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Unfartunately, the Wang catheter is only effective for relatively high pressure fluid delivery. When used for
refatively fow presswre fluid delivery, the catheter disclosed by Wang does not provide uniform dispensation of fluid.
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30 the location of the nearest exit hole in the outer tube. This
configuration is provided to induce a nore uniformexit flow rate of fluid
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the support. The support is configured so that one or more lumens are formed between the support and the membrane.
Altesnatively, the support may be a tubular member having a plurality of holes therein. The method comprises the steps of
inserting the above-described catheter into the anatomical region and introducing a fluid under pressure into the proximal
30 end of at least one of the lumens. Advantageously, the fluid passes through the membrane at a substantially uniform rate
into the anatomical region. The present invention further provides a method of manufacturing this catheter comprising the
steps of forming an elongated support and wrapping a porous membrane around the support so that one or more lumens

are formed between the suppart and the membrane.
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25 tube, and a stop closing a distal end of the spring. The tube and spring
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such objects or advantages nmay be achieved in accordance wth any

particul ar enbodi nent of the invention. Thus, for exanple, those skilled
inthe art will recognize that the invention may be enbodi ed or carried out
in a,manner that achieves or optimzes one advantage or groug ®fJAN 2904
;advant ages as taught herein w thout necessarily achieving other objects or
25 advantages as may be taught or suggested herein. Al of these

enbodi ments are intended to be within the scope of the invention herein

di scl osed. These and other bodinents of the present invention will becone
readily appgRtzis0 those skitled in the art fromthe fp&tovmmegsget ail ed
description of the preferred enbodi nents having reference to the attached
figures, the invention not BRERIESCRIPFIPN QFJHEDRAWIGS particul ar preferred
enbodi Ment (s) _dfp s@timaid G bn ot WADMBORAG B0 ARAS: RThlaZD B uHAS BRI EF
DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a schematic side view of a catheter
havi ng f eafThodrentghihe PESSREMEENN oS i n accordance with a first embodi ment of

t he present |nvamukmmnﬂv@:nh&catmmlmesctauemaglrme\mmnmﬁn‘l the catheter of Fig.

1, taken along Lij ?Iﬁl sectional view of the
cat het er@ of Fi g%g f?as "rong Fl"?\ﬂé 3&?'3"0 515§3 g'%1, Fig. 4is a
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Fig. 1, |I%ﬁé@,{doﬁbgnea4gfrﬁgﬁa section taken along line 4-4 of Figure 1;
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a Cross- seﬁ.spmﬁimum-ew of the infusion section of the catheter of Fig. 5
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invention;  Fg 11 is a cross-sectional view of a catheter having features and advantages in accordance with a sixth
20 embodiment of the present imeminh;
Fig. 12 is a side view of & catheter having featwres and advantages in accordance with the sixth embodiment of
the present invention;
Fig. 13 is a longitudinal cross-sectional view of a catheter having features and advantages in accordance with
the seventh embadiment of the present invention;
25 Fig. 14-18 are longitudinal cross-sectional views of catheters similar to that of Fig. 13, Hlustrating akternative
attachments hetween tha intemal porovs member and the tube;
Fig. 17 is a transverse cross-sectional view of a cathster according to Figs. 13-18, wharein the intemal porous
member is concentric with the outer tube;
Fig. 18 is a transverse cross-sectional view of a catheterAaccording to Figs. 13-1B, wherein tha internal porous
30  memberis not concentric with the outer tube;
Fig. 19 is a schematic Mlustration of a catheter of the present invention used in conjunction with an air
eliminating filter;
Fig. 20 is a side view of & catheter having features and advantages in accordance with the eighth embodiment of

the present invention;



Fig. 13 is a longitudinal cross-sectional view of a catheter having
features and advantages in accordance with the seventh enbodi nent of the
present invention; 25 Fig. 14-16 are | ongitudi nal cross-sect,tlgng vg@ws
catheters simlar to that of Fig. 13, illustrating alternati éNt ment s
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gener al y I hear segrren h Woun area, correspo I nfusi on
section 3ackeut frpugh theproyyast eadof theyatheter 20. Altematively, the catheter 20 may be prnwded without 2 guide wire

or a guide wire lumen.

25 Figs. 2 and 3 illustrate a preferred configwation of the suppert 22. The surface of the support 22 includes
interruptions such as a plurality of ribs 40 as shown in the figures. The interruptions are configured so that when the
membranes 24 and 26 are wrapped around the support 22, the membranes form a partion of the walls of a plurality of
axial lumens 38 within which the fluid 36 may ﬂuﬁv. in a preferred configuration, a plurality of ribs 40 extend radially from
a common axiaf center portion 42 of the support 22 The ribs 40 also extend longitudinally along a length of the support

30 22, and preferably along the entire length thereof. In the non-infusing section 28, shown in Fig. 2, the non-porous
membrane 24 is preferably tightly wrapped around the outer edges of the ribs 40. As a result, the axial lumens 38 are
formed between the inner suiface of the non-perous membrane 24 and the outer surface of support 22. Similarly, in the

infusion section 32, shown in Fig. 3, the poreus membrane 26 is preferably tightly wrapped around the euter edges of the



20 Thus, the catheter is preferably inserted so that the infusion section
32 is positioned within the wound area. By using well kno Aﬁg]ﬁ" a
physi cian or nurse may insert the catheter 20 with the aid o

guide wire 46 positioned within an axial guide wire lunmen 44 of the
rcatheter. Once the catheter is positioned as desired, the guide wire 46 is
sinply pulled back out through the proximal end of the catheter 20.
Alternatively, the catheter 20 may be provided without a guide wire or a
guide wire lunen. 25 Figs. 2 and 3 illustrate a preferred configuration of
the supporyodreszibhe surface of the support 22 includespcrmsinsupt i ons such
as a plurality of ribs 40 as shown in the figures. The interruptions are
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is wrapped around the proximal end uf the end portion 48. The membrane 26 is preferably glued to the end portion 48 so
that fluid 36 within the fumens 38 is prevented from exiting 1h§ catheter 20 without passing through the walls of the
30  membrana 26. End portion 48 blocks axial flvid flow through the distal end of catheter 20. However, end portion 48 may
optionally be formed from a perous materiat to permit some axial dispensation of fluid from the distal end of the tatheter
20, if desired. The distal end of end portion 48 is preferably dome-shaped, as shown, to permit the catheter 20 to more

easily be inserted into an anatomical region.
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edges of each of the ribs 40. Alternatively, the nenbrane nay be w apped
around the support and not secured to the support by a foreign substance.
The nmenbrane and support may al so be secured to each other jhy pthengseans
known to 20 those of skill in the art. This maintains the fluid
independence of the lunens 38. If desired, an axial guide wire |lunen 44
may be provided within the axial central portion 42 of the support 22. The
guide wire lunmen 44 is adapted to receive a guide wire 46 which may be
used to aid in the insertion of the catheter 20 into the anatony, as
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nore pref e‘.'i?abbays nadjhmurnuf)n@brm 26 Asmaore fuid 36 enters the infusion section 32, it diffuses Iongutud' nally within
the walls of the membrane 26 until the entire membrane 26 and infusion section 32 are saturated with fluid. At this point
30  the fluid 36 begins to pass through the membrane 28, thereby exiting the catheter 20 and entering the anatomy.
Moreover, the fluid 36 advantagepusly passes through the entire surface area of the porous membrane 26 at a
substantially uniform rate, due to the characteristics of the membrane 26. Thus, the fluid is delivered at a substantially
equal rate throughout a generally linear segment of the wound area of the anatomy. Furthermore, this advantage is

obtained for both fow and high pressure fluid delivery.



As mentioned above, the proxinmal end of catheter 20 nay be connected to a
fluid supply 34. The catheter 20 may be configured so that each axial
lumen 38 is fluidly independent. In other words, the | umdn$ SEN vt d not
fluidly communicate with one another. The catheter 20 may be connected to
sa single fluid supply 34, so that the fluid 36 flows wthin each of the

| unens 38. Alternatively, the catheter 20 may be connected to a plurality
of separate fluid supplies so 20 that several different fluids may
separately fIOM/mtthin the lunens 38. According to this configuration, each

| umen 38 VgB%é oconnected to a separate fluid supply serdkednstdee total
nunber of terent fluids that may be delivered to the anatony is equal
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section of cat ﬁ'@t"‘ﬁ‘t‘” B E’m B &ké?fgoa'gﬁt "ﬂg@c"’”h?"u be ﬁ?%'{ll"larded al ong
t he | engt hnemlfrant $8anay hawed an Dveragn pBesizh, ioopore dibmter mmardﬂﬁemctmg@lrer bachie. | Tmedrel vy, axi al

exit hol es Eﬁi ﬁ%&ﬁ?’aﬁ’hﬁaﬂh’b 1%% nﬁqL.'roﬁst lﬁt’m pt‘eteﬁhlﬁﬁthimhe ltalﬁﬁnf EIHJ?SS ﬁ% Al so,

a guide wi PR e gul lﬂglbe provi ded aid in
i nser t23%n misfon, eHeverpmepteelly :bo Uisﬂ‘tﬂﬁmtﬁe‘" 54 .4p3y be W"W“F‘I““VB@ "EIH'(&Efr st ood by

those skild;@ih rafdrials *aﬁmﬁﬂe conbibkRatioh tbttﬁ gﬁa ufmﬁeaaﬁtyft@&iﬁﬁﬂalfs{sﬁrm ﬁd‘h}émiﬁhfﬂeﬁmvar iety of
suitable materials, such as nylo a,ylmde teflon ayﬁ ?iéu nmateri al s
Known to TGN s ¢ coptransy °'t‘t'?é"‘%ﬁzta"" gy 4 YL ng e S PJ{T"' "FH® goal s of
non- r eact io¥ fiuidythrdugh alb.6taks Qi LI 156 @ \ibd 52 Some suitable materials for the membrane 52 are polyethylene,
polysulione, pelyethersuifone, polypropylene, polyvinylidere diflunride, polycarbonate, nylon, or high density polyethylene.
30  Preferable insida and outside diameters of the wbular membrang 54 are 0.010 inches and 0.018 inthes, respectively. In
the event that a guide wire 46 is provided, the guide wire may be a stainless steel wire about 0.005 inches in diameter.
The tulie 52 may be secured to the membrane 54 by epoxy or other means known to these skilled in the art. Alternatively,
the membrane 54 may contact the tube 52 with an interference fit and rot use other materials te secure the membrane 54

in the tube 52.
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flexibility, light-weight, strength, snoothness, and safety. In a preferred
configuration, the tube 52 is preferably a 20 gauge catheter tube avi ng
i nsi de and outside diameters of 0.019 inches and 0.031 incht§, J N 200
respectively. The exit holes 15 56 of tube 52 are preferably about 0. 015
:inches in dianmeter and provided at equally spaced axial positions along the
tube 52. The holes 56 are preferably arranged so that every hole is

angul arly displaced about 120 relative to the longitudinal axis of the
tube 52, fromthe angular |ocation of the previous hole. The axial

separ at i onwbatggen adj acent exit holes 56 is preferablpcnvusediionst he range
of about 0.125 to 25 inches, and nore preferably about 3/16 inch. Al so,
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menbrane 54" an he tubular space therein are saturated, the fl w% passes
t hr ough t &% nbrane 54 and exits the 5 catheter 50 by rovm ng through the

exit holes 56 ai diskuls8 awbﬁr higivor |owﬁ£sﬁﬁawmuenv&yrm HolbsUhbafdr 120l iRl RO Dédthltly nRAS S €S
rane subst anti al

t hrough t he % orn1 thr h h h ce area
of 1 hebSo PR B PRt it =h et e B L KT ooy Pt e G ot
subst ant i nbing tmbdh theord divig! helax experidheed agmatés Gressuisis [:nrlsdummlf khere islgencmliyGi@leater ived at a
substant i gl,| 2(: rtﬁet ret -84:‘9&8 fnﬁm .PWRIH ﬂu r fmé&hﬁ Eﬂa
Furt her nore, S van a I's obtaln pressure
fluid del |a¢vgqtayenusly prmndss substarmally uniform fluid delivery through subslamlally all of the exit holes 64, under relatively

high fiow rate conditions. This is because the larger size of the more distal holes compensates for their increased flow

30 resistance and pressure drop. in other words, since the more distal heles are larger than the more proximal holes, there is a

greater flow rate through the more distal holes than there would be if they were the same size as the more proximal holes.

