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REI)EV\ABLE NEURAL | MPLANT DEVI CE AND METHOD 5 Backgreund of the Invention
tne technical field of this invention is the treatment of neurol ogical
“disorders and, iin particular, the treatnment of diseases and disorders 10
whi ch may be renedled by treatnment with secretory substances, such as
neurotransmtters, neuronodul ators, hornones, trophic factors, or growh
factors. Al these substances are characterized by the fact they are
secreted by "source" cells and 15 produce a specific change in the source
cell itself or in a "t{RENEWABLE: | NEURA BLANT DEVISEQANDI METHODACt i ve).
Deficits in secretory substances have been 20 |an|cated in various
neur ol ogi cal di seases. Lack of neurotransmtter-nedi ated synaptic contact
causes neuropathological synptons, and can also lead to the ultimate

~destruction of VI ethvent i For exanple, paralysis agitans,
nore conmmonly inomn as Parkinson' s disease, is characterized by a | ack of

the neurotransmtter, dopamine, within the striatumof the brain, secondary
5 to the destruction of tiige dggrrimitalsdiedid o thlilss iuﬁrehllréoaubst &hei a
nigra. Affected su cts, deponstr tgﬂg L UnLg, sti ffness and

sl owness of nove %@h%%% ¢ ??Hﬁégéaiﬁﬁ}f %ﬁd%%§ enmenti a being

of ten encountereﬂarhlcmlqradbbeuﬂﬁﬁaﬁmﬁpﬁsQﬁ ¢m§ﬂﬂ%§sd@§§a§é5°¥ﬁ§rélrect

admi ni strati o9 Ofm Pk | faF @ remedied by treatment with secretory
substances, such as neurotransmitters,
neuromodulators, hormones, trophic factors, or growth
factors. All these substances are characterized by
the fact they are secreted by "source" cells and
15 produce a specific change in the source cell itself
or in a "target® cell (i.e., they are biologically

active).

Deficits in secretory substances have been
20 implicated in various neurological diseases. Lack of
neurotransmitter-mediated synaptic contact causes
neuropathological symptoms, and can also lead to the
ultimate destruction of the neurons involved.
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synthetic dopanmine, its precursors, analogs and inhibitors have been
studi ed for therapeutic value in 15 the treatnent of Parkinson's disease.
These studi es have reveal ed various problenms with delivery, stability,
dosage, and cytotoxicity of the applied ec®wpounds. To date, none of these
approaches has denonstrated nore than narginal therapeutic value. 20 Brain
derived growh factor also may have potential value in the treatnent of
Par ki nson' s di sease since it has been denonstrated to maintain the

viability of striatal ne@%&”%ﬁaﬁp!btrgaraiys1s agltaﬂﬁﬂymﬁ&@er di seases,
especially neurol o |caI g: sorders_appea based in_whole, or in part,

on the absence d?’ QR ke KNOVL 25HFRT nspB ?a&bﬁ?aégrlﬁsor regi ons, of a
critical biol ogictedrdcteddzed3by a lack ofnthe neuropransmptbefde a

cont | nuous SuPb o tinsH05Uidl 18 ERF14%8n' B! BReDbRAInde0diRsr} | SSUCS

at a controlled ture osnDt However ,
linited sol ubi% |tQ/thﬁjdﬁ&ﬁﬁﬂdﬁypnopfc&hﬁaﬂﬁpéma§§ S§§rﬁE}Pga§e¥b§e990|r

-3- limtations, ﬁﬁ@vﬁxﬁﬁér{ﬂfé Gﬂigtr*ae U%fo\ébl&éaSsaB%ébts aeabnst pgye For

exanpl e, controlled sustained rel'easeg dopami_ne been_attenpted by
i npl anti ng dopar@ rﬁst%%t@psﬁﬂsrft”é&wsttl’nfl“rnﬁis&r 828, SABY’Begsn?f:r ocapsul es

(McRae- Degueur canderidnt ( 16 )riyaihmiecitremert 0£92imB8; 309kh demenkia
control | ed sust ned rel.ease of

on bul k. surf ace R o1 S eeaer 68, Ji° Pty AR ERCRECRLFolP VL 1S

I ncreasi ng theo the d1sease

The direct administration of purified or
synthetic dopamine, its precursors, analogs and
inhibitors have been studied for therapeutic value in

15 the treatment of Parkinson's disease. These studies
have revealed various problems with delivery,
stability, dosage, and cytotoxicity of the applied
compounds. To date, none of these approaches has
demonstrated more than marginal therapeutic value.

20 Brain derived growth factor also may have potential
value in the treatment of Parkinson's disease since
it has been demonstrated to maintain the viability of
striatal neurons in vitro.

25 Many other diseases, especially neurological
disorders appear to be based in whole, or in part, on
the absence or limited availability, to target cells
or regions, of a critical biological factor.

30 In an attempt to provide a continuous supply
of drugs or other factors to the brain and other
tissues at a controlled rate, miniature osmotic pumps
have been used. However, limited solubility and
stability of certain drugs, as well as reservoir
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10 li kel i hood of drug degradation, and rendering predictable rel ease rates
difficult. The inplantation of cells capable of constitutively producing
and secreting neurologically 15 active factors has al so been attenpted.
Recently, renedial transplantation of neurdtransnmitter- secreting tissue
has been acconplished using the patient's own tissue so as not to elicit an
I mmune response. For exanpl e, dopam ne-secreting tissue 20 fromthe adrenal
medul | a of patients suffering from Parkinson's di sease has been i npl ant ed

in their striatumng ddt e, W&%stlia%\éar thbhuseaﬁmﬁesyreflshwl y used
in patients Iess t han 60 years of age, as th qéﬁa EPghand f ol der

patients nmay not teahnolpdf n J9% i85 edoﬁ&ﬁ1 gre8%is. This
restriction |inmislédse uefddgmeineohashdepnoattiemptad byr éwpligntinge t he

di sease nost oftiéhéﬁjexnéhéyégﬂ'd%g%phqtﬁgg ﬁ1°ﬁ sgrbghf gr transplantation

approaches have even 't aln 1s considered
"I muno- pr|V|IixﬂkﬂrOqaﬂsuﬁq&n{MﬂRﬁanﬂﬁﬂq¢u6§§uP§ ailt h(BBBR) allografts arid

xenografts. Thi Snélf] ﬁﬂrﬁ‘éﬁssmtzatm-tsfa@)co ﬁ@ﬁbﬁ)é&*ra&bﬁﬂrﬁilémno-
. -4- suppressors, e use_of which rend eir o i cations

and del et eri ous SYgfaiedgetease, @fé 1“gr 8% 8h Qrﬁﬁ%bﬁsggosed the 5
use of m crocapspdBfmer .1 21idd Bh HUIKN eurklaiceheepsidpall fbe axamplescopic

F;?gget of a cel S‘%&“éé¥kous'h%&¥&1y&HEJ@§ﬁ§N£%9 Eggkgggggboghgurposes and
10 likelihood of drug degradation, and rendering
predictable release rates difficult.

The implantation of cells capable of

constitutively producing and secreting neurologically

15 active factors has also_been attempted. Recently,
remedial transplantation of neurotransmitter-
secreting tissue has been accomplished using the
patient's own tissue so as not to elicit an immune
response. For example, dopamine-secreting tissue

20 from the adrenal medulla of patients suffering from
Parkinson's disease has been implanted in their
striatum with some success. However, this procedure
is only used in patients less than 60 years of age,
as the adrenal gland of older patients may not

25 contain sufficient dopamine-secreting cells. This
restriction limits the usefulness of the procedure as
a remedy since the diseasg most often affects older
people.

30 Other transplantation approaches have
demonstrated that even though the brain is considered
" immuno-privileged", rejection ultimately occurs with
both allografts and xenografts. This problem
necessitates the co-adminstration of immuno-
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scal e production of biological products. However, there are a nunber of
shartcom ngs to the 10 m croencapsul ati on approach. For exanple, the

m crocapsul es can be extrenely difficult to handle, including being
difficult to retrieve after inplantation. -%#ke types of encapsul ating
materials which can be used are constrained by the formation 15 process to
pol ymers which can dissolve in bioconpatible solvents. Furthernore, due to
the limted diffusional surface area per unit volune of |arger size

spheres, olnl y gohhpiatledsaﬁsuntn@fusé S@ﬂ&v}ﬁfﬂh tb&dm@ecwaltxo oamlsis@gtl e i o
m crocapsul e. An_altecrnative appro as. been sul ati on, ic
typically invol v8§ FSQB?%S*’%%??% $‘g‘io %?"r%%%soesr‘? ﬁﬁ‘%ﬁ ‘seal ing the
extremties. In contrast to mcrocapsul es, 25 macrocapsul es offer the

advant age of easy retrlevgbhﬁmﬁgr G LRI i rd GaivY Sdop o@Q@rqmgutlc

I mpl ant's, especially neural ng$ants However, the constructlon of
macr ocapsul es 5n“Fﬁe°5a§%°ﬁ‘é§ wies be’erﬁtecﬁ’dﬂ% sahenes #hick ensi ve.

