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(57) Claim

1. A system for delivering a biologically 

active factor to a selected treatment site in a 

subject, comprising:

i) a single cannula adapted for 

penetration through tissue into a selected position in 

proximity with the treatment site, having a bore with a 

substantially smooth interior surface running axially 

therethrough through which a vehicle may slidably move, 

an open, proximal end into which the vehicle may be 

slidably inserted and. a distal end having an opening 

through which the vehicle may slidably move wherein the 

external diameter and bore diameter are tapered toward 

the distal tip;

ii) an obturator disposable within the 

cannula to prevent tissue material from entering the 

distal end of the cannula when it is inserted into 

tissue;

.../2
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iii) a vehicle which encapsulates the 
biologically active factor, the vehicle having an outer 
surface which comprises a biocompatible semipermeable 
outer membrane through which the biologically active 

factor may be released into the selected treatment 
site, and a shape and substantially smooth outer 
surface which enable slidable insertion into the 
proximal end of the cannula, slidable movement along 
the bore of the cannula, slidable passage through the 
distal end of the cannula by removal of the cannula 
from the proximity of the treatment site; and

iv) a pusher disposable within the 
cannula to engage the outer surface of the vehicle, to 
slidably move the vehicle through the bore, and to hold 

the vehicle in place at the selected treatment site 
when the cannula is removed from the proximity of the 

treatment site, the pusher being removeable after the 
vehicle is positioned at the treatment site.
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(54)Title: NEURAL IMPLANT SYSTEM

(57) Abstract

Implantable therapy systems are disclosed for the local and 
controlled delivery of a biologically active factor to the brain, spi­
nal cord and other target regions of a subject suffering from a dibi- 
latating condition. The method of the invention involves surgically 
exposing an insertion site, generally located above a predeter­
mined treatment site (12), in a patient. A cannula (20), having an 
obturator (30) positioned therein, is inserted at the insertion site, 
defining a pathway to the treatment site. The cannula (20) is pref­
erably a low friction polymeric material such as polytetrafluoroeth­
ylene. The cannula (20) generally has an open proximal end for re­
ceiving the obturator (30), and an open distal end, preferably a 
tapered end, for delivery of neurologically active factors to the 
treatment site (12). The obturator (30) is then removed from the 
cannula (20), and a biocompatible tethered vehicle (40) containing 
a biologically active material is inserted into the cannula along the 
passageway. A guide wire (32) can be inserted within the cannula, 
behind the vehicle (40), to position the proximal end of the vehicle 
at the proximal tip of the cannula (20b). Once the vehicle (40) is 
positioned near the proximal end of' the cannula (20), the cannula 
is removed from the passageway, followed by the guide wire (32), 
leaving the vehicle (40) positioned at the treatment site (12).
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Neural Implant system

5 Background of the Invention

The technical field of this invention is the 
treatment of neurological disorders and, in 
particular, the treatment of diseases and disorders

10 which may be 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.

25 For example, paralysis agitans, more
commonly known as Parkinson's disease, is 
characterized by a lack of the neurotransmitter, 
dopamine, within the striatum of the brain, secondary 
to the destruction of the dopamine secreting cells of

30 the substantia nigra. Affected subjects demonstrate 
a stooped posture, stiffness and slowness of 
movement, and rhythmic tremor of limbs, with dementia 
being often encountered in very advanced stages of 
the disease.
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The direct administration of purified or 
synthetic dopamine, its precursors, analogs and 
inhibitors has been studied for therapeutic value in 
the treatment of Parkinson's disease. These studies

5 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. 
Brain derived growth factor also may have potential

10 value in the treatment of Parkinson's disease since 
it has been demonstrated to maintain the viability of 
striatal neurons in vitro.

Many other diseases, especially neurological
15 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.

In an attempt to provide a continuous supply
20 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 
limitations, have restricted the usefulness of this

25 technology. For example, controlled sustained
release of dopamine has been attempted by implanting 
dopamine encapsulated within bioresorbable
microcapsules (McRae-Degueurce et al. (1988)
Neurosci. Lett. 92:303-309). However, controlled

30 sustained release of a drug from a bioresorbable 
polymer may rely, e.g., on bulk or surface erosion, 
which may be due to various hydrolytic events, 
increasing the likelihood of drug degradation, and 
rendering predictable release rates difficult.
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Others may be limited to finite loading of the 
polymer, and may lack any cellular feedback 
regulation.

5 The implantation of cells capable of
constitutively producing and secreting neurologically 
active factors has also been attempted. Recently, 
remedial transplantation of neurotransmitter- 
secreting tissue has been accomplished using the

10 patient's own tissue so as not to elicit an immune 
response. For example, dopamine-secreting tissue 
from the adrenal medulla of patients suffering from 
Parkinson's disease has been implanted in their 
striatum with some success. However, this procedure

15 is only used in patients less than 60 years of age, 
as the adrenal gland of older patients may not 
contain sufficient dopamine-secreting cells. This 
restriction limits the usefulness of the procedure as 
a remedy since the disease most often affects older

20 people.

Other transplantation approaches have 
demonstrated that even though the brain is considered 
"immuno-privileged" , rejection ultimately occurs with

25 both allografts and xenografts. This problem 
necessitates the co-adminstration of immuno- 
suppressors, the use of which renders their own set 
of complications and deleterious side-effects.

