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TECHNI CAL FI ELD 51 n one aspect, the present invention relates to systens
and apparwoOusasis6se tissue i nfusion, -d.g., by convecti omcenisanamesssdel i very
(CED). In another aspect, the invention relates to catheters that include
sem permeabl e nenbranes, in the formof hollow fibers, for use in
delivering or recovering materials to or fromthe body. 10BACKGROUND OF THE
| NVENTI ON A variety of bioactive agents have been described for use in
treating parts of the body, often by direct, localized injection to the
body part itself TypiltS8Uk INEUSHONARARSHESaANDIMETHEN2nt to del iver the

necessary dose to the body, but@m‘é qu nces, conventional delivery of
LR

this type suffers fromvarious luding with respect to the

di f&iculty Hhiohe a6es Hdldededf inQbiftiddaEtlaes ¥ sysh@nPaappREdREs foheisai |1ty to
achieve effective or desired delivery kinetics and/or distribution.
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men. Hawewedeliviecting) 8srdoeastingssaeiAs &cbrvitdrh theQsidgni fi cant norbidity and
conplication, therefore significant efforts have been directed toward
devel oping alternative mininally invasive treatnents. Ablation of the

prqogtate by direct injech kAR UINS CFpEﬁEtINq}Eﬁﬂ(ﬁi} gnificantly reduce
a

expense and norbidity; drugs are avai e to chemcally ablate the tissue.
However, tholghrigty oébioactnjeagents haviobded dagpibad faraisbén @eaingpaghof e \hadyl

approach, to the probl.em. backf]l ow al ong the needl e track. and uneven
25di st rqqﬁa%wﬁr%‘f [%Pﬁ@@dme@ﬂor} ot Podpha el SWP*C@HMP%%%&MT% 0
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US- 2005- 0165342, US-2010- 0106140, US-2010-0100061, and US Patent Nos.
6, 030, 3B8yers of s Bt sufferd 4Dn6 88 ous demvhaglky inchurting with 7os@gdt to theadifficsitty osur es

of ich are .incorporated.herei,n by reference. 30BRI EF DESCRI PTI.ON OF THE
OrAv NaB oS ERARR TS bt R bBid pilof s ShEREE ashioy SeliF oo TENSr 1 buti on of
dye w td@li%@&hﬁ&%ﬁﬁ@@rdigﬁbﬁ@@r and a standard injection needle.

Figure 2 depicts a schematic denonstrati n% options for interstitial flow
and i npedand®riséange.dpenign Prostatic Hyperplasia (BPH) will become an increasing burden

on economic resources with the aging population. Surgical treatment is well established and
has provided satisfactory results in 60 — 80% of men. However, it has been associated with
20  significant morbidity and complication, therefore significant efforts have been directed
toward developing alternative minimally invasive treatments. Ablation of the prostate by
direct injection has the potential to significantly reduce expense and morbidity; drugs are
available to chemically ablate the tissue. However, though direct injection would appear to
be a straightforward approach to the problem, backflow along the needle track and uneven
25  distribution of drug after injection are significant drawbacks to chemoablation.
See Applicant’s own US Patent Publication Nos. US-2005-0165342, US-2010-
0106140, US-2010-0100061, and US Patent Nos. 6,030,358, 6,537,241, 6,942,633,
6,942,634, and 7,717,871, the disclosures of which are incorporated herein by reference.

30 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates the expected results of distribution of dye with a hollow fiber
catheter and a standard injection needle.
Figure 2 depicts a schematic demonstrating options for interstitial flow and

impedance mismatch.



Figures 3A-3C illustrate the procedure of placenent of a hollow fiber into
the prostate. Fi gures 4A-4B provi de cross sectional views of a

pr ef er r edwonbusgisessocat het er accordi ngZo the current i nPEmUSEILI/OZBOGUr S
5A-5B provide a cross sectional view and a top view of a preferred needle

retraction vi ce_according to the current invention. FiLgures 5C-5D provide
a top view drds ARSENGREHe S arocraty tplapepicat ri BToReEH 41 &K act i on

devi ce pegmrding to the current invention. Figures 6A-6E provide cross

sectional views illustrating an optional catheter primng 10 net hod

accor di ng t digires ¢ rdtepiovidecerss isentiongli gewee! FprcfBredhoiwsion gsbesect i onal
red djstal.tip anchor nmechani sm according to the

views of a,prel e i
i nvent i°6RYTE eﬁu&ﬂl LVERI®E show cross sectional views of a preferred

proxi mal  anghglireSIBANBH BV RGCREHIsBEInAl ¥iBR ahB s iR of kyfrtHE@scfife 9B show
cross sectional views of a preferred nmechani smfor providing suction
accor diragactionidgeice pcording o theicyiednviappon.0B show al t er nati ve enbodi ments of

¢ ST ngse SLIIR.LTSR, AV BN 53 A e el onel
12 depiretractidndiceige atnoddisg td i rgrrédténtdnavn.of prinming fluid using a catheter
having a pr iFnijglrl]r%s |6X[T6%n1')rovide cross sectional views illustrating an optional catheter priming
10 method according to the current invention.
Figures 7A-7B show cross sectional views of a preferred distal tip anchor mechanism
according to the invention.
Figures 8A-8B show cross sectional views of a preferred proximal anchor mechanism
according to the invention.
15 Figures 9A-9B show cross sectional views of a preferred mechanism for providing
suction according to the invention.
Figures 10A-10B show alternative embodiments of a catheter having a priming
lumen.
Figure 11 provides a cross sectional view of a proximal end of a catheter with a
20  priming lumen.
Figure 12 depicts a diagram describing the flow of priming fluid using a catheter
having a priming lumen.
Figure 13 shows a side cross-sectional view of the distal end of a catheter having a
priming lumen.
25 Figures 14A-14C provide side and cross sectional views of a further preferred needle
retraction device according to the current invention.