Advantageously, the holes 54 are provided in a gradually increasing size which results in substantially uniform fluid

defivery. In addition, the exit holes 64 may be sized so that they combine to form 2 flow-restricting orifice, as described

betow in connection with the embodiment of Fig. 12,

-11-



Fig. 7 illustrates a catheter 70 according to another enbodi nent of the
present invention. Catheter 70 includes a 10 tube 72 having a plurality of
exit holes 76 in side wails of the tube, and a tubul ar porous nenbrane 74
concentrically enclosing the tube 7Z Catheter 70 operateslih HNiX04ar
:manner to catheter 50 described above in connection with Figs 5 and G In
use, fluid nedication passes through the exit holes 76 and then begins to
soak into the porous nenbrane 74. The fluid diffuses longitudinally wthin
the walls of the nenbrane until the nenbrane is saturated. Thereafter, the
fluid | eaygsigskd menbrane walls and enters the anatonwcrmmcﬂgeousl Y,
the fluid is dispensed to the anato at a 15 substantlally uniformrate
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exi t hol est fhekubaBatodpesestheintision Sedtiok dh th cathdme8p. mmmmdmm.imrmﬁn 10A, evspiing 8% i ct i ng
orifice, escrib | ow | et | 419 12
O 156 2 AR BB e AR %ﬁ“‘*%@@Eﬁ%%%%“B'Wﬁ“’ggﬁﬁﬁ%“%@ﬁ'ﬁ”aﬁ

cat het er s, pregeatedfoom extingibe fmen byclgwing tradiefis batpepmthepiprpThispips 84 hap e prepesty plesiiRiia- t ur e.

AT that §Ggindngfl'dd &.ﬁﬂm kg ;dao,.hslmem.d pRssild ibelthrithayor fal 9 mﬁwlmﬁa. plesturd Ne t ube

- 62. Furtherrmre cat het er sustai n greater bendi rior art
i LT & Shii PRSPPI i 6 8 o e o g sEE oot g gfpart
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by those of skill in the art. Advantageously, the fluid between the coils of the spring is dispensed substantially uniformly

throughout the length and circumferenca of the portion of the spring that is distal to the tube 82, i.e., the infusion section.

30  The catheter 80 can be used for both high or low flow rate fluid delivery.

In use, the catheter 80 is inserted into an anatomical region so that the spring 84 is in a region to which fluid

medication is desired to be delivered. The spring is initially in an unstretched state, as shown in Fig. 10A. The fluid is

introduced into a proximal end of the tube 82 of the catheter 80 and fiows into and through the spring 84 until it reaches

the stop 86. As fluid is continually introduced into the pmximél end of the tube 82, the fluid builds inside of the spring 84.
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5 relatively large cross-section. Wen the tube 52 is sonewhat bent, fluid
flowwng within the lumen is less likely to experience bl ockage and a
consequent pressure change which mght |lead to non-uniform lﬁhﬁ 004

di spensation. The tube 62 of catheter 60 may be formed fro 02 wi de
-variety of materials, giving due consideration to the goals of
non-reactivity to anatom cal systens, flexibility, |ight-weight, strength,
snoot hness, and safety. Suitable nmaterials include nylon, polyimde,
teflon, and other materials known to those skilled in the art. The infusion
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th hol d Lhe f th

fI L?g So bsg] %Q%BF% F&@g%ﬁ@.ﬁdﬁ& sl agj ntﬂ&da fﬁQn@thrPQ mpt.s;{ﬂ@raﬁgt?ém%ﬁ MindsGhan9 € he

I Spénse eaking radially
outward 588 MGH&GPWWG:@! thesspring/yyire ‘t?? mm’“’v@ Pby“‘ 0 @ﬁ echep THe i g"‘#ﬁ%ﬂ otpeseripadd isr adi al | y

Wi t hout el QRO chidditafy eRBdedViitin thd ditiaGndloPheAREER. tnta e,mgh o J8d to BihstiSw bf theh e
sprin stretch both and I‘%dl ally to

Furt her, the sp |
Do i 120 8 e s LY PP R, S oo o $Htg oo
Advant age Gekdedpwithih ihexubé B2 o tdl fithwitve gaximt! blig ad oy pluggdil into etz @2.i ng i s di spensed

e 1 e Rlubita leYon o B YR S Pl B g bk GRS 1 N

portion of the’spri st al usi on
secti on. ug@!lﬁfhdlmumm SWotimesp; and safetys Sueblp aterighsinelpds Wi"g PP'V!)\“"’- Fe&w at‘qﬂﬂ'w rate
fluid deliy aggknw{mquth{,gﬁmm;,magat heter 80 is inserted into an anatom cal
regi on so t the spring 84 is in a region to which fluid_ nedication is

desiréd to be ﬁ%l’] 'U’é‘fagﬂa ‘“*“t‘ﬁég%“ﬁ‘t“'fﬁ??d“ qoghes WP“E"‘?‘“&W {e praseniipyeniifps e &¢ st at e,
as shown icgnphsksG.distdlp Qosed Tibe92fatdd Mébepings whuitaNdol sprélg s @ Gheentridaily endlosp vikiih tietbe @1k Of  t he

b f h h h il
0 2, O b3, RN DO G W
proxi mal ehaedeokn theted. Theilmgth @ thp tulie Bincldingisuch exXithiles 8Bglefings e nt!tewmctm bfahe cathetendf. 84. - 12
19 JAN ?%%xit\ﬁ@esga'ér&i?egaﬁy ﬁ%ﬁ M?aﬂ% %t%aé&ﬁf the infusion section. Tha infusion section can have any

30  desired length. In the preferred configuration, the axial spacing between adjacent holes 96 is within the range of about
0.125 to 0.25 inches, and more preferably about 3/18 inch. Adjacent holes 96 are preferably angularly spaced apart by
about 120°. The spring 94 is prétembly enclosed within the infusion section of the catheter and configured similarly to the
spring 84 ot the embodiment of Figs. 9, 10A and 10B. The spring 94 is preferably longer than the infusion portion and
positioned so -that all of the exit holes 96 are adjacent to the spring 94. In this configuration, the fluid is prevented from
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When the spring 84 is filled with fluid, the fluid pressure rises nore
quickly. The fluid inmparts a force di rected radially outward onta the
spring coils. As the pressure builds, the outward force bed drakil 2

Once the fluid pressure rises to the t hreshol d di spensati on pressure the
routward force causes the spring coils to separate slightly so that the
spring stretches longitudinally, as shown in Fig. 10B. Alternatively, the
coils may separate radially, as discussed-above. The fluid 5 then flows

t hrough the separated coils to be dispensed fromthe catheter 80. Moreover,
t he di spenssadoimse1o s advant ageously uni form t hroughout PEEUSEN4E on section
of the catheter 80. As fluid is continually introdyced int he tube

Che. Spr i no S Pkl HESLIoWB YRGS PGt LTS e Bl g Y .

desi red r egid@areshi Altkrhatively, Fhe tulh192vbap beformell fvithtallesedfdistelieral. The cathete Sl beosad fordighpor ar i | y
ceases, th fﬂngl by, U € within the spring 84 may fall below the

t hreshol d spensa lonpressure. It so, the spring will conpress so that
the cods are onteseAiaitheter8ljs iseredinto aypoptomioabregfon saithat thednfusjen spotion fgdiva regindpisls ed. 10

Several ss pmt.md.taﬁaﬁemmtt He mata ﬁlvmtshemmameﬁeﬁa:atapftubmyzwwmemu anpUI t abl e
spring types are 316L whi ch can be rxéahdll},”%zs E’ﬂr“%has d. In a
preferred @Wﬁf’f"@?ﬂf”&t"i‘"&%""‘?‘?fé“"%‘ﬂ'i‘ﬁ?ffj"ﬁgﬂmﬂgéheﬁ'hfc? ¢S SRt cRrgpuplgintipduged g the, o ong
its | engt hpmimm eﬁdhnsembesznﬁumgmmmmmz thelsfity 96 [Evehtally, 1becspringtd Ysmontechilld @ithkdliy/ e USt ai N a
hi gh degre bendi n hou eaking f| n a

severe benﬁ ‘ﬁ'[“f’ s"gbe\ng aeent "“'E:t% 3 °ﬂ“§gmgmsa1b8m" Hmb"%h@pagm?ﬁﬁ% 84 may
be fl exed ﬁa:rfslud,endaﬂﬂ wan maﬂ\ndﬂawsmwaklbﬂmrmwkwnsewﬂbwﬂwmmmﬂmm oy fluid

to I eakgang £k rttesadm Wﬂn;.ﬁt B 2] ﬁxﬁﬂh fn@exmabmf Aspat ony.
The spring § Can 15 have any desired len { define the gth of the

i nfusi on s aeetios. offe exit holes A prelgrpbiyequg it siggo ﬂ'atfteﬂ"gﬂw SWﬂW'ﬁemtab'F‘h’éﬂ“ﬂ et o

}/fir l eL yI of hdmatuﬁa"m@tuay msginyih maneﬁlww&@ MstribshghloBruit waugm alddved gmhf&nee.famt mengt h,
exibilit

.and eri.a In the
preferred W%ﬁ'ﬁ"f“@ﬁﬁd infp H’E‘“gﬂ% d s&'ﬁ?j Kiligy |“Efied?e& f"é’?‘?@t’%’r@ ﬁ'fdﬁ "Bhring are
about O. OZ:a'lhElﬂrhEtbs fivid ttrod Do Bases reaivedly, the i peaitewitii the,spricréd mévHal bebtlie thgsinld r € has a

di anet @ﬂﬁf I f it S
preferz o%gughfsrg?a ?nf nc v?np{h ?‘hgtﬂﬁreeﬁﬁngﬁa na(ﬁdgdf’ﬂnﬁﬁeﬁ?% e 82.
The spri ngdlwwibe gl ued to t he II’ISI de wall of the 20 tube 82 using, for
ilempl et a IU Yo ﬁ@bhﬁﬁénv:ﬁmurﬁnmstmm arldube 2 lrh contGk a!dﬁﬁtﬁhﬁﬁt;@%mdflegspim%ﬁr } altts |

ernative sprln can, ere e tu or itte
with a pro¥t i’PﬁFwﬂm@“ﬁ% W%?FWBMW“’B Ebgﬁt”{tﬁ"&‘ﬂﬁém@?%"gﬁ 82 and
st op 86 -catf &g adrmd:ha‘d Tocherinsimwalif thetube B8y fierariitipg thefothereid efithe syriey to bgdisplacaigs tﬂu e

consi dggat o g nh,&, e sg,ﬁ@éﬁ be gHeE 0 ettle%d &'y, ?oY exaplh, 3 rﬁg"\ﬁtleﬁﬂtpomrﬁ antﬁﬂgﬁ i

snoot hfiéss, materials I nclu Vi m g
tef |l on, anh}ﬂdtyllhﬂ@r'a'& Nﬁ"tﬁ@\feh’a‘?ﬂsdﬂk%wwctwft“’#%'@‘“ﬁ'kwfl“@m|"R“WP@ g tpbe 922"9' Fig. 11

i 11 ustrat eg sginef fdm Wt sRthble HterBIC R nsille Wl di fhe @2 92 dpFoteRENRAELINIEMG: 1hOprinh R méd €S ENt
|nvent|on The catheter 90 conprises a distally closed tube 92 and a

