléﬁeé&e pottionBFED oS LREVEY PliaeaNd32€€d

verlflcatlon sy.stem
i.e., hen the pressure reaches 100 psi), fluid passes around

the piston into the larger-diameter portion 338b of the
cylinder and exits through an outlet 344 that is in fluid
comnunication with larger-diameter portion 338b of the
cylinder. Once the fluid pressure in the system is below the

25 predetermined maximum, the spring 342 biases the piston 340
back into the smaller diameter portion 338a of the cylinder.

As presently contemplated, the piston 340 comprises two

parts 340a and 340b that interfit to create a relieved
interface which seats a seal (not shown) that maintains fluid-

30 tight contact between the piston 340 and the smaller-diameter
portion 338a of the cylinder 334. The piston may be
manufactured of a white Delrin material and the seal may be a

ring seal, such as that manufactured by Bal Seal Engineering
Company of Santa Ana, California under part no. 410 MB-010-G-

35 316. The cylinder 334 may be made of a clear polycarbonate,
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31 described in greater detail below). Simlar to the rel ease
swrtch 170 described above, the release switch 358 (Fig. 38)

i ncludes a G@f% gtion 358a, preferably nade of a Delrin popgsomnéi®éerial,
with a curve aﬁgﬁnotched ranp 358b ai one end, and 5 (ﬁr rel ease

button 318 secured by a screw 360 (Fig. 31) at the opposi te end.
Alternatively, the release button 318 may be an i ntegral part of the
rel ease switch 358. As described above 54 i n connection with rel ease
switch 170 and rel ease trigger 172, the curved and notched ranp 358b

of rel ease swHavih 358p&rmwlﬁgide dia‘idét@!-nim @ﬁdd&h't!oheixaﬁmﬂg§ftﬁbt0n

362 on the cathet r npect 364 k tor
into the th % & edé’\l/’?:cgs gfl‘ﬁﬁ ‘gé%é’ sa]v?n;? c‘%% B‘Pgsgéﬁ to
di sengage t h@we mmm@dnﬂamm‘)sb'me ma@\:@t@anmrekmgs permit
connect or 364:Hé3u83i'n’c6 E&F@\éal\ngﬁalhfn&i?&@fdrplbff taen fi\?lciEpressTu'.’réniﬁer

d trat t 2
b of or bl y e sYsEeR; hreed s fne fepBtlud Pomstion! bk i BYatoR 240
conprising awiddnat thenl ey igdldrodp3352a thatthear,ni theesspring 342 is

sl ender cyl i 'iﬂ"'df%g s&oeeaiﬁﬁeg@r%%eﬁ%?%%cn%yeaéeeﬂsa%ﬁxf&ﬁg%%% py Bhée 1

supported byt ortion %I n ‘g
el ongat ed neHf& 813 o‘1”°“EH?é‘YpPﬁ Rreekligy Hew York having g,3%eck Mgt of
| ess than thaoli-anoEens3e§,t lstandedd| serdesso Of courde) whedoust ethesed

t hrougy, t he ;&%@shweg idedida bhosks valves RSSADS N hioRh BN racade, DUt

al | ow ui d IS actuate means of a

slider bl ockmay be SBGIW‘EhIPsH% FIPPaﬁPEFBﬂg%&%P%m%sm gpdg.
31) in cyllinderoakrangéeentS desordbedl aboveul at ed by the gate actuator

switch 320. Wth E bl

i ncl udes two ne?"g(ﬁ &E&Sﬁgpedh %cs%temog%%g c&%%&?g%% devf'cet he
proxi mal end38C PR&0s PEEP"%‘FO%I("E%Q% trdgppELreleasgswitch nteﬁbanégs
form g a ramsot (Pigempggeert hecdivirgy andeldeieihg the cathetd cohfeptorgat e

T et e bl e giafied QeVILE (BEPldk 1n aprlakindliafl cHitattEf
diroct o PhEhpCEelenem Lrigges 352/TeLease) sHitahgh] desaribeds abOYE g
32A) forned iamdt BhownOdk Figs. 16-19). The transfer device 300 further
includes a pin gate 352 distal of the quartz seed sleeve 308
20 that blocks the seed lumen to prevent treatment seeds from
exiting the transfer device, while still permitting fluid to
flow through the seed lumen for, e.g., priming the system.
However, the transfer device 300 includes a safety interlock
between the release trigger/release switch 350 and the pin
25 gate 352, generally indicated by 354 (best seen in Fig. 403)
that prevents the release switch from being depressed (and
thus preventing the user from removing the catheter connector
from the transfer device) if the pin gate is retracted to a
position that permits treatment seeds to pass through the seed
30 lumen.

Turning to Figs. 29B, 31, 32B and 32C, there is seen a
separate block member 356 that supports on the chassis 304 the
release trigger/release switch mechanism 350 and pin gate
mechanism 352, generally described above, as well as the

35 quartz sleeve 308 and seed verification system (which is
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32 menber 356. A pivoting |ock 374 (Figs. 32C, 40A and 40C) is

bi ased by a spring steel (24 GA) leaf spring 376 to urge the

transverse hqashsdpedg Of the gate pin 352 down the ranp fornecrusewiesss by the
| egs 370a and b when the slider block 366 is noved in 5 a distal to
proxi mal direction, thus causing the pin gate 362 to bl ock the seed
| umen. The | eaf spring 376 is preferably supported on a bl ock 378
that is secured to the bl ock nenber 31356 by two screws 380 received
in tapped holes in the block menber 356. It is contenplated that
each of the sIdiedxenbbdckn1Qreaté§66;etpn'mtbei@vd)ock simdlandtbl bk BEBease¢| be

made of alum Bfkch 170 described RHERRD! Bflehiiedsl st 138 éﬂ%'enf’s | ock

mechani smis provi tween the release switch der
bl ock é@&ludS{éeeu fl?qs’én IBPr tign cﬁ5§taal rnafezabiKe "?Iqedéff b oBRL BHB 15
i ncl udes a exmérmglsha{th FBzurivel gneusstichedheanbi 3i88b Hivane end, antb6

gate 555 un o ib8 PESLIR bitholl 318 adbibaBd b dbrdhl 586 (pig ) HE BAE
tg he body port PGH°§588 eRd « hélF%F%*s%VelY: thes’?ﬁ%%??%?&tt(’k 31%imayr beran
384 extends frgtegpalppart ot tHe relense sShitdle 3¥8.densbldesleribodt bdven t

noti on of the,sl| o di,rection
However, the i% ‘L‘ggn?%tmn WIE F‘g% Sglli%gglr}dr)ls?%\ﬁln ?%{%s 299 8]29%/men
t he catthet epryed @Mneetrémed @agqpelisalarmﬁ e'leleéesc@lm 358 engages
and notghed rancaiinf@tehnttal 83w iSYeliChsettd oA IPEES ohhacd catﬁ@iéxeved

section 362 of the catheter nect 364. .Thys,,.t he

cannot be ret Fggf’%ﬁg ?l?g sﬁ) ﬂgéckt%G%”E th%nf:ggge?ﬁgr cd‘g%&e
connected to ﬁ‘-wensfansﬁemeevu céﬂtﬁn release) S‘ghtfslheﬁﬁrG@QMMQS@&tw th
the shaft 382allsan§sl§éttm curved awaeﬂoeaﬁe&haéﬂp IBB e ¥rendent hestigdedhe

hol e 358c, th 358
reventing {NECPAPERSE 304 to° BRERLK 38MOPALyOS SHRMECHRE roham e

secti ol5362 obrahefer deviasat heter connector. Accord| ngl y, the cat het er

cannot be rﬁéefiiiﬂséi‘aé@& t cRRSTin dgye&e 3sh t(fﬁg@ N 8648 BY is
retracted. feature,. the ac tuatgr svvltch 320

s 35 confpﬁﬁféﬁa?ﬁ' AL DL ba?i‘%aﬁf%%%ﬂeﬂ% a5cRoXSHOPELIRRALIER

comprising a separate enlarged body 352a that terminates in a
slender cylindrical elongated member 352b. A transverse head

20 352c is supported by the body portion 352b of the pin gate
352. The elongated member 352b of the pin gate 352 has a
diameter that is less than the diameter of the seed lumen, so
that when interposed through the seed lumen it will block
passage of treatment seeds, but allow fluid to pass.

25 The pin gate 352 is actuated by means of a slider block
366 which is received in an elongated slot 368 (Fig. 31) in
the block member 356 and is manipulated by the gate actuator
switch 320. With reference to Fig. 40B, the slider block 366
includes two generally L-shaped legs 370a and 370b connected

30 to the proximal end of the slider block, with the free ends of
the legs forming a ramp that engages the transverse head 352c
of the pin gate 352 (best seen in Fig. 32c) to move the pin
gate out of the seed lumen when the slider block 366 is moved
in a proximal to distal direction. The legs 370a, 370b

35 straddle a guide track 372 (Fig. 32A) formed in the block
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33 on the release switch 358 when the pin gate 352 is retracted
(best seen in Fig. 32C), thus preventing the rel ease button 318 from

bei ng depr e%é@smsss In keeping with a further aspg ,UE kﬁg
I nvention, the catheter connector 364 is provided wt et ent

t hat |nterI ocks with the transfer device 300 that nust be nmanually
actuat ed simultaneously with depressing the release button 318 to
rel ease the catheter connector 364 fromthe transfer device. This
provi des for added safety in that renoval of the 10 catheter fromthe

transfer devimenber|H5eS A @Qé)bdhﬁgt Edck 374 (r&%l og2ef HeA afingb)ofist he

oper at or, ur, tQ re.can_b n the t het er
connect or 364]DV\?1s tfyn Sggg‘gg cen% B‘? SR*388 %aléet?fb %%

t hr ough | urrerF%V%ﬁ%hEPécéW@so% té‘@nﬁé§§opll|!rﬁsﬁ@rtdm0tn6 ramp (ﬂarged 41E .,
and D, descrimppdheliugs 37dadahlichVighd® MY si1%der blocktm ﬁ’%&v‘eﬁsﬁhhe

distal portiaog e,connector. 3 ortjon
r emai nsgext er s[t(?rit e Proximad ‘%&ﬂc&ém' thusmi[nge gﬁrﬂ%‘%t‘iﬂtq §62
connect ed theﬁ%t@lockhé:l}ﬁ ®eeadallupent. i ofhe leaf sprifwe mrmtpref&&ﬁblys

received in té’ggdﬁéﬁf% degigex 38 that is E@euesg ?'uPé AR HeBed 50 O

t he connect or S two | n ) opposed cantl | ever

arns 396 tug escf(?ﬂ’ﬁegggdrﬁﬁe%ﬁ%d d%%tﬁpm hal %é-“cé‘—ﬁ‘ﬁr Blogkug
386 amen;betreﬁésaxu Bt |is adamgmphated pelvet] emohy of r tise étme&em:bak

plug pestion.aee TPQvaeeﬁgrﬂd@aés da BABCR" §Ps 131 BEMAR 6F arudiAISYC SC

detent tabs 398 Wwhen the connect or I nser
transfer device, snap into contact with a proj ecting shoul der 400
(Fig. 320 in the It ¥eepingdvith tthe inventidnm aArey déhtdeyoskE, médlié'iu%ﬁtch!éi ng

t he connect or, qu,lalchgethQn the reﬂa%%”%%gggéhgsﬁog‘%? o Sflrl ?’Eﬁ?’& ly

transfer deV| ces, 30, cantil ever arnms epres
inwardly to 38 a‘f??ﬁﬁ’i‘r’@l&éﬂ'eﬁt"@ gistaldogndoof| &he Fﬁédgnobllgek 260
Si mul t Eheouslincludesr al extsending cha¥t8382iSthdte pdﬁmeﬁesefhé CSllder bdbélé‘ngage

the rel ease S Ghom 5§\otr§.ﬂ§q 1% RGRA to gista) qirddLALISL LeeprEYeNt

foreign matter from contac rans
through t he & Pt GaLS pﬁ@ unless the shaft 382 is aligned wrth a

through-~hole 358c in the body portion 358a of the release
switch 358. (A similar shaft 384 extends from the proximal
20 side of the slider block 366 to limit motion of the slider
block in a distal to proximal direction.) However, the
through~hole 358c only aligns with the shaft 382 when the
catheter is connected to the transfer device and the curved
and notched ramp 358b on the release switch 358 engages the
25 relieved section 362 of the catheter connector 364. Thus . the
pin gate 352 cannot be retracted by the slider block 366
unless the catheter is connected to the transfer device to
align the through-hole 358c with the shaft 382. In addition,
when the shaft 382 extends through the hole 358c, the release
30 switch 358 cannot be depressed, thus preventing the release
switch 358 from disengaging the relieved section 362 on the
catheter connector. Accordingly, the catheter cannot be
released by the transfer device if the pin gate is retracted.
As an added safety feature, the gate actuator switch 320 is
35 configured to at least partially cover the release button 318
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34 cantilever arns 396 and the central plug 386, the sleeve

menber 392 is fitted over the distal end 394a of the connector, with
t he proxi mal weyvgnedast he sl eeve 392 abutting t he di sted¢rresydiesss t he
transfer device when the connector is 5 attached thereto. The sl eeve
menber 392 is sufficiently flexible to permt manipul ati on of the
cantilever arnms 396 to permt renoval of the catheter.

The connector insert 390 (Figs. 41E and Dishas an inner t hr ough

| umen 402 which is tw ce stepped along the distal 10 portion of the
I nsert 390. e theseelels skiteh (BB whehhthe pin gansi3gX ds rekreatiedf

the catheler NiteQeeha00ragd 5ok} (| tnus prdfididhd WiRNTe10aKL BRLLSH € d

t ubi ng 406. The proxi nal g 406 and cat heter body
404 reside wi itn XA being depxegsRaf-nortions of the insert 390, and a
third channel 408 In keeplingdivythoangotthdiammart lafmheofinvieatiehhetire :
with th er | mal, end; 41 : nd: i fur cag 41 curs
W thi-n the insf_:ea\rttﬁggggt hggm?%%ﬁﬁggr e%ér %ﬁd&n%%%(&gan'gé ;ﬁm;&ét(&ﬂt g??(e)m
the seed | unedrdealeckmwithithe toansfer devian 390 that must becganvatbly

connect or 364 addtuatel Similitabouzap ity hepeskbing tHe relbhse ivitech 3£ and

in alignment wth open| 416.in the Si | _of,_.the _cathgter
connect or 364.t ° .]ﬁage s{?ﬁ .hgggr caq'he%erco%%%%?c(ﬁor%gg_%r\%l e% o%e'r f’ﬁ%n% Thet er
i nsert subass&eyigeq]1grhis provigeg fop Ardedr sptety iignthatirendvaderf B

wi thin idie caidagheter from CENEC&rahs86f JdENGcR’ @ddilEire@Nth Otobb@ihaedd t
390 is aligned connector 364

5 it h the oXi end of, the cat heter
and WV a&%ﬁ@“aﬂ#eé?%%%’%%j"é{% § PREE2B?%er openi ngs 420 through the
connect or si de wal FurningietadRdgéve4iholsthere oandber sgen the catvhetem t he

cat het er conngghfectBf OHEH whid BRNI RECh dvsy E&B&Q%'a}d. plutg_ poxls’@féﬂ 886l hevimpert
ernatl ve

S SRRSSE aGSARCIRR Whlon’Receiint A ashicHier  Hoadd ST
been ndi&ded t dFige-t 43E and D|,udescribhdt below) tand. a sleeve menkgr 392
chanf ered por thad dd&rPied e aliBeh erp&UIRE e tBEconnectdy §§49¥ei.él. jmat ed
Pnra(r)rjbg?t I?)gg 42%H%2e§3itof§:gfe:8plggp.§hg're%ggis a;[egggrnal t@g gfxg t %lrar?ggerg dé‘pfcebl ock
when the connector is connected thereto. The proximal portion
of the connector 394b is received in the transfer device.
20 The central plug portion 386 of the connector 364
includes twe integral, radially-opposed cantilever arms 396
that are connected to the distal end of the central plug 386
and extend axially along, but spaced away from, the central
plug portion. The proximal ends of the arms 396 include
25 transverse detent tabs 398 that, when the connector is
inserted into the transfer device, snap into contact with a
projecting shoulder 400 (Fig. 32C) in the distal end of the
transfer device, thus securing the connector in place. To
disengage the connector from the transfer device, the
30 cantilever arms 396 must be depressed radially inwardly to
allow the detente tabs 398 to clear the shoulder 400.
Simultaneously, the release button 318 must be depressed to
disengage the release switch 358 from the connector.
In order to prevent foreign matter from contacting the
35 exit of the transfer device through the slots between the
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35 seats the catheter connector 364 for maxi num alignnent between
t he’ connector lumen and the fluid lunen in the bl ock nenber 356 and
mnimzes Ieﬁ,@g@”gg fluid at the catheter connect Ofply hggJ? g_ﬁrrber

I nterface. Turning to Figs. 42A-D, the catheter 424

pr esent I nvention is simlar to the catheters discussed in the
above- i dentified co-pending applications. The catheter 424 has a
proxi mal end 426, a distal end 428, and ay el ongated portion 430

t her ebet ween. As best seen in Fig. 42D, the catheter 424 10 has a seed
| umen 432, a ¢antillewswrarhsinBfcddha aik acentixial plug 386 € theTaslebde The

seed | umen 43gemblh t AR | Yhd 4 {URRYy 43¢er the a§§t§§ i&ggogﬁegro tQ%%nd

proxi mal end 394b of the cat hete onnec di s
428 of the cafPRRRFEID, with the Pr%ﬁﬁﬁnﬁ%@t@fvﬁil‘ﬁ sheevs ol rabut timg

di stal end 426hefdiftallend ofRittiei mraﬁafethawwe aFhémt €106 L&Bﬁ}?éct(&iml%ctor ]

438 F . 42 | t 43 Jh
intr <(31I :Jm CAttaChed iéﬁéﬁ%%ésﬁ % e&é et Zﬁ?ﬁ?e déggm}sst aﬁ‘i‘ﬁ%"s“eeé’tte'éﬂ and.
al so r@?ﬁ%ﬁ"e%§°t Rermis tlmmemaa&zeno@f tﬁ@e cantdileverarns g tent

the treating pém.‘etntﬁaﬁmm ofi thaocitikettist al end of the 20  catheter.

The cat heter 424, 432 | ymren 436
are all of a gener C%‘r;’g%ﬁ%gg‘sgg 233 fﬂbdnﬂ &gsseerd‘lE 4 D) iDagiap IEr The
fluid return tmgm merp\we92r vhick ia twice steppedi aabnqrmsﬁ@tiaan to

i ncrease the gégidmrof lted 1Hs@£/t2§9o. %ﬁQOﬁsMW:‘é%qﬁ&
di aneter of the cat het.er 424 c& ater area |lowers the pressure
r "g\‘eﬁ‘

required to Sumdr Proximad gnd of atrRF er), POy 40 flpddy) so
decr eases retuynme lunepsi enlyk aand @hu.eadstwmnmeiqa.eawhe@m:etm enfisom

t he tram@ﬁéi@\“t%:.ﬁ@ow@ ihe éHt‘Héi:'ereBngzﬁo&’fré%ﬁé"%}i% rtﬁ§3 30

and vice versat_t‘a ver %ﬁﬁreturn unen e/

size or_shape (?ppe\t%\ﬁ &3‘198? 85t | 1hpeRk 0 nfand & third ghannedy408

el emenl8 usi rilwidlyni conhaaisunthef séedi dumen of the Eathetssf owm:ldothag, it
may be det er reriagk dre pE'Bﬁlmal en& r@fﬁ' ng %EGBﬁat ﬁlﬁ@?gaéﬁrpeu%o%'ctchgged at

or near the ce wal_l case | umen
% %:?xe 1nser£ so 151 he fluid return lumen ‘angles away

432 may from the seed lumen and communicates to the exterior of the
catheter connector 364 through a curved channel 414 exiting
20 the insert 390 and in alignment with an opening 416 in the
side wall of the catheter connector 364. The catheter
connector 364 slides over the catheter insert subassembly 418
(Fig. 42A) for positioning the insert 390 within the catheter
connector 364. The proximal end of the insert 390 is aligned
25 with the proximal end of the catheter connector 364 and UV
cure adhesive is injected into other openings 420 through the
connector side wall. The adhesive flows into void areas
within the catheter connector through lumen and permanently
secures the insert 390 within the catheter connector 364.
30 Alternatively, the catheter connector 364 can be molded over
the insert 390 after the insert has been molded to the two

lumen catheter portion.
The chamfered portion 410 of the catheter connector 364
fits over a mated projection 422 (best seen in Fig. 32C) at
35 the distal end of the block member 356. This fit properly
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36 need to be positioned as close as possible to the center of
the catheter 424 to prevent the seed | unen 432 and radi oactive
el ements frowolegings t oo close to one side of the |uninal wROIUSIT16856

The catheter 424 is preferably made in a single extrusion 5 of 100% | ow
density polyethylene which is very flexible, soft and | ubri cous.
These characteristics allow the catheter 424 to be inserted over a
guide wire and into an endol um nal area 35 wi thin the human body

wi t hout- damagi ng the lumnal walls. If a cat heter 424 made of 100%

| ow density peepbsithegathstensoppectorolfs forppagbmen alignngnshsstesn ene
bl end whi ch cgpéi gbfinéétor lume'%n @R Q;lhié mn@annaﬁenoin behé Bi@dk aféndew

density pol ye | ene [ | n fl.exi I|t e

cat heter, thesgx Bol 9&?@?‘%?\% bf%%&aqﬁl avgi"%l'(ﬂl g Br 1%('arcen %beeée}c%‘ | ow
density polyechpneﬁborﬂhiock membeReantqrf@pQ<) Figs. 42A-C, an atraumatic
tip 440ghaving a Turnxné"ﬂi:“l’-’:. peazipbef@ﬁ@t&am&edegnae&oené eSfasaitd a

[ I- di stal di th d f
omer gy To inventigh e BiniTand dHe oSPREERPL adidh #ﬁeﬁ%séﬁ@ -
process identimedlecethdmgeamicahdonﬂe f The dcatthaker [4Rfehad34 20
closed. The %»f@xﬁﬂ&l I&&T&% ota A9L¥&1 haxl.@nﬁzaamirﬂr %Beéaéhyatea po Mitd?x

et hyl ene viny t at e guide wire |unen 436 extend rough the
e et ko EhaR iativaand) A Setts spbein by ~42E ) pe peenéliollh |1e
densi t $0pol yehag| @ngeed hlumeri ad2g 4 Fludid returnntiemert 434ptand & guisle i s

of a higher dyg PQE%  Pf f Nerid Redd 1undfl0459 4RS! Bhe LA flai G4 O
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proxi mal portion 35 e cat al so_have

(not shown) ¥einforces the,gdighal end 428 of the catheter 424 to prevent
PCT/ US97/ 1685¢he treating elements from exiting the distal end of the

20 catheter. .