Figures 15A-15D provide views of an alternative needle retraction device, including

the use of a curved catheter tip.

30 SUMMARY OF THE INVENTION
The present invention provides a system, including an apparatus and corresponding
method for the direct infusion of bioactive agents into a bodily tissue site, by means of
convection enhanced delivery. The apparatus is adapted to provide an optimal combination

of properties, including clinically relevant infusion rate and distribution, as well as case of



Figure 13 shows a side cross-sectional view of the distal end of a catheter
having a primng |umen. 25Fi gures 14A-14C provide side and cross sectional
vi ews of woOfRoriisessopref erred needl e retracti on devi ce aBCTAHR01G/088394 he
current invention. Fi gures 15A- 15D provi de views of an alternatlve

needl e retracti o evi ce ncl udi ng the, use, of a curv ter. tip.
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bi oactive agents into a bodily tissue site, by neans of convection enhanced
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anchorlﬂg nmeans to retain the catheter in the desired tissue site during
|nfu5|on and/or by primng neans, to ensure that delivery is 5 optim zed
Wi t hout theIﬁpﬁﬁﬂ%ﬁﬁtembééumduﬂkﬂﬂ@mmuskbﬁ@nﬁﬁ air and in a manner that
permts controlled delivery of desired infusate (material to be infused
into the tisdue QY Moge PW@W fi §§rwéﬂseﬁr%adaﬂ>ﬁﬁdé0£9?@%aé?¢@éﬁ@mlﬁ@nt t he
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| ace retalne 10desired pOsition wthin a tissue site, an
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D) 2.0 oot iwe, agont circill sdeptod to delluee Mlosctive aeen fop e
and to thCdatlttGNd QldenPARaRSERA et edsdcqitBeida t the controlled delivery
of bioactive 15agent to the catheter(s) in a predeternined manner to the
ti ssue site.c) a control mechanism adapted to permit the controlled delivery of bioactive
15  agent to the catheter(s) in a predetermined manner to the tissue site.
In a further preferred embodiment the one or more hollow fiber catheters are adapted
to be placed into and positioned within the tissue site using ancillary means, ¢.g., a removable
sheath, trocar and/or stylet that provides suitable properties to the catheter in the course of its
delivery, e.g., strength, rigidity, and the ability to be steered or otherwise positioned, as well
20  as the ability to be tracked or located by suitable means.
In another preferred embodiment, the one or more catheters are adapted to be
substantially retained in position within the tissue site during the course of infusion, e.g., by
the use of distal and/or proximal anchor mechanisms.
In a further preferred embodiment, the bioactive agent circuit is adapted to deliver
25  bioactive agent substantially without the presence of air or other occlusions, ¢.g., by means of
first priming the catheter with a suitable solution, in order to provide for better and more
accurate delivery.
In another preferred embodiment, the control mechanism permits one handed
operation of the apparatus and/or one or more delivery controls, e.g., with respect to control
30  of position, flow rate, timing (e.g., continuous, periodic, intermittent delivery), and
corresponding detectors (e.g., occlusion detection). In yet another preferred embodiment, the
bioactive agent is delivered by any suitable means, e.g., by the application of hydrostatic

pressure, the use of convective or osmolar forces, and the like.



In a further preferred enbodi nent the one or nore hollow fiber catheters
are adapted to be placed into and positioned within the tissue site using
anci | | ar ywoeansi5039g. , a renovabl e shekath, trocar and/ oPCStusket/os43a4

provi des suitable properties to the catheter in the course of its delivery,
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positioned and retained in the tissue site, and in turn, delivery of the bioactive agent can be
facilitated by first priming the catheter, e.g., with a suitable amount and type of solution.
Those skilled in the art, given the present description, will appreciate the manner in
20 which the apparatus and method can be adapted for use with various bioactive agents and
corresponding solutions containing such agents, as well as the physiologic parameters of
various patients and tissue sites, in order to deliver bioactive agent in a controlled and desired
manner.
Those skilled in the art, given the present disclosure, will appreciate the manner in
25  which the extent of infusate distribution that is achieved using CED can depend on many
factors, including factors associated with the patient (e.g., hydraulic conductance of the
tissue, interstitial pressure, type of tissue infused), with the bioactive agent solution itself
(e.g., infusate concentration, molecular weight, osmolarity, hydrophobicity, etc.), and with
the apparatus used to deliver the solution (e.g., volume and flow rate during administration,
30  as well as position, diameter, porosity, and type of administration catheter(s)). As used
herein, the term “bioactive agent” will refer to any infusate that is delivered to the tissue site
in order to provide a desired biological and/or physical-chemical response. In turn, the
bioactive agent can include an infusate where the active agent is provided in the form of a

homogeneous solution, emulsion, or other suitable form. Examples of suitable infusates