30 A number of researchers have proposed the
use of microcapsules, i.e., tiny spheres which 
encapsulate a microscopic droplet of a cell solution, 
for both therapeutic implantation purposes and large 
scale production of biological products. However,
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there are a number of shortcomings to the 
microencapsulation approach. For example, the 
microcapsules can be extremely difficult to handle, 
including being difficult to retrieve after

5 implantation. The types of encapsulating materials 
which can be used are constrained by the formation 
process to polymers which can dissolve in
biocompatible solvents. Furthermore, due to the 
limited diffusional surface area per unit volume of

10 larger size spheres, only a limited amount of tissue 
can be loaded into a single microcapsule.

An alternative approach has been 
macroencapsulation, which typically involves loading

15 cells into hollow fibers and then sealing the 
extremities. In contrast to microcapsules, 
macrocapsules offer the advantage of easy 
retrievability, an important feature in therapeutic 
implants, especially neural implants. However, the

20 construction of macrocapsules in the past has often 
been tedious and labor intensive. Moreover, due to 
unreliable closure, conventional methods of 
macroencapsulation have provided inconsistent results.

25 Therefore, there exists a need for improved
therapies for the treatment of neurological and other 
disorders in general, and in particular, a need for 
therapy devices which can augment or replace the 
functions of dysfunctional areas of the brain or

30 other organs without causing excessive trauma. More 
specifically, there exists a need for a method of 
providing active, neuroactive factor to a localized



r(
WO 93/00127 PCT/US92/05369

-5-

region of the nervous system of a subject, the 
correct dosage of which will be constitutively 
delivered over time.

5 Accordingly, it is an object of the present
invention to provide an implantable, retrievable 
therapy device useful for the sustained and 
controlled delivery of a biologically active factor 
to a subject, and more particularly, to provide a

10 device which can deliver a biologically active
factor, e.g., a neuroactive factor or growth factor, 
to a localized region in the brain of a subject.

I
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Suromary of the Invention

Neurological therapy method and systems are 
disclosed for the local and controlled delivery of a

5 biologically active factor to the brain or other 
organ of a subject suffering from a deficiency or 
organ dysfunction.

A method of the invention involves 
10 surgically exposing an insertion site on a patient's

skull. The insertion site is generally located above 
a predetermined treatment site, which site may be 
within brain tissue or other target organ tissue.
The precise location of the treatment site, and the

15 subsequent insertion site location may be
stereotaxica1ly ascertained. A cannula, having an 
obturator positioned therein, is inserted at the 
insertion site, defining a passageway to the 
treatment site. The cannula generally has an open

20 proximal end for receiving the obturator, and an open 
distal end for delivery of biologically active 
factors to the treatment site.

The method further involves removing the
25 obturator from the cannula once the passageway is 

defined and the cannula is in the desired position. 
After the obturator is removed, a bioconpatible 
vehicle containing a biologically active factor is 
inserted into the cannula along the passageway. Once

30 the vehicle is positioned near the distal end of the 
cannula, the cannula is removed from the passageway, 
leaving the vehicle positioned at the treatment site.

I
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The obturator may be re-inserted into the 
cannula after the vehicle is initially placed in the 
cannula to position the vehicle at the distal end.
This may be necessary if, for example, the vehicle

5 does not slidably fit within the cannula. The
obturator used for thus positioning the vehicle may 
be the same as or different from the obturator 
initially positioned in the cannula. If an obturator 
is used to position the vehicle, it is removed

10 following removal of the cannula to further assist in 
retaining the desired position of the vehicle at the 
treatment site.

In another form of the invention, the
15 cannula is filled with a physiologically compatible 

solution following removal of the obturator and prior 
to inserting the vehicle. In this manner, the fluid 
serves as a lubricant to assist in positioning the 
vehicle at the distal end of the cannula.

20
The vehicles used in practicing the method 

of the invention, include capsules containing 
biologically active factors. These capsules may 
include an integral tether that extends from the

25 capsule. The tether preferably is of a length
sufficient to reach at least from the treatment site 
to the proximity of the insertion site. The tether 
may also be a part of the cell capsule itself that 
extends above the insertion site. Once the vehicle

30 capsule is positioned in the passageway to the
treatment site, the tether may then be secured at the 
insertion site, e.g., by securing the tether to the 
outer surface of the skull proximal to the insertion 
site by means of surgical staples, biocompatible
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adhesive, and the other methods available and known 
to those skilled in the art. Following positioning 
of the vehicle at the treatment site, the insertion 
site may be closed or capped to prevent introduction

5 of extraneous material to the passageway and the 
treatment site.

In one aspect of the invention, the vehicle 
may include an amount of a detectable marker, such as

10 a radio-opaque material, to facilitate in situ
monitoring of the vehicle at the treatment site. The 
vehicle may then post-operatively be monitored in the 
patient through the use of CAT scan, MRI or the like.

15 A system for providing encapsulated
biological material to a selected treatment site is 
also disclosed. The system may be used to practice 
the method of the invention, and includes a cannula, 
an obturator, and a biological vehicle. The cannula

20 is adapted to receive the vehicle, having an open 
proximal end for receiving the obturator and the 
vehicle, and an open distal end for delivering the 
vehicle to the treatment site. The obturator is of 
the type designed for insertion within and along a

25 substantial length of the cannula to prevent backfill 
of materials, such as dura, into the cannula during 
insertion of the cannula to the treatment site. The 
obturator is also adapted to assist in positioning 
the encapsulated neuroactive factors within the

30 cannula.