The catheter 424, its seed lumen 432, and its guide wire
lumen 436 are all of a generally round cross-section as seen
in Fig. 42D. The fluid return lumen 434, however, has an
elliptical cross-section to increase the area for fluid flow

25 without compromising the outer diameter of the catheter 424.
The greater area lowers the pressure required to send
maintain, and return the treating elements. It also decreases
the time it takes to transfer the treating elements from the
transfer device 300 to the distal end 428 of the catheter 424

30 and vice versa. However, the fluid return lumen 434 may be of
any size or shape to provide for optimal transfer of the
treating elements using a limited volume of fluid.

For uniform dosing, it may be determined that the
treating elements need to be positioned at or near the center

35 of the luminal wall. In that case, the seed lumen 432 may



37 to indicate when the catheter is near the end of the guide

wre so that the fluoroscopy can be turned on just prior to t he
delivery of radiation. The proximal end 426 of the catheter
al so has a rﬁ,gsm,gkfur cation 446 where the guide wre | unercediéssches
of f romthe catheter portion 430 to a guide wire extension tubing
448. The guide wire extension 448 may include a standard | uer 450
with or without a valve for preventing the patient's bl ood from
exiting the proximal end of the guidew rggl umen 436. The 10 guide wire
extensi on tubing 448 and the bifurcation 446 can be made of
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t he quartz hpusi ng 308 In%}rnf ranster ‘fsv\él c(g 300. For exar‘r)t_)l e,
assuni ng t he?r S8FR1DP 896 MWE&" W @ReRELEY, pelyethylene g oq
encapsul at edmagdbeauisiede t (Teamaigtaliondilexihidihtyunofnthe cathetexyol therar ker

seed at eachpgidethipfersCh1ERY RSt { RaVel Id YnigRér SPercenthye ! 2! Viow
treating ele ker seeds are present within the quartz

nfs.and {wo r
housi ng 308 ggf‘ﬁ?’%"d%?i%?%mt'he el enent s to the distal end of the
cat hetidw 424, andrébursihetto FEigsond2A-C, ammastrabmaticetiphatsoahbvihgtdhe

treating e egpahy AllesYpiirerably ke 4k Uid)t BRa W Aad 1 h@siLy 308
ggl’?[JSth / igg%gggrgdfus is fused (poi@?%%f%%&?fsradiofrequency energy) to

the distal end 428 of the catheter 424. The fusing process
melts the seed lumen 432 and the fluid return lumen 434

20 closed. The tip 440 is made of polyethylene and preferably
with ethylene vinyl acetate. The guide wire lumen 436 extends
through the tip 440 and is lined with a sleeve 442 (Fig. 42C)
of high density/low density polyethylene. This sleeve 442 is
made of a material that is of a higher durometer than the tip

25 440 to resist the guidewire from tearing the tip 440 as the
catheter 424 is delivered over a guidewire.

Radiopaque marker bands 444 made from platinum (90%)-
iridium (10%) are 1located at the distal end 428 of the
catheter 424 to assist in proper placement of both the

30 catheter 424 and the treating elements. The marker bands 444
are secured to and flush with the exterior of the catheter
424. Alternatively, radiopagque markers may consist of
radiopaque ink or tiny radiopague particles printed or blasted
onto the exterior of the catheter 424. The proximal portion
35 426 of the catheter may also have a depth marker {(not shown)



38 pin gate 352 and di sconnecting the catheter 424 fromthe
transfer device 300. To determ ne whether or not all of the
treatment el enents are within the quartz housing 308, an electronic
detection Swoognfugét em (shown schenatically in Fig. 45), vwombssmessares

t he presence or non-presence of the distal gold marker seed at a
single position within the lunen 308a in the quartz housing 308, is
included in the transfer device 300. The system detects a gold

mar ker colorinetrically by shining |ight % 10 di fferent wavel engt hs
onto the small area where the gold mar ker should reside within the
quart z housi ngo3@8dicatie when tkescatheter isenear rtdig¢ cend \@f ythe guide
Based — on yjtBeso that"BNE! £ ULSIpye HanObe Rbk-A8a0bn djaser BPior i€,
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39 446 for protection from kinks or other damage to the catheter
_ 424. Also, the shield tube 406 fits over the catheter end

20 proximal to the bifurcation 446 for additional protection from

the radioactive treating elements as they are transferred into
and out of the catheter 424.
At specific times during the radiation therapy procedure,
it may be necessary or desired to determine the position of
25 the treating elements and marker seeds with respect to the
guartz housing 308 in the transfer device 300. For example,
assuming the radiation source train comprises twelve stainless
steel encapsulated radioactive treating elements with an inert
gold marker seed at each end, the user may need to verify that
30 all twelve treating elements and two marker seeds are present
within the quartz housing 308 before delivery of the elements
to the distal end of the catheter 424, and for safety reasons
must be sure that all of the treating elements and marker
seeds are within the quartz housing 308 prior to closing the



and battery 454 are functional, and then indicate whether or not a

gold marker is detected by illum nating one of two I ndi cat or LEDs
310a, 310b. A single C-cell lithiumbattery 454 is shown in Figs.
29B, 31, 32 for powering the 5 el ectroni c  systeay

However, tﬁ'g%ggpggtroni C system is preferably pomere%l“%ﬁy t wo
thin batteries which are used in series to produce +6v from a
single battery pack. The out put is also inverted to produce a -6v
voltage. Finally, the el ectrog'%cs automatically return to the

| ow power state after 10 one m nute has el apsed to conserve the

battery powepinOlgate 352 ah&SkakbohReceiify MthE! @athBtes MM Ofkded £
button is preéss n during that one m nute.
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the distal marker seed are also within the guartz housing 308.

To increase the degree of certainty that all seeds are within
the quartz housing 308, the electronic sensor can be enhanced
to determine whether or not both marker seeds are properly
positioned within the gquartz housing, and/or determine

25 actively whether some or all stainless steel treating elements
are properly positioned with the quartz housing. However,
this would require providing more space within the housing of
the transfer device 300 for the additional electronic and
optical components.

30 In addition to detecting the absence or presence of gold
marker at a specific position along the quartz lumen 308a, the
electronics wait in a low power state for the power button 312
to be pressed. Then the two indicator LEDs 310a and 310b are
flashed on and off for several seconds after the power button

35 312 has been pressed to indicate that the LEDs 310a and 310b



I ndi cator LEDs 310a, 310b (one is green and the other is anber,
respectively) on and off sinultaneously at four Hz for four seconds.
Thi s action inforns the user that the battery 5 454 and i ndi cator LEDs
310a, 310b 3y oh/ye¥dr ki ng order. After the four secomdriusstiepssase,
the systemgoes into its nornal det ecti on node. The
detecti on node uses the optical properties of stainless steel (the
mat eri al encapsul ati ng the radi oactive 10 i sotope) and gold (the
material or.plated material of the $@r ker seeds) and the effects of
red and blue |ight on each stai nl ess steel and gold seed. The

opti cs of theangshathtery 454i atbuﬂnnathbmml.l_lﬂhﬁ'thearmhdyi:a’ge Gethétthen Kixt ri de

(GaN), a red pot, a gt gﬁ ﬂé{?ii d “&e@ééédmbfhgiﬁﬁinﬂﬁaéﬁ?gp)oné BOUQZENSOr

476 15 i nc e and 1 ntegra anplifier
(Graded Ref ra&?’i’%‘éﬂ%e‘y@”ﬁ 9247810Rmd & §é§6?\8 EroeLt chkthium batt%o

which are al Iwoussdsmﬁ:hlmtha;@ oapds Mesber3fbandiad7 for powtiigs thee
quartz g eeve,3oferondd! Hyliren?2h JOSldd St tne  1eBBPLARENGlerbld i3

per pendicul arTy orien ed respec quartz sl e nd

t he bl ue and Préelftmlmnowerm aye two thiévr .mtaflgﬁs@héshaﬁr&ngqsedoﬁn
ei ther side ofekies fid produce +PHEAHEASOingY6 bttty packit athe stputt he

LEDs rel ati veléo 1Fﬁe mtvgﬁ:ggottgs%ﬁ%%garggeog& eggg{éggs of 151'3?.%2h0tt?1%en50r

relative gquartz hous used ncr ease accuracy
of 25 t he cele;@:tzrmqg éstemtmuy cnﬁtazrn Backhe | lowiBovart state ladter

bl ock Aanmber Spé MHihBes hhghfelfabgaut% L&&%&% ¥ bateery pow&ﬁr%&-ed

| ocation al onlg ef [ ect.ed

I
| ot back ¢ oRHRd K frd Beute Fipes BuElod! I e purna e gressed
posi tioned beagmim Q\tm-nqu&haz- gneavm\m and 30 the first photosensor

47|68 fOCESGS ﬁn t(*}fé in |ﬂ&fQ£h|e"30§&qﬁi diagtrant Pﬁh&:ﬂ elﬂm'l‘i& t?s d't%tea|
go mar Ker 0, I eSj e he treati e enents

o016, e ker Sl S5 (pttited Ly g, b Bk SabbRe L BRRAISR
t hat i35then leur@cslasz circujtt.o Applyingapever timngpHdie sliesmpe circuit

X\? 98/ 11936 off 'warlléict})ll ixé tg.}]z('jn rsé}'mts down the owerP Eﬁllgﬁgé it drawspI y
bl ue and T ed ‘?’?Jdﬁte”loﬁggeg?‘l’?’&tté’dkﬁﬁﬁe%&é’sf‘ﬁﬁ‘ta S8 aFhsgn-auitch 158

nanonet ers (nk§ ambraGllyaopent push( bukton eswitah G112« Ahetbhe sw1tchm
stainl ess stegg (j@ne1bsBaCHy PrisingUbht Nb®ELdIRGS @¥BH) the exterior of

20 the transfer device 300, the sleep circuit wakes up and turns
on the power supplies 460, 462, one generating +6v and the
other generating -6v. The power generated is first applied by
starting an internal timer 464 set for approximately one
minute. This internal timer 464 is an analog circuit, but can

25 be a digital circuit using a counter for greater precision and
longer times. At the end of one minute the power supplies
460, 462 are turned off and the sleep circuit goes back to
sleep until the next time the switch 458 is closed. If the
button 312 is pressed during the one minute timing period, the

30 timing period is reset allowing the power to stay on longer
than one minute in total. The internal timer 464 can be
designed for other lengths of time. Each time the one minute
timer 464 is started, a four second test phase 466 also begins
and enables a four Hz oscillator 468 which generates a four Hz

. 35 square wave. The square wave and the four second timer are



5 has greater than 90% refl ectance and gold has about 35%

refl ectances; at 700nm both stainless steel and gol d have greater
than 90% refl ectance. This nmeans that stainless steel reflects bl ue
and red |ight about equally well and gold reflects ihe red
light but p¥8P¥%% the blue light 10 (gol d actually aggor e bl ue
light). Therefore t he measur enment of the blue/red ratlo of
reflected |ight can unanbi guously di stingui sh between a gol d-col ored
object, in this case a gold narke{ or sone other object in the

phot osensor”s field of view 15 R clock oscillator 484 which

oscill ates a}; ey 1'atée lndiéﬁﬁélesLﬁl?:edPiwgﬁrsanﬁde@oLEﬁsl‘ﬁghe‘lZéo' n
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flashi ng on f.f fl ashes of blue and 25 red light travel from
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20 the gquartz sleeve 308, and the blue and red LEDs 472, 474 are
oriented also at an angle on either side of the first
photosensor 476. Other orientations of the LEDs relative to
the photosensor, and orientations of the photosensor relative
to the quartz housing, may be used to increase the accuracy of

25 the electronic detection circuit. Channels 482 within the
block member 356 direct light from the LEDs 472, 474 to a
targeted location along the gquartz sleeve 308 and also direct
the reflected light back to the first photosensor 476. The
GRIN lens 478, positioned between the guartz sleeve 308 and

30 the first photosensor 476, focuses on the quartz lumen 308a at
the site where the distal gold marker should reside when all
of the treating elements are within the quartz lumen 308a.
The GRIN lens 478 then collects light that is then directed
onto the surface of the photo diode.



ratio of reflected light is used to determ ne the presence or
absence of a gold marker. The view ng wi ndow 306 al ong the top
302a of the transfer 10 device 300 allows anbient light to al so be

reflected Ofﬁr?%fsmgss the object within the field of viewm®fudotressss
phot osensor . The photosensor 476 will nost |ikely detect the

anbi ent |ight in addition to the red and blue light. The signal of
t he anbient |ight nay adversely affect the output of the 15

phot osensor. 476. The phot osensor 476 nustgpe operational even W th
light comng in through the transparent view ng w ndow. Ther ef or e,
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20 signals 1s applied to the blue LED driver 490 and the other is
applied to the red LED driver 492 so that each LED 472, 474 is
driven at approximately 1.61 kHz. Therefore, the on time and
the off time of the blue and red LEDs 472, 474 are equal, as
they take turns flashing on and off. The flashes of blue and

25 red light travel from the LEDs 472, 474, through channels 482
within the body, and through the quartz sleeve 308 to the
targeted location where the distal gold marker should be if
all of the seeds are within the gquartz lumen 308a. If a
stainless steel seed is occupying the targeted location, then

30 both the red and blue light are reflected about egually well
(greater than 90%). If nothing but fluid or air fills the
quartz lumen at the targeted location, then the background, as

- long as it is not tinted, also reflects both blue and red
light similarly to that of stainless steel. If a gold marker

35 seed is within the targeted location, then the red light is



created around the reference voltage to be detected (null). 10 Because

the null signal is less affected by variations within the system
such as nechani cal tol erances and tenperature changes, it is nuch
more reliab %ﬁ]‘i‘&sa non-nul | vol tage. The gol d shesgsomagedsice the
nul | because 1T 1S the single state that nust be distinguished from
all others. The only 15 adj ust nrent needed for neking the output

vol tage zero when a gol d marker occupies the targeted |location is
adj usting the intensity with whigh the blue LED 472 illum nates.

W t hout that adjustnent, stainless steel will produce the null

because refléété&“lﬁﬂ'lsthlée Bive am;utedlbi Oibserped ) Y amflepr piftes 20

[ | | to th ud h
the bl ue- andPPEEOBERESh A €y PensipEifRcrs T paoBh dfodd alld 4 ingemrandf! 1
signal s of thep3afidenpplist mmtmawcecmhd to theyctarget®shyiegation .

because gol dykehliRCERe r(ﬁfi\x‘i:’?sd SQEEQE b§0§)| the GRIN m 417@9 sb/ Hﬁaenﬂxé ed
LEDs 472, 474 |+_'8um nat'e

osensor
476 serds ouPhGFGRANESHr41H (G Spsire the reriddeat dubneinieR B PSSHFCl oy
and | ow si gn&hefbludélars) refli tights. Fremdhisnmeasaxenent, mnme/m
voltage. | nyQegerat Ofef]{é%ted light P{& UM +8' dgeéﬂniﬂé W)@PQ@SQnEHlAr ,
gold, not stalnless st nmust produce equal anounts of reflection
for both the2BFgBCENQE XFold MaFXkerghts. This is done by increasing the
drive of the bl ueThe viewingFiAdaw riiétileagtthd topdB02a aff thectranisfdd 474

so thaty the i_'ﬁ(% e gLea S an

t he reg’ deVIEE BQI} P WJ&f (# g ﬁr&?’tt ?:gf %g?sbtghgggilﬁ'g&gﬁd&r%dé {I ghts
whi ch pr oduc§§en8bl€,°§|\j-'h§‘|‘1¥ r Qo ydf¥orLshe phgtosgnsor ‘H%‘atl ng
a null. mmbepmhoseﬁmnd ,47t6h911!3f1h¢§§ﬁ |1d.m:em_f/ detect the ambi¥fx9BigHtd36
PCT/ US97/ 1683 ss
steel is bri gﬁt ddlttlﬁn e b Sert?gcaalﬁlse 0 196“" fHe si rﬁ/leflé%a ﬁi.eﬁ

bl ue LED dri wplsxm m*efw taﬁéfeHFGéYS|§ﬁlfa?°t the |§uFeP§er°¥ hatP® he -
red sugnal apﬂotbeeﬁesﬁIMmg Tigel PhotvaeAsor 476 ﬁuedmaﬁnmaau%m

vol tage. F;.&L]éﬁ ﬂ.’éﬁ%t J:]ginisnga '3 :er]ml %%%ouglﬁ uH‘é t @fgn%}{ ;tgqégbgﬁg IPI the

background al way's ould be-
untinted or F‘Pﬁ?éﬁ"re: th%l%%ﬂwsasi% %ﬁn@éﬁnﬁl ééghﬁdsaBS%% #“&th'ﬁ chis

t he - oppembled Ofrvk ath@ Gs¥EHEINS. This is doneVbgnushagle Righapads at
zero volts, Egitgiwtfs@ V\\Shuch is followed by synchronous detector 494
20 followed by a low pass filter 4%6. The synchronous detector

494 is a circuit which is synchronized with the blue and red
LED pulses. The synchronous detector 494 removes all AC
signals except for those attributable to the blue and red LEDs
472, 474. The low pass filter 496 converts the AC
25 (alternating current) output from the photosensor 476 to a DC
{(direct current) voltage because the system relies upon the
differences between the red and blue signals. A blanking
circuit is also included to isolate the low-pass filters for
a brief period following each clock transition to improve the
30 accuracy of the low-pass filtered signals. The amplitudes of
those signals correspond to how much light is being reflected
from the targeted location and the DC voltage is proportional
to the blue/red ratio of reflective light. The circuit is -
adjusted so that, in the case of gold being present at the
35 targeted location, the DC voltage output is zZero. 1In the case



10 I ndicate the detection of gold. |In practice, however, due to

certain variations within the system the DC signal wll al nost never
read exactly zero volts. Therefore, a w ndow detector 498 with an
upper limt w8bgiResce voltage and a | ower limt referprerasyvmkisage
creates a band that is centered on 15 zero. The w ndow detector 498
recei ves the DC signal and determ nes whether or not it lies within
the set band (for exanple: -11 to +11 mllivolts). If the signal lies
w thin . .the band, then the w ndow dejgctor decides that the signal is
consi stent wth the presence of gold. The width of the w ndow 20 can be
changed i n orafrahy wv&hert ImeEQtepaasenbf athé&hey stagngetted locatdonper $he

(smal ler wi dth, &9 tid Laly After the si gnal goes
t hrough t he vmt;"?mﬂ; diet re%tc?‘(r?rn G Eiaoecod%d' si gnal nters the, t

drivers for the i rﬁl%éﬂ’éi“e}!&% degdgnedbp PI]°F“°“—‘ a m’@ﬂe"ﬂé'&ﬁﬂ@d"%‘?‘bﬁ&le
I ndi cat es t hadetgedttidrs g ¢oddt (ahfiea rndre-Zéro vodtaga wifh s detmetiohe top

3028 of sthe {SENSEEnTEN Beell or paqichddniThaRhEe ' 518 18n01 YRt

user - that al | are w P2 hatsi ng
308; and if unaffqmelabdewwghas epgpuntexed hﬁ%mgbl thes Sﬁspabr@éht

t hen t hezehet indd 2nPbmagRPEuddcis ORIIAYES Bérbjie thassf eredevainge 30

300 is illum ._Qa%,?acﬁ i \%Bf;ﬁy%nﬁtﬁléeqst ﬁ%u;&igési?%gpﬁytg{e}mce MRV o

treating el enent's "are

bl ue and red ¢ERtey Araungd the ﬂ-’eﬁﬁz;ﬁat:er@oltage tereg tdateched t(mld) .

out put spar e addaisd the ﬁ&hErsiq'HElOB.&, 1ess aff%wédasyaeaﬂgati&isekn&hm
current dri Ve, and SSI bl Yok 0Lz ne%h i 3§| ation. g Rar ti cultar t he
output of the rfeedsx 4SUch as m an ce\b ggges an emperature
PCT/ US97/ 1685thanges, 1t is much more reliable than a nih-null voltage.

si gmflcantlyxt'ﬁr?cg@ﬁ&egh?&m hﬁré&f&@rﬂié”ﬁzii ssécéwla it 1ts %hanlsfmgaetly
i ncr eases as rat ure R rature nauc
Changos. i n ¢ IRERRR Rt Aric be, AR Einauliica £rom 12" ARH, ¢ hPDEF, o
ratio &% ref |aattuanuenghmeadedrrﬁyr Bakindgi thieroutmts woldage zekbi whenoa

det ect the prﬁﬁ%‘%z@&cezg@déugles the TRa é@éd']?&éﬂl%noﬁtspl&djﬁfstﬁhé tRd LED

and conpensarpeensiey ity if&%ﬁ??%%%ﬁ L Ldniartes) (WRBOR b

of the thadr alffostrgnt, chadnidess stegiewibl geroduEe the nuliokecanse s
10 suf f | Cljqnt fyri SEPLT Rhi HIeAbAS O¥BE LHRNROIdBRia1ARe fhd "Produces
20 signals close to the same amplitude when the intensity with

which the blue and red LEDs 472, 474 illuminate are equal.

