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(54) Title: SYSTEM AND METHOD FOR CORRECTION OF INTRACEREBRAL CHEMICAL IMBALANCES

& (57) Abstract: Described are a system and method for treating disorders of the central nervous system (CNS). The system may
& include first and second conduits, a first reservoir, a first pump and a brain wave detection unit. When in an operative position, (i)
O gistal ends of the first and second conduits open into a portion of a patient’s CNS with direct access to cerebrospinal fluid (CSF) and
(i) a proximal end of the second conduit opens to drain CSF from the CNS. The first reservoir is inilpantable within the patient’s body

=

and holding material to be introduced to the CNS. The first pump is coupled to the first reservoir and the first conduit for introducing
the material to the CNS via the first conduit. The brain wave detection unit detects and analyzes brain waves of the patient.
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System and Method for Correction of Intracerebral Chemical Imbalances

Background Information
[00001] The present invention relates generally to a system and method for treating conditions

of the brain. More specifically, the present invention relates to a catheter assembly and method
for intraventricular shunting and lavage for the chailge of neurophysiological imbalances in the

central nervous system (CNS).

[00002] Apoprotein and other substances accumulate in the brain tissues of patients suffering
from cognitive impairment associated with aging (e.g., Alzheimer’s disease). Patients in a coma
after traumatic head injury, patients suffering from dementia, and patients with a variety of other
psychiatric disorders are also known to display imbalances or deficiencies of a variety of

cerebral neurotransmitters and electrolytes.

[00003] Patients in a coma after traumatic head injury are known to display several kinds of
neurophysiological disequilibria, for example, excessively high intracranial pressure which may
depress the regulation of vital functions or create deficits of neurotransmitters such as

Acetylcholine or serotonin resulting in a diminution of activating and arousal processes.

[00004] Precursors and metabolites of neurotransmitters are also present in the cerebrospinal
fluid (CSF) which establishes an equilibrium by diffusion with the extracellular fluid (ECF)
which is the intimate environment of the parenchyma tissue, neurons and glia. The CSF
concentrations of these substances may provide clinically useful information about excesses or

deficits of neurotransmitters in the tissue.

[00005] Such neurophysiological disequilibria may result in a build up of toxic substances in
the CSF. Excessive amounts of metabolite produced in one brain region may diffuse via the
CSF to other regions where they may alter the balance of reversible reactions. Intracranial

pressure (ICP) may increase, causing depression of centers in the brainstem that are essential for
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maintenance and regulation of vital functions. Such alterations of normal ICP are encountered in
clinical conditions such as hydrocephalus or traumatic brain injury. The CSF may be drained
from the CSF space to adjust the ICP, and the concentrations of metabolites or precursors of

critical substances may be subjected to microassay outside the cranium.

[00006] The removal of CSF to treat Alzheimer’s disease, hydrocephalus, brain edema, or other
diseases may be accomplished by the use of a variety of intracranial devices, as is known in the
art. To remove these undesirable toxic substances or correct these undesirable pressures, a

drainage device such as a shunt or a catheter may be placed in a ventricle of the brain.

Summary of the Invention
[00007] The present invention is directed to a method of treating a central nervous system

(CNS) disorder, comprising the steps of inserting into a patient’s body first and second conduits
so that distal ends of the first and second conduits open to a portion of the patient’s CNS with
direct access to cerebrospinal fluid (CSF) and so that a proximal end of the first coﬁduit opens
into a first reservoir of material to be introduced into the CSF and a proximal end of the second
conduit opens to drain CSF withdrawn from the CNS and detecting and analyzing brain activity
of a patient in combination with the steps of determining a chemical imbalance present in the
CSF by one of a microassay of a sample of CSF withdrawn from the second reservoir and the
detected and analyzed brain activity and treating the patient based on the determined chemical
imbalance by one of supplying an agent to the CSF via the first conduit and withdrawing a
quantity CSF via the second conduit.

[00008] The present invention is further directed to a system for treating disorders of the central
nervous system, comprising first and second conduits, wherein, when in an operative position,
distal ends of the first and second conduits open into a portion of a patient’s CNS with direct
access to cerebrospinal fluid and wherein, when in the operative position, a proximal end of the
second conduit opens to drain CSF from the CNS and at least one reservoir implantable within
the patient’s body and holding material to be introduced to the CNS in combination with a first

pump coupled to the first reservoir and the first conduit for introducing the material to the CNS
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via the first conduit and a brain wave detection unit for detecting and analyzing brain waves of

the patient.

Brief Description of Drawings
(00009] Fig. 1A shows an exemplary embodiment of a catheter assembly according to the

present invention;

Fig. 1B shows a cross-section of the catheter assembly of Fig. 1A taken along line A-A of Fig.
1A;

Fig. 2A shows an exemplary embodiment of a first branch of the catheter assembly of Fig. 1A;

Fig. 2B shows a second branch of a catheter assembly according to an exemplary embodiment of

the present invention;
Fig. 3 shows an osmotic pump assembly for use in accord with the embodiment of Fig. 1A;

Fig. 4 shows an exemplary embodiment of a method for the correction of neurophysiological

disequilibria in the central nervous system according to the present invention; and

Fig. 5 shows a cross-sectional view of a multi-chamber osmotic pump according to an

embodiment of the invention.

