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Description
RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Pat-
ent Application Serial No. 13/827,468, filed Mar. 14,
2013.

[0002] The subject matter of this application is related
to the subject matter of U.S. Patent Application Serial
No. 13/301,584, filed Nov 11, 2011, which is a continu-
ation of U.S. Patent Application Serial No. 12/359,830
(now U.S. Patent No, 8,374,703). filed January 26, 2009,
entitled "Apparatus and Method for the Detection of Ab-
errant Neuro-Electric Activity," and is also related to the
subject matter of U.S. Application Serial No. 13/681,825
(Attorney Docket No. 42197-730.201), filed Nov. 20,
2012, entitled "Myocardial Drug Delivery Apparatus and
Method,".

FIELD OF THE INVENTION

[0003] Embodiments described herein relate to an ap-
paratus, system and methods for the treatment of ad-
verse neurological events or conditions. More specifical-
ly, embodiments described herein relate to an apparatus
and methods for the treatment of neurological events or
conditions by the delivery of solid form medication to the
ventricles of the brain.

BACKGROUND OF THE INVENTION

[0004] There are a number of neurological events and
conditions which are characterized by abnormal neural-
electric activity in the brain including epilepsy, migraine
headaches and even some forms of depression. Epilepsy
is a disease characterized by recurrent unprovoked sei-
zures which result in episodic impairment or loss of con-
sciousness, abnormal motor phenomena, psychic or
sensory disturbances, or the perturbation of the auto-
nomic nervous system. It is caused by abnormal firing of
neurons in the brain, a condition known as epileptogen-
sis. These abnormal firings or electrical discharges may
start in small neuronal populations (these are known as
epileptogenci foci, the condition defined as focal epilep-
sy) or much larger areas of the brain (this condition is
defined as generalized epilepsy). Often there can be a
period of abnormal firing of neurons which precedes the
full blown seizure. This period is known as a pre-seizure
state and it can include one or more events of abnormal
firing, known as pre-seizure events.

[0005] Whatever the cause, the human and financial
impact of the disease is significant. The prevalence of
epilepsy in the US is currently about three million, world-
wide about fifty million, with 200,000 new cases diag-
nosed each year in the US alone. Ten percent of the
American population will experience a seizure in their
lifetime. Due to the impairing nature of epileptic seizures,
the disease can prevent patients from performing a
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number of routine activities including driving car or oper-
ation of machinery. Many states put driving restrictions
on those diagnosed with epilepsy. In a sub-population of
patients, the severity of the disease is so extreme that
they are essentially incapacitated. The economic cost of
the disease is estimated to be $12.5 billion per year in
direct and indirect costs.

[0006] While there are anumber of available drug ther-
apies for the treatment of epilepsy, these therapies have
a number of side effects including hyperplasia, slurred
speech and memory loss in large part due to the higher
dose of drug which must be given systemically in order
for the drug to reach the brain. They also require precise
control of the therapeutic dosage to avoid occurrence of
seizures for too low a dose or side effects for too high a
dose. Thus, there is a need for improved methods for the
treatment of neurological conditions such as epilepsy us-
ing drug therapy.

[0007] The current trend in many medical treatments
requires the delivery of a drug to a specific target site so
as to avoid the toxicity to other tissue and more precisely,
as well controlling the timing and amount of drug deliv-
ered to that site. In many cases, this can require an im-
plantable drug pump. However, due to their size and pow-
er requirements the current available pumps do not lend
themselves to all medical applications, particularly for de-
livery of medication to the brain (e.g., for the treatment
of various neurological conditions), where very precisely
controlled doses of drug can be required. Also current
devices can require frequent replenishment of the drug
due to limited reservoir size and/or limited shelf life of the
drug. An apparatus for the delivery of medication to ven-
tricles within the brain of a patient comprising a flexible
delivery member and a lumen for advancement of a solid
form medication element according to the preamble of
claim 1 is known from the document WO 2012/047931.
Thus, there is a need for improved implantable drug de-
livery devices and associated methods for in vivo drug
delivery of various neurological conditions.

BRIEF SUMMARY

[0008] Embodiments described herein provide a sys-
tem apparatus for treating epilepsy and other neurolog-
ical conditions such as migraine headaches and depres-
sion. Many examples provide an apparatus and method
for treating epilepsy and other neurological conditions by
delivering medication to the brain. Specific examples pro-
vide an apparatus and method for treating epilepsy and
other neurological conditions by delivering solid form
medication to the ventricle or other areas of the brain.
Particular embodiments provide an apparatus for treating
epilepsy and other neurological conditions by delivering
solid form medication to ventricles in the brain wherein
the medication is contained in a diffusion chamber to as
to allow the medication to dissolve in the cerebrospinal
fluid of the brain. In one or more embodiments, portions
of apparatus (e.g., the distal portions) have sufficient flex-
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ibility to conform to the shape of the ventricles of the brain
when advanced into them. Also, such portions may de-
sirably have sufficient flexibility so as to not cause defor-
mation of the surface of the ventricles sufficient to cause
a significant physiological effect such as a decrease in
CSF (cerebrospinal fluid) production, loss of conscious-
ness, etc.

[0009] One embodiment provides an apparatus for de-
livery of medication to the ventricles or other area within
the brain of a patient comprising a flexible delivery mem-
ber and a diffusion chamber coupled to a distal end of
the flexible delivery member. The proximal end of the
delivery member may be coupled to a drug storage de-
vice for storing a plurality of solid form medication ele-
ments. The delivery member may include a lumen for
advancement of one or more medication elementthrough
the delivery member. The delivery member may com-
prise a catheter or other flexible tubing known in the art
(e.g., a hypotube) and for ease of discussion will now be
referred to as a catheter but other forms of flexible tubing
are equally applicable. The catheter may be configured
to be advanced into a selected ventricle of the brain from
a site outside the brain. Typically, it is configured to be
introduced into the brain through an opening in the skull
such as a burr hole which may be fitted with a burr-hole
adaptor. The catheter may comprise any number of bio-
compatible polymers known in the art including for ex-
ample silicone, polyurethane, PTFE, etc. In some em-
bodiments, the catheter lumen may also include an inner
lining of coiled wire to maintain the patency of the lumen
when the catheter is put into a bent or deformed position,
such as when it conforms to the shape of a ventricle. In
use, the wire lining can allow a drug pellet or other med-
ication element to be delivered to the diffusion chamber
even when the catheter is deformed or bent.

[0010] In various embodiments, the distal tip of the
catheter and/or the proximal portion of the diffusion
chamber may include an elastic self-closing septum for
preventing fluid intrusion into the inner lumen. The sep-
tum includes a slit which is configured to open when the
drug pellet is advanced against the slit so as to allow
passage of the drug pellet through the septum and then
close to fluid ingress into the catheter lumen.

[0011] The diffusion chamber will typically be coupled
to the distal end of the delivery member at a proximal
end of the chamber. In one or more embodiments, the
joint between the diffusion chamber and the catheter
(e.g., the distal end of the catheter and the proximal end
of the diffusion chamber) may have a necked portion to
allow the diffusion chamber to bend and flex or otherwise
deform to the shape of the ventricles or other structure
within the brain as well as provide for other flexible prop-
erties described herein. The proximal end of the chamber
may also include the septum valve described above for
receiving the medication element and preventing the flow
of CSF or other fluid proximally into the catheter. The
chamber may be fabricated from any number of biocom-
patible polymers known in the art including silicone, poly-
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urethane and PTFE and co-polymers thereof.

[0012] The diffusion chamber can have a wall and an
interior volume for receiving the medication element and
at least one diffusion section positioned in the wall allow-
ing cerebrospinal fluid (CSF) to enter and exit the cham-
ber. Other means for allowing CSF to enter and exit the
diffusion chamber are also contemplated such as the use
of various porous materials or use of a pump. Further,
the diffusion chamber can be configured to i) retain a
medication element received from the delivery member;
ii) dissolve the medication element in fluid (e.g., CSF)
within the interior volume to form a drug solution; and iii)
diffuse drug from the drug solution through the at least
one diffusion section to CSF within the selected ventricle
of the brain.

[0013] The diffusion section may comprise one or more
of apertures or slits, which may be arranged in various
patterns around the diffusion chamber. For example, in
one or more embodiments, the chamber can have two
groups of apertures or slits (e.g., 8 to 16 each) which are
offset about 180 degrees from each other with respect
to a central axis of the chamber or four groups which are
offset about 90 degrees from each other. The apertures
can comprise circular shaped openings having a diam-
eter in the range of about 0.1 to 0.5 mm. The slits may
have a width in that range and a length in the range of
about 0.25 to 5 mm. The size and distribution of the open-
ings can be selected to allow CSF to seep/diffusion in or
out of the chamber at a selected rate to in turn achieve
a selected rate of disintegration of the drug pellet and/or
rate of diffusion of drug from the diffusion chamber.
[0014] Inotherembodiments, the diffusion section may
also comprise a permeable or semipermeable mem-
brane, for example polyimide, allowing passage of a se-
lected drug, e.g., furosemide, out of the chamber. Other
membrane materials are also considered such as a poly-
urethane based membrane. In one or more embodi-
ments, having a membrane based diffusion section, the
diffusion chamber may also include a release valve (also
referred to herein as a burp valve), allowing any pressure
buildup in the diffusion chamber (which may impede dif-
fusion) to be released. In one or more embodiments, the
release or burp valve may correspond to a slit in the dif-
fusion chamber wall which is configured to open at se-
lection pressure and then close again.

[0015] In still other embodiments the diffusion section
or sections may comprise a combination of slits/aper-
tures and a permeable membrane. In one particular em-
bodiment, the slits or aperture are placed over the per-
meable membrane allowing for CSF flow over the mem-
brane so to increase diffusion of the drug out of the mem-
brane. Other embodiments may include multiple diffusion
sections some comprising aperture or slits and other
membranes. In use, such embodiments allowing for a
varying rate of diffusion of drug out of the diffusion cham-
ber.

[0016] In still other embodiments, the diffusion section
may also comprise various porous materials. Such ma-
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terial can comprise any number of porous biomaterials
such as various polymeric fiber materials such as poly-
ethylene teraphalate (PET) or NYLON. In preferred em-
bodiments of a porous diffusion section, the section may
be fabricated from DACRON, such as a DACRON mesh,
which can be either woven or knitted. The size and po-
rosity of the porous material can be selected to allow CSF
to seep/diffuse in or out of the chamber at a selected rate
to in turn achieve a selected rate of disintegration of the
drug pellet and/or rate of diffusion of drug from the diffu-
sion chamber. According to one or more embodiments,
the porous section can have a uniform porosity so as to
wick in CSF and diffuse out drug solution uniformly from
substantially the entire area of the diffusion section. Ac-
cording to other embodiments, the diffusion section of
the diffusion chamber can be fabricated from porous ma-
terials having varying porosity so as preferentially wick
in CSF and weep out drug solution from specific portion
of the diffusion section. In another variation, the diffusion
chamber can comprise a basket structure of wound metal
wire or and/or polymer fibers, the winding configured to
allow sufficient space for the CSF to weep in and drug
solution to weep out.

[0017] According to one or more embodiments, all or
portion of the diffusion chamber may include channels in
the wall of the diffusion chamber including in the diffusion
section so as to maintain diffusion of the drug and/or drug
solution from the diffusion section when that section con-
tacts or is otherwise in close proximity to the ventricle
wall (e.g., which may block diffusion of the drug out of
the diffusion chamber). The channels may correspond
to slots, curved or square shaped channels. In preferred
embodiments, the channels are oriented with respect to
a longitudinal axis of the diffusion chamber, but also may
have a radial orientation a well, other orientations and
combinations of orientations are also contemplated. In
one particular embodiment, the channels may corre-
spond to convolutions in the walls of the diffusion cham-
ber (preferably having longitudinal orientation). The con-
volution may have a sine wave or similar shape with the
troughs in the sine wave corresponding to the channels.
[0018] According to some embodiments, the channels
may extend proximally along all or a portion of the length
of the catheter so as to have the drug solution/drug be
transported proximally by diffusion of the drug and/or flow
of the drug solution proximally in the channel to reach
more superficial areas of the brain including surface ar-
eas of the brain such as the motor cortex. The channels
may be treated with various coatings to promote or en-
hance flow through the channels (e.g., by capillary action)
in a proximal direction along the catheter. In use, such
channels can provide a means for delivering drug to not
only to the CSF in the ventricles of the brain, but also to
other selected areas of brain tissue. This dual site deliv-
ery provides the benefit of producing a centralized (e.g.,
to CSF in the ventricle) and more localized delivery of
drug to treat one more neurological conditions such as
epilepsy where it may be desirable to deliver to two or
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more sites in the brain.

[0019] The medication element comprises atleastone
drug for the treatment of a disease or condition, e.g.,
furosemide for the treatment of a neurological condition
such as epilepsy. Typically, it comprises a pellet which
is referred to herein as a drug pellet, though other shapes
and configurations are also contemplated. The drug pel-
let is configured to dissolve in CSF (cerebrospinal spinal
fluid) or other fluid in the diffusion chamber and then dif-
fuse out into the CSF in the brain. The drug pellet may
be transported through an inner lumen of the catheter or
other like structure (e.g., a hypotube) by means of an
advanceable stylet or advancement member that is ad-
vanced from the drug storage device by an electric motor
or other advancement means. According to one or more
embodiments, the stylet may comprise a metal wire or
ribbon that is wound for example in a spool and then
unwound by drive means such as electrically driven pinch
rollers. The stylet will typically have a ball tip that is sized
to push the drug pellet through drug delivery lumen and
out the septum; however other shapes are also contem-
plated such as hot dog shape, or a concave shaped tip
having a concavity sized to engage the diameter of the
drug pellet. Also the stylet tip may be configured to sense
contact with the drug pellet so as to be able to determine
that the pellet is being advanced and that the pellet has
been ejected. This can be accomplished by configuring
the tip and/or the stylet to be capacitively coupled to the
drug pellet so as to sense changes in capacitance when
the tip makes and breaks contact with the drug pellet.
[0020] According to one or more embodiments, the
catheter (or other flexible delivery member) and/or diffu-
sion chamber are sufficiently flexible such that during ad-
vancement of the apparatus into the ventricles of the
brain one or both of the catheter and the diffusion cham-
ber conform to the shape of a selected ventricle. In par-
ticular embodiment, the flexibility of one or both of these
elements can allow the diffusion chamber to deform up
to 30 degrees or more when advanced against a ven-
tricular surface. Various embodiments and approaches
for achieving such flexibility caninclude the use of necked
section joining the catheter and diffusion chamber, as
well as the of various flexible polymers known in the med-
ical device arts including for example, PEBAX and vari-
ous elastomers such as silicones and polyurethanes and
co-polymers thereof. Other embodiments may employ
various superelastic metals known in the art, such as
NITINOL.