‘weepi ng" YELWPEAICHREE i ng 94 concentrically enclosed within the tube 92
so that a | uneg. msnusﬁubﬁamdervmhdadnﬁhgtnlamh&uhﬁimamdtmmnngmnuh miewﬂmbnwty of exit

hol h, of, .t b d
rerats. it athl ey iap 0 SO 1 oy T f e n s HEBlE™0
i nf usi on suhBtlilZ(ﬁvaMm bole? ¢ definescan igfusio) @tion nTtheca@w!ﬂﬂhBtee@ holps 104 ret8 siped o haver b | y
provi ded t.!a.t.ﬁalmlﬁwmpertnb t]e@ua&ha%etabﬂ ad,@ttmman QrBstﬂmn of Sifica bi'de beBeRlN Sect i on
can have any 10 desi reﬁa en prefer rcﬁ'ﬁ configuration, the axial
spaci ng beMietitiplpsd Brithe At ’@E’“@B‘ "P%“Wt‘PH o uger e cathater advaptpgeously sigpenses fuidy o5 ¢ o
0. 2? inc hexﬁmu MtamlnmonﬁeeilﬂmamyAmwucaﬂ.m ﬂmmdnendT dalie A6LI0L fldaoihoGh S ar e
refer angul ar
D o or b1 Y8 HEARser PR G ek B, e s sl o B e
confi gur edmstluMsIs@ﬁin;alMpayem&uemm thping twopglBHe halds 104)dbe 18 thigiOThRlsRen tEveatballyFhgigusioD,  10A
and 108. Tprt}r%nnséﬂﬁsl c;ﬂﬁteﬂ:ﬁcodwé ﬁﬂgdr vﬁtﬁ m’d.apslﬂyidi“mﬂl% irrfmlalm in‘nnlﬁ pﬂnﬂa“zﬁd oPHe 1909562.' Qn and

the fluid pressura begins to tuild. At some point the pressure becomes sufficiently high to force the fiuid through the exit
holes 104. Moreover, the fluid flows through substantially all of the exit holes 104,
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positioned so that all of the exit holes 96 are adjacent to the spring 94.
In this configuration, the fluid is prevented from-13 1 9 %@*MQiéﬁg

01/ 05210 PCT/ US40/ 19746 exiting the lumen w thout flownng t

spring coils. A stop is preferably attached to the tube to close the dlstal
:end thereof. Alternatively, the tube 92 - nmay be forned wth a closed distal
end. The catheter 90 can be used for high or low flowrate fluid delivery.
In use, the catheter 90 is inserted into an anatom cal region so that the
infusion section is in aregion to which 5 fluid nmedication is desired to
be deliverogoudsrg fluid is introduced into a proxinmal epgrodoedishds t ube 92 of
the catheter 90 and flows through the spring 94 until it reaches the

cl osed distal endisgrelevs sonfapien thoexit hles 144 3ol paal B sippesp tafthe lyd s dimersd deed int o
the proxi aﬁdtanﬁt}dquaim:attﬁa@gntswhaﬁna%u of IdWRlest IThdindibs K0a brb plerabiiBser@fiedad acida vapr | Ng 94.

Eventual |y, ﬁ] ressure

ri ses, andf® '@bf' ?p eco g°H‘"f‘ﬁé‘ﬁé’ﬁﬁ“’l"hg""émﬂ?§""5°§&&'&E'é‘r #‘ﬁﬂ"ﬁp ove in
connect i onhomtohmiyhepmiuﬁmﬁnmmunﬁ Tmﬁnlsgseadﬁm&%hpmmdtmﬂ@mmﬁmace of t he

| engt - Anc Py 0ieF R f FcaRf 1o offloaP s g s ol of g, WBRERE TOC | 0
92 by f | owmitkprackrbeueghadpdens hoiss 10§ is Wigindhs ragms oiehoutt 025 th (25 shesy ppd magepeederaiypboutThe  exi t

holes are afe%@rrﬂlaémamwmmm.ﬁ&mm e fuid .| Th el 102 ko WsSordh frh any of
he exit holes, advantageously resulting

substantially egual rate Bﬂ‘t
in a gener&‘ﬂW“U’fﬂ”‘f“ﬁf‘W‘H’f‘E‘F“ﬁ\‘“ q‘“&ﬁ*’"&?'“‘FW”H"“fhroughout a desired region of
t he anatony. Adg. flikstratesi aati@n0D feehaiing 1 akothér eolddiv@ @ theresenttimetios.atametr@00 90, t he

spring é(? 4 rﬁurira ﬁﬂs%*lylscfnsergthhg E‘?gaméﬁ 8’? it Qtoil enHa?l s ZMI tl@!ﬁ Qn%] R %iu{mln k&tﬁrh& B"f %ep &

cat het Tuid pressure
Wi thi n t hein hpabivesdgschi eppagimeits, | The hﬁ@?@WﬂﬂmebMMVt@tmu@f%ﬂrmfs'pm&whempr essure.

1T 50, thepgRkwieh tﬁ% Pli W&@&aﬁ[&nh&*}@é for&Q%f %.L ﬁuatQiELePrQé?a‘ﬁl? 1ié Périod? 28@ acent

and the f|UI i's no | onger | spensed preferred configuration, the

spring 94 wREleyiKdca ishapeaad splig Wﬁ‘l‘va@‘t m’ﬁ"“b??@"?%‘@’""é Aithjn the tubeZfb e phatdg amulre spri ng,

ﬁ 0I t hat tdaﬁa dob anﬁ;ﬂlﬁt&&h hehutr3urtetol 6 bne indiiber 208 E)dd BgineSura af&iedmatzoz fP}eﬁMﬁyIﬂM oug?1 t he
ol es i pfusi on .s a one en S n i's

At tachbd (eenieddo et G e €9 2l e o BB o S e SR el o

t he spri ngeathater. DAtensbiivg!p [the @endier 205 ntahasterd @long prlyi apgytion pitigtindusies section-hEhe sqmbey R4 iscan be

glued to t 3 ‘J’anﬁalﬁameeﬂtr& b:llh tﬁe%ﬁﬁ(mﬁ -doncenfdi Hsng\(s willh Eﬁﬁ% yﬁﬂaﬁ&“ﬂ:ﬁ&uﬂat erial,

or ot her I'ng materia térnative y an en ring can be

sol dered d?ﬁeﬁb’t thesmempen €0 is fagitpctyredyf a fepfle materisldo aygst W"I‘HEF'W"‘%“&"&H zmt!lé"ef or ned
fromany sjdybialphig. mat eri aI The inside walls of the tube 92 are preferably
snoot h &0 that . the sp nor. e reely stretch and ress

i1lustthtes a H‘d’?“ﬁg"t"e"""df[‘% 2'&"8'\“&‘??@""? gﬁé 55 L P%Wh@ﬁ?ﬁa?mm present

I nvent i on.annillreegionat0d) Gocethe rieMiidr 20255satmratedothe ftwmhamu}iamﬂaﬂdwmmkhemmdzuaumm i#f02 havi ng

a plurali t%&@lfeﬁﬁ&mtmp et v&x@%& 'RT%. iﬁiﬁ; 3hch The fRld pik nﬁmma thhdhout o K 0” ' on of

the tube I Ng exit nes an |1 nfusion section o
cat het er F@on 20§ fhid Jows wbsieptially yniloamigthranghs 3il st holes 4% \Rberacare sevgrpHsdvenisaps eirﬂaea of

openi ng t hﬁ&naﬁeﬁm&mhrle%niadamammsammuaﬁe uﬁw.tyenb,emmfgﬂ tm&nnmw Ao a0
ifice of the ¢ oles 104 are the

Cr oss ectl on I O
T oo e 208 g b ot P s Bt i o g W St Y- 1 PR A a0y
di spenses 208 prefetibly dxﬂaidoi:gm anhsigﬂrnﬂt \auihbuypraini; agaiist thduebe 2021 Thislirils €& podsifity of A f | Ui d

I ntroduc eq1 ﬂ prr]egs%l)re l%‘gm rapﬂga wg%ur su%ﬂg of % tube '26‘2 whlc I%Uh;]' cauzse Jnév \é\ﬁ ﬂg\ﬂh ul; {I)léj lga@ma{inn %ﬂhin
tha wound site. Alteratively, the member 206 may expand and come into contact with the tube 202, and still accomplish
the goals of the present invention. ‘ 7
30 The member 206 is formed of a porous material having an average pore size preferably within the range of .1- 50
microns, and more preferably about 0.45 microns. The radial width W of the annular region 208 is preferably within the
range of 0 to about 0.005 microns, and more preferably about 0.003 microns. The member 206 can bie formed of any of a
variety of materials, givinj due consideration to the poals of porosity, flexibility, strength, and durability. A prefemed

material is Mentek.
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30 tube until it reaches the closed distal end thereof. At this point, the
fluid builds within the infusion portion of the catheter. The fluid is
substantially prevented fromflow ng through the holes 104, due to their
smal | size. Eventually, the infusion portion of the cathet#d beddbaBg
filled wwth fluid. As fluid is continually introduced into the proximl end
of -the tube 102, ‘the fluid pressure begins to build. At sonme point the
pressure beconmes sufficiently high to force the fluid through the exit

hol es 104. Mreover, the fluid flows through substantially all of the exit
hol es 104. wobfsh® JAN 2094 Wo 01/05210 PCT/ US00/ 19746pdudelisgasPr ef er r ed
configuration, the exit holes.104 are all equal in size so that the fluid

i s di spensed atﬁamww@ﬁmMQWWm@qmw?ﬁ%aﬁwméﬂm in eppesbodipent. apshoyniny| | of

the hol es. r{,r hembQhesiv .sJaﬁbﬂeu A1 it ﬁimham,ua 308 fa@dim $Yodd hiahh inkefor iRk @ WG il VET Y
smal | hol e di anet er. preferred |arretgr ofaéwu?mg%t hgol es 104 13@1 about