Detailed Description
[00010] Those skilled in the art will understand that it may, at times, be desirable to administer

pharmacotherapeutic drugs or other therapeutic agents to treat chemical imbalances in the brain.
However, the effective availability of many of the pharmacotherapeutic drugs administered to
treat such is limited by their inability to cross the blood-brain barrier (‘BBB”). Further, although
precursors, agonists and antagonists of these substances are well known, the ability to deliver

effective cerebral doses is sometimes seriously constrained by their possible systemic side
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effects.

[00011] Those skilled in the art will understand that it may, at times, be desirable to adjust the
ICP by removing CSF or by adding synthetic artificial CSF to optimize pressure dependent

homeostatic functions.

[00012] The invention enables aggressive intervention in brain disorders by adaptively
correcting the contribution of a suboptimal fluid environment to the health of neural tissue,
adjusting ICP or otherwise restoring an optimal extraqellular neurochemical balance by
circumventing the brain’s resistance to drug entry posed by the BBB, as well as possible
systemic side effects, by a direct delivery into the CSF using a minimally invasive technology

coupled with bioassay and electrophysiological monitoring techniques.

]00013] The CSF surrounding the brain and spine is naturally produced in the chorioid plexus
in the ventricles and reabsorbed by arachnoid villi. Swelling of the brain due to edema caused
by.concussion commonly causes blqckade of reabsorption pathways resulting in a pathological
increase in ICP. Similar dangerous excesses of ICP and disturbances of brain development can
be caused by blockade of the cerebral ventricles in hydrocephalus. It is believed that certain
brain disorders such as, for example, Alzheimer’s disease, may result from the presence of
certain toxic substances in the CSF. These toxins may, for example, be generated by diseased
neurons at a rate greater than the rate at which they are removed by regeneration of the CSF,
resulting in an accumulation of toxins in the CSF. Known toxic substances include beta A-4 -

amyloid, beta-2 microglobulin, tau, etc. Other conditions are known to cause increases or

decreases in the availability of neurotransmitters or their precursors.
[00014] The ECF which is the intimate environment of the brain cells is in reversible diffusion
exchange with the CSF and therefore conveys neurotransmitters and their precursors and

metabolites from various brain regions into the CSF.

[00015] As would be understood by those skilled in the art, the power spectrum of the EEG is
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regulated by a homeostatic neuroanatomical system in the brain which is dependent upon
" appropriate availability of neurotransmitters. Excesses or deficits of these substances perturb
. this regulation. Therefore, quantitative analysis of the EEG can serve as an inticator of

neurotransmitter availability.

. -[00016] As would be understoed by those skilled in the art, increases in ICP following
" {raumatic brain i injury or other conditions may result in swelhng of the brain and increases.in the
T ICP that can have serious consequences 1nc1udmg death, and are a subject of great concern in the

trauma intensive care.unit.

y| 00017] The present mventlon is difected to'a system and method for cotrecting such
1mba1ances 'In one embodlment of the. 1nventlon, the system may be autoimated to maintain a
desired chemical balance in'the CSF using dynannc feedback from EEG monitoring and periodic

chemical ana1y51s of the CSF. However, a more basw system accordmg to the present invention

*may include, for example, a shuntmg catheter for shunting CSF from the cranium and an

infusion catheter for lnfusmg necessary chemicals (i.e., electrolytes, agomsts antagonists, etc.)
into the cranium via an ‘osmotic pump, while monitoring and regulatmg the effects of the
intraventricular shunting and lavage with periodic quantltatlve electroencephalographlc (QEEG)

assays and w1th chemical analysis of the shunted CSF performed by chmcal personnel

' [00018] In one embodiment of the mvennon the system may be automated to riaintain a
desired ICP usrng dynamic, feedback from a sensor monitoring the ICP to regulate the outflow of -
. CSF from the shunt For example, anindwelling pressure sensor may perlodlcally detect ICP
and forward this data’ to a'processor o that, when ‘an 'ICP value euts1de’an acceptable range is
detected, external personnel maybe notified or automatic control of a pump to add.or withdraw
CSF may be undertaken until the ICP returns to the"aeceptable range. " Alternatively, as. will be
discussed below, brain activity may be monitored and the conclusions concerning the level of
ICP and actions to be taken may be made based on ana1y31s of the brain actlvrty detected. For
example, data corresponding to the ICP may be generated by evokmg and analyzing brainstem
auditory responses (BAER) as described in U.S. Patent No. 4,705;049 (“the ‘049 patent) the
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entire disclosure of which is hereby expressly incorporated by reference herein.