Mor eover, due tOeﬁeaylﬁEhtébéemﬂ:ﬁéstE@pl_@Wéwﬁﬁ' aRidladsoqution,
nacroencapsulatl n hay g péRV|ded ¢ncon3|fte€}' resul 1S, Therefore, there
exi sts a need fo nﬁ? betneRarartre $IR1anhation Bunnosss 2% J@sgecal

di sorders -5-stalgepecdictiom of piologidak produsds.f oHomeweapy devi ces
whi ch can augmengnp@iel gpbagenhfifef WEiMSt Mmihy Wirtdrnal areas of the

brain or other organs
10 microencapsulation approach. For example, the

microcapsules can be extremely difficult to handle,
including being difficult to retrieve after

implantation. The types of encapsulating materials
which can be used are constrained by the formation

15 process to polymers which can dissolve in
biocompatible solvents. Furthermore, due to the
limited diffusional surface area per unit volume of
larger size spheres, only a limited amount of tissue
can be loaded into a single microcapsule.

20

An alternative approach has been
macroencapsulation, which typically involves loading
cells into hollow fibers and then sealing the
extremities. In contrast to microcapsules,

25 macrocapsules offer the advantage of easy
retrievability, an important feature in therapeutic
implants, especially neural implants. However, the
construction of macrocapsules in the past has often
been tedious and labor intensive. Moreover, due to

30 unreliable closure, conventional methods of
macroencapsulation have provided inconsistent results,

Therefore, there exists a need for improved
therapies for the treatment of neurological disorders
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Wi t hout causi ng excessive trauma. More specifically, 5 there exists a need
for a nmethod of providing active, neuroactive factor to a | ocalized region
of the nervous system of a subject, the correct dosage of which will be
constitutively delivered over time. 10 =5- Accordingly, it is an

obj ect of the present invention to provide a nethod for treating such
neur ol ogi cal disorders by delivery of an inplantable, renewable
neurol ogi cal therapy device useful for the sustained and controlled
delivery of bi 0|1Qgigh?iéne1],5miihep‘aatﬁcuiato a nebdefor thesapmrticul arly,

to provide a nethod incl r e
bi ol ogi cal | y act‘f?/elq‘ea?ctwg’f‘lscq’?c?ag ] ?‘Q% 7ed \éé fa}é@ EFﬁegﬁ*‘g@#% 'of
subj ect. 20 dysfund&lqnalamaﬁhérOGbeetbmelprgvlthaﬁ @ﬁ%@%ﬁtable devi ce

that contains a iV edtib¥ial aci £ in vivo
degradati on SLKJ?%#?&HE“E Fush |vere31t8 ? gﬁsab ec§£§n§§ﬁéac?$é£ orm Yet -

anot her obj ect5 dfhere %#Jéé'énta Mee0n EOft laoﬁ‘et§°§o°5rBWHé 309 AptL¥e abl e

devi ce which camdigtd @i ﬁmwit t@f abilecagiiealll yegibhvesf gheor s

responsive to in vivo environ d th i
an i npl ant abl e, ?ﬁ?ﬁ%ﬂﬁlﬁi?ﬁﬁﬁqe 3 %§V| &g&ﬁlgﬁeggjgg%aéeva lgro;kge

whose 30 cont entwhivle wﬂib\méalcmnﬁtiﬂtute\n@dwdﬂeﬂ.laeaedl omar tdmece of
bi ol ogically active factors. -6- Summary of the Invention Refillable

| munoi sol atory therapy devices are disclosed for the | ocal and controlled
delivery 10 Accordingly, it is an object of the present

invention to provide a method for treating such
neurological disorders by delivery of an implantable,
renewable neurological therapy device useful for the
sustained and controlled delivery of biologically

15 active factors to a subject. More particularly, to
provide a method including a renewable device which
can deliver biologically active factors to a
localized region in the brain of a subject.

20 It is another object to provide an
implantable device that contains and protects
biologically active factors therein from in wvivo
degradation such that it is delivered to the subject
in an active form. Yet another object of the present

25 invention is to provide an implantable device which
can deliver an amount of biologically active factors
responsive to in vivo environmental needs. A further
object is to provide an implantable, protective cell
culture device which is retrievable, and whose

30 contents are renewable with new and/or additional
source of biologically active factors.

s !
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5 of a biologically active factor to the brain of a patient. The devices
germerally include a cell chanber adapted for infusion with biologically
active factors, or cells that secrete such factors. The cell chanber

i ncl udes a sen1perneab|e surface across 166whi ch the active factors nove
for delivery to the brain. The devices al so include neans for introducing
such cells or factors to the cell chanbers, and a neans for renewi ng the
cells or factors. 15 In one enbodi nent of the invention, the cell chanber

is constructed aguyambrghapednbuUbgviavigy ports for filling, flushing,
and/or refilling the cell suspension. The ports may be the sanme or 20
different ports, and can be sealed to prevent introduction of extraneous
material into the cell chneﬁéllabheatmmﬁnm1snﬂnxﬁrmnﬁhendpyldeﬁﬁn@sd t ube

nay 25 include a,5upRQLLISLLHCEYECnSUEkLEP dhdihiSlo1 (gl duiaYdliyng

struct ural suppor g ce uring surglca on n the
brain. The man8r 8f gabipéogicaliy %@h’éw bore b fretairtdie fraime®f @ fit with

and EUpportlthe b@hhéne}‘ Hﬁﬁethéhﬁ@@&' éé&b@rhal?ﬁﬁiﬂcﬁmaa IaVQJédn the ﬂﬁndrell
e GBI CINACEIER T IRIE Ll R LG A
or nore flanges @actabs,wrcbellsicthat s$ecsete rsudihe actursl \Mhbhln t he
U-shape of 35 thSeiﬁlkthﬁgPeingfﬁégg érgﬁm{§é¥heable surface across
10 which the active factors move for delivery to the
brain. The devices also include means for
introducing such cells or factors to the cell
chambers, and a means for renewing the cells or
factors.
15
In one embodiment of the invention, the cell
chamber is constructed as a U-shaped tube having
ports for filling, flushing, and/or refilling the
cell suspension. The ports may be the same or
20 different ports, and can be sealed to prevent
introduction of extraneous material into the cell
chamber,

In another embodiment, the U-shaped tube may

25 include a support structure, such as a mandrel, for
providing structural support to the cell chamber
during surgical insertion in the brain. The mandrel
may be a so0lid centerboard mandrel adapted to fit
with and support the walls of the U-shaped tube.

30 Alternatively, the mandrel may be a selectively
collapsible mandrel that can be removed once the cell
chamber is positioned in the brain. The collapsible
mandrel may include one or more flanges or tabs which
function to secure the mandrel within the U-shape of

35 the cell chamber during insertion.

e
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-7- In anot her enbodi mrent of the mandrel, a solid centerboard mandrel is
initially positioned within the U shape of the cell chanber, and a
Substantially rigid shield elenent is positioned over 5 the nmandrel and
cell chanber. The entire assenbly is ther?ositioned within the brain, and
both the mandrel and the shield may be renoved. The shield may include tab
el ements which interfit with an aperture in the solid mandrel to enable
these two 10 elenments to be renoved fromthe brain substantially

si mul taneously, |eaving tIBeaﬁélththéﬂﬁsazinénﬁJO&fttlQél méxﬂlxyéi aqot her
enbodi nent of the |nvent|ve 15ﬁ86V|C coaxj al doubl e

| umen tube asse®9l}d CentRIPoaLH P HF f‘ﬁelﬁbﬂaﬂfén%%ﬁﬁf’smb xt r uded
with a polynmer edthing thel WFshapbooEotheaoekhcepsmbatedbm@lé chanber The

cel |l chanber o r nect ed
20 to an inner éﬁﬁﬂg%n%gfgé Qﬁ Qh gﬁlkﬂﬁegléﬁég? , Pﬁ%plllng

The bi ol ogi cal8 wr@cma\r@r&dcta@ﬂ §§éﬂe9hﬁ@béél-l Fae ?M‘—:H@Ieaw |18%hich is
known, or has b%rﬁio%fi&h%%eedﬂ:axar eHeCBraen| ogedt bées, the ophic factors,

or neurotransnitters, or oni st r.ecursors, acti | o active
fragments ther e®@ngEgt éé%%ﬁ gﬁPgﬂaPPVn RefPUOYP thgﬁgﬁ %%ETﬂ%edulla,
enbryoni c vent radayrrﬁsmmmma:lalbceﬂemnes @hdlchainbesf 80 wEthoihastic cel |

I h P NGt
proterred for | AU 10 thih JUILY pERREE1"Fo SRERISCLRLRS Sy ]

i nvention, tHe caalememcsm'qoom@emoae@ fsom Ehe| brainnf £§§ﬁ6F1%¥1Yhe sanme
species as the si}fHardbusly, leaving the cell chamber in

position.

In yet another embodiment of the inventive
15 device, the device may be a coaxial double lumen tube
assembly. In that embodiment, the cell chamber is
coextruded with a polymer casting solution to form an
encapsulated cell chamber. The cell chamber may then
be a concentric lumen chamber having ports connected
20 to an inner and an outer lumen for £illing, flushing,
and/or refilling.

