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BACKGROUND OF THE INVENTION

The present invention relates generally to an

intraluminal radiation system for the delivery of
25 treatment elements by way of a catheter to a selected

location within the intraluminal passageways of a

patient. More particularly, the present invention

relates primarily to an improved transfer device for

handling the treatment elements and delivering them to
30 the catheter and an improved catheter assembly.

Since the late 1970's balloon angioplasty techniques
have become widely used for opening blockages in coronary
arteries. Briefly, the enlargement of the artery is
achieved by advancing a balloon catheter into a narrowed

35 portion of the artery and inflating the balloon to expand



patient. articularly, the present invention rel at es
primarily P%gé 37i1%:>roved transfer device for handlingp?ﬁ@m?W¥%ThEht
el enents and delivering themto 30 t he2cat heter and an inproved catheter
assenbl y. Since the late 1970's ball oon angi opl asty techni ques
~have becone w dely used for aqpening bl ockages in cononar% arteries.
Briefly, the ehP&rgéapgitest ofh&hgr fEFprys thus opeRilBgelbBy 2xFEINCIIRT a

bal |l oon catheter into naryowed 35 ortion of the artery and inflatin
t he bal | oon togEﬁﬁgﬁﬁ %ﬂoo& gf%w. Ath%rectomy technlquesyzln whlckthe 9

di aneter of the,arter t hus_opening the artery. faor. reat er .bl ood
flow Ather ec?’%ﬁfkﬁg§ﬁnfiaﬁe§?go?'ﬁgvﬁf cﬂeéuceé Bt 5@1?§de§aé'%e aﬁ r?m?&?nor
reduced in siz a (o] n used to the sane end. 5

VWi | e bal | oon gﬁﬁ?o%ﬁa?b% ﬁgggp?geéd an effective way of opening the

coronary ateries, {i3eSihbon¥ngiopla rPSESahNe rakleives will
narrow again at the Focation Where fﬁﬁngg#ﬁgén was expaﬁgeg, such
narrow ng way of opening the coronary arteries, in a significant
number of cases the arteries will narrow again at the
location where the balloon was expanded, such narrowing
being termed restenosis. Restenosis is believed to be
10 caused by formation of scar tissue at the site of the
angioplasty that results from the injury to the artery
caused by the inflation of the balloon. More recently,
intraluminal radiation has been used after angioplasty or
atherectomy to treat the affected area of the artery to
15 inhibit cell proliferation and wound healing response
and, consequently, help to prevent restenosis. Methods
and apparatus for such intraluminal radiation treatment
are disclosed in U.S. Patent No. 5,899,882, and co-
pending applications Ser. No. 08/936,058, filed September
20 23, 1997, and Ser. No. 09/304,752, filed May 4, 1999, all
of which are incorporated herein by reference. These
applications generally disclose an apparatus comprising
a catheter, which is inserted intraluminally into the
patient and advanced to the site of the area to be
25 treated, and a transfer device for facilitating either
the hydraulic or pneumatic advancement and retrieval of
individual radioactive treating elements or "seeds" along

the catheter to and from the treatment site.
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site of the area to be r eat ran r device for

facilitating eitdi@fn the &{8thydreid i GOr tRBCUBRERELAEY ANKEdRRoRALy,
retrieval of I ndi vi dual radioactive treating elenents or "seeds
al ong the getidideer the agevieem 18e 1heahdBAl ©bleise radioactive
treating elements, theré is a heightened need for safety
to prevent any unintended exposure of either the patient
10 or the user to radioactivity.

Actual use of the apparatus described in the above-
identified patent and co-pending applications has
suggested several areas where the device could be
improved to reduce the possibility of having treatment

15 elements escape from the system, thus enhancing patient
and user safety.

Consequently, it 1is the principal object of the
present invention to provide a transfer device and
catheter assembly that has additional safeguards to

20 protect the patient and user for unintended exposure to
radiation.

More particularly, it is an object of the present
invention to provide a transfer device/catheter assembly

in which the treatment elements cannot be inadvertently

25 released from the transfer device.



| As with any device inserted into the vascul ar system

it nmust have WOPPEI3ENt integrity to insure that No pi e@ET/US99/30000

jl enent.s are separated fromor exit the 4 device into the vascul ar
ystem This is particularly 5 true for the treating elenents which are
toved to and fromthe distal end of the catheter. Additionally,
ecause the device is intended tSUMHMRRYadF OBEE| RVENTIONtreating el ements,
tthere is a heightened need for safety to prevent any uni nt ended
ixposure of either theéhmad adjecdt®, asw weld eseothensadihdatt iwiiltly become
Actual use of the apparatus described in the above- I dentified patent
and co-pendi ng a@ppargntorgpeasreferengggyesttde staklewing edravwiogs tarel
device could be i nproved to reduce the possibility of having |
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tthat has additional, safeguards to .
_ selece}:edg site in a beody of a patient in which the

transfer device comprises an integral pump for
pressurizing and circulafing fluid through a fluid path
defined by the transfer device and associated catheter.
10 A removable fluid cartridge is provided including a

reservoir from which fluid is drawn by the pump and into

L it e

which fluid is returned after being circulated through
the fluid path. The pump may be a peristaltic pump and
the fluid cartridge may include an elongated fluid pick-
15 up having an inlet through which fluid is introduced into
the transfer device. The fluid pick-up 1is sized in
length so that the inlet is always submerged in the fluid
regardless of the orientation of the transfer device. A
removable treatment cartridge having a lumen forming part
20 of the fluid path may also be provided, and a storage
sleeve for the treatment cartridge may be of a radiation-
blocking material, such as quartz. Further, the
treatment cartridge may have a memory for storing and
indicating selected information about the treating

25 element.
In another aspect of the invention, the transfer
device may include a system for preventing operation of

the transfer device unless each of the catheter, fluid




20 pr ot ect i ent and user for unintended exposure to
radi ation . wto%l"’pgg More particularly, it is an object of F?.E’UB?S‘@&?&

i nvention to provide a transfer device/cathBter assenbly in which the
treatment el enments cannot be inadvertently 25 rel eased fromthe transfer
devi ce.
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SUMMARY OF THE IFVERNTIge and treating Qe SBRECEsCALETHEPP BLofRERSHGSE ch
i1l b t f to_the foll.owing .draw d
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patient in which t anster — device conprises an integral punp

f L ircul ati luid t i.d i
or pre55t§é§%€%$ag§eﬁé5fu g&&gge&.u f Qﬁ@qurgngkgg Q%Vﬁce in

defined by the ti ~device and associated catheter. 1 _renoval
fluid cartrsdge psoR{MAFad WierddeBBhdor the JdRIRFLEY [ fROM VRreRillge, d is

drawn by the purnp and into which fluid is returned after being
circulated througld source cartridge is received by the transfer device.
Each illumination source is located with respect to its
optical sensor so that the optical sensor is able to
receive light from its illumination source only if the
10 catheter, fluid cartridge or source cartridge is not
received by the transfer device. The optical sensor is
blocked from receiving light from the illumination source
when the catheter, fluid cartridge or source cartridge
are received by the transfer device. A microprocessor
15 that controls movement of the treating element from the
transfer device to the catheter prevents operation of the
transfer device upon receiving a signal from any of the
optical sensors indicating that at least one of the
; catheter, fluid cartridge, and source cartridge is not
% 20 attached to the transfer device.

In a still further aspect of the invention, a
catheter 1is provided for use in the intraluminal
treatment system which has four lumens extending
substantially along the length of the catheter, one lumen

25 being sized to slidingly receive a treating element and

being in fluid communication with two lumens at the
distal end thereof for the return of fluid. The fourth

lumen is open at the distal end to receive a guidewire.



the fluid path. The punp may be a peristaltic punp and the fluid
cartri dge mayW?MA7He an elongated fluid pick- 15 up havi RCHHSINFOY

t hrough which fluid is introduced into ¢ the transfer device. The
fluid pick-up is sized in | ength so that the inlet is always
subnerged in the fluid regardl ess of the orientation of the transfer
device. A Tboeooabheteramydhavecar distgd erdiwighn al gresst-semtigengdr t
20 of the fluid path may al so be rOV|ded and a storage sl eeve for
the treatment captffRrd§dagaprb&han 5 paBraXiBAl end °be88kPﬁ§he#§Fert@e

such as quartz. Further, the freatnent, cartridge na%ﬁﬂave
menory for stori ﬁ§°§ﬁdseCtl°n?ﬁdFE%?‘F R kg élﬂrbd:%rrﬁ%ﬁ%ﬁsa permat

treating 25 elen% I n anot her aspect of the invention, the
t ransf er dBSFEYSHRP i ncl ude a system for preventing operation of

(e transtery device vl o3 5RE0eE! LBERELECHRE, abb¥hhon,  Sbpetranster,

the transfer devh%@lcgnlﬁcﬂﬁﬁggrEegaggbﬁgbgﬁfé’béEﬁQen first and second
positions for selectively permitting or preventing the
treating element from moving from the treating element
cartridge to the catheter, with an actuator controlling

10 the gate that also permits release of the catheter and
the treating element cartridge from the transfer device
only when the gate is in position to prevent the treating
element from moving from the treating element cartridge
to the catheter.