Appl i cant has discovered that by the use of hollow fiber catheters, as
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site.
The method and apparatus of the present invention can be used to deliver a continuous
20  and/or periodic (e.g., intermittent) infusion of bioactive agents such as drugs via indwelling
catheters, thereby enabling convective distribution of bioactive agent in desired
concentrations and over desired volumes of the target tissue, while minimizing or avoiding
systemic toxicity.
Turning to the drawings, Figure 1 illustrates expected patterns of dye distribution
25  within a prostate capsule 100. On the left side of the prostate capsule 100, an example dye
distribution 102 resulting from a hollow fiber catheter 104 and guide needle 106 combination
is shown. On the right side of the prostate capsule 100, an expected dye distribution 108
resulting from a standard single end port injection needle 110 is shown. Some embodiments
of the invention are directed to eliminating, or at least reducing, the backflow and asymmetric
30  distribution 108 associated with standard injection needle techniques.
Figure 2 depicts a schematic 200 illustrating interstitial flow and impedance mismatch
that can occur when flow into the tissue by infusion exceeds the capacity of flow within the

tissue. In an idealized flow situation 202, every cell in the tissue 204 is perfused with



Direct infusion into the tissue has been studied in many tissues, each of
which tends to 5 present uni que chall enges. For instance, conventional CED
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reference markers to indicate location of catheters in relation to the targeted tissue as
provided by pre-catheter placement image. In some instances, catheter guides separate from
the imaging device are used to guide the catheter to the correct position. Finally, treatment
30  planning software can be used to determine the most desirable catheter placement providing

the number and location of catheters and then the preferred infusion protocol, including flow

rate and volume.



10 transrectally into the prostate gland 302. Preferably, the hollow fiber
catheter 300 will first be prinmed and then placed into the needle 304
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connected with needl e 506, and allows ' '
25  the needle 556 to cover the fiber 558 for insertion. Once the needle 556 is placed into the
tissue, a button 572 is pushed and the needle 556 retracts into an outer sheath 574 attached to
the handle 554. The spring 570 should have sufficient force to overcome tissue and o-ring
resistance. The outer sheath 574 helps with maintaining catheter position in tissue. Two o-
rings 580 are placed within the handle 554 to provide air-tight seals and prevent fluid
30  backflow up through the needle and the sheath. A luer fitting (not shown) will be attached to
part A for easy fluid line connection.
Generally, the catheters 508, 558 shown in Figures SA-5D are primed prior to

placement in the tissue. However, in some instances this may not be practical, such as with

the need for a removale stylet or even in some applications with a fixed stylet. There may be
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air i nttﬁea(flgropgﬁtﬁﬂng or other such means, by providing one or more hooks at the tip or other

30  suitable portion (e.g., cither associated with the hollow fiber portion or introducer needle), by
the application of suction, by the use of surface features (e.g., texturing) sufficient to permit
the catheter to be sufficiently retained in tissue, an expandable or deployable balloon (e.g., at
tip or proximal end of the fiber), by means of an expandable stent surrounding fiber, by the

use of spiral wire at the distal end (e.g., sufficient to permit the catheter to be effectively
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810 can be re-extended over anchors 802 to disengage them from the surrounding tissue.

25 Figures 9A-9B show cross sectional views of a preferred mechanism for providing
attachment through suction according to an embodiment of the invention. In this case the
needle 910 includes one or more slots 912 at its distal end. After insertion, the needle 910 is
pulled back to expose the hollow fiber 906 and position the slots 912 proximal to an o-ring
scal 914. The o-ring seal is placed between the needle 910 and the catheter 900 to prevent

30  suction distal to the needle slots 912. After retracting the needle 910 the desired amount,
vacuum (suction) is applied to at the proximal end of the needle/catheter, creating a force 916

that pulls nearby tissue to the needle, thus securing the catheter 900.



desired tissue, the needle 810 is refracted and the anchors 802
automatically deploy to secure the catheter 800 and fiber 806 within the
surroundiWwg 20i1150359 To renove the cath@ter 800, suffi ci @oT/USerIcn38394
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25  suitable means can be provided in order to close the priming lumen 1104 once priming has
been accomplished.
This priming method can be used with a variety of catheter types, of which two are
shown in Figures 12 and 13. Figure 12 illustrates the distal end of a standard end port
catheter 1200 after the stylet has been removed. The distal end 1202 of the priming lumen
30 1204 is plugged and a hole 1206 near the tip of the catheter is created for fluid
communication between the priming lumen 1204 and the stylet lumen 1208. In one

particular example, infusate flow can follow the direction of the arrows, through the stylet

lumen, through the hole, and back through the priming lumen.