The biologically active factor-secreting

cell may include any cell which is known, or has been

25 engineered to produce neuropeptides, trophic factors,
or neurotransmitters, or agonists, precursors, active
analogs, or active fragments thereof. For example,
chromaffin cells of the adrenal medulla, embryonic
ventral mesencephalic tissue, and various

30 neuroblastic cell lines such as PCl2 function to
supply dopamine, and therefore, are preferred for
incorporation into the device. In some aspects of
the invention, the cell is allospecific (i.e., cells
from another of the same species as the subject in
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-8- which it is to be inplanted) or xenospecific (i.e., cells from another
of;a different species). The encapsulated cells, or cells contained 5 in
the cell chanber of the invention, include neurosecretory cells that
secrete biologically active factors such as8-ganma am nobutyric acid,
serotonin, acetylcholine, norepinephrine, endorphins, enkephalins,

dopam ne, and precursors, agonists, 10 active anal ogs, and active fragnents
thereof. The cells nay al so secrete a dopam ne precursor, such as L-dopa,

or a dopam ne agQiidh iGHE Eb% '@feo'iﬂfiarl'am:bﬂ? og Q@ﬁoéﬁé&i’fﬁc @{‘dece| I's
secreting such factors, may be used in practicin resent 15 invention.

The term "bi ol ogﬁﬁi‘lllsy \Bhothery o€ augé&fﬁéﬁégnspﬁﬁfﬁﬁés

neurotransmtters such as gamma aninobutyric acid, serotonin,

acetyl choline, 20 epineph nor. e rin gluat aci The term al so
I ncl udes fi brobl ast growtﬁ%Fé§W§F§ §&8%§§p§ﬁ§%§ ?ﬁech} g??ﬁ%?e ncl udes
precursors, agdniist ssheasteMe chasbegs ofatlieadnivestiongninciude t hese

neur ot ransm tt er iy e AUV TY IS ANEC ¥haQ! gérbtdosilo@seléeﬂw a@tfaem st

bronocriptine). Oeefls t%at seCrete pepti actors such as pe
neur ot ransi t t er £ AGHAR UL A6 §amE"|aoﬁH‘|18°P&EY6F§ afédor SRBP b%- may al so

be useful. These ddwiyiisholiife}l mdrepinephrhel,, ehdoppheénsactors such as 30
eryt hropoeitin andlgﬁﬁ#%g.hor%Pne%i %IO%%&IC%E r%sgggseanggifkers such as
| ymphoki nes and ¢§ft opamineg, precursors, ag ’
10 active analogs, and active fragments thereof. The

cells may also secrete a dopamine precursor, such as

L-dopa, or a dopamine agonist, such as

bromocriptine. Other factors, and cells secreting

such factors, may be used in practicing the present

15 invention.

The term "biologically active factors" used
herein includes neurotransmitters such as gamma
aminobutyric acid, serotonin, acetylcholine,

20 epinephrine, norepinephrine, gluatmic acid. The term
also includes fibroblast growth factors and
dopamine. The term further includes precursors,
agonists, active analogs, and active fragments of
these neurotransmitters (e.g. dopamine precursor

25 L-dopa and dopamine agonist bromocriptine). Cells
that secrete peptide factors such as peptide
neurotransmitters, growth factors, trophic factors
and/or hormones may alsoc be useful. These include:
insulin, Factor VIII, trophic factors such as

30 erythropoeitin and growth hormones, biological
response modifiers such as lymphokines and cytokines,
enzymes, and antibodies from antibody-secreting
cells, neuropeptides such as enkephalins, dynorphins,
Substance P, and endorphins, as well as factors such
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enzynmes, and anti bodies from anti body-secreting cells,

as’ enkephal i ns,

such -9 - as nerve grow h factor (NG-),
(BDNF), neurotrophin-3 (NT-3),

neur opepti des such

dynor phi ns, Substance P, and endorphins, as well as factors

an array neurotrophic factor. 5 The cell chanmber may al so include a
hydr ophobi ¢ matri x, such as an ethyl ene vinyl acetate copol yner, or
hydrophilic matrix such as a hydrogel. The cell chanbers nay be

post - product [ on ) e e Talctdrviiery) bEREAIBERLFegUt er coating,
such as a pol yuret hane, ethyl ene vi acef ate I con, or alginate
covering part cﬁ“qqﬁ¥9R§H°<§%ﬁﬁ&§ §§F)' ne“r°t?ﬁEhFhvén(NBn3ﬁwI¢nnext be
described in cornerdy @ MilbrotAEisai grokitus Eaatedsgnhrgi RNdsrayovever,
éggg V. rupus %ﬁ i cations, additions, and subtractions can
epar r?g AN r?l & e For

shoul d be cl ear
be made wi t hout

spirit or scope of 20 the invention.

an array of9+i broblast growmh factors,

a

brai n-derived neutrophic factor

and

it

exanpl e, the pgresent |nvent|on should not be read to require, or be linmted

to, a particular device qﬁ@p@elqahﬁgh@gr Ray’
or cell line de%crd ql tp/ way ,of exanp
obic matrix, such as an ethylene vinyl acetate

10

15

20

| e or I Fustra tion,

copolymer, or a hydrophilic matrix such as a
hydrogel. The cell chambers may be post-production
coated or treated with an impermeable outer coating,
such as a polyurethane, ethylene vinyl acetate,
silicon, or alginate covering part of the cell
chamber.

The invention will next be described in
connection with certain illustrated embodiments.
However, it should be clear that various
modifications, additions, and subtractions can be.
made without departing from the spirit or scope of
the invention. For example, the present invention
should not be read to require, or be limited to, a
particular device shape, material, neurotransmitter,
growth factor, or cell line described by way of
example or illustration.

——

_——
"his Sh {{as Been Replaced

|\\\\\\l\\\\\\\\\|\\\\\

__..——-—i

58NSRLI LS g OrOWt h factor,



*

-10- Brief Description of the Draw ngs The invention itself can be nore
faul 'y understood fromthe follow ng description when read 5 together with

f he acconpanying drawings in which: FIG 1 is a graphic representation of a
singl e plate nount enbodying multiples ofl0ke system of the present

i nvention; 10 FIGS. 2A - 2D are side elevation views of cell encapsul ation
vehicles used in practicing the present invention; 15 FIG 3 is a

perspective view of a vehicle enbodying the centerboard mandrel enbodi nment

of the i”Ve”tiOﬁrﬂgfageg#rﬁﬁﬂignabf hﬁggb}g?i#%é-section views 20 of a
vehi cl e enbodyi ng € collTapsibl e mandrel o e invention; FIG 6 is a
perspective view of a vehicle enbodying the present invention; 25 FIG 7 is
a series of perspective Thewinetngivahitselenbanybeogndéte Pukrbent i nvention
whi ch al so integr r ot Y hi u <L f | ant
during surgical %ﬂ%tae(%r%"g)ﬁt%, %%pc%hgh?ghgéwggg §5§$§ é%g?{gb‘fﬁe&grfl%grato

cent erboard r énbpdetherceitd 4he ecgemppowing udrawing2cin grhigkis of a

vehi cl e enbodyi ng the present invention; FIGS. IOA - 10D are a series of
| ongi t udi nal - secti on vi ews of a,canning ﬁhield .
FIG. 1 is a graphic representation of a

single plate mount embodying multiples of the system
of the present invention;
10
FIGS. 2A - 2D are side elevation views of
cell encapsulation vehicles used in practicing the
present invention;

15 FIG. 3 is a perspective view of a vehicle
embodying the centerboard mandrel embodiment of the
invention;

FIGS. 4 and 5 are longitudinal-section views
'20 of a vehicle embodying the collapsible mandrel of the
invention;

FIG. 6 is a pérspective view of a vehicle
embodying the present invention;
25
FIG. 7 is a series of'perspective views of a
vehicle embodying the present invention, which also
integrates protective shields about the tip of the
implant during surgical placement, which shields are
30 retractable prior to centerboard@ removal;

FIGS. 8 and 9 are longitudinal-section views
of a vehicle embodying the present invention;




enbodi nent of the invention, the series illustrating operation of the
shield; 5 FIG 11 is a cross-sectional representation of a double |unen

vehicle used in practicing the present invention; 10 FIG 12 is a
| ongi tudi nal -section view of a doubl e | uakb-enbodi rent of a vehicle of the
present invention, also showing a neans for filling/flushing using an
applied nozzle; 15 FIG 13 is a perspective view of another

enbodi ment of a vehicle enbodying the invention; and FIG 14 is a
| ongi tudi nal -section vi ewrgk.t heavehnigbeapé &l seriss o Li ke reference

characters in the re gtive figures indicate correspondi n arts. -12-
Det ai | ed Descri&Hqﬁﬁiﬁgﬂpﬁﬁéﬁﬁgg?ﬂﬂuﬁb?gﬁl3 of yCHERt céh%éh&%herapy
devi ces are di se@moddniemt bifetbeninventior, Sthaedsenies ollbististiing y of

bi ol ogi cal | y E“”&ﬁQ%JETS o Eaga hebggt treatnent site of a patient
suffering froma neurol ogi cal  deficrenly or dysfunction. 10

Cenerally, thé inventive device includes a cell chanber for infusion of

cell's which secrete biol gaigcahhyigChi ¥eokackectioddt toprdssnt@sion | east
one sem perneabl e surfa agross mhhch biologicall agtive f@ﬁtors secreted
by the cells caPf 2 double lumen vehicle used in practicing the

present invention;

10 FIG. 12 is a longitudinal-section view of a
double lumen embodiment of a vehicle of the present
invention, also showing a means for filling/flushing
using an applied nozzle;

15 FIG. 13 is a perspective view of another
embodiment of a vehicle embodying the invention; and

FIG. 14 is a longitudinal-section view of
the vehicle of FIG. 13.
20
Like reference characters in the respective
figutes indicate corresponding parts.