[00019] Figs. 1A and 1B show an exemplary embodiment of a catheter assembly 1 according to
the present invention. The catheter assembly 1 includes a dual lumen catheter 100 and a data
processing unit 200 which may include either or both of a QEEG monitor and a BAER monitor
receiviﬁg data from electrodes placed on the scalp or under the skin as would be understood by
those skilled in the art. As would be understood, the components of the catheter assembly 1 may
be made from any bio-compatible materials, such as, for example, silicon. As shown in Fig. 1B,
a distal end of a catheter 100 which comprises a first lumen 110 and a second lumen 120 is
inserted into a ventricle of a patient’s brain as discussed in more detail below. At some point
along the length thereof, the first and second lumens 110, 120, respectively, of the catheter 100
divert into separate branches 110' and 120'. Alternatively, as would be understood by those of
skill in the art, two single lumen catheters may be substituted for the catheter 100 with a first one
of the'catheters performing the same functions as the first lumen 110, and a second one of the
catheters performing the same functions as the second lumen 120. As shown in Fig. 2A, the first
lumen 110 extends past a valve 114 to a reservoir 113 which is coupled to a pump 115 so that
fluids and/or therapeutic agents stored in the reservoir 113 may be fed through the first lumen to
be supplied to the CSF. As shown in Fig. 2B, the proximal end of the branch 120’ is coupled via
a valve 114' to a receiving volume 130 and a relief valve 116 controls drainage of the fluid
within the receiving volume 130 into the body. Exemplary internal locations for the receiving
| volume 130 include the venous system, peritoneal cavity, pleural cavity, etc., and an exemplary
external location may inciude a drainage bag. The valve 114 acts as a check valve to prevent a
back-flow of CSF from the CNS into the pump 115 and the valve 114' acts to prevent the flow of
CSF into the receiving volume 130 to maintain a threshold pressure in the cranium. The valves
114 and 114' may, for example, be constructed as described in U.S. Pat. No. 3,985,140 to Harris,
which is hereby expressly incorporated by reference herein. Alternatively, those skilled in the
art will recognize that the valves 114, 114' may be any other flow control component which
controls the flow of CSF therethrough so that flow is prevented or allowed only in amounts and
'directions and at times desired by the system. As would be understood by those skilled in the

art, the pump 115 may be an osmotic pump, micromechanical pump, or other conventional
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[00020] Alternatively, fluid may be drained into the patient’s body. In this case, the second

" lumen 120 may include a plurality of small holes in the distal end thereof, distal of the valve
114", so that CSF accumulating in the ventricle may enter the holes and drain from the catheter
100. In addition, a second pump (not shown) may be coupled to the second lumen 120 to assist
in drawing CSF from the CNS. The second lumen 120 allows CSF to be withdrawn from the
cranium, to remove accumulated, undesirable toxic substances and/or to enable microassays of a
withdrawn CSF sample. Furthermore, as would be understood by fhose skilled in the art, a
microassay or liquid chromatography éhip or other suitable sensor differentially sensitive to
specific substances may automatically regularly or continuously sense concentrations of these
specific substances (e.g., in the receiving volume 130) and compare these concentrations to
optimal amounts. The results of these comparisons may then be outputted io a clinician or may
be sent directly to the data processing unit 200, described in more detail below, to modify the
output of the pump 115. The CSF may be extracted from the receiving volume 130 for an
external assay by puncturing the reservoir with a needle and withdrawing the sample therefrom
into a syringe. As would be undel"stood by those skilled in the art, in such an arrangement the
needle would be inserted into a self-sealing septum so that, upon withdrawal of the needle

leakage from the receiving volume 130 would be prevented.

[00021] As mentioned above, a withdrawn CSF sample may be microassayed to make
adjustments and/or updates to balances of chemicals to be supplied to the CSF (e.g., by altering
the make-up of the fluid included in the reservoir 113). If, upon assay of the withdrawn CSF
sample, the CSF is found to contain undesirable material, it may be eliminated either
spontaneously by withdrawiné a quantity of the tainted CSF to spur the secretion of new CSF by
the brain, or forcibly by the introduction of fluids via the first lumen 110 as described above.
Furthermore, if microassay of the withdrawn CSF sample reveals excess or deficient electrolytes
or the precursors or metabolites of cerebral neurotransmitters, the first lumen 110 may be used to
infuse electrolytes or agonists or antagonists of the deviant neurotransmitter or any other agent in

order to restore a desired balance.
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- [00022] T h'e rernoyal of CSF, and thus, toxic substances contained therein via the second lumen
120 prevents these toxic substances from being reabsorbed and recirculated and makes it

.possible to manage levels of these toxins. In addition, since the removal rate of these toxins may
‘be equal to, if not higher than, their productmn rates, newly produced, clean CSF will displace
the contarnmated fluid. Thus a transport rate of the CSF may be set at an optlmum level to

" achieve and mamtam a desured CSF composition. - Those skilled in the art will understand that,

CSF productron varies mgmﬁcantly from patlent to patient and, consequently, that the optimuri

transport levels will need to be varied as- well to accommodate these’ drfferences

|00023] In certain respects the catheter 100 acts:ds a shunt system as descnbed for example,

U.S. Pat. No. 3 654 932 to Newklrk et al., the dlsclosure of whlch is, hereby mcorporated by

. reference in its entn'ety The catheter assembly 11is, mtroduced mto the ventncular system of the

‘ brain, preferably into the thtrd ventncle, through conventronal surgery or any known techmque

as is done, for example, to regulate excess CSF in patlents afﬂlcted with hydrocephalus For

" example, the catheter assembly 1 may be mserted through a burr hole of thé skull and through

the brain tissue, using a techmque stich as, for example the one descnbed in'U.S. Pat. No.’