Two electrical signals of the same amplitude produce zero
volts. Conversely, because gold reflects red and absorbs blue

when the blue and red LEDs 472, 474 illuminate with the same

25 intensity, the photosensor 476 sends out signals of different
amplitudes (high signal for red and low signal for blue) which

are converted to a non-null DC voltage. In order for the
presence of gold to produce a null, gold, not stainless steel,

must produce equal amounts of reflection for both the blue and

30 red lights. This is done by increasing the drive of the blue
LED 472 relative to the drive of the red LED 474 so that the

blue LED 472 illuminates with greater intensity than the red

LED 474. Now gold equally reflects the blue and red lights

which produces no AC signal from the photosensor 476, thus,

. 35 creating a null. on the other hand, the reflection of



tenperature range of +10[err]C to +35C. Therefore, no brightness

control loop is necessary for the blue LED 472. The red LED

bri ght ness control |oop incorporates the second phot osensor 480

The secondg phgigsensor 480 conpensates for the 15  pdQidaoh

I nduced changes |n the out put of the red LED 474 by "starlng" at t he
tip of the red LED 474 only and neasuri ng how much light it is
generating. To best neasure the output, t he second phot osensor 480
is positioned at a 90[err] angle with ,, respect to the | ongitudinal
axis of the red LED 474. The 20 out put signal of the red LED 474 is

detected in tBgifitdEs \WBkel is br?gﬂaﬁéieﬂhneﬁﬁ@dom@f beshuyée o¥f ¢hal bdoist
fl ow ng through t he npus tect a_an and. | ow pass

filters sopcdivenEo the, prus B8R A0M 4500 Shef Rl tuia Bindotignth.D
inverting is lapgennphahi ke 5083 sigredl vtk thee resuilicdng| sapayai vave The-

25 Si gnal nr8aR¥eses nbRIArY Do GRdTtage? TS makef %hQECQheSéﬁﬂﬂaless

(RED REF) e LED drive.ra uste
si gnal enter?ﬁﬁeﬁh r?%ﬁlfﬁiéiﬁW%éis ﬁﬁF@gFB“"d a?waxﬁln¥g$
out put of thaonedulEDouﬁputonsl'ameev’eh\eyhshlghﬁd be untimtexttoml tmmmt of

ight Tor ankaghve cukr 8l ABNA EYETaRE anddiPhAIgCunellss Ima very

sinple contro ge ot her arc Itectures known to t ose din
the art nay BBPASite@f what gold gogse A control |oop could be added to
t he bl ue LED al sowhen théobDCnpigwnalt ie stahidrd yvalts,t sthoaitpyétem will

Ci rcuiqy di ag rﬁ,%qﬁcy i Cdi re
shown |t°n Fi Eﬂﬁggieé %ure %@&%& é??ﬁfw I ggééﬂ&i :ﬁ%weve@ V&)uéssd;lQSG
PCT/ US97/ 16853rta1n variations within the system, thegDC signad wikl

timer, a +5 pOMBstSHEPeY RE8daexacPDyetefopPdYtsfi JFherefore AGL-dindow, and

C-3 di spl 25 gPEBECE s th fn o S185E Wk erence VELLAGE ad 0°5065 (01

t he bl ue signa and procésses A-1 and
A-2 displ ay LiBitEpeterense woltag | creates; | band nehal risi Fe“ﬁer?-%-@
osci | last or, @efokHz The wirioC lae&c%o'iemmd ddd@iivesa tien OV sl Gindind +

wi ndow - g %.%' {\fe” hx[? Slf'é p&fyrrﬁ?%éownﬁﬂd gﬁé‘e

el ectroni cs an h|n ectro A
specific IaySH?mP§esh t° ti#mﬂl¥kﬁﬂﬁ%¥§ﬁbs 3£ tbe sipapdulidesnvifhin oduce
t he sane out enaEbamy, bmeuseﬂe windléw detectonr’ Gecidesirthdt ithiecdignabaiy ds

510a, 512a (g6951§égnﬁiy¥£ the presence of gold. The width of the window

20 can be changed in order to vary the tolerance of the system to

errors (smaller width for tighter tolerances). After the

signal goes through the window detector, the decoded signal

enters the two drivers for the indicator LEDs 310a, 310b. If

the decoded signal indicates that gold is present, then the

25 green LED 310a along the top 302a of the transfer device 300

is illuminated, displaying to the user that all of the

treating elements are within the guartz housing 308; and if

the decoded signal indicates that gold is not present, then

the amber LED 310b along the top 302a of the transfer device

30 300 is illuminated, displaying to the user that not all of the
treating elements are within the quartz housing 308.

Both the blue and red LEDs 472, 474 are tenmperature
sensitive and their outputs are affected by other factors,
such as aging, level of current drive, and possibly ionizing

35 radiation. In particular, the output of the red LED 474 .



mounted to the chassis 304 of the transfer device 300. As a
backup to the electronic source detection system t he w ndow 306
above the quartz housing allows the user of the 15 transfer device 300

to visuall y\gsggﬁgaﬁ/\/net her or not all of t he treati npc@hRoRiRESEs ar e

wi thin the quartz sl eeve 308 by ei ther detecting the presence of each
mar ker seed on either side of the treating elenents or by counting

t he nunber of treating elenments and marker seeds within the quartz
sleeve 20 . .308. To assist the user w g visual detection, a magnifying
|l ens 514a (Fig. 32A) is secured to the top portion of the body 302a
where it is Sigudirddadtigct hsec&baye:(sjt hasquaéhkz ltemperature 3S8es ahe
magni fying | e ' I o] t L Ngy or L 10a,
3100 so that PHB)AeanErE, Theststes] Aokfe! Wmperarurkt itils) EHESET ST
there is seerreypeyatNEp inducedehangrsd iny hef enthdl e W od LER ¢3¢ het er

based radi at iwinl disturtieltheemiueyseamratibhesrpiresaattedvedgh®nandi ftayar to

t r ansf . Vi 3 r..Jdeyic | Q hgh is
er gono(reé cal | 3}1 1&‘3%?91&%% ggggﬁﬁ e%rs@ i?”‘r?&né’loegeggg% @%%e ang;eSg"'? %%gé

i nternal comfeneskabiddizeh thr| odeput pelsthee xeddileRRt 074, a brightpesse

relief valve.cdnteW1Cesép s YnkbY8aéd kP #bBWRNEe tHELLUEPUt and doRpehBate @

cat heter connector/pin gate,interlock system .an a treatnen
el enent el ec%%Eniaﬁygéfﬁ'gffaﬁugﬁsftﬁ?&ﬁesq r'??r &?egmld the V&?Pg‘ng‘foh? hese
and ot her comednebEB, 4%t webnsianteddi t Tbeal bB% LEDcat#?Res haoweyvegor ated

ipgtT ;)Ug%g?ig grSé&ﬂbcienéw frempaddthi-@natable over the )Ai\%&-ﬁﬂ 1%88§a§fné% and
user feedbac FEMRFEALIFE FARGS BEHI0"G 0T 23" Gt JPErefore, np prjghtness’

As seen in tlconsxplodedpvisvnetesdany Fof0thehblextkEDl &72. The védthED
transfer devi ' n i wer
S ghPRebs BBABrdP Pbop i%ogﬁ%fs %é%%glofn; _?Roeageﬁsip

portion 502b, each portion conprisin e _two shell

hal ves 502a, %882b fi The o ReFNA t & gogor 480 pqupensatesg fogn Wfch
t he carponentempératersr imddeed dhanges in the S&ftmrte afo tiecdedCREDI 46 i N
the upper shebl whahf; R02% @M D of tHE Fed? 8865574 LRl AN nBYLLPnGO6
for activati%% tﬁe 1(1)#"(‘)‘;Z et?ect,ronlpcodet ect?iéon s%stem angpi n ixclzlator P?gghts

508a, 508b, Row much hight it is dRperAting - cfoskest Jreagune, XhenguErRE £ | ui d
control val véhel8e¢énduplotiogensbre 48ppds pbeitigrexd iatn a502& angle witlso

includes a prgspute tBILHR! Vonitd@¥hal4ax?@9c? the red LED 474. The
20 output signal of the red LED 474 is detected in the same way
as the blue/red reflective signal by flowing through the
synchronous detector 500a and high and low pass filters 502c,
504a. The outcoming signal then passes through the inverting
DC amplifier 506a which sets the control loop gain. The
25 signal provides negative gain to the reference signal
(RED_REF) 508c that sets the red LED drive range. The
adjusted signal entering the red LED driver 492 attempts to
maintain the output of the red LED 474 constant even though
the actual amount of light for any given current may be trying
30 to change. This is a very simple control loop; other
architectures known to those skilled in the art may be used in
its place. A control loop could be added to the blue LED also

to improve the stability of its output.
Circuit diagrams corresponding to the logic diagram of
. 35 Fig. 45 are shown in Figs. 45A-C. Figure 46B displays a one



magni f yi ng wi ndow 516 for view ng the indicator |ights 508a 15 and 508D,
the quartz sleeve 518 where the treatnent el enents and mar ker seeds
are stored, and the distal passageways 523 | eading fromthe quartz
sl eeve 518 to the distal opening 524 of the transf gioqf6 00. The
two shell h¥RP2498%8a and 508b together create opeﬁﬁ%gs gﬁ%ﬂg t he
sides of the transfer 20 devi ce 500 that allow access to a fluid entry
port 526, a sliding gate actuator switch 528 and either end of a

| at ch . mechani sm 586 for the cathefgr connector. Together, the two
shel | _hal ves 508a and 508b al so create an opening 524 (Figure 49) at

the distal elggnﬁtf:e tiEndy,2RSH 8T pORA CEupHlY Eﬂﬂ QNS ypower2Bupplybhe Kiajshet er
connector and_an_openjn €,.0r Qxi ma I r evi ce
500 al | owi ng?8ETts &% g"al‘a‘ﬂ ab’8r%h ee c:.rcgg&s Wil Eﬁ %r%& Ig{ﬂ'% does
not extend rmolntagé giraddsselscfondthe blue shgnaki eaandpragesses fore theansf er
devi ce 500. Fﬁgmﬂent 1711%5 aéRdq SL? |Qg2adf1ggr_lg6c%,becﬁgpncmnt

(descri bed |n re lon w_t trar]s

e elimnated to
creat eSspacedrivere, 2 blapkding irc¥ityed cb {Sé"b P8F ?‘ﬂﬂg‘?‘ﬁal acd‘nﬂ%ﬁents. .
Instead a clock]ip rmysbeoﬁddtdmhm t ke windawn détedkor r andf dr w:haxdqye 500

to ceCthPodndid! 0 ARLLECLLRENRRL:S "ols act U
exanpl e of a i e used to nake 't he, t wo ]3: haI ves
508a and 5ogglectronics and hgy) ggpxlah&merrelate within the electronic

PCT/ US97/ 16858¢stem. A specific layout is shown. Othei components or The

Lranshgr doviceodlh Wi bHcE" ek Malle SAkdibe, gy nPLEReR SOpiEe o

pressuri zed ed syrlnge or
autonmatic flgidcpivg, aﬂr% nrdmasit on boards $b(?arhﬁir3$ul(?'égor 3i5hem*f|%re
delivery andmpghté@ved e idmeaisienBosSof tive etftister Heeitkuddoentry port

526 as shown in ure 5 ha f
532a and 532b si rf#?a %éup o the el?ac‘l'%% 3%%u§8%2ggt§es%€$b§§é a%(()ve in
connecti on wkhg window Wahhﬁw fd@/m‘ér%dl@-)ﬁlé’ﬂdaﬂ-ieﬁﬁtw aper] ok ans

502a a@d trané@@b d&vRAOUE tdNFichhtly detedt R@rRthedaos! n6Y smebf

transfer v 500.a edet er n. angle r t S
| ongi t udi naI thei S’rfas%éf‘?ofa&eg‘gg&gr Afani pl%?’g{.l %% o?mt\glﬁttQ sel%%% 3R ﬂ}
pl unger 534beablepr éptecting hmipRaensen qfhéa&PsFaFkéﬁdsﬁ?d “on eithep,
syringe 534ag3ad bke thelitteatliny EQéﬁeﬁ?@ oAsbylepbtheihd "the numbdy F e 48,

the syringe g3eat§.§g agglerggné)su t&x’% Q/rkeDrD )gdga‘ﬁl\ﬁin the guartz sleeve

20 308. To assist the user with visual detection, a magnifying

lens S14a (Fig. 32A) is secured to the top portion of the body

302a where it is situated directly above the guartz lumen

308a. The magnifying lens 514a is also located above the
indicator LEDs 310a, 310b so that they are alsoc magnified.

25 Turning to Figures 47-51C, there is seen a further

improved transfer device 500 of the catheter based radiation

delivery system of the present invention. Similar to transfer

device 300, transfer device 500 has an exterior which is

ergonomically designed to be easily handled by the user and

30 has internal components which include a pressure indicator,

pressure relief valve, flow control valve and pathways, quartz

housing, a catheter connector/pin gate interlock system, and

a treatment element electronic detection system. The improved

versions of these and other components, as well as additional

35 features incorporated into transfer device 500 for additional




15 seven degrees and upwardly approximately twenty-five degrees

wWth respect to the | ongitudinal plane of the transfer device 500.
The support arnms 532a and 532b (Figures 47 and 49) are configured
such that thgoagiessg2a extending fromthe upper shel lraraosvy/E8s6 S
proximal to the arm 532b of the |ower shell 20 portion, thus providing
a clearer site line between the proxi mal end of the transfer device
500 and the fluid access 526 port for quick and easy connection of

t he syringe 534a. Wth referegice to Figures 50-51B and 52, the
chassi s of transfer device 500 al so supports a pressure indicator
536 and 25 safefy essuneerecfeedback vare3dlldesawided Avcgredieer [detidm one
anot her . Thgefdwssure indicator 536 assists the user in

determ ning the agﬁ%o riate gﬁgssures necessary tQ sendsg'no!t retrieve

treatment el ement esty 1y Shet fXPLeded, ViR oft Frgure Re 1% ¥1%%nd to
mai nt ai n t he ¢f eatentmrnsfenvidwice 500ecisinEtdd upOof aremppetr poeticr I56R2ar
during treat ) r e T @hl,ef 5 S

over pr eésuri %oﬁ o?gfﬁe%?.gégrrﬁ \%kl??gﬁ each pﬁﬁgndﬁgggﬁgc& ﬁgteérl

and/ or the tra®s§er THEVFER 1 halves 502a, $gbptils HQOEthRY; tAAIC1o5E
conpri ses a haldmagstyd 50deron which THe Beémpogerdts iofl eheptrainsger idaviicei d

conmuni cat i ong \w t ' o) I 544
%t the of her 56%_4}4 outitea. oELH%%%%ﬁ%&Q@ Sﬁgli‘rﬁ'af‘f.‘ 5&1\ R118w
PCT/ US97/ 1685@ser access to a power button 506 forjgoactivatingrpihe

cyli gd@b 34? @mts&&:t 2 rﬁqoa&teatggﬂ gpgcd é%n(‘dﬁwri@xlaihagzﬁpli s 508a, 3{6@5, ca6
resi al ng et wee €..R1.SL 0N an e P . (S S n

may be a ri nga’% aft afsl‘ﬁgtsc??rg%?]?bﬁ?%@%h rc‘l'grqne%% o) étl Y Fﬂ?t 3‘?‘@ er
devi ce 300, aconhnsdr viellyeg8i2okbFigwrel 47om Fhesupperyshebl patipgmiSoLan of
a harder natefisd Virddlu@ekl N OpPO¥EOSre indicateeMPERAGWI sX4,] N@wAsSUgh

that they create. al with t . ' i nsi ... LN
54 i & or of crRigRityATy wibhid! %6 zor &V ih(Ele | [RALG ARl 1iohlE SH6R"
nunber 18£0300-82-508b, the guant? flesgvwrl 538 wheresthe ypatrentogigngnts The

conpr essi on Igha ma%@iéﬂ%e@ﬁ% ﬁi‘éds%fbdbaé{ﬁdatﬁé)rdﬂﬂ:zﬂatﬁhs@agﬁwayﬁhgzﬁmum
of o de”te%# on per it force) that gl sgs_%ﬁg st 46 .to g,
- specific posit§HFH™S 5%6"& ﬁgep?‘éigﬁﬁ Sherys 11§r Ri V\‘I?Jsﬁ?olpcﬂpenmg the
syst em oper atefthe cexansfer Glevice)$0015 [Fhe) twoTishell halvpse§OBacandsi de
the transfer gy ¢8gebler CEradt@d openligs§ d1bty khe si88HM6£ tHE t@ankier
pi st onzé 46 I%etvqeé\':ecygdon rat54£1fol€vc.hac£¢:r]ea;[s Iéo a fluid entry port 526, a
sliding gate actuator switch 528 and either end of a latch
mechanism 586 for the catheter connector. Together, the two
shell halves 508a and 508b also create an opening 524 (Figure
49) at the distal end of the transfer device 500 for entry of
25 the catheter connector and an opening at the proximal end of
the transfer device 500 allowing access to a fluid exit port
530, which preferably does not extend much, if at all, beyond
the exterior wall of the transfer device 500. A compartment
for storing a fluid collection bag (described in relation with
30 transfer device 300) may be eliminated to create space inside
the transfer device 500 for internal components. Instead a
clip may be added to the bottom of the transfer device 500 to
- secure a fluid collection bag (not shown). Polyurethane is an
example of a material that can be used to make the two shell
. 35 halves 508a and 508b.



conpresses the spring 548 and forces the air on the other side of

the piston to escape through a vent opening in the end pl ug 544.