-
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15 be delivered to the surrounding tissue, such as the brain. The device
alsso includes neans for introducing cells to the chanber, and neans for

fenewi ng the cells contained in the chanber. 20 FIG 1 illustrates
several devices 10 attached to a plate nmepd@+ 12 positioned above the
Insertion sites 14 of a patients skull just prior to delivery to a

treatment site. In one formof the invention, and as shown in FIG 1, the
devices 10 may 25 be generally U shaped. However, as best shown in FIGS. 2A
- 2E, the devi caset@yld\oghdifigdrieR configurations while perform ng
substantially the same function. 30 FIG 2A illustrates a device
10a having a cell chanber 20 that is U shaped to increase the surface area
and having a port 22 for Reffiillabig timmunelilsod&oivgr néGroEb&ic8B il |l ustrates

a U-shaped cel | g | f a - 13-
manifold 24 to pﬁg%;;g&t e ce‘ﬁ a%a#ésthg% gufE&théég??gg%egthe 2C
i |l ustrates a 2o econtrml knd,ided iMern 194t hlﬁépaééélém’ gagtéve| unen cel |

chanber 20 for cedévdrd ¢da Qiéﬂc_{él* GHdaemealt %8 tkaeEOaSpagiEnd 5 second
C er, cells.. . FLG 2d illustrates a

i nner lumen for flushing the cel
singl e tube 10d *Eé?%ﬁfé%\'?ﬂﬂﬁa(ﬂﬁqr° 98E45AEBF¥i R t he neuroactive
factors, and an @ydfungtidrective coating 26 whi ch serves to encase at | east
part of the cell chanber. 10 The rest of the device 10d.is pernselectlve to
enabl e transport of the factors out of the inner cel

10 Generally, the inventive device includes a

cell chamber for infusion of cells which secrete
biologically active factors. The chamber has at
least one semipermeable surface across which
biologically active factors secreted by the cells can

15 be delivered to the surrounding tissue, such as the
brain. The device also includes means for
introduciﬁg cells to the chamber, and means for
renewing the cells contained in the chamber.

20 FIG. 1 illustrates several devices 10
attached to a plate mount 12 positioned above the
insertion sites 14 of a patient's skull just prior to
delivery to a treatment site. In one form of the
invention, and as shown in FIG. 1, the devices 10 may

25 be generally U-shaped. However, as best shown in
FIGS. 2A - 2E, the devices may have different
configurations while performing substantially the
same function.

30 FIG. 2A illustrates a device 10a having a
cell chamber 20 that is U-shaped to increase the
surface area and having a port 22 for refilling the
cell chamber 20. FIG. 2B illustrates a U-shaped cell
chamber 20 similar to that of FIG. 2A, including a
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chanber 20. FIG 2e illustrates a cell chanber encapsulated in a

sew - perneabl e or pernsel ective nenbrane 28 with an attached tether 30. The
menbrane 15 28 permts diffusion of the neuroactive factors fromthe cel
chanmber 20 to the treatment site once the_gpgvice 10e is positioned. The
speci fic enbodi nents are discussed in further detail below 20

Referring to FIG 3, a standard U shaped cell chanber 20, of the type shown
in FIG 2A, absent the center supportive strut 25, may be fitted with a

cent er boar d-type_man | vin Lde.slo 2 .adapt e recejve the
cel |l chanmber 20. mgpﬁggﬁgaéﬁ E§ B’é@lt%‘églbﬁ%fééké ‘?’ﬁ%}‘gﬁ 5 (%& &“r&&q gned to be
mounted to the pansemtienskuFIG. a26a$13dstsataszaﬂﬂnhhkstlumannﬂayﬁte

portions of the h r chanber
20. The cap 34 I#gﬁugﬂﬁﬂ &ﬁhhuagén@ﬁuggge or re #?%ng e cel g%nghanber

sol ution. The nafR@r&Ving BPeFPE9139%§aHE%|ﬁ% fetve Faghisit ke ) shaped cel
chanmber 20 dursngecanaalhaéromuméﬁOﬂ@h fIEShiugwﬁheremnechh&mﬁnd to the

fit throagh an | REGIEr onPi6rt 86T HeThEefBE L B ifd SR AR 1 he
device 10b to thenbdaner Eaélnehdmberzzoi¢mntaknnngsthe(neuﬂqagtﬂ?qﬂ ate 18
--which is substan%hég Frighg LR Qﬁggf r&tﬁ&%!&etébéHEhdnﬂﬁ36 V:cﬁﬁpntlal cel |

chanber 20. The ther 1 ncludes a .g portion 1 Ich may act
as a stop point &8FVR§ Fﬁsépﬁﬁéﬁ phr be@st part of the cell chamber.

10 The rest of the device 104 is permselective to enable
transport of the factqis-out of the inner cell
chamber 20. FIG. 2e illustrates a cell chamber
encapsulated in a semi-permeable or permselective
membrane 28 with an attached tether 30. The membrane

15 28 permits diffusion of the neuroactive factors from
the cell chamber 20 to the treatment site once the
device 10e is positioned. The specific embodiments
are discussed'in further detail below.

20 Referring to FIG. 3, a standard U-shaped
cell chamber 20, of the type shown in FIG. 2A, absent
the center supportive strut 25, may be fitted with a
centerboard-type mandrel 24 having side slots 32
adapted to receive the cell chamber 20. Since each

25 device 10 of the invention is designed to be mounted
to the patient's skull, a cép 34 is attached to the
top end portions of the U-shaped cell chamber 20
secure the shape of the chamber 20. The cap 34
includes the port 22 used for refilling the cell

30 chamber soluticn.

The mandrel 24 of FIG. 3 is designed to
support the U-shaped cell chamber 20 during
implantation through the insertion site 12 and to the

e
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insertion port 36. 10 Because the human brain can nove wthin the cranium
tfiere i s strain caused between an inplant fixed to the skull and the
novabl e brain tissue. Thus, the mandrel 24 is generally renoved after 15

pl acement of the cel| chanber 20 to facirifate flexibility of the chanmber
20 once it is positioned. The chanber 20 is generally manufactured froma
flexible material to allow the structure to conpensate for such novenent of
the cranium to which 20 the chanber 20 is attached, relative to the brain,
i nto which the direadmernt0 site igethedpavienbus Phéymandrahd2galsner bl ends

can be used 1o UGS H18aashly ?Q@”Pﬁioggpocﬁ;%gsgétij&)(?% ogthe

i nvention. Polyneric menbranes he ce ers nay
pol yacryl at es (|1r¥bl‘-1§’<ﬁ r‘r'@Pa@ﬁylPlré°éob'8I gativerypef yvhedewieRsiOhdigvi nyl
chloride copol yrete briddhy.ur eheanaadree! gat Yﬁ@!ﬂﬂées pe! yeridlesentsd | ul ose

ol yot hyl ene GXIRRAES A8 RIEN o BPEEentagiyg Frald oS PRRsPiAS
copol yners, and Smpnqme$0t kiseecircumfetentihd cellechsmbsed20 n cnm_»', unction
with the above- iglaptid od RUREHRES 1hB108EE) BObP PGP off NEE T L0 W I

depend upon the particul ar polyner sen rane materi a
Sui tabl e sol vent®@y5 kclagd@ &tAP@OBEI Auying bnrgantionotheoush theh as

al cohol s and ketignes tdorepaldty 363s wel | as
10
Because the human brain can move within the

cranium, there is strain caused between an implant
fizxed to the skull and the movable brain tissue.
Thus, the mandrel 24 is generally removed after

15 placement of the cell chamber 20 to facilitate
flexibility of the chamber 20 once it is positioned.
The chamber 20 is generally manufactured from a
flexible material to allow the structure to
compensate for such movement of the cranium, to which

20 the chamber 20 is attached, relative to the brain,
into which the chamber 20 is inserted.

Various polymers and polymer blends can be

used to manufacture the cell chamber 20 of the

25 devices of the invention. Polymeric membranes
forming the cell chambers may include polyacrylates
(including acrylic copolymers), polyvinylidenes,
polyvinyl chloride copolymers, polyurethanes,
polystyrenes, polyamides, cellulose acetates,

30 cellulose nitrates, polysulfones, polyphosphazeres,
polyethylene oxides, polyacrylonitriles, as well as
derivatives, copolymers, and mixtures thereof.
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EN oo~ roo-
di et hyl sul f oxi de (DMSO), di nethyl acetam de (DMVA), and di net hyl form m de
(BMF). In general, water-mscible organic solvents are preferred. 10 The
pol ymeric solutlon or "dope", can also include various additives,
I ncl udi ng surfactants to enhance the forraSFon of porous channels, as well
as antioxidants to sequester oxides that are forned 15 during the
coagul ation process. Exenplary surfactants include Triton-X 100 avail abl e
from Si gna Chem cal Corp., and Pluronics P65, P32, and P18. Exenplary

anti-OX} IOlants i nclude Vi ty{E 53 viedt@OhBled 3@ Bbnijldcribanvith the addition,
anti-inflammtory 20 agents,, .angi ogenic factaqrs, .and, cell ow h factors
can al so be inc ?Rﬁ%ﬁéﬁ?qﬁﬁQ}éﬁi r 8 gﬁﬁ@ﬁﬁﬁetgﬁ ?ﬁgéce i mune
response or to s¢hamﬁétsaznﬂﬁ1hmﬂdamemd upspethevepbyti&udapl poyymer

anti - inf | ammat ory, a0 foi ild'Honfahe faler 146" BuiehbisORE190AACTH 25

dexanet hasone, cor KI N tors and agoni sts, an
anti bodi es to @nclude m aride Marietyaed PGQFHFSrFBEBﬁnﬁﬁnnﬁ“C &fpl ary -