15 In a further aspect of the invention, the transfer
device includes a system for detecting the presence or
absence of the treating element in the storage sleeve
including a 1light source disposed on one side of the
storage sleeve and a 1linear array of photosensors

20 disposed on a second side of the storage sleeve. A
microprocessor is provided for comparing the amount of
light measured by the photosensors to a reference amount
corresponding to the amount of light measured by the
photosensors when the treating element is not within the

25 lumen of the storage sleeve.

DRAWINGS

Fig. 1 1is a perspective view of an automated



a system’'mawcdwsiizse an illum nation source and an opy, | sensor
| ocated in the transfer device in 5 proximty to where eééﬁﬁ§PﬂPWQ '
catheter, fluid cartridge, and sourceé cartridge is received by the

transfer device. Each illum nation source is |ocated with respect to
sor.so. that the optical sensqr is ab

its optical_se le to .

recei ve |ight f?lc}?r??f%riqer‘(ﬁﬁ%dﬂ BRceBipEE R Th i¥he pre it 1oyendion -
fluid cartridge or s ce,cargrid .S .not receiyved t he transfer
devi ce. The opti cal ggﬁéo? %§£ 2 ggdﬁl&@fﬁﬁ ??oﬁ?*%d%ﬁs?%@€¥?gﬁFaPF%%Fihe
I 1lum nation so %%gg the catheter, fluid cartridge or source
cartridge &éfgc?e%gige ? ?he transfer device. A mcroprocessor 15

that controls novemepigofst g &r &t Qiieélﬁrﬁﬁ]f'&&)é“ id€onmate E&gﬂﬁ%‘é&
device to the catheter prevents operation of the transter device upon
recei ving 8 sioaéVvicé oot apygefete optical sensors indicating that at
| east one of the catheter, fluid cartridge, and source cartridge is
not 20 attached tpPighe tisaasf expledédeview of the autBmateld krahdfrbher
aspect of the invention, a catheter is provided for use in the

i ntral um nal device eaff rREfursy It dmcliudimghas flladd barens dgst eadsbdrce

cartridge, and a gate actuator assembly.
Fig. 4A is an exploded view of the fluid cartridge

10 of Fig. 4.

Fig. 4B is an exploded view of the source cartridge
of Fig. 4.

Fig. 4C is an enlarged view of the gate actuator
assembly of Fig. 4.

15 Fig. 5 is a perspective view of the automated
transfer device of Figure 1 with the upper half of the
housing removed, with selected internal components shown
in exploded view.

Figs. 6A and 6B are perspective views of selected

20 internal components of the automated transfer device of
Figure 4.

Fig. 7 is a schematic diagram showing the fluid flow
path within the automated transfer device of Figure 4.
Fig. 8 is a perspective view of an alternative

25 source cartridge to that shown in Figure 4B.

Fig. 9 is a further perspective view of selected
internal components of the automated transfer device of

Figure 4.



$ubstantially along the length of the catheter, one lunmen 25 bei ng si zed
fo indinegxygeg? ¢’ a treating el enent and bei ng i n f| BEHUSS9/30000
fonmunircation with two lunens at the @ stal end thereof for the

eturn of fluid. The fourth | umen is open at the distal end to

eceive a guidewre. 6 The
tat heter may have a dikigl 60d st m a sthesstdect dpagram of thea systidrer
han the proxi mal end of the catheter, the cross-sectional shape
bei ng non-ci rcul @lexrranias Famithe automagedf fgjamsfer Revice of [Figure
further aspect of the invention, the transfer device includes a gate
rovabl e between first and second positions for selectively

perm tting or preventing the treating el enent fron1anLng fromthe
reating el enent FI1gsyr t t2dgé t¥F S h&T r, TRPTRSGAtatLQRForot a

controlling _10 the gate that .also permts rel ease of,.the catheter ,and
the treating el et r??i Hlagm § e??%n§$8F d%@?cglsﬁiaye nﬁy ﬂﬁ&h

e et 12 L1 POUSUBILAL LR WIS o8 Bgure 2. o erent from moving
| Fig. 23A is a cross-sectional view of the proximal
end of a delivery catheter in accordance with the present
invention.
10 Fig. 23B is a cross-sectional view of the distal end
of the catheter of Figure 23A.
Fig. 24 1is a cross-section view of a delivery
catheter of the present invention.
Figs. 25 A-PP are graphical representations of an

15 alternative series of display screens that are displayed

by the automated transfer device of Fig. 1.

DETAILED DESCRIPTION

The present invention comprises an automated

20 catheter based radiation delivery system and its method
of use for treatment of a desired area within the body of

a patient. The system includes a delivery catheter,
treatment elements, and a transfer device that
electromechanically delivers the source train through the

25 catheter to the selected location within a patient’s
body. The transfer device prompts the user to proceed
appropriately through the procedure by displaying

graphics and text via a LCD (Liquid Crystal Display) with




to the cathqu%ggv%g In a further aspect of the invenkggﬁggbgﬁm)

transfer e includes a systemfor detecting the pr
absence of the treating elenent in the stoPage sl eeve i ncluding a
| i ght source di sposed on one side of the storage sleeve and a linear

array of photosensors, 20 di sposed on g second side of the.storage

sl eeve. A a ﬁﬁ?ﬁ%ﬁwBﬁe§§§FVP§“ﬁ£o$¥i§§%&Npqgﬁﬁﬁﬁiﬁamgﬁglﬁﬁngﬁﬁqﬁ
| i ght measured by the.phot.Qsensors to referenc mount . vy
correspondi ng t8¥Fﬁg%é unt 5 |?2ﬁﬁr%§%sﬁ$§awﬁy%9%eéﬂ11nt%h8%8%eﬁ§ﬁ2
when t he treatiggtgkggggg Is not within the 25 | umen of the storage

sl eeve. . DRAW NGS Fig. 1is a
perspective view of af.24L00R, e trﬁ?sfer device can be seen in Figures /
transfer device in accordance wth the present 1nvention. Fi g.

2 1s a sidg view-g8f therRYl OFREEF; &F ATBK Elthe trandPErCe ¥vildeun® 1is
ergonomically designed to be easily held with either or
both hands, making it equally adaptable for right and
left-handed clinicians. As can be seen in Figures 1 and
2, curved handgrips 12 with finger rests 14 and thumb

10 rests 16 are located on both the left and right sides of
the transfer device 10. Alternatively, the device 10 can
rest in the palm of the user's hand or on a flat surface.
The controls are easily reachable with the thumbs when
both hands are supporting the device.

15 An upper housing portion 18 and a lower housing
portion 20 fit together to create the shell that holds
the internal components. Openings in the upper housing
portion 18 allow a user to access a display 22, control
buttons 24, 26, 28, 30, indicator LEDs (Light-emitting

20 Diodes) 32, 34, 36, and a latch member 38. The upper
portion 18 also includes a window 40 for viewing a
sleeve 42, which houses a source train 43 (comprising
treatment elements and marker seeds), and a pin gate 44.
The sleeve 42 is preferably made of a radiation-blocking

25 material, such as quartz, synthetic fused silica,
polycarbonate plastic, etc.

The lower housing portion 20 has a central opening

for mountiné the power supply for the device, most likely



Fig. 3 is a bottomview of the automated transfer 5 device of Figure 1.