The seal created by the piston 546 about the periphery of the
cylinder's |nS| keeps the fluid from 20 passi ng daieSt ONn
546. As seell ﬁ?gﬁre 47, the piston 546 acconnndé?%gkg prston ring
550 which is hlghly VISIb|e t hrough the pressure indicator w ndow
514. The piston ring 550 not only serves as the pressure narker but
al so provides sone rigidity alon éhe central portion of the piston

546. 25 ~ Additionally, a background naterial may be provided al ong the
bottom of the cyljpdet,r e disyilde t!i'o%ClhaTsh% \@lQﬂd)fer&tr@erport 526 to
conmponents whi ch may |nterfere w th the, visi 'té A iston 546
and piston rYRiERsD. s°“r%\ﬁ§v€?’esﬁl‘ﬁbﬁ"‘e%tgr’rﬂéi f1igul B’Fe@%’ﬁ)re ﬂg‘ﬁb&s may
be used in paatkhuid fildebryrdngeadedaBionatisi Slaidapdmpy| isdesnnected
arrangement ngfﬁﬁ;dﬁ%q.lébgi‘%neumaﬁlc del:n.\l\é'@‘):tyt gﬁh%@ﬂﬁl Eﬁrﬁéﬁlﬁnéﬁﬂ are

pl aced on the_exterior transfer device next to
P aeeupe nictanents. The,fhubi entav BOTE. (A% 26 SRGYR AMmIIANEESLA BAS 550
shoul d resi d& luer conmmdctor.he Twesfifseti agmsasd2a wand 053 24 4s imi Yarotiode t he.

WO 98/11936 ort arms 326a, 26b descglbed ab&%g”iﬁ*BZAééﬁﬁi n with
50 ap riate pressure transterring the treatnment el enents

to and from ﬁ%n%%@he‘i%‘fi%d"l‘b qma¢€°%§’r‘e Fh%lblﬁ?’éﬁl%-ﬁgsoza r‘“’“’550
shoul d resi dsot®p 5 @apiﬁrithemwmfu at sypinge BBid @long sidevtrdrfemg the

Lreal gEN el SAPILS g Ngy ol lesRliRlal Mpcile  wERRSIRRARY HRE S a1 on

of thé& treathnen e treat nent
el ement s at lmtﬁmmalemciﬁftq i ford ea%ne&mw@ip%a afethetsiningee

pressure reqylﬁ%ﬁ O5 31 Cagld/ proper %qridnﬁaﬂtrﬁétwwe the digilHg of
e .pres Sur e

el enent s. tor, 536 _and re r Ilef
val ve 538 arég?ﬁyaﬁm %848‘ arb?, té’r? Eg ndr.rBr Boﬁp'p%%]l o?il é%p%ﬁ%\ &

mount ed to tHRbgure 48,clkhessyrboge 534a is angl%@%ﬁéﬁ&weapet%tmwkwe 538
I s a gbandar geveéh Vdeditdds aﬂm upwardty i i matelyuEReity 1fbve Idedgides Such

o ALVE S IR oprod b Ly I S REIZE Lo BORMEE UL
538 conprlse%oeppnTHEeﬁupadrt arwpr Fagp Qﬂdiﬁ?&bpdfngureﬁaiﬁeand 49) axed is
press fittedeéRf fndrdd e il | @le Vit SIMISdREmfihg from the upper -
shell portion is proximal to the arm 532b of the lower shell
20 portion, thus providing a clearer site line between the
proximal end of the transfer device 500 and the fluid access
526 port for quick and easy connection of the syringe 534a.
“With reference to Figures 50-51B and 52, the chassis of
transfer device 500 also supports a pressure indicator 536 and
25 a pressure relief valve 538 that work independently from one
another. The pressure indicator 536 assists the user in
determining the appropriate pressures necessary to send and
retrieve treatment elements to and from the distal end of the
catheter and to maintain the treatment elements at the distal
30 end of the catheter during treatment. The pressure relief
valve 538 prevents overpressurization of the system which
could damage the catheter and/or the transfer device 500.
The pressure indicator 536 comprises a hollow cylinder
540 having an inlet port 542 in fluid communication with the .
35 fluid source at one end and an end plug 544 at the other end. .



Each end of the pressure relief housing 558 mates with a fluid

connector 559 System pressure above 100 15 psi is forceful 20 enough to
unseat the spring biased ball and allow the fluid to fl ow t hrough

t he val ve 5?@ g& ofit the transfer device 500 t hr opghnishiehisui d
exit port 53 0 an external fluid reservoir (not shown).

O herwi se, the Spl’l ng bi ases the ball : into a seated position thereby
bl ocki ng flow through the val ve 25 538 and allowing flow to continue to
be safely directed t hrough the systgm The appearance and
functianality of fluid control valve 512 are identical to that of

fluid control rivéla inderi 546ilgpUses a pistdi.546 land hucomppessidn wpiieg512

of the presenf,dr ftﬁ;xgsgetwe&?\‘ﬂ eaﬁ%%oﬂoﬁfga%& ,?:?}gf H{g\%’% W AQf, i

system whi ch Tan manr pul a ge gt? A troI SW tch
510 bet ween pistordérténmn lgeeﬁdrimtsmi agndeseribad aboypt ineonneetion| ve

512 MaYw DEHTPDEF s forl AbviRe tsﬂmﬁG& &atbbﬂiowldarhercmahﬁeaf from a

t hst apdi t he, tm hi ghest
wi thsta 9'339 s 80 8 DLOESSToPR°hEALD MU CHikn -fing grooves

51 | cagromm@@iatdngl 9-pinys such 'e!saw;auw ereateo a GeeA3wdthHbhes,

w . 040 ports)e mméra%g&ad b&liherﬁ@rﬂﬂﬂi% Qaapaayp@éfany stamleblevada
As i ndi cated ove i nterior gﬁgo:h of txhte n r roa%ﬁébce
500 are constTuRtSed §‘é r&el§ FRE aev&"[go pa up‘ﬁg ch

t hey are joi nehufiaptured foyr MildrWest ExpresenGompsnyi on'mp mmesﬁlonbl ng

I(:not Slﬂg‘g’”) adyk By Bae Imsed muQ@r!li‘@ﬁCH r‘i%& hf§€e5f¥ . & V’Ehél '&m%hﬁ'&lr S_fgz-

i gure is ow contraq Vi s n ui

flow of the ffﬁflqu‘ﬁ'é’f’emer unit force T&Sﬁ% gg?ﬁeﬁ élﬁgglé éOI-"%lE, t he
transfer devisped@ic positiémralong ithel prlwta'sapdd&asommnkdmrﬁie}r £884

whi ch is nmounted system 6&:!-&&&3“ s%u'i% £0US66 hhfisﬂ”ﬁéi)z sl ggye
518, a pin nmechani sm . and the orti

verification %ﬁf’sstsé\%% ABside i the &F@ﬁﬁ?rt%@ﬂf‘eﬁ a%blcﬁsﬁgﬁﬁ%‘?o%ﬁme £258d 1° |

descri b®d eardoumce,nmovascthe isitionh 546 airs fhe mbg\lnnéegomotshmh that it

present bl ockJppHhg etéﬁgh%as}ggnﬁkﬁgrﬂ%lf%%lgﬁntéé@ﬂh% {:ﬁe Qother s§gehi ned

bel ow t he surface o suc I's. recessed

within a cavidfy B PR & 955ane FEeyahos VenFe&BSB%“?hé“nE%e?n f
conponent s byplaig o%d4.g aThe rsexl gereated by the piston 546 about the

- periphery of the cylinder’s inside wall keeps the fluid from
20 passing by the piston 546. As seen in Figure 47, the piston
546 accommodates a piston ring 550 which is highly visible
through the pressure indicator window 514. The piston ring
550 not only serves as the pressure marker but also provides
some rigidity along the central portion of the piston 546.
25 Additionally, a background material may be provided along the
bottom of the cylinder 540 so as to block the view of other
components which may interfere with the visibility of the
piston 546 and piston ring 550. However, other standard
pressure gauges may be used in place of the spring-loaded

30 piston and cylinder arrangements described above.

Lettering and/or markings 554 are placed on the exterior
of the transfer device 500 next to the pressure indicator
window 514 to indicate where the piston ring 550 should reside
within the pressure indicator window 514 to provide the



570 to be cut directly into the block nmenber cavity 568 wall

surroundi ng the mated projection 566. The bl ock nmenber 564 may
contain a spring | oaded assenbly (not shown) to hold the quartz

sl eeve 518 _in _its proper 25 position (in alignment w ics for
pr oper seed¥O M6 ot ection) even when the transfer devi E’STS gm?g‘sdropped.
A | umen 572 extends along the length of the quartz sl eeve 518

for storage of the treatnent el enents and marker seeds when they are
not being used to deliver radiation thegpy. The 30 gquartz sl eeve 518
shields the user frombeta particles enmtted by the treatnent

el ement s m%{gﬁ‘o@ﬁﬂthhﬁf&ééhré httsr aisiFRGring thé tS&itichts A1emenBiandl e
t he transfer “device 500. The

i st al .end of the quartz | n_572
preferably Ik aRacheemdhe Satgeger s, &R 1§€bﬁa‘ﬁ%ﬁ@-eﬁ' S%&ﬁeﬂ?ﬁ%n%hgiggri ng
them As dessd heibi@® regidei bospyovide thei appropyiatef priessyuar £o2rs| eeve

518 ca be paintaining enbOt2BAEASRE -
th elements at the distal end of the
PCT/ Us97/ 16344 ntaining t hr ough

. 5 see
an opehi ng igpthetes Sex Feariratden pf cthe treatment;, gﬁéﬁ Wﬁ"’??%%?ewi ng.
wi ndow 516. maibaihdvigdehbetieatment elémdrtid idty tife tdistaleandeof thenents
and marker s L.t Ri_n e r S I |,al
(preferably %ﬂqﬁq}%&‘ﬂr g‘ = murcrzwls;y 1§%ga§ﬂ§§egﬁ? oﬁgggﬁlg%gﬁe&l :Le%d)t‘%cej ottc'? (Ij)'%]’”l of

un
the quartz send ang gebrieve the treatment,elegsptsne Both SHEBFESSHELst s of
a pin gate Sificator 536CihdNthé gitegiureheadiefShalediss dteaetaldfied

pi votjng | ogk - | eaf. . spri 584 n af; spri 0. b all

wor Ki %‘g 10 %ytﬁﬁeghgﬁgggdp%gﬁcﬁcor#%el g‘. ﬁssgét ghé§8§s‘| %%‘ir}gcex e{rgl‘gdegﬁé

(cl osed) chasgisy 80dact ed (open) position relative to the lunen 523 just

distal of the qu@;‘htez?ﬁéégx‘ﬁ@e e ife¥ vaeoP s U8l ¥ SHAarddvalve with an

_permtting passage .ol treatnent el nts,.The.co nt.s .
functions of®% ”ﬁ'ngﬁrgsﬁ%’cfﬁaﬁ?ssh@?% %rsepf%één{rggggﬁ ttao\%ﬁ.gte 15 thagf pin
gat e nechanitawize paetr nyabenb RERMOPOBARE et mepufackured by rBhagf &fedevi ce
300. i'b\lvev-ercoﬁ:;[ia%ypbm Weteprombationieetcat. The préespreseelidmwanvieon

i

§78n from oI AymanaseRng Pin: Tt & prifl, PREYE pliid Fdtainde! ©
attenpt to drsbdstpreps fitted ipheeca Prassurenrebishivedve heuaingnd58k enent
is in the padia¥ng or ti¥f prlegsiird Sl feShdasihgesss waltiesgwithla Fdaias
oriented in connector 559 System pressure above 100 * 15 psi is forceful
20 enough to unseat the spring biased ball and allow the fluid to
flow through the valve 538 and exit the transfer device 500
through the fluid exit port 530 into an external fluid
reservoir (not shown). Otherwise, the spring biases the ball
into a seated position thereby blocking flow through the valve
25 538 and allowing flow to continue to "be safely directed
through the system. .
The appearance and functionality of fluid control valve
512 are identical to that of fluid control valve 330 in Figure
31. The fluid ceontrol valve 512 of the present transfer
30 device 500 directs the fluid flow of the system which can be
manipulated by toggling the flow control switch 510 between
detented send, return, and neutral positions. The valve 512
may comprise four ports 562 and should be capable of

withstanding the system’s highest operating pressure (i.e. at




such a way that it does not clear the pathway of the noving sl i der
and prevents any further advancenent of the slider, which in turn
halts the downward notion of the pin onto the 25 treatment el enent.

Addi ti onal | wolkigioBd N gat e nmechani sm 576 may be posi tricqnsehrmessh t hat
the pin gate 578a 1s extended and retracted into the distal end of
the quartz |unmen 572 through a radi al channel extending fromthe top
of the quartz sleeve 518 and intersecting with the quartz |unen 572.
30 I'n place of a release trigger/gsel ease switch nechani sm

350 (shown in Figure 38), the present transfer device 500 I ncl udes a
| at ch mechani peasiBA.0os kown15 npdi guistich48s wd¥ve gt no. 0165213&656(@)74#95

recei ving, |qgkidg, ﬂ%@sgroﬂﬁf\{ﬁfa?‘g@%#&]% RSe . Hamilt ﬁtéﬁﬁcﬁn Y §ehd,

the transfer device donponeén I sm 58
incl ude a | at¥eVadqly 590, a | atch sear WD 98/ 11936
PCT/ US97/ 16856 As indicated above, the interior components oH9Zhea

l'atch bytton 59 t whi ch
resi de Pn berteaietito ab03R ten ke BBheRRuRLER Ueihritiyy ana podlited bo

transfer devite 5Ghassigs | vhexper &hey | are Jjoined gB‘rP§§tBﬂ¥\ Eanhd £3984 t he
| at ch body 59&51#1\%11*&%1%' Yby 5meanEe<‘6£anﬁubﬂﬁgW(hbtafklﬁivﬁﬂgaiﬁd %enb.ag as

seen fromits_dist rai se rt|

recess as seem °’8'he°%°rs' suee SFOQQE@F?}? %gé) S IPap edtfjr}ggggoé rigdfacent
to the £ oo epatro log sagran tmattemdsupaly amlsalaasoﬁgumeflmemfnghg

| engt hygand ig,Acmessi bl e therethrough. Because the Ushaped 10 recess

o ST e e oS ATEL SR B RETEhct e o GG 30EP°C

el ongat ed opehirkher ificdubesch smpiyra¥eObleck memberpbéfiewhitly imaounted an

opaque nat erigy ék?é'céhéb%l@@d&;n)ar{d) houses ﬁihreo thE&EEVEYSQSt WﬁeBJ.ht and
t he pol ycar bonat e

g ) I on 564 and g 398)
with which it93%9 | anls’ae ??F-s| |aa'|dngtE6nt 1°SThB°F§%8ﬂ s‘bgr a592 e
(Figures 55 ararificationt@yseri A= antimprovement| to [theshapek meskeys&d4

portion al Ong.ie é:ré.bedt PSrE 'ir}?lcofn%%%tgégt‘pﬁﬂ ﬁc%%ﬂs?@ﬁydég é% tRRL the

smal | atch sear exte int ongated 20

openi ng (Fi @ﬁe@e%glock PRBbEY 1564 ha% 3 JRatesh Proisedd
conpr essi on spacdhige@0Bedod the dexrfacer ofhEhelmﬂmckendmbéﬁCSmd such that12 of

the latch segh 32 HMbdsalChiRATHK §9ga§i'€19 ééft Uftfis simpli'rf3b@Na88ign S92

and con$)re55| on S rlgg 608 are 1 n contact
redu e number of components by allowing an o-ring groove

570 to be cut directly into the block member cavity 568 wall
surrounding the mated projection 566.

The block member 564 may contain a spring loaded assembly

(not shown) to hold the quartz sleeve 518 in its proper

25 pesition {(in alignment with the optics for proper seed

detection) even when the transfer device 500 is dropped. A

lumen 572 extends along the length of the guartz sleeve 518

for storage of the treatment elements and marker seeds when

they are not being used to deliver radiation therapy. The

30 guartz sleeve 518 shields the user from beta particles emitted

by the treatment elements when stored therein, thus enabling

a user to safely handle the transfer device 500. The distal

end of the quartz lumen 572 preferably has a chamfer to

prevent seed hang-ups when transferring them. As described

35 previously, the entire length of the quartz sleeve 518 can be



one another and the latch button 594 is secured to the latch 25 body

590. The ball and spring plungers 596 (Figure 50) extend from
shal | ow bores within the end body 598 such that each of the two
balls rests one of the valleys 614 along the face of
the latch bﬂ#f&’gggsl n between the el ongated openi ng ah%ﬁ{\gggsextended
portion with the through hole. 30 As a catheter connector 588 is
being inserted into the transfer device 500, the distal end of the
connector 588 passes through the bstructed half of the el ongated
opening ~  of the latch body 590 and Seats itself on the mated

projection geen ‘Eﬁ@o ﬂeaf-l' Rpehifg LRe tHPOk1sBMITDREmBES 662 Jwheen514- B) .

To
PCT/ US97/ 1683%igned w %%e viewing window 516. To 5 Erow.de bﬁt&?ﬁ' t he

connect or 588isikidlithe dff Zhef tredtnente Smentise andt warker seeds twidhiBos jis.
pressed i nwaggle t@,éa&hlgmw@ 9@9395”86‘101‘!6 tnmenal stféﬁv@f& S8Gledn of

t he connect or U- shaped t10 erl a t
el ongaPed op®RY nbei adheked b por 55’13"% 'th n é’}cﬁ%ﬁo a%%g

nmoved from t&peend at ched posi tion to the | at ched position, the baI

of each of the t % Qﬁﬁg one of
t he peaks \é#te fd’n é& {“Egﬂ?/g?%ﬂé;%éé&rﬁgg oo é %gl _acce}’pig%'t he

| at ch gptina rﬂﬁ%l r%ﬂ)lhfba%a%'é% theldayy Mk? @‘j RYFeng 396kt o0 10
conpress andsg®d; Gedfeprahghsdadly £Hid 1ead spghes bloakn684brall workings

t owar d,t he C 1 | n

nenbeFdL°664 i&’perﬁjggr #69%%%? %t?ebgﬁa%% g(lg?g gx?%{rh%g@ended %"&?ﬁ%@b or
insert 632 i@r cEabragtad (gzaﬁr@d Pogitaep ratative to gkhg cunes, 523 InSE i n
conpl ete a|5I8 gmmh of tthe lt;&aenensmeevé\ssﬂé for respesticely aslddingt bel )
connect or e re atc
body 590 (op%% &%Pag é&e S AL %&r‘f‘ﬁé‘&%ﬁaﬁgﬁf% %hgc% 'gé&t‘%#%g%? pops
out from t hefuntghians of the phe gate sechapisn 276 e0e KighEdgalto Abhatand
51A) bllbf a befihin gate &%&namehhsrgz N idbedn albﬁeef iﬁec&ﬁkdecﬁt?%ﬂ wifeul |y

vi si bl e, us e.sure .1 onne i.S _now

| ocked tr?’?ﬁg;ezi r#ee ang’ er 8\7?38’:508}1&?'%“&éaeén%gge&}%elsg‘o%r?escfgr 588
fromthe trabks @rmmexmtzme provadeadan2additional afiety featugedy 590
i s pushed i npg¥ dpraveRERHg the %iﬁa@%‘ie‘)%ﬁémfi'bﬂmclos:.ng t 86t6 €langved

S;\e/?cgf tgﬁ g Onne.Ct%(?Eak 88eat12nent element. c&f %%O\Qt%empg tgaé ose t{h%n%];.%r
26 gate 578a is made while a treatment element is in the pathway

of the pin gate 578a, the pivoting lock 582 is oriented in
such a way that it does not clear the pathway of the moving
slider and prevents any further advancement of the slider,
which in turn halts the downward motion of the pin onto the

25 treatment element. Additionally, the pin gate mechanism 576
may be positioned such that the pin gate 578a is extended and
retracted into the distal end of the quartz lumen 572 through
a radial channel extending from the top of the quartz sleeve
518 and intersecting with the guartz lumen 572.