?nglt Ogenlp\lctfactféﬁcdmy%d Iy tders g eﬁl:’e(i\éﬂllyf ,a@kOwedldagerve growth f
act or ernatjyve s jcan,bhe.a V|ces after
manuf act ure or féﬁ9ﬁ£h¥i§4§¥% ﬁ§§?¥@3§9 irnd* gthg}gggﬁgmﬁﬁgcgss. For
exanpl e, the devam®dlimethyd iommEmsde i(PMF)sol dni genegalai ni ng an

ant i -1 nf | amat ory, Ggelly s &b A G-I SbAGkREs dke?piacaiounh factor.
10

The polymeric solution, or "dope", can also
include various additives, including surfactants to
enhance the formation of porous channels, as well as
antioxidants to sequester oxides that are formed

15 during the coagulation process. Exemplary
surfactants include Triton-X 100 available from Sigma
Chemical Corp., and Pluronics P65, P32, and P18.
Exemplary anti-oxidants include vitamin C (ascorbic
acid) and vitamin E. 1In addition, anti-inflammatory

20 agents, angiogenic factors, and cell growth factors
can also be incorporated into the polymeric membrane
to reduce immune response or to stimulate cell
culture, respectively. Ezemplary anti-inflammatory
agents include corticoids such as cortisone and ACTH,

25 dexamethasone, cortisol, interleukin-1 and its
receptors and agonists, an antibodies to TGF, to
interleukin-1, and to interferon-gamma. Exemplary
angiogenic factors include fibroblast growth factor
and nerve growth factor. Alternatively, these

30 materials can be added to the devices after
manufacture or formation by a post-coating or
spraying process. For example, the devices can be
immersed in a solution containing an
anti-inflammatory agent, an angiogenic factor, or a

35 growth factor.
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Post-coating procedures can al so be used to provide a protective barrier
agai nst i mmunogens and the |like. For exanple, after formation, the cel
¢hanbers can be coated (e.g., by imersion, spraying 5 or applying a
flowing fluid during extrusion, if applicdfl-e) with a surface protecting
material, such as pol yehtyl ene oxi de or pol ypropyl ene oxide to inhibit
protein interactions with the exposed cell chanbers. O her protective
coatings include silicon, 10 and hydrogels such as al gi nates. Various cel
types can be encapsul at edpdsi-ctet ivid pridteduresecian aleobt benused to

Mul ti-compartnent_cell vehicles are parti.cularl eful for the_ 1

consti Lut | ve del PRRTYAS(E iR SR SE A et el o2  abmuhbieh uand | o
secreted by cel | sheflike. adtenazammhd,| &fterhfpamatioant the geddncephalic
ti ssue and neuro L £ C | | | al | zell 1ine
derived from a r‘g%%g %%%_r%érr%c%/ét ork?r;aitéa%?é(%z: 'p'ar%tl_'i( ?&“‘Eﬁ%m?éﬁgggﬁ?n sone
appl i cati ons b2c@fisePRivingi3 Blwing flyid Quaiag gx&Eugdtiint £0f dopani ne

{:mdI o; her acti ve_aﬁ@gi@ém@yeﬁ%mrw si.%ﬂ'a(ﬁbs ﬁot@dﬁng%@:?rﬁ@?;ohﬁaﬂsm tters
i ncl ude ganma ani nobut yri ¢ _Aaci ser.ot oni n,, acetyl.chol i ne,

nor adr enal i ne, ngpﬁﬁi}éE5 %H?céé%ﬁ%nﬂﬁtﬂﬁ%¥95%3¥¥ﬁpﬁe ¥t’féﬁpBﬁnds necessary
for normal nerveifhilbit opsotemuirdeerarftiosd witheshar exposed celdan be

i sol ated which s he ST Y 3 I I npl oyed
whi ch synt hesi zeggéllgﬁés:%%'r ets(zt agor#{:({ S, ar}_;aﬁt %’?tlg?sdzpﬁégpi%vgglgreoﬁr'agmant S
of neur ot ransh?t 8¢ shy@rege s esush ase algidlat@sng, for exanple, cells which
secrete bronocriptine, a dopam ne agoni st, and cells which secrete L-dopa,

a dopam ne precursor
P P Various cell types can be encapsulated for

use with the present invention. Multi-compartment
cell vehicles are particularly useful for the

15 constitutive delivery of neurotransmitters, such as
dopamine, which is secreted by cells of the adrenal
medulla, embryonic ventral mesencephalic tissue and
neuroblastic cell lines. PCl2 cells (an immortalized
cell line derived from a rat pheocromocytoma) are

20 particularly preferred in some applications because
of their ability to secrete large amounts of dopamine
and other active factors over long periods of time.
Other neurotransmitters include gamma aminobutyric
acid (GABA), serotonin, acetylcholine, noradrenaline,

25 peptide neutrotransmitters, and other compounds
necessary for normal nerve functions. A number of
‘cell lines are known or can be isolated which secrete
these neurotransmitters. Cells can also be employed
which synthesize and secrete agonists, analogs,

30 derivatives or fragments of neurotransmitters which
are active, including, for example, cells which
secrete bromocriptine, a dopamine agonist, and cells
which secrete L-dopa, a dopamine precursor.
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-17- In other enbodi ments of the invention, the encapsul ated cells can be
Ghosen for their secretion of hornones, cytokines, gromh factors, trophic
factors, angiogenesis factors, antibodies, blood 5 coagul ati on factors,

| ynphoki nes, enzymes, and ot her therapeutil@-agents. Qther biologically
active factors may include neurotransmtters, peptides, and trophic
factors. Exenplary biologically active peptides include enkephalins,
endor phi ns, dynorphin, 10 and Substance P. Exenplary factors include nerve

grow h factor (NGF), platme jthder iemddddments becthe {REEhtiorpi ties nal
grow h factor (EGR), brain e(Sferl ed neu otr h|c

neur ot rophi n-3 ( %Bs“¥ﬂ¥ ﬁﬁ} 5t P 8bF Feﬁr%aCtggg£Fo§Fgrgﬁﬂo%lIlary

15 neur ot rophi c dfadioxmonBEss &q&@&uaeselbrswspeﬁacbossyntrhphtelI chanbers

20 can further |é1acé% %{gq{@e%%@'ﬁ' \f‘éﬁtbgs ghﬁg %k)gs,cebi odUring the

extrusi on process of ate t se uent y. Such
addi ti ves may 5rﬂﬂaﬂkiaﬁkﬂﬂ(§§9hmn§: éYW@théﬂ?sweﬁnﬁﬁﬂéﬁrg?%@w%th%étors

whi ch are incor ot #fbud il atd&t%que@t&ae&uwamageauw getivas an anchorage
substrate material to enhance cgell attachment 25 substrate

material can be EAGHUISIMEYC %QﬁuéptrgﬂéﬂlﬁgeﬁﬁrlBﬁ%ﬁgg?ﬁm A%, or
pol yam no acids.t#&ﬁhﬂduﬁécﬁﬂns t Bxempllargubpedegboadliyt aetpweyneric

solution (or bot ce 5#%38 e%%%ghﬁﬁ1ﬁ9enEn85rPh?hQ“”&Qnagﬁﬂin“h'Ch can

distort the inn nmeric £0 I hcrease the
anchor age surl%c@lfhrséﬂliﬁaﬂ% Pt-ublﬂxﬁfﬂPllﬁtrKr fafctors iAclude nerve

growth factor (NGF), platelet-derived growth factor
(PDGF), epidermal growth factor (EGF), brain-derived
neurotrophic factor (BDNF), neurotrophin-3 (NT-3), an
array of fibroblast growth factors, and ciliary

15 neurotrophic factor.

The aqueous cell suspensions in the cell
chambers 20 can further include various additives to
protect the cells during the extrusion process or to

20 stimulate their growth subsequently. Such additives
may include, for example, a nutrient medium or growth
factors which are incorporated into the aqueous
suspension, as well as an anchorage substrate
material to enhance cell attachment. The anchorage

25 substrate material can be a proteinaceous materisal,
such as collagen, laminin, or polyamino acids.
Alternatively, the cell suspension or the polymeric
solution (or both) can include a foaming agent or a
blowing agent which can distort the inner surface of

30 the polymeric coating to increase the anchorage
surface area of the tubular interior.