The vehicles of the system of the invention 
can include a cell capsule having a biocompatible 
permselective outer membrane encapsulating cells
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capable of releasing active factors. The vehicle 
generally has a shape which enables insertion within 
and movement along the cannula. In one form, the 
vehicles are smooth, seamless capsules formed by

5 extrusion through a multilumen spinneret. In that 
form, the capsules are formed from a biocompatible, 
permselective thermoplastic, encapsulating a 
suspension of cells that secrete a biologically 
active factor. Exemplary classes of active factors

10 include neurotransmitters, neuropeptides, growth 
factors, and trophic factors. In another form, the 
vehicles are hollow fibers filled with the
factor-secreting cells.

15 The vehicles of the present system further
include a tether extending from the capsule for 
securing the vehicle at the treatment site following 
insertion. The tether may be integral with the 
capsule, or may be attached by methods available and

20 known to those skilled in the art.

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

25 epinephrine, norepinephrine, gluatmic acid and 
dopamine. The term also includes precursors, 
agonists, active analogs, and active fragments of 
these neurotransmitters (e.g. dopamine precursor 
L-dopa and dopamine agonist bromocriptine). Cells

30 that secrete peptide factors such as peptide
neurotransmitters, growth factors, trophic factors 
and/or hormones may also be useful. These include: 
insulin, Factor VIII, trophic factors such as 
erythropoeitin and growth hormones, biological
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response modifiers such as lymphokines and cytokines, 
enzymes, and antibodies from antibody- 
secreting cells, neuropeptides such as encephalins, 
dynorphins, Substance P, and endorphins, as well as

5 factors such as nerve growth factor (NGF), 
brain-derived neutrophic factor (BDNF), 
neurotrophin-3 (NT-3), an array of fibroblast growth 
factors, and an array neurotrophic factors.

10 The term "semipermeable" is used herein to
describe biocompatible membranes that allow the 
diffusion therethrough of molecules having a 
relatively low molecular weight, i.e., approximately 
150 kD, while excluding the passage of those having a

15 relatively high molecular weight.

In one embodiment of the invention, the 
semipermeable membrane of the receptacle preferably 
contains pores having a molecular weight exclusion of

20 about 150 kD. This membrane excludes the passage 
therethrough of large particles such as those which 
are capable of degrading the neurotransmitter or 
injuring the neurotransmitter-producing cells (e.g. 
viruses, antibodies, complement, and various

25 proteases). The semipermeable membrane can be made 
of various polymeric compositions such as a 
polyvinylchloride, polyacrylonitrile, polyvinylidene 
fluoride, polystyrene, polyurethane, polyamides, 
cellulose acetates and nitrates,

30 polymethylmethacrylate, polysulfones, polyacrylates 
including acrylic copolymers, and derivatives, 
copolymers, and mixtures thereof.
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The encapsulated cells may include secretory 
cells which have been isolated from natural sources, 
or have been genetically engineered to produce 
neurotransmitter, growth factors or agonists,

5 precursors, active analogs, or active fragments 
thereof. For example, chromaffin cells of the 
adrenal medulla, embryonic ventral mesencephalic 
tissue, and various neuroblastic cell lines such as 
PC12 function to supply dopamine and other active

10 factors, and therefore, are preferred for
incorporation into the device. In some aspects of 
the invention, the cell is an allograft (i.e., cells 
from another of the same species as the subject in 
which it 5s to be implanted) or a xenograft (i.e.,

15 cells from another of a different species).

The invention will next be described in 
connection with certain illustrated embodiments. 
However, it should be clear that various

20 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,

25 growth factor, or cell line described by way of
example or illustration. In addition, although the 
invention is primarily described as a neural implant 
for treating neurological deficiencies or disease 
states, it should be clear that the invention can

30 also serve to deliver biologically active factors to 
sites other than the brain, e.g. for the treatment of 
other conditions, including pain relief. In the case 
of pain relief, the immunoisolation vehicles can be 
implanted, for example into the spinal region and

35
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can contain encapsulated cells which secrete natural 
pain relief factors such as enkephalins, 
catecholamines, or derivatives or analogs, or 
genetically engineered alternative factors.

I
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Brief Description of the Drawinqs

The invention itself can be more fully 
understood from the following description when read

5 together with the accompanying drawings in which:

FIGS. 1A - 1G are a series of schematic 
illustrations showing the steps of the present 
inventive method;

10
FIGs. 2A, 2B, 2C, 2D and 2E show various 

alternative designs for implantable neurological 
therapy devices; and

15 FIG. 3 is a schematic illustration of an
implantable neurological therapy device according to 
the system of the present invention.

Like reference characters in the respective
20 figures indicate corresponding parts.

t

(
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Detailed Description

Disclosed herein is a method and system for 
the constitutive and controlled delivery of

5 biologically active factors, such as
neurotransmitters, fibroblast growth factors and the 
like, as well as precursors, agonists, active 
fragments, and active analogs thereof, to a target 
treatment site within a patient.