5,312,357 to Buijs et al., the d1sclosure of whxch is hereby mcorporated by reference in 1ts

~ entirety. The proxrmal end of the ﬁrst lumen 110 may be 1nserted e'g., into the patlent 5

peritoneal cavity with the pump 115 and reserv01r 113 m\ a posmon such that the reservoir 113
may be easily accessed in order to supply flulds and/or therapeunc agents thereto Asis |

generally done with ventncular shunts, the catheter assembly l may: ultlmately be covered and

" held in place by the scalp.

[00024] Fig.3 shows in more detail an osmotlc .pump-assembly (such as, for example,
described in U.S. Patent No. 6,436,091 to Harper et al ) whrch may be employed as'the osmotw
pump 115 of Fig. 2A.- The osmotic pump assembly.1 15 comprises ain osmotic reservoir 133 and
an agent supply reservoir 132. The osmotic pump assembly 115 supplies fluid from the agent
supply reservoir 132 to the CNS via the valve 114 when a concentrat1on difference between the

agent supply reservoir 132 and the osmotic reservoir 133 causes solvent to m\grate across a
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semi-permeable membrane 134 exten_ding therebetween. The membrane 134 may be formed, for
example, of cellulose acetate or other suitable material as would be understood by those of skill
in the art. As discussed in more detail below, the osmotic pump 115 may be replaced by a multi-

chambered osmotic pump which can supply a combination of therapeutic agents to the CSF.

[00025] As would also be understood' by those skilled in the art, the valves 114, 114’ and/or the
pump 115 may ‘be actlvated to mamtam a desired ICP based on feedback from an mdwelhng
pressure sensor That is, the valve 1 l4' may be operated to allow CSF to draln from the CNS )
when a detected ICPi is above a predetermmed threshold. Altematwely, the ICP data may be

' output to allow manual adJustment of the ICP Also mstead of dn'ectly measurmg the ICP, the
data processing umt 200 may analyze bram actrvrty data and generate data correspondlng to the
ICP. For example, the data processing unit’ 200 may control a transmlttmg umt to send out &

* trigger signal, collect BAER data analyze a resultmg waveshape by optlmal d1g1tal ﬁltenng ‘and .

perform automatic peak detection of the BAER waveshape “Then, an interval between ﬁrst and

fifth peaks of this waveshape is determined. If this interval i is greater than a predetermmed g

’ threshold length, itis determmed that the ICP is not optlmum and, e1ther this data is outputted to
enable manual ICP ad;ustment or the data processmg unit 200 controls the system to dram CSF '. ‘
until the BAER data mdlcates that the ICP is w1thm the acceptable range For example 1f the -
interval between the ﬁrst and fifth peaks of the BAER waveshape i is greater than 4.2

_milliseconds, the system determmes that the level of the ICP is excessrve (e g ICP > than 7. 0
Torre) and CSF may then be dramed untll the BAER data 1ndrcates that the ICP is < 7.0 Torre
(i.e., when the interval between the ﬁrst and ﬁfth peaks is equal to or less than 4.2 milliseconds).
Of course, those skrlled m the: art w1ll understand that BAER data’t may be combmed w1th . '
detected pressure values if desu‘ed In addltlon a pump ‘connected to the second lumen 120 rnay -

" be employed under control of the data processrng unit 200 to aid in draining CSF while the pump

115 may be used to add fluid to the CNS if the ICP is lower than a lower limit of the acceptable -

range.

' (00026] In addition to the dual lumen catheter 100 and its components, .a‘s described above the
- system data processing unit 200 may comprise a QEEG and/or BAER unit or other sénsory '
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evoked potential system, as shown in Fig. 1A. As would be understood by those skilled in the
art, the data processing unit 200 records and analyzes electrical activity of the brain through the
use of a high-speed data processor and electrodes placed on or under the scalp and linked to the
processor. The processor of the data processing unit 200 amplifies the detected electrical
impulses of the brain and converts them into a wave pattern to provide biofeedback
corresponding to brain activity. Alternatively, other known systems for detecting and analyzing
brain activity may be used to monitor the same effects. The data processing unit 200 may be a
conventional QEEG/BAER system utilizing electrodes removably attached to a patient’s scalp
and external data processing and monitoring equipment. Alternatively, the data processing unit
200 may be an implantable, fully internalized system directly linked to a central control unit
which gathers data from the data processing unit-200 and from other sources and controls
components of the system such as the osmotic pump 131 automatically to create a self regulating
system. The electrodes for the data processing u;lit 200 system may, for example, be implanted
in 2 manner similar to that described for the implantation of brain stimulating electrodes in U.S.
Patent No. 6,463,328 the entire disclosure of which is hereby expressly incorporated by

reference herein. "