Fig. 4 is an@pPtd2d view of the automated transfer FETS89/34000
Figure-1 including a fluid cartridge, a sournce cartridge, and a gate
actuat or assenbly. Fig. 4Ais an exploded view of the fluid
cartridge 10 of Fi%. 4. Fig. 4B is an expl oded view of the
source cartridged rep acgpbrggor4rechargeable bﬁtgerZCH@§hn$%ﬂna%gbﬂr@|ew
of the gate actuator assenbly of Fig :

per specti ve V|emF6Ye¥hé5auF6n§P€Hn in Fl%ﬂ%ﬁuﬁwﬂlﬁkﬁﬁ?ﬂf%ﬁyFP@%%Elﬁnﬁ?th

t he upper half of the u5|n% renoved, w.th elected I nt er nal
conmponent s shown®Ver thelﬁ°¥f§l5&8& Yirewompletely clgging %ﬁfaﬂae%ﬁp%re

ransror dovi co pe BAUEqiyipgty b "nay “halg BT nEeGrakad op 87k 8gr am
show ng the flu'ﬂo&$9€$ w1§P é%% rnalt%gggac%sagkgqa%ggnéﬁ néi&é?QfX&ffyOf

Fi gure 4. a pers Ve view o tern
with those on the transfer device 10 to ensure its ease

of replacement or recharging. This battery pack would
reside along the exterior of the transfer device 10 and
be instantly accessible by the user.

10 The upper and lower housing portions 18, 20 together
also create an opening for the insertion of a fluid
cartridge assembly 50. The fluid cartridge 50 contains
saline, sterile or distilled water, or some other fluid
source for the hydraulic delivery of the source train 43.

15 The fluid cartridge assembly 50 includes a
cylindrical fluid reservoir 52, an end cap 54 that
channels the fluid in and out of the fluid reservoir 52,
and a handle 56 for insertion and removal of the fluid
reservoir 52 with respect to the transfer device 10, best

20 seen in Figures 4A and 5. The end cap 54 acts as a fluid
manifold and comprises a fluid pick-up in the form of an
elongated appendage 58 having a fluid channel or inlet
through which fluid is introduced into the transfer
device. The end cap 54 may be an integral part of the

25 transfer device and adapted to mate with the fluid
reservoir 52 upon its insertion into the transfer device.
The distal center portion of the fluid reservoir 52 has

a recessed opening 60 for the receipt of the fluid pick-



25 source \walhbktdge to that shown in Figure 4B. PoTaIS9S 30080 2 .

further perspective view of selected I nternal conponents of the
aut omat ed transfer device of Figure a1
8 Fig. 10 is a schematic diagram of the system

el ectronics for the aut ted transfer device Ei r : L.OS.
11-22 are graphi'®P&ep Q@ﬁ’teé‘%i gﬁs B¢ @penyng Ogsoerllsgs% g%u&fisgfa)ac?rgc}rlggﬁg
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Fig. 23Ais a cr I'onal” vi'ew o proxi na a delivery
catheter in accofdagge %ﬁ&%uﬁQ%Fagﬁgﬁgpgh the | A¥EREFER. deVldce and ktg.

23B is a cross-sectional Vview o tal end of the catheter of
Fi gure 23A associated c&éhdted Cross-section view of a delivery
catheter of the present 1nvention. Figs. 25 A-PP are graphical

representatsons of anphe dimensions of the reservoir 52 and the volume of
the fluid are such that the fluid level never falls below
the recess 60 when handling the transfer device 10. The
angle at which one holds the transfer device 10 may shift
some fluid from one side of the recess 60 to the other,

10 but the free end of the appendage 58 will always be
submerged in fluid. Thus, only fluid can enter the
fluid channels of the appendage 58. This is important
because of the need to reduce the 1likelihood of air
bubbles getting into the fluid path.

15 The fluid reservoir 52 is removable for cleaning and
for replacing the used fluid with fresh fluid. Tt simply
unscrews from the fixed end cap 54. Alternatively, the
fluid cartridge 50 may be disposable. At the end of each
treatment, the used fluid cartridge 50 can be discarded

20 and replaced with a new pre-filled cartridge.

As shown in the fluid flow diagram of Figure 7, the
fluid flow path begins within the fluid reservoir 52 and
continues throughout the delivery systen. The fluid
cartridge exit port 64 (Figure 4A) 1is in fluid

25 communication with a peristaltic pump 66, which draws the
fluid in and forces it through fluid channels to
effectively deliver, maintain, and retrieve the treatment

elements. The peristaltic pump 66 can be programmed to



alter ries of display screens that are displ ayed . by the
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automat ed t device of Fig. 1. PCTYS993008D -
DESCR! PTI ON The present inventin@n conprises an autonated 20

cat heter based radiation delivery systemand its net hod of use for
treatment of a desired area wthin the body of a patient. The system
incl udes a del iR@XA%Qt Hat eR, single t dézessien efe¥ehath §RBAIAY t2BRSf er
device that - el ectromechanically delivers the source train through

the 25 cat hA¥Frieving 08 deratnerdateamestthi (Pa AR .%tpgogramme%ody

The transfer device t he .user .to prqceed appr.o ately t hr ough
the procedure b§° dlégfﬂﬁggﬁg diregtionscs Batessk: the sLe%é 'b"p
Crystal Display, a
series of indi v’i)%*ehvdil%%lrﬁ?/dep%‘orrpt s conmbining with oper ative input

control s akl ows for Vﬁ{hﬁ rgulﬁiptiin\éef'iﬁieuﬁ in a siinragtl%r tﬁ%@ction, the system

relies on a fluid control valve, preferably a solenoid
valve 68, working with the microprocessor to properly
direct the fluid flow. Alternatively, a manual valve
could be used to control the fluid flow. The fluid
10 control valve 68 is in fluid communication with all fluid
channels in both the source cartridge 70 and the attached
delivery catheter 140 or 142. In the send mode, the
fluid control valve 68 automatically directs the fluid
flow through the source cartridge 70, into the catheter
15 through the source delivery lumen, and out of the
catheter through the fluid return channel. In the return
mode, the fluid control valve 68 automatically reverses

the direction of flow.
In use, greater force is required to send and
20 retrieve the treatment elements to and from the catheter
than to maintain them at a desired location in the
catheter for treatment. Therefore, to conserve energy,
the pump 66 operates at a decreased speed when
maintaining the position of the treatment elements. When
25 the treatment is complete, the pump 66 resumes full speed
to force the treatment elements back into the source
cartridge 70 within the transfer device 10. The pump 66

is idle when no treatment elements are being sent,



The assenbl @& duapsf er device can be seen I n Figures 1T$§/”?é’éﬁ°6‘]’?ed ‘o

exterior of the transfer device 10 is ergononlca
be easily held with either or both Rands, meking it equally adaptable
for right and | eft - handed clinicians. As can be seen in Figures 1 and

2, curved handgp th fin r.res s 14 and thunb 10 rests 16 are
| ocated on both %iﬁk%fﬁ%ﬁ ndt r¥ s of t he traPsfﬁr deV|ce ﬁo 4
Al ternatively, the [ 1 est n t he aln1o t user, s han
or on a flat surfacgﬁx thie %ggc&%: egg P? Feé@ﬁﬁﬁq? i% 1 ha

wh a r VI n_upper
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housi ng portion 18 and | ower housi ng porti

create the shelgnd F@éuﬂf@é @artrldqé hﬁb | NG ﬂ?éefgxﬁ%g%‘ga ggfl ”‘e

upper housi ng portion 18 allow a user to a control
buttons 245 26,t128, alfomateE C2hakal FRhagldn@hie eé@éééﬂgtoZQetHémfs?.héz

34, 36, and a | atch nenber 38. The upper portion 18 also includes a
wi ndow 40 for wWlemertsh  For Séeamsled,2, awnidt h@uﬁﬁécaoﬁo et tERbn 3
(conpri sing treatnment el enments and marker seeds), a pin gate 44.

The sl eeve 42 iacqusdidlabltp trhéeusérma;adbieatiinoﬁ1htiachd>mun25atwﬁt@it1@|
such as quartz, synthetic fused silica,
the fluid flow path, and a fluid filled syringe can be
attached to the connector and used as a source of
10 pressurized fluid to force the return of all treatment
elements to the source cartridge 70.