30 In place of a release trigger/release switch mechanism
350 {(shown in Figure 38), the present transfer device 500
includes a latch mechanism 586 (shown in Figures 48, 51A, and
54A~-56C) for receiving, locking, and properly seating the
catheter connector in the transfer device. The components of

35 the latch mechanism 586 include a latch body 590, a latch sear



mechani sm exi sts between the |l atch body 590 and the slider bl ock 580

as can be seen in Figures 48 and 51A . The slider bl ock 580 slides
toward the distal end of the transfer device 500 to retract the pin
gate 578a anﬁ Jgﬁﬁ,“al | ow t he treat nent 30 el ements to hargedstvaased out
of the trans evice 500. To enabl e this novenent, the shaft 581
extending fromthe distal end of the slider block 580 and the

t hrough hol es of the | at ch button 594, |atch sear 592, and | atch
body 590 nust all be in alignnment.gdMen the | atching nmechani sm 586
Is in the 35 unl at ched position, regardl ess of whether or not a

connect or 592, a latcWeBtdd B33, and two ball and spring plungers 596,

PCT/ US97/ 1685 .
i nserted int og%%e rglr% ot ¢ elvq "s&?“"eﬁé‘ g%tee %i?‘r:l]é meigber 5 @81 does

not align witRo®¥ie 588r Rghthe| §§aaﬁ§er devicg§o0;- ona‘P‘Fy,iltlh’@té'é‘FBQt dn
switch 528 i srigpesed shp-BheamDppes, the lagch amhybmgmn 189gendrarl liyhe

588 ts PockedtPepaier With af ciodditedbpORtAGTN [eth FROn feg MMRAICT
| atch sear 59Pace and zjgadses P@6’ﬁ*b9%t‘é’rfyh A Unshaped Fﬂ'éeﬁﬁr o#grﬁemﬂ en n

the |atch its bﬁbi:ﬂﬁhﬁ%@éld rrmen@x&naﬁed heecdgsddls Hdﬂéﬁe‘i&olﬁos ﬂh@peded
by t he #atc nect 588 is.

i nserted into®tARI% SPEF"%E?! cee%‘aﬁndp?’ﬁe"q]gtyc 88 °penm‘?§ slid
toward t he cobemgtlhys an@3ié@caasgddpdectieratpmugh. thit}cause theiiishaped 606

of latgh searrafessOlsi dpa1YeE Nthik Eﬂanﬁﬁbﬂéated opeﬁﬁﬁgl Uéb?ﬁggfgttg@e

connector's reljev rtiqn 589 t owar d

but T on 504" antPHEET sERARSSORPT RFT G90; Surrountiiy (R FRECSE Pverlahs Agh
hol e now al i gpsrwiarm 656t thehelongated| apehihgdy tTheoulgtdivl kodnds80e ibat ch
butt on thro“g;[bré‘fﬁzeably made -El%it a‘hhﬁ Q&;Gegﬁét?eﬁfagﬁ 'Hé’ ﬂ)ﬁ:fﬁ:t)r?:ﬁt ed

to an open g 0si fion wh hé connector 588 is.inserted’'into the

transfer °‘Eﬁ£ﬁ ctd ¥ ?%?‘Y?F‘bnb%géﬂ%?"hﬁhé’q Pepakec P15 536.
20 Eart hernb.re., thﬂ: Poetionecs6arand edi biodys598F with avidichdt will

shaf t 581 extgy chﬁtbaéé e Dl s Gl B Q¥iGures 5554An Lhe

| at ch body 590 cannot to the unlatch osition, thus
preventing t REBHIcFitsqy SQG“f?oﬁ’m?é’ﬁé(aﬁ Aged rece‘f‘ﬂ%dr Tt 23GPE; on
589 on the ccm:tmecpmﬁﬁa fake aff ther 2ach bodyafs90/ smlt ithatartthea smadidal

rem nder to télft‘i U &Hatnd hfatctb s#%t&téﬁ% pithdh téhebeel%g‘éﬂﬁéged

fromthe tra devi ce |l e the ate 578
retract®d pos‘i’R‘f‘Hﬁ‘g t (Elgure 56B). The latch utton 59%4 houses a

compression spring 608 and slides over the upper ends 610 and
612 of the latch sear 592 and latch body 5%0 such that the
latch sear 592 and compression spring 608 are in contact with
one another and the latch button 594 is secured to the latch

25 body 590. The ball and spring plungers 596 (Figure 50) extend
from shallow bores within the end body 598 such that each of
the two balls rests within one of the valleys 614 along the
proximal face of the latch body 590 in between the elongated
opening and the extended portion with the through hole.

30 As a catheter connector 588 is being inserted into the
transfer device 500, the distal end of the connector 588
passes through the unobstructed half of the elongated opening
of the latch body 590 and seats itself on the mated projection
566 extending from the block member 564 (Figures 51A-B). To



actuator switch 528 is configured to at |east partially cover t he
| atch button 594, thus preventing the |atch body 590 from 30 bei ng noved

into the unl atched position. Turning to Figures 57A-58A and 57C,
t he cat het connector 588, which is a part of the Pcqgrapinesgvention,
S pf‘é’\‘/’.%}?"% th detents 626 that interlock with annfamnul a{lrﬁbﬁ

shoul der in the end body 598 of the transfer device 500 and WO
98/ 11936 PCT/ US97/ 16856

56 must be manual ly actuated to w4 hdraw the catheter connector

588 fromthe transfer device 500 after it has been unl atched by the

at chi ng Techge $heS58Enndbees Bdiel atoonns trenssaBiievice 5000 tieg srchent [ al
plug portio ving a_through,l une . n | l ever 634,
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t he connect or 5 connect ed thereto e connect.or hgﬁert
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bas CoBToC" Do 190 Ash EPho LabaRoBody SaR ok mousa Eeen, Hhe SHREs ARy
shown i n Fi goosit it tantth®. 1dbehede posdlt iphygtherkdldn o@2@aghyof the twpe

i dentical toyg é}ﬂfs?%iﬁg' PQQn@EP¥?5§’€'qi.sS %‘Mli:ehnoﬁizguéﬁé of the ptakand D
or may be slightly difterént b aving the wall | bet ween the

two- 0 rings SHDAIAGRREIERE OFATIGI 6A3<OR FhenRERKEmAL £aca RE the, Jatsh
effects of thedw-riThds ramping sddudessTheS3Pring biasedrpdungers7/595 &od 58A)

5o P3520°0 S A0 ke 'l Thecy ooy 5o 45 i i o
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portion of t3R8 ckawmxe she mated ppeieFtien 66 afatbet AistahtendrE thens
334_. \é\ggn bilﬁ:)é@nembeiommaf,‘% ghu588ehsufiﬂd ;tﬁalttseSEedhaqnfertm tdﬁ;.lt&ber -
evi ce , i oveL s e on remain
external to ‘f‘%rén?cé&e ! 53%.\17-" éag & b%gt]@%t%t%l ' sg?{:té?p %?a?ﬂ-?sé qz’?'ﬁe

ransf er I ce 500, a I sta

transfer devPeeiepipiomg§6sand dahgemphete ismenteyithnkte openingo 265 t he
transger devéﬁeimQ:aft'El&ﬁSehﬁbaﬂi&Stcﬁfﬂrﬁ‘dtQ% 0588 has?been Sklly erftidfedgrve to
maintain stegjli e_ghLS Ity ot C 5 as
wel | as p'revéeirﬁ% %%?%i 5}68”8 Petr‘ﬁf rttlg‘(r%] 1atin b(?gXt g%toi n&%ﬁ%gﬂg%nrﬁg‘éforigd
entrance to TPrnegtagitar theylaschobutton 594)h PoRGhoBRefEPMt ¥RR SiGie PEns 642

of the centrehe Rrshsi ddvice 500 FHiRuresn4¥| B £ EmAASIANE SKE 14 ban@36
preferably hag, (40 Sfher RO %A IS B erdd B0 & FRA1y W idiG1W, D the

depressabl e )
20 then the user can be sure that the connector 588 is now locked

into the transfer device 500. To disengage the connector 588
from the transfer device 500, the free end 620 of the latch
body 590 is pushed inward to remove the U-shaped portion from
the relieved area of the connector 588.

25 To provide a safer transfer device, an interlock
mechanism exists between the latch body 590 and the slider
block 580 as can be seen in Figures 48 and 51A . The slider
block 580 slides toward the distal end of the transfer device
500 to retract the pin gate 578a and thus, allow the treatment

30 elenents to be delivered out of the transfer device 500. To
enable this movement, the shaft 581 extending from the distal
end of the slider block 580 and the through holes of the
latch button 594, latch sear 592, and latch body 590 must all
be in alignment. When the latching mechanism 586 is in the

35 unlatched position, regardless of whether or not a connector



sides of the cantilever arnms 634 and for indicating to the user

where to mani pulate the cantil ever arns 634. The skirt 636 is
preferably nmade of silicone or other material that is flexible
enough to pe&ydbdieseni pul ati on of the cantilever arns 35 pCti@So7asssshe
connector 588 is pulled out of the transfer device WO
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57 500. In addition, the rectangul ar sides 645 may be thinner

than the rest of skirt 636 so as to provigse for easier mani pul ati on
of the.cantilever arnms 634. Having to depress the arns 634 while

si mul t aneous| 38 uils i inpextedhdntontbet brab8er Sdevice S0Gndithrerextenidng

feature for x&r@e/erstellngaoeeadmteﬁlgn wrthW' the' avgtowdn t id1e@NNaRkOr
588fromthetrda,nsfe evi ce re 58A

cat heter 647 39 Yanthe aCQ“atPﬁv%‘ﬁ’cfr‘E}h 538nﬁ§c‘t‘%p#dt hg the, popRpd
devi ce 300, 549 Igtutatmmten 594. Whenntheéolatd@8ing mpwhanisgel58éedy dfi t he

treatmegt el G%Fé‘tl%ttcﬁeaopom. éﬁ’lfﬁa & C%é:tr{i:le\ﬁ‘tw" Bgg Pé‘ticf‘éﬁed iftbN the

ref er ence to ures t he eter. 647 and its conponents
(except for t‘ﬁ@nSfer de@&?ﬁe?@?v cféhﬁe'&k"é?“% hRds i ddrs Jatahy WFSU?P%) are
i dent i cal does ntt b&hpiéﬁ&lyldﬁﬁxguﬁ@x 4R4- ¢RPoudglovisnks i vhemaatchi st al

mar ker band 35 %&%hebs 4&%%4@% éhé%fi%}erm%ﬁxbﬁbt&’s tﬁPL%] ed b he

pr oxi mal connect
connect or 6465% 1akehyi §F3F &8d-of HA¥eYeX heWhpn the copnecher b%g‘-fmélﬁ of
pl ati nuo i ri dingertedainto tite irdridferu@édttice 500 ahd unie)sxmmh :mdypasel bly

I te th f
galt hme? 2r efI ufi %Ei?rgng&%%.%@ éﬂ(? %gbnfﬁtor sﬁg%gzl g??g '?%%t i et’ ur n | umen
650) shal | h#&raldi eadsi6@fsof latchsgeanbPe2 fepllidass With rt@ehmepteror

meumai I Ct pr wrﬁxétorabove thém&mtdii’st pei1ievad npdgitﬂxengm Zaﬂ\?t bg ? t
ree (6] en eco are e ne Lone rovi de nmen
el emont send Forced Eqyara Snd' 1SeRhCbAERRn ‘304 TRE° pgRTESE oY, Rertpg' BER' |
secondts and 2@mch mteimeefﬁ‘aaﬁ‘sythromln hodet nowi alzgusnWithwhptk hbe
exceediNg  1atch? bady’ HHrbugh! HoreabRat hedilatehebutteh exe88ghNHoke.

0 h f_fluid't
i ntal n, andPevuERSURER AR RIAR BRRehy be zetPatted codh Brsh fEFE
el ement s 658 pwsdtposf whehl the gdnbactove53®) is ipserted intaldyer tbedsfiex hin
Application gekiigk g@ﬂ Qﬁé%l?yg%nﬂ_?ged by! fixédle@\%ﬂinél’meagﬂasﬂngsé.

|ncorporat ed _he pent” el enent s 6&38 consi st

of twetQe r aa'uﬁi&glﬁ %’gy' {ﬂﬁégp ghe necessary congftlons are met an

shaft 581 extends through all three holes as seen in Figure
51A, the latch body 590 cannot be slid back to the unlatched
position, thus preventing the latch body 590 from disengaging
the relieved portion 589 on the connector 588 . As an extra
25 safety caution and a visual reminder to the user that the
connector 588 is not to be disengaged from the transfer device
500 while the pin gate 578a is in a retracted position, the
actuator switch 528 is configured to at least partially cover
the latch button 5%4, thus preventing the latch body 590 from
30 being moved into the unlatched position.

Turning to Figures 57A-58A and 57C, the catheter
connector 588, which is a part of the present invention, is
provided with detents 626 that interlock with an annular
shoulder in the end body 598 of the transfer device 500 and



660 in series and two narker seeds 659a and 659b, one at each end of
the radi oactive train. The marker seeds 659a and 659b 35 are used to
properly position the treatnent el ements 658 at WO 98111936

PCT/ US97/ lG@? 6 58 pCT/Usg-ylﬁbg}e
treatnment site ana are preferably gold or gold plated since gold is

vi si bl e under fluoroscopy, which is used to noni tor the radiation
delivery. To decrease the source train delivery time to and
retrieval tinme fromthe distal end of thg 5 catheter, the ends of the
mar ket seeds 659 may be slotted or mar ker seeds can be of gold
tubi ng fill eflust tibe aEmaallybactuated tﬁwwithaﬁﬂMythbheaﬁhetew annheﬂtdthe

di stal mar ke%séefgonﬁss&el %:ralnsfer 93&@%(% é:%éeﬁrt hﬁﬁ H88% bl éit he

opening to t um nal _ connec e proxi na
the 10 priexi fhe Aatrbing cveckyuism SH6t t e'%?‘e catheter connectay tf’is(?n to )

t he radl at i opnéDsdss desentbal prlud perebexes3o navmqesi amemgﬁ Dk aall on

Seri al 08/ 628 1, a therape t 2 mm
in vesgel s o?mg ﬁ gﬁ‘%’fee’f Arme élﬂ? 7% comj;rom rra’?{% %3%? mﬂ‘;’ﬁl’?@/dl %rret er.
or of 18 G aecelmulw 1q¢ntrazemgs tbrougbrbumm@rqn aarzd td Hpkirtod3fat el y
4.0 Min  that fiedEdedr BYe Qﬁs’iﬂm pottebRdok Othéec@ﬂﬁé&f&r 588 tha.t

At speC|f|ct|mas during the_r |onthera r may be
necessary or THRRIRSEge efe q'e' g?ﬁ/%% &% VHeR the h"émfrfeeceﬁl ng
el emrent s 658588 disrafkEyy seavected txhehete.spéme fconpgctort mseptiré32 diseeve

518 i Ret he tié@ﬁéf&afje{{bcﬁhéo(z:onneEQﬁr 1nserte)§§5p|dtsctr|1%elis%c%y aiged to
verify that all twelve trea twq nmarker seeds

and
659 are pr esﬁ“ﬁ?"’%’t’h?ﬁ%‘ﬁ'&s ‘af¥ and; Ry, t?“’sl"@é‘&ﬁa 1%1‘b%fpcﬂr§18é‘l i €29 At he
el ements t o bheidenticalditst dhhecpdeodestecilnd lakioye 8nd, shownfin Bighutes

reasons nustgg€aga p éyrﬁayhgh %Illlgah&halkfsféwgbgl HaRIhy R3@ anpdamar ker
seeds 659 are withint quart z prior to osmg he gate

578a and di sPBR#RRR ithe FH@'Ea’E'H%Q%rtaG’E? ’f-’i"(ﬁﬁq I#é"’?‘r%?l?? &nds s'toen
500. 15 = the staldagcrafifectshadthether orpings! ofThHdeskirtit 686t SQIAenents :

30 658 a&?%%\ﬁé% rsvtph-% Qi %éazeﬁsvalééa%eaa%v%eEhaoaheweéfcedaﬁ@x

system whic asur es Ehesen non- pr esence_ of
gol d marker 3Bdqthen Sft%rs §| EORREFEIN PR (1 rPanfed to thy, fath q%
572, is incltuaeithgn iteid redisiet aler @c diéBal portion of the connector

588 which includes the cantilever arms 634. When the
20 connector 588 is fully inserted into the transfer device 500,
the skirt 636 covers the slotted portions 642 that remain
external to the transfer device 500, abuts the distal tip of
the transfer device 500, and surrounds the connector entrance
524 to the transfer device 500. These characteristics of the
25 skirt 636 serve to maintain sterility of the distal portion
of the connector 588 as well as prevent foreign matter from
contacting the connector entrance to the transfer device 500
through the slotted portions 642 of the central plug 630. As
shown in Figure 57A, the skirt 636 preferably has two
30 opposing rectangular sides 645 for mating with the depressable
sides of the cantilever arms 634 and for indicating to the
user where to manipulate the cantilever arms 634. The skirt
636 is preferably made of silicone or other material that is
flexible enough to permit manipulation of the cantilever arms
35 636 as the connector 588 is pulled out of the transfer device



This electronic detection systemfunctions simlarly to the 35
previously described detection system to determne and
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59 iw@bgioss Whet her or not the treatnent el ements Gb@ussmessst hi n
the quartz sleeve 518. However, the nmeans enployed by the el ectronic
detection to achieve the end result is altered slightly to produce a
sinpler, nore efficient system and a 5 nore accurate readi ng of the

| ocation of the treatnent el enent 7658 and marker seeds 659a and
659b. . The system detects a gold marker colorinetrically by

shining |ightsoif. dil exceittiemyelthegristangulathesisivd 1645 @ay be thinhere t he
gol d marker shpl deheStABWdl Beihe 4B’ i h&é'swg pibvide Londakhen

nmeasuring the reflectivity. Base n.the l,ectivity varies
wi t h.wavel endianinetion; of, §BecFanhilever amsvvrﬁé’t"her Hé 4884 tonPEPFeES 0l d
marker) or namegakfisofjL£ehile simultdmeciisayspal Bing medhehmrhwa:umdssar

saline §illeduafidiner  saddPN)edhRCUREND deivciltafy | firdadahdofpr ket

seed-i s 15 be reasona

degree of cer“tléih#y?“’ﬁﬂa?f the commecypy a8 rﬁi?ql‘\elth%EHam s®yice 500. { hat
all of the el emenms el N mghf@ gsaj al d&uieeérsm of thebpPhsane al so

W Ehin e ORI TONCL At oo 0P SRS WhatR: davice 5 Bof P RRkARELY ha!

all seeds are vvlet ousin ectronli ¢ Sensor
can be made tapnmecterni R8s tO Pe’-’wﬂr&t detivern %WErtEGQ@EeTB!S@éthS% are

properjiy a stecteansdtai fitnid pr&wabhé howstm Or detende@veFiqurédi S
Wil reqwre reF's Rgce Wlt h|nt trags devi ce h usi ngfor h

addi ti onal onic oafd Eal d s°°§‘§°nen (e AeRE ot ey cEhe
phot osensor s C@ltéiefts!-’ mmqgnrseﬁgesmhted just prigvisoughy) raxne nﬂgntlaaﬂd t he

intensity of {enenat Rewat Rar Fﬂgﬁfes 42a-4% adlﬂbﬁeﬁb@rb)’tﬁef in&ﬁd dlstal
conpensation fact sensor

t t
el ectrical olf@ &For '(P)‘ﬁ%cégﬁﬁ prese"tf &Pvﬁﬂgﬁc"éo’lsol"é’ c‘ff‘?\‘“fe tpé"é’%ﬂ g¥ ¥ el |
known 1% t hodheneprogimal eadsedft dhept tntralominalc sconnector W|6I4I6 behe

assuned in t H%t&-ﬁihmnal c&fméc’%oi- FA%C E'tpihérhié‘!?él Vi ol Ehbscﬁéﬁé'@&t hat
(1ol 647, mad B Pl BRePOR R E i B ViEdbis et
addition to Géuerbsngpyhenébpeasebby piisbmite ofhen Béed fgol'eheradketalat a
speci fic posyhirRBri BahdSsshiar hiss! e ddtHaRer £fluid lumens 648 and 650
20 (especially the fluid return lumen 650) shall have dimensions
suitable for transmitting hydraulic or pneumatic pressure for
movement of the treatment elements within three to ten seconds
are preferably dimensioned to provide treatment element send
and return times each in the range of three to ten seconds and
25 more preferably within two to six seconds, while not exceeding

a 5 French outer catheter diameter, not exceeding a pressure

of 100 psi, and using less than 20 cc of fluid to send,
maintain, and return the treatment elements.