[00027] More specifically, the data processing unit 200 may comprise a QEEG unit 2004, a
BAER analyzer 200B and a transmitter 200C. The QEEG unit 200A preferably operates as
would be understood by those skilled in the art to perform all the functions of known
quantitative electroencephalographic systems while the BAER analyzer 200B operates in
conjunction with the transmitter 200C to analyze BAER data evoked by auditory stimulus
generated by the transmitter. For example, the transmitter 200C may send out a trigger signal,
while the electrodes forward data to data processing unit 200. The BAER‘ analyzer 200B then
eliminates noise from the signal and analyzes the BAER waveshape by optimal digital filtering
and performs automatic peak detection of the BAER waveshape to determine the interval
between the first and fifth peaks. This data is then used by the data processing unit 200 to
control the shunting of CSF to progressively adjust the ICP until the interval between the first
and fifth peaks of the BAER waveform is no greater than a predetermined threshold value (e.g.,
4.2 milliseconds) or until the ICP is below a predetermined threshold (e.g., 7.0 Torre).
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[00028] The data processing unit 200 may be used to monitor the effects of the chemicals and
CSF interventions created by the present mventlon It may gauge the rate and amount of ‘
infusion required by evaluatmg the restoratron of any dev1ant brain electrical parameters to -

. control data oorrespondmg to activity of the braln when symptoms of the CNS disorder aré not’
present or to lmown normatlve values appropnate for the age, gender etc. of the patlent Such.'
age-appropriate nonnatlve data may, for example be installed i in 3 ROM unit of the data ‘

' processing unit 200 pnor to 1mp1antatxon Alternatively, the data processrng umt 200 may
include an mterface allowing for updated normative ‘data to be provrded thereto after '

implantation.

- [00029] As descnbed above, a plurahty of electrodes coupled to the data processrng umt 200
| are coupled to a patlent sscalp. In addrtron, the data processmg umt 200' may. be connected to
‘ ' the osmotic pump assembly 115 so that operation of the pump 115 may be controlled thereby
- based on the bram activity defected by the data processmg umt 200. As would be understood by
- these of skrll in. the art,each of the plurahty of electrodes is connected via a plurality of leads to
the data processmg umt 200 so that the data processmg unit 200 acquires an EEG srgnal G. e,
. bram-waves) The data processmg umt 200 then analyzes and opetates on thlS EEG sxgnal usmg,
for example, spectral analys1s “The output from th1s EEG signal analysrs is compared by the
; data processmg umt 200 to reference data (e g normative. values for the. age ‘of the patrent of
‘data from taken from this patlent when no symptoms (or reduced symptoms) of. the CNS -
disorder were present) Thrs analysrs is more ﬁrl ly described in the artrcle J ohn et al _
_ “Neurometrics: Computer Assrsted leferenual Dragnosrs of Bram Dysfunctlons” Scrence | '
| 293:162-169, 1988 (“the Sclence Amcle”) "The Science Article, is hereby expressly mcorporated 2
into this apphcatlon in 1ts entlrety by reference The analysrs may mdlcate a devratlon from the
" norms mdlcatmg that CSF should be dramed or that therapeunc agents should be 1nfused If so,
the data processing unit 200 may provrde a srgnal to the osmotic pump assembly 1 15 or to-the
valve 114' drrectlng changes’ reqmred to restore any deviant brain electncal parameters mdlcated
by the data analysis. For example if the analysis ihdicatés that a concentratron ofa partrcular
chemical being supplied to the CSF is at a threshold level or higher than desired, the data
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processing unit 200 may notify the osmotic pump assembly 115 to reduce the rate of chemical
infusion or stop it altogether until the detected brain activity indicates that the concentration of
this chemical has dropped below the threshold value. Or, if the analysis indicates an excessive
level of a toxin produced within the brain, the data processing unit 200 may direct the forcible
introduction of fluids to reduce the toxin concentration, etc. Of course, those skilled in the art
will understand that in any or all of the cases, the data processing unit 200 may providé output
data to an operator of the system who can override any automatic controls which the data
processing unit 200 may be preparing to enact. In addition, the data processing unit 200 may

alert the operator or the patient whenever any of a plurality of predetermined conditions arises.

[00030] As described above, the data processing unit 200 is also connected to the valve 114' of
the second lumen 120. After the EEG signal analysis has been conducted by the data processing
unit 200 as described above, the data from the data processing unit 200 may be provided to an
operator who may make adjustments as necessary. Alternatively, the data processing unit 200
directly control the valve 114" based on this data to either increase or decrease an amount of CSF
being drained from the ventricle. Thus, the data processing unit 200 may regulate the drainage
of CSF as well as the infusion of chemicals into the CSF.