In keeping with a further aspect of the invention,
the transfer device 10 comprises an interchangeable
source cartridge assembly 70 (best seen in Figure 4). 1In

15 order to be capable of delivering variable source train
lengths, the source cartridge assembly 70 houses the
quartz sleeve 42 which in turn houses the source train 43
and the pin gate 44. Interchangeable cartridges 70 of
variable source train lengths allow the user to select a

20 cartridge having a source train 43 of the appropriate
length to treat the patient. Each cartridge 70 has the
capability to store the maximum length source train 43,
which may be up to 60 mm for coronary vessels and up to
150 mm for peripheral vessels. A source train 43 that is

25 shorter than the maximum length is accompanied by a
retainer (not shown) that maintains the source train 43
immediately adjacent to the pin gate 44 in the distal end

of the quartz lumen 72. When inserted into the transfer
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permits the user to view the transparent quartz sleeve
42. A clear window piece 40 fits within the opening 74
for visual detection of the treatment elements and the
pin gate 44, which are housed by the quartz sleeve 42.
10 For magnification of the treatment elements and marker
seeds, a magnifying lens could replace the entire window
40. The distal end of the window 40 or magnifying lens
may be coupled to a circular lens 76 that further
magnifies at least the pin gate 44 and the distal marker
15 seed area of the source train 43.
The source cartridge 70 houses the source train 43
in a central lumen 72 that runs along the entire length
of the quartz sleeve 42. A pin gate 44, similar to that
disclosed within Figures 39A and 39B of U.S. Application
20 Serial No. 08/936,058, incorporated by reference above,
lies within a channel that is perpendicular to the
central lumen 72 and that connects the central lumen 72
to the exterior of the quartz sleeve 42. The pin gate 44
is maneuvered between a closed position, where it
25 intersects the quartz lumen 72 to prevent the source
train 43 from exiting the gquartz 42, and an open
position, where it retracts to allow the delivery of the

source train 43 into the catheter. Within an opening in
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Figures 6A and 6B, the cylindrical bar 82 has two
centrally located circuiar recessed areas B4, each on
opposing sides. The free end of the spring fits within

10 one recess 84 and the head of the pin gate 44 fits within
the other recess 84. The seal resides within the quart:z
channel and closes around the pin gate 44 to create a
fluid tight seal as the pin gate 44 is maneuvered back
and forth between closed and open positions.

15 The source cartridge assembly 70 also includes a
large knob-like handle 86 for facilitating easy insertion
into and removal from the transfer device 10 (best seen
in Figures 4-6B). The handle 86 may include an
'indiéation of the source train length and/or may be color

20 coded to differentiate it from other cartridges 70 that
contain different length source trains. The interior of
the handle 86 is hollow and houses a spring loaded button
88 with a pin (not shown). The cylindrical portion 90 of
the button 88 extends through an opening 92 in the top of

25 the handle 86 and the pin extends through an opening 94
in the side of the handle 86. As the cartridge 70 is
inserted into the transfer device 10, the pin (and thus,

the button) is forced downward by a negatively sloped
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| fully extends. The cartfidge 70 can only be removed from
the transfer device 10 by depressing the button 88,

10 thereby lowering the pin below the notch. Otherwise,
movement of the pin is restricted by the wall of the
notch.

The source cartridge may also include non-volatile
memory that stores specific information regarding the

15 'source train 43, such as the its length, its radiation
activity, and the number of times it has been used for
radiation treatment. The stored data is a compilation of
alpha-numeric characters. With reference to Figure 8,

? this "smart" cartridge 71 communicates with the transfer

20 device 10 through electronic connectors 98, one within
each of the cartridge 71 and the transfer device 10.
When the source cartridge 71 is inserted into the
transfer device 10, the two electrical connectors come
into contact, and the transfer device 10 reads the data

25 stored in the memory and displays it to the user. Based
on the information displayed, the user can determine if

the desired cartridge 71 has been inserted. The transfer

device 10 may also perform a check on the data to make
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control valve 68 isTha EEQth%9WEHBhE%EkO&stan@cEeﬁ|%bdthe trapdaiel s in
both the source cartridge 70 and the attached delivery catheter 140

or 142. Isn thaev¢ad nDoethird@gh a phbptile€aby’ Wontdot®B8sautimatteal |y
directs the fluid fl ow through the source cartridge 70, into the
catheter 15 alibhgughel hmtIteie sdgiriosdmal wkl, TABdopuhifAl tRAe the
transfer device 10 for the insertion of the connector 99
is lined with a fluid seal 100 that includes a fluid port
102 in fluid communication with the solenoid valve 68.
10 With reference to Figures 5 and 6A, as the connector 99
is inserted into the transfer device 10, it passes
through the fluid seal 100, through the connector latch
38, and finally mates with the solid cone member 104
(best seen in Figure 9) on the distal end of the source
15 cartridge 70. The spring loaded latch 38 must be pressed
down for the receipt of the connector 99. Otherwise, the
correct sized opening is not aligned with the connector
99. After the connector 99 is inserted, the latch 38 can
be released. It springs upward, engaging the undercut
20 portion of the connector 99. The latch 38 must be held
down to release the connector 938 from the transfer device
10.
Prior to disconnecting the catheter or source
cartridge 70, the user must be assured that all treating
25 elements are positioned within the quartz housing 42 and
behind the closed pin gate 44. Accordingly, in addition

to the visual detection of the source train 43, an

electronic detection system is included within the
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iel ements to and fromthe catheter than to maintain themat a desired
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cartridge 70. The light from the 1light source 106

travels through a jackéted fiber optic bundle 110 to
produce a linear beam or plane of light. The linear beam
10 of light shines through a longitudinal slot 112 along the
side of the cartridge 70 and illuminates the pin gate 44
and a portion of the quartz lumen 72. The source
cartridge 70 has slots 112 adjacent to both the
illuminator 106 and the CCD array 108 to allow the light
15 to pass therethrough (See Figures 4, 6B, 8).
The linear CCD array 108 comprises a row of
photosensors that measure light directed toward them. If
the entire source train 43 is within the housing 18, 20,
then the light cast upon the photosensors will be less
20 than when one or more elements is missing. Thus, the
electronic system can determine whether or not all
treating elements and marker seeds are present by reading
the output voltage, which is directly proportional to the
amount of light detected by the CCD array 108.
25 Because of the capability to use variable source
train lengths, the optical sensing system detects the
presence of only a distal portion of any source train 43.

Preferably, at least the distal most five elements of any
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Three indicator LED's 32, 34, 36 (Figure 1) are

visible to user along the face of the transfer device 10.

10 When the electronic detection system senses that the
source train 43 is present and the gate 44 is closed, an
assigned LED 32 (preferably a green LED) lights up to
signal this to the user. When the electronic detection
system senses that the source train 43 is missing and/or

15 the gate 44 is open, the green LED 32 turns off and an
assigned LED 34 (preferably an amber one) lights up to
warn the user. Either the green or amber LED will be
lit; it will never be both. The third LED 36 (preferably
red), when 1lit, indicates a low battery. The low battery

20 LED 36 can be lit up simultaneously with either of the
other two indicator LEDs 32, 34.

In addition to the electronic detection system for
sensing the presence of the source train, other sensors
may be included within the transfer device 10 to detect

25 the presence of the fluid cartridge 50, source cartridge
70, and proprietary connector 99. Such sensors may be
any of a number of well-known types, such as mechanical,

electromechanical (e.g., a leaf spring with a
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displacement and position sensors, proximity sensors,
occupancy motion detectors, pressure sensors, and force
or strain sensors.

In the illustrated embodiment, for each of the three
connections, an optical sensor can be coupled with an
illumination source, such as an infrared LED. The
illumination sources would be positioned such that each
of the fluid cartridge 50, source cartridge 70, and

proprietary connector 99 break the light beam of its

-illumination source when fully inserted into the transfer

device 10. The sensor detects the change in the amount
of projected light and communicates this with the
electronic controls of the system. If one or more of the
fluid cartridge 50, source cartridge 70, and delivery
catheter are not properly inserted within the transfer
device 10, the graphic user interface displays the
missing connection(s) and will not allow the user to
proceed further until corrected.

The gate actuator assembly 114, best seen in Figures
4C and 6, controls the opening and closing of the pin
gate 44. It comprises a drive motor 116, a worm gear
118, an attachment or mounting member 120 secured to the

worm gear 118 that moves linearly upon rotation of the
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is movably coupled to the slot 124.

In operation, when the user activates the send mode,

the motor 116 rotates the worm gear and the attachment

10 120 moves linearly towards the proximal end of the source
cartridge 70. Thus, the mounting member 120 forces the
U-shaped plate 122 in a forward position, perpendicular
to that of the worm gear 118. The U-shaped plate 122
straddles the pin gate 44 as it intersects the top of the

15 cylindrical bar 82, forcing the pin 80 down into an open
gate position.

The gate actuator assembly 114 simultaneously
provides additional protection against removing the
catheter and/or the source cartridge 70 while the gate 44

20 is open. The rod 130 moves under the pin extending from
the side of the source cartridge handle 86 so that the
spring loaded button 88 cannot be pressed downward to
disengage the cartridge 70 from the transfer device 10.
The raised portion 128 at the distal end of the mounting

25 member 120 moves directly under the shoulder 39 of the
latch 38 so that the latch 38 cannot be pressed downward
to disengage the proprietary connector 99.