10
FIGS. 1A - 1G illustrate the steps involved 

in practicing the method of the present invention. 
Generally, the inventive method involves surgically 
exposing an insertion site 10 located above a

15 desired, pre-determined treatment site 12. A cannula 
20 is fitted with an obturator 30, and the 
cannula/obturator assembly 25 is inserted at 
insertion site 10. The obturator 30 is then removed 
from within the cannula 20, and a biocompatible

20 vehicle (40 in FIG. 1C) is inserted into the cannula
20. Once the vehicle 40 is appropriately positioned, 
the cannula 20 is removed, leaving the vehicle 40 in 
position at the treatment site 12.

25 Specifically, FIG. 1A illustrates the
cannula 20, having an inserted obturator 30, 
positioned through the insertion site 10 to the 
target treatment site 12. The obturator 30 
preferably is a blunt-end obturator to minimize or

30 prevent tissue damage. This positioning of the
cannula 20 forms a passageway to the treatment site 
12. The specific location of the insertion site is 
determined using a stereotaxic assembly including a 
cannula mount 14 and an obturator mount 16. The
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mounts 14, 16 are used to sterotaxically position the 
cannula 20 for accurate placement at the treatment 
site 12. In a preferred embodiment, an isodiametric 
stereotaxic apparatus is used that is commercially

5 available from Radionics, Burlington, Massachusetts.

The cannula 20 may be of any commercially 
available type. Generally, it has an open proximal 
end 20a for insertion of the obturator 30 and the

10 encapsulation cell vehicle 40. The cannula 20 also 
has an open distal end 20b for delivering the vehicle 
40 to the treatment site. In addition, the cannula 
20 includes a central bore 26, with a substantially 
smooth interior surface. The distal end 20b may be

15 blunt, rounded, or pointed, depending on the brain 
structure into which it will penetrate, the 
acceptable amount of ancillary damage, and other such 
considerations.

20 In one embodiment, the cannula 20 can be
constructed of polytetrafluoroethylene (Teflon™) or 
similar low fiction polymers to minimize the risk of 
abrasive damage to the vehicles during insertion. 
Specifically, a Teflon™ barrel featuring a gradual

25 reduction of both the inside and outside diameters 
and a thinning of the cannula wall of the tip can be 
employed. Such low friction polymeric cannulae are 
more easily inserted into and removed from the brain 
(or other target site) and can be made to be

30 transparent to permit monitoring of the progress of 
the vehicle through the cannula, and verification 
that there is no blood or debris in the cannula that 
could affect the vehicle's biocompatibility.
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Polymers such as polytetrafluoroethylene not 
only minimize friction but also assure that the 
encapsulated cell vehicle's surface is not 
contaminated with metals or metal ions as it passes

5 through the cannula. Finally, the "tapering" feature 
at the end of cannula 20 (caused by the reduced 
thickness of the distal end 20b) serves to verify 
obturator/pusher clearance from the end of the 
cannula to eliminate the possibility of over, or

10 under, driving the vehicle during insertion.

As shown in FIG. IA, the cannula 20 is 
positioned at the treatment site 12 with the 
obturator 30 inserted therein to prevent material,

15 such as dura and the like, from entering the cannula 
20 during insertion. Alternate methods and devices 
may be used to achieve similar results.

The next step, illustrated in FIG. IB,
20 involves removing the obturator 30 from within the 

cannula 20. This may be achieved either by using the 
obturator mount 16, or manually. The cannula 20 
remains at the treatment site 12, and is generally 
free of extraneous material along its central bore

25 26.

The next step, illustrated at FIG. 1C, 
involves placing a cell encapsulation vehicle 40 at 
the treatment site 12. The vehicle 40 is generally

30 of a predetermined shape to slidably fit within the 
0 central bore 26 of the cannula. In a preferred

embodiment, the vehicle 40 is a tethered capsule 
containing biologically active factors. In that 
embodiment, the vehicle 40 includes a capsule 42
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containing the biologically active factor, with a 
tether 44, or rod, extending therefrom. The tether 
44 is of a length sufficient to reach from the 
capsule 42, at the treatment site 12, to a location

5 external to the insertion site 10, and may be an 
extension of the cell vehicle.

In one form of the inventive method, prior 
to inserting the vehicle 40, the central bore 26 of

10 the cannula is filled with a physiologically
compatible solution, such as sterile saline. The 
vehicle 40 is then inserted within the cannula, and 
the solution acts as a lubricant to assure passage of 
the vehicle to the distal end 20b of the cannula.

15
Alternatively, and as illustrated in 

FIG. ID, following insertion of the vehicle 40 within 
the cannula 20, a guide wire 32 may be inserted to 
assist in positioning the vehicle 40 at the distal

20 end 24 of the cannula. The guide wire 32 may be 
either the same obturator 30 as that initially 
positioned within the cannula, a different obturator, 
a guide wire, or the like. The guide wire 32 is 
placed above the vehicle 40 within the cannula, and

25 the vehicle 40 is gently pushed into position at the 
distal end 24 of the cannula.

Finally, the cannula 20 is removed from the 
treatment site 12, as illustrated in FIG. IE. If a

30 guide wire 32 or other device is used in the
preceding step to position the vehicle 40, generally 
that device 32 is removed following the cannula 20.
As with the obturator 30, the cannula 20 may be 
removed either by the cannula mount 14 or manually.
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The end result is positioning of the vehicle 40 at 
the treatment site 12.