0. 0002 i ncH’éB‘“’“B’P"Z%B'iﬁ‘P“'@ affipsivp iSgqulied by fl330 ipnsectiop gfAhe patheter3f0. 1 ovi ded
withint heAadwaauy 110 3dhesitdvan Ha Gppieds 10 & Ercntbosrs bf alg b (286 ap sng Isigithdich! ﬁohhnolh@ﬂout t he

ci rcunf ce of fUSLON_DOI t] h r
uni f or E'T"F %@Fgf”ﬁﬁg‘}“r’“&'aﬁ"{ if %'u%ﬁ%ﬁ? mlg?\&arr:\oé %"ﬁ\&tch 'ﬁtﬁ%wﬁggﬁrn,&gpr ferred
axi al spac shavgd tord 2 Wesscprovidedipsturaxinyel ofiths finfusion $e€idn of the sajfheten208. Qthsecontigurtivns arefpossitieout 0. 125

to 0.25 ing hﬁﬁmlﬁﬁﬁ'%%ﬂmgneﬂmeﬁtrﬁm&%aéﬂQWuarpﬁaﬂo%lﬁ&a@moﬁﬁbﬁemﬁé‘iubﬁtfﬁﬁa 100 can

be used for wflowrate fluid iver The tube 102 can be

for med f r obpndcAl6; andrelso a4 pepesghy thncentepqt tha jgfusiop pectionsto R’WW“I"W&)?@' 1T P® 0 the

art and di mu&&@ﬂd w%ﬂl\u’id&ﬂﬁ?&wﬁeﬁn@totﬂ&mJnﬁdﬂﬁirﬁeﬁﬁaﬂﬂﬁﬁfoﬁﬁtbhﬂgmlFmZQQho_%CFrgl ng

to ano er e i ment t he i nve n ter ncl udes a

7 st 10 oot e oir RS AMID 08 2 ¢ e Bt HaF aEo S BP0, o) ong

an i nf usi oThoss ef@idiapyskibif the mmmmmmmdlmgs herelr fthet ﬂaladheswmwppﬁddmdnvnfa

enbodi nent cng

ci rcunf ere‘%ﬁ"g—mﬁﬁ@% l?ﬁgf&'fg%ﬁe Ig?”c'?f“ose 'M@ﬁé In t e %%mﬂﬁaﬁ

el ongat ed Hemfb‘émwwmmw%f a porous naterial. Pr ef erably, the nenber

ggg i's enter aly t?jﬁ cﬁi‘ﬁér{t helStGHode Gibhe tini.agum@bgmy m@?ﬁis ?ﬂhsbrﬂrate?rnﬁbfaﬁlﬁaarbh){mmfalggesnenber
|s osi tioned w e tu . so tha space i's

f or med!Det WA thejeest qﬁ%@@ﬂ'ﬁ‘&’e%ﬁ“"?ﬁ@mﬁéﬁb"ér @WE%P?'P@' i nner surface of

t he tube 202. I?ﬁeeiﬁ@mhoyd214&:&9bmmmmzmmndmﬁmhrhmImmdh&mestzml end 210

of the tubg 2.9 50\%%9/?&9@ Tpaosa% msvsz%gm mg%h Jisﬂﬁ% da,ﬁ.-,% hambﬁﬁﬁet ion of

the catheler ernati ve al on
portion ofurWeremervf iesTheber @é@!"?@ﬁ" miwﬂmeﬁQO@‘* qdkgsive Hvsé‘f“@raawtsﬁﬂpeg@f*ﬂer ally

concent ri Gyiint finst2b astwitidEundefided bbwse oF 640 1112 € SRS, kv Gihesl@ Sl B8 exitvholel208hraEVE T he
advant gges of the |nv ntion, . Preferapl nuyf act ured of

a 1 exdthl @mishitisapyred) Any of 2 varatyotgit W?W"ﬁﬂ@“‘%ﬁ%&%ﬁn&mﬁ“ﬁ"ﬁ@%‘gfﬁ 200 in the

body of a pati @ivhentioabbve the {pexben 206 8 referdbly toncehtriWithiti 2ube 2021 Fif. 1 Dehbwiz @ crassisedtithe t ube

202 satur ?r% th&er%@%ﬁﬁ%m%%ég%&r?%@y e?liluseld 8% tha {'ILQDZt E’lﬁn%au%nglgﬁb r'ﬁﬁlsgl on 208.

Once the e SATUT & ovvs into
the regi ormaBtpostiondd wliacent(f the tudec20%; ax shewe ér Fis2 BO Thereonduwgtion ofFes. tanay bdestieedy 204,

Advant age%&h nlgt%fF%h? gﬁ&mﬂmﬂm@ﬁua&hmouaamfmmntuiafuwout the annul ar
regi on 208, | ows substanti al téftunl my through all of the

hol es 2%04. Thei"@“&?@’"%’il"&?’ﬁ‘?”h‘ﬂm‘ﬁ aw Ea'thrpéhmaﬁﬁtd‘rea’rmbrf Biegbe dow. ne
advant age gbsked lrehbautand dan diid Giong by dipk ieﬁ;ihmhetm@uumﬁn@rma datlieteD 2005 FoP Warfiple) rtrmugh t he

rerglt ter ihg: ef OAiPGe'ﬁﬁgm baye '%Wﬁﬁ'&%ﬁd gé’? 2@%5’ {}'W"r‘““*‘g ; ?59“’ W""EE@E l"T"he menber
be either distal er proximal to the proximal end of the infusion section.
When any of the catheters of the above embodiments is used, the catheter may initially have air inside of the
30  catheter tuba. For example, the catheter 200 shown in Fig. 13 may have air inside of the porous material of the member
206. The introduction of fiquid medication into the cathater fosces the air to flow out of the exit holes. However, this may
take several hours. M the catheter is inserted into a patient while air is inside, and fiquid medication is introduced into the
catheter, the patient’s wound site may receive littie or nﬁ medication unti air is expelled from the catheter tube. Thus, it

preferred to run the liquid medication through the catheter prier to inserting the catheter into a patient, to ensure that the
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206 preferably expands into the annul ar region 208 w t hout pressing agai nst
the tube 202. This limts the possibility of high pressure regions at the
interior surface of the tube 202, which could cause uneven efit %wg @i t he
medi cation within the wound site. Alternatively, the nenber 308 ?h pand
cand cone into contact with the tube 202, and still acconplish the goals of
t he pr.esent invention. 30 The nenber 206 is fornmed of a porous nmaterial
havi ng an average pore size preferably within the range of .1.50 mnicrons,
and nore preferably about 0.45 microns. The radial wdth Wof the annul ar

regi on 208wicspijpsgberably within the range of 0 to abou],gp %}Q;'mgg crons, and
nore preferably about 0.003 mcrons. The nmenber 206 can ornmed of any of

a vari ety a5 expeligd érom thy catheterprios forysg. Eecther. with refsrendacte B 19 ait fiser 224cas kpowrl instheaift, cpor osi ty,

f1exibilite mﬁﬁdﬁ%@ﬁe}hﬁleﬁﬂﬂh Faial thel iion s6biidR"284 7 ik Setheter D00, SFnk fMer 228 priYRiAL €K - 15
1 9 JAN 2004 egr 05210%%@U800/I 9746 The nenber 206 can e secured

within the® nsechin 226t theqet®i2M | n one enbodi ment, as shown
in Fig. 13, thEgsazdhﬂQi muarammappnbm Buéing @lbngateld @it kbieSck ks, Fhasd cathibternd mipdeRR@r 206 to
forma Ron i St .end, of the tube 202.
Pref er agl yfa’py\%hesf\t/%ml}@e%wwﬁg"d 'ﬁgm' 2’&563'? "%F%%F‘“E”%ﬂ"éﬂ“ %*E”‘i nf usi on
secti on of aeeenoatedtimibe 'G'WWQWIWUWAGM tllborﬁ& | Ty slots 282 arel prefsably growiied througieutal@pl i ed t o
the cir cUNfRiRRAS ofde hthhﬁﬂ Wﬁih@%ﬁﬁmﬁw Wﬁh*ep%ﬁp%&ﬁq& Ql% ?\heésttﬁegln anger eof, 5

formngarlnﬁsape e interior surface Tube 202 For
exanpl e, iUt B‘iﬁ‘?ﬂﬂ‘ﬁf‘“‘"@f" ofHjuig exiting ghe cathetpr; by, rrducing g Hencimnedanrelexperdenced by ther ovi ded
just proxi nml Préfbrablyie slbtﬂi:iﬁiy@e’hnéﬁﬁﬂinbnﬁlﬁal@fn the BuffhetGr Bdey R bt e BhpromiSeid Stbuctural

conflg ation bl or, ex le,. FEiL 14 shows an enbodi ment in
whi ch t e a%égﬁ&gaﬂﬁgﬁg%glwﬁge a‘ﬁ"”dﬁ'ﬁm&mﬁgl’m@%ﬁ%f the menber 206 to form a

bond 216, and diesd] skaws gfeha 8 hivingeit lols ntslmﬂtiswvhnsa‘lenmhdncréasnfammiﬂ@mngﬂuetxhaimﬁlmt o form

a ring-sha ﬁ%ﬂ e .adhesi ve

is appli ed{fﬂﬁdr%lmgh/ﬁ"%2 gm'tZIIjr fo &sadea'T"ﬂug'Pﬂbﬂ% ﬂegmne %%EJ' F"(')"I}F'"" se&ﬂ" °LH B 220

Fig. 16 sh&hae weﬁfHB"@hme Hasrheares tp\the fistalend of the dfuzind bretion. Wein thsen@qdﬁprtni @b dky to the

center of sa{nautmzsshmmm@wﬂrmhmﬁnﬂﬁmfﬁmfmwmﬂueﬁm&ﬁ%b}&%ﬂa?-%%memﬁb@se of

or di na %’gl " 'VE ‘h ﬁwand fromthe teachings herelin that

t he ad eS| v 9"5"3 ‘B‘g’f"f@a”i" honsyn s 1§ pecayse thy lajugr size ot thermate Gistq! siese fopensatgs &r  Thus,

for exanpl the increbsee Simresistatce dnihmesalie Srbyalin oehtt Ghoreef sirke t: 1R GRG LIRS are HeRs than b Bere 216, and

220 in Fi . not ired In the current
gpﬁ?lmalﬁ%& the]’e4s gﬂﬁgﬂ%mt{lﬁ@ﬂﬁﬁ:rb als?a‘ A ?s would belfllﬁeégfrbtgesg?eélaa one at

best node I nventi on, pre s ar e
the nost phedwreRrmahistse Advanieaiy the siets 235 ar H@lﬂmgtumd!lﬁﬂs ineadasinig dohoth, which tedulss icat het er .

Each bond sigtarkishy Wiehm Wiid liviay) RRHEEHE YdRyaRS SAESOY ih BinghinD R Wit A\I\P’ﬂesr 1s"Pms haped

bond 4 c be med by pouring the adhesive in |1 qui rmt rough one
of th?%xﬁﬁ’hﬁ 5;'"2%’5' when the menber 206 is in the tube 202. The

adhesi ve, havi Wih regag) ened victhel abovelviniipliiments &f @aiwters, i indeRilihS gulddwile @by n2R Wovided1 €

nf he body of the menb
The. adnes ey Rk AmRRR kel oSl oy Al bl [0S 202 "ae wi 1T be

under st ood by TheGHketersol thacirgsqnt '#"ﬁ"wﬂh@ beysed in Nﬂmedntarml:atiﬂnesmefepimmgﬂclul he exit
hol e 204 thiucHiergiy Wicfir o ke QR Ehane0 i o R Lokl mgh.gfnﬁ ent types

of ad e preferred adhe e be
et i (Hod SR St R GHL oLt G ieL D Yo Bt s 44 P Ube. 202.