the main body of catheter 1100. Optionally, and preferably, a valve (not
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catheter from the syringe with positive pressure and then closing the valve once fluid has

reached the other fluid connection.
Returning to Figures 5SA-5B and 5C-5D, it can be useful in certain embodiments to
25  provide an infusion catheter with a retraction mechanism. Figures 14A-14C provide side and
cross sectional views of a further preferred needle retraction device 1400 according to an
embodiment of the current invention. The device 1400 includes of a spring-loaded inner
shuttle 1402 used to retract the needle 1404 and expose the hollow fiber 1418 of the catheter
1410. First, the catheter 1410 (e.g., any of the catheters described herein, including the
30  example of Figure 13) is loaded and secured to the handle 1412. An index pin 1414 on the
shuttle 1402 is pushed forward to compress the spring 1416 and allow the needle 1404 to
cover the fiber 1418 of the catheter for insertion. Once the needle 1404 is placed into the
tissue, the index pin 1414 is moved back along the handle 1412 and the needle 1404 retracts
into an outer sheath 1420 attached to the handle 1412. The spring 1416 should have



Returning to Figures 5A-5B and 5C-5D, it can be useful in certain

enbodi nents to 25 provide an infusion catheter with a retraction nechani sm
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ushed ,f or rin 16 and all ow the needle 1404 to
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pl aged i nt o Hif@ctiEASLED pidvaic EleXofinnaltbibdive ScdyReabasikicalengophe handl e
1412 and the needl e 1404 retracts into an outer sheath 1420 attached to the
handl e induging theeuss of gyrved sathstebiip-d Shehaedewyn g beuseigh®y delivery of a
- PCT. / U
oot st st SR ARl FRbe LORGRS VIR B BNRAEIG BHOte) i o
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ext endgo threhapdleviddB nad thesstraghsinendie irlOmetmatéd to axhescshedistal tipdf thet o t he
sur;r.oundi i ssue u hows an additional straight needle 1510
(mﬂéh cglﬁg¥g |ﬁ¥1%§¥gVF gggfthrough t he curved needle 1504 into the
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| ocked to the handle 1508 and the straight needle 1510 retracted to expose
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space: gr eat er t extracel I ul ar space, er the cross- sect i onal
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vol unetric |OM/ Thus, if all other. factors..are I | ow vel ocity
O et TR I RHE 0 B nnen ke Dav ik Aer ke brers G Bt R et
and t hemafiRiefose zkl%‘%r PaiReet & cohsideoRs AR deliféry dFHehed ah tneaBYel oFtHct her , at
the level of th interstitial space, the re atronshrp of mass transfer

co@pf i dnierstisial speeq éltetretartlﬁeshllanﬂmmtfamsfeo noqfﬁelﬁmtscqoeitﬂcétlmmdmﬁ@mm mber)
eans t h %ﬁcwn%s (Srhr anosofd%r %aéfnq??angr at rna srf]gr %of ltfr)nvgll\ell rln?nql tyfr’%%w

Mai nt en?d RN Ea588° 5 ra e I space vo is an
i npor t &@100@93M41ﬂitaﬁaﬂ&‘3yorbﬁd®ﬁ6ﬁ) rﬂflmc&&ﬁéd wmmen@rhr pocé v&aﬁleﬁﬁﬁhmio@gm (HFT)
according to the nethod and apparatus_ of present invention. 30As

conpar 493t hat may B¢ pesempiliphedy with hollgw fi hrrugrlwﬁlqgr/ (HiFdaaeqovding fethe meshady

conventj,q rarﬁ{)aratus of the present invention.
30 As compared to the direct interstitial infusion of bioactive agent using conventional
needles, the apparatus and method of the present invention have the potential to provide

various improvements, including with respect to distribution pattern, flow rate, and backflow.



needl es, the apparatus and nethod of the present invention have the

potential to provide various inprovenents, including with respect to
di stri butworopatsozsen, flow rate, and-bdckflow. WO 2011PCHABNA/03B94
- PCT/ US2011/ 038394 The velocity of fluid novenent is the
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of {1 uidniReERMoviRe Mk leahfRbh &le A QudeFkGn @il Rodea¥@rd: siheoggntricle of a
normal brain. By conparison, Bauman et al. (2004) calculated the velocity
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convectivaiaigobanecetulhngugti tial infusion in the brain. They used a
single-delivery catheter and infused artificial cerebral spinal fluid at up

to 0.4 ill /Given thedingitationpel esrimmeil hasklewsywcuiedesish eonyentiongd CERy rel i ed
Cural. . ‘ : P : .
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art, giaremovhaspicesentlodeatisiont Bobo ctwill (1998 dablmeited dettehsfitd chivection-
appropriate delivery paraneters needed in order to achieve whatever flow
and di SPARISGE IBATSHiiYHRTupien dr Serbedin. bieyaispde Peste-dyivpRt Galieerag infuscthe
appar ata‘ﬂ&gcggldce%%m%ﬁi 8{ 148 up RVER LY MinCRB REMPSEYs {n%e 10.%&8% g&ekft 0 any
sui table organs a d I ssue, such’™as prostate nmuscle, liver, breast, and

| ungs, fand, dsshgyaclicéCon aathial pssat drdiege mtychugemw SlowtinAsion wuled id hat m ght
ot herwi se encounter_  access or distribution problens associated with
conventhogipgenouschgtribeianayiey the hemispheie. 5 pref erred enmbodi ment, for exanpl e,

the apparat usm0dqlIe RAfle aft. Jibhomt BYROH QA AMIKARAER ML L detlifSine
previously encountered 1nt course of Injection into the prostate in
250r derappmptinteateliBéy, paginweers hbeled ampidex tostchiest wheteotr fldve and distrléipe d

gl andul ar _ | Ob‘:‘lll es, There are approxi mately 20-70 tuboal veol ar glands in

hurmans, Mg8h%e ﬁirﬁ%’ et RAUEBLBYPAGRE S hat drain into the prostatic urethra.