A block diagram of the system electronics is shown
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and 5) and commands the-interface board 134 based on user

inputs 138, which are entered through user interface

10 buttons 24, 26, 28, and 30. The display screens can be

designed many different ways depending on how much

information the user desires to receive and the level of
input to be given by the user.

Figures 11-22 show an example of a series of display

15 screens that are useful in assisting the user to perform

a radiation treatment procedure. In this example and as

shown in Figures 1 and 5, the transfer device 10 has

three specific function buttons 26, 28, 30 and at least

two generic function buttons 24. The specific function

20 buttons are the "POWER" button 26, the "ABORT" button 28,

and the "HOME" button 30. However, these buttons 26, 28,

and 30 are provided to bypass software interrupters and

could be programmed for different functions as needed.

The generic function buttons 24 correspond to display

25 prompts and are backlit when associated with an input of

an individual screen. If an individual display screen

does not have an input associated with a generic button

24, then that button will be disabled. An LED is placed
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stored data is a.qQERF-3Lk9Relkent or LED backlighting illuminates, and

all LEDs flash on and off for a period of time to

indicate that the systém is operative. The green LED 32

remains lighted if the source sensing system determines

10 that the pin gate 44 is closed and the treatment elements

are stored within the quartz housing 42. Otherwise, the

ampber LED 34 is lighted to indicate missing treatment

elements or an open pin gate 44.

The first display screen (Figure 11) identifies the

15 manufacturer of the device for a short amount of time,

and then the system automatically flashes the second

screen, which prompts the user to choose between two or

more source trains. Upon the user choosing one, the

system then moves on to a new screen (Figure 12 or Figure

20 13 depending on choice of 50mm or 20mm cartridge) that
asks for conformation of the user's choice.

The user can stop the procedure at any time by
pressing the "ABORT" button 28 on the face of the
transfer device 10. To continue, the "yes" button 24 is

25 pressed and the priming screen (Figure 14) prompts the
user to decide if the device 10 shall be primed with
fluid prior to the delivery of the treatment elements.

If "no" is chosen, the system immediately goes to the
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el ectronic connectors 98, one within £pach of the cartridge 71 and the
transfer device 10. When the source cartridge 71 is inserted into the
transfer device 10, the two electrical connectors cone into contact,
and the transferradivatitotOdosads tdvresat af Fizfre st edwhich hprospbsythed
displays it to the user. Based on the information displayed, the
user can deterniweerf to chadwe desidedecaf riedddhrerl Bis BG¥erPr¥ nddrt 6. The
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in the trangfgr.gegigg 10 for the insertion of the connector 99
cartridg .

The next screen (Figure 16) displays the treatment
time based on the préscribed. dosage and information
stored in the smart cartridge and prompts the user to

10 begin the treatment. When the send mode is initiated,
the pump 66, solenoid 68, and gate actuator assembly 114
work together to send the treatment elements to the
distal end of the catheter. The amber LED 34 lights up
in place of the green LED 32 when the pin gate 44 opens

15 and the source train 43 exits the quartz sleeve 42. At
this point, a new screen (Figure 17) appears stating that
it is waiting for the treatment elements to get to the
end of the catheter.

Once the treatment elements are in place, the speed

20 of the pump is reduced by 50% for maintaining the
treatment elements at the desired 1location and the
following display screen (Figure 18) begins to countdown
the treatment time. As the treatment time approaches
zero, the pump 66 resumes full speed for returning the

25 treatment elements. As soon as the treatment time is
over, the solenoid valve 68 reverses the direction of the
fluid flow, and the treatment elements are forced back

into the quartz sleeve 42.
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Figures 5 and 6A, as the connector 99 2ps inserted into the transfer
device 10, it passes through the fluid seal 100, through the
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44 is closed. The next to the last screen (Figure 21)
displays the final treatment time (the initial set time

10 minus the return time), and the last screen (Figure 22)
prompts the user to turn off the system power.

If for any reason the user wanted to abort the
treatment once in progress, it can be done by pressing
the "ABORT" button 28. This will freeze the timer and

15 activate the screen shown in Figure 19. The user is
i given the option to immediately return the treatment
elements to the transfer device 10 or to continue sending
the treatment elements for treatment. If the returning
the source train 43 to the transfer device 10 is the
20 choice, screens depicted in Figures 20-22 follow as
described previously. If the choice is to resume sending

the source train 43 for treatment, then screens depicted

in Figures 18, 19, 20, 21, and 22 follow as described
previously.
25 Also, at any time following the release of the

source train 43 into the delivery catheter, the user has

the option to automatically return the source train 43 to

the transfer device 10 by depressing the "HOME" button

PN,

a



18 transfer device 10. Turning to Figure 9, the electronic
detection sY¥P&MRUBTIi zes the conbination of a light LETAIS29/3¢980

(which may be either visible, such as a |asgg, or infrared |ight)
and a linear CCD (Charged Coupl ed 5 Device) array 108. The |ight
source 106 and the |inear CCD array 108 are positioned on opposite
sides of the 30. camt raditicizthal skheids gbf displayiestrganssayec Ehros
travel s through a jacketed fiber optic bundle 110 to . produce a

| i near beam or pkeddestinMedit inTEégnrreaP heBfr Mlich Gonsgigts Qf ferty-

t hrough a longitudinal slot 112 al ong the, side of the cartridge 70
and illumnates twWe pindiydduadq screens Jadd, oG s£GHEBEBAdYquartz | unen

72. The source cartridge 70 has, slots 112 adjacent fo.both _the
i | I'uminator 106 and t A&SCEZHSHHF BB I alf PR h el?@ﬂPecggd %Poaﬁgéff
herethrougly (Sog 2 9L hgkse 25 Bhe o, atasiopdd ik, SERLAH Shrtf®
them If U RS paNatS v pEEVE LR Iy hd St ldbdl hRgLDRUSY B rifertdd.
Additionally, catheters 140, 142, having the cross-
sections illustrated ih Figures 23-24, may be used to
deliver the treatment elements to a selected site within
10 a patient. Catheters 140 and 142 may be constructed of
any material, or a combination of materials, such as
nylon, PEBAX, polyethylene, and polyurethane. A proximal
segment 144 (Figure 23A) and a distal segment 146 (Figure
'23B), each of different durometer and stiffness
15 “characteristics, are co-extruded and fused together, or
variably extruded, to create an elongated catheter 140
having four lumens: a source train delivery lumen 148,
two fluid return lumens 150, and a guidewire lumen 152.
All four lumens extend along the entire length of the
20 catheter 140, and the source train lumen 148 communicates
at its distal end with both fluid return lumens 150.

As seen in Figure 23B, the distal segment 146 of the
catheter 140 has a non-circular cross-sectional shape,
with a reduced profile along its 1length to provide

25 pathways 154 for the perfusion of blood. As a result of
the reduced profile, the distal segment 146 of the

catheter 140 has increased softness and flexibility,

which allows for easier and farther advancement of the



t hen the I| (®g§h7upon t he photosensors will be less 20 than when one
or nmore el enent mssing. Thus, the el ectroni ¢ systehPeymoooo -
determ ne whether or not all treating g enents and marker seeds are
present by reading t he out put voltage, which is directly proporti onal
to the amount of light detected by the CCD array 108.

Because of the cabdfalt Fagmante vespaglalipgurideco the (Rare I%‘rﬁﬁ% apde
optical sensing systemdetects the presence of opnly a_di.s tion
of any source trarPragous reglPPEfEﬂ&BP? QQ?IQEEQ“t?%9ﬂ1stégdﬁ% g&@

el ements of any

will be detected ?QF 8?5&%ﬁ<m§ﬂ%?ﬁ}fo?e§ment 146redﬂw%?%¥%%d gﬁ%ﬁﬁEeSf
time. If the |a5t3£é¥fh§iff€pt§ver a %uigééigé Qﬁék8§§§€39 gﬂdaiggﬁm?ﬁic

treating el enent source traln are presen

user can 55 regagonably 1 AsEHTRg aixﬂﬁnéf”ﬁhﬂh&g aDUERE cEEﬁéEer
el ements proximal to the range detecteJ:are pr esent
travels through the patient to the lesion site. The
proximal segment 144 of the catheter 140 is circular,
unlike the distal segment 146, and utilizes its increased
mass and stiffness to advance the catheter 140 through
10 the tortuous vasculature.
The catheter 142 (Figure 24) 1is of a single
extrusion and has the same cross-sectional profile along

its entire length. This catheter 142 also has a source

train lumen 156, two fluid return lumens 158, and a
15 guidewire lumen 160. The guidewire lumen 160 may have a
protective liner 162 of, e.g., polyimide, and may be
contad with Teflon (polytetraflourethylene) or other

teee wanmivmiatinn ar  the

lubricious matclada ooi
catheter 142 over a guidewire.