In the U-shaped cell chamber 20 embodiment
of the inventive devices, additional flexibility and
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In the U-shaped cell chanber 20 enbodi nent of the inventive devices,

additional flexibility and -18- strength can be applied to the portion
of the cell chanber 20 of the device which extends fromthe surface of the
brain to the filling ports 22 by dipping-X¥t portion in a potting solution

such as 5 pol yurethane. The inventive device 10 includes a plug 38 which is
pl aced over the cap 34, or fits integral with the cap 34 to cover the
filling ports 22 and 10 insertion port 36. The plug 38 may be manufact ured
fromsilicone, ostpeygthtedn dbe cagshied Ao ke porvrivrd ofnithet keldesi red

configuration. Th Lncipple function of such as.pl 8 is.to keep
contam nant s outcﬁ?géﬁﬁ %@r?g éhf éﬁykﬁﬁuﬁﬁﬁé}(ﬁﬁﬁQ§§%1%rP@ F €15 position
wi t hin a patientsupfiacétef nthe Vieraibdoh rdve fifl 1d ngapiofrdlsd 224 bysed i n
supporting the c L0y i i 81k sAkRNLkon is
shown in FIGS. 4&%1%%5‘2&%%%2%%*%&2%/ agi ygtgk@eg%r&%\?i gws sg% drgéi ce 10b,

- respectively. PnPeh¥urethanerated enbodi ment, the mandrel 24 is collapsible
to accommodate for insertion of the mandrel 24 in the U shaped portion of

(e device 100" 1o 11| UoklBLefh o0 e el SRR o Balh " e
mandr el whil e i twhichnisrptacedronemh thee dap a4, @r fats Iatedyali | | ustrated
ch?;] g' sfgeof FiGieh EHETEEE 3P L{PLIES e B ARTPL o RN 29" aR@r tion 42
10 insertion port 36. The plug 38 may be manufactured

from silicone, or any material capable of being

formed into the desired configuration. The principle

function of such as plug 38 is to keep contaminants

out of the ports 22, 36 when the device 10 is in

15 position within a patient.

An alternative embodiment of a manifold 24
used in supporting the cell chamber 20 in a device of
the present invention is shown in FIGS. 4 and 5 which

20 present side and end views of device 10b,
respectively. In that illustrated embodiment, the
mandrel 24 is collapsible to accommodate for
insertion of the mandrel 24 in the U-shaped portion
of the device 10b'. As illustrated, the cap 34 is

25 adapted to fit with the plate mount 12. The mandrel
24 includes a top portion 16 to stop the mandrel
while it is inserted through the insertion port 36.

The illustrated mandrel 24 of FIG. 4 further
30 includes a collapsible center portion 42 having side
portions 44 which move toward each other during
movement through the port 36, and which expand away
from each other once they are within the U-shaped
portion of the cell chamber 20.
35
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portions 44 which nove toward each other during novenent through the port
36, and which expand away from each other once they are within the U shaped
portion of the cell chanber 20. 35 -19- As best shown in FIG 5, the
mandrel 24 may further include flanges 4618kat extend fromthe side
portions 44. The flanges 46 are designed to prevent the mandrel 24 from
lifting out frombetween the 5 U shaped cell chanber 20 during insertion of
the device 10b' into the patient's brain. This is achieved by positioning

_thte fl?ngfﬁ 46 Reﬂ] the hasepadt té]ﬁvgxgaﬁhml shathenmantbelf bangeg 46 pass

entirely roug e inser rt el.ow the_ 1Q cap y forma

wedge beneat h t hHEUELRL %4;nQ4ﬂ§éa 4N GP §$a§4 ﬁ&?ng QF 558 B§H§|fting
éhe cag 34 alongpdwtibﬁémn4nﬂHMhé Planmgece dtharecBesibaeilieto2preventh t he
esired position, . | 1 e esent

I nvention, it i s d%s'}'ar% t204 ré}foq!flﬂ%tﬁg %gl\cée%t%%g gggtﬂg%hstg the cell
chanber 20. ASSSWEﬁhﬂmeﬂfnellEbhamhef(%ﬂ1Gﬂ?k@@hﬂ@@éﬁtbynn§§n§ 8f a tube

sl eeve 50. Fol | ogbpfes eTmyali o i Putdletlt ‘34 bridhia .St esyg 3@ 20 may be
inserted into the cap 34 of the device 10b' . The sleeve 50 nﬁé|an|Ude one

or more fill tubdGhigved Ry RoFitiqnidsEhe, £1Engesy 460 "8R9 R PASBhe il
ports 22 of the gevike d@p 34 The e \wnomteuflhagesndiéugasa f | ange 54

adapted to interfif, Wip LNe 2 IR Uk I8 pide o' Gha' BedbaoeHaed to
10 cap 34, they form a wedge beneath the cap 34. The
entire mandrel 24 may be removed by lifting the cap
34 along with the mandrel 24 once the cell chamber 20
is in the desired position.

15 In using the devices 10 of the present
invention, it is desirable to refill or replace the
contents of the cell chamber 20. As shown in FIG. 6,
this can be achieved by means of a tube sleeve 50.
Following removal of the mandrel 24, the sleeve 50

20 may be inserted into the cap 34 of the device 10b’'.
The sleeve 50 may include one or more fill tubes 52,
each fill tube 52 positioned to align with the fill
ports 22 of the device 10b'. The sleeve may further
include a flange 54 adapted to interfit with the

25 insertion port 36, which is also used to insert the
mandrel 24.

The sleeve 50 may be manufactured from any
suitable, maleable material which may be formed into
30 the desired shape. 8Since the sleeve 50 does not come
in direct contact with the patient, there is no
specific requirement that it be biocompatible
although the sleeve 50 would typically be sterilized
before use. Further, since it is a conduit for the
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mandrel 24. The sl eeve 50 may be manufactured from any suitable, naleable
material which may be formed into 30 the desired shape. Since the sleeve 50
does not come in direct contact with the patient, there is no specific
requirenent that it be bioconpatible altheagh the sleeve 50 would typically
be sterilized before use. Further, since it is a conduit for the - 20-
tubes 52 carrying biological material, there is no special requirenent for
it to be conpatible with the transported biological material, e.qg.,

bi ol ogi cal | y actlﬁﬁbééﬂ#iﬂaar£§r%@ %&bﬁbaéhh!egsg§9§bfE”%%Q{etPﬁ agventive

device is showmn in FIG Il luStrate Vi ce mandrel 24
i ncl udes two sepaﬁ%ﬁ"éadorrﬁ%em&n@eﬁpérlﬁaﬁerhﬁ gompatibplarwith#hee 10

cent erboard nandradamypdrited biodvdicalshaebdif, dhg: cepielogbesI By 60 is
held in place w thjn thg |eId 62 by tabs 66 on one or both | egs 64. \Wen

the center mandreqc £E8d bet ween | egs 64, the tabs 66 snap into the

tab aperture 6& on the center 15 mandrel. In the illustrated enbodinent
the center mandrel 60 furmmﬁalkthuégsea fubddgnafte 09t | {hie DOy O [
portion adapted to receive the b onlra I us _of e ce 20 20

In practice, andSYigfds ishom PGS“ §1%nd79, Fﬁetééﬁtb}1“§HH?E$GGO sl i des
t hrough the inseddvdtep@0b'3G thel maheeloRdothéld@ées SGwod Ssépaigee W t hin

portions: a center mandrel 60, similar to the

10 centerboard mandrel of FIG. 3; and, a shield 62. The
center mandrel 60 is held in place within the shield
62 by tabs 66 on one or both legs 64. When the
center mandrel 60 is placed between legs 64, the tabs
66 snap into the tab aperture 68 on the center

15 mandrel. In the illustrated embodiment, the center
mandrel 60 further includes a ridge 58 on its
bottom-most portion adapted to receive the bottom
radius of the cell chamber 20.

20 In practice, and as shown in FIGS. 8 and 9,
the center mandrel 60 slides through the insertion
port 36 until the bottom ridge 58 is fitted within
and receives the bottom radius of the cell chamber
20. Flanges 70 on the center mandrel snap under the

25 cap 34. Next, the shield 62 is inserted within the
insertion port 36, its legs 64 sliding along the
walls 61 of the center mandrel. Thus, the legs 64 of
the shield cover the walls 61. The legs 64 are
generally slightly longer than the length of the

30 center mandrel walls 61 to enable the shield 62 to
extend around the entire cell chamber 20 and mandrel
60. The tip portion 72 of each leg 64 may be adapted
to form a closure upon positioning of the shield 62,
the legs 64 being slightly outwardly flexible to
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and receives the bottomradius of the cell chanber 20. Flanges 70 on the
genter nmandrel snap under the 25 cap 34. Next, the shield 62 is inserted
within the insertion port 36, its legs 64 sliding along the walls 61 of the
center mandrel. Thus, the legs 64 of the-2Rreld cover the walls 61. The

| egs 64 are generally slightly I onger than the I ength of the 30 center
mandrel walls 61 to enable the shield 62 to extend around the entire cel
chanber 20 and mandrel 60. The tip portion 72 of each |leg 64 may be adapted

to forma cl osugﬁ%m s itdgnited ffrnt B gabi #henbBeihhembees HAtdei ng
slightly outwar

flexible t -21- permt e legs to forma gap when
bei ng noved i nt (?%?fs‘?’thbr‘?"cﬁfe&h(ené’ei | F%@H'?Frﬁe%Bzoyegef:iefﬁs%nﬁﬁcgni n
position. 5 posit¥#mshown in FIGS. 10A - 10D, renoval of the center
mandrel 60, along with the shield 62 is illustrated. Once the cell chanber
(not shown) is positioned, with the inserted center mandrel 60 and
overlying shiefd 62, sho#® ishaqanGin FAGS.hd08nti ABD10TABANAL| ChsERADI y may
be _remfvteg- Pul {éé}ﬂ:wdﬂ}f&r{;ﬁ cxtuo faélboq@uessm;%t IﬁaeSEhEg—z%dGF_Zt ﬁséam open "
agai ns e center. mandrel by its S : e _lLegs S tly.outwardly
flex open to enablBSHeALed o&’r?eal"gl?m‘f ecgé‘[“%’&% (Sf‘thEhg’éﬂse?srmndrel
~wall 70 (shown ipoditiondd, lGH)th N inserteld elentéz mandeelaé0edndand t he
tabs 66 engage t ie rel . 60. :gb 6 hRger ' aperture
68 may be suffi cclrkgen]{f,!3 ior%(’{ asr‘nﬂaiaq{%1 | tslzgneaﬁh-BrQ’i%dE]Lgl g‘}%'o?aér Grtﬁg) bgﬁ&Fﬁe center
mandrel 10 mandrel assembly may be removed.
cap 34 causes the shield 62 to cam open against the
center mandrel by its tabs 66. The legs 64 slightly
outwardly flex open to enable them to open around the
bottom of the center mandrel wall 70 (shown in FIG.
15 10B). Next, the shield 62 is retracted, and the tabs

66 engage the center mandrel 60. The tabs 66

Pulling up on the

inserted in the aperture 68 may be sufficient, or an
additional ridge (74 of FIG. 7) on the center mandrel
walls may be included to catch the ends of the legs

20 64 as they move upward out of the insertion port 36.
This is shown in FIG. 10C. Finally, as shown in FIG.
10D, the center mandrel 60 and shield 62 are
removed. The tabs 66 pull th center mandrel 60 out
of the cap 34 through the insertion port 36.