Fig. 17 slintuim sectimrod &8 casiemed is ithin the blood clot 240. Liguid medication is preferably introduced into the
proximal end of the catheter tube. Advantageously, the medication exits the catheter 20 st a uniferm rate throughout

the infusion section to dissolve the clot 240.
As will be easily understood by those of skill in the art, any of the catheter embodiments described herein
30 may be used in a variety of applications including, but not limited to, peripheral nerve blocks, intrathecal infusions,
epideral infusions, intravascular infusions, intraarterial infusions and intraarticular infusions, as well as in wound site

pain management.

in addition, any of the catheters disclosed herein may be integral with a flvid line eminating from an infusion

pump as opposed to being an independent catheter designed te be connected or secured to an infusion pump..
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of a catheter 200 in which the nmenber 206 is concentrically enclosed within
the tube 202. Alternatively, the nenber 206 my be positioned adjacent to
the tuba 202, as shown in Fig. 18. The configuration of Fig. 18 nay be
easier to manufacture than that of Fig. 17, since the nEﬂgp $pes not
s have to be centered within the tube 202. 25 Those of ordinary Skl in the
art will understand fromthe teachings herein that the nenber 206 can be of
any desired | ength and can extend along any desired | ength of the infusion
section of the catheter 200. For exanple, the nenber 206 does not have to
extend to the distal end of the tube 202. Further, the 'ﬁﬁ%dend of the
menber 206wﬁﬁymnﬂh either distal or proxinmal to the pro of the

i nfusi on secti qmoug\ﬁhﬁnuwaaﬁmmwraneh@teﬂmwwmeﬂbm:mmnilem.ms is

d, th t het h d f t.h t ube.
For ey Sronpiest o ptsH B e A ol oot el B BSRRBRAE L ¢ (D2
por ous mat &rnmahuemhwtedmd”mnm uses B0 invertinaand Mmmd@f@mmwd enivalentefipreef. Feselt cat i on
into the C?%.Eﬁdﬁne:ﬁat b et F thel breseft |¥ven£n heieln%oﬂd*lhouﬂfnmtbpﬁm%fmf}%cﬁa’? disci@yever,

this may severa hours e catheter is inserted into a patient
while afr F@ﬂdmdwmmh?‘ﬂ'&ﬁlbmﬁ eoly b adi repdisg of tiy agE et élPW: nt o t he

catheter, the patient's wound site may receive little or no nedication
until air is expelled fromthe catheter tube. Thus, it is preferred to run
the liquid nedication through the catheter prior to inserting the catheter
into a patient, to ensure that the -1 6 1 9 JAN 2004 WO 01/ 05210

PCT/ USO0/ 19746 air is expelled fromthe catheter prior to use. Further,
with reference to Fig. 19, an air filter 224, as known in the art, can be
inserted into the catheter tubing proxinmal the infusion section 226 of the
catheter 200. The filter 224 prevents wundesirable air fromentering the

i nfusion section 226 of the catheter 200. Figs. 20 and 21 illustrate

cat heter tubes having elongated exit holes or slots. These catheter tubes
may be used 5 in place of the catheter tubes shown and descri bed above.
Fig. 20 shows a tube 230 having exit holes or slots 232 that are el ongated
in the longitudinal direction of the tube 230. The slots 232 are preferably
provi ded t hroughout the circunference of the tube 230, along the infusion
section of the catheter. Conpared to snaller exit holes, the el ongated
slots 232 tend to increase the flowate of fluid exiting the catheter, by
reducing the flow i npedance experienced by the fluid. Preferably, the
slots 232 may be oriented longitudinally on the catheter body so as not to
conprom se the structural 10 integrity of the catheter 200, as will be

easily understood by those of skill in the art. Fig. 21 shows a tube 234
havi ng exit holes or slots 236 whose | engths increase along the | ength of
the tube in the distal direction. In the illustrated enbodi nent, the slots

nearer to the proximal end of the infusion section of the tube 234 are
shorter in length than the slots nearer to the distal end of the infusion
section. As in the enbodinent of Fig. 8, the catheter tube 234

advant ageously provi des substantially uniformfluid delivery through
substantially all of the exit slots 15 236, under relatively high flowrate
conditions. This is because the |larger size of the nore distal slots
conpensates for their increased flow resistance and pressure drop. In

ot her words, since the nore distal slots are larger than the nore proxinal
slots, there is a greater flowrate through the nore distal slots than
there would be if they were the sanme size as
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the nore proximal slots. Advantageously, the slots 236 are provided in a
gradual ly increasing length, which results in substantially uniforn1f|uid
delivery. Further, the elongated slots result in generally p F gm@
flowates, as in the 20 enbodinment of Fig. 20. Wth regard all~of the
above enbodi nents of catheters, an independent guide wire |unmen may be
provided wthin or adjacent to the. lunen(s) disclosed, as wll be
understood by those skilled in the art. The catheters of the present

i nvention can be used in various nedical applications. Wth reference to
Fig. 22, in one exenplary application a catheter 20 (reference nuneral 20
i's t tify the catheter, but any of the 25 above-described
catﬁ@@gFg%gg%ﬂge used) is inserted into a blood clot 240 inside of a vein

or arterwy. %e%{he%rﬁfrﬂfeﬁﬂﬁ‘fdfm deli@ry dn filig thedugh®e bt Satddlicd Rgios abMgligdig: i s Wi t hin
e Pl ema o Singed e paTE £ Bbded i oBY SLEE Btaky bLRAHE fCkiddldls bhE

proxi mal end He'dr" van ageou lon exits the
cat het er s200 tefte, saidieyitf holemprayided ﬁ'h'ﬁsbﬁu@ﬁ@tbt‘)f S&t'ch@b*? ﬁ?flﬂ@E @h infesion;sgetiop 8 Ak sol ve

the cl ot 2th@ter A8id Wbk lbeiR§ sieatb bymaércéerr&& a0shaktynidanRgen;ahdski I 1 in the art,
any of the cat he er enbodi ment s

L bed rein
variety of appl"i LAPREALTRET ORH 'ﬂ%e‘js‘%' i R'Ee Fe 'ngﬁbeﬁxmgg'z ergog haﬁ%r?ve
bl ocks, iantwiartspecsals formed detwesn saie pibdand|sai rﬁ‘felmebﬁéld memheab%gstﬂﬂa?d of a
i nfusi ongordudtablt €ri al infusions and intraarticul ar infusions, as well as

in wund site n ment . dditio the cathet cl osed
herein may be “Y’%feéb?az%a 3 Se9 %r%’a? lh%t & f?ﬁ% %H&edf M3 proxninﬁfeﬁg;%g%ams unp
as opposéabet will Hewrtroagh baidiepknelehat a8 substandiallydeniforgn eate t@llsbo%@ﬁ'ﬁelbfﬂ%!@h or
secured tg@qA | nfusion punp. -17 1 9 JAN 2004 WO 01/05210 PCT/ US00/ 19746

Al t hough this invention has been disclosed in the context of certain
preferred enbodi nents and exanples, it win be understood by those skilled
in the a2t Theatathetee opCleigehtwhemineaidinembexis egsntieyidraidthke. speci fical | y

di scl osed enbodi nents to other alternative enbodi nents and/ or uses of the
i nvention and obvi ous nDdIflcatIOB e[Iﬁngale ts t here Thus, ft is

f.
i nt ended % hake Faet OLPRMF WREN 5P LT RN Hﬁ%cl osed shoul d

not be limted by the particular disclosed enbodinents described above,

but should l?ﬁ‘e %eﬂr%} ﬂl’éﬂw th)érehysa@i %@rhﬁerrs%%gur@gto@(aldttm?‘e ! AingRshbgeatooh®! | ow.

1 ¢ JAN 20r at l'al med, 1S A catheter for the uniformdelivery of
fluid throuijﬁ?diﬁfte pé‘r"‘i"%8'%?‘;156'3I'”f‘t‘5é°§|38ﬂ'°"corrpr| sing: an el ongated tube having
a closed distal end and a plurality of exit holes in side walls of said

tube, saigd g éat%@{%ﬁcﬁi{gpy imﬁ\@% rpgaﬂinrgerﬁbér WElme@fo st thel BRFringRhagba@n@n

i nfusi on sectlon of sail cat ter sai d tube being si zed to be inserted
into an ASBEBHTEENAYREHEER heRryima) agd sy &pdsofsa 585 -oned within said
tube, said nmenber being sized so that an annular space is fornmed between

said tub %. aﬁlng caﬂlatgr Sdeﬁ?:%rv, wﬁ&giq sH8 mﬂbep@ibgﬂieﬁ% £Q?djtu9é atthe distal end of said

member.

7. The catheter of Claim 1, wherein said porous material has an average pore size within the

range of .1 - 50 microns.
8. The catheter of Claim 1, wherein said porous material is Mentek.

9. The catheter of Claim 1, wherein said annular space has a radial width within the range of O-

0.005 microns.

10. The catheter of Claim 1, further comprising an air filter in the flow path of said tube.
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porous material; wherein said catheter is configured so that a fluid
introduced into a proximal end of said tube will flow through said exit
holes at a substantially uniformrate throughout said infusiem JQeFDOgD.
The catheter of Claim1l, wherein said nenber is concentric wth said tube.
The catheter of Claim1, wherein said nmenber is not concentric with said
tube. The catheter of aiml1, wherein said nenber is secured to said tube
by a ring-shaped bond near the proximal end of said infusion section. 5.
The catheter of Claim1l, wherein said nmenber is secured to said tube by a

ring- shapgd )@Qﬁﬁete%ﬁﬁé%h#&m%ﬁ)@ﬂb’of%mﬁr@ hfobtearpér%ml redidf é$h$ph§rlwg Qx'i‘ds Of
sai d i nfusion section

S et g Fib a5 £ Rl o St S SR S et e s Rk PR ot
Cl ai m 1, avngrademyttsefisdidpareciesningéreinfuaibn berdioraof ssidarathgter, peidslosi beingwiriefted t he

range of gegierallys&ra{rblctlfv%lonérthﬁnéf aki Q%F %ud Rbe, Qaﬁi' t[IBelbeuY&‘@JnﬁddﬂeoG@ HatRPhiQYS

material 1 s Mnt The cat het C a wherei n said annular space
has a radi"%é(l”gxkﬁ“ﬂ?'ﬂ%fﬂc}*ﬁ Wf%ﬁ%%%&a"&ﬁ"ﬁf Sﬁd GES'ES'H*F&* gridibstgrpallyrgpyal-gienet er

of O ai mviherdirusdichsints srerafigried wilga ongitudinalfaxis toésaid eatitelee f | ow pat h of sai d tube.
19 19 JAN 2004 11 A catheter for the uniformdelivery of fluid throughout
an anatom cal re conprisin el ongated tube having a plurality of
exi t sl ot e ERERISRRLCIRIM 41, vharelh tsets BarPeredh lspelh fam s RoWe flie Saibng

| engt h ofengsofdalduifesiahedectiinng an i nf usi on section of said catheter, said
slots being oriented generally parallel to the |longitudinal axis of said
tube, said tube being configured so that a fluid flowing therein will flow

t hr ough sldbt satbste fP’yth%I“P'f%'f’ delivery ¥ ipid tarpyghgutan apatomindl RECD AMPridRLaT rate
wher ei n ssingated ibalaaemsdri rgaue bf wigofbud meamgint Ushidabmbetisized fo isainsbrieatrivet er .

12. The Caﬂte{agl{oﬁcaﬁjeglgw %Eai'&‘n?e]mbr etfe‘ﬁ‘-.b ’Eor?fghl%d f§5 Hab 2 NG En%é&eb Q%JG?R%Q’ %}r om

t he proxina usi on sect ter
for the UMPFAB PH‘?WH’\?E‘F'?’ “@F'a'f rF‘%l‘FEPrt"‘H'rf@M’dWBHQh e %‘apb?ﬁ'%tﬁP“'ﬁ“é'@‘?"@ﬁ?r ata

conpri Si igbaAdntialel vaiamiraE alodd b lergth TesdE bR Geender. a por ous nmenbrane, said
menber sized to be inserted into an anatom cal region, said nenbrane being
configured so that a fluid introduced under pressure into an open end of
sai d t ubuiBarheredtbsder ofi Glaims 13pwhemihalihraseugemsiplrere isriorgige dromueng A2 aeber at
a subst aghdidhd ¥f pjetr9iene, lpak sulfahe) Belyahdraifgid) poifprsdiete, tpslpuihdidenaeitinedide,

polycarbonate, nylon, or high density polyethylene.