20 The treatment elements and marker seeds of source
train 43 (see Figure 4) may also be any of those
described in the patent and applications previously
incorporated herein by reference. A source train 43
consists of a series of treatment elements and two marker

25 seeds, one at each end of the source train 43.
Preferably, the treatment elements are radioactive
cylinders. The marker seeds are used to properly

position the treatment elements at the treatment site and



- Three indicator LED s 32, 34, 36 (Figure 1) are visible to user al ong

the face of*?P¥W M3 ansfer device 10. 10 Wien the el ect r onPETASPEINNNG -

. system senses that the source traimrs43 is present and the gate 44 is
cl osed, an assigned LED 32 (preferably a green LED) lights up to
signal this to the user. Wen the electronic detection . System senses
that the sourcéX® ANeleraklnigdidgragaldrplated, SHingmoeldyissvapehlet he
green LED 32 turns off_ and an .assigned LED 34 (.preferably _an anber
one) |ights up 4efer Tlugraseome yhdch 1 ysRe Yhaogider Gpeaﬁ%gi‘a’EEB“wi |
be lit; it wll never be both. The third LED 36 (preferably

i.
3

AT

TRTTIL SSRWIT W T e AT L a

e e

red), when | it,tx?‘?ﬁﬁl%%t es a low battery. The | ow battery 20 LED 36 can
be lit i mul t i it f.th . t t. i pdi LEDs
32, 34,0 S NSRS W Sartefrninat o Sedibah, BaREhEh

: h .
o i o b AR ol PRSI CECAAA R SESRIE o onfBeBer |\

i ncl uded within e transfer device e pre

fluid cartridgaml, i 3sh€EoRarl t 4hdde the s EQema?x%sor&gﬂ el S Yr LR e OF

99. Such sensors nay be any of a nur¥ber of well-known types, such as

mechani cal , term®d e6f r 2MpERRBIrEal ePolimend, kdeke S iNW iNtdht t&8
limit the invention to the same. Instead, the invention

is defined by the following claims.



pos| (i on) r%f (?ir.ﬂg ssor neasuring its novenent or detecti ng S99/30000

I'cal (e.g., atrip swtch or limt svmt

(e.g., areed switch with a pernanent 29mgnet), eIectronagnetlc (e

Hal | effect sens
sensors include
sensors, o]
or strain sensor
the three 10
illum nation sou
sources woul d be
sour ce cartrldge
beam of its

devi ce 10. The S
| i ght and conmun
system If @ne o

10

15

20

25

ors), or 5 optical sensors. O her types of
di spl.acenent and position sensors, proximty
detectors pressure sensors, and force

|| d.e
ionned‘uon&n ah B’ﬁ??% S tﬁrggtfgcan gl(acgfdﬁl} ed % t%?ﬂc%&t

rg‘o?’tﬁﬁﬁé‘& sut%h%att%Ec Qeg)%hEEQEIeCIPQ ﬁétﬁ tl d car@flt%geh
p;Qlle%Q:db at 184 QP @E&aﬁ:@.ﬁ@eﬁﬁeﬁleﬂg Ragakcti ot dlgn

Iun1n tron source when

etic
g.,

50,

Iy 1nserted into the transfer

gnimneﬁe%ﬁchﬁet%ﬁ%ﬁé@%éﬁéé‘%rﬁ:‘@‘énhumen of 04 d¥pdestied

lcates this wt el ectronic controls of the
cafet ¥ bPe means of pressurized fluid, the transfer
r 4

device and the catheter defining a fluid path for
pressurized fluid, the transfer device further comprising
an integral pump for pressurizing and circulating the
fluid through the fluid path and a removable fluid
cartridge including a reservoir from which fluid is drawn
by the pump and to which fluid is returned after being
circulated through the fluid path.

2. The transfer device of Claim 1 wherein the
integral pump comprises a peristaltic pump.

3. The transfer device of Claim 1 wherein the
integral pump comprises a reversible peristaltic pump.

4, The transfer device of Claim 1 wherein the
fluid cartridge includes an elongated fluid pick-up
having an inlet through which fluid is introduced into
the transfer device and sized in length so that the inlet
is always submerged in fluid regardless of the
orientation of the transfer device.

5. The transfer device of Claim 1 further
comprising a removable cartridge including a storage
sleeve for housing the treating element, the sleeve
having a lumen forming part of the fluid path.

6. The transfer device of Claim 5 wherein the

[



fluid cartr e 50 source cartridge 70, and delivery 20 catheter are
W‘W@M

not properl ed within the transfer devi ce 10, tRETYSIOY user
i nterface di splays the m ssi ng conneatoi on(s) and will not allow the
user to proceed further until corrected. The gate actuat or

assenbly 114, best seen in Figures 25 4C and 6, controls the opening and
closing of the pgitprage S%ﬁ&%ﬁ429mP¥¥S%%n%rF%@%aﬁ;ﬂ?Tbéoﬁ%%Bﬁ Raterjager m

gear 118, an attachnent or nounti nenber 120 secured to the
worm gear 118 that mo¥es ﬂPH%aFF?nﬁﬁﬁWr VAFPnodt Gipim 6 Wherein the

21 wor m ge and ha ate 22. The mounti menber

120 has a centr%aa%oﬁﬁ*%%%"a& ak| gemRLises quaz%??e.r et hrough, a
neck 126 extendi ng di taII cent ral it h rajsed
post 128 at its distal~ ?hé gghk §8r %Y%f?oﬁg F§'1§bo ex %ﬁ§#&)£ﬁe

E.r oxi mal |'y %romﬁé}ﬁ‘ovableb J]adeg(fo fh[r%erTh%oH ?1@@%0' R %8mé?§ (g6
i gure 5) I'S novabl y coup he sl ot
operation, when ddigURer aAQt iivRRR g S&IMeAPLUE. information about the
treating element.
9. The transfer device of Claim 1 further
comprising an external access point to the fluid path
10 adapted to receive an external source of pressurized
fluid.
10. In a transfer device usable in a system for
intraluminal treatment of a selected site in a body of a
.patient by at least one treating element advanced through
15 a lumen in the transfer device into a lumen of a separate
catheter by means of pressurized fluid, the transfer
device and catheter defining a fluid path for pressurized
fluid, the transfer device being adapted to receive a
fluid cartridge for holding the fluid and a source
20 cartridge for storing the treating element, a system for
preventing operation of the transfer device unless each
of the catheter, fluid cartridge and source cartridge are
attached thereto comprising:
an illumination source and optical sensor
25 locatéd in the transfer device in proximity to where
each of the catheter, fluid cartridge and source
cartridge is received by the transfer device, each

illumination source being located with respect to

—_—

gy



the motor 116 rotates the wormgear and the attachnent 10 @Wy@ﬁ%s.

linearly t oW} YRS He proxi mal end of the source cartri

t he nounting nenber 120 forces the U-Xhaped plate 122 in a forward
position, perpendicul ar to that of the wormgear 118. The U shaped
pl ate 122 straddl es the pin gate 44 as |t

15 cylindrical bar %E? PBEACRd (FRNSAT 29 BﬁﬁﬁlR%@%igﬁagﬁ%ﬂesgggoggg%ge

t . T t t \ I ' . I
D ovi des additional PBLBCEP cReRgirhot iPBRotFRY Fhe 111inidaRIdh bovree,
the source cartridge 701\\(/\Ar1|(}lfe &Qg %%%2’3#&28?1‘% & 88?@rid§@e 5.Pdsq,§%crgoves

under the pin extendi%% m e source cartridge handl e

86 h h ' d
so that the d%%ggﬂ?éggfnﬁg nidit %egﬁzeggwtu%_efsﬁﬁdrdawweq to

di sengage the cartri he tra vi‘ce The rai sed

portion 128sat the dighale0dh0f i df JEHNYY B irkP b1oBREE ErbsD rRAYin
directly under the shod?der 3d9%# %fe Iéic 38 so that the Iatch938

cannot be pressed dowpyghe from ! en¥ SENOAHE A48 dH OPso€ESEY WRBAECHBe 99.
A bl ock diagram of the Systemelectronics is shown

catheter, fluid cartridge or source cartridge are

received by the transfer device;

a microprocessor for controlling the movement
10 of the treating element from the transfer device to
the catheter, the microprocessor preventing

operation of the transfer device upon receiving a

signal from any of the optical sensors indicating

that at least one of the catheter, fluid cartridge
15 and source cartridge is not attached to the transfer
device.