The treatment elements 658 are preferably radicactive

30 sources as described within Application Serial No. 08/628,231,

filed April 4, 1996, and incorporated herein by reference. The

treatment elements 658 consist of twelve radioactive cylinders

660 in series and two marker seeds 659a and 659b, one at each

end of the radioactive train. The marker seeds 659a and 659b

. 35 are used to properly position the treatment elements 658 at
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60 572, the electronics wait in a | ow power state for the power
button 506 to be pressed, then flash two indicator Light- Emtting

D odes (LE and 508b on and off for about 4.7 after
the power b %P@g’g%% has been pressed to 5 I ndi cate thgtﬁt& IgDs 508a
and 508b and batteries 664 are functional, indicate whether a gold
mar ker is detected by illum nating one of two indicator LEDs 508a and
508b, and finally automatically return to the | ow power state after
five " mnutes has el apsed to conserve the battery power, or restart 10

the five m e Ei‘é’ﬁﬁfbrﬂ?réi& | dnd hSrQ‘#gEQfen’?Q@ly SgPi&seed gold plagaun
during those five mn te

el ectronic stem oyered by a
v battery FAACHEPIE 15 s LY oRRAPRS EFRBE SRET R n WAL 18 uBSHSER | ¢
series to monitmrodhecradiatikire delliveryis T secreaset thetsoywramitraia - 6v |

15 suppl >a¢1rﬁ<w giky w%na' ELEPEYE1 EinfeUEbEN - tr@a&alcsi QxfxdsdiCIEhe
batteries include an¥o - anasoni ¢ CR-P2, and Duracell DL223A

batterPes. FtheteZyy BFeEE%‘Pl%s he, narker; sepisc8s? Jiay be slgtted RE )
battery. V\hen:mmemdp dahe beppes il [tutding F32ded wlthofep*dxg.t MoBsf er

devi ce can ﬁéﬁéﬂﬁ%l ?héegié‘ﬁﬁ td} l%%”t%ydggtal pﬁ%k r seed 659 id"®

power suppl ¥ is cont sleep cir ing pomer urns
the sleep ciskalitedof ¥o \Hl%’e(‘!ﬁnﬁ'—n ity from bl%‘ﬂiitng dEh® ﬂP@"ﬁé‘ﬂer taufbey so

that it dravintylymdnalghcqiyestor 646t @nceepheherystindd akhide.ofl Nehe
on- SV\i{’/\ﬁen %Srdﬁmglsh\ggkgrpgé%%e 'ﬁd%tila’g%ﬁhhrow (SPDT) push button switch

506 ose monentarily pressing the
button 506 from tieaddition &g §h¢ovad>ifaiﬂv@ @Pﬁﬁ%f‘%ﬁsq;é*heéelewle amevs| eep

circuit is referen@éakawlaadlwrsarm tie. Posyrs2ss,pnl,i s tifekapédriane

i et appl R Oeh Bkl Bho oGk hbuh BR 4 VesdEtE|of hoproliagkalf’ ' ©

counter dri ey P QPPGO*&W“GG-WZ 336tm¥lo¥n diameterj o of 8t 6¥. akt2 tﬂWeand of

f:ve 1% nut eSvdéBélI%OV\Ef %%Bbkﬁﬁately 3.868c0 Gagpabrikateny afo apdd Ghe
Sl eep CI rcui

closed. If t eamb&?ngﬁa§5 N a%‘btmrsst?ﬁeffgl ltgurPﬁgfé‘%et :‘ [TSet r&]ena}[met 'flhmmr?g 'S
period, the =~ At specific times during the radiation therapy procedure,
it may be necessary or desirable to determine the position of
the treating elements 658 and marker seeds 659 with respect to
20 the quartz sleeve 518 in the transfer device 500, For
example, the user may need to verify that all twelve treating
elements 658 and two marker seeds 659 are present within the
quartz sleeve 518 before delivery of the elements to the
distal end of the catheter 647, and for safety reasons must be
25 sure that all of the treating elements 658 and marker seeds
659 are within the guartz sleeve 518 prior to closing the gate
$78a and disconnecting the catheter 647 from the transfer
device 500.
To determine whether or not all of the treatment elements
30 658 are within the quartz sleeve 518, an electronic detection
system, which measures the presence or non-presence of the
distal gold marker seed 659 at a single position within the
guartz lumen 572, is included in the transfer device 500,
This electronic detection system functions similarly to the
35 previously described detection system to determine and
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61 timng period is reset allowing the power to stay on | onger

than five mnutes. The internal tinmer 672 can be set for one of
several dur gdeaniedsn the existing in the existing design. pcrusyméseh tine
the five mnute tiner 672 is started, a 4.7 second 5 test phase 674

al so begins and enables a 3.4 Hz OSC|IIator 676 which is derived
froma 3.5 kHz oscillator 690. The 3.4 Hz oscillator 676 and the 4.7
second tinme 674 are applied to t hgei ndi cator LED drivers 677 to
flash the two indicator LEDs 508a and 508b (one is green and the

ot her is anbemdimatenshether (®or noti thét toreahmEnt afledentsizbFHare witbinnds.

Thi ti [ t
(D% 508a and o GUarta, slesi8S ST ievl Sl feafa, iif)epca BY SR

test:phase electrgpic deteshipmtgoachiavg the rﬁﬂq‘ra? eﬂ&%c%?oﬁlﬁ'ﬁﬂéd
The detecti omsliyhtlyses predapei aasimpDee; tnae afflivientssystenssandeal

(the TTBfl‘;er' al ﬂcagé%%éégﬁ?ﬁ%ﬁgd'%cih\ée location Sg?oandg apd.eg@indnt  he

material or plated erial er seed the resulting
di fferent refq]@c',‘ﬁ“FFt $58 and marker rsa?d&né589uén@|§$ﬁ on each stainl ess
steel and gold. The system Qétietsofat §O16YmheRetr Nnebldeinetlticalb

Phosph de - sniflnggion o MeecFRbt wavbignit negﬁtﬁﬁgyé“%bgﬂ%g "
i nt egrated avpere the golRimyrkeraghenld |reidde Wéﬁblemhe &vargiz housing

; gz 0 ?ﬂ“tphﬁt 03AR’S %rndG&.@;eﬂtMmé‘aeu&riﬂgalthehQu.seecwitzmﬁ t hsaé)é@césn tlrx]etwaﬁ'e nmber

a ouse oL osSensor
052 19 per porSEasPEiPNEL, fapily wiln"WaYRIepst: "End oyt AbrBRRIASEI°0] o
, and the bl wheiherrcd (R34 698jes30 (gold maxken)i eﬁ?ed’%‘%idangbeeeﬁ

ei ther side qfsthhﬁliabésbteel seahpt esen P6uldf. or Sheine! £i0P8a igh&trtz t he
body direct fromthe 8, 68:?% 0 a t get egﬁl ocat i.on, al ong
e

the quartz B&u%enél R/ e OSTRPYIN o 8 cﬁrre&‘t are?? t?ﬂr BhtS5%ckiS o the
first ¥hot osdetectéd?. ithawvasld\ benresSdnalsi toogoichudecarith "a safe '

quartz sl eev@eaiBeadfl ééﬁaflh"t t tRAO1AS 8BS Lhe Qﬁ%tafloﬁﬂﬁﬁér seed 68Bbl &fa
quartz luman&iﬁ%oP&ll % ?‘bﬁtf’ ere t he dl.stql t%o ge dlstaga]rulére_keGSSQb ;houl d

resi de when
659b are also w1th1n the quartz housing. To increase the

degree of certainty that all seeds are within the gquartz

20 housing 518, the electronic sensor can be made to determine
whether both marker seeds 65%a and 659b are properly
positioned within the quartz housing 518. However, , this
will require more space within the transfer device housing for
additicnal electronic and optical components.

25 _ In practice, photosensors are not equally sensitive to
blue and red 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 output is the same
for both colors. This technigue is well known to those well

30 versed to opto-electronics, and it will be assumed in the rest
of this description that where it is stated that the red and
blue intensities are equal, it is meant that they are equal as
measured by the output of the photosensor.

In addition to detecting the absence or presence of a

35 gold marker at a specific position in the guartz sleeve lumen
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62 518 are within the quartz sleeve 518. The GRIN | ens 684 then
produces an inmage that becones roughly focused onto the surface of

t he phot odi anﬁﬁﬁ axes of the GRIN lens, the red FtrnidotrgssbeDs, and
the first photosensor nust all intersect at 5 or very near the sane
point along the axis of the quartz housing 518 to reliably determ ne
t he presence or non-presence of a gold marker seed. The
blue and red LEDs 678, 680 used in this gystem supply bl ue and red

| i ght _at peak wavel engt hs of 450 nanoneters (nm) 10 and 700 nanoneters

(nm) respect bygl Ythe Ab1Srdtillce @aikesh a low powal statenube thenp&ids

reflectance %agtg.g' ?,og A0 pRlea, endf! LEEIENERD ha ONNNR PRighe-

st ai nl ess stee %have ance
nmeans t hat Emat‘hiwsbm (I-EDS) 58%6%1!% 598k cBnANd RF 1 ifoF: 2heBht4 Sual | y

}N_el |ht and gol Qeéé?%s rﬁft:lelactﬁhével otv):b&t Lﬁ\aﬁ&ﬁ Bbﬂhthéwtbéﬂﬂﬂpftelsﬁeahtetﬁm ue
| Q ac e U erero e
rregsur ement 6&8fﬁﬁtﬁlﬁ%9a)? %h? gﬁﬁ?}f araeﬁ"élc?‘é’&kﬂgaé’ tbé};iﬁenes 664 are

unanbi guous| fudetiéenahe nhditate owhathen golgd»ldolnmré@robj%odetected b¥ n

this case a EQEQmi’H&KﬁE bﬁe' B! AfoPNYaaTaReL! TEDL @déaofan%p 508, Shd
An anal og cl oc

oscillator Whl C tes at
through a fI EpNRLLY aike Ly re ‘é‘ﬂh%ﬁc%ﬁ il PPH&H %ﬁte afteFmgl‘f“o
create two simdnates kaxlelapsedgta comsprevec\thef batféry powerkHer restdmsh t he

bl ue gnd redtr.ED&@ZSmﬁﬁﬁg 'QﬁnHﬁG 5&ﬁ9m§51f tHE IhREEoR U0 Of 1PNBSEdsedNE Of

the two si s,Is_a | ue LED driver 694 and t he ot her

i s applied tégPEE ?’é'ﬂmg th°i%l§‘d’ﬁ PdRUESB- so that each LED 678,680 is
driven at appe davtheniclsystéahizis pbeerédrisy at e lattanyepack édwe off
time of the ERS, 6783, 6 e gas t t glce

fl ashi ng on ghg@ f?;qmﬁgggf ﬁ‘sohezgvoi%?ﬁgmaggi §E¥d i soé}:tlreasve from
the LEDs 678Preguce; if¥ughTBRaRHEPYtGRS ARLEA; hnYﬁ’éte to pypdnge Ry 564,
and thysough shppiiyardéquirkdl be the dlacgebadc circuitrycat Exampiear eft suechi st al

gol d mar ker eugglps iﬁcﬁq Q%aMGCR-Pz PERESsh A8 GrUPRN AnhhBufidddiy

| umen 572. al nl'ess
' DL223A batteries. For safety precautions, a fuse is in series

with the battery. When necessary, the upper shell half 502a
of the transfer device can be removed to replace the battery

20 pack.
The power supply is controlled by a sleep circuit.
Applying power turns the sleep circuit off, which in turn
shuts down the power supply so that it draws only enough power
to keep the system alive. The on-switch 666 is a single pole
25 double throw (SPDT) push button switch 506. When 'the switch
666 is closed by momentarily pressing the button 506 from the
exterior of the transfer device 500, the sleep circuit is
awakened and turns on the power supplies 668,670, one
generating +5v and the other generating -5v. The power
30 generated is first applied by starting the countdown of an
internal timer ( a counter driven by 27.3 Hz) 672 set for
five minutes. At the end of five minutes the power supplies
668, 670 are turned off and the sleep circuit becomes inactive
until the next time the switch 666 is closed. If the button
35 506 is pressed during the five minute timing period, the
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63 seed or fluid is occupying the targeted | ocation, then both
the'red and blue light are reflected equally well (approxi matel y
96% . |f notywbBgndesd | S the quartz |unmen 572 at t he teeTgBsHEEss6

| ocation, then the background, as long as it is 5 untinted, also
reflects both blue and red light simlarly to that of stainless
steel. If a gold marker seed is within the targeted | ocation, then
the red light is reflected but nuch of 61 the blue |light is absorbed.
A first photosensor 682, consi sting of a photo di ode and an

i nt egr at ed anpimingrperbod(is reget @dllowinguphedpower heotstaptenl langsr on

within the qUBRAR five mnﬁ%&sby thée Jﬁ%&ﬂaqnﬁlﬁgﬁ &R (3t bbh8eRhEd0SRRSOr
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i ght i s usedEachdeime the filve puautacmmr aﬂ:?saemse s&faraegol a 457 segumndker.

The vi ey ng w.g ge ﬁééeaéwgafb He%‘ingoaﬂdotenaﬁfeéré‘nsi o He oscif@tire 500

al | ows anbi ent to al so, be ect ed _of object wthin
the field of 97@%" kch & gryiyed tom gg3-5 kHz 05%% oégﬂsor%? i |1
detect the anhzesdécilltor B78ddhdithe 207 setond heined 6aadabeusppligdd to The

signal of ! heeRllN @i¥cdddt ep %bveéy%' ¥BOg %&W%&l gna}gcgé%i%the

bl ue and red ffect e out tosensor
682. The 508a %158§9n§%39§29ﬁﬁ§9 M Fhe aFPsﬁaJrs \AmbeT) ﬁﬁta%mfﬁg in
t hr oughot he t&iRsPegvatusliyeatny. ViHzd gor .67 seeend8Eor @hilshacfbon irfioxmal S

due 10 anbi et WLEESIE he LAY 6T pIE inajcatSie Tad hadone

by using in sérires a h
synchr onous d@@@@t%ﬂem vmina!q oxdexss After thet&r7 seepnd 'I#ﬁ?tmp@lﬂspass

fil Har L fa.mo\éeﬁmj |t s(yisﬁeam;foes ﬁntsuiiflﬂ{drma'llh the&tﬂﬂﬂhﬁodé% g. daylight
or as |gt;t er stesncro ectrioreuce
backgr ound nol sedgteclé ik dllﬁoaep M6 rrp%%lar? e i vef’ tJ‘ernschP%nous

detect 3P. i s astainigsas mem |@twmnaiesnmpﬂul¢@rm Lréi%madloactirled LED

pul ses. The syg@tﬂmousndiegemorztﬁéosaaﬁéﬁﬁai herbbmated mataﬁﬂa:[edfs'taaal S
usi ng the sa . 15 kHz SCI at useq ,0 dr| Qf L LED 6%8 and
8T, 25 resu tJ.ng f§§FfE 35e ectivity’s o

renmoves all
PCT/ US97/ 168%45 and blue llght on each stainless steel and gold. The

_ optics of the system include a blue LED 678 employing Gallium
20 Nitride (GaN), a red .LED 680 employing Gallium Phosphide
(GaP), a photosensor 682 including a photo diode and
integrated amplifier, a GRIN (Gradient Index) lens 684, and a.

second photosensor 686, which are all housed within the block
member 564 that houses the guartz 518. In Figure 51C the

25 first photosensor 682 is perpendicularly oriented with respect
to the gquartz sleeve 518 , and the blue and red LEDs 678, 680

are oriented at an angle on either side of the first
photosensor 686. Channels 688 within the body direct light

from the LEDs 678,680 to a targeted location along the quartz

30 sleeve 518 and also direct the reflected light back to the
first photosensor 682. The GRIN lens 684, positioned between

the quartz sleeve 518 and the first photosensor 682, focuses

on the quartz lumen 572 at the site where the distal gold
marker 659b should reside when all of the treating elements




64 those attributable to the blue and red LEDs 680 and converts

the resulting AC signal to a DC signal. The anplitude of each pul se
corresponds to how nuch light is being reflected from the targeted

| ocati on an& ggpég:voltage is inversely 5 pr opor ti onalpcirssbhesdsl ue/ r ed
rati o of P light. In the case of gold being present at the
targeted |l ocation, the DC vol tage output is nomnally zero. In the
case of any ot her color present at the targeted |ocation, the output
is a non- nul | voltage. The last sggp in filtering out signals from
10 ,anbient light is using a low pass filter to renove the ripple

on the DC si gual afsi witlgin thesynabtonslsevie5a8t orThe GRIN lens $Bé Symiemi s

destoned 10 Logcgs® AOTAGLLY MY pecomee’OLAUR 1 tBchbea I8hst | Bk of

gold (and a 've etectron of stalnless
steel or backyréand)ofihe phetediede. nThe %*%élf tE‘euﬁ%W dansy bheaFsd gai ns
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zero us e null_si Is_nuch |Less out.si e
tol erafce wi REoWE eaReeQ}gaab%nﬁaTﬁep?é? r8%8§8 )ép%aa&qfso%fs e b%u%iIéEéect ed.
(nul'l). Becaheustihg Fi8 tosrghiably desermine é‘éteeﬂrﬁéencel%r RENFRYLBPRCRN t hi n
t he systemI SEF:Q glaeﬁm,_cagﬁgd)l erances an](czltterrpe[ ?turetﬁhanggsLEbt
is nore reliable {ha non-.nu er, settin e I ,
the only adj ust maFfF 'biue aﬁ’@eﬁﬁé RS ﬁ&%r %&?ﬁ'@ U ISYESE™ B¥RPYhen a
gol d marker blue andcres ésiﬁﬂteatapw othviedeagitbs 9% ‘bﬁq u@mongttene (mrlkensity

Wi th 2% gah 7olge n%uﬁe'tEPsﬁiﬁm &:a 8p&ét Afely WO ﬁtgmgb Snﬂf sthénsese
anplitude pro

uce zero volt becauys reflects
red and absofb€ed| has\mere: ?’r@aBI a8 aﬁ'& i L%ﬁ% ,g°ﬂ9 hag caPeyt u%%at e
wi th the sanreifdtebantg; athdoonot bothsstaifiess steeicaniy gnid bayeaheref

di fTerent amplubdgs (Hedhestaih. O 180 mdotl® 8! oixd¥as {Stedt o0)

which are converted I1nto a DC vol ta
presence of && &eFBSpr’@dF&ceand redamhlt Qﬁﬂ‘ﬁ: ﬁ%‘?gyéél Hf"gis 3§‘(dee?°{$:ust

produas equakrezieonsswell inothe efédclight fomt ipobirlyhénbkhe blwer kight ght .

This is done(ggo1g f&w <l aé wetﬂé' Wuef ilgnd) ue hﬂéxfﬁ&ﬂ@l | €nhe
mai nt ai ni ng égo dﬂl \yg red LED 680 c nﬂ I"E:\.t the bl ue
LED 678 measuremevb e/red ratio o ight can
PCT/ US97/ 168afiambiguously determme whether or not a gold colored object,

in this case a gold marker, is in the photosensor’s field of

20 view.
An analog clock oscillator 690 which oscillates at 3.5kHz
runs through a flip flop 692 where its frequency is divided by
two to create two signals, each having a frequency of 1.75
kHz, to flash the blue and red LEDs 678, 680 in turn (180
25 degrees out of phase). One of the two signals is applied to
the blue LED driver 694 and the other is applied to the red
LED driver 696 so that each LED 678,680 is driven at
approximately 1.75 kHz. Therefore, the on time and the off
time of the blue and red LEDs 678,680 are egual as they take
30 turns flashing on and off. The flashes of blue and red light
travel from the LEDs 678, 680, through channels 688 within the
block member 564, and through the guartz 518 to the targeted
location where the distal gold marker should be if all of the
seeds are within the guartz lumen 572. If a stainless steel



65 Illumnates with greater intensity than the red LED 680. The
anount by which the drive nust be increased is that which pr oduces
equal anplitudes for both red and bl ue reflected light. By

i ncreasi ng tWeosmisesity of the blue light by a 5 SpeciHOTUSYBIEssNt age,
gold now reflects the blue light equally as well as the red in
conpari son to absorbing the bl ue when the red and blue LEDs 680, 678
have the sane drive. Now gold reflects equal anounts of the blue and
red |ight which produces no AC siggal fromthe photosensor 682,

t hus, creating 10 a null. On the other hand, the reflection of stainless
st eel iseedr ioghtfanidi ik bboeppingusiee dfarndetedodocagivsn tbenhboth ue

LED driver 694y h e%{or&athﬁl@éueﬁ%ﬂea' aks | PBSLCLOAN bhGarly  weifd
signal and the resulti nggiguare wave produces, a non-z

. ero vol t age.
To make sure t(APPTLXLMA #63|- tFediqthgnestilly the.gpartadymgn 5221@k ound
al ways producehea Bapgetied Dodgition, then thet Backgidumd,slasulldngeasnitnised or

opposi 1 of wiEtintda, also JEEIEHs Boif Bide 8 i HignbisthindriPtro
nomi nal |y zer &hadl o§ stainksss steed. Ifi3 oldgparker (3redidsewitbinctheol d.