[00031] Fig. 4 shows an exemplary embodiment of a method for the correction of intracerebral
phemical imbalances according to the present invention. Once the catheter assembly 1 has been
inserted into the ventricle, CSF is drained through the second lumen 120 into the receiving
volume 130 (step 500) by opening the valve 114'. At the same time, the data processing unit 200
then determines the ICP (step 510), microassays the fluid in the receiving volume 130 (step 520)
and analyzes brain activity (step 530). Of course, those skilled in the art will understand that the
removal and/or assay of CSF via the second lumen 120 may be ongoing simultaneously with the
introduction of agents to the ventricle via the first lumen 110. Then, the ICP is compared to a
predetermined threshold (step 540) and, if the ICP is greater than this amount, the valve 116 is
opened to drain CSF from the CNS (step 550). Ifthe ICP is less than the threshold amount, the
valve 116 is maintained closed (step 560). Based on the analysis of brain activity in step 530
and the microassay of the CSF in step 520, the data processing unit 200 determines whether the
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infusion of fluids or therapeutic agents is indicated (step 570). If the infusion of fluids and/or
therapeutic agents is indicated, the data processing unit 200 determines the desired mix of fluids . '
and/or agents to be supplied (step 586). Then the data processing unit controls the pump 230
(described below) to supply the desired mix"to the CNS (step 590). Those skilled in the art will
understand that the data processmg umt 200 may analyze brain activity continuously or at
“regular intervals with a delay factored i n based on an expected tlme for the diffusion of
therapeutic agents to the targeted areas in the bram and that the data may be interpreted by the

data processmg unit 200 as desonbed for example m the Sc1ence Arucle

[00032] As shown in Fig. 5, a mult1 chamber pump 230 which mcludes a pluralrty of chemlcal‘
© ‘reserves 232" may be substltuted for, the > pump 115 of F1g 11A Each of the chemical reserves
232 is separated from a ﬁrst solute reservoir 234 by a correspondmg ﬂexrble membrane 236
The first solute reservo1r 234 is, separated from a second solute reserv01r 238 by a semi-
. permeable membrane 240 and each of the chemlcal reserves 1s separated from a mixing volume ;
233 in fluid commumcatron wrth the ﬁrst 1umen 110 by a correspondlng valve 242. Thus when
a concentratron d1fference exists’ between the fitst and second solute reservorrs 234 238
: respectively, solvent mlgrates across the membrane 240 until the concentratlons on e1ther side
- thereof are balanced For example if the concentratron of the solute is hrgher in the first solute
reservoir 234 than.in, the second solute reserv01r 238, solvent moves across the niembrane 240
from the second solute reserv01r 238 into the ﬁrst solute reserv01r 234 to balance the
. concentrations. The 1ncreased volume of solvent in the first solute reserv01r 234 exerts pressure
“on the ﬂex1b1e membrane 236 However the flex1b1e membranes 236 can not be moved to
' expand this volume unless one or more of the valves 242 18- moved to the open position. A valve'
" control mechanism 244 operates to open ar selected oné or a selected plurahty of the valves 242 :
so that the corresponding portlon (or port1ons) of the flexible membrane 236 may be pushed mto "
the respective chemical reserve(s) 232 to supply the chemrcal(s) stored therein to the CSF via the ;‘
mixing volume 233 and the first lurnen 110 Altematlvely, each chemical may be stored ina .
separate chemical reserve and pumped from there into the CSF by a correspondmg mlmature

“piezo-electric or osmotic pump as would be undefstood by those skilled in the art.
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[00033] Those skilled in the art will understand that the valve control mechanism 244 may be
coupled to the data processing unit 200 for automatic control based on analysis of brain activity
or, alternatively, may be controlled by an operator from outside the body using known magnetic
switches, to achieve a desired balance of a plurality of therapeutic agénts supplied to the CSF. In
addition a valve may be placed between the mixing volume 233 and the first lumen 110 so that
selected chemicals may be mixed within the mixing volume 233 before they are transported to

the CSF via the first lumen 110. .

[00034] There are many modifications of the present invention which will be apparent to those
skilled in the art without departing form the teaching of the present invention. The embodiments’
disclosed herein are for illustrative purposes only and are not intended to describe the bounds of

the present invention which is to be limited only by the scope of the claims appended hereto.
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What is claimed is:

1. A method of treating a central nervous system (CNS) disorder, comprising the

steps of:

inserting into a patient’s body first and second conduits so that distal ends
of the first and second conduits open to a portion of the patient’s CNS withi direct access
to cerebrospinal fluid (CSF) and so that a proximal end of the first conduit opens into a
first reservoir of material to be introduced into the CSF and a proximal end of the second
conduit opens to drain CSF withdrawn from the CNS; .

detecting and analyzing brain activity of a patient;

determining a chemical imbalance present in the CSF by one of a

microassay.of a sample of CSF and the detected and analyzed brain activity; and

treating the patient based on the determined chemical imbalance by one of
supplying an agent to the CSF via the first conduit and withdrawing a quantity of CSF via

the second conduit.

, :
2. The method according to claim 1, wherein the brain activity of the patient is

" detected using one of a quantitative electroencephalograph'y system and a brainstem auditory
"evoked response system analyzing brain activity of the patient, to identify brain activity

corresponding to a predetermined imbalance within the CSF.
3. The method according to claim 1, wherein results of the detection and analysis of

the patient’s brain activity are provided to treatment personnel who utilize the results to direct

the treating of any detected chemical imbalance.
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4, The method according to claim 1, further comprising the step of providing a first
pump between the first reservoir and the distal end of the first conduit for controlling

introduction of material from the first reservoir to the CSF.