[0021] Further, in various embodiments, the flexibility
can be configured such that the catheter and diffusion
chamber deform sufficiently to be advanced through the
ventricular anatomy of the brain to reach a selected ven-
tricle. The selected ventricle can include any of the major
ventricles off the brain including for example, the left and
right ventricle (including their inferior and posterior
horns), the third ventricle and the fourth ventricle. Also,
during such advancement and positioning, the flexibility
is of the catheter and diffusion chamber is desirably con-
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figured such that the apparatus does not deform a ven-
tricular wall of the brain sufficiently to cause a significant
physiological effect. That effect can include a decrease
in the production of CSF or a neurological effect such as
loss of loss of consciousness, pain or numbness, vomit-
ing or change in heart or respiration rate. In particular
embodiments the decrease in CSF production may cor-
respond to a drop below about 21 ml/hour, more prefer-
ably a drop below below 20 ml/hour. CSF production can
be measures using spinal tap procedures and/or using
various medical imaging modalities.

[0022] In another aspect, various embodiments of the
invention provide a system for the delivery of medication
to the ventricles or other area brain comprising one or
embodiments of the apparatus for such delivery de-
scribed herein and a drug storage device which may be
coupled operatively or directly to the proximal end of the
catheter or other delivery member. The drug storage de-
vice may be configured to store a plurality of drug pellets
or other solid form medication elements. It may also in-
clude means for advancing a medication element from
the drug storage device into the lumen of the delivery
catheter and then into the interior of the diffusion cham-
ber. The advancement means mayinclude adrive source
such as an electric motor and an advancement member
(driven by the drive source) such as a stylet for advancing
the drug pellet from the drug storage device to the diffu-
sion chamber.

[0023] in many embodiments not forming part of the
invention,

the system includes or is coupled to a controller for con-
trolling

one or more aspects of the medication delivery process
including for example actuation and control of the drive
source and advancement member to deliver a medica-
tion pellet into the brain or other location. The controller
may correspond to a microprocessor other logic device
which can be programmed to include a delivery regimen
wherein medication is delivered atregular intervals (e.g.,
once or twice a day, etc.) over an extended period. It can
also be configured to receive a signal (e.g., wireless or
otherwise) to initiate the delivery of medication or to
change the delivery regimen (e.g., from once a day to
twice a day). In this way, the patient or a medical care
provider can control the delivery of medication in re-
sponse to a specificevent (e.g., an episode of arrhythmia)
or longer term changes in the patient’s condition or diag-
nosis.

[0024] In one or more embodiments not forming part
of the invention, the controller can be coupled to or oth-
erwise receive inputs from electrodes or others sensors
position in the brain or other location within the patient’s
body so as to control delivery of medication to the pa-
tient’s brain. For example, when the controller receives
an input from the sensor indicative of the onset or occur-
rence of an epileptic or other seizure, it may initiate the
delivery of one or more medication pellets to the brain or
other target tissue site so as to treat the medical condi-
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tion. Both the initial and subsequent inputs from the sen-
sor can be used totitrate the delivery of medication pellets
over an extended period until the condition is dissipated
or otherwise treated. The controller can also receive in-
puts from other sensors configured to measure the tissue
concentration of the delivered drug. These inputs can
also be used to titrate the delivery of the medication to
achieve a selected concentration of drug (e.g., in CSF,
plasma, tissue, etc.). The drug sensors can be positioned
on distal portions of the drug delivery device such as on
the catheter or the outside of the diffusion chamber, as
well as other sites in the body (e.g., a vein or artery), in
order to develop a pharmacokinetic model of the distri-
bution of the drug at multiple sites in the body. The ap-
paratus can also include a sensor coupled to the control-
ler which indicates when the medication pellets have
been used up and/or exactly how many are left. The con-
troller in turn can signal this data to an external commu-
nication device such as a cell phone, portable monitor or
remote monitor (e.g., at the physician’s office). In this
way, the patient and/or medical care provider can take
appropriate action before the apparatus runs out of drug
pellets or other medication elements.

[0025] In many embodiments, the pellet (including the
drug dose) is configured to disintegrate and be dissolved
by CSF or tissue fluids which seep or otherwise enter
into the diffusion chamber. In some embodiments the
pellet is configured to dissolve slowly in the diffusion
chamber so as to provide a long term release of drug into
the brain, e.g., long term release of furosemide for the
propholactic treatment of epilepsy or other like condition.
In other embodiments, the pellet can be configured to
rapidly disintegrate and be dissolved in the CSF to treat
the onset or occurrence of an epileptic seizure. This can
be achieved through the use of one or more super dis-
integrants as well as disintegrating enhancing features
(e.g., pores, cracks or other intrusions) in or one the pel-
let. The particular selection of disintegrants can be
matched to configuration of the diffusion chamber (e.g.,
aperture size and number) and/or CSF flow rate. Faster
disintegrants can be used in chambers with fewer open-
ing and or areas of the brain with slower CSF flow rates.
It can also be achieved by treating the pellet prior or after
deliveryinto the diffusion chamber with mechanical, elec-
tromagnetic, acoustical or other energy to weaken the
pellet structure, create cracks and other structural de-
fects for the ingress of fluids or initiate the breakup of the
pellet into smaller pieces.

[0026] In various applications, embodiments of the in-
vention can be used to deliver solid form drugs or other
therapeutic agent to any location in the brain to treat any
number of neurological other conditions.

[0027] In an exemplary embodiment of a method not
claimed for using a system of the invention, the drug res-
ervoir can be implanted at or near a selected delivery site
such as the base of the skull. Implantation can be done
using an open or minimally invasive procedure. Prior to
implantation, the drug reservoir can be loaded with a se-
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lected number of pellets to provide for delivery of pellets
to the delivery site over an extended period of time, e.g.,
years. Once implanted, the pellets can be stored in the
apparatus for an extended period of years (e.g., 1,2, 5
or longer) without degradation or deleterious effect to the
pellets (e.g., loss of drug potentcy or therapeutic effec-
tiveness). The system can deliver solid form medication
to the delivery site at regular intervals (e.g., once an hour
day, week, month, etc.) or in response to an input from
a sensor. In the latter case, the input can be indicative
of a particular medical condition or event such as the
onset or occurrence of epileptic or other seizure. Embod-
iments of the controller described herein can be used to
determine when to initiate delivery based on the sensor
input and/or the time intervals for delivery for embodi-
ments employing delivery at regular intervals. In either
case, the controller can send a signal to the drug storage
device. There it disintegrates/degrades and is dissolved
in local tissue fluids to treat a local target tissue site (e.g.,
it dissolves in the CSF to treat the brain), or it is subse-
quently absorbed into the blood stream where itis carried
to a remote target tissue site (e.g., the liver, heart, etc.)
or both. Further pellets can be delivered based on input
from a sensor providing physiologic data predictive of the
medical condition (e.g., blood glucose) or another sensor
that is configured to sense the local and/or plasma con-
centration of the drug. In some embodiments, pellet de-
livery can be controlled by sensing the state of disinte-
gration of previously delivered pellets. For example, an-
other pelletcanbe delivered whenithas been determined
that the previous pellet is in a particular state of disinte-
gration (e.g., it has been completely or substantially dis-
integrated). This can be achieved by sending and receiv-
ing a signal from the pellet such as an optical, ultrasound
or electrical signal. For example, for the use of optical
signal reflectance measurements can be used to deter-
mine the state of disintegration. A particular disintegra-
tion state can be determined when the reflectance signal
falls below a particular threshold. Similar approaches can
be used for use of reflected ultrasound or impedance.
The pellet can even include various echogenic, or opti-
cally opaque or other agents to enhance the reflected
ultrasonic, optical or other signal. The pellet may also
include various optical indicia having one or more of a
pattern, size or shape configured to provide an indication
of the state of disintegration of the pellet.

[0028] Prior to or after implantation, a burr hole can be
made at the top of the skull and can be fitted with a burr
hole adapter known in the art. The catheter or other flex-
ible delivery member of the intrancranial delivery appa-
ratus can then be positioned under the scalp and the
proximal end connected to a proximal fitting of the drug
reservoir the distal end is advanced through the burr hole
and/or burr hole adaptor for positioning in a selected ven-
tricle or other location in the brain. After the catheter is
advanced through the burr hole, it is then advanced
through brain tissue and into a selected ventricle of the
brain so as to position the diffusion chamber within the
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ventricle. Advancement may done under the guidance
of various medical imaging modalities including for ex-
ample, ultrasound, flouroscopy or MRI. In one more em-
bodiments, the catheter and/or diffusion chamber can
include one or more echogenic, radio-opaque, magnetic-
opaque, or other markers to assist in placement using
such image guidance.

[0029] As described herein, the catheter and diffusion
chamber desirably conform to the shape of ventricles dur-
ing advancement as well when positioned in the selected
ventricle so as not cause any significant physiologic
and/or neurologic effect to the patient such as loss of
consciousness, numbness, vomiting, or decrease in CSF
production (other physiologic and neurologic effects arc
also contemplated). In specific embodiments, the cath-
eter and diffusion chamber are so positioned so as not
deform the ventricle wall more than about 3 mm, with
larger and smaller amounts also contemplated. Also they
can be so positioned so as to exert no more than about
20 mmHg of pressure on the ventricle, more preferably
no more than about 15 mmHg of pressure, In various
embodiment, this can be achieved by configured the
catheter and diffusion chamber to have sufficient flexibil-
ity to deform before this amount of pressure is reached.
According to one more or more embodiments, this can
be achieved by fabricating the catheter and diffusion
chamber from not only flexible material but materials
which soften upon exposure to CSF such as various hy-
drogel materials known in the art.

[0030] Once positionedinthe ventricle or otherlocation
in the brain, CSF then enters into the diffusion chamber
e.g., by wicking, capillary action, diffusion or other trans-
port phenomenon. A sufficient period of time can be al-
lowed for this to occur before drug delivery begins and/or
the diffusion chamber can be pre-filled with the patient’s
own CSF. A drug pellet or other solid form drug element
can then be advanced from the drug reservoir (or other
drug storage device into) through the delivery catheter
into the diffusion chamber. There is dissolves in the CSF
in the diffusion chamber to form a drug solution. The drug
then diffuses out of the chamber into CSF in the selected
ventricle of the brain to provide a therapeutically effective
dose of a drug for the treatment or prevention of a con-
dition such as epilepsy. Depending the dose and other
factors (e.g., the configuration of the diffusion chamber
such as the size, number and position of apertures in the
diffusion sections), it may also be configured to diffuse
to other ventricles of the brain so to provide the thera-
peutically effective dose to those areas of the brain. For
embodiments, of the delivery apparatus having channels
running along the length of the catheter (as is described
herein) the drug may then diffuse or flow in the drug so-
lution (e.g., by capillary action) proximally along those
channels to reach other areas of the brain including for
example surface areas of the brain such as the motor
cortex. Amount and rate of such diffusion can be control-
led by selection of the length and depth of the channels.
The channels may also be treated with coating to result
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in greater amounts of flow (by capillary action).

[0031] Further details of these and other embodiments
and aspects of the invention are described more fully
below, with reference to the attached drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0032]

Fig. 1 is a plan view of an embodiment of a system
and apparatus for detection of aberrant neural-elec-
tric activity (ANEA).

Fig. 2a is a side view showing placement and use of
the system and apparatus from the embodiment of
Fig. 1 to detect aberrant neural-electric activity in the
brain.

Fig. 2b is a side view showing placement of the plug
in burr hole in the skull and the introduction of the
ANEA detection apparatus at tissue site in the brain.
Fig. 2c is a side view illustrating an embodiment of
a system for the intracranial delivery of a drug other
therapeutic agent to the patient’s brain.

Fig. 2d is a side view illustrating an embodiment of
a drug storage and delivery device which may be
used in the embodiment of Fig. 2c.

Fig. 2e1 is a side view illustrating an embodiment of
a drug delivery device which may be used in the em-
bodiment of Fig. 2c.

Fig. 2e2 is a cutaway side view of the drug delivery
device of Fig. 2e1.

Fig. 2e3 is asectional view of the drug delivery device
of Fig. 2e1 taken across line 2e3 in Fig. 2e1.

Fig. 2e4 is asectional view of the drug delivery device
of Fig. 2e1 taken across line 2e4 in Fig. 2e1.

Fig. 2f1 is a side view illustrating another embodi-
ment of a drug delivery device which may be used
in the embodiment of Fig. 2c.

Fig. 2f2 is a sectional view of the drug delivery device
of Fig. 2f1 taken across line 22 in Fig. 2f1.

Fig. 291 is a side view of another embodiment of a
drug delivery device which may be used in the em-
bodiment of Fig. 2c.

Fig. 292 is a side view of another embodiment of a
drug delivery device which may be used in the em-
bodiment of Fig. 2c.

Figs. 2h1, 2h2 show a side view and a cutaway side
view, respectively, of another embodiment of a drug
delivery device which may be used in the embodi-
ment of Fig. 2c; Figs. 2h3, 2h4 show side views of
the drug delivery device of Figs. 2h1, 2h2 being as-
sembled together.

Figs.2i1, 2i2 show a side view and a cutaway side
view, respectively, of another embodiment of a drug
delivery device which may be used in the embodi-
ment of Fig. 2c.

Figs.2j1, 2j2 show a side view and a cutaway side
view, respectively, of another embodiment of a drug
delivery device which may be used in the embodi-
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ment of Fig. 2c; Fig. 2j3 show a side view of the drug
delivery device of Figs. 2j1, 2j2 being bent; Figs. 2j4,
2j5, and 2j6 show the drug delivery device of Figs.
2j1-2j3 being inserted into the lateral ventricle of a
patient.

Figs.2k1, 2k2, and 2k3 show a side view, a cutaway
side view, and a front view, respectively, of another
embodiment of a drug delivery device which may be
used in the embodiment of Fig. 2c; Fig. 2k4 shows
a sectional view of the drug delivery device of Figs.
2k1, 2k2, and 2k3 taken across line 2k4 in Fig. 2k1.
Fig. 2k5 shows a side view of the distal-most end of
another embodiment of a drug delivery device which
may be used in the embodiment of Fig. 2c; Fig. 2k6
shows a sectional view of the drug delivery device
of Fig. 2k5 taken across line 2k6 in Fig. 2k5.

Fig. 2k7 shows a side view of the distal-most end of
another embodiment of a drug delivery device which
may be used in the embodiment of Fig. 2c.

Fig. 2lis a cut away side view of another embodiment
of a drug delivery device which may be used in the
embodiment of Fig. 2c.

Fig. 3 is cut away side view of a distal portion of the
deployed electrode members illustrating use of bent
lumens in the introducer to deflect electrode mem-
bers.

Figs. 4a-4c are various views showing embodiments
of a deflection fixture positioned within the introducer
to deflect the electrode members. Figs. 4a-4b are
perspective views and Fig. 4c is a frontal cross-sec-
tional view.