G ven the soffcthpfdndUsl MetifRABINMNE MenBbn EdHeLI0S Ftifjectlid B adyYuREB1E ON
into the prostate presents unique chall enges. An apparatus of this

i Nn\Ont i asgarsand biesugsshtas prstdtemusdé divehdraapieand kinggend i praraculdrly sol i d
ngﬁgﬂfpg%fefarg%fﬁlél& gv%thttlgseueas?tieg flat r?fl(l)gch(% 0 %?v%%g bnéalorlll(rjlte? ggce(sjso or Astbution miltiple
problems associated with conventional local delivery.
In a preferred embodiment, for example, the apparatus and method of this invention
addresses difficulties previously encountered in the course of injection into the prostate in
25  order to treat BPH, given the complex structure of the cone-shaped glandular lobules. There
are approximately 20-70 tuboalveolar glands in humans, converging into 16-32 ducts that
drain into the prostatic urethra. Given the solid and ductal components of the prostate, direct
injection into the prostate presents unique challenges. An apparatus of this invention can be
used to deliver the therapeutic agent into the solid component as well as the acinar
30  component, and can do so across multiple glandular lobules.
In turn, one problem that is associated with conventional needle injection into the

prostate, is that all the injectate is delivered to a single point; if that point happens to be

within an acinar, distribution will be excellent within the lobule, particularly within the acinar



In turn, one problemthat is associated with conventional needle injection
into the prostate, is that all the injectate is delivered to a single

poi nt; i fwohatl/1sedsat happens to be wirdhin an acinar, di gCmiusaeiloessssé || be
excellent within the |obule, particularly within the acinar WD
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at a ratfe greater than the capacity of the tissues to take up the fluid,
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i nfusion rates, t hat presentl esc can provide a significant
rate during administration, and diameter/type of administration catheter(s). The prostate

presents unique challenges in that the injectate must be delivered across a wide area to both
solid and acinar components.

25 The present invention addresses concerns associated with conventional CED, for
instance, the problems that can result from delivery of infusate at a rate greater than the
capacity of the tissues to take up the fluid, for a given needle/tissue area of interface. A
delivery method that increases the volume of distribution while maintaining clinically
relevant infusion rates, such as that presently described, can provide a significant

30  advancement for the field.

Models have been studied that involve the analysis of interstitial flow and impedance
mismatch. Under conditions of idealized flow, every cell is perfused with convective fluid
flow. In the event the infusion rate is increased, an impedance mismatch exists, and all the

fluid delivered by the catheter does not flow into the tissue. The resultant increase in



30advancenent for the field. Mbdel s have been studied that involve
the analysis of interstitial flow and inpedance m smatch. Under conditions
of ideal iwedofisassoevery cell is perfdided w th convecti peTfuseiid/osdson. | n
the event the infusion rate is increased, an inpedance m smatch exists, and

all the fluid delivered hy the cathet de t flowipta the tissue. The
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which in turn decreases the size hé interstitial pat hways nearest the
cat het errwstamnﬂ: t tissuedtow. an@aD@e‘snueésn&twnc@smg)plteswweanf dreate awinthreonths nued

i nfusi ressure tur the 1i,ssu
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by 5di f(ﬁﬂﬁgl@ﬂﬂ G ven these and ot her considerations, hollow fiber

catheters can be used to address and L)revent asymmetric or other irregular
di stri but i orfjive thees indeashenrensiderationss hellqvs fiker quihstarbeandia wad ta #dressend to
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used i rbat:]kl@owr&hﬁt&énd)ﬂ‘o&&@léﬂ m cd»ﬁS@ftlobElerbmat@ﬂﬁjecftldn@ provi de vari ous
properties, includin w. axial over radial resistance ratiq 2.
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o &'9' mstel%gteh'ahgﬁkﬁrlnftﬁ’éﬁgn P&Eﬁf&g@g@@aq ru%rOQdeWaﬁ@lll naegém&ab' lity

safety a out5| 8l areter ture stre
Bi oconpatluding: mat eri al s

1. Low axial over radial resistance ratio
2. Dispersed pressure fields
3. Tissue interaction
15 a. Extended surface arca
b. Limited infusion force
c. Pore connectedness
4. Clinical applicability and safety
a. Small outside diameter
20 b. High rupture strength
c. Biocompatible materials
5. High transmittance rate of large molecules
The factors (1) and (2) are particularly advantageous for delivery of drug into the
glandular structure of the prostate, while factor (3) can be of importance for use in the solid
25  tissue of the prostate. The factor (4) is an indication of early clinical approval for the
proposed therapy. Factor (5) means that large molecules can be delivered by the hollow fiber
catheters.
With regard to the feature involving low axial over radial resistance ratio, hollow fiber
catheters can produce uniform delivery along the length of the catheter, due in large part to
30 both their high transmural resistance and corresponding low intraluminal resistance to flow.
In turn, and as compared to multiple-pore catheters, transmural outflow is reasonably
heterogencous from proximal to distal. Hollow fibers have been shown to provide

reproducible, cylindrical distribution of the infused substance into test systems such as