5. The method according to claim 4, wherein the first pump is an osmotic pump. |

6.  The method according to claim 4, wherein the first pump is a micro-mechanical
pump-.

7. The method according to claim 4, wherein the first reservoir includes a plurality

of chambers with a corresponding therapeutic agent in each of the chambers and wherein the
first pump draws from each of the chambers to supply a desired amount of each of the

therapeutic agents to be supplied to the CSF.

_ 8. The method according to claim 1, further comprisihg the step of providing

© plurality of pumps between the first reservoir and the distal end of the first conduit for
controlling introduction of material from the first reservoir to the CSF, wherein the first reservoir
includes a corresponding plurality of chambers with a respective therapeutic agent in each of the
chambers and wherein each of the pumps draws from the corresponding chamber to supply a

desired amount of each of the respective therapeutic agent to the CSF.

9. The method according to claim 1, wherein the proximal end of the second conduit

opens into a second reservoir into which the CSF is drained.
10.  The method according to claim 9, further comprising the step of providing 2
second pump between the second reservoir and the distal end of the second conduit for

controlling withdrawal of CSF from the CNS.

11.  The method according to claim 10, wherein the second pump is an osmotic pump.
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12.  The method a¢cording to clalm 10, wherein the second pump is a micro-

‘mechanical pump

13.- The method ,according to claim 2, wherein the step of detecting and analyzing
brain activity includes the substep -of embedding the one of a quanutatwe
';electroencephalo graphy system and a bramstem audltory evoked response system w1th1n a body

1

of the patient.

14, The method accordmg to cla1m 13, wherem the one of a quantltatlve .
. electroencephalography system and a bramstem audltory evoked response system prowdes
output to treatment personnel who utlhze the output to devise strategles for correctmg the -

imbalance.
15.. The method a’ccot’diné':t‘o claim 10, further comprising the steps of:

embeddlng a one of a quantltatlve electroencephalography system and a .
bramstem audttory evoked response system w1th1n the patlent s body to detect and
analyze bram act1v1ty, to 1dent1fy bram act1v1ty eorrespondmg to a predetermmed
1mba1ance w1thm the CSF and’, .

controllmg the ﬁrst ‘and second pumps automattcally based on output from

LN
»

the one of a a quantltattve electroencephalography system and a brainstem audltory evoked

response, system ‘to-correct the 1mbalance
16. ' The method aocordlng t6 claim 9, further compnsmg ‘the step of W1thdrawmg a
sample of fluid from the second reservoxr for mlcroassay by msertmg a syringe info the second

reservoir.

17.  The method accordmg to clatm 9 further comprising the step of detecting data -

corresponding to a microassay of ﬂuld w1thm one of the second condult and the second
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reservior.

18. 'Th'e method according to claim 1, wherein the imbalance is a chemical imbalance
_in the CSF. - l

19. . *: The method according to claim 1, wherein the imbalance is an improper -

intracranial ‘pressure.

20. ~‘A‘ sy'steni_ for tfe"ﬁting disorders 'bfthe géntr‘al nervous system (CNS)?.cbfnpﬁsing:‘,

t

ﬁrst and second condults, wherein, when in’ an operatwe posmon, distal -
ends of the first and second conduits open into a portlon ofa patlent s CNS w1th dlrect
access to cerebrospmal fluid (CSF) and wherem when in the operatlve posmon,
prox1ma1 end of the second conduit opens to drain CSF from theCNS;
|a first resq;;:\roi} implantable within the patient’s'.b'ody and holding a first”
material'to be infrdduced to the'CI'}IS; . : '

tia first pump coupled to the first reservmr and the ﬁrst conduit for

introducing the first matenal to the CNS via the ﬁrst condult and

L]

the patient.

21.  The system accordmg to claim 20, further compnsmg a second reservoir coupled

to the proximal end of the second condult for recewmg CFS drained from the CNS. |

22.  The system accmjdin‘g to claim 20, wherein the first pump is an osmotic pump.

23. . The'system according to claim 20, wherein the first purhp is a micro-rﬁebhanijcal '

[
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. . pump.

1

24, The system accordlng to claim 20 wherein the brain act1v1ty detection unit of the
patient is one of a quantltattve electroencephalography system and a brainstem auditory evoked

response system analyzmg bram act1v1ty of the patlent to identify brain activity correspondmg ,

*." to a predetermined unbalance within the CSF

25. The system accordmg to clatm 20, wherem the first reservoir mcludes a plurahty

" . of chambers Wlth“a correspondmg therapeuttc agent in each of the chambers and whereln the

first pump draws ﬁom each of the chambers to supply a desned amount of each of the

Yoo

therapeutic agents to be supphed to the CSF.

26. ' The system accordmg to clalm 25, wherem the ﬁrst pump includes a plurahty of

pump umts each pump unit xbemg coupled foa correspondmg one 'of the chambers..