25

The shield 62 may be made from stainless

steel, plastic, or other material capable of being
sterilized. Alternatively, the shield and the center
mandrel may be manufactured from biocompatible or

30 bicinert material generally commercially available.

In an alternative embodiment, as shown in
FIG. 11, the device 10c includes both an inner
flushing duct 82 and outer cell chamber tubes 84,
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wal I's may be included to catch the ends of the | egs 20 64 as they nove
upward out of the insertion port 36. This is showm in FIG 10C. Finally,

shown in FIG 10D

the center mandrel 60 and shield 62 are renoved. The

tabs 66 pull th center mandrel 60 out of —2@e cap 34 through the insertio
port 36. 25 The shield 62 may be nade from stainless steel, plastic, or
other material capable of being sterilized. Alternatively, the shield an

the center nandrel

may be manufactured from bi oconpati ble or 30 bioinert

material generalpyt YRR |are2 WBidcaRipatibledfo! benma@ixsﬁﬂ@ydl ment ,

shown in FIG 11

t he deV| 100 i ncl ydes both an inner Shl duct 82
and outer cell ciBffBIte &4 may Pe pISPRTSA WALRA BPiT

BVO Hﬁﬁtlble

for cell viabiIiégtrﬂ&mnnnﬂeﬂhdaﬂmgy84gmmﬁrhalyrkpawadtustngsbolIom1f|ber

extrusion technoélg Ie e Iyaljgcnowq. 1;};&% EEP hEdc {)uregr%rﬁyThe

i nner duct 82 can

any approprlate nmat eri nanu any

as
n
d

as

appropri ate neﬁranprqnwwatelmﬁ;anqunnamyfmgtuc@dnpylsnmdapnrqgnlptacenent
of inter-fitti nQne%’KbéM aftthd R:u%% Eférntt'e(}'i%gaﬁseht:%ﬁl?ﬂgheﬁ theudrvi ce

10c. 10 Specifically, referrin

he coaxi al devi ce

i ncl udes a cap EQﬂ%ﬁﬂWQRﬁI°ﬁﬂﬁﬂﬁﬁ£’ﬁ&5t§PﬁlF&P 84 PH@ 5LRcPBcRBBHLARRL S

described in detagt |leidnie . end T Hhiee deefilber 19%..S A-A that runs parall el
the cell chanber walls 82 is a flushing 15 duct 84 for carrying and

fl ushi ng exhausted or used

10

Specifically, referring to FIG. 11, the

coaxial device 10c includes a cap 34 and cell chamber
20 similar to the other embodiments described in
detail above. Along the center axis A-A that runs
parallel to the cell chamber walls 82 is a flushing
15 duct 84 for carrying and flushing exhausted or used
solution. The bottom portion of the duct is open to
a vessel 86 wherein exhausted cell solution is routed
up through the flushing duct and out of the device.

20

The embodiment of FIG. 11 includes a tip

portion 88. The tip 88 includes vessel 86, and
serves the additional function of assisting in
aligning the cell chamber walls 82 with respect to

the center flushing duct 84 during construction of
25 the device 10c.

In practice, refilling solution is

introduced into the cell chamber walls 82 through the
refilling ports 22. The solution flows through the

30 cell chamber 20 and into the vessel 86 at the tip of
the device. 0143 solution, such as depleted cell
suspension solution, is forced out of the chamber 20
and up through the center flushing duct 84, where it
is expelled through the expulsion port 23.

35
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solution. The bottom portion of the duct is open to a vessel 86 wherein
exhausted cell solution is routed up through the flushing duct and out of

t he device. 20 The enbodi nent of FIG 11 includes a tip portion
88. The tip 88 includes vessel 86, and seid8es the additional function of
assisting in aligning the cell chanber walls 82 with respect to the center
flushing duct 84 during construction of 25 the device 10c. In practice,
refilling solution is introduced into the cell chanmber walls 82 through the

_reIi Iltihng portls 22. Thtehsz@éE Lﬁéa? s;ﬂr?mﬁ itrh P h 1t2hea3Qt1QQI/E1ﬁEB”bﬁbe§0 ?nd |

into the vesse e 0 e devig ut i su as.depl ete

cel | suspension g@l%ﬁYd& ?ééhEﬁQXﬁ?(ﬁi %Phg%@hiﬁb gﬁég Hp tﬁpoggh

the center fIushbngrdUmmn84Whewmrhe|deﬁrc&9qﬁd hsd1hhpoughlbhewekbmh5|on

port 23. 35 % ﬁtp&;%t SJ‘CMM é:'c%ve]r% t%ef !p'()%&' usQnt yRe 90 may be
u

adapted to fit mnt 'e s|eeve erati_on, t he device 10c
is in positiondwtHst¥aeedankofimgnty 6@%8:“(9@\/§r1§ef’ﬁe590|1§s In the 5

i1l ustrated enboghr@aded tdre ﬁn@%tﬂiae\seu&%des tTohrs%%dQé Q& theoouter surface
to secure it into $ éltloniﬁhther in ate n& r d|r t%¥ &g t he
skul | . The tubeP@ftbin A8 A P O, 8% SLAREE 12, FPabBet of
securing a plug SBuhhvi r@a&mmmmawmayr @ddo, haveshowhreadedG 12.
Thus, when it is;gesirablesd® fdMbdiring a plug 38 having

10 complementary threads, as shown in FIG. 12.

Thus, when it is desirable to flush or

refill the cell chambers, the plug 38 is removed and
a £fill/flush tube 80 is secured into the tube sleeve

15 50. The end of the fill/flush tube to be inserted
within the tube sleeve may be threaded to accommodate
the threads on the inner surface of the tube sleeve.
Other methods of securing the £ill/flush tube within
the sleeve may be used. The £ill/flush tube 90

20 includes a fill duct 92 through which replenishing
solution, such as new cell solution or culture
medium, flows. The tube 90 further includes one or
more fill ports 96 which align with the filling ports
22 of the device 10c to enable passage of fluid

25 therethrough. The £ill/flush tube 90 further
includes a flush duct 94 which, in one embodiment, is
along the central axis of tube 90. The flush duct
includes a flush port 98 which aligns with the
insertion port 36 of the device 10c.

30

As shown in FIG. 12, the device 10c may

further include center tube support f£ins 100 which
stabilize the position of the £ill/flush tube 50 when
it is positioned at the ports of the device 10c.
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refill the cell chanbers, the plug 38 is renoved and a fill/flush tube 90
.5 secured into the tube sleeve 15 50. The end of the fill/flush tube to be
inserted within the tube sl eeve may be threaded to acconmpdate the threads
on the inner surface of the tube sl eeve. -@4kher net hods of securing the
fill/flush tube within the sl eeve may be used. The fill/flush tube 90 20

i ncludes a fill duct 92 through which repl eni shing solution, such as new
cell solution or culture nedium flows. The tube 90 further includes one or

nor e fib:I ports (ﬁﬁxdﬁ}rfétkﬁid&)raﬂd idaviileesf iEblri Bécﬁ@:if\/@f aﬁaﬁf tge gev}ce ﬁOC
to enabl e passa i t rou | sh_tube urther
i ncl udes a fl us?ﬁeto%b][IW%?tg‘r? fgelrﬁg% %b&b‘g E) may é?oﬁﬁe he®B@nt r al

axi s of tube 90.afhekridwrs hirdudte iaxdl. ud@bralhbtahcporth68rab1kh/ﬁlughs W th

the insertion pgg .r%fﬁdﬁf tide Feree ch3%entO ﬁgeﬁtg%% V\Esgh sté‘lg) Fﬁge devi ce

10c may further center tube support I ze the
position of tHe #nﬂHQ¢HQkﬂ¢Qlﬂﬂa§¥9ﬁﬂﬂ§¥tﬂp medigamentfedraftheE ports of

the device 10c. bloI caqlﬁﬁradmtv@%c%@ésdg\thsestBOEhéeéaunng and
stabilizing the fil | ush tube 50 na uigp Fﬁémbare known in the art.