If the vehicle 40 is a tethered capsule, the 
5 tether 44 may be secured adjacent the insertion site

10 by means of a surgical clip 60 or the like, shown 
in FIG. IF. In that, preferred form of the inventive 
method, the tether 44 allows the vehicle 40 to be 
retrieved from the treatment site 12. As a final,

10 optional step, a cap 62 may be used to seal the 
insertion site 10 to prevent introduction of 
extraneous material through the insertion site 
(FIG. 1G).

15 The inventive method is preferably practiced
for implantaion of encapsulated cells into the brain 
but may be used to introduce biologicall}· active 
factors to other structures and organs. In
practicing the inventive method, multiple vehicles

20 may be required on each side of the patient's brain. 
Each vehicle is inserted in the same fashion, as 
described above. An initial scan, such as a CAT 
scan, may be performed on the patient to determine 
the precise location of the treatment site. For

25 example, in treating Parkinson's disease, the basal 
ganglia, specifically the substantia nigra, is 
identified as the treatment site.

In FIGS, 1A - 1G, the ■chicle 40 has the
30 shape of a rod. However, it should be appreciated 

that the vehicle 40 may have any shape which can 
accommodate the source of biologically active factor, 
or cells which release active factors, without 
causing undue trauma to the patient during
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implantation. The present immunoisolatory vehicle 
can be formed in a wide variety of shapes and 
combinations of suitable materials. A primary 
consideration in selecting a particular configuration

5 for the vehicle when cells are present is the access 
of oxygen and nutrients to the isolated cells or 
tissues, and passage of waste metabolites, toxins and 
the secreted product from the vehicle. The instant 
vehicle must provide, in at least one dimension,

10 sufficiently close proximity of any isolated cells in 
the core to the surrounding tissues of the recipient, 
including the recipient's bloodstream, in order to 
maintain the viability and function of the isolated 
cells. In general, the vehicle will have a maximum

15 depth-to-surface distance of no more than 2 mm in at 
least one dimension, with a maximum depth of 500 
microns being preferred. One or several vehicles may 
be required to produce the desired effect in the 
recipient.

20
In FIGS. 2A through 2E, several alternative 

embodiments of implantable immunoisolatory vehicles 
are shown. In FIG. 2A, polymeric capsule 80A (which 
can have an open end) containing active factor

25 secreting cells is joined to hollow tether 82. The 
distal end of the hollow tether 82 in FIG. 2A can be 
plugged, e.g., filled with a plug 84 or chitosan or 
the like, and the proximal end can be closed by 
sealing clip 60. In FIG. 2B a closed polymeric

30 capsule 80B similarly containing active factor 
secreting cells can be simply sealed to a solid 
tether 86. In FIG. 2C, a cell capsule 80C having 
polyurethane sealed ends is joined to another hollow 
fiber 82. In FIG. 2D, a cell capsule 80D having one
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end that is integrally sealed and the other end 
plugged (e.g. with polyurethane) is joined to a solid 
tether 86. Finally, in FIG. 2E, yet another
embodiment is shown comprising an open cell capsule 

5 80E sealed with polyurethane 88 at its distal end and
joined to a hollow tether 82 at its other (proximal) 
end. The hollow tether 82 uses a hyaluronic acid 
plug 90 to hold the cells in place and is sealed at 
its proximal end by clip 60.

10
It should be clear that various other 

alternative vehicles can be constructed. The cell 
capsules can be integrally sealed or plugged with 
various materials. Likewise, the tethers can be

15 solid or hollow and can be joined to the cell
capsules by glues, friction fitting, fusion or the 
like. The important factor is to construct a device 
that positions the cell capsules at a predetermined 
treatment site with sufficient structural integrity

20 to achieve such placement as well as removal intact, 
if desired at a later date.

In one preferred embodiment, the implantable 
immunoisolatory vehicle of the present invention is

25 of a sufficient size and durability for complete
retrieval after implantation. To be contrasted with 
such microcapsules, which have a typical maximum 
practical volume on the order of 1 μΐ, the preferred 
immunoisolatory vehicle of the present invention is

30 termed "macrocapsule". Such macrocapsules have a 0 
μΐ and depending upon use are easily fabricated to 
have a value in excess of 100 μΐ. To increase the 
therapeutic value provided by tissue encapsulated in 
microspheres, the number of microspheres must be
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increased to such a large extent that significant 
retrievability becomes impossible. Additionally, an 
increase in the volume of tissue placed within a 
microsphere requires a corresponding increase in

5 surface area. Within a sphere, because surface area 
scales with r3 where as volume scales with r3, as the 
volume of encapsulated tissue volume increases, the 
required capsule size to provide sufficient surface 
area for nutrient diffusion quickly becomes

10 impractical. Macrocapsules in the shapes of 
cylinders or flat sheets do not have these 
limitations because volume increases more 
proportionately to surface area such that the 
diffusional transport of nutrients and products for

15 increased mounts of tissue can be accommodated by 
increasing the surface area without unwieldy 
increases in total vehicle size.

The encapsulated cell vehicle 40, shown in
20 further detail in FIG. 3, includes capsule 42 filled 

with a secretory cell, preferably a cell that 
produces biologically active factors. In a preferred 
embodiment, the capsule 42 includes a tether 44 or 
rod extending from and integral with the capsule.