5. Hgh transmttance rate of |arge nol ecul es The factors (1) and
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st ruct ur evofotnsoseost ate, while factd?-(3) can be of | RpOISaNME®3$30+ use in
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m nutes of infusion does filT the space (anal ogous to ducta
el ene ntfgr CRDrihdugiaa r’@d?)ln Prier t901011t11® of thic gal, of3-mheTeflanshectprramiaed kpuatiso
di stributi Thi s .conce L was tested
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est abl nﬁﬁ@ﬁ)nfp@mpqm S&eﬂ&ﬁ@ﬂvé@ruatd\to 1ﬁ’fu|s@0 193 BRabs Bhg @t idtbehg@d at & 3- mm
Tefl on sheet was placed around 15 the hollow fiber prior to gelation, and

the s he‘@pstmgaﬁeéﬁévédmﬂiéf%ﬁéwwe Infgrgsit epuld Aa spaar thah cyan pithghe g, darent i fi c)
12 USRS Pod 2RISR 08, 30 By AR 2L O
t her e Wasodyevidiet byehieyhdllmvxt filecrged cangiahedptoaxtdiad, immndiotitbé etirt dogehie gap "Thi s
s 2%n i({gﬁ%rteg n‘;[ thg %];)eotf ¥he needle. If the needle tip happens to be in an artery, vein, duct, or
tissue plane, distribution will be affected. By contrast, a hollow fiber catheter traversing
these structures will be minimally affected. For prostate infusion, this characteristic of
hollow fibers means that both acinar elements and solid elements of the glandular lobules will
be infused with therapeutic agent.
25 In terms of tissue interaction, and particularly extended surface area, flow is a product
of velocity and cross-sectional area. Thus, a large transfer plane will produce large flow
rates. For instance, considering the surface area of the open tip of a 27-gauge needle, a 4-cm
hollow fiber catheter of the same diameter provides 271 times the surface area. Similarly,
with regard to pore connectedness, the porosity of the hollow fiber catheters essentially
30  replicates the porosity of tissue, so “impedance mismatch” can be minimized or entirely
avoided. Given the substantially homogenous interstitial flow that can be achieved with an
apparatus of the present invention, distribution to every cell can be enhanced. In turn, the

advantages of pore connectedness within the tissue interstitial space can be utilized for drug

delivery.
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been performed to demonstrate high transmittance of small agents such as dyes,

25  chemotherapeutics, and antibiotics. Combination of dye and iohexal together were easily
transmitted through the hollow fiber.

In order to achieve success in humans, a preferred hollow fiber catheter of the present

invention should meet three general requirements in a timely and reliable fashion, namely: (1)
ability to be positioned and retained at the targeted location, (2) widespread infusate

30  distribution within the tissue site (e.g., prostate); and (3) removal without complications.
There is sufficient clinical experience with needles in prostates, used in conjunction with
transrectal ultrasound (TRUS), to demonstrate that meeting the placement and removal
performance of prostate needles will be adequate for prostate hollow fiber drug catheters.

Thus, equivalent placement and removal performance for the hollow fiber catheter as
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orifice for tiseitgsy sapdreydeliverpaia thgissuc site using any suitable introducing

components, ¢.g., they can be positioned within a surrounding placement catheter (e.g.,
30  conventional catheter or customized introducer) that can itself be removed or permitted to
remain in place in the course of using the delivery/recovery catheter. Optionally, or in
addition, the delivery/recovery catheters can be accompanied by one or more delivery
guidewires, stylets, or trocars, and combinations thereof, e.g., adapted to position the

semipermeable membrane(s) within the tissue site.
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Chem cal Technol ogy. In.a preferred enhodi ment, such nmenbranes are
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ond Lhe. LK. RUBLSTaRLY ReRIL Rt AR S0diar, by ayfscouery, oot het
than cipiyalbpERNbi @hemical Technology. In a preferred embodiment, such membranes are
25  provided in the form of “hollow fibers” or “microcatheters”, having walls (or portions
thereof) formed of such membrane material. In alternative embodiments, the membranes can
be provided in any suitable form or configuration, ¢.g., in the form of pleated or corrugated
membrane sheets, and the like, preferably positioned within and/or by a recovery catheter. In
situations where the semipermeable membrane(s) are provided in other than circumferential
30 (e.g., fiber) form, the hydratable medium can be delivered to a major surface of the
membrane, opposite the surface in contact with, or accessible by, the tissue fluid itself.
The dimensions of a hollow fiber will depend largely on the intended use of the
apparatus. In a number of preferred embodiments, a hollow fiber will be provided in the form

of a capillary having an outer diameter of between about 0.1 mm and about 10 mm,
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facilitate the Visuahzatlon of implanted catheters. Such variations can also be used to place
regions of semipermeable membranes in desired locations within the tissue, e.g., in order to
effect a gradient between two or more regions, or to avoid the placement of semipermeable