11. The transfer device of Claim 10 further
comprising a graphical user interface controlled by the
microprocessor for visually indicating which of one or

20 more of the catheter, fluid cartridge and source
cartridge is not attached to the catheter when operation
of the transfer device is prevented.

12. A catheter having a proximal end and a distal
end for use in a intraluminal treatment system wherein a

25 treating element is advanced from the proximal end of the
catheter to the distal end by means of pressurized fluid,
the catheter comprising:

first, second, third and fourth lumens

N

e
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22 I n Figure 10. The electronics are built onto two printed

circuit boar@9%73H3T nterface board 134 and a controller PQIFSFON30086. - | n
additicon to performng the source sensing 32 al gorithnms, the interface
board 134 drives the punp notor 5 66, the gate assenbly notor 116, the
sol enoid 68, and the i ndi cator LEDs 32, 34, 36. The controller board
136 di spl ays a e¥tendinf sebsbtastbal by LiXrPXhesprokigaleend to the and
5) and commands the interface board 134 based on user i nputs 138,
which are entered thréighalisend sferthe catipetenmuttomsf2rst2dumes beidas0.

The di splay screens can be ,desi gned mapy different ways dependihr;‘% on
how nuch i nf or "Bt768 PResSHidinglyiFeceite rhraiteealning el auand

i nput to be given by jhe_user. s 11-22_show an. exanpl e of

c

a series of display 13 pgﬁﬁ%&&uF?%aFrﬁﬁglhggr emEnt, SEF 2P| RELEABIY to
f di af} d [n.thi | d

Shown in Fi Sures 1 anitEett hERERaAtr Sh8GETPERL16RA o7 R Birhed e e, ¢

function buttons 26, f?gﬁéolﬁﬁgna%éfﬁ§“in f1uid WoRGIR1ESESACL QR Ryt ons

24. The specific func
second and third lumens at the distal end thereof,

and the fourth lumen being open at the distal end

and sized to receive a guidewire.

10 13. The catheter of Claim 12 wherein the fourth
lumen includes a protective liner.

14. The catheter of Claim 14 wherein the protective
liner is polyimide.

15. The catheter of Claim 12 wherein the proximal

15 -and distal ends of the catheter are of different
stiffness and flexibility, and the distal end has a
cross-sectional area smaller than the proximal end of the
catheter and a non-circular cross-sectional shape so as
to permit perfusion.

20 16. The catheter of Claim 15 wherein the proximal
end is fused to the distal end.

17. The catheter of Claim 15 wherein the proximal
end and distal end are formed through a single variable
extrusion.

25 18. In a transfer device usable in a system for
intraluminal treatment of a selected site in a body of a
patient by at least one treating element advanced through

a lumen in the transfer device into a lumen of a separate

) AN U



20 butto "PONER' button 26, the "ABORT" button 28
t he " Ota‘{“?ﬁi%o However, these buttons 26, 28, aﬁ@é@s’%ﬁ@””

provided to bypass software |nterrupters argB could be programed for
different functions as needed. The generic function buttons 24

Cput o idref dbx "efBeno ?”dpﬁé%s\?ﬁﬁ%idfﬁ‘?&,Z‘ffﬁ%'zjt%E%“t“ha:‘
L a

but ton wil| be it ‘nﬁ#‘;fﬁi%%%%derwf}f*gwdgenerffulé’ path for pressurize

23 under rl?ﬁi?doegﬁﬁ byt ¢ Ea‘?:gngl 6e1e%?enta”9?$9%1£‘8‘“’%‘ﬁer%ac”péfldge

the active buttons each |n I Vi screen w

Pressing the "PGMEﬁSVQNi%OPe3§1§Eﬁnﬁ OEhéhFranéfereESGEEQn'Eﬁgaggﬁ %& the

system power s up, el ectrol um nescent or t1ng

i1 1um natess an@evice fﬁ&théﬁf@oﬁ#§§§l .and off for a period of tlne to
I ndi cate that the systemis operati ve. e green LED 32

a gate moveable between first and second
positions to selectively permit or prevent the
treating element from moving from the treating
element cartridge to the catheter;

10 a first release button to permit disassembly of
the catheter from the transfer device upon
manipulation of the first button;

a second release button to permit the treating
element cartridge to be separated from the transfer

15 device upon manipulation of the second button;

an actuator assembly to control the gate and to
permit manipulation of the first and second release
buttons only when the actuator assembly controls the
gate to prevent the treating element from moving

20 from the treating element cartridge to the catheter.
19. The transfer device of Claim 18 wherein the

actuator assembly comprises:

a worm gear;

a drive motor for rotating the worm gear;

25 a mounting member secured to the worm gear that
moves linearly between first and second positions
upon rotation of the worm gear;

a plate secured to the mounting member for

RN




remains lighted if the source sensing systemdetermnes 10 that the pin

gate 44 is ¥MBYEIEnd the treatment el enents are st or BETSPHIN00 he
gquartz housing 42. O herw se, the agdber LED 34 is lighted to
i ndi cate m ssing treatnent el enents or an open pin gate 44.

The first display screen (Figure 11) identifies the 15 manuf act ur er of
the device for a shoengagdbngt tie t gate and mguincheWithe thet apunting
automatically flashes the second screen, which pronpts the user to

*

choose between two opember tompevesdlye gateabgiveenypbr fhestAnd @RG&Echg

one, the systemthen noves on to a new screen (Figure 12 or Figure
20 13 dependi ng orPeROFEEMSF 50mm or 20mm cartri dge) that asks for
conformation of the user's choic he user . can sto

. h
procedure at any time by 2 P°StprG§§§|“ﬁ'§d_t hko~ nORnEL8H i%el@ﬁé]f_ﬁémfiace
of the transfep gexi.¢8 1%{:#&&%“ e, ghe ;%ﬁgio}?“t k@n éﬁi-e't\%n o

pressed ana the primng Scréen gure 14)  pr onpt us 0 deci de

e et Semmobln PRI Vel e eirdlUhd) AT ket in Atk YA O

goes to the plate moves the gate to its first position; and a
rod secured to the mounting member and moveable
therewith to a position to prevent manipulation of

10 the second release button when the plate moves the
gate to its first position.

20. In a transfer device usable in a system for
intraluminal treatment of a selected site in a body of a
patient by at least one treating element advanced from a

15 translucent storage sleeve having a lumen into a lumen of

a separate catheter by means of pressurized fluid, a
system for detecting the presence or absence of the
treating element in the translucent storage sleeve
comprising;

20 a light source including a jacketed fiber optic
bundle disposed on a first side of the storage
sleeve to produce a plane of light that intersects
at least a portion of the storage sleeve lumen;

a linear array of photosensors disposed on a

25 second side of the storage sleeve so as to measure
light from the light source;

a microprocessor for comparing the amount of

light measured by the photosensors to a reference

\\
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24 dosage screen (Figure 15), which pronpts (HSB u
to choose a§g§§Q&§$7elther 14 Gy or 18 Gy. O herw se, ﬁ ﬁﬁﬁ”%%
t he sol enoid 68 becone active and pun¥® fluid through the device's
fluid channels while 5 naintaining the treatnment elenments within the

source
t he treat nent

stored in the smart g%ttgt%%ga%e‘?{%% etﬂéeéréﬁtlﬂg el%}@gﬁ Q%ot

treatnent. Wen the

els initiate en0|

63, and gate act uatory gEReAbEHelitmen of akstegs§aesltevaend the

treatnent elenents to the di st al of t he

34 lights up

poi nt, a ne® screbgh€ FEguree l1édmpppeassant aheparébal ight sout:cles Waltl ng

ser
and

di
A O Endhs o EReR R H SR (e REUACo LY SRR PG

at heter. The anber LED

i nz2p| acenef t&aﬁs&reeeraémé%fheiaﬁe b2 nwﬁatelﬁél KNS
15 and the source train 43 exits the quartz sl eeve 42.

for the treatnent elenents to get to the end of the catheter.
Once the treatnent elzzentBhar ¢érafsffeacievite spfedlaim 20 wherein the

10

15

20

25

light source comprises a laser diode.