25 The vehicle further includes a permeable,
semi-permeable, or permselective membrane surrounding 
the capsule 42. The tether 44 is generally
constructed from an impermeable membrane material or 
may be coated with a material which makes the tether

30 impermeable. In one embodiment, the impermeable
protective barrier material may coat a portion of the 
outer membrane of the capsule. Exemplary protective 
barrier material includes polyethylene oxides,
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polypropylene oxides, silicon, hydrogels, and 
derivatives and mixtures thereof. It should be 
appreciated that the semipermeable membrane may have 
alternative shapes that will accommodate the cells

5 such as, for example, a hollow rod, sack, or multiple 
fibers .

The outer membrane may be a polymer material 
and may include a surfactant, an anti-inflammatory

10 agent, angiogenic factors, and/or an anti-oxidant.
The specific type of polymer, surfactant, or other 
additive will depend on the material to be 
encapsulated and the configuration of the extrusion 
apparatus. Exemplary anti-inflammatory agents

15 include corticoids such as cortisone and ACTH, 
dexamethasone, cortisol, interleukin-1 and its 
receptor antagonists, and antibodies to TGF-β, to 
interleukin-1 (IL-1), and to interferon-gamma. 
Exemplary surfactants include Triton-X 100 from Sigma

20 Chemicals, and Pluronics P65, P32, and P18.
Exemplary anti-oxidants include vitamin C (ascorbic 
acid) and vitamin E. Exemplary angiogenic factors 
include fibroblast growth factor and nerve growth 
factor .

25
In the event that the supply of active 

factors, e.g., cells secreting such factors, is 
spent, the vehicle can be removed and replaced. 
Retrieval of implanted vehicle 40 can be accomplished

30 by pulling it out of the treatment site by its tether 
44. One way to effect removal is to use a pair of 
forceps after exposing the tether 44 by removal of
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the cap 62. Cap 62 may be located directly under the 
patient's epithelial tissues. The vehicle 40 may be 
replaced with a new insert in the event that 
additional therapy is required. Cells encapsulated

5 within capsule 42 (FIG. 3) can also be retrieved if 
the cells cease to produce the biologically active 
factor, expire, or are no longer needed to correct 
the particular dysfunction.

10 The permeable portion (e.g., capsule 42) of
vehicle 40 is implanted at or near the target 
treatment site 12, while the impermeable portion 
(e.g., tether 42) confines the neuroactive factor to 
within the boundaries of the insert. The permeable

15 portion includes a polymeric material having pores of 
a particular size (i.e., having a particular 
molecular weight cut-off) that excludes some 
molecules from passage therethrough, while permitting 
the passage of others. In this way, the diffusion of

20 neurotransmitter from the insert to the treatment 
site is allowed, while the passage of larger 
deleterious elements such as viruses, Clq component 
complement, and various proteases is effectively 
barred. For example, vehicles with pores having a

25 molecular weight exclusion of from about 50 kD to
about 300 kD are useful, with those having pores with 
a molecular weight cut off of from about 25 kD to 
about 200 kD being particularly preferred.

30 The vehicle may be composed of any
biocompatible material having the desired pore size 
and being composed of materials which do not limit
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the activity of the substance embedded therein. 
Hydrophilic matrices such as hydrogels (e.g., 
hydroxyethyl methacrylate, polyanhydrides, polyvinyl 
alcohol, and polyvinyl pyrrolidone) and hydrophobic

5 matrices such as ethylene vir.yl acetate are 
particularly useful.

The vehicle 40 can provide any biologically 
active factor which will satisfy the subject

10 deficiency or remedy the dysfunction. These include 
gamma aminobutyric acid, serotonin, acetylcholine, 
epinephrine, norepinephrine, dopamine, enkephalins, 
and endorphins. Alternatively, the device may 
provide an active analog, active fragment, or active

15 derivative of the neuroactive factor, or may include 
a precursor which, after processing, provides the 
same activity as the factor in the appropriate in 
vivo location. The device may further include an 
agonist of the factor. Other agents may include

20 insulin, Factor VIII, trophic factors such as, 
erythropoeitin and growth hormone, biological 
response modifiers, such as lymphokines and 
cytokines, enzymes, and antibodies from 
antibody-secreting cells. In addition, the capsule

25 may contain multiple cell-types and cells, tissue, or 
other appropriate substance.

An exemplary form of the vehicle 40 is a 
smooth, seamless vehicle manufactured by coextrusion

30 of a polymeric casting solution and a cell solution. 
In this approach a multi-bore extrusion nozzle is 
used with the polymeric solution extruded from the 
outer bore and the cell suspension coextruded from an 
inner bore. In addition to containing cells of
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tissue of the type described above, the cell 
suspension may include nutrients, such as fetal 
bovine, equine or porcine serum.

5 Any cells which secrete the biologically
active factor that is therapeutic to the subject 
malady may be incorporated into the system of the 
invention. For example, the cells may be any which 
naturally produce a neurotransmitter, such as

10 neurons. Such cells are useful because they are able 
to respond to the general environment by producing 
neurotransmitter as it is needed. Further, cells can 
be obtained from a number of sources such as body 
organs which normally secrete a particular factor in

15 vivo. For example, tissues of the embryonic ventral 
mesencephalon and adrenal medulla (chromaffin cells) 
which normally produce dopamine can be used. These 
tissues may be an allograft or a xenograft.
Alternatively, the cell may be derived from various

20 cultured cell lines, such as PC12.