" 27. . The system accordlng to clalm 20, wheérein the prox1ma1 end of the second
conduit opens into a second reservorr into. whlch the:CSF is dramed
28. The system accordmg to clalm 27, further compnsmg a, second pump between the
" second reserv01r and the dlstal end of the second condult for controlhng w1thdrawa1 of CSF from
the CNS. . ' |

¥

29." . The system, according to claim 28, wheréin the second pump is an osmotic purnp.
30.  The system according to claim 28 ;Iwherein the second pump is a .

micromechanical pump.

31.  The system aecordtng to ¢laim 20, wherein the brain activity detection unit is

embedded within a body, of the patient.
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32. © The system according to claim 20, wherein the brain activity detection unit -

provides output to treatment pcrsonnel who utilize the output to devise strategies for correcting

]

the imbalance.

33.  The system according to claim 20, wherein an output of the brain activity
detection unit 1s coupled to the first and second pumps to automatlcally control operatlon of the
first and second pumps based on quantitative electroencephalo graphy system output to correct

‘the imbalance.

34. The ‘slyster:n ac'cordin'g to claim 33,. Wﬁerein’the imbalance is a chemi‘cél i'mbalahce',
in the CSF.

35. . Thesystem accorq_lmg‘tp claim 33, whetein the imbalance is an imﬁroper

intracranial pressure.
36.  An osmotic pump including:
. a plurality of agent reservoirs; "

first and second solute chambers;

‘a seml-permcable membrane separating the ﬁrst and second solute’

_ chambers from one another;

“a ﬂex1ble membrane scparatmg a first one of the agent reserv01rs from the

.ﬁrst solute chamber and
a plurality of valves, each of the valves moveable between an open

position in which a.corresponding one of the agent reservoirs is open to an outlet

of the pump and a closed position in which the corresponding one of the agent -
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. reservoirs is sealed with respect to the pump outlet.

37.  The osmotic plin’lp according to claim 36, wherein the flexible membrane

' separates each of the agent reservoirs from the first solute chamber.

38. The osmotlc pump accordlng to claim 36, whereln the flexible membrane
comprlses a pluralxty of mdependent ﬂex1ble members each of the ﬂex1b1e members separatmg :

a correSpondmg One of the agent reserv01rs from the first solute chamber

39. . The osmotic pump accordi_ng'to:cleir_'n 36, further comprising a valve éontrol

‘mechanism for s,e.'lecti'veiy‘movingr e'ach:,cf the valvesbetween its open:and closed position.
© 40. A system for treating dieerderscf the central nervous §)'rsﬁem (CNS), co_gnpriéi‘ng?
- first and second condults, wherein, when inran operatwe position; dlstal ends of
the ﬁrst and second COIIdllItS open 1nto a portlon of a patlent’s CNS thh dlrect access to
cerebrospmal fluid (CSF) and: wherem, when in the operatwe position, a pr0x1ma1 end of

the second_.condult qpens to dram, CSF from the CNS;" :

 a first'reservoit-iniplantable.within the patient’s body and holding a first material'
to be introduced t6.the CNS;

intracfanial pressure detecting unit;

a first pump coupled to the first reservoir and the fifst condﬁit forinfroducing the - ..

first material to the CNS via the first conduit; and-
a brain activity detection unit for detecting and analyzing brain-activity of the

patient, the brain activi_ty'detection unit controlling drainage of CSF based on inpnt from

the intracranial pressure deteeting unit to maintain intracranial pressure within a
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predetermined range.

41. The system ,according to claim 40, wherein the intracranial pressure detecting unit
includes a pressure sensor. ' '
42. . The system according’ to claim 40 wherem the mtracramal pressure detectmg
unit analyzes electncal activity of the bram to determine a current mtracrarual pressure
43. T he system accordlng to clarm 42, wherein the mtracramal pressure detectmg
unit mcludes a transmltter for prov1d1ng audrtory signals to the patlent and a BAER analyzer for

"analyzmg bralnstem evoked auditory potentrals to deterrnme a'cqrrent intracranial pressure.

44, The system accordrng to. clalm 40, wherem, when the intracranial pressure is.
greater than 7 Torre the brain act1v1ty detectron unit drams CSF until the 1ntracramal pressure is

0

no greater than 7 Torre

45. The system accordrng to clarm 43, wherem the BAER analyzer collects BAER
data correspondmg to auditory sigials generated by the transmltter and analyzes a BAER |
waveshape deterrmned based on the BAER data to detect peaks of the BAER waveshape and
determine a time r_nt‘erval‘,b‘etv'l/een a“ﬁrst peak and a ﬁ_ﬁh peak of the BAER waveshape o

determine the intracranial pressure.

46. The system accordmg to cla;rm 45 wherem, ‘when the, tirhe interval betweén the' -
first and fifth peaks is’ greater than 4, 2 rmlhseconds ‘the bram act1v1ty detection umt deterrmnes
. that the intracfanial pressure is excessrve and controls dra1nage of CSF to reduce the mtracramal P

' N

pressure.
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