Fig. 5 is a perspective view showing the electrode
members existing from the deflector.

Fig. 6a is side view showing an embodiment of the
ANEA detection apparatus with the electrode mem-
bers in the non deployed state inside the introducer.
Fig. 6b is side view showing an embodiment of the
ANEA detection apparatus with the electrode mem-
bers in advanced out of the introducer in a deployed
state.

Fig.7a is a perspective view showing an orthogonal
orientation of the electrode membersin the deployed
state.

Fig. 7b is a perspective view showing the orientation
of the electrode members and the detection volume
defined by them in the deployed state.

Figs. 8a and 8b are side views illustrating embodi-
ments of a bent electrode, Fig 8a shows an embod-
iment of an electrode having an abrupt bend, Fig 8b
shows an embodiment having a curved bend.

Fig. 9 is a side view illustrating an embodiment of
the electrode member including an insulating sleeve
and a conductive core.

Figs. 10a-10b are cross sectional views of embodi-
ments of the electrode member. Fig. 10a illustrates
an electrode member having a solid conductive core,
while Fig. 10b illustrates an electrode member hav-
ing at least one lumen.
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Fig. 11 is a graphical view illustrating alignment of
the electrode members with a Cartesian coordinate
system.

Fig. 12 is a combination graphical and schematic
view illustrating alignment of the electrode members
with a Cartesian coordinate system and generation
of voltages the electrode members as a result of ab-
normal neural-electric activity.

Fig. 13 is graphical view illustrating an electric field
vector produced by aberrant neural-electric activity
and its polar components.

Fig. 14 is a block diagram showing an embodiment
of a control module for use with various embodi-
ments of the ANEA detection apparatus.

Fig. 15 is a block diagram/side view of an embodi-
ment of the drug delivery device.

Figs. 16a-16e are side views illustrating a method
for introduction of the introducer and deployment of
the electrode members to detect a Foci of aberrant
neural electric activity in a target tissue site in the
brain. Fig. 16a shows the burr hole opening in the
skull. Fig. 16b shows placement of a burr hole plug
in the burr hole opening. Fig. 16c shows the intro-
duction and advancement of the introducer through
the burr hole plug. Fig. 16d shows the full advance-
ment of the introducer. Fig. 16e shows the deploy-
ment of the electrode members to a configuration for
detecting the Foci.

Fig. 17a and 17b arc 3d plots of the direction of an
electric field vector over time in the brain; Fig. 17a
is over a period of normal activity and Fig. 17b is
over a period of aberrant neural-electric activity in
the brain.

Fig. 18 is plot of the amplitude of an electric field
vector over time during periods of normal and aber-
rant neural-electric activity in the brain.

Fig. 19is a perspective view of the ventricular system
of the brain.

DETAILED DESCRIPTION OF THE INVENTION

[0033] Various embodiments described herein provide
a system, apparatus and method for detecting and treat-
ing various neurological events or conditions such as ep-
ilepsy, migraine headaches, depression, and various
non-epileptic seizures. Many embodiments provide an
apparatus and method for detecting aberrant activity
such as aberrant neurological activity and/or cortical
spreading depression (CSD) prior to the actual physical
manifestation of the event or condition caused by the
aberrant activity (e.g., detect the electrical activity and/or
CSD prior to occurrence of an epileptic seizure, migraine
or other neurological event or condition) and then use
that information to initiate the delivery of a drug to prevent
orreduce the duration of the seizure or other neurological
event. Specific embodiments provide an apparatus and
method for treating epilepsy and other neurological con-
ditions by delivering solid form medication to the ventri-
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cle(s) or other areas of the brain. Particular embodiments
provide an apparatus and method for treating epilepsy
and other neurological conditions by delivering solid form
medication to ventricles in the brain wherein the medica-
tion is contained in a diffusion chamber to as to allow the
medication to dissolve in the cerebrospinal fluid of the
brain. Diffusion chambers according to various embodi-
ments are shown in Figs. 2e1 to 2I, which show diffusion
chambers 300 (Figs. 2e1-2ef2), 301 (Fig. 2g1), 302 (Fig.
2g2), 300a (Figs. 2h1-2h4), 300b (Figs. 2i1, 2i2), 300c
(Fig. 2j1-2j6), 300d (Figs. 2k1-2k4), 300dl (Figs.
2k5-2k7), and 300e (Fig. 2I). In one or more embodi-
ments, portions of the apparatus (e.g., the distal portions
including the diffusion chamber) have sufficient flexibility
to conform to the shape of the ventricles of the brainwhen
advanced into them. Also, such portions desirably have
sufficient flexibility so as to not cause deformation of the
surface of the ventricles sufficient to cause a significant
physiological effect such as a decrease in CSF produc-
tion, loss of consciousness, vomiting, numbness, etc.
[0034] Also, many embodiments provide an apparatus
system and a method not forming part of the invention
for the intracranial delivery of one or more drugs to var-
ious regions within the brain. Such drugs may be so de-
livered to prevent or reduce the duration of an epileptic
seizure, migraine headache or other neurological condi-
tion by preventing, slowing or reducing the duration of
aberrant neurological activity and/or a wave of cortical
spreading depression.

[0035] In an example, an apparatus is implanted at
least partially in the brain that includes suitably oriented
electrode members that are configured to be able to de-
tect and locate the direction of aberrant neural-electric
activity in the brain. Specific not forming part of the in-
vention can detect and interpret an electric field gener-
ated by a foci or other origin of aberrant neural-electric
activity. In an embodiment, such information is deter-
mined and interpreted as a marker to the onset of an
epileptic seizure or other neurological event or condition.
[0036] The marker of the onset of an epileptic seizure
or other neurological event or condition can be used to
control the delivery of a therapeutically amount of a drug
such as an ion co-transporter antagonist to block, slow
or reduce the duration of the aberrant neuro-electric ac-
tivity and/or the duration a wave of cortical spreading
depression so as to prevent or reduce the duration of the
seizure. The ion co-transporter antagonist may corre-
spond to a cation-chloride co-transporter antagonist. Still
more specifically, the cation-chloride co-transporter an-
tagonist may correspond to a loop diuretic such as furo-
semide and/or its analogues and derivatives.

[0037] Still further, embodiments described herein pro-
vide for detection of aberrant neural-electric activity
(ANEA) in a brain of a patient that is likely to cause an
epileptic pre-seizure event or a seizure event. An electric
field that is caused or otherwise associated by the ANEA
is detected from inside the brain or skull of the patient.
An electric field vector characteristic is determined from
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the electric field. The electric vector is interpreted as be-
ing a marker to epileptic pre-seizure event or seizure
event. The marker may correspond to a characteristic
that is likely to be a precursor to the seizure. According
to one or more embodiments, detecting the electrical field
may be in form of detecting voltage (or current) on elec-
trodes that are in the skull or brain at the time of ANEA.
The marker may be then used to deliver a therapeutically
effective dose of a drug.

[0038] Referring now to Figs. 1-3 the invention pro-
vides for an apparatus 10 for detection of aberrant neural-
electric activity (ANEA) and/or cortical spreading depres-
sion. System 5 comprises apparatus 10 and a control
module 80 described herein. Apparatus 10 includes an
introducer 20 having one or more lumens 25, a reference
electrode 35 and a plurality of electrode members 30
which are advanceable in lumens 25 to be deployed into
brain tissue. Electrode members 30 have a non-deployed
state when positioned in the introducer and a deployed
state when advanced out of the introducer. In the de-
ployed state, the electrode members can have a bent
shape 30B. This bent shape can be used to define a
detection volume DV for detection of a Foci F of ANEA.
[0039] Introducer 20 has proximal and distal ends 21
and 22 and is configured to be inserted into the skull S
of a patient so as to position the electrode members 30
at a target tissue site TS in the brain B. Proximal end 21
can be configured to be coupled to one or more electrical,
fluidic or other connectors 40. Examples of electrical con-
nectors 40 can include standard connectors such as USB
and Firewire connectors and can be configured to be
coupled to external processors, A/D converters and like
circuitry. Connectors 40 can also comprise a communi-
cation port such as an RF or infrared port. In many ex-
amples connector 40 is configured to be coupled to ex-
ternal control module 80. In these and related examples
connector 40 can be coupled to module 80 via a con-
necting member 45 which can include electrical wiring
and one or more lumens 46 for delivery of fluids including
drug containing fluids as well as solid. In one or more
examples, member 45 may correspond to a catheter,
such as a type used for CSF shunts and may be config-
ured to be implanted subcutaneously under the patient’s
scalp.

[0040] The introducer 20 can be configured to be di-
rectly introduced into brain tissue through an opening O
in the skull S, or it can be introduced via means of a plug
or other skull portal device 60 such as a burr hole plug
61 which is configured to be placed and secured into a
burr hole BH (as shown in Figs. 2a and 2b). Typically,
plug 60 includes a locking device 62 such as a clamp or
other fixation mechanisms which locks or fixes introducer
20 to the plug 60 so that introducer 20 does not move
after insertion. Introducer 20 can also be stabilized by a
flange 64 on plug 60 (or other suitable structure or mech-
anism). One or more of the plug, introducer or locking
device can contain a sensor 63 to detect movement of
the introducer or otherwise detect an unlocked state of
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the introducer or if it has otherwise become loose. Suit-
able sensors 63 include contact sensors, hall effect
switches, accelerometers and like devices. Sensors 63
can be coupled to circuitry in control module 80 discussed
herein to alert the patient or medical care giver if intro-
ducer 20 is no longer in a fixed state. This circuitry can
include various filters (e.g., low pass, high pass, etc.) to
filter out movement attributed to normal head and body
motion from movement attributed to the loosening of in-
troducer 20 from the locking device 62.

[0041] Distalintroducer end 22 may be configured with
a tapered, or other related shape and can be tissue pen-
etrating to facilitate introduction into brain tissue. The in-
troducer may also be configured to track over a guide
wire (not shown) which is advanced through a lumen 25
so as to facilitate placement of the distal end 22 at a
selected target tissue site TS in the brain. Placement at
the target site TS can also be facilitated by use of one or
more radio-opaque or echogenic markers 26 which can
be positioned at one or more locations on the introducer
including distal end 22. Markers 26 allow the introducer
to be advanced under fluoroscopic observation or other
imaging modality. All or a portion of introducer 20 can
comprise various biocompatible polymers known in the
art including without limitation polyethylene, PET,
PEBAX, PTFE, silicone, polyurethane and combinations
thereof. These materials can also comprise one more
radio-opaque materials known in the art including titani-
um dioxide.

[0042] As shown in greater detail by Fig. 3, introducer
20 includes one or more lumens 25, which can be con-
figured for advancement of electrode members 30,
guide-wires, viewing scopes, lights sources and like de-
vices. Lumens 25 can also be configured for providing
suction as well as infusion of various solutions including
one or more medicaments solutions (e.g., a solution con-
taining a loop diuretic such as furosemide) for treatment
of epilepsy, migraine and other brain related conditions
and diseases. Each lumen 25 can also include a port 27
positioned at distal portion 20dp of introducer to allow for
the passage of electrode member 30, as well as fluids
and medicaments. In many embodiments, the introducer
can include separate lumens 25 for each electrode mem-
ber 30. This allows for independent advancement of elec-
trode members 30. As is discussed herein, in many em-
bodiments, the distal portion of members 30 can include
abend or curve 30b. This can be achieved by configuring
the distal portion 25d of lumens 25 to have an internal
bend 25b which can correspond to the amount of desired
bend in member 30. In various embodiments, the angle
25ba of bend 25b can be in the range from 20 to 90°,
with specific embodiments of 30, 40, 45, 50, 60, 70 and
80°.

[0043] Referring now to Figs. 4A, 4B, 4C and 5, one
or more examples provide that all or portion of electrode
members 30 are advanceable in a single lumen 25. In
these and related embodiments, the bend 30b in mem-
bers 30 can be achieved through use of a deflector 50
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which deflects the electrode members as they are ad-
vanced out of the introducer. Typically, deflector 50 will
be positioned in distal portion 25dp of lumen 25 but it can
also be positioned in other locations as well. Deflector
50 comprises a series of individual channels 51 which
direct electrode members 30 at a selected angle to
achieve the desired amount of bend. Typically, the de-
flector will include at least three channels 51 with addi-
tional numbers are also contemplated. Desirably chan-
nels 51 are radially equally distributed about the longitu-
dinal axis 201 of the introducer (e.g., for three members
they may be approximately 120° apart). Also, they may
formed in the body 52 of the deflector 50 and run along
the length of the deflector from the proximal 53 to distal
portions 54 of the deflector. The proximal end 55 of the
deflector is desirably shaped to deflect electrode mem-
bers 30 into the channels 51 as they are advanced
through lumen 25. Also channels 51 are desirably sized
so that only one electrode member 30 will fit into a chan-
nel. In use, these two features confer a self guiding ca-
pability to the deflector 50 so that the user can separately
or collectively advance the desired number of electrode
members 30 into the introducer and have them be guided
into separate channels 51. In other embodiments, chan-
nels 51 can themselves be deflectable (e.g., through the
use of piezo electric or other like materials which can be
deflected by electric current) so that user can select and
even modify the amount of bend in the deployed mem-
bers 30. In use, such a feature would allow the user to
change the amount of bend in members 30 while observ-
ing their position under fluoroscopic or other imaging mo-
dality so as to achieve and confirm a desired orientation
of the electrode members. Such a feature would also
allow the medical care giver to change the direction and
orientation of members 30 so as to optimize or tune their
detection capabilities to detect a foci F of ANEA in a par-
ticular area of the brain.

[0044] Referring now to Figs. 6a, 6b, 7a, 7b, 8a, and
8b, one or more examples provide that electrode mem-
bers 30 have a non-deployed state when positioned in
the introducer (as is shown in Fig. 6a) and a deployed
state when advanced out of the introducer as shown in
Fig. 6b. In the deployed state, the electrode members
have an orientation which can detect a foci F of aberrant
neural-electric activity. In one example this is achieved
by configuring the electrode members to have a substan-
tially orthogonal orientation with respect to each other.
More specifically, with respect to the longitudinal axis 301
of each electrode member, so that the angle 30a between
electrode members is approximately 90° so as to define
a three dimensional Cartesian coordinate axis system
which corresponds to a detection volume DV as shown
in the embodiments of Figs 7a and 7b. As will be dis-
cussed herein, this configuration allows the electrode
members to measure voltages produced by an electric
field EF generated by Foci F so as derive the electric field
vector E including the direction and magnitude of the vec-
tor. For orthogonal orientations, the defined detection vol-
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ume DV is substantially tetrahedral is shown in the em-
bodiment of Fig. 7b. Other orientations defining other de-
tection volumes DV are also contemplated such as var-
ious polyhedral shapes. For example, four electrode
members can be configured to define a substantially py-
ramidal detection volume. Still additional numbers of
electrode members such as six or more can be config-
ured to define a detection volume which approaches a
substantially conical shape.