Various "growth factors" having the ability 
to stimulate cell growth, differentiation, and/or 
factor secretion may be co-implanted with the active

25 factor-secreting cells to insure successful delivery 
of the desired agent or factor to the treatment 
site. These growth factors may be specific for a 
cell type or have a generalized effect on a number of 
different tissues. In the case of neurotransmitter-

30 producing cells such as neurons, growth factors can 
act to maintain neurotransmitter production, as well 
as to promote cell maintenance and growth.
Alternatively, growth factors may maintain nerve 
cells in a differentiated state. Useful cell growth
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factors include nerve growth factor (NGF), an array 
of fibroblast growth factors (FGF), platelet-derived 
growth factor (PDGF), brain-derived neuroprophic 
factor (BDNF), and epidermal growth factor (EGF), and

5 ciliary growth factor, among many. In addition, 
effectors of various membrane receptors such as 
glutamate and nicotine may also be useful.

In addition, any cell which secretes a 
10 precursor, agonist, active analog, or active fragment

of a desired biologically active factor or growth 
factor having similar therapeutic activity car also 
be used. For example, cells which elicit L-dopa, a 
precursor of dopamine, or bromocriptine, a dopamine

15 agonist may be used in the treatment of Parkinson's 
disease.

Further, any cells which have been 
genetically engineered to express a desired

20 neuroactive factor, growth factor, or their agonists, 
precursors, derivatives, analogs, or fragments 
thereof, or other active factors having similar 
effector activities are also useful in practicing 
this invention. Thus, in such an approach, the gene

25 which encodes the neuroactive factor, or its analog 
or precursor is either isolated from a cell line or 
constructed by DNA manipulation. The gene can then 
be incorporated into a plasmid which, in turn, is 
transfected into a cell, such as a fibroblast, for

30 expression. (See, e.g., Sambrook et al., Molecular 
Cloning (1989), herein incorporated by reference for 
further discussion of cloning vehicles and gene 
manipulation procedures.) The cells which express 
the biologically active factor or factor can be grown

35 in vitro until a suitable density is achieved.
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Alternatively, growth factor-producing cells 
such as hippocampal cells or fibroblasts engineered 
to produce NGF (see e.g., Rosenberg et al. (1988) 
Science 242;1575-1578) may be encapsulated and

5 implanted in proximity to the factor-secreting cells 
as described above.

By the term "biocompatibilityM is meant that 
the functioning of the vehicle is not impeded by the

10 various protective systems of the host. This
includes a failure to elicit a detrimental foreign 
body/fibrosis response. The vehicle is also 
preferably substantially free of local cytotoxic 
effects, i.e., free of leachable pyrogens. In a

15 preferred form, a seamless tethered capsule is used 
as the vehicle. In embodiments employing seamed 
capsules, the number and size of the seams are 
preferably minimized, and the vehicle has smooth 
surfaces without edges or villi. Although many forms

20 of tether may be attached, preferred tethers are 
continuous with the capsule.

The system of the invention, useful for 
practicing the inventive method as described above,

25 includes a cannula, at least one obturator, and a 
biological vehicle. Each of these is substantially 
as described above.

In particular, a method of treating
30 Parkinson's disease by neural implant has been 

developed. The cells can be cells from primary 
cultures or cell lines that secrete dopamine and 
other active factors. Typical factor-secreting 
primary cells include adrenal chromaffin cells, and
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neurons from the fetal substantia nigra. A suitable 
cell line is the PC12 line. Additionally, 
genetically engineered fibroblasts or other cell 
types may be used. Prior to use, cells are cultured

5 by standard techniques appropriate for the cell type 
used .

In one preferred embodiment, the capsule 
used is a thermoplastic PAN/PVC capsule with a liquid

10 and cell core, having a wall thickness of greater 
than 25 microns. The core may also contain a 
hydrogel matrix or the like. The hydrogel matrix may 
be any commercially available three-dimensional 
network of hydrophilic polymers that are either

15 covalently or ionically cross-linked. Any method of 
thermoplastic capsule preparation may be used, 
including hollow fiber preparation followed by 
filling with the cells and plugging and sealing using 
heat sealing. Alternatively, the capsules can be

20 formed by coextrusion through a multi-lumen 
spinneret.

The inclusion of a tether to the 
biocompatible vehicle should not affect capsule

25 functioning or its biocompatibility. The entire 
length of the exemplary vehicle, including the 
tether, typically is 8-10 cm. Methods of tether 
manufacture include coextrusion through a multi-lumen 
spinneret. Other methods include the addition of a

30 biocompatible suture protruding from the sealed 
capsule. Another form includes a hollow 
immunoisolatory fiber of 80-100 mm in length 
containing, at one end, a cell growth chamber of 
10-20 mm with an internal plug. To produce a sturdy,
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non-porous tether, the remainder of the fiber is 
dipped in a potting elastomer, such as polyurethane 
or polysilicon, preferably prior to loading the 
cells. In other forms, elastomeric tubing may be

5 attached to the capsule.

Although illustrated specifically for 
cranial insertion in FIG. 3, the vehicles of the 
present invention can also be inserted into other

10 regions of the body. For example, for pain relief 
applications the vehicles can be inserted into the 
sacral/lumbar regions of the spine to provide 
encapsulated cells such as adrenal chromaffin cells 
which secrete enkephalins and/or catecholamines.