30  regions in particular tissues or areas thereof.
In turn, the present invention provides a hollow fiber catheter system for use in

delivering fluids in a controlled fashion to the body, and in particular, for infusing fluids into

the body, the system providing an improved and optimal combination of properties, including

controlled deliver of fluids containing bioactive agents, while minimizing shear plane and
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Hollow fiber catheters have been used to infuse Evan’s Blue dye into ex vivo canine
25  prostates. After several pilot studies, this study objective was to evaluate dye distribution at a
clinically desirable injection time of 10 minutes or less. A 24 ml canine prostate was
harvested. A balloon catheter was inserted into the canine urethra and partially inflated to
prevent dye flowing into the urethra from the prostatic ducts. The prostate was encapsulated
in 0.6% agarose gel for stabilization. A Tuohy Borst was connected to a 21 gauge needle to
30 facilitate hollow needle insertion and retraction. Two 1.4-cm hollow fiber catheters were
primed with 0.01% Evan’s blue dye in saline, and positioned in the needles, which are then
both inserted into the lobes of the prostate. The proximal ends of each catheter were secured

and Tuohy Borst loosened. Slowly, the needle was pulled back to expose the hollow fiber.

Infusion pressure was monitored. After infusion, the prostate was cooled for 1 hour and then
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What is clainmed is: An apparatus f infusing a tissue site, which
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bi ogct iwey RER e@hb@ﬁ@hn@dﬁ@h@ﬁnﬁo dellver bloactlve agent from a source
and to the catheter(s) in order to be delivered to the tissue site; and

c) a control nechani sm adapted to permt the controlled delivery of

bi oactive 10agent to the catheter(s) in a predeterm ned nmanner to the
tissue site. 2. The apparatus of claim 1l wherein the one or nore holl ow
fiber catheters are adapted to be placed into and positioned within the
tissue site using ancillary neans. 3. The apparatus of claim?2
wherein the ancillary neans are selected fromthe group consisting of a
removabl e sheath, trocar and/or stylet that provides suitable properties
15to the catheter in the course of its delivery. 4. The apparatus of claim3
wherein the properties are selected fromthe group



consisting of strength, rigidity, the ability to be steered or otherw se
positioned, and the ability to be tracked or |ocated by suitable neans.

5. The appaipapusisessocl ai m 4 wherein thédone or nore cat hecems2anmsssdapt ed to
be 20substantially retained in position within the tissue site during the
course of infusion. 6. The app gwgaof any previous claimwherein the
cat heter(s) conprise distal and/or g]rr“ | anchor nechani sns. 7. The

appar at us ofywegh@k Blafhdd R evi ous cl ai m wherein the bioactive agent circuit
is adapted to deliver bioactive agent substantially w thout the presence of
air or otherl.250c%1h apyiacaies fog infheing p pasuatsits, wifick bamprisesy previ ous cl ai m

wherei n the apparatus conmprises, neans. for first prim he.cat.heter with a
SUttabl e Soltlt| orbredt s By RPHEAHR sy ket oB Pl Eind SR ier i v ¢ ne
contsr ol depR&dystitiom WighiattSsiRNetehandBHowRenat kahowll ffdhethRpRAIQWIhoand/ or one
or nore delivery controls. 3010. The apparatus of claim9 wherein the

del i verypdegftmpegesiodhetisseg:ect ed from the group consisting of control of

position, fl,qw rat i m i ng. det.ec / 150359-
e o Uszdy) odeeut TRl R RbI AR i R P ron et oaer T ve
agent, tbhie: ¢utidoah) doomaet i begicliagrpd avihditisgicasite ggpar at us accordi ng to any
previ ous cl aim b) placing and retaining the catheter(s) within a
tissue site,9in & PRHAEMCERAIHALIREDIOPERE hosangrlled getveporkliofrtive an

et SOutaS ehumRd oy paaRM Lhyhgepep gl e Sisie B
in a manner 2 hat Proypaesisah chphilmelicrandhqorede tnsorrhnbalw dibrbeatiaticrs arcof
proper ties, sel getied fir.om the group, censisking f ,Js) Lustar, kst i cs and
3. The apparatus of claim 2 wherein the ancillary means are selected from the
group consisting of a removable sheath, trocar and/or stylet that provides suitable properties
15  to the catheter in the course of its delivery.
4. The apparatus of claim 3 wherein the properties are selected from the group
consisting of strength, rigidity, the ability to be steered or otherwise positioned, and the
ability to be tracked or located by suitable means.
5. The apparatus of claim 4 wherein the one or more catheters are adapted to be
20  substantially retained in position within the tissue site during the course of infusion.
6. The apparatus of any previous claim wherein the catheter(s) comprise distal
and/or proximal anchor mechanisms.
7. The apparatus of claim any previous claim wherein the bioactive agent circuit
is adapted to deliver bioactive agent substantially without the presence of air or other
25  occlusions.
8. The apparatus of claim any previous claim wherein the apparatus comprises
means for first priming the catheter with a suitable solution.
9. The apparatus of claim any previous claim wherein the control mechanism
permits one handed operation of the apparatus and/or one or more delivery controls.