[0045] Inthe non-deployed state within the introducer,
electrode members 30 are in a compacted state and sub-
stantially straight. As electrode members 30 are ad-
vanced out of distal end 22 they become distended so
as to define a volume DV for detection of Foci F. The
electrode members may include a bent shape 30b when
advanced outof introducer 20. This can be accomplished
by fabricating the electrode members to have spring
memory to assume the bent shape 30b when advanced
out of introducer 20. The bent shape 30b can also be
accomplished by advancing the electrode members
through bent lumens 25 or a deflector 50 as is described
herein. The angle 30ba of the bend 30b can be in the
range from 20 to 90°, with specific embodiments of 30,
40, 45, 50, 60, 70 and 80°. Bend 30b can be substantially
abrupt as is shown in the embodiment of Fig. 8a or can
have a selected amount of curvature to confer a curved
shape 30c to the deployed portion 30dp of the electrode
member as is shown in the embodiment of Fig. 8b.
[0046] Referringnowto Figs.9, 10a,and 10b, typically,
the electrode members 30 will comprise a conductive
core 32 and an outer insulating sleeve or jacket 33 ex-
tending along most of the length of the electrode member
so that the only tissue contacting conductive portion 34
of the electrode member is the distal end 30de. The
length 341 of the conductive portion 34 will be 1mm or
less, though longer portions are also contemplated. In
one or more embodiments, the length is in the range from
about 0.75 to about 0.25 mm. The insulating sleeve 34
can comprise various insulating biocompatible polymers
known in the art such as silicone and polyurethane.
Sleeve 34 can also have lubricous properties to facilitate
advancement of the electrode members into tissue. Also,
sleeve 34 can contain various drug eluting compounds
known in the art to reduce bio-adhesion to the sleeve
(both cells and molecules). The conductive core 32 of
the members 30 can be fabricated from various biocom-
patible conductive materials known in the art including
metals and conductive polymers and like materials. An
example of a suitable metal includes 304V steel. In pre-
ferred embodiments, members 30 comprise a shape
memory material such as NITINOL. For particular shape
memory embodiments, the advanced electrode mem-
bers 30 can assume their deployed state as they are
warmed by the brain tissue above the transition temper-
ature of the selected shape memory material.

[0047] The distal ends 30de of the electrode members
may have a pointed or other tissue penetrating shape to
facilitate advancement into tissue. Also, desirably, elec-
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trode members 30 have sufficient stiffness to be ad-
vanced into tissue, but are sufficiently flexible to assume
a curved shape when advanced out of the introducer.
The stiffness and flexibility can be achieved by selection
of the member diameter, material and material treatment
(e.g., annealing) as is known in the medical guide-wire
arts. In various embodiments, the diameter 30d of the
electrode members can be in the range of 0.0005 to
0.018" with specific examples of 0.001, 0.005, 0.010 and
0.015". Typically, the electrode member 30 will be solid
asis shownin Fig 10a; however, in various embodiments,
members 30 may have a lumen 31 as is shown in the
embodiment of Fig 10b. Lumen 31 can be used for in-
tracranial delivery of one or more medications including
both solid and liquid form medications. In such embodi-
ments, members 30 can be fabricated from various hy-
potubes known in the art. Also in various embodiments
members 30 may also include one or more sensors 30s
for measuring various tissue properties which may be
predictive of seizure or pre-seizure events. Accordingly,
such sensors can include without limitation, pH, temper-
ature, pO,, pCO,, glucose, and other biochemical related
sensors. Measurements from such sensors can be com-
bined with voltage/electric field vector measurements as
means for determining pre-seizure and seizure events.

[0048] Referring now to Figs. 11-12, the deployed por-
tions 30dp of the electrode members 30 (i.e., that pro-
jecting out of the introducer 20) can have a substantially
orthogonal orientation such that each electrode member
30 is oriented with an axis A of a Cartesian coordinate
system CCS. The origin Or of the axes corresponds to
the position of reference electrode 35 which typically will
be at the distal end 22 (Fig. 6a) of introducer 20. This
results in an x, y and z electrode member 30x, 30y and
30z. Each of these oriented electrode members project
a selected distance 1 past reference electrode 35 result-
ing in distances |, I, and I, which in preferred embodi-
ments are substantially the same. The electric field EF
(Fig. 7b) generated by Foci F results in voltages V,, V,
and V, at respective electrode members 30x, 30y and
30z. The actual voltage being due to the potential differ-
ence between tissue contacting conductive portion 34
and reference electrode 35 which is typically positioned
near introducer distal end 22). In many embodiments,
electrode members 30x, 30y and 30z can share a com-
mon reference electrode 35 or each may have its own.

[0049] A discussion willnow be presented of the math-
ematical methods used to calculate the components of
the electric field vector E generated by a foci F of abnor-
mal neural-electric activity and the subsequent direction
D of foci F relative to the distal end the introducer. These
and other related methods along with equations 1-6 can
be incorporated into algorithms 83 described herein. Re-
ferring now to Figs. 11-13 and equations 1-6 below, elec-
tric field vector E has a magnitude E having scalar com-
ponents E,, E, and E, and angular directions 6 and ¢.

Measurement of voltages V,, V, and V, by electrode
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members 30x, 30y and 30z allows calculation of E,, Ey
and E, using equation (1), the magnitude of the vector E

can be calculated by equation (2). Equations 4-6 allow
determination of the direction of vector E relative to origin
Or (and hence the direction relative to introducer distal
end 22) by virtue of determination of angles ¢, and 6.
Determination of this direction, then allows determination
of the direction D of Foci F (relative to introducer distal
end 22) from which vector E emanates.

(1) Ex=Vy/ly, E,=Vy/l, and E,= VI,

2) |E|= EI+ES+EN”

3) coso=(E, /|E|)
4) ¢@=cos' (E,/|E|)

| E | * sin p*cos 0

()

(6) O=cos” (|E|*sing)/Ey

[0050] Referring now to Fig. 14-15, apparatus 10 can
be coupled to a control module 80 (see FIG. 1) (herein-
after module 80) that is configured to perform one or more
functions. These can include storage and analysis of sig-
nals received from electrode members 30, sensors 63,
detection of a pre-seizure or seizure event, alerting the
patient and medical care provider of an impending sei-
zure and control of various interventional actions to pre-
vent a seizure including drug delivery and electrical stim-
ulation of brain tissue. Module 80 can include one or more
processors, state devices, circuits (e.g., power control,
filters, etc.) alarms, batteries and other power storage
devices. It can also include one or more communication
resources 110 such as an RF communication chip for
wirelessly communicating with external medical monitor-
ing instrumentation using MICS or other medical wireless
communication protocol. Module 80 may also be coupled
to or include an integral drug delivery device 90 as well
as brain stimulator 100 described herein. Control module
80 can be worn by the patient or may be configured to
be implanted subcutaneously in the head and neck area
(as shown in Figs 2a) or other area in the body.

[0051] Module 80 will typically include atleast one con-
troller 81 which can comprise various logic resources 82
such as a processor, state device or a combination of
both. Processor 82 can be off-the-shelf (e.g., such as
those manufactured by Intel® or Texas Instruments®) or
can comprise a custom chip such as an ASIC. Controller
81 may include one or more algorithms 83 which can be
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implemented through software, hardware or a combina-
tion of both. For software implementation, algorithms 83
can be stored in memory resources 84 (e.g., ROM, RAM,
DRAM, eftc) integral or coupled to logic resources 82.
Algorithms 83 can be configured to perform a number of
functions including without limitation: processing and
storage of signals 39 received from electrode members
30; sensors 30s or 63, calculation of the components of
an Electric Field vector E including the magnitude and
direction D of the vector, detection of one or more of
ANEA, a pre-seizure or seizure event; alerting the patient
and medical care provider of an impending seizure and
communicating with external medical monitoring instru-
mentation; and control of various interventional devices
and actions to prevent a seizure such as drug delivery
and electrical stimulation of brain tissue. As is described
herein, various detection algorithms 83 can be configured
to generate a detection score indicative of whether a pre-
seizure or seizure event is occurring. Algorithms 83 can
be configured to include one or more signal processing
algorithms known in the art such as Fast Fourier Trans-
forms, wavelet, fuzzy logic and like algorithms.

[0052] In many embodiments not forming part of the
invention, module 80 includes a stimulator device or stim-
ulator 100 configured to send an inhibitor signal 101 via
electrode members 30 (or other implanted electrode) to
preventthe onset of a seizure or stop an occurring seizure
or otherwise reduce its duration. Stimulator 100 will typ-
ically comprise power control and charging circuitry and
a discharging capacitor or other dischargeable power
voltage source. It can also include various pacing and/or
signal processing circuits to as to provide a duty cycle of
inhibitory signals over an extended period of time.
[0053] Drug delivery device 90 can comprise one or
more drug pumps known in the artincluding for example,
displacement pumps (e.g., a piston pump), peristaltic
pumps, screw pumps and like devices. It can be minia-
turized for implantation in the head or neck area of the
patient (e.g., at the base of the skull as shown in Figs 2a
and 2c) or other portion of the body. Miniaturized pumps
can comprise MEMs and/or bubble jet based miniature
pumps. Also device 90 can be configured for one or both
of intracranial or IV delivery. For intracranial delivery de-
vice 90, can be fluidically coupled to one or more lumens
25 of introducer 20 via connectors 40 and 41 so as to
deliver the drug (either in liquid or solid formO through
lumen 25 and/or through lumens 31 of hollow embodi-
ments of electrode members 30. Connectors 40, 41 can
include luer-lock, connectors, Touhy Borst adapters and
other like devices. Delivery device 90 can also be con-
figured for the delivery of liquids, solids or both. For liquid
delivery, the device 90 can use one or more of displace-
ment, rotary or peristaltic pumping devices. For solid de-
livery, a miniature screw pump can be used with other
solid form delivery mechanisms contemplated. Typically,
the device 90 will also include a reservoir 95 containing
of one or more medicaments 96 (also referred to herein
as medication 96) which may comprise solid, liquids, or
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both. Whatever the form, reservoir 95 desirably contains
a plurality of doses of medication 96 sufficient for a pro-
longed time period. For embodiments where medica-
ment 96 is in solid form, reservoir 95 may contain up to
500 or more doses of medication 96. Reservoir 95 can
also be separate from delivery device 90 though still cou-
pled to it (e.g., fluidically or otherwise) via a catheter or
like connecting member. In the later case, the reservoir
95 can be implanted subcutaneously or can even be po-
sitioned external to the body to allow for easier replen-
ishment of drug (e.g., via injection through the skin). De-
livery device 90 is also desirably configured to be con-
trolled by signals 87 from module 80 and controller 81.
Reservoir 95 can also include one more sensors 97 con-
figured to sense the amount of drug (liquid or solid) re-
maining in the reservoir as to alert the patient or doctor
when the reservoir needs to be replenished.

[0054] In one or more not claimed embodiments, the
invention may provide a drug delivery system 105 shown
in the embodiment of Fig. 2¢ for the intracranial delivery
of one or more drugs to various regions within the brain
such one or more ventricles within the brain (various com-
ponents of system 105 which may correspond in or more
aspects to system 5). Such drugs may include those for
the treatment of one or more neurological conditions such
as epilepsy, migraine headaches and depression. Ac-
cording to one or more embodiments not being part of
the invention, system 105 comprises a drug storage and
delivery device 130 coupled to a drug delivery member
120 as is shown Figs 2c and 2d. Delivery member 120
has a proximal end 121 coupled to device 130 and a
distal end 122 positioned at or near a delivery site DS in
the brain B, such as the ventricle V or other location. The
delivery member 120 may correspond to connector 45
and drug storage and delivery device 130 to device 90
and/or 80. As discussed further herein, storage and de-
livery device 130 is configured to be implanted subcuta-
neously, typically in the back or side of the patient’s head
or other location in or one the patient’s body. Delivery
member 120 desirably has sufficient length to extend
from the back of the patient’'s head/skull or other implant
location into the patient’s brain to reach a delivery site
DS including a site within a deep brain region of the brain.
Further description of various drug delivery apparatus,
systems and methods which may be used in one more
embodiments of the invention may be found in U.S Patent
Application Serial Nos. 13/645,344 and 13/681, 825.
[0055] The drug delivery member 120 will typically
comprise a catheter 120 or other like flexible member
having one or more lumens 123 which have an internal
diameter sized for delivery of solid form drug 200 such
as drug pellet 200 to a delivery site DS in the brain such
as a ventricles in the brain. All or a portion of catheter
120 can be configured to be subcutaneously implanted
under the patient’s scalp so that it can extend from device
130 to delivery site DS in the patient’s brain. Accordingly,
catheter 120 may comprise any number of biocompatible
resilient polymers known in the art (e.g., silicone, PeBax,
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polyurethane, polyethylene (e.g., HDPE, LDPE), etc.)
and may be formed using various extrusion methods also
known in the art. Further, the catheter may be sized (e.g.,
diameter) and otherwise configured (e.g., from resilient
biocompatible materials) so that when implanted under-
neath the patient’s scalp, it is minimally visible and/or
does not impact hair growth or condition of the scalp.
Further, the portions of catheter 120 which are implanted
within the brain, including distal tip 120d are configured
and otherwise structured to be atraumatic and unreactive
with brain tissue. Such materials for the brain implanted
portions of catheter 120 caninclude various silicones and
polyurethane polymers. In one more embodiments, all or
a portion of catheter 120 may be constructed from similar
materials as those used in cerebral-spinal shunts.
[0056] In many examples, the drug delivery system
105 further comprises a diffusion chamber 300 coupled
to the distal end 122 of the drug delivery member or cath-
eter 120 as shown in Figs. 2e1-2e4. The drug delivery
member 120 can be delivered into the brain such that
the diffusion chamber 300 is positioned in a selected ven-
tricle(s) of the brain. As described herein, the diffusion
chamber 300 may facilitate the controlled release of drug
into the CSF present in the ventricles of the brain. Fur-
thermore, the diffusion chamber 300 and the drug deliv-
ery member 120 may have sufficient flexibility such that
during advancementinto the brain, the diffusion chamber
300 and at least the distal portions of the drug delivery
member 120 can conform to the shape of the ventricle
to which they are delivered. By conforming in such a man-
ner, the delivered diffusion chamber 300 and drug deliv-
ery member 120 do not deform the ventricular walls of
the brain sufficiently to cause any significant physiolog-
ical effects. The flexibility of the diffusion chamber 300
or the drug delivery member 120 or both can allow the
diffusion chamber 300 to deform up to 30 degrees or
more when advanced against a ventricular surface. Typ-
ically, the delivered diffusion chamber 300 and drug de-
livery member 120 do not deform the ventricular walls of
the brain by more than 3 mm and applies no more than
about 20 mmHG of pressure to the ventricular wall.
[0057] The diffusion chamber 300 and the drug deliv-
ery member 120 can be configured such that they may
deform sufficiently to be advanced through the ventricular
anatomy of the brain to reach a selected ventricle. For
clarity, the ventricular anatomy of the brain is described
in a section below with reference to Fig. 19. The selected
ventricle can include any of the major ventricles of the
brain, including for example, the left ventricle LV and the
right ventricle RV (including their inferior and posterior
horns), the third ventricle TV, and the fourth ventricle FV.
Also, during such advancement and positioning, the flex-
ibility of the catheter 120 and the diffusion chamber 300
can be desirably configured such that they do not deform
a ventricular wall of the brain sufficiently to cause any
significant physiological effects. These physiological ef-
fects may include a decrease in the production of CSF
(e.g., below 21 ml/hr, preferably below 20 mi/hr) or a neu-
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rological effect such as a loss of consciousness, pain or
numbness, vomiting, change in heart or respiration rate,
etc.) CSF production can be measured using spinal tap
procedures and/or various imaging modalities.