15. The catheter of Claim 13, wherein said membrane has an average pore diameter less than

0.23 microns.

16. The catheter of Claim 13, further comprising a support defining at least one lumen and having

at least one fluid passage exposed to said membrane.

17. A method of uniformiy delivering fluid throughout an anatomical region, comprising the steps
of:

inserting an elongated tubular member into said anatomical region, said tubular member
being made of a porous membrane and being sized to be inserted through a subcutaneous layer
surrounding said anatomical region, said membrane being configured so that a fiuid introduced
under pressure into an open end of said tubular member will flow through side walls of said
tubular member at a substantially uniform rate along a length of said tubular member; and

introducing a fluid inte an open end of said tubular member.
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14. The catheter of Caim 13, wherein said porous nmenbrane is formed from
one of a group consisting of polyethyl ene, polysul fone, polyet r}&[)sulgone
pol ypr opyl ene, pol yvinylidene difluoride, polycarbonate, nﬁlg)n] Z0B gh
density pol yethylene. 15. The catheter of C aim 13, wherein said nenbrane
has an average pore dianeter less than 0.23 mcrons. 16. The catheter of
Claim 13, further conprising a support defining at |east one | unen and
having at |east one fluid passage exposed to said nenbrane. 17. A nethod
of uniformy delivering fluid throughout an anatom cal region, conprising
the stepsyg (Afcat e@f%ﬂh'erﬂl cﬁrﬂd@ v@@%ﬁtﬁ&jtg];old&wuﬁén SRRERRL eBbR cérﬂbr%l nat om cal
region, said ei'ng nmade of a porous nehbrane an bei ng
sized to be |rP§‘eE’r’Ct"é€Fe‘[‘ﬁH‘p(Bﬁ’6ﬁ“%‘t subcut aneous | ayer surrounding said

anat om cal reg mmousSEEnthranevbagee albendigpidcippargur ed so that a fluid

| ntroduced  Undeys,BEESaHeRohii Ra3B v ENeANbhelmS s dorird b e B S Iopdk | |

flow through Sl nber at a substanti all y uni form
rate al orff&2if EWHORASf sai d tubul ar marrber, and introducing a fluid into an
open end of said tubular nenber. 2 0 19 JAN 2004 18. A catheter for the

uni form d@l lI'I¥eecfa3tll'{e?t=.fr 0 élemdmt %Qf@ﬂ@gntﬁo%ﬂs %@I%Bl%% g%nfgﬁ@g%g 'tha?Qmﬂﬁ ifl&inﬁ@ an

el ongated su rane W ap upport; said
suppor t tyétthsa@olePwr“ewsg §reughta Rartioneh said @F?@‘qriﬂ?ﬁ g %‘bfté?tﬁ@’d”rﬁém\@é% sai d
support taddghsat the sEEES &8€of shld.porfibe oltaatdmedneraref Cl ai m 18, wherein said
porous nenbrane is configured so that a fluid flowng wthin said |unen

w Il pass through a POI"[I on of said nmenbrane at a substantially uniform
rate thridulfrrotathetane’ Slaint He whelpiadheoturfaes of spid sYRPOH insfudesainigrrirlinty sse thabo. The

cat heter wHen Gh@lpmoﬂ@memfﬂﬁhélsﬂwhﬁ@d Sttuh@eRd Slppsidisdid Swepibedrie foritlalmbedn of

i nt erruptthon%lowé: |uPn%%‘t when sai d porous nenbrane is wapped around said
support, ‘sal men%rane forms a portion of the wall of said lumen. 21. The
catheter of Claim 20, wherein said interruptions conprise a plurality of

ri bs ext endirRg cathdeh cﬁkiléﬁmf a0 mharama@aida.hteﬁmb@g caaiprisé @rpi@dlins e ribs SuiepaRg , sai d

ribs al Soﬁgg%ﬁltg rog'll aﬂgaxmp letr at%f Sgld %{Iﬁb%g s% él rlbg gg% gxt&ﬁd&?ga}&%lt&c}fr%gfglw gai d

por ous me ne W ap
cat het er Ieﬁgt@fawﬁﬁwoﬁfaardtm@us wmbrang WrrpPed ?f@ﬁﬂd'?%%efﬁégﬁ@roéﬁ?éd Weapped
around a

22. The catheter of Claim 18, further comprising a non-porous membrane wrapped around a
portion of said support proximal to the portion of said support around which said porous
membrane is wrapped, said non-porous membrane forming a portion of the wall of said lumen.

23. The catheter of Claim 18, wherein a first of said lumens is separated from a second of said
lumens, so that a first fluid flowing within said first lumen and a second fluid flowing within said
second lumen will remain separated for as long as said first and second fluids remain within said

catheter.
24. The catheter of Claim 23, wherein each of said lumens is separated so that a first fluid fiowing
within any of said lumens and a second fluid flowing within any other of said lumens will remain

separated for as long as said first and second fluids remain within said catheter.

25. The catheter of Claim 18, wherein said support and porous membrane are substantially
flexible.

26. The catheter of Claim 21, wherein said axial center portion contains an axial guide wire lumen

adapted to slidably receive a guide wire.

21



portion of said support proximal to the portion of said support around

whi ch said porous nenbrane is wapped, said non-porous nenbrane formng a
portion of the wall of said lunmen. 23. The catheter of Claim 18, wherein a
first of said lunens is separated froma second of said |f§rpRhN §604 hat a
first fluid flowwng within said first lumen and a second fluid fl ow ng
within said second lunmen will renmain separated for as long as said first
and second fluids remain within said catheter. 24. The catheter of Caim
23, wherein each of said lunens is separated so that a first fluid fl ow ng
W thin any qfe %@h@te.larmﬁ zanghéelﬁgs.grtgmtt HeFhofeh@ WY 8184 kinB RHRY @el8%k Of
said | unens remain separate l ong as said first and second
fluids réﬁﬁ“ﬁﬁmttnn said catheter. 25. The catheter of C aim 18, wherein
sai d support and porous nenbrane are substantially flexible. 26. The

cat heter of r g ihq t i xi al
gui de w rée%3 ITu%ng%tt%tgrlcgpd@ ‘t%oms@%h ef‘é&e?al ggplg\%e&%mgﬂ{&esgl\%p%yg %mr%%l\llé12004
27, The datsHeAndt2%micersi m 21, mhereln sai d porous nenbrane is secured to
the outer edges of said ribs. 28 The catheter of Claim 18, wherein the
aver age P?QB t ons
29. A net ogrﬂ?ﬁgﬁy Hﬁ%%@%%gﬁp ering ﬁgﬁgaﬁﬁ Bgﬁggﬁgggﬁﬁgaeséeglon
conprisi My the steps of: inserting a catheter into said anatom cal region
sai d catheter insungizscangtanntelsoid gattedicalsegipgshidaathear panoishg mardmngated

wr apped id e o] hat
Onepgr asrugb'cp'fj r?@%s grldpsf%etmb de% %%Hnéggoﬂné%guﬂ £L|Fp{)&? wl%gﬂlf r?-.gapér? it
menbr ane; CCAFIGINEG @O G &g (HMENE /S farmed GFWF'?T&P"’ SHBPask a S?"eé’gt‘m%ne of
sai d Iunaﬁ@nmsm;dn&IU|d passi ng through said nmenbrane into said anatom ca
region. 30. A, f u dehivery
of fluid thr ou gggdg’tlu.mfbt%%ﬁ;&f-rlal‘&d%f%f‘l&%g:or%% ?fsﬁgﬁd&rpﬁle %de{tﬂ)fscp%) g'glh orm ng
an eIongdh@ﬂmbﬁﬁbﬁ$mm?%ﬁﬁ$§@d@Pﬁ@“§§ﬂﬁwghpport so that when a sheet is

wr apped around said support one or nore lumens are forned between said

support %d Sa'egtog %ertnanu?ar?:qu\%%pgétﬁQerafop%eoHr%fo% rQ%Yn%RF of FIQY qgroﬁ&tiogt ayppor t

so that onée or nore | une
anatomical region, comprising the steps of:

forming an elongated support;

configuring said support so that when a sheet is wrapped around said support one or
more lumens are formed between said support and said sheet; and

wrapping a porous membrane around said support so that one or more lumens are

formed between said support and said membrane.

31. The method of Claim 30, further comprising the step of configuring said porous membrane so
that a fluid flowing within any of said lumens will pass through a portion of said membrane at a
substantially uniform rate throughout the surface area of said portion of said membrane.

32. The method of Claim 30, wherein said configuring step includes providing interruptions within
the surface of said support such that when said porous membrane is wrapped around said
support, said membrane forms a portion of the walls of said lumens.

33. The method of Claim 32, further comprising the step of configuring said interruptions to
comprise a plurality of ribs extending radially from an axial center portion of said support, said ribs
also extending longitudinally along a length of said support, said porous membrane being

wrapped around the outer edges of said ribs.
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formed between said support and said nenbrane. 31. The nethod of C ai m 30,
further conprising the step of configuring said porous nenbrane so that a
fluid flowing within any of said lunens will pass through a rglﬂn @ﬂ sai d
menbrane at a substantially uniformrate throughout the sur ce arg

said portion of said nenbrane. 32. The nethod of C aim 30, wherein said
configuring step includes providing interruptions within the surface of
sai d support such that when said porous nmenbrane is w apped around said
support, said nenbrane fornms a portion of the walls of said [unmens. 33. The

met hod 0f34Crad Medd of uraﬁnh% fﬁm@%;ﬁbmg&ﬁ@st&.& %pfoﬂﬁmg:gﬁlfamgtauﬁdegv.@aurqen
|nterrupt|ons to corpg sea |aI froman

in
i a1 cortiBn sabraeeb R Fotion Lkt pude ST lrie SRFLE Uhbrarats  sdds
| ongi tudiwial | y al ong a | ength of said support, said porous nmenbrane being
wr apped around the outer edges of said ribs. 1 9 JAN 2,004 34. The net hod
of Caim33, furt r|S|n t he ste of form ng an axial guide w
umen wiehihe SaiPES a5 A S RvBET (T S5 Do SRPATS S AEToRs FEMPERER
adapt ed tsaidsuicdedyey of @iibee a guide wre. 35. The nethod of C aim 33,
further conprising the step of securing said porous nenbrane to said outer
edges of said ribs. 36. The nethod of Cla|n130 further conprising the step
of wrappi¥g e H‘SWO%SF Glan AR flthen eomeiistha e %{e&)Br‘t’riaB‘Hngo? ngHEPY! “LSU'E?JB&
pr oxi mal drauntt Agopion bf aid sufoparaproxinsig the hodivoofisdidwiopeint ss@ind whish eaig ponvesrbr ane
IS wapp of said
amene, 3 diie BRRAAREAH Sor RIS P b JBREE e Pl il iy
configuring said support and porous nenbrane to be substantially flexible.
38. The reet hedmethodhiaClam3®, frtierd doetprisiayipe iskep R cdriigurty egid efippoarhd goung sai d
| unens t i fromone another. 39. A catheter for the
unifornlgn$*hﬁﬂ§$bg%&ﬁF %ﬁ ﬁ%ﬁﬁbhout an anatom cal region, conprising: an
el ongat ed tube |nclud|ng a plurality of exit holes along a | ength thereof;
and a tulzgl sie pehodis CIRIMDICRStharadvaprsing balstey ot aoligeiag suit tumens sabafididipe,
said tub fining a [umen. 40. The catheter of C aim 39,
wher ei n EEE%Q?%EﬁﬂEEQQﬁH%fane is configured so that a fluid fl ow ng
through said lunen will pass through the walls of said tubular nenbrane at
a subst argbi @bétyetuﬁbrftﬁu miformadedivérpsiaughirtighbilitan @ndtbmieal segidnacenpeisieq of sai d

menbrane. ﬁm%nﬁstmggrm@é%% AlrThey S exWRGE LA ShgSAb e VB 4y configured so

that a f|UId
a tubular porous membrane concentrically enclosed within said tube, said tube and

membrane defining a lumen.