30 10. The apparatus of claim 9 wherein the delivery controls are selected from the

group consisting of control of position, flow rate, timing, and corresponding detectors.



12. A nethod according to claim 11, wherein the one or nore hollow fiber
10cat heters placed into and positioned within the tissue site using

anci | | ar ywoeangisssbect ed from the groéh-consisting of aPceEmse@blossgheat h,
trocar and/or stylet that provides suitable properties to the catheter in

the course of its delivery. .13. A nethod according to claim 12 wherein the
properties are set@Ethad f?)?@msewﬂssuea%waﬁ%&?gv G 25580 o1c wethadige b,

rigi di tegmpkRrgabid)i ty g6yl %h%?ﬁzﬁ@tu@%c&{rﬁiﬁ%% 86 pesibhi apgd, and the _
15ability to be tracked or _ﬁqca ed by suitable rreans. 14. A nethod according
to cl ai m 13 Wher gileringhendogtaiong thercatheter(sewethi atissus sibys iamranhdrithatet ai ned in

position wthjn the tissue site during the course of.inf.ysion. 15. A
ot hod Telisp I golSw ¢eSF Herih el B ab L ] SfpPlio Ty HRt et o p o

ret 3i nagsid) position by the use of distal and/or proxinmal anchor

mechani snms. 2016. A met hod according to claim15 wherein the bioactive agent
i s del i ver ed)substchmting thy apitardieuin arees to deléven bwagliveadgenile the Hespe srel usi ons.

17. A i - [ [ are
First priagtr iR alelth by el et bohibhy R85 o byl SALIE FER 012
ti ssue th¢ p@upicbisidin@gadidehecra@antics dndedistabinigh. 25conpri si ng: a) provi di ng an
apparatus that conprises ) . 1) one or nore hollow fiber catheters
adapted to be- pl ot 8thodpcradingdeglam 14, wagieidde part mers Rallowi b ti ssue

i, el hIRdgiURa ﬂo@ﬁ'&}{i@ﬁf’wﬁvﬁgﬁighé R&uE SRSHEn Mﬂcﬁl@ﬁ&%e‘dﬂ?%ﬁepc?%l o to

the tissue; loactive agent circuit a
del i verthbpwap tcovestagearita removabde seathc voGdand/ot stytechthatcpoeleesisipld n order to
be delivered to the tissu iii) a control mechani sm

site; nd . .
adapt e PRTREY HRC TP IREIGIONEN SUP C69YY of bi oact i ve agent Lo the
catheter(s) j3n a @m%earc%lﬂﬁ% tg%fh’i'rﬁ_rlﬂv(?hetraﬁ thd ﬁ%ﬁ@g@d 418 sclBdtPl Bohnde _and

retaining the catheter(s) within a tissue site, i manner that positions
t he holgrowp ¢dnsistingof sticogth, nigislity dbs iabiditly {odwsi stéeoetl errrdhawissmositiooed, wid the
r eﬁ@eCtabiﬂﬁy t[ohge tracked or located by suitable means.
14. A method according to claim 13 wherein the one or more catheters are
substantially retained in position within the tissue site during the course of infusion.
15. A method according to claim 14 wherein the one or more catheter(s) are
retained in position by the use of distal and/or proximal anchor mechanisms.
20 16. A method according to claim 15 wherein the bioactive agent is delivered
substantially without the presence of air or other occlusions.
17. A method according to claim 16 wherein the one or more catheters are first
primed with a suitable solution.
18. A method for infusing a tissue site with bioactive agent, the method
25  comprising: a) providing an apparatus that comprises
1) one or more hollow fiber catheters adapted to be placed and retained in a
desired position within a tissue site, and following use removed from the tissue, without
undue damage to the tissue;
i1) a bioactive agent circuit adapted to deliver bioactive agent from a source
30  and to the catheter(s) in order to be delivered to the tissue site; and
iii) a control mechanism adapted to permit the controlled delivery of bioactive
agent to the catheter(s) in a predetermined manner to the tissue site,
b) placing and retaining the catheter(s) within a tissue site, in a manner that

positions the hollow fiber portion in an desired position and orientation with respect to the



WO 2011/ 150359- 25 -PCT/US2011/038394 tissue, by the use of one or nore
anchors associated with the one or nore catheters, respectively, c¢)primng
t he cat heverowtshsseol ution prior to,-8dring, or foll ow RGTAISACIEHBSIHS i N

the tissue site, and activating the apparatus in order to deliver bioactive
agent to the tissue.in a5 manngr that.Prov.id s an opti mal. and

pr edet PN EY ROHEIOH QLT BhMBTe achys prsosicday it the @0F PERCTHE RS Sp consi sti ng
of del ingje¥tikdpetics and distribution.

c) priming the catheter with solution prior to, during, or following placement in
the tissue site, and activating the apparatus in order to deliver bioactive agent to the tissue in a
5  manner that provides an optimal and predetermined combination of properties selected from

the group consisting of delivery kinetics and distribution.