[0058] Referring back to Fig. 2e1, the diffusion cham-
ber 300 may comprise a flexible tube having one end
attached to the open distal end of the catheter and its
distalend 310 closed. The diffusion chamber 300 defines
an inner volume or lumen 315 into which medication, for
example in the form of a medication or drug pellet 200,
may be placed and retained. When placed in the ventri-
cles of the brains, CSF can diffuse into the inner volume
310 through holes or other openings 305. The CSF can
dissolve the medication. The CSF with medication dis-
solved therein can then diffuse out through the same
holes 305. In some embodiments, the interior wall of the
inner volume 315, including the openings into the holes
305, is lined with a membrane that would regulate the
diffusion rate of the drug.

[0059] When advanced through the brain, the diffusion
chamber 300 and the catheter 120 may become bent or
curved. Therefore, in some embodiments, the catheter
120 may further comprise an inner lining of coiled wire
120s to help maintain the patency of the catheter 120
(Figs. 2e2, 2e3), particularly when the catheter 120 is put
into a bent or deformed position, such as when it con-
forms to the shape of a ventricle. The wire lining 120s
can allow a medication or drug pellet 200 to be delivered
to the diffusion chamber 300 even when the catheter 120
is deformed or bent. The diffusion chamber 300 may be
made of any number of flexible materials, including PE-
BAC and various elastomers such as silicones and poly-
urethanes and co-polymers thereof. Other embodiments
may employ various superelastic metals known in the
art, such as Nitinol.

[0060] As shown in Figs. 2e1 and 2e4, there can be
four rows of eight holes 305 each for a total of thirty-two
(32) holes 305. Each row is offset 90 degrees away from
the adjacent rows. More or less holes 305 may be pro-
vided depending on the length and width of the diffusion
chamber or to achieve a desired CSF diffusion rate, drug
diffusion rate, or drug disintegration rate. For example,
there may instead be two rows of sixteen holes or slits
each, with each row being offset 180 degrees away from
each other. The size of the holes 305 may vary from
0.004 inch (0.1 mm) diameter to 0.02 inch (0.5 mm) di-
ameter. The diffusion chamber 300 may have an internal
diameter of 0.04 to 0.10 inches (1 to 2.5 mm), and outer
diameter of 1.5 to 4.5 mm, and be 2 to 20 mm in length.
[0061] Instead of holes 305, slits 306 may be provided
on the diffusion chamber 300 instead (Fig. 2f1, 2f2). Like
the holes 305, the slits 306 may be distributed in multiple
rows, with more or less slits 306 per row depending on
the length of the diffusion chamber 300. The slits may
have a width in a range of about 0.1 to 0.5 mm and a
length in the range of about 0.25 to 5 mm.

[0062] The diffuser or diffusion chamber may be a wire
basket or cage 301 coupled to the distal end 122 of the
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catheter 120 (Fig. 2g1). This wire basket or cage 301
would hold a medication pellet and allow CSF to rapidly
flush the medication into the CSF in the ventricles of the
brain. The winding of the wire basket or cage 301 may
be configured to allow sufficient space for the CSF to
weep in and the drug solution to weep out. The wire bas-
ket or cage 301 may be constructed from titanium,
MP35N®, 35NLT®, or 316L stainless steel. The wire size
could range from 0.002 to 0.006 inches (0.05 to 0.15 mm)
in diameter. The inside diameter of the wire basket 300
could be from 0.04 to 0.10 inch (1 to 2.5 mm) and the
wire basket 30 could be from 0.08 to 0.8 inch (2 to 20
mm) in length.

[0063] The diffuser, diffusion chamber, or diffusion
section may also comprise various porous materials. For
example, the diffuser may comprise a closed-ended tube
302 coupled to the distal end 122 of the catheter 120 as
shown in Fig. 2g2. The diffuser 302 may have a flexibility
such that it can conform to the ventricles of the brain
(e.g., the shape or contour of the ventricular wall) without
causing any significant physiological effects much like
the other diffusion chambers described herein. The dif-
fuser 302 may in some examples comprise a number of
holes or slits or may in other embodiments simply be
uniform throughout its exterior. The various porous ma-
terials which may comprise the diffuser 302 can comprise
any number of porous biomaterials such as various pol-
ymeric fiber materials such as polyethylene teraphalate
(PET) or Nylon. In preferred embodiments of a porous
diffuser 302, the diffuser may be fabricated from Dacron,
such as a Dacron mesh, which can be either woven or
knitted. The size and porosity of the porous material can
be selected to allow CSF to seep or diffuse in or out of
the diffuser at a selected rate to in turn achieve a selected
rate of disintegration of the drug pellet and/or rate of dif-
fusion of drug from the diffuser 302. The size and porosity
for achieving this can be determined using various po-
rosity measurement techniques known in the art. Accord-
ing to one or more embodiments, the porous section can
have a uniform porosity so as to wick in CSF and diffuse
out drug solution uniformly from substantially the entire
area of the diffuser 302. The diffuser 302 can be fabri-
cated from porous materials having varying porosity so
as to preferentially wick in CSF and weep out drug solu-
tion from specific portions of the diffuser.

[0064] Figs. 2h1, 2h2 show side views of a diffusion
chamber 300a. The diffusion chamber 300a may be sim-
ilar in many respects to the diffusion chamber 300 de-
scribed above, including being made of similar materials
and having similar dimensions, components, conforma-
bility, and other properties. In these and related examples
the diffusion chamber 300a further comprises an elon-
gated proximal portion 320 which is mounted onto the
distal end 122 of the drug delivery member or catheter
120 as shown in Figs. 2h3, 2h4.

[0065] Figs. 2i1, 2i2 show side views of a diffusion
chamber 300b. The diffusion chamber 300b may be sim-
ilar in many respects to the diffusion chamber 300a de-
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scribed above, including being made of similar materials
and having similar dimensions, components, conforma-
bility, and other properties. The diffusion chamber 300b,
however, has a shorter distal drug diffusion portion as
certain ventricles may not be enlarged enough to require
alonger distal drug diffusion portion. The diffusion cham-
ber 300b comprises three rows of three holes 305 each.
The inner volume 315 of the diffusion chamber 300b may
allow for approximately three medication pellets of 1.5
mm in length. The size of the hole may be 0.010 inches,
which is approximately a quarter of the diameter of the
intended pellet, so that the pellet will not prematurely exit
the diffusion chamber 300b.

[0066] Figs. 2j1, 2j2 show side views of a diffusion
chamber 300c. The diffusion chamber 300c may be sim-
ilar in many respects to the diffusion chamber 300b de-
scribed above, including being made of similar materials
and having similar dimensions, components, conforma-
bility, and other properties. The diffusion chamber 300c
further comprises a lower-profile, necked portion 321 on
the proximal portion of the distal drug diffusion portion,
adjacent to where the diffusion chamber 300c¢ joints the
catheter 120. The necked portion 321 may allow the dif-
fusion chamber 300c to bend and flex or otherwise de-
form to the shape of the ventricles or other structure within
the brain as well as provide for other flexible properties
described herein. For example, the necked portion 321
may allow the distal tip to bend at an angle of up to 30
degrees as shown in Fig. 2j3. In another example, Figs.
2j4 to 2j6 also show the diffusion chamber 300c bending
as it is inserted into the lateral ventricle LV of a patient.
The neck portion 321 facilitates the diffusion chamber
300c conforming to the shape of the lateral ventricle LV,
whether the diffusion chamber 300c remains straight
(Fig. 2j4), is bent one way (Fig. 2j5), or is bent the other
way (Fig. 2j6).

[0067] Figs. 2k1, 2k2, 2k3, and 2k4 show a diffusion
chamber 300d. The diffusion chamber 300d may be sim-
ilar in many respects to the diffusion chamber 300c de-
scribed above, including being made of similar materials
and having similar dimensions, components, conforma-
bility, and other properties. The elongated proximal por-
tion 3209 of the diffusion chamber 300d is grooved as
bestshownin Fig. 2k1 (side-view of the diffusion chamber
300d), Fig. 2k3 (front view of the diffusion chamber 300d),
and Fig. 2k4 (cross-sectional view of diffusion chamber
300d taken across lines 2k4). As shown in those figures,
the diffusion chamber 300d comprises eight grooves or
channels 323 distributed evenly about the circumference
of the diffusion chamber 300d, although other numbers
of grooves are contemplated as well. The grooves or
channels 323 facilitate the flow of CSF into and out of
the diffusion chamber 300g, allowing more dissolved
drug to migrate into the cerebral cortex. The grooves or
channels 323 on the elongated proximal portion 320g
may also extend back to the catheter 120 to facilitate
transport of drug proximally through the channels 323 to
reach more superficial areas of the brain including sur-
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face areas of the brain such as the motor cortex. Trans-
port may occur by diffusion of the drug through channels,
and/or by flow of the drug solution through the channels
(e.g., by capillary action or other flow phenomena.) The
grooves or channels 323 may be treated with various
coatings to promote or enhance capillary flow through
the channels 323 in a proximal direction along the cath-
eter 120. In use, such channels 323 provide a means for
delivering drug to not only the CSF in the ventricles of
the brain, but also to other selected areas of brain tissue.
This dual site delivery can provide the benefit of produc-
ing a centralized (e.g., to CSF in the ventricle) and more
localized delivery of drug to treat one or more neurolog-
ical conditions such as epilepsy where itmay be desirable
to deliver to two or more sites in the brain.

[0068] The grooves or channels 323 may also be dis-
posed adjacentto the holes 315 of the diffusion chamber,
for example as shown in diffusion chamber 300dl in Figs.
2k5, 2k6. The diffusion chamber 300dl may be similar in
many respects to the diffusion chambers described
above, including being made of similar materials and hav-
ing similar dimensions, components, conformability, and
other properties. The grooves or channels 323 in diffu-
sion chamber 300dl can help maintain the diffusion of
the drug or drug solution from the diffusion chamber 300d|
when the diffusion chamber is otherwise in close prox-
imity to the ventricle wall, which may otherwise block dif-
fusion out of the diffusion chamber 300d1. The grooves
or channels 323 may be slots, curved channels, or
square-shaped channels. In some embodiments, the
grooves or channels may be oriented with respect to a
longitudinal axis of the diffusion chamber as in Figs. 2k5,
2k6, but may also have aradial (Fig. 2k7) or other orien-
tation or combination of orientations. In a particular em-
bodiment, the grooves or channels 323 may correspond
to convolutions in the walls of the diffusion chamber
300dl, preferably having longitudinal orientation. The
convolution may have a sine wave or similar shape with
troughs in the sine wave corresponding to the channels
323.

[0069] Fig. 2l shows another embodiment of a diffusion
chamber 300e. The diffusion chamber 300f is similar in
many respects to the diffusion chamber 300 described
above, including being made of similar materials and hav-
ing similar dimensions, components, conformability, and
other properties. The diffusion chamber 300f may also
have further components, one or more of which may be
included in any one of the embodiments of diffusion
chambers described herein. The diffusion chamber 300e
may further comprise a tubular membrane 325 separat-
ing a medication or drug pellet 200 in the internal volume
315 from the openings to the holes 305. This tubular
membrane 325 may limit and control the rate of diffusion
of the medication from the medication or drug pellet 200
into the CSF. The tubular membrane 325 may be made
of polyimide. The diffusion chamber 300e may further
comprise one or more release or burp valves 330. The
release or burp valves 330 may comprise slits cut into
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the body of the diffusion chamber 300e. The release or
burp valves 330 open when the pressure differential be-
tween the internal volume 315 of the diffusion chamber
300e and the exterior of the diffusion chamber 300e rises
above a threshold value. Accordingly, the release or burp
valves 330 can prevent pressure within the internal vol-
ume 315 from building up to a level where diffusion is
impeded. The diffusion chamber 300c may further com-
prise a septum valve 340. The septum valve 340 is dis-
posed on the proximal portion of the diffusion chamber
300e. The septum valve 340 will typically be elastic and
self-closing. The septum valve 340 comprises a slit which
can allow a medication or drug pellet 200 to be introduced
into the internal volume 315 while preventing fluid, such
as CSF and CSF mixed with the medication, from exiting
proximally into the catheter 120.

[0070] Device 130 includes a housing 131 having ex-
terior surface 132 and interior space 133 (also referred
to as interior 133). The housing also includes a port 135
for coupling to catheter 120. The housing may be fabri-
cated from one or more biocompatible materials including
one or more biocompatible polymers such as ABS, PE,
PET; and metals such as titanium. Surface 132 may also
be coated with or otherwise comprise one or more com-
patible materials including for example, silicone, poly-
urethane or PTFE. Housing 131 may be sized and
shaped to be positioned in any number of locations in
the head, neck or other area in or one the patient’s body.
In preferred embodiments, the housing is sized, shaped
and otherwise configured to be implanted at the base of
the patient’s skull or nearby area.