15
The invention may be embodied in other 

specific forms without departing from the spirit or 
essential characteristics thereof. The present 
embodiments are therefore to be considered in all

20 respects as illustrative and not restrictive, the 
scope of the invention being indicated by the 
appended claims rather than by the foregoing 
description, and all changes which come within the 
meaning and range of equivalency of the claims are

25 therefore intended to be embraced therein.

What is claimed is:
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A system for delivering a biologically 

active factor to a selected treatment site in a 
subject, comprising:

i) a single cannula adapted for 
penetration through tissue into a selected position in 
proximity with the treatment site, having a bore with a 
substantially smooth interior surface running axially 
therethrough through which a vehicle may slidably move, 
an open, proximal end into which the vehicle may be 
slidably inserted and a distal end having an opening 
through which the vehicle may slidably move wherein the 
external diameter and bore diameter are tapered toward 

the distal tip;
ii) an obturator disposable within the 

cannula to prevent tissue material from entering the 
distal end of the cannula when it is inserted into 

tissue;
iii) a vehicle which encapsulates the 

biologically active factor, the vehicle having an outer 
surface which comprises a biocompatible semipermeable 
outer membrane through which the biologically active 
factor may be released into the selected treatment 
site, and a shape and substantially smooth outer 
surface which enable slidable insertion into the 
proximal end of the cannula, slidable movement along 
the bore of the cannula, slidable passage through the 

distal end of the cannula by removal of the cannula 
from the proximity of the treatment site; and

iv) a pusher disposable within the 
cannula to engage the outer surface of the vehicle, to 
slidably move the vehicle through the bore, and to hold
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the vehicle in place at the selected treatment site 

when the cannula is removed from the proximity of the 

treatment site, the pusher being removeable after the 

vehicle is positioned at the treatment site.

2. The system of claim 1, wherein at least 

a portion of the proximal end of the cannula is 

transparent to permit monitoring the progress of the 

vehicle during insertion into the cannula and during 

passage through the transparent portion of the cannula.

3. The system of claim 1, wherein the 

distal end of the cannula is rounded to reduce 

ancillary tissue damage, and wherein the active factor 

comprises at least one neuroactive factor selected from 

the group consisting of peptide neurotransmitters, 

growth factors, trophic factors, catecholamines, opioid 

peptides and hormones.

4., The system of claim 1, wherein the 

cannula is constructed from material comprising a low 

friction polymer.

5. The system of claim 4, wherein the 

polymer comprises polytetrafluoroethylene.

ί
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6. The system of claim 1, wherein the active 
factor comprises at least one antinociceptive agent useful in 
a treatment for pain relief.

7. The system of claim 1, wherein the system is 
adapted for delivering the vehicle into a human spinal 
region, and wherein the vehicle releases at least one 
antinociceptive agent useful in a treatment for pain relief.

I!·ί
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8. The system of claim 1, wherein the vehicle 
further comprises an impermeable protective barrier material 
which coats a portion of the outer membrane.

9 .

encapsulates 
factor.

The system of claim 1, wherein the vehicle 
cells that secrete the biologically active

10. The 
encapsulated cells 
cells .

system of claim 9, wherein the 
comprise adrenal medullary chromaffin

11. The system of claim 9, wherein the distal end 
of the cannula is rounded to reduce ancillary tissue damage, 
and wherein the active factor comprises a neuroactive factor 
selected from the group consisting of peptide 
neurotransmitters, growth factors, trophic factors, 
catecholamines, opioid peptides and hormones.

12. A method for delivering a biologically active 
factor to a selected treatment site in a subject, comprising:

i) surgically opening an insertion site
located near the selected treatment site;

950728,q:\opcr\ims,22698-po.209,31
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ii) inserting a single cannula adapted 

for penetration through tissue and an obturator 

disposed therein into the insertion site and placing 

the distal end of the cannula at a selected position in 

proximity with the treatment site, the cannula having a 

bore with a substantially smooth surface running 

axially therethrough through which a vehicle may 

slidably move, an open, proximal end into which the 

vehicle may be slidably inserted and a distal end 

having an opening through which the vehicle may, 

slidably move wherein the external diameterand bore 

diameter are tapered toward the distal tip;

iii) removing the obturator from the

cannula;

iv) introducing within the bore of the 

cannula a vehicle which encapsulates the biologically 

active factor, the vehicle having an outer surface 

which comprises a biocompatible semipermeable outer 

membrane through which the biologically active factor 

may be released into the selected treatment site, and a 

shape which enables insertion into the proximal end of 

the cannula, slidable movement along the bore of the 

cannula, slidable passage through the distal end of the 

cannula by removal of the cannula from the proximity of 

the treatment site;

v) delivering the vehicle to the distal 
end of the cannula with a pusher disposable within the 
cannula to engage the outer surface of the vehicle, to 
slidably move the vehicle through the bore, and to hold 
the vehicle in place at the selected treatment site 
when the cannula is removed from the proximity of the 
treatment site;

vi) removing the cannula from the 
tissue, while leaving the vehicle inserted at the 
treatment site; and
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vii) removing the pusher from the tissue.

Dated this 28th day of July, 1995

Brown University Research Foundation 

By its Patent Attorneys 
Davies Colli son Cave
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