23. In a transfer device usable in a system for
intraluminal treatment of a selected site in a body of a
patient by at least one treating element advanced through
a lumen in the transfer device into a lumen of a separate
catheter by means of pressurized fluid, the transfer
device and catheter defining a fluid path for pressurized
fluid, ‘the transfer device being adapted to receive a
fluid cartridge for holding the fluid and a source
cartridge for storing the treating element, a system for
preventing operation of the transfer device unless each
of the catheter, fluid cartridge and source cartridge are
attached thereto comprising:

a sensor located in the transfer device in
proximity to where each of the catheter, fluid
cartridge and source cartridge is received by the
transfer device, each sensor generating a signal
based on whether each of the catheter, fluid
cartridge or source cartridge is received by the
transfer device;

a microprocessor for controlling the movement

of the treating element from the transfer device to

-
L



20 of the \gun’g is reduced by 50% for maintaining the t r eat ment

el ements at WRAY§H37red | ocation and the fol  owi ng di spP&L/USWAeA
(Figure 18) begins to countdown the ggeatnment time. As the treatnent
ti me approaches zero, the punp 66 resumes full speed for returning
the 25 treatment el enents. As soon as the treatnent tinme is

over, the sol enoid vihge 68atbefeses t hbedi reicreoprofesfer pPrevemting| ow,
and the treatnent elenments are forced back into the quartz, s| eeve 42.
25 Once CRETAHAMEHt ERenbRRESAST e AP¥LGLN PO HeeCelving a
optical sensing systemdetecis the presepnce of the squrce . train 43,

the gate 44 noves infd S A sPEi bhe sRpsors indigating, Wt At

| id 68 t f. _Th 5 ED 32...s. il lum.nat.ed i |
of the amber LED 34 dg2st "ond[ o0 8RR cRenotEr SFIihid  cFRIARE ! 20
| ts tg th N I 0 fi th
gate o 'S Un%s o1 SOMIREeAREr Y0 TRLSEL LR kol Rhd [iRak il {1

displays the final tgglteent tinme (the initial set time

_—
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10 mnys the,return tinme), and the |last screen (Figure 22) ronpts
the user toWMQWMB7F the system power. If for any P@Q&?Pﬁ?%@z '
user wanted to abort the treatment once in progress, it can be done
by pressing the "ABORT" button 28. Thiss will freeze the tiner and 15
activate the screen shown in Figure 19. he user is gi ven the option
to imedi ately return the treatnent el enments to the transfer device
10 or to continue sending the treatnment elenents for treatnment. I|f

t he returning the source train 43 to the transfer device 10 is the

20 choi ce, scree ictgd in Figures 20-22 follow as descri bed
previously. If the ;:%rcg;i stto resunme sendi ng the source train 43
for treatnment, then screens depicted in Figures 18, 19, 20, 21, and
22 follow as descri bed previously. 25 Al so, at any tinme
followi ng the rel ease of the source train 43 into the delivery

cat heter, the user has the option to automatically return the source
train 43 to the transfer device %&Dby depressing the "HOVE" button
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26 An additional series of display screens are s
col l ecti vel V’Q‘}?’:’ﬂa@ure 25 A-PP, which consPstg of forty- 98%%9’30"0"

i ndi vi'dual screens laid out sequentially. The transfer device 10
can be connected to any of 5 the catheyess that are disclosed in the

pat ent and applications previously incorporated herein by reference.
Additionally, catheters 140, 142, having the cross- sections
illustrated in Fi , may be used to deliver the treatnent

el enents to a seff@lt within 10 a patient. Catheters 140 and 142
may be construct any material, or a conbination of materials,

such as nyl on, PEBAX
segnent 144 (Figure 23Ah

yiene, d pol yuret haneT A
Skl segnent 146 (Figure
of different durgg o iffflness 15 characteristics
co-extruded and fused tlpd aeeey=estuded, t(

el ongat ed cat heter 140 |} N Q(\ lumens: a sourc®traiin deli
| umen 148, two flii : J +50—ard—a—aondO r e T um

All four lunens extend \l.gnoi-dee==¢ %l 45;a het er 140

. e 2
and the source train lu w onmmynii
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at its di-stal fth both fluid return lunens 150. As S
Yo i Y

een in
Fi gure 23B, al segnent 146 of the cat het er 140 FUSP9/30000 -
non-circul ar cross-sectional shape, with a reduced profile along its
| ength to provide 25 pat hways 154 for 3he perfusion of blood. As a
result of the reduced profile, the distal segnent 146 of the
cat heter 140 has increased softness and flexibility, whi ch all ows for
easi er and farther advancenent of the
27 di stal segnent, especially into the nore distal and

tortuous regions within the body. Additionally, the softer
di stal segnent 146 inprovesfggqﬁESeQ?E trackability over a guidewre
and creates an atraumatic 5 7p T br A

t he cat heter travel s through the pati

proxi mal segnment 144 of the catheter "
di stal segnent 146, and utilizes its ing

advance the catheter 140 through 10




The catheter 142 (Figure 24) is of a single extrusion and has the

sanme cross- YW PHE profile al ong its entire |l ength. PRITUSEHIN or
142 al'so has a source train [unmen 156, two fluid return |unmens 158,
and a 15 guidewire |unen 160. The gung@%re | umen 160 may have a
protective liner 162 of, e.g., polyimde, and nmay be coated with
Teflon (polytetrafl ourethylene) or other | ubricious materia
[err] catheter 142 over a guidewire. 20 The treat ment

el enents and marker seeds of source train 43 (see Figure 4) may al so
be any of those described in the patent and applications previously
I ncorporated herein by refer ource train 43 consists of a
series of treatnent el emantsF;G\:;Sarker 25 seeds, one at each
end of the source train ®43 ' Prg mbly, the treatnent el enents
are radioactive cyl i nders. The np seeds are used to properly
position the treatnent elements at the t 136d
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3}28 are prw%@p,lg gold or gold plated, since gold is visiblg.yadan..o

fl uoroscopy, Ich 1s used to nonitor the radi ati on therapy.
{Accordlngly, an intralumnal radiation treatnment system has been di scl osed
fthat neets all the objects of the inventigns Wile the system has been

idescribed in terns of a preferred enbodi nent, there is no intent to limt
)the I nvention to the sane. Instead, the invention 1is defined by t he
follomnng cl ai ns. 29
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6. The tragsfoprdevice of daimb5 wherein the PCT[USI99/30000
|ar-

30 storage sl eeve conprises a radiation-bl ocking mater
7. The transfer device of Claim®6 wherein the radi ati on bl ocki ng
mat eri al conprises quartz. 8/15The transfer device of daim5

wherein the 5 renovabl e I il further conprises a nenory for
storing and indicating sel eﬁﬁor tion about the treating
el enent . 9. Th t f & device of Caim 1 further
conprising an exff@nal ac gint tothe fluid 8th 10 adapt efgyg42
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device and & §yplfy; defining a fluid path for pressurized fluid, the
transfer device being adapted to receive a fluid cartr PEGA&SHULI0000

hol ding the fluid and a source 20 cartridge for storing the treating

el enent, a system for preventing ogggftlon of the transfer device

unl ess each of the catheter, fluid tridge and source cartridge are

attached thereto co an il I[FQR3Q Qu—sBIr ce and
opti cal sensor WF‘G@ ed in the Yity to
T

cartridge is received by the tra
source being | ocated with respect
31 its optical se
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32 extendi ng substantially fromthe proxinml en h
di stal end ofCPKa71d%¢ heter, the first |unmen being chg]o/gé%?%p%oo |

slidingly receive the treating el enent but to prevent the
treating element fromexiting the 5 first lunmen at the distal end
of the catheter, the first | RS bei ng in fluid conmunication
with the cqnd therd lunens at the distal end thereof,
and the fourth |une i@ ﬁ%’ﬁhe(ﬂ? tal end and sized to
receive a guidewre. N v The ciihe of Claim 12 wherein the

fourth | umen i ncludes a protect 14. The
catheter of Claim 14 wherein the proyt ¢ r is polyimde.

15. The catheter of Caim 12 whereiy/ » and distal ends
of the catheter are of differg d flexibility, and
the distal end has a Cross han t he proxi nmal
end of the
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PATIENT

(57) Abstract

This invention is a transfer device usable in a system for
intraluminal treatment of a selected site in a body of a patient
in which the transfer device has an integral pump (66) for
pressurizing, for circulating fluid through a fluid path defined
by the transfer device and associated catheter. A removable
fluid cartridge (50) is provided including a reservoir (52)
from which fluid is drawn by the pump (66) and into which
fluid is returned after being circulated through the fluid path.
The pump (66) may be a peristaltic pump (66) and the fluid
cartridge (50) may include an elongated fluid pick~-up having
an inlet through which fluid is introduced into the transfer
device, The fluid pick—up is sized in length so that the inlet
is always submerged in the finid regardless of the orientation
of the transfer device. A removable treatment cartridge (70)
having a lumen forming part of the fluid path may also be
provided, and a storage sleeve for the treatment cartridge (70)
may be of a radiation-blocking material, such as quartz.
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