[0071] Device 130 contains a drug store 140 having a
plurality of doses 200d of medication 200 which are typ-
ically positioned within housing 131. Medication 200
comprises a drug other therapeutic agent 210 for treat-
ment of a neurological condition and one or more excip-
ients 220 as is described in further detail herein. Doses
200d may comprise solid and/or liquid-form medication
elements 201. An example of the former can include a
medication pellet and an example of the latter a liquid
filled capsule. In preferred embodiments, doses 200d
comprise solid form medication elements 201 configured
todissolvein braintissue and/or cerebrospinal fluid found
bathing the brain. According to one or more embodi-
ments, store 140 corresponds to a belt 140 to which dos-
es 200d may be attached. In such embodiments, device
130 may include a mechanism 150 (also referred to here-
in as transfer mechanism 150) for engaging belt 140 and
transferring an individual dose 200d of medication 200
from the belt through port 135 to deliver it to a selected
tissue delivery site DS and then advance the belt for the
delivery of the next dose 200d of medication 200. In al-
ternative embodiments, a separate mechanism/drive
source (not shown) may be used for advancing belt 140.
[0072] According to many embodiments not forming
part of the invention,

mechanism 150 includes an advancement

member 151 configured to advance medication element
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201 from within the housing 131, through catheter 120
to delivery site DS. According to one or more examples,
member

151 corresponds to a metal stylet which may comprise
various shape memory metals (e.g., NITONOL, stainless
steel) allowing the member 151 to be wound or otherwise
contained in housing 131 in a non- linear shape and then
be unwound to a linear shape. Member 151 is also de-
sirably configured to bend and flex (and have other push-
ability characteristics known in the guide wire art) so as
to be advanced through and negotiate the curves in cath-
eter 120 in going from port 135 to the tissue site TS in
the brain. Member 151 has may be driven by an electric
motor (e.g., alinearinduction motor) or other drive means
known in the art electric. In particular embodiments, it
may be driven by rollers 150r integral to otherwise driven
by an electric motor. Also, it may have a shaped distal
tip 152 such as ball shape to advance element 201
through lumen 123. The distal tip 152 may also have
other shapes such as ahotdog shape or aconcave shape
having a concavity sized to engage the diameter of a
dose 200d. The distal tip 152 may also be configured to
sense contact with the dose 200d so as to be able to
determine that the dose 200d is being advanced and that
the dose 200d has been cjected. For example, the distal
tip 152 and/or the member 151 may be capacitively cou-
pled to the dose 200d so as to sense changes in capac-
itance when the tip 152 makes and breaks contact with
the dose 200d. Doses 200d arc typically individual pack-
aged in packaging 141 (also referred to herein as pack-
aging containers 141) which may integral with or other-
wise attached to belt 140. Accordingly, in such embodi-
ments, mechanism 150 and member 151 may further be
configured to puncture packaging container 141 and
push out dose 200d. Various embodiment of the inven-
tion also contemplate other means for advancing medi-
cation element 201 through lumen 123 to delivery site
DS. Such means may include, for example, pneumatic,
hydraulic or magnetic drive means.

[0073] Packaging containers 141 may comprise vari-
ous foil packaging known in the pharmaceutical arts and
are substantially impermeable to air and water vapor. In
use, such embodiments allow for the long term storage
(e.g., years) of dose 200d in device 130. Multiple
doses 200d (e.g., 2, 3, 4 or even

more doses) of medication 200 may be packaged in an
individual packaging container 141. Such doses may in-
clude the same or different drugs 210 allowing for the
treatment of the same or multiple conditions. According
to one more examples

having multiple doses

200d inthe same container 141, the container caninclude
a first dose of drug 210 configured to rapidly dissolve in
brain tissue to acutely treat an epileptic seizure orother
neurologic condition (e.g., amigraine) and a second dose
configured to more slowly dissolve so as to provide for a
long maintenance dose to prevent the re-occurrence of
the seizure or other condition.
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[0074] Port

135 comprises a sealable septum 136 allowing a

solid dose of medication 200 to be passed through the
septum by mechanism 150 without the ingress of fluids
into housing interior 133. Septum 136 can comprise var-
ious elastomeric polymers such as silicone or poly-
urethane which have sufficient resilience to open and
then sealitself after being punctured or otherwise opened
by the passage of medication element 201 such as a
medication pellet.

[0075] Asis described above, medication 200 typically
comprises one or more drugs or other therapeutic agents
210 for the treatment of one or more conditions such as
various neurological conditions described herein. Medi-
cation 200 may also include one or more pharmaceutical
excipients 220 including for example, one or more of dis-
integrants, super-disintegrants, binders, anti-oxidants
and other excipients known in the art. Desirably, the one
more excipients including are selected to be non-pyro-
genic and otherwise inert with brain tissue. When in solid
form medication elements may 201 correspond to tablets
or pellets, with other shapes also contemplated (e.g.,
spheres). According to one more embodiments, when in
solid form, medication elements 201 are configured to
dissolve in brain tissue and/or in cerebral spinal fluid with-
in the ventricles in brain to release drug 210. In particular
preferred embodiments, medication elements 201 are
configured to rapidly dissolve in brain tissue and/or CSF
so to acutely treat or prevent an epileptic seizure or other
acute neurologic condition. Medication

elements 201 may comprise various super disinten-
grants known in the art including super disintengrants
which rapidly dissolve in CSF. Also in such embodiments,
solid form medication clement 201 may have a porous
structure configured for rapid ingress of CSF into the in-
terior space of the element. In particular embodiments,
the dose of the selected drug 210 (e.g., furosemide or
other loop diuretic) can be titrated based on a measure-
ment of the volume of all or a portion of the patient brain.
Such measurement may be made by MRI other medical
imaging method known in the art. The particular volumes
measured can include the total volume of the brain as
well as the volume of space in the ventricles. The later
measurement providing an indication of the volume of
CSF within the brain which in turn allows for the achieve-
ment of a selected concentration of drug in the CSF. In
use, such embodiment allow for delivery of a dosage of
drug to the patient to more precisely achieve obtain a
desired therapeutic index for a given drug. This in turn,
results in a more efficacious clinical effect (e.g., blocking
of ion pump co-transporters causing cortical spreading
depression) while minimizing adverse side effects (e.g.,
adverse peripheral effects such as electrolyte loss, ex-
cess diuresis, etc.)

[0076] Device Positioning in and Delivery of Medi-
cation to the Ventricles in the Brain: In many examples
drug delivery system 105 is configured to deliver a drug
pellet or other solid form medication element to the ven-
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tricles of the brain. Accordingly, a brief discussion of the
anatomy of the brain and ventricles will be presented.
The ventricles VE of the brain are shown in Fig 19. The
lining of the ventricular system of the brain is known as
the ependymal. Cerebrospinal fluid (CSF) is produced
by the choroid plexus which consists of modified epend-
ymal cells. The majority of CSF is produced by the lateral
and 3rd ventricle choroid plexus. Flow of CSF is from the
lateral ventricle LV through the interventricular foramen
IF to the third ventricle TV through the aqueduct AQ to
the fourth ventricle FV and finally through the lateral and
median aperture AP providing circulation to the sub-
arachnoid space and spinal cord.

[0077] CSF is produced at a rate of approximately
20.8ml/hr. CSF volume is recycled approximately four
times daily. Intracranial pressure (ICP) typically equals
CSF pressure in the ventricle when measured in a hori-
zontal patient. Such pressure is normally in a range of
about 7 to 15mmHg. Pressures above 20mmHg, which
correspond to approx. 0.38psi, are considered abnormal.
Therefore it may be desirable that the catheter, including
the diffusion chamber, flex when greater exposed to pres-
sures greater than about 20mmHg (and more preferably
greater than about 15 mmHg) is applied so as not to
deform the ventricle. Therefore, according to some em-
bodiments, it may be desirable that the catheter including
the diffusion chamber have sufficient flexibility to exert
no more than about 20 mmHg of pressure/force to ven-
tricular walls of the brain when the catheter is advanced
or otherwise positioned in the ventricles of the brain.
[0078] Focal deformation of brain anatomy can also
cause adverse physiological and/or neurological effects.
Symptoms could include behavioral changes, decreased
consciousness, headaches, lethargy, weakness, numb-
ness, vision problems, seizures, vomiting and changes
in heart rate and respiration rate. It has been reported
that such symptoms can occur above 3 mm of deforma-
tion. Therefore, according to some embodiments, it is
desirable that the catheter including the diffusion cham-
ber have sufficient flexibility to cause no more than about
3 mm of deformation of the ventricular wall when being
advanced or position in the ventricles of the brain.
[0079] Referring now to Figs 2b and 16a-e, a method
of introducing introducer 20 and deploying electrode
members 30 will now be discussed. Prior to introduction
of apparatus 10, a patient having epilepsy or other con-
dition characterized by ANEA can undergo a series of
EEGs or other related brain scans to determine the lo-
cation and other characteristics of a foci of ANBNEA likely
causing the condition to be treated (similar method may
also be used for determining origins of cortical spreading
depression). This information can then be used to deter-
mine the target tissue site TS for deployment of the elec-
trode members and thus the corresponding site in the
skull for the introduction of the introducer. In many cases,
the introducer can be introduced through a burr hole plug;
however, it will be appreciated this is exemplary and that
other approaches are equally applicable. After the burr

10

15

20

25

30

35

40

45

50

55

17

hole BH has been drilled and burr hole plug 61 is posi-
tioned, the introducer is advanced into brain tissue to the
desired target tissue site TS. The advancement can be
done under fluoroscopic or other form of medical imaging
observation. Positioning of the distal tip 22 of the intro-
ducer at the desired target site TS can be facilitated by
the use of a distal tip marker on the introducer. Addition-
ally, the introducer can include graduation markings 24
along its length indicating the depth of insertion. Once
inserted the desired depth, the surgeon can then lock the
introducer in place using locking device 62. Determina-
tion that the introducer has been locked in place can be
achieved through a signal sent by, for example, contact
sensor 63.

[0080] Electrode members 30 can then be deployed
to achieve a detection volume DV having a selectable
size and shape. The electrode members 30 can be de-
ployed individually, or collectively. They can also be ad-
vanced by hand or using an advancement member 28
(coupled to the proximal portions of the members 30) or
by otheradvancementmeans knowninthe art. The depth
of insertion of the electrode members can be controlled
by, for example, using a stop placed on advancement
member 30 (not shown) and/or by means of a stop 37
(Fig. 3) placed on each electrode member 30. Deploy-
ment of members 30 can also be guided by fluoroscopic
observation or other imaging modality. In some embod-
iments, this process can be facilitated by superimposing
onto the fluoroscopic image (or other image) a marker or
other indicia denoting the likely location of the foci F of
ANEA. This physician can use this marker to locate and
orient the position of the deployed electrode members
so as to optimize the detection of ANEA signals from Foci
F. For example, the physician can use the marker to de-
ploy the electrode members such that their distal ends
are placed within a selectable distance of Foci F. Also,
itcan be usedto achieve a selectable angular orientation,
e.g., 90°, with the longitudinal axis of one or more of the
electrode members so as to maximize the voltage pro-
duced at those electrode members from an electric field
vector generated by ANEA signals from foci F.

[0081] Afterdeploymentofthe electrode members, the
physician can perform one or more tests to ascertain that
the electrode members are functioning and capable of
detecting ANEA signals from one or more foci F. This
can include sending a test signal from a separate elec-
trode (not shown) positioned in the brain so as to have
the same directional orientation with respect to the elec-
trode members as Foci F does. The test signal can be
configured to simulate the amplitude and frequency of
an actual ANEA signal. If the electrode members are not
able to detect the test signal, the physician can redeploy
all or a portion of the electrode members until he or she
gets the desired response. In particular embodiments,
the testsignal can notonly be used to test the functionality
of the deployed electrode members, butalso as a beacon
to assist in their deployment. In such embodiments, the
physician can deploy and position the electrode mem-
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bers while the test/beacon signal is being sent so as to
maximize the resulting voltages measured by the elec-
trode members. After the electrode members 30 are cor-
rectly deployed, the electrode members can be locked
in place using locking device 63 or another locking mech-
anism. The burr plug will then be sealed/closed using
standard methods known in the art and connectors 40
(Fig. 6a) can be connected to control module 80 (or other
like device) via one more wires or the connection can be
wirelessly. The control module 80 can be implanted sub-
cutaneously in the head and neck area or can be worn
by the patient. In embodiments where module 80 con-
tains a drug delivery device 90 for treating the foci F of
ANEA, the module 80 will typically be implanted subcu-
taneously in the head and neck area. In embodiments
where it does not, it can positioned in any number of
location or can be worn by the patient. In such embodi-
ments, a separate drug reservoir and drug delivery de-
vice (which may be substantially the same or different as
device 90) can be implanted in the head and neck so as
to provide for intracranial delivery of the drug. Alterna-
tively, the drug can be delivered intravenously (IV) in
which case the reservoir and drug delivery device can
be positioned at any number of locations and/or exter-
nally worn by the patient. In embodiments where a com-
bination of intracranial and IV delivery are used, a drug
reservoir/delivery device can be implanted in the head
and neck areas and another delivery device/reservoir can
be worn by the patient for IV delivery.

[0082] A discussion will be presented of methods of
detecting ANEA using apparatus 10 and utilizing this in-
formation, to detect a neurological event or condition
such as a seizure. In these and related embodiments,
methods will be presented for detecting both a pre-sei-
zure event and a seizure event (such events can corre-
spond to pre-seizure and seizure states). For ease of
discussion, the pre-seizure and seizure events will refer
to an epileptic pre-seizure event (also as a pre-ictal state
or event) and epileptic seizure event (hereinafter sei-
zure); however, it will be appreciated that these methods
are applicable to detecting pre- seizures events/states
and seizures associated with other neurological events
or conditions and syndromes such as migraines head-
aches and other related conditions. As discussed above,
apparatus 10 measures electric field vectors in the brain
generated by neural activity by measuring the voltage
differential between each electrode member 30 and the
reference electrode 35 and using these values to calcu-
late electric field vector E. Various characteristics of field
vector E can then be used as an indicator of a seizure or
pre-seizure event. Referring now to Figs. 17-18, during
normal brain activity, the electric field vector E will typi-
cally have a random direction D (as defined by angles ¢
and 6 described above) as is shown in Fig 17a. Also
during normal activity, the magnitude/amplitude |E| of the
electric field vector will be random but will have a time
average value which stays below a particular threshold
T as is shown in Fig 18. In contrast, during a period of
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aberrant neural-electric activity such as that occurring
during a pre-ictal event or a seizure event, electric field
vector |E| will dwellin a particular direction D or directional
region DR for an extended period of time compared to
normal brain activity as is shown in Fig. 17b. The dwell
time can be tenths of a second to several seconds or
longer (e.g., 0.10 to 10 seconds with specific embodi-
ments 0f 0.2, 0.5, 1, 2, and 5 seconds) shorter dwell times
are also contemplated (e.g., 0.01 to 0.1 seconds). During
a pre-seizure or seizure event, the directional region DR
will be bounded by a cylinder C or related geometric
shape. Also, the electric field amplitude will exceed a
threshold T above normal activity for a sustained period
of time as is shown in Fig. 18. This can include exceeding
a first threshold T, for a pre-seizure or other like event
and a second threshold T,, for a seizure or other like
event.