40. The catheter of Claim 39, wherein said tubular membrane is configured so that a fluid flowing
through said lumen will pass through the walls of said tubular membrane at a substantially uniform
rate throughout the entire surface area of said membrane.

41. The catheter of Claim 39, wherein said lumen is configured so that a fluid flowing within said
lumen will pass through the walls of said tubular membrane and exit said tube by flowing through
substantially all of said exit holes at a substantially equal rate.

42. The catheter of Claim 39, wherein said tube tightly surrounds said tubular membrane.

43. The catheter of Claim 38, wherein said tube and said tubular membrane are substantially

flexible.
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| umen w Il pass through the walls of said tubular nmenbrane and exit said
tube by flow ng through substantially all of said exit holes at a
substantially equal rate. 42. The catheter of Caim 39, wherein said tube
tightly surrounds said tubular nenbrane. 43. The catheter of Cl& A3 2004
wherein said tube and said tubular nenbrane are substantially flexible. 9
JAN 21U] 4 44. The catheter of Caim39, wherein said exit holes are

provi ded t hroughout the circunference of said tube. 45. The catheter of
Claim 39, wherein the average pore di aneter of said tubular nenbrane is
l'ess t han, 0733 Md W iaif 9o, whelt Lo inoldb bfe C}{]m&éd%ﬁoug\h@ tth@chLerance
throughout an anatom cal region, conprising the steps 5 nsert Ing a

cat het er §fA#8198i d anat oni cal regi on, said catheter conprising an el ongated
tube including a plurality of exit holes along a length of said tube, and a
tubul ar pgr n i IO, | id

t ube and 4% Q %gﬁg&%?ﬁ?lﬂg’%ag’ ét}%rlér%ﬁ@‘lm} dagg%t%r oﬁ%ﬂ?t%wgéfgbg cl?(#tﬁneg@fant??gssur e
into the 'ﬁ?sd%”noa?e’ BE@"Sf said |umen, said fluid passing through sai d
menbrane and said exit holes into said anatom cal regi on. 47. A nethod of
manuf act g f r an
anat o cof® ot By BRI CBRH yisPeatlegkh ok HOHOREHL.

provi di nPfa plurality of exit hol es aI ong a length of said tube formng a
t ubul ar por ousngeetibreastieteaa o Gaid Gaatbmicalabyiyn, @bidl catieeg caaprding b Widagatpdr ous

nmenbr ane n 48,
Tt nolEL P APt A B0 o TRERAT S Bl e
tubul ar rASREANKISRIYSACIoseH Aithia sail tibg, Slaldd‘c}ﬁer?@ RMEFGR dgf&‘irﬁ JNmAMaN | | pass

t hr ough t he wahtrcsiu€ifig s aiidl uﬁdtbuieafurmﬁilh@ﬁrex:ﬁtbl ghd of s luaeh| @i fiidusassiog m r at e

thr OthOl{h?%s}]%érhtﬁ'aﬁeugndﬁglﬁ %l[ﬁ(ﬁ?s%og J@HPJ % 49. The method of

C aim 47 corrprlsmgt sepo confirgurrng said lunen so that a
fluid flowing within said lumen will pass through the walls of said
t ubul ar e aReoandt mduackahgl ot tdieeterbipr fileOwhingm tdem@ugbf Subshraighoad by al |

of said ea>§ ltomhcgl r%?oﬁa OI%P s%%%heaﬁédsaolrl y equal rate. 50. The nethod of Caim

47, furt Fer of ‘configuring said tube and said tubul ar
menbr ane so ttfaft“'@aﬁ”cPQ”GBtédthg’htly surrounds said nmenbrane. 51. The met hod

of Caim47, fpislidieya SGaRy drekinBolésWorglza¢hgtfof 6atdfubgur i ng sai d tube and
tubul ar forming a tubular porous membrane; and
concentrically enclosing said tubular porous membrane within said tube, said tube and

membrane defining a lumen.

48. The method of Claim 47, further comprising the step of configuring said tubular membrane so
that a fluid flowing through said lumen will pass through the walls of said tubular membrane at a
substantially uniform rate throughout the entire surface area of said membrane.

49. The method of Claim 47, further comprising the step of configuring said lumen so that a fluid
flowing within said lumen will pass through the walls of said tubular membrane and exit said tube

by flowing through substantially all of said exit holes at a substantially equal rate.

50. The method of Claim 47, further comprising the step of configuring said tube and said tubuiar
membrane so that said tube tightly surrounds said membrane.

51. The method of Claim 47, further comprising the step of configuring said tube and tubular
membrane to be substantially flexible.
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menbrane to be substantially flexible. 24 1 9 JAN 2004 52. The mnet hod of
Claim47, wherein said exit holes are provided throughout the circunference
of said tube. 53. The nethod of Caim47, wherein said tubul gr jAEnpiEne
has an average pore dianeter less than 0.23 mcrons. 54. A device for the
uniformdelivery of fluid throughout an anatom cal region, conprising an

el ongated catheter having a plurality of exit holes along a length of said
catheter, said exit holes gradually increasing in size along said |ength
of said catheter, wherein the largest of said exit holes is nearer to the
distal eng ff, rﬁahcg; SR Y2 bRk ald it BB i€ plovBla BRLEhRIE RBIRRencS 01 LNt 2
fluid flowng un pressure wthin sard the ter ow t hr ough
subst ant i8lF[YPeal | of said exit holes at a substantlally equal rate, said
catheter being formed froma material that is non-reactive to anatomca
systenms, AhAAEHS] & 7 Phdrail Qi RioflE! o 15 ald b3t sdeR: RO 2
cross-section urmen of sal d catheter |nes a se area greater

t han sai d'@iG2}¥migioes. 55. The device of C|a|n154 wher ei n sald exit holes
are provided throughout the circunference of said catheter. 56. The device

of Cd aimga c}@t)@é %rr}héla fo?rﬁad |\ﬁeﬁ} ofq‘ulosﬂoggl%gl't bn g%t ilc%gé?_sgn, Cgoﬁlgﬁsgrf?earpf at

| east O. 002 'Rehes  an | as a dianeter of
at nost Glagateheseaer haying A phf‘ﬁ“ﬁ eyt halpsi Al @ '9"9(%% spigrgatgter. |said §xi Reletighout
an anat orgraaahnynﬁcgeam@; i€ QP laioRy REd tisghgthsdfepi calieter,i wiedin thegargest ef eaigakied

catheter L B %.‘e?’toflﬁé‘& %’tﬁ‘ e%?'of £a?og!a%t ﬁ%h %'e%%ﬁ% & sara%}gh F(gesaso {ﬂg ﬂ"q i Ly of

exit holes a
i ncreasi Mgwing U@‘?ezéres%ﬂr‘%)w@'%%'ﬁcqt@‘ﬁjf"ﬁ' flgw tyasgh 5@%%@'@@" OW?&%?tﬁmFﬁét q ar gest
of sai d exbdtariglyesqual rdis adali cdtitetdrhigeindi Birddd Rorel a efatesiali thalC Bt hitresctivdran t he

smal | est RlosfbA/GEhL 0 WRSeinddl MRGE! dbaReh Sofitiids PLES APL AL BeengP D! NEd

first area I nes second
ar ea gr e&f efumenehspidedthetardefges geqend gigp gregtef than &3id el aRp. f or med f rom a
material that is non-reactive to anatom cal systens; and introducing a

fluid un ressur r.oxi n . t | .ui d
fl ow ng %shpg 6%'0%8 a'ex%t WEQFF'gssa'gnnﬁlmI ea?? ﬁ%\'@%&l tgmﬁ%' p FtF?Eur U%Fwé&lc%r?y sai d
fluid fl sadegthetar ough substantially all of said exit holes at a

substantially equal rate. 1 9 JAN 2004,

56. The device of Claim 54, wherein the smallest of said exit holes has a diameter of at least
0.0002 inches and the largest of said exit holes has a diameter of at most 0.01 inches.

57. A method of uniformly delivering fluid throughout an anatomical region, comprising the steps
of;

inserting an elongated catheter into said anatomical region, said catheter having a
plurality of exit holes along a length of said catheter, said exit holes gradually increasing in size
along said length of said catheter, wherein the largest of said exit holes is nearer to the distal end
of said catheter than the smallest of said exit holes, and wherein said exit holes define a
combined first area and a cross-section of a lumen of said catheter defines a second area greater
than said first area, said catheter being formed from a material that is non-reactive to anatomical
systems; and

introducing a fluid under pressure into the proximal end of said catheter, said fiuid flowing
through said exit holes and entering said anatomical region, said fluid flowing through substantially

all of said exit holes at a substantially equal rate.
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58, A nethod of manufacturing a device for the uniformdelivery of fluid

t hroughout an anatom cal region, conprising the steps of: formng an

el ongated catheter froma material that is non-reactive to anatom ca
systens; and providing a plurality of exit holes along a Iengt@.ﬁﬁngmq
catheter, said exit holes gradually increasing in size along said length
of said catheter wherein the |argest of said exit holes is nearer to the
distal end of said catheter than the smallest of said exit holes, wherein
said exit holes define a conbined first area and a cross-section of a

llumen of sgai 4R B%srtufﬁtn g Sece ISARONHORS 8SiveH eﬁﬁu%rthton@u%%atohﬁc%g War ea,

so that afde#j | om ng er pressure within said cathe

t hr ough SeRIRY %1‘???9”3‘!“99‘8&@"58? said exit holes at a substantially equal rate.
59. The net hodoroiingGnaiamy&ied catteterdiom ssraatelrigh that/is domgastive o anatimimesysiemsyi di ng
sai d exit, holes throughout the circunference of said catheter. 60 A

cat heter Por the delivery of fluid throughout an anatonical reg

conprising: &igHE;2 pé“’?'%‘ﬂfleétt heles flong# 'P'Pﬁﬂh ﬂfai?ldrfé‘th&tebFBB?l%PD'%a%F%C hed
to a di St‘ua:l'eaelﬁgi iroizs alofy baib @angtnal sall sttrefer, clvigséim thealadestt dlsaid redit dbles &8 d

Sp“ ”9, Jggr &HP& d@ﬁﬂeﬁoawsa%op]tatﬂt%r%%tth?@tnttrttm s%idp&t%@ﬁ Werdh ga%@tet.a'

n, sal col one anot her when
sal d spr ihAlgs |d§f'r|en"’l aom'éme&xféet yep ol acpsprggtion Pl iR Mg #fi 571d @ineter dgfneiP and
bel ow a tsbéoag b@a@rﬁt@mnsara ifisnarps, &6 Shit & fliis figrieyaatetledsu@mwitxishid rgthatai d

| umen by wil flogl%rn% s%gétgrlwh%/ %Lwcﬁllt%ghgatcaoéubﬁantlﬁw eqtuéﬁpété ng having the

property "of Stretenin pressure I's greater than or equal to
said threshol d di spensation pressure and permtting the fluid to be
di spensedsf TedMzeod df WM 3By wiheid sigd padiday |sepbietiveerpromding s0d kst hdlds The

cat aid spring is configured so that the fluid
m%ur?%?%me |r@111rﬁ?e9a9t:e 2'83?1@% ‘substantially uniformy throughout the