I n practice, | hawgeeed :lulacatidialuethancaié Fed Yighetisopeflected Btfiﬁm&¢ﬁt@fnh ¥
t he DC signa | [ake r zZero,o ﬂﬂﬁ.i i t sho
detector 706 “fs ‘Pjr‘l'é\%uc}el ﬁ;n %‘Iﬁeea}ds.sﬂ%}r%dt'o c&rrp.g?'gs}:he& eg}s%‘r%es ord

ref erence vol cogeigtingtag 2 phetedisde rand jam dntegrategcanpiifiexa ig ue

wi ndO\év et ect QptWehN1Potdupnad o/ €h@N€argeted nﬁﬂlé?dﬁi%éﬁ: m:cﬁiholttﬂ_s QA ©4 fd |
around zero i ot.__negess ause _signal.s fro e stainless stee
seeds, sali ne?’lgné’y the %t}eﬁ‘%ngﬁsaFg f%ﬁ%‘d% aﬁ’%%eﬂﬁmﬁosﬁ% V& The
buf f er ed meaguge\themefdrctivity ae e2g8 thenkdiue ahdocerh ldghtt.enfren 30

divider 710, takl auagubda aréflidetidditielYf 88 Yikde f209ARER! Bf refledtd

threshol d ref et ltage WNt 714 The threshol d det ect or 706
recei ves the BEIBEGHEI VS R OREHTAOSFBFRFSATCS O aRGENFE BE BRI he

positi & t hr emhgkdft or exanpl e, +450 mllivolts). If the signal
does not exceed thenéhyRslgdvisdow 51td1s&oh€ecﬁé%%gh9bﬂact&tQﬁh%xiﬁ@fez
‘Fj,g% 5237} 2?85 0913988} LPiows ambient 1iGRt o alse bgsreflected off of
the object within the field of view of the photosensor 682.

The photosensor 682 will detect the ambient light in addition

20 to the red and blue light. The signal of the ambient light
superimposed on the signal of each the blue and red LEDs 678,

680 may affect the output of the photosensor 682. The

photosensor 682 must be operational with 1light coming in

through the transparent viewing window 516; therefore, the

25 sighals due to ambient socurces must be removed from the
system. This is done by using in series a high-pass filter

698, a buffer 700, a synchronous detector 702 and a low pass

filter 704. The high-pass filter removes all DC (direct

current) light signals (e.g. daylight or flashlight); the

30 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

35 drive the blue LED 678 and removes all signals except for



consistent wwth the presence of gold. The threshold can be changed in
order to vary the tolerance of the systemto errors. After the signal
goes through the threshol d detector 706, the decoded signal enters
the two driyaers, for the 5 i ndi cator LEDs 508a and 508kcraishrishse decoded
si gnal i ndicates that gold is present, then the green LED 508a al ong
the top 502a of the transfer device 500 within the quartz retainer
730 is illumnated, displaying to the user that all of the

treating elenents are Wlthl n the quartz gpusing 518. If the 10 decoded
signal_ indicates that gold is not present, then the anber LED 508b

al ong the toahéeaaa@érimﬁ:dmmtbetndeuwe &0 rea LEDS EBDNahd econmtts

retainer 730_js ill , _dis in 0.. the user. t |y not
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therefore gntro 'F | S necessary ue LED
678. The red°EEl"Jhe bc s’:ﬁ’?ﬂhﬁ’@%‘é“&oﬁ??oﬂ PHPNIE A58 §F8§ a second
phot osensor 686. The sy‘s'ltemsermndephgmmertsorpﬁﬂﬁm:eonperrmﬁmlﬂgr i

t enperature [ u [ - he
tip of Wtage FHUEHE WS 1k Wi° goRtl 14b %“ﬁlﬁi@% Hy-fird
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67 t Berp) achusy the aell ddadadnds WICH 1eRSnYTEMIB R Ie PMEFidfiss
filter 716, eHbf €6ldddhces Witidownereatded caraund Aheareferkave voltage to

be detected (null). Because the null signal is less affected
20 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 only adjustment
needed for making the output voltage zero when a gold marker
occupies the targeted location is adjusting the intensity with
25 which the blue LED 678 illuminates. Two signals of the same
amplitude produce zero volts AC. Conversely, because gold
reflects red and absorbs blue when the blue and red LEDs 678,
680 illuminate with the same intensity, the photosensor 682
sends out signals of different amplitudes (high signal for
30 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 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 678 while maintaining
35 the drive of the red LED 680 constant so that the blue LED €78



pass filter 722. The outcom ng DC signal then passes through t he

noni nverting DC anplifier 724 to set the control loop gain 5 726. The
sighal adds either a positive or negative gain to t he reference

si gnal (RED vyw&kbs/1193s/ that sets the red LED drive I argEUSYTTI6856

adj usted signal entering the red LED driver mai ntains the red LED
out put constant even though the actual anmount of light for any given
current may vary. 10 A block diagram of the el ectronics

used to . . calorinetrically detect té® distal gold nmarker 659b is
shown - Is Figure 60. The electronics are built onto two printed

circuit boardillechhatesaibs @redatmsdnyengityl i the pedrkRP 680. Thean pe
tsee{l in Fi ggf&ﬁoéaéhspdrﬁzén Efk ?dngiengm@.rtoc&dtﬂrﬁ&ek@ea i@;’:tf&h&cazﬁm_t 2
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di agram of th@SeVell dhithe ged in conpaxigons to,ghRoFRiRY jthe e when,y
C-2. Figure 6th® red aand blue BEben680,C 6§78 hheedtlsé rsame idmiveoar owigolld i S
housed on top pagk 4 Fi Qur C
mechani cal r8£le%ﬁilfﬁgggfgﬁﬁéﬁﬁ¥§t§?bﬁ$gbﬁg OargSHTﬁg§§|g§?$?§gﬁﬁih
connect i ons 2BrodueRt REACIHINRY fEPBnEh AhCLOFENERE fRA cEPNEn KRR RTar e
shown 10 anmblpuren &he atilegnhafd] vehentefliectiiion br stitnless wtael
shown in Fig ﬂ%{}ml |+ hqwi . Cl,ks I
routed thr ougggfﬂié di st rf‘%&?ﬁ %(r%u%rlgﬁ%%gs%%%cﬁ% %g’grg ,g%ggﬁ to th?f t%u% cro
printed circulEDshekter ®BRfténtheeeforst dpeohlvacssigRpkds laggsrohandihe 632
and 686. g rec% sGignbaﬁs a&xdﬁ&ﬁbuﬁehﬁlﬁﬁﬁg eé@falrr5 fomh@espﬁbaecdetaemdm&bstem
a wi ndo et quart z housi t er t,
transfer devi%% %ﬁﬂiﬁggVisu P|&ﬁag%egFgﬁh§$ﬁ§r§8$£%§¥§%|Fgggi tég;ﬁ#%%
treati A§ el enehererdss ande thiet krrkgneund Alwayso Prodycs1s pgn-null output \\p

98/ 11936 voltage, they should be untinted RET/HiSREAI 8GR so as to
68 ei et i resenc .ac er 5
659b on eit he’%gg%‘%’ o]?efq%gaq%ér ei‘?sf)?%b &1 %eren hsl%g‘r sﬂhourﬂpﬁj%% €8 %E

nunber of tred@lh@e®enents 658 and marker seeds 659 within the
quartz housing 51&nel taesHélsilgialussratVidoninail! zero voltest €66 isyisten
magni fg'bng levrllfll? an.gﬁdl'?csatseh%m id%t'éc l{ggsog8goi3&)., In practice, however,
due to certain variations within the system, the DC signal

will rarely read as zero volts. A positive threshold

detector 706 is included in the system to compare the

threshold reference voltage with the filtered and rectified

25 DC signal (a true window detector with both positive and
negative thresholds centered around zero is not necessary

because signals from the stainless steel seeds, saline, and

guartz lumen are found to always be positive). The buffered

+2.5 v reference voltage 708 travels through a potential

30 divider 710, followed by a unity gain buffer 712 to generate

the threshold reference voltage WIN+ 714. The threshold

detector 706 receives the DC signal and determines whether or

not it exceeds the ©positive threshold(for example, +450
millivolts). If the signal does not exceed the threshold,

35 then the threshold detector 706 decides that the signal is



and 51C, is secured to the top portion of the block portion 564
where it is situated directly above the quartz |unen 572. The

magni fying lens 728 is al so supported by the quartz retai ner 730;
therefore, L Hgsidesh cator LEDs 508a and 508b are 10 al sepciRRYyicassd. The
| ens used may nmagnify in one or two di mensi ons and may have an order
of magnification of 2X or greater. The lens is a cylindrical glass

| ens of pl ano-convex form However, other |enses nay be used.

Al t hough the above inventions has been dggcribed in terns 15 of certain
specific enbodinents, it is understood that various changes and

modi fi cat i ongonBistentragtivi the Upresyindd iof) goldn The thidwmAad rmeentheons

and ref er encg, shoul d;Re MBI o4 NGaAPPERECEolerance Chil Bhe! Gyl e t e

proper scope ons.
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cat heter and a second position that permts the treating, el ement to
enter the | uﬁEHe’éfmFlPle'Poab along,the; tPpP §‘¥% ‘b%t%%é"ﬁﬂ@?fﬁ’éi hﬁ FRa% into
sai d second @hthin ptise tquarteniretafinene73at hetkluminattiede hdilspday irgy thoansf er

devi ce. T f i ' ug £OEYd si ng
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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
20 light and may hinder the system’s 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 678, however, is
25 sufficiently 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 678. The red LED
brightness control loop incorporates a second photosensor 686.
The second photosensor 686 compensates for the temperature
30 induced changes in the LED output by “staring” at the tip of
the red LED 680 only and measuring how much light it is
generating. The second photosensor 686 is positioned at a 90°
angle with respect to the longitudinal axis of the red LED
680. The red LED output signal is detected in the same way as



central opening of the transfer device, thereby allow ng said 25 gate

menber to be noved into said second position. 3. The transfer
device of Claim2 wherein said noveabl e swi tch nmenber | ockingly
engages t he wopsmeisor when said noveabl e switch is i RCEEBWASE60Nd
position. 30 4. The transfer device of Claim3 wherein a portion
of sai d actuator assenbly prevents said switch nenber from

di sengagi ng the connector when in said second position. WO
98/ 11936 . . 67 PCT/ US97/ 16856

70 . 5. The transfer device of daim3 further conprising a
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central openirapgeand a Thel extished sidral enteringi stheyanedgLERi drtivegger
fromthe Confiﬁ‘e&rﬂfafn% ReeM-bal fifp out7put %&x&%ﬁ{: EGexbettQé\&ﬁP”dh%Cfa‘é%uEiom

the transfer devi ce. e transfer device of CCaim1l in

whi ch sai d gAwPunt of S‘éﬁf}@rf?ﬁr?‘l‘ﬁérgjcv(ﬁﬁ)ﬂué'é?n BYWHHFti on defining a

hol e siged - t20 abllowkt hediacamim ngofl enthe t elpatsohbes et hrsmdgh when
sai d g a5 t The
transfer dev?‘sc%dﬁr%%&laih? é%&:ﬁ sal 1%‘E§El bgfd laQ".kr%erﬁscg(%o lrs [ Ssggwgn

el ongat ed pi itshak4gHFen €0 anelhe Ieé§§t¥'ﬁa~"h°5 are Prélt Sﬁﬁ?eF"’Bf pripted
transfer devidigrduiteboasasd REB1A and PGBBer SHndsengriheedrainshct beuras

lumen to partdg] Ine R YK Figures 622 and 62B. For testing procedures
15 each PCB has a test connector which makes accessible signals
and voltages within the circuit. The PCB’s are stored within
a plastic bag for protection against moisture and mounted on
the under side of the chassis within the transfer device. The
schematic diagrams of the electronics on PCB A are shown in
20 Figures 61A-B and the schematic diagram of the electronics on
PCB B is shown in Figures 61C-1 and C-2. Figure 61 D is a
schematic of the distribution board which is housed on top of
the battery pack 664 and Figure 62C shows the mechanical
outline of the distribution board. The electrical connections
25 between the different parts of the detection system are shown
in Figure 632 and an equivalent circuit for the circuitry
shown in Fig 63A in addition to showing how the connections
are routed through the distribution printed circuit board and
the miero printed circuit boards which are mounted on the two

30 photosensors 682 and 686.

As a backup to the electronic source detection system, a
window 516 above the quartz housing 518 allows the user of the
transfer device 500 to visually detect whether or not all of
the treating elements 658 are within the quartz housing 518 by



25 the transfer device |lunmen when said gate nenber is in said

first position and said pin retracted fromintersecting the transfer
devi ce lunmen when said gate nenber is in said second posi tion. 30
9. The tragyfeghidgvi ce of Caim6 wherein said switch PCT/USOffiy8s6 noves
into | ocki ng engagenent with the connector when said gate nenber is
noved into said second position, said swi tch nmenber bl ocking said
gate nenber from novenent into said second position unless the
connector is received in said 35 centggl opening of the transfer device.
WD 98/.11936 PCT/ US97/ 16856

1 i el eithéd. débBactingstre ﬂsdé@xgc@foﬂ each Gme!sEatcmatmd

sai d rel ease t c [

second posit %EL o EitRLP }_é gimggn‘#? %an evl g&e-'goPPCP% co‘inéﬂﬂhl ch
sai d &beuarumbexs shbEyeating celenemks s§§8aaﬁ6vé'&l¥|k6rl Aeadsedher

having a U vv?] bﬁl&ﬁﬁlnoﬂwlﬁwﬁw heasHey Eﬂ.dsa F'Edalﬁﬁ(itpﬁ?é We®ith v1suai1e10
connect r n cat heter attache t Vi

12. e traﬁff:s e & n}ﬁgn&% |1W8E\eﬁﬂ%r'}eﬁrf I;%I %{‘g{}ﬁ fﬂ Figures ggas%(g’ to .
i nt ersect t hendr 3h€§ erisi@ecowredutenthe t’GORaPP@‘itéQn of thq ®derki perhion o
danmage the trs%at vReré! A glituhBeald Sty above txeéeﬁmttzl 1uﬁeﬁtm ed by
said pin. 13. The transfer d]rVI ce of ?én}’ n%[ovenent
further corrpﬁ?@l Mponifying lens 728 jis. alsgy, FURPOFY ¥o qu tZh
sized to fit retainerwriti rthereforeal therindicatios LEBRSIGsa dandi 508hnakrdavi ng
a 10 Plug %bt &a@‘}xigliﬂ&d Chﬁ@{H‘eiéuéjeﬁé&?dm ﬁE@ﬂif?f ﬁnlo%reg%i- 28uo

di aneter on sal d d control
 aneuri zod PRuepSiond o oy Babes ARGHEGSS, AT CRARBLELTRRLGY, Of 2X of |,
transf er devigreabgr: otThiel densfisa dylinddicahglalsssivnsnf planO"chvex

form. However, other lenses may be used.
Although the above inventions has been described in terms
15 of certain specific embodiments, it is understood that various
changes and modifications may be made without departing from
these inventions and reference should be made to the appended
claims to determine the proper scope of these inventions.



14. In a transfer device useable in a systemfor 25 I ntral um nal
treatnent of a selected site in a body of a patient by at |east one
treating el ement advanced fromthe transfer device into a lunmen of a
cat heter by weeesnaosf pressurized fluid, the transfePCOUS716856¢ei ng i n
conmmuni cati on Wi th a source of pressurized fluid, the inprovenent 30
conpri si ng: a pressure indicator including a transparent

el ongat ed cylinder having a first portion of a first inside dianeter
and vi ewabl e by a user of the transé®r device, a piston slidingly

received within said cylinder and sized to sealingly engage 35 sai d
first portionﬂs&ﬂ@—ﬁm bei ng biased into said first VO
98/ 11936 1. In a transfer device R{SEaAWA®// 16856 system for
72 por j d H‘]g,%, Nyl t diReS | PQet i n
i n cemmuni catlgﬁgglﬂﬁléﬁe gg%%ce 0 ?)?ess%relqueegggi 13: 3&{? 8 ?lnﬁhy o ao
rel ati ve posi PR&AeBE BYj atpiedsh one s‘%ﬁ%“fﬁnﬁstelﬁB‘Ff‘Foﬁdﬁﬁnced throughy a

cylinders provild@éna i Stifd tP&h€fér OBevicéhdntel ai i veme® of fd Usdpﬂfalfdsur e.
1 The 1 ansCREnGEML Oy Heallx bl redliiiUed Eifia, ne IIALofGY Ader

of said pressure rnar T om haV|ng
a second port P§ﬁxhﬂﬂ R%vith a coppgRBoY M‘Mrélla'ﬁ%%%?wﬂd} 6@#‘ @ﬁ’aaplyam

first inside ghaneb@theter to anthut ltHan¥el | Ae¥atd, POtheONimprovement

comuni cati on_ W tné:t]n exterior of the transfer devi ce, and said
pi ston is bi aSeP 9% into said first portion of said cylinder so that
when t H&® f oameagtuater paesenbly edneludingnas gakepinenier mesatlen 15

predet er mi nedpbeyeén &2k frét sls&”iﬂfomm% b'%@eﬁﬁ‘sdtﬁécﬁf‘éatm el&fdrton of
said cylinder .to allow saj,d pi ston

th
and tht ough- sEFamaERTEing the°Tihén SF hcirhdter and R s L
wherei n sai d that permibsirthe mieadtiog ederpt tonenteestie shuiery ab theas

sai d Pi sheRetétt 0 said Gatst maab&fose%gs éhb%\ﬁ!é' %o sl Sddidriag
having g spri BYsCOISE aQ},ﬁekg%ﬁd ¥Qch8l- 5350 305 :Aa® er '$he transfer

device.

2. The transfer device of Claim 1 further comprising a
central opening for receipt of the connector and said actuator
20 assenbly further comprising a movable switch member biased
into a first position that interferes with the movement of
said gate member into said second position and movable to a
second position upon the connector being received in said
central opening of the transfer device, thereby allowing said
25 gate member to be moved into ;said second position.

3. The transfer device of Claim 2 wherein said moveable
switch member lockingly engages the connector when said
moveable switch is in said second position.

30

4. The transfer device of Claim 3 wherein a portion of
said actuator assembly prevents said switch member from
disengaging the connector when in said second position.

A



said predeterm ned force on said piston. 25 17. The pressure

I ndi cator of O aim 14 wherein said transparent cylinder includes
graduation markings to provide an observabl e indication of the
relative pQgh p@ of said pi ston within said cylindecrasemfesse

18. The trans device of Caim 14 further conprising a pressure
relief valve connected in parallel fluid communi cation with said
pressure indicator. 19. In a catheter having a proxi mal end
and a distal end 35 useable in a systegmfor intralumnal treatnent of a
sel ect ed WO 98/ 11936

PCT/ US97/ 16856 5. The transfer dev1ce of Claim 3 furtBer comprisingeai n a
pody of ‘2 balleiiladeN Gutlichd ! 'AkaBaqdRY! €81 aa\smch menbef £E0h he
et er a

openi ng for receiving | east one
treat nent el SannNecksy ﬁpopermﬁgt%@attr*@aeﬁeﬁe be dlscermﬁ%ﬂd it5e8 Eheunen .
i n the cat hetifansifiee GEPLEyLEATA releaséOpPttcr dging operable only whéen

connector Int%%F?ﬁPwko%sth BL q§'€§¥%§”3$§QE15ne cat heter including

at | east one SECUTTH connector in the centra
openi ng of the transfer device, said detent being manual |y actuabl e

to rel ease the Cafshet efrhbr Ofpafkfer CABYISE wncmsmf 2 hent raisdrer sdeqi ce.

20. The cathet Cl aim Wﬁer in said d
cantilever adAtH I?sﬁﬁPéﬁﬁ ?ﬁnQﬂﬂaﬁlses . m%%ﬂﬁgigagprlsemember

21. A cat hetkdrasiedr us:se:.ntzexa‘erpsmmhf &hei meceliphi of| the connectarndntoof a

sel ectggl si. t%a'l'?l %Mﬁlotap@n@.ﬁgl eB&i@Ysﬁitch membéreaféir@n%ovaﬁihl fiﬁto
el ement nove neans Of he cathe

conprising a aF@@agﬁﬂﬁnﬁaVFﬁB gg%o°°“"?ﬁ§ﬁﬁlﬁ§eqe aﬁ&"&eﬁ gfafsend

first and seaam@iwudemm said central opening, and a release button for
disengaging said trigger from the connector to permit the

catheter to be disconnected from the transfer device.
15 '

7. The transfer device. of Claim 1 in which said gate
member further comprises a body portion defining a hole sized
to allow the treating element to pass therethrough when said
gate member is in said second position.

20

8. The transfer device of Claim 1 in which said gate
member comprises an elongated pin having a diameter less than
the diameter of the transfer device lumen, said pin
intersecting the transfer device lumen to partially obstruct

25 the transfer device lumen when said gate member is in said
first position and said pin retracted from intersecting the
transfer device lumen when said gate member is in said second
position.