[0083] In particular examples algorithms 83 resident
within module 80 can use one or more of the above
changes in electric field vector characteristics (e.g., in
amplitude and direction of the field vector) to detect a
period of ANEA indicative of a pre-ictal event, epileptic
seizure, a wave of cortical spreading other seizure or
neurologic event or(such periods of ANEA can thus be
used as a marker of a pre-ictal event, epileptic seizure
cortical spreading depression or other seizure or neuro-
logic event). For example, a pre-ictal event or seizure
may be detected based on the electric field vector staying
in a particular direction or directional cone for longer than
a selected period of time. For applications where the lo-
cation of a known foci of ANEA has previously been de-
termined prior to placement of apparatus 10, additional
algorithmic weightings can be employed if the direction
of the detected electric field vector is within a selected
directional cone that includes the direction of the previ-
ously detected Foci F (this direction being the direction
of the foci relative to distal end of the introducer).
[0084] In another example of a predictive electric field
vector characteristic, a pre-ictal event or seizure may also
be detected based on whether the electric field amplitude
exceeds a particular threshold and more preferably,
whether the time average of the electric field amplitude
exceeds the threshold. A combination of these two ap-
proaches can also be used so that the direction and am-
plitude of the electric field vector both need to exceed
threshold values. Additionally, pattern recognition algo-
rithms can be employed to detect particular signal pat-
terns in the electric field which are indicative of a pre-ictal
event or seizure (also known as a seizure event). A data
base of such patterns can be generated from EEG meas-
urements taken from the patient themselves, an epileptic
patient population or a combination of both. Again, the
detection algorithm can employ both pattern detection
with one or both of electric field amplitude and direction
so to make a determination of pre-ictal event or seizure.
A detection score exceeding a certain threshold can be
used to predict a pre-ictal event or seizure, with a score
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over a first value indicative of value pre-ictal event and
a score over a second value indicative of a seizure. Also,
weightings can be assigned to these or other detection
parameters so that algorithm generates a detection score
value as a function of these parameters. Weightings can
be chosen from a weighting database taken from a pa-
tient population or they can be established for each indi-
vidual patient by monitoring the patient over a period of
time using external EEG electrodes or with apparatus 10
in place and then inducing a pre-seizure or mild epileptic
seizure and recording the data for the these detection
parameters. The weightings can also be updated after
subsequent pre-ictal events or seizure either manually
by a health care provider or by algorithm itself using self
learning methodology.

[0085] When the detection score exceeds a threshold
valueindicative of a pre-ictal event or seizure event, mod-
ule 80 can perform one or more functions. First, now re-
ferring to Fig. 14, the module can send a signal 85 to an
alarm 120 to alert the patient so that they can take pre-
cautionary measures such as taking medication as well
as sitting or lying down or discontinuing any hazardous
activities. It can also send a wireless signal 86 (via a RF
or IR port to a monitoring device 130 in a hospital or
doctor’s office (this can be achieved using a cellular
phone or various medical telemetry devices known in the
art). It can also send a signal 87 to a drug delivery device
90 to deliver a dose of an anti-seizure medication (e.g.,
a solid dose of a loop diuretic such as furosemide) and/or
asignal 88 to a stimulating device 100 to send an inhibitor
signal 101 via electrode members 30 (or other implanted
electrode) to prevent the onset of a seizure or stop an
occurring seizure. In various embodiments, a combina-
tion of both interventions can be used. Inhibitory signal
101 can have various forms. In one embodiment, it can
be configured to depolarize the regions of the around the
Foci F causing the pre-ictal event or seizure. In other
embodiments, it can be matched to the particular pattern
of aberrant neural-electric activity causing the pre-ictal
event orseizure so as to be out of phase with the aberrant
neural-electric activity or otherwise dampen its effect on
surrounding tissue. In preferred examples

the inhibitory signal is delivered using

electrode members 30 as stimulating electrodes 36; how-
ever, the use of separate electrodes as stimulating elec-
trodes is also contemplated.

[0086] For examples

employing drug intervention, the delivered dose of drug
can

be titrated based upon the value of the detection score
and/or whether the detected event is a pre-ictal event or
a seizure. A baseline dosage can be determined based
upon various patient parameters, such as weight, age,
type of epilepsy (e.g., partial-onset seizure) and severity
of seizures. Suitable anti-seizure medications can in-
clude phenytoin sodium (Dilantin), ion transporter ago-
nists such as thiazides and thiazide-like diuretics, and
cation chloride ion transport agonists such as furosem-
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ide, and furosemide like diuretics as well as the chemical
analogues and derivatives of each. In preferred embod-
iments, the anti-seizure compound corresponds to furo-
semide including its solid form. Still other anti-seizure
medications known in the art also contemplated. During
and after drug delivery, system 10 can be configured to
continue to monitor brain activity to determine if the pre-
ictal eventor a seizure has subsided and to what degree.
Repeat dosages of drug can be administered as needed
depending upon the detection score or other factor. In-
creased dosages can be given if the detection score re-
mains above a selected level. Also, selectable dosing
regimens can be used depending upon one or more of
the detection score, type of epilepsy, pattern of seizures,
age, weight, etc. For example, for a pre-ictal event, a
bolus dose could be given intracranially (e.g., a dose of
furosemide or other loop diuretic and/or ion co-transport-
er antagonist), whereas for a full seizure, treatment could
include an intracranial bolus or initial dose (e.g., a loop
diuretic, and/or ion-transporter antagonist) followed by a
second dose which may be administered over a longer
term than the first dose (e.g., a period of minutes or
hours). The second dose may be the same or a different
drug and may be administered intra-cranially or by an-
other administration route such as intravenous Where
the same drug

is used for both doses, the second or maintenance dose
may be the same or set percentage of the first does, for
example, 50, 25 or 10% by weight (or other parameter)
of the first dose. Also in various embodiments, a selecta-
ble dosing regimen can be delivered based not only on
a individual detection score, but also based on a time
pattern of detection scores, even if the scores are below
apre-ictal eventor seizure event threshold. For example,
a dose of drug could be delivered based upon a certain
number of spikes in the detection score over a selected
period of time. Various dosing regimens can also be con-
figured to use a combination of intracranial and IV ad-
ministration using an intracranial delivery device and an
IV pump.

[0087] The dosing regimen can be tailored to the par-
ticular drug or combination of drugs delivered. For use
of furosemide or other like drug, the dosing regimen can
be in the form of an initial or bolus dose configured to
achieve a selected peak intracranial concentration
and/or therapeutic effect (e.g., prevention or slowing of
cortical spreading depression) with a subsequent main-
tenance dose or doses of the same or a different drug to
prevent the re-occurrence of cortical wave depression.
In particular embodiments including use of multiple sei-
zure drugs, the detection score can also be used to de-
termine what drugs are actually given. For example, a
detection score above a first threshold can be used for
a first drug and another detection score above a second
threshold can be used to select a second drug.

[0088] In various other examples of methods for de-
tecting aberrant neural-electric activity causing a seizure
or pre-seizure event (and/or cortical spreading depres-
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sion associated with it), changes in tissue impedance
can also be used with such changes being measured by
electrode members 30. Such approaches operate on the
principle that the impedance of brain tissue changes dur-
ing a pre-seizure or seizure state. Tissue impedance can
be measured by applying a slight voltage or current be-
tween conductive portion 34 (Fig. 6b) and reference elec-
trode 35. Both real and the imaginary component of im-
pedances can be used. Similar to methods employing
voltage / electric field vector measurements, measured
impedances can be used to generate detection score as
mean do predict both pre-seizure and seizures events.
In particular embodiments, impedance measurements
can be combined with voltage/ electric field vector meas-
urements to further improve the sensitivity for predicting
both pre-seizure and seizures events.

[0089] Cortical Spreading Depression: Cortical
Spreading depression (CSD) is a propagating wave of
transient neuronal hyperexcitability followed by a period
of electrical silence. This wave of excitation-inhibition
moves slowly (~3-5mm/min) across cortical and other ar-
eas of the brain. CSD involves a massive redistribution
of ions (e.g., K*, Na*, Ca2*, CI) between intracellular
and extracellular compartments. Glial cells are intimately
involved in these ionic fluxes. Therefore, ion pumps (spe-
cifically Na+-K+-2ClI- (also described as NKCC1) co-
transporters) on glial cells are implicated in CSD. These
pumps utilize ion-dependent transporters. Accordingly,
various embodiments of the invention contemplate use
of ion ion-dependent transporters agonist (e.g., furosem-
ide or other loop diuretic) to block or slow the ion fluxes
responsible for cortical spreading depression associated
with a neurological epileptic pre-seizure or other adverse
neurological event or condition such as migraine head-
ache.

[0090] Treatment of Cortical Spreading Depression
and Epilepsy Using Furosemide: Furosemide | (avail-
able under the trade name LASIX) is a well established
loop diuretic used to treat fluid retention and high blood
pressure. Loop diuretics are a class of drugs which act
on the ascending loop of Henle in the kidney. Specifically
they block a co-transporter (known as The Na-K-ClI co-
transporter or NKCC, SLC12A2) resulting in reduced re-
absorption of NaCl and Potassium in the nephron, in turn
resulting increase diuresis i.e., urine production. They
are primarily used in medicine to treat hypertension and
edema. Furosemide both in epileptic animal models as
well as in human patients has been shown to block
evoked and spontaneous epileptic neural activity and
subsequent cortical spreading depression by blocking a
similar ion-transporter in the brain. However, furosemide
has a number of adverse side effects including, for ex-
ample, electrolyte loss/imbalance, hyperglycemia, otox-
icity, hyperuricemia and resulting gout, and low potassi-
um levels as well as increased diuresis to name a few.
If the drug were to be given orally and/or intravenously
in concentrations sufficient for the prevention of epilepsy
one or more of these side effects would occur, precluding
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its use and/or significantly limiting its applications. Pa-
tients would also have to be regularly monitored for one
or more of these conditions including electrolyte loss
(e.g., loss of electrolytes such as Na, K, CI, Ca. Mg, etc.).
Further, for acute situations (e.g., the onset of a seizure),
oral administration would not be fast enough as the drug
may take 30 minutes or longer to get into the patient’s
blood stream, if they were even able to take the drug at
the onset of the seizure due to the loss of motor control
which occurs atthe onset of the seizure. IV administration
would also be impractical as well since the patient may
not be able to inject themselves fast enough after the
seizure began (even if they carried around an syringe of
the solution), particularly since they quickly loose motor
control at the onset of the seizure.

[0091] Various not claimed embodiments of the inven-
tion overcome these problems by providing apparatus,
systems and methods for the treatment and prevention
of epilepsy (and other conditions associated with CSD
such as migraine headache) by the use of intracranial
delivery of furosemide (and/or its analogues and deriva-
tives) so that drug is delivered directly to the patient’s
brain. Further because the drug is delivered directly to
the brain, the dose used to treat and/or prevent the epi-
leptic seizure can be substantially less than would cause
any appreciable undesirable peripheral effects, such as
increased diuresis, electrolyte loss, hyperglycemia, etc.
as is explained in further detail herein. In many embod-
iments, the delivery of furosemide and/or its analogues
and derivatives is done intra-cranially using for example
various embodiments of a drug delivery apparatus de-
scribed herein. This apparatus may comprise a drug stor-
age chamber coupled to an intracranial catheter that is
inserted and positioned in the patient’s brain tissue (in-
cluding for example, deep brain tissue) through a burr
hole or other opening made in the patient’s brain tissue
with an adaptive fitting positioned in the burr hole allowing
for the long term placement of the catheter in the brain.
In preferred embodiments, the apparatus can be config-
ured for the delivery of a solid medication into the brain,
so as reduce the risk of any pathogens (which are more
likely to be present in liquid form) while allowing for the
long-term storage of a multi-year supply of doses of furo-
semide in the storage chamber which may be subcuta-
neously implanted at the base of the skull for rapid ad-
vancement of the solid drug into the brain. In addition to
the delivery of furosemide for the treatment of epilepsy
or other condition associated with CSD, various embod-
iments of the invention also contemplate other loop diu-
retics, for the treatment of CSD associated conditions
including for example, bumetanide, ethacrynic acid and
torsemide.

[0092] The dosage of furosemide (or other loop diuret-
ic) is selected to produce a localized effect in the brain
for seizure prevention, while minimizing peripheral ef-
fects, in particular effects on the kidneys causing diuresis
and electrolyte loss. Desirably, the dosages of furosem-
ide (and related analogues and derivative) are at least
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ten fold below the threshold dosage which produces a
significant increase in diuresis and/or significant de-
crease in the patient’s electrolyte level(s) (e.g., sodium,
potassium). As used herein, a significant increase in di-
uresis is more than about a 10% increase in the patient’s
urine production (more preferably more than abouta 5%
increase), which may correspond to either a rate of urine
production or total output over a period of time (e.g., one
hour, two hours, 12 hours etc.). Also, as used herein, a
significant decrease in an electrolyte is more than about
a 5% decrease a patient’'s plasma concentration of an
electrolyte, for example, potassium or sodium concen-
tration. Still smaller decreases are also contemplated
such as decrease of more than about 2.5% or even 1%.
Also, deceases of other electrolytes are also contemplat-
ed as well, for example, calcium, magnesium, hydrogen
phosphate, and hydrogen carbonate. Also, decreases in
the patient’s electrolyte levelin other areas and/or tissues
of the body are also contemplated such as decrease in
their electrolyte level(s) in their interstitial fluid, intracel-
lular fluid, muscle tissue, heart tissue, pancreatic tissue
and other areas as well.

[0093] The aforementioned threshold dose(s) of furo-
semide for many patients is approximately, 20 mg. How-
ever, that threshold may be adjusted based on or more
of a patient’s, weight, age and medical condition (e.g.,
epilepsy, type of epileptic seizure, frequency of seizures,
etc.). Various dose response curves and urine output
measurement methods may be used to determine the
specific threshold dose in a given patient, patient popu-
lation (e.g., women with epileptic seizures) or subpopu-
lation (women between 40-50 with grand mal seizures).
Thresholds may also be determined using correlations
to thresholds determined by such methodsin one or more
animal models (e.g., arat, monkey, pig, etc.). According-
ly, in various embodiments, the therapeutically effective
dosage of furosemide (and/or its analogues and deriva-
tives) delivered to the brain of the patient can be in the
range of can be in the range of about 1 to 2000 p.g, about
200-800 g, about 1 to 1000 g, about 1 to 10 p.g, about
51050 g, about 10 to 100 pg, about 10 to 500 p.g, about
10 to 250 pg, about 20 to 250 pg, about 10 to 100 pg,
about 25 to 100 p.g, with still other ranges contemplated.
In particular examples the dosage of furosemide or other
loop diuretic can be titrated based upon a measurement
ofthe ventricle volume in the patient’s brain (e.g., by MRI)
so as to produce a selected concentration of drug in the
CSF fluid in that volume. Further one or more of the pre-
vious dosages of furosemide (and/or its analogues and
derivatives) can be delivered intra-cranially, using for ex-
ample, one or more not claimed embodiments of drug
delivery systems and apparatus described herein such
for example a system 105 and drug delivery device 95
and/or 115.

Conclusion

[0094] The foregoing description of various examples
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of the invention has been presented for purposes of il-
lustration and description. It is not intended to limit the
invention to the precise forms disclosed. Many modifica-
tions, variations and refinements will be apparentto prac-
titioners skilled in the art. For example, various examples
can be sized or otherwise adapted for various pediatric
applications or the treatment of any number of neurolog-
ical event or conditions involving aberrant neural-electric
activity and/or cortical spreading depression.