Iength and circunference of a portion of said spring. 62. The catheter of

C ai m 60 gowhedtiedtet feranedehainhertien tiroUghbie an afdrhics segion| eomrisibg)r ough sai d st op
defining a guide wire lumen for use with a guide wire. 63. A nethod of
delivering a A'%%% to an anat omi cal region, conprising the steps of:

i ntroduci ng aafttlttﬂadC@'Wﬁ”%@“@ﬁémf%m@k?ﬁﬁeﬁ“a@wd to digtakepg &f saifl tHeRAPRR sai d
fluid to f|OWalginQ;b’gmbubjtﬂaaéncp@IshmS@-[ngﬂg wi thin an anatom cal region and

having a proxi lmube an sald L) Frlg %—: égﬁﬁl%bazgnoqtlone&% c%%?’ﬁ%nqent Eé?oesp?‘ag hQ\ﬁﬁ Sa' d

tube and spri r’?a each TofmR ortiron o

havi ng aadieent edils &y qegtast vith one natiedg when saig F@f'@plﬁ infyelaxed date sp ffrﬁ’@ﬂ%‘ﬁlﬂt'fg
said spring and below a threshold dispensation pressure is prevented from exiting said lumen by
flowing radially between said coils, said spring having the property of stretching when the fluid
pressure is greater than or equal to said threshold dispensation pressure and permitting the fluid

to be dispensed from said lumen by flowing radially between said coils.

61. The catheter of Claim 60, wherein said spring is configured so that the fluid between the coils
is dispensed substantially uniformly throughout the length and circumference of a portion of said

spring.

62. The catheter of Claim 60, wherein said catheter further includes a lumen through said stop

defining a guide wire lumen for use with a guide wire.

63. A method of delivering a fluid to an anatomical region, comprising the steps of:

introducing a fluid into an open proximal end of a tube;

alfowing said fluid to flow into a tubular coil spring within an anatomical region and having
a proximal end attached to a distal end of said tube so that said tube and spring each form a
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adj acent coils in contact with one another so that said fluid within said
spring and below a threshold dispensation pressure is prevented from
exiting said lumen by flowing radially between said coils,] §alANsiQkng
havi ng the property of stretching when the fluid pressure is greater than
or equal to said threshold dispensation pressure and permtting the fluid
to be dispensed fromsaid lunen by flowng radially between said coils;
and bringing the fluid inside of said spring to a pressure greater than or
equal to said threshold dispensation pressure; wherein said fluid exits

sai d | umen hy of fameﬂ %ardasgh@& HeMmQQ%WF%BSlﬁ@b glsﬁpén'd%f saﬁ&lspnﬁg rgg.ta RphgHaving

manuf act uri ng a cat heter hr oughout nat om cal
regi on, TEHNiCHYG ?%@Cgf’vé'i’)é’"%@mtb‘?ro?ﬂ Eﬁ‘gh@a %f“f'gb"éth'"a’iaf 'P%@"grhﬁﬁlﬁ’x? mal
end of a threbhdicadispeosdtios pressuge &erexented frath eritig safd Ismerdbyt fidwinggedialliaetwsan d
tube and sSai HySRLER na%mn@@]te'p%eﬁ’y Mrucmng wﬂeﬂh@ﬁn%@asuw.ggma@%q oPPring

havi ng adj acent coils”in one” anot her spring . is in a
rel axed s3ayeldo sag threpapld fdrsa?r&ammﬁﬁur%na perﬁrtf'wgthaﬂwd (s ?i%’e&s‘?dﬁf%g%

di spensatliroen s fessig radidlg bgweanesatdedils, armim exi ting said lunmen by flow ng
radially  bet \gﬁﬁ@e@%@lm&%hé of SR i arbgesQ@rgbregteP A& B pald yal@tfme%ﬁa.@t ching

when the fl ui sure is greater an or equal to said threshol

di spensatq'sé?ﬁ"%‘f'%%’ﬁ?séreand pernmtting the fluid to be di spensed from sai d
| umen by vHetam seid fluiexid sajd lnetneeiowdgiradialp béteceresadt aatid achi ng a stop to the
distal end of said spring. 65. A catheter for the delivery of fluid

t hroughout an anatom cal regi on, conpri Si tally closed tube, a

| engt h of54s’éf‘t?”lodﬁéma'éﬁ°#ﬂ”ﬂ%aaﬁh"rfﬁffﬁéi‘%ﬁiﬁ"?&?f f'H'H t%?“@&?*&"?%@“'cﬁé‘?gd’“

i nfusi on eeetisianthdaepang: a plurality of exit holes in a side wall of said
tube; and a tudg tﬁbé spring concentrically enclosed within said

i nfusi on section sc?t at a lumen is defined within said tube and said

spring; said sPPFTRY HEMIRG Aol advhulas 691l Tripghtociftaland if 3d BRe sa st iRl so
that fl uitgbendnidltbi sparigbach tefiae agodio ef Dyentaltidmens kad spridg spenysatjdcem cpisassur e
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coils, sai o stret
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66. The c sald’ s con Igure at the
fluid betfigeessid lnaer by fowing radially between said coils; an

attaching a stop to the distal end of said spring.

65. A catheter for the delivery of fluid throughout an anatomical region, comprising:

a distally closed tube, a length of said tube defining an infusion section of said tube, said
infusion section having a plurality of exit holes in a side wall of said tube; and

a tubular coil spring concentrically enclosed within said infusion section so that a lumen is
defined within said tube and said spring,

said spring having adjacent coils in contact with one another so that fluid within said
lumen and below a threshold dispensation pressure is prevented from exiting said lumen by
flowing radially between said coils, said spring having the property of stretching when the fluid
pressure is greater than or equal to said threshold dispensation pressure and permitting the fluid
to be dispensed from said lumen by flowing radially between said coils and through said exit
holes.
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i s dispensed substantially uniformy throughout the |Iength and
circunference of a portion of said spring and thereafter flggsJ%gr?%ﬁp
substantially all of said exit holes. 67. The catheter of C aMm erein
said exit holes are substantially equal in size so that the fluid flows
through said exit holes at a substantially equal rate. 68. The catheter of
Cl aim 65, wherein said spring and said tube are in contact along a
substantial Ilength of said spring. 69. A nmethod of delivering a fluid

t hroughout an anatonical region, conprising the steps of: inserting an

I nfusi on geehd %e@lafr ofClakbes Rn!ﬂ&r@m%&d%?ﬁﬁg%ﬂ:&rﬁ urbE§H R thd Mlid RAMSN Mk ét‘nlé' uid
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si de wal | sprind arsldhaedfebipwatitougheniceantially @b bl spidemit haded. ng a t ubul ar coi |
spring, a lunmen being defined within said tube and spring, said spring
havi ng aoé acent coils in contact with one another so that fluid t}l‘\%thl n said

|l umen and’- be§ eRtPeErt9h CEAMR SPJWRAED &3S &1 ?ﬂlﬁsp‘?"%@étiﬂa@t'?"! eB‘t‘aé{Pe‘?‘Ft

exi ting dmiddiolvetherugbgaifl bxttioleg at aslibalahtally dpeleien said coils, said spring
having the property of stretching when the fluid pressure is greater than
or equal to_said threshold dispensation pressure and permtting the fluid
to be di §ehEsntheter ghtlaiq) ¢p P"U‘?fé'ﬁ SBY SP’I”Q\ﬁgﬁaa'? bae a'iemyC%é%%%w %%bata&*aw s and
t hr ough dexigth @ xbitl sproges; allowing said fluid to flowinto said spring; and
bringing the fluid within said spring to a pressure greater than or equal
to said threshold dispensation pressure; wherein said fluid is dispensed

from sai @9 dmeHoR gt qlqllwm,@ﬂwgg]r%gpgpt B fRaemical Fglen omPpesing the SeMySugh sai d
exit hol es. 70nseAingah mbdionfsestanof tobainiorag anaterdicalesgn; f or t he delivery of

fluid to an aq@Fo(aU%rggai] fili ﬁ%t@@ﬁro@'ﬂmm o eh@@ é‘eﬁ%ﬁ oP baid m{b@"deﬁh@sﬁd

distally close an 1 ntusion section of
said t ub’@'“s‘@'eﬁe&“qnnF%FB‘ﬁ“’% é%‘t“P’bP@"H‘é\ﬁ %a'@s@ftex'hm'%n PiAe wallgef Rl fube 8Pd sai d
t ube; and:ohct’b&&lbélly rRyclesiigud tubalar @0 isprirgpa iurgen teing @sfired Gathih gait dbe amaisgriignf usi on

section, dsg d.'hé‘\)rﬁ:g rég{acg'ﬁ fcblgqlq cgﬂtéct' hrﬁ'h §r?e| gho{hléﬁ o ﬁ'ﬁgfjﬂ |'thq'9?a\|dsta"ngn %R{]' ng

havi ng a N contact wt one anot
said lu né’t?'%’rﬁjthf?éh@@vd'apﬁt”ﬁ?t% IEsEurgissRIeYRsiRd ifiom ‘?5‘?"'@% §%ﬁ’ é’“?e§ B fIeYBH {3 r om
exi ting Yatehvaie Bonbysafd PrhgIgaving tHeddrdpertp etsoeeningaheh thofilispressareds grReteng
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or equal to sai i Spensa ressu
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bet ween sai d cbisg Sidiuid to flow into said spring; and
bringing the fluid within said spring to a pressure greater than or equal to said threshold
dispensation pressure;
wherein said fluid is dispensed from said lumen by flowing radially between said coils and
through said exit holes.

70. A method of manufacturing a catheter for the delivery of fluid to an anatomical region,
comprising the steps of:

providing a distally closed tube, a length of said tube defining an infusion section of said
tube, said infusion section having exit holes in side walls of said tube; and

inserting a tubular coil spring concentrically info said infusion section, a lumen being
defined within said tube and spring, said spring having adjacent coils in contact with one another
so that fluid within said lumen and below a threshold dispensation pressure is prevented from
exiting said lumen by flowing radially between said coils, said spring having the property of
stretching when the fluid pressure is greater than or equal to said threshold dispensation pressure
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t hrough said exit holes. 71. A catheter for the delivery of fluid

t hroughout an anatom cal region, conprising a tube having a I ur@‘ ih of
exit holes in a side wall of said tube, said tube being di stlll%lyJ é i’tﬂ
said exit holes being sized so that all of said exit holes forma
flowrestricting orifice. 72. The catheter of Claim71, wherein said exit
hol es are equally sized so that fluid dispensed fromsaid tube flows at a
substantially equal rate through all of said exit holes. '79

and permitting the fluid to be dispensed from said lumen by flowing radially between said coils and
through said exit holes,

71. A catheter for the delivery of fluid throughout an anatomical region, comprising a tube having a
plurality of exit holes in a side wall of said tube, said tube being distally closed, said exit holes

being sized so that all of said exit holes form a flow-restricting orifice.

72. The catheter of Claim 71, wherein said exit holes are equally sized so that fluid dispensed
from said tube flows at a substantially equal rate through all of said exit holes.
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