30 9. The transfer device of Claim 6 wherein said switch
member moves into locking engagement with the connector when
said gate member is moved into said second position, said
switch member blocking said gate member from movement into
said second position unless the connector is received in said

35 central opening of the transfer device.
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extendi ng between said proximl and distal ends and comuni cati ng at
said distal ends, said first lunen sized to slidingly receive the
treating el enment, and said second | unen having an elliptical cross
section. 25 woo9s11936 22. The catheter of Caim 21 furthepcrusyprissssng at

| east one radi opaque marker for aligning said distal end and the at

| east one treating elenment with the selected site of the body of a
patient, said radi opaque marker being |ocated within said 30 first lunen
at said distal end. 23. In a7gystemused for the intral um na
treat ment of a selected site in the body including a catheter adapted
for i ntral uni AQk pBeet tvansfer denice ooy haim 6 rvhelein dastess 3o
external to thgahadyehighsat 8atBent 18 bisakedIwReS"BALS member is in WO
98/ 11936 PCT/ US97/ 16856

74 - i nt F4AcPREOPAPFEATHY el enents into the catheter, a method
for detecting whether treating elenents reside within the transfer

device cayprising: 31, The transferCEPtd abenNdeidys, t ﬁ.ea{ﬁ NgmaRME /i N

a material 5 havi ng known re Iect|V|t characteri stjcs;

shining first &ﬁ&ugéesngS??Eﬁ&% brth ises a mEyeabisglatch mepher

area in the tr having dev+shapduyupenﬂng for engagiaig rg relldewetispereiat wred
before and aft b QQH%? | e

measuring the ?%?e%g?gfggaéf c#??sﬁa25$ econ?t%gEﬂga fo %?% FE??Sf Ted

of f of the are9eVaS®he transfer device; detern1n|ng the
reflectead intensitylzatiTheftddmmfer devicel beothalinf is whegeinseaidmdodn gl s;

10 ghr'e BEhRE! €0 LALERSLLY (AL rfletdl® divice TRHGH Wi { ol

second lights ar ac
encapsul ati ng AREWEFiFienk %o Lanags ithe treatln@léﬁﬁh@§t dfdthe treatlng

i ndi cati ng wheeheneht eigmasmitartedebyeshed piiensity ratio-is
substantially the same as the known reflectivity 20 characteristics.
15 13. The transfer device of Claim 1, the improvement

further comprising:
a cylindrical fluid control switch sized to fit
within a central bore in the transfer device and having a
plurality of fluid channels defined by areas of enlarged
20 diameter on said cylindrical fluid control switch, whereby
pressurized fluid is selectively introduced into the lumen in
the transfer device by rotation of said fluid control switch..

14. 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 treating 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 improvement

30 comprising:

a pressure indicator including a transparent elongated
cylinder having a first portion of a first inside diameter and
viewable by a user of the transfer device, a piston slidingly
received within said cylinder and sized to sealingly engage

35 said first portion, said piston being biased into said first

A



24. The nethod of C aim 23 wherein said first and second lights are

flashed in turn onto an area of the transfer device where the
treating elenents are stored. 25 25. The nmethod of C aim 23
further coRrgpgbsiess assenbling said treabipgsPhgsRNtS in a
| i near array, said treating el enments being encapsulated 1 n stainless
steel ; pl aci ng a marker elenent at at | east one end of
said 30 | inear array of treating elenments, said nmarker el enment being
encapsul ated in gold; and 722 shining said first and second
lights onto the area in the transfer device where the marker seed is

stored befor portion ofirshial chllihdér| rantinleteperenin WA FirEedpPeRE i diit O

}:,2% Us97/ 168%8 co%%aﬁ%% with the source of pressurlz% fluig, wh%{:ﬁ%t er.

said first |Ejptretavivemnesisionsef said pigtppghe said finssi pgrtéen of
26. The net hgdiaf cPlahae23ptovides &OUDELS] NEIndLdAWEdr NeF €he réléﬁt':% of a

first | or Ie exterior to the transfer evi ce when e
neasur&g ref¥%§? PRI ?Ty ratio is substantially the samne as
t he known reflectivity characteristics; and

activating a |ighigof ﬁxée%s?%kord¥#§é@ 0 craigXt 8k %hépeme tHanster
ect ed |ntenS|t rat|0|s not

devi ce when t e neas e%%{ "HJé’
substantial | § ?ﬂ%ag Tn&in said PF&F’FBEFl vf*P?lﬁﬁE?’éct%‘PF%‘ﬁ"cs
27. The met hodmpfig®sian 98cdnd tgerticnmhavingga &8cond portion haviamf iang

si gnalyg cor rQEEQH&“ﬁ&ﬁi@ &Bgméé‘éf QQE'%Qr thar} salgt fi‘x.séé 18318k 4indddhts

refl ected of %arealn t he evl c
filtering ou? r‘?&'?‘ §P§n£°§tcr’é'ét ﬁﬁl‘BprEH%t é& °°mmun1§ﬁi§|18ﬁt withnitheyng 20
conpari ng t hextégiee sofrthe etivhysfer dddvice, amll said pisemandis abiaged

lights to sigRebssa94" 23PRILRYGLEONI B $39¥Ncylinder so that when the
force of the pressurized fluid on said piston exceeds a
-~ 15 predetermined force, said piston is moved into said second
portion of said cylinder to allow the pressurized fluid to

flow past said piston and through said ocutlet.

16. The transfer device of Claim 15 wherein said
20 pressure indicator further comprises a spring to bias said
piston into said first portion of said cylinder, said spring
having a spring constant selected so that said spring exerts

saild predetermined force on said piston.

25 17. The pressure indicator of Claim 14 wherein said
transparent cylinder includes graduation markings to provide
an observable indication of the relative position of said
piston within said cylinder.

30 18. The transfer device of Claim 14 further comprising
a pressure relief wvalve connected in parallel fluid

communication with said pressure indicator.

19. 1In a catheter having a proximal end and a distal end
35 useable in a system for intraluminal treatment of a selected
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ratio of the reflectivities of the encapsulating material at

different wavel engths for said first and second |ights. 25 28.
The ‘met hod of C aim 25 further conprising: creating signals
correspondi nwg9g/i1idze refl ected intensities of the |iptwrasorméssect ed
off the area in the transfer device; filtering out
any signals created by anbient |ight; 30 and conparing
the signals created by said first and second reflected lights to
signals corresponding to the known ref lectivities of the

encapsw ating material at different wavel engt hs. 35 WO
98/ 11936 site in a body of a patient includpng/ aSyransfezsdevice having

76 a ZéntrdlE dpeinlied ebrGratéiviihd WHdeathedbt shddfor storing

wher ei n sai d nelément punteo a luymgn aga fthet leatihieiers r theéecimprofdnenti d

mar ker egement cbmprising: Created by adjusting the light intensities.

31. A systemfor determ.nin t?f? Er eSﬁnce or senhce of 10 an el enent at

a targeted | ocation, thé& éﬂ‘%ﬂ? OfavPREIRFOWA th the proximal, ends ofythe

| i ghts of diffeathetemviheluding ate lepstemne detergonfor siseguring said

a power sour ceg : i ' ' . 50N ed
p €connector in the centkdl bpenih§hbe ﬁ.‘iﬁ Sﬁtaﬂﬁféfaééylcfcél),r %?9.&

to the 15 targeted Jocation__for emtting a aving _a S
wavel engt h; detent CLemg manpaddy,agtpphle g%uF%Jee%ﬁﬁ it I‘qu'é‘tﬁﬁ?é'ctfé'emt 0
t he 10 targettachl openiag 66rtkel tranxfex ldegiitebavi ng a second

wavel engt h; 20 a first photosensor optically connected to the

Cef Hoct ad of | 86 HORRT kRS SAARRRERY <1648k dRa’ Bgopery ipg  ilip <R Grentr, 20

20. The catheter of Claim 18 wherein said detent
comprises a cantilever arm axially extending from said
connector.

15

21. A catheter for use in a system for intraluminal
treatment of a selected site in a body of a patient by at
least one treating element moveable by means of pressurized

- fluid, the catheter comprising an elongated tube having a
20 proximal end and a distal end, first and second 1lumens
extending between said proximal and distal ends and
communicating at said distal ends, said first lumen sized to
slidingly receive the treating element, and said second lumen
having an elliptical cross section.
25

22. The catheter of Claim 21 further comprising at least
one radiopaque marker for aligning said distal end and the at
least one treating element with the selected site of the body
of a patient, said radiopague marker being located within said

30 first lumen at said distal end.

23. In a system used for the intraluminal treatment of

a selected site in the body including a catheter adapted for
intraluminal positioning in the body and a transfer device

35 external to the body for storing the treating elements and
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targeted location for neasuring the light reflected off the targeted
| ocation and creating a signal correspondi ng thereto; a

wi hdow det ect or for determ ning whether said created signal is

wi thin a prwagled/asss ned band corresponding to 25 a si gnetrasmibsseoul d be
created by light of first and second wavel engt hs being reflected off
the el enent; and at least one indicator light that is
activated if said created signal is within said predeterm ned band.
30 . 32. The systemof Caim31 whgrein each of said first and
second |ight sources conprises an LED. 33. The systemof Caim
32 wherei n sahtirédusing itjie treatingoelemenimintocthe datheties) amethod]
;E‘;_?ng'ﬁ %gngQUﬁ.ﬁ%e@Elng WHERLEECEr2at gl lements re7s71de WS 1&9@‘6
The syst em of FEPEFRT BLViRE S9PPEdsdngs st phot osensor conpri ses a
phot o di ode, a graded erdfapmtliatdngndbe treatingeelehentzoiheat matediaght

refleczed of phvih iﬁ&&?t é‘fl%%tﬁ'%q_t .the collected light to
sai d photo di oge 6an i anpl i yf Flel?r?%t:éele%ater% 'with said phot o di ode.

35. The systemof alsrﬁ‘é??%rtfﬁﬁlstcoﬂﬁﬁil s??@m?nd 119htsbrP§htﬂé§§ew¥trol
circuit for wavelemgtionsiaté aheaedpuin dfhe transfar |dmsiiceonhdr=D, timai d

bri ght ness CQPE&Q.}L 'erl%lrﬂe&la'goé@é 's?dl%%g Béfore and after H%:ﬁt%c?ﬂgﬁ SANpL S ensor

optically connecte ronous

det ect or  and*PEPt Ehe reathetaiivi ng t he out put of said second

phot ogensor; and measuring theanlintepkities afndihe Fii€Prahdrsddoddecei ve
t he out put 15, f | ShaSRE UG RO e 0 g frol 1oop
gai n Jég%tégazc'i%ﬁcﬁjﬁo a ref g? erﬁgé é?&é %get [trgs‘ rsgfgpd?l?‘\'/ggélange for
sai d LED. determining the reflected intensity ratio of the

reflected first and second lights;
comparing the reflected intensity ratio of the
15 reflected first and second lights with the known reflectivity
characteristics of the encapsulating material for the treating
elements; and
indicating whether the measured reflected intensity
ratio is substantially the same as the known reflectivity
20 characteristics.

24. The method of Claim 23 wherein said first and second
lights are flashed in turn onto an area of the transfer device
where the treating elements are stored.

25
25. The method of Claim 23 further comprising:
assembling said treating elements in a linear array,
said treating elements being encapsulated in stainless steel;
placing a marker element at at least one end of said
30 linear array of treating elements, said marker element being

encapsulated in gold; and

shining said first and second lights ontoc the area
in the transfer device where the marker seed is stored before
and after the treating elements are introduced into the

* C L M S *



36. The systemof Claim31 further conprising a filter 20 for renoving
Si gnal s generated by said first photosensor- due to anbi ent I I ght.

37. " The systemof Caim36 wherein said filter conprises

synchronous cereft1eas synchroni zed with signals correspondi ngC‘EIESWlGiﬁé l'i ght
of said first and second wavel engths and for renoving al |
unsynchroni zed si gnal s. 38." A catheter for use in a system
for intral um nal treatment of a selected site in a body of a patient
by at 30 .l east one treating el ement nov@abl e by neans of pressurized
fluid, the catheter conprising and el ongated tube having a pr oxi mal
end a distal ef@thekery paid géE%ﬁdlwfbtt‘Pﬁ%’!ﬂ |Rifen&nd said éﬁFeﬁﬂl hight
bet ween sai d pbeingalrednd di stal ends, said first | umen sized to
slidingly receive the treating elenent, and 35 said third lunen sized to
receive a guidewire, the distal end . WO 98111936,

PCT/ US97/ 16856 26. The method of Claim 23 further comprising agtivating

third | ureen haw rgight idf ng fbﬁétreaiefswaamw éxtéfrior to!bReUraR¥Ede as

sai d cat het er | Liv over the 0.t he.sel ect d site
: yisel FhEl, U ukaetestl KhEisctey (hieRRity “FaElo'iS
conpri ses a h| gubgEadtigllyw dhssi t Eapel ye@ﬁyl ceke  known reflectlw.ty

cat heter for u&ﬁakﬂcﬁeﬁj@tﬂ&}‘ Gnd ntral um nal treatment of a sel ect ed
site in a body of apatle at 10 | east _one radioactive treafi
el ement noveabl e by means %%‘Pé’tmg re&%ﬁ 2&F 1 Bui T Sﬁﬁé't gflsabile

conprisit®y a SRP!§PHJ-PHb§° the tnmw dlevice phen gheofmealured oxefitéctadl of

sai d catheter fiﬁtenslty PaBLi6Cis OHot M BlibsEant Rl 132G N/ S duleL Hd n&;@')&{&ms
when trans t o .and qut .of .said catheter. 15 )

conbi nati on -wi £ ; Eé‘% Y AT i iSF enent

27. The method of Claim 23 further comprising:

15 creating signals corresponding to the reflected
intensities of the 1lights reflected off the area in the
transfer device;

filtering out any signals created by reflected
ambient light; and

20 comparing the signals created by said first and
second reflected lights to signals corresponding to the known
ratio of the reflectivities of the encapsulating material at
different wavelengths for said first and second lights.

25 28. The method of Claim 25 further comp'rising:
creating signals corresponding to the reflected
intensities of the 1lights reflected off the area in the
transfer device;
filtering out any signals created by ambient light;
30 and
comparing the signals created by said first and
second reflected lights to signals corresponding to the known
reflectivities of the encapsulating material at different
wavelengths.
35
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usable in a systemfor intralumnal treatnent of a selected sitein a
body of a patient, the treating el enent being stored in the transfer
devi ce and advanced fromthe transfer device 20 into the catheter by
means of a woassissé zed fluid, the | nprovenment conpracIUse/RwBssl east
one marker el ement positioned on either end of the treating el enent,
sai d marker el enent havi ng at | east one slotted end portion. 25

79 42. In a transfer device useable in a systemfor

i ntral um nal. treatment of a selectedsesite in a body of a patient by at
| east _one treati ng el ement advanced through a lunmen in the transfer
device into a | un&?.of ThesmethedofitQ@lasiam 28t énrbpenmzommssun zed

fluid, a systemfor det:eeatmh %a 51 alt Ifevahassnﬁslpromﬁ%f ge
treating ele nt at rﬁgﬁ ég f th transfer

urmen o |
device, the tTaci ¥y mmarker Fi?’f‘%@f'ances for lights of

di fferent wavel engt hs the syst em conpri si ng: a power
sour ce; 5 10 30. The m%tixbastof.* l&@mﬁ% CﬁhQPéiﬁaéHdCH{iﬂf%ﬁ@ Lp the
t arget ed Itocat on f % g g} % ving a first wavel engt ]
a second | i ghfoXa%ec. & 5pt Eal I"? BELREED 9 %rdgé‘laé’efer elemFBEaf'Fon
for emtting creaatgd byandiyshinecthel Lightl dngehsities. a first
phot osensor optically connected to the targeted 15 | ocation for neasuring
the light reflected off t he tartgeted | ocat | on and creating a signal
correspondi ng t herdro; & system for determining,the,Rrasenee Fr ahsensecefi ni ng
whet het0 sai d ao7 edfemint at asitprgeted botdtiom, priedelilemsEntethaking known

correspondi NG-d£9 ¢ i

and second vvg;/eﬂ enghgagelﬂgg ?Ie?‘ftesctoefd gkgrgfl‘?c{'ﬁ@éf&eé;%gdggg% %& {:&Eand
at | east one GYERLBP*1ight that is activated if said created

signal is within said arpdeéerseunsts band. 43. The transfer

device of O aim42 whepeig} 23ac ﬂhtsaécﬂ:ifer Séﬁftlcallrxs?éeuri' c?ew %d 44 ggl

sour ces corrprl ses an LED. ai m 43
wher ei ¥P sai d Yargetef; ghecation fox,, emitbingi fes 1a9¥31=ueh#_m%mé s&ixstecond
| i ght sour ce warelength; a red LED. 45. The transfer

device of Caim 43 whgr . S 0 i ses_ a
phot o di ode, %[l%r aded re?%gcﬁive‘qﬁhé '{'xrce ?Btlggﬂyco%% f%%po ﬁtf

reflected of tardeted gecakion aﬁﬁrdlﬁf"é‘&"ilﬂg tde Jéahtecb%\ﬂlw gl Second

wavelength, .

20 a first photosensor optically connected to the
targeted location for measuring the light reflected off the
targeted location and creating a signal corresponding thereto;

a window detector for determining whether said
created signal is within a predetermined band corresponding to

25 a signal which would be created by light of first and second
wavelengths being reflected off the element; and

at least one indicator light that is activated if
said created signal is within said predetermined band.

30 32. The system of Claim 31 wherein each of said first
and second light sources comprises an LED.

33. The system of Claim 32 wherein said first light
source comprises a blue LED and said second light source
35 comprises a red LED.
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to said photo diode, and an anplifier integrated wth said photo di ode.
46. The transfer device of CAaim 43 further conprising a
bri ghtness control circuit for holding constant the output of at |east one

LED, said brwphtgssss control circuit conprising: 35 PCT/US97/16856
second phot osensor optically connected to said LED, a
synchronous detector and filter for receiving the output of sai d
second phot osensor; and an anplifier and an integrator
to receive the ouput of said 77

80 - 80 second photosensor and for

setting a control |3op §hen wyskemad@®Ed (Fadm efier ethersignasainyt Laet g

?“ }[/ﬁ range fop hél%éhddﬂ?f I com rlség a phisto Td:.%@’e} ,€4 qi%déﬁtﬂréfrﬁhﬁif&d Q%dex
urther conprisin i r n na s ir
phot asensor dug l[‘% €1 EICt&HF EHDIVA: gﬁgig é;ﬁ{s &betch 0 a| m
47 wherein sal%illﬂ?%lé?g c@&)rq:%b’s#q}?eﬂ/nhmo‘i% %l%%%c?%?t%yﬁéﬁﬁﬁm g @nt h

signal s gorrespmyh fiexr Antegbhtéd Wit ddicciphetd ageased wavel engths and for
removi ng all unsynchroni zed signals.

35. The system of Claim 32 further comprising a
brightness control circuit for holding constant the output of
at least one LED, said brightness control circuit comprising:

10 a second photosensor optically connected to said
LED;
a synchronous detector and filter for receiving the
output of said second photosensor; and
an amplifier and an integrator to receive the output
15 of said second photosensor and for setting a control lcop gain
to be added to a reference signal that sets a drive range for
said LED.

36. The system of Claim 31 further comprising a filter
20 for removing signals generated by said first photosensor due
to ambient light.

37. The system of Claim 36 wherein said filter comprises

a synchronous detector synchronized with signals corresponding

25 to light of said first and second wavelengths and for removing
all unsynchronized signals.

38. A catheter for use in a system for intraluminal

treatment of a selected site in a body of a patient by at

30 least one treating element moveable by means of pressurized
fluid, the catheter comprising and elongated tube having a
proximal end a distal end, and first, second and third lumens
extending between said proximal and distal ends, said first

lumen sized to slidingly receive the treating element, and

35 said third lumen sized to receive a guidewire, the distal end
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of said third lumen having a lining that resists damage from
the guidewire as said catheter is delivered over the guidewire
to the selected site.

39. The catheter of Claim 38 wherein said 1lining
comprises a high density/low density polyethylene.

40. A catheter for use in a system for intraluminal
treatment of a selected site in a body of a patient by at
least one radioactive treating element moveable by means of
pressurized fluid, the catheter comprising a shield tube
fitted over a portion of the proximal end of said catheter for
protection from the radioactive treating elements when
transferred into and out of said catheter.

" 41. In combination with at least one treating element
usable in a system for intraluminal treatment of a selected
site in a body of a patient, the treating element being stored
in the transfer device and advanced from the transfer device
into the catheter by means of a pressurized fluid, the
improvement comprising at least one marker element positioned
on either end of the treating element, said marker element
having at least one slotted end portion.
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