[0095] Elements, characteristics, or acts from one ex-
ample can be readily recombined or substituted with one
or more elements, characteristics or acts from other em-
bodiments to form numerous additional embodiments
within the scope of the invention. Moreover, elements
thatare shown or described as being combined with other
elements, can, in various embodiments, exist as stan-
dalone elements. Hence, the scope of the presentinven-
tion is not limited to the specifics of the described em-
bodiments, but is instead limited solely by the appended
claims.

[0096] While preferred embodiments of the presentin-
vention have been shown and described herein, it will be
obvious to those skilled in the art that such embodiments
are provided by way of example only. Numerous varia-
tions, changes, and substitutions will now occur to those
skilled in the art without departing from the invention. It
should be understood that various alternatives to the em-
bodiments of the invention described herein may be em-
ployed in practicing the invention. It is intended that the
following claims define the scope of the invention and
that methods and structures within the scope of these
claims and their equivalents be covered thereby.

Claims

1. An apparatus (10) for delivery of medication to the
ventricles within the brain of a patient, the apparatus
comprising:

a flexible delivery member (120) having a prox-
imal end, a distal end, and a lumen for advance-
ment of a solid form medication element through
the delivery member (120), the medication ele-
ment comprising at least one drug, wherein the
delivery member is configured to be advanced
into a selected ventricle of the brain from a site
outside the brain; and

a diffusion chamber (300) coupled to the distal
end of the delivery member; the diffusion cham-
ber having a wall and an interior volume for re-
ceiving the medication element and at least one
diffusion section positioned in the wall allowing
cerebrospinal fluid (CSF) to enter and exit the
chamber; characterized in that

i) an interior volume of the diffusion chamber
(300) retains a medication elementreceived
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from the delivery member (120);

i) the diffusion chamber (300) includes at
least one opening (305) configured to allow
CSF fluid to enter the chamber (300) to dis-
solve the medication element in fluid within
the interior volume to form a drug
solutions+ and wherein, in use,

drug diffuses from the drug solution through the
at least one diffusion section to CSF within the
selected ventricle of the brain; and

wherein the diffusion chamber (300) and the de-
livery member (120) have a flexibility configured
such that during advancement of the apparatus
(10) into the ventricles of the brain, the diffusion
chamber (300) can to bend up to about 30 de-
grees to allow the apparatus (10) to conform to
a shape of the selected ventricle.

The apparatus of claim 1, wherein the diffusion
chamber and the delivery member have a flexibility
configured such that during advancement of the ap-
paratusinto the brain, the apparatus does not deform
a ventricular wall of the brain sufficiently to cause a
significant physiological effect to brain.

The apparatus of claims 1 or 2, wherein the diffusion
chamber deforms the ventricular wall no more than
about 3 mm.

The apparatus of either of claims 1 or 2, wherein the
diffusion chamber applies no more than about 20
mmHg of pressure to the ventricular wall.

The apparatus of claim 2, wherein the physiological
effect comprises at least one of a decrease in CSF
production, neurological effect, loss of conscious-
ness, pain or numbness, or change in heart rate.

The apparatus of claims 1 or 2, further comprising
the medication element wherein the medication el-
ement has a pellet shape.

The apparatus of claims 1 or 2, further comprising
the medication element wherein the medication el-
ement comprises a drug for the treatment of epilep-
sy, optionally wherein the drug comprises furosem-
ide.

The apparatus of claim 1, wherein the diffusion
chamber includes a septum valve positioned at a
proximal portion of the chamber, the septum valve
configured to allow advancement of the medication
element into the diffusion chamber and then close
to provide a fluidic seal between the diffusion cham-
ber and the flexible member.

The apparatus of claim 1, wherein the at least one
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10.

1.

12.

13.

42

diffusion section comprises at least two diffusion sec-
tions, optionally wherein the at least one diffusion
section comprises at least four diffusion sections,
optionally wherein the at least four diffusion sections
are offset by about 90 degrees with respect to a lon-
gitudinal axis of the diffusion chamber.

The apparatus of claim 1, wherein the at least one
diffusion section comprises a permeable membrane.

The apparatus of claim 10, wherein the diffusion
chamber includes a valve for releasing pressure
within the diffusion chamber.

The apparatus of claim 1, wherein the diffusion sec-
tion comprises a section of wall of the diffusion cham-
ber having a plurality of openings for diffusion of CSF
in and out of the diffusion chamber.

The apparatus of claim 12, wherein the openings
have a diameter in a range of about 0.1 mm to about
0.5 mm.

Patentanspriiche

1.

Vorrichtung (10) fir die Abgabe von Medikation an
die Ventrikel innerhalb des Gehirns eines Patienten,
wobei die Vorrichtung Folgendes umfasst:

ein flexibles Abgabeteil (120), das ein proxima-
les Ende, ein distales Ende und ein Lumen fir
das Vorschieben eines Medikationselements in
fester Form durch das Abgabeteil (120) auf-
weist, wobei das Medikationselement mindes-
tens ein Arzneimittel umfasst, wobei das Abga-
beteil konfiguriert ist, um in einen ausgewahlten
Ventrikel des Gehirns von einer Stelle aul3er-
halb des Gehirns vorgeschoben zu werden; und
eine Diffusionskammer (300), die mit dem dis-
talen Ende des Abgabeteils verbunden ist; wo-
bei die Diffusionskammer Folgendes aufweist:
eine Wand und ein Innenvolumen fir die Auf-
nahme des Medikationselements und mindes-
tens einen Diffusionsabschnitt, der in der Wand
positioniert ist, um zu ermdglichen, dass Zere-
brospinalfliissigkeit (CSF) in die Kammer eintritt
und daraus austritt; dadurch gekennzeichnet,
dass

i) ein Innenvolumen der Diffusionskammer
(300) ein Medikationselement halt, das von
dem Abgabeteil (120) empfangen wurde;

ii) die Diffusionskammer (300) mindestens
eine Offnung (305) einschliet, die konfigu-
riertist, um zu erméglichen, dass CSF-Flis-
sigkeit in die Kammer (300) eintritt, um das
Medikationselement in Flussigkeit inner-
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halb des Innenvolumens aufzulésen, um ei-
ne Arzneimittelldsung zu bilden; und wobei
bei Verwendung Arzneimittel aus der Arz-
neimittelldsung durch den mindestens ei-
nen Diffusionsabschnitt zu CSF innerhalb
des ausgewahlten Ventrikels des Gehirns
diffundiert; und

wobei die Diffusionskammer (300) und das Ab-
gabeelement (120) eine Flexibilitat aufweisen,
die derartkonfiguriertist, dass wahrend des Vor-
schiebens der Vorrichtung (10) in die Ventrikel
des Gehirns die Diffusionskammer (300) bis zu
etwa 30 Grad gebogen werden kann, um zu er-
moglichen, dass die Vorrichtung (10) sich an ei-
ne Form des ausgewahlten Ventrikels anpasst.

Vorrichtung nach Anspruch 1, wobei die Diffusions-
kammer und das Abgabeteil eine Flexibilitat aufwei-
sen, die derart konfiguriert ist, dass wahrend des
Vorschiebens der Vorrichtung in das Gehirn die Vor-
richtung eine Ventrikelwand des Gehirns nicht aus-
reichend deformiert, um eine signifikante physiolo-
gische Wirkung auf das Gehirn zu verursachen.

Vorrichtung nach Anspruch 1 oder 2, wobei die Dif-
fusionskammer die Ventrikelwand nicht mehr als et-
wa 3 mm deformiert.

Vorrichtung nach einem der Anspriiche 1 oder 2, wo-
bei die Diffusionskammer nicht mehr als etwa 20
mmHg Druck auf die Ventrikelwand anwendet.

Vorrichtung nach Anspruch 2, wobei die physiologi-
sche Wirkung mindestens eines von einer Abnahme
der CSF-Produktion, neurologischen Wirkung, Be-
wusstlosigkeit, Schmerz oder Taubheit oder Veran-
derung der Herzfrequenz umfasst.

Vorrichtung nach Anspruch 1 oder 2, die weiter das
Medikationselement umfasst, wobei das Medikati-
onselement eine Pelletform aufweist.

Vorrichtung nach Anspruch 1 oder 2, die weiter das
Medikationselement umfasst, wobei das Medikati-
onselement ein Arzneimittel fiir die Behandlung von
Epilepsie umfasst, optional wobei das Arzneimittel
Furosemid umfasst.

Vorrichtung nach Anspruch 1, wobei die Diffusions-
kammer ein Septumventil einschlielt, dass an ei-
nem proximalen Teil der Kammer positioniert ist, wo-
bei das Septumventil konfiguriert ist, um das Vor-
schieben des Medikationselement in die Diffusions-
kammer zu ermdglichen und sich dann zu schlieRen,
um eine Flissigkeitsdichtung zwischen der Diffusi-
onskammer und dem flexiblen Teil bereitzustellen.
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Vorrichtung nach Anspruch 1, wobei der mindestens
eine Diffusionsabschnitt mindestens zwei Diffusi-
onsabschnitte umfasst, optional wobei der mindes-
tens eine Diffusionsabschnitt mindestens vier Diffu-
sionsabschnitte umfasst, optional wobei die mindes-
tens vier Diffusionsabschnitte um etwa 90 Grad in
Bezug auf eine Langsachse der Diffusionskammer
versetzt sind.

Vorrichtung nach Anspruch 1, wobei der mindestens
eine Diffusionsabschnitt eine durchlassige Memb-
ran umfasst.

Vorrichtung nach Anspruch 10, wobei die Diffusions-
kammer ein Ventil zum Abbau von Druck innerhalb
der Diffusionskammer einschlief3t.

Vorrichtung nach Anspruch 1, wobei der Diffusions-
abschnitt einen Abschnitt der Wand der Diffusions-
kammer umfasst, der eine Vielzahl von (")ffnungen
fir die Diffusion von CSF in die und aus der Diffusi-
onskammer aufweist.

Vorrichtung nach Anspruch 12, wobei die Offnungen
einen Durchmesser in einem Bereich von etwa 0,1
mm bis etwa 0,5 mm aufweisen.

Revendications

1.

Appareil (10) de délivrance de médicament aux ven-
tricules au sein du cerveau d’un patient, I'appareil
comprenant :

un élément de délivrance flexible (120) ayant
une extrémité proximale, une extrémité distale,
et une lumiére pour I'avancée d’un élément de
médication sous forme solide a travers I'élément
de délivrance (120), I'élément de médication
comprenant au moins un médicament, dans le-
quel I'élément de délivrance est configuré pour
étre avanceé jusque dans un ventricule sélection-
né du cerveau depuis un site a I'extérieur du
cerveau ; et

une chambre de diffusion (300) couplée a I'ex-
trémité distale de I'élément de délivrance ; la
chambre de diffusion ayant une paroi et un vo-
lume intérieur pour recevoir I'élément de médi-
cation et au moins une section de diffusion po-
sitionnée dans la paroi permettantque du liquide
cérébrospinal (LCS) entre et sorte de la
chambre ; caractérisé en ce que

i) un volume intérieur de la chambre de dif-
fusion (300) retient un élément de médica-
tion recu de I'élément de délivrance (120) ;
ii) la chambre de diffusion (300) inclut au
moins une ouverture (305) configurée pour
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permettre que du liquide LCS entre dans la
chambre (300) pour dissoudre I'élément de
médication dans du liquide au sein du vo-
lume intérieur pour former une solution de
médicament ; et dans lequel, pendant I'uti-
lisation, le médicament se diffuse a partir
de la solution de médicament a travers I'au
moins une section de diffusion vers le LCS
au sein du ventricule sélectionné du
cerveau ; et

dans lequel la chambre de diffusion (300) et
I'élément de délivrance (120) ont une flexibilité
configurée de sorte que pendant 'avancée de
I'appareil (10) jusque dans les ventricules du
cerveau, la chambre de diffusion (300) peut se
plier jusqu’a un maximum d’environ 30 degrés
pour permettre que I'appareil (10) épouse une
forme du ventricule sélectionné.

Appareil selon la revendication 1, dans lequel la
chambre de diffusion et I'élément de délivrance ont
une flexibilité configurée de sorte que pendant
'avancée de I'appareil jusque dans le cerveau, I'ap-
pareil ne déforme pas une paroi ventriculaire du cer-
veau suffisamment pour causer un effet physiologi-
que significatif sur le cerveau.

Appareil selon les revendications 1 ou 2, dans lequel
lachambre de diffusion déforme la paroi ventriculaire
de pas plus d’environ 3 mm.

Appareil selon I'une ou 'autre des revendications 1
ou 2, dans lequel la chambre de diffusion n’applique
pas plus d’environ 20 mmHg de pression a la paroi
ventriculaire.

Appareil selon la revendication 2, dans lequel I'effet
physiologique comprend au moins un élément parmi
une diminution de la productionde LCS, un effet neu-
rologique, une perte de connaissance, une douleur
ou un engourdissement, ou une modification du ryth-
me cardiaque.

Appareil selon les revendications 1 ou 2, comprenant
en outre I'élément de médication dans lequel I'élé-
ment de médication a la forme d’'une boulette.

Appareil selon les revendications 1 ou 2, comprenant
en outre I'élément de médication dans lequel I'élé-
ment de médication comprend un médicament pour
le traitement de I'épilepsie, facultativement dans le-
quel le médicament comprend du furosémide.

Appareil selon la revendication 1, dans lequel la
chambre de diffusion inclut une soupape a membra-
ne positionnée au niveau d’'une partie proximale de
lachambre, la soupape a membrane configurée pour
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permettre 'avancée de I'élément de médication jus-
que dans la chambre de diffusion et puis se fermer
pour fournir un joint étanche aux fluides entre la
chambre de diffusion et I'élément flexible.

Appareil selon la revendication 1, dans lequel l'au
moins une section de diffusion comprend au moins
deux sections de diffusion, facultativement dans le-
quel 'au moins une section de diffusion comprend
au moins quatre sections de diffusion, facultative-
ment dans lequel les au moins quatre sections de
diffusion sont décalées d’environ 90 degrés par rap-
port a un axe longitudinal de la chambre de diffusion.

Appareil selon la revendication 1, dans lequel l'au
moins une section de diffusion comprend une mem-
brane perméable.

Appareil selon la revendication 10, dans lequel la
chambre de diffusion inclut une soupape pour rela-
cher la pression au sein de la chambre de diffusion.

Appareil selon la revendication 1, dans lequel la sec-
tion de diffusion comprend une section de paroi de
la chambre de diffusion ayant une pluralité d’ouver-
tures pour la diffusion de LCS dans et hors de la
chambre de diffusion.

Appareil selon la revendication 12, dans lequel les
ouvertures ontun diametre dans une plage d’environ
0,1 mm a environ 0,5 mm.
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