For instance, trﬁquﬁﬁqqﬁﬁﬂﬁhﬂ?Qxﬁﬁﬂﬁ ﬁltpés BFFeRPRERDERt I on al so

allow the 5 introduction of therapeutic nmedi canents or other biologically

active factors prior to tf] fé%laﬁgyi e%%ﬁ@h&&%ﬂ% 5@”9%3'p9£sgﬂ€ chanbers

contents. _
10 invention, shown in FIG. 13, the device 104 may

include a filter basket 110 with a delivery sheath
112. The filter basket 110 is manufactured from a
biocompatible micro-filter material generally
commercially available. It may be sealed at the

15 proximal end, and attached to an upper portion 114.
Due to the problem of movement between the skull and
the brain, discussed in further detail above, it is
desirable that the upper section 114 be flexible to
accommodate such movement. The upper portion 114 may

20 be topped with a retaining screw 116, or other
securing device.

As shown in FIG. 14, the filter basket 110

may be adapted to contain a membrane implant device

25 120 which enables constant, controlled flow of
biologically active factors from the inner cell
chamber, out into the desired treatment site. The
implant device 120 may be a tethered cell chamber, as
described above, or other device for containing

30 biologically active factors. The illustrated device
is replenishable by removing the retaining screw 116,
or other plug or cap, and lifting the membrane
implant device 120 or other cell chamber, out of the
filter basket 110.

35
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In yet another enbodi nent of the present 10 invention, shown in FIG 13,
the device 10d may include a filter basket 110 with a delivery sheath 112.
The filter basket 110 is manufactured froma bioconpatible mcro-filter
material generally commercially avail abl e25Ft nay be sealed at the 15
proxi mal end, and attached to an upper portion 114. Due to the problem of
novenent between the skull and the brain, discussed in further detai
above, it is desirable that the upper section 114 be flexible to
accormpdat e such novenentpneThgveRebnPRaYy 88 éhfodR¥a’fnbethepped with a
retaining screw 116, or ot her securing devic in Fl 14, the

filter basket lﬁPqﬁ%ﬁ%ﬁaQ&E&ﬁéﬁt98“$oﬁ?&?ﬁténﬁéﬁﬁPﬁnEh?nﬁPhﬁ%td%9|ce 25
120 whi ch enabl assgetsiantchar@itedlilsed ckl eheekobi ol DRecpréyentti ve factors
fromthe inner cell Qut |nt t he, desir ntg_ s The

i npl ant devi ce JﬁﬂPQé%W%H;eaﬁﬂﬁlﬁgﬁ§ 8§FItgh§ ggn&éggéggcé?bé%fabove or
ot her device fobrrespactiniasy 30 usitglasdvealang noti vestaiebive, Theei | | ust r at ed

device is repl end shab! hgeli @ ahﬂhﬁg gefchy1dRe Or other plug
or cap, and I|ft| ng tﬁ% %rgbﬁi;ﬂr?\eé#qotnagfl te;w ce agpofﬁgt he? cel |l chanber,

out of the fllte#PHﬁﬂﬁﬂﬁ qﬁg}m53gather25haﬁh§ylﬁbgn 589%499be enmbodi ed in
ot her specific foudtrMtivnyt adalli ehabges wheéchpeome withisetheal

characteristics trgﬁfﬁg aﬁr § n&%?%%tequivalency of the claims are

10 therefore intended to be embraced therein.

What is claimed is:

e
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enbodi nents are therefore to be considered in al
Lt lustrative and not restrictive, the scope of the |nvent|on belni

i ndi cated by the appended clainms rather than by the fd&F
and all changes which conme within the nearigrg and rang

efil on,

y of
the clains are 10 therefore intended to be enbraced th

clainmed is: -26- 1. A refillable i nmunoi sol atory therapeutic
device for a human brain, conprising: a cell chanber adapted for infusion

with cells and having at J eass 9iG s TRk aBha:3YY eferdpaEoes whi ch

active factors secreted by t S can lvered to t rain; means
for introduci ng de¥ice fpL & hamans rain, f@MREARANEer accessing the cel |

chanber. 18 2. ghe adgﬁélﬁle cHan®ledi Bdhptlar gbm iheueefnh wbanbﬁr IS
constructed as ube t.he neans L nt roduci.n s_an e neans
for renew ng celcf%ul_#%ralrﬁi ac"d‘rﬂ?rr;:t qﬁ@rstso&?nﬁgglf‘(éﬁrﬁsgﬁﬁ Eﬁ tuBe®for 15
filling, flushs naceoss nefidl iawy:iviee felckolrer se@reted byThbedeeldts canclaim 1
wherein the cel l,Chaslelel &F YHEYEiGh ;| unen chanber and further
conprises ports connected to an I nner and an outer 20 Iunen for filling,

flushing and refilling tHeaMafid ingroducingrgeldsyiBkoofhe| aim 2 in which
t he device furtheiamsuwy isgws a structural support to protect the

means for accessing the cell chamber.
10
2. The device of claim 1 wherein the cell
chamber is constructed as a U-tube and the means for
introducing cells and the means for renewing cells
further comprise ports connected to the U-tube for
15 £illing, flushing and refilling the chamber.

3. The device of claim 1 wherein the cell
chamber is a concentric lumen chamber and further
comprises ports connected to an inner and an outer

20 lumen for filling, flushing and refilling the chamber.

4, The device of claim 2 in which the device
further comprises a structural support to protect the
cell chamber.

25
5. The device of claim 4 wherein the structural
support is selectively collapsible for removal apart
from the cell chamber.

30 6. The device of claim 5 further comprising an
outer, substantially rigid shield adapted to
selectively remove the structural support.

L
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cell chanber. 25 5. The device of claim4 wherein the structura

stupport is selectively collapsible for removal apart fronlthe cel | chanber.
30 6. The device of claimb5 further conprising an SheetHasBeenRe laced
substantially rigid shield adapted to sel&dti vely renove th

support. -27- 7. The device of claim6 wherein the

a tab el ement and the structural support includes an aperture adapteo

| east partially receive the tab elenent to enable interlocked renoval 5 of
tlhe stg uct ure eLﬁnent avaphe rmﬂﬁéeoﬁekﬂla_cihaﬁbﬁhergln the sbeidevice of
claim3 in i ch, t eV|c furt 81 GONBI 888 2 structu Su rt to
protect the cell s 2931 ent %ﬁg 3 i BETHF Bfgﬁn§ﬁpﬁﬁg€ein t he
neur osecretory czndkndnﬁnnnfapanﬂdne mﬂaptsdctetatalbastogacaiaylmctive
factor selected Ié&f‘i& IR b AR 88 GhaBaETEngBLAGBUE Engra s

serotonin, 15 acet hollne nor epl nephrine, en g I ns
dopani ne, and D SETUCHARSS ﬁ&ems@FI@@aXnSFe@s hﬁnﬂeaéthémP?ﬁgnents
t hereof . 10. The deV|ce of claim9 wherein the 20 neurosecretory cells

d ' .0 d f
2raim o wherorn She’ nour GO ARVORP o8 F838L Foid APAGRARPRCoSUSNPSL

further comprises a structural support to protect the

cell chamber,
10
9. The device of claim 1 wherein the
neurosecretory cells comprise éells that secrete a
biologically active factor selected from the group
consisting of gamma aminobutyric acid, serotonin,
15 acetylcholine, norepinephrine, endorphins,
enkephalins, dopamine, and precursors, agonists,
active analogs, and active fragments thereof.

10. The device of claim 9 wherein the
20 neurosecretory cells secrete a dopamine precursor
comprising L-dopa.

11. The device of claim 9 wherein the
neurosecretory cells secrete a dopamine agonist
25 comprising bromocriptine.

12. The device of claim 1 wherein the cell
chamber further comprises a hydrophobic matrix.

30 13. The device of claim 12 wherein the
hydrophobic matrix comprises an ethylene-vinyl
acetate copolymer.
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25 conprising bronocriptine. 12. The device of claim1 wherein the

cel |l chanber further conprises a hydrophobic matri x.
of claim 12 wherein the hydrophobic matrix conprises

30 13. The devi ce
an et hyl ene-vi nyl

acet ate copol yner. -28- 14. The d@8r~ce of claim 1 wherein the cel

chanber conprises a hydrophilic matrix. 15. The

wherein the 5 hydrophilic matrix conprises a hydrogel.

device of claim 14
16. The devi ce

of claim1l wherein the cell chanber further conprises an inperneabl e outer
coating coverinas, porti ofhedigdviees el cqfaafﬁbqr whéQeiK the celle device of

claim16 wherein th nper neabl e ou i ses pol yurethane. 18.
The device of cISh Pil & \FREREIFSEHE }'Q'dl F'é 4¥er coating conprises
et hyl ene-vinyl acetate. 19. The deV|ce of claiml1 wherein the cel

chanber further fé)n’pl‘l sespan &q’tl%re Ig%n% 1396 1chﬂﬂgkggn29hgng| ogeni c

factors.

5 hydrophilic matrix comprises a hydrogel.

16. The device of claim 1 wherein the cell

chamber further comprises an impermeable outer

coating covering a portion of the cell chamber.

10

17. The device of claim 16 wherein the

impermeable outer coating comprises polyurethane.

18. The device of claim 16 wherein the

15 impermeable outer coating comprises ethylene-vinyl

acetate.

19. The device of claim 1 wherein the cell

chamber further comprises an outer membrane including

20 angiogenic factors.
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