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A method of treating a subject which may be a human 
suffering from epilepsy which may be a form of epilepsy 
resistant to treatment and particular patients which are 
resistant to treatment with oral medication . The method 
involves positioning a catheter device in the subject ' s brain 
and infusing a liquid formulation of a drug into a portion of 
the subject ' s brain through an infusion lumen at a rate of 5 , 
4 , 3 , 2 , or 1 ml or less per day + 50 % . The infusion may be 
constant and corrected by aspirating fluid from the patient ' s 
brain and testing the aspirated fluid for drug concentration . 
The rate of infusion by the formulation and the concentra 
tion of drug may be adjusted based on patient responsive 
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INFUSING DRUG SOLUTION DIRECTLY 
INTO BRAIN FLUID 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 
[ 0001 ] The present disclosure generally relates to intra 
ventricular administration of drugs to the brain . More par 
ticularly , the disclosure generally relates to an intraventricu 
lar access device configurable to provide a slow and 
continuous infusion of a drug solution into cerebrospinal 
fluid . 

2 . Background 
[ 0002 ] One of the principle reasons for directly adminis 
tering drug therapies to the brain is because the blood - brain 
barrier ( BBB ) limits that passage of nearly all large molecule 
and the majority of small molecule drugs ( < 500 Da ) to the 
brain parenchyma . Since the BBB limits the penetration of 
drugs from the vasculature to the brain tissue , most drugs 
that are administered orally or by intravenous infusion do 
not reach sufficient concentrations in the brain parenchyma 
to have therapeutic effects . In addition , drugs that may have 
the highest potential efficacy against cancerous tissue are 
unable to reach the target tissue . For example , trastuzumab , 
a humanized IgG1 kappa monoclonal antibody for the 
treatment of metastatic breast cancer has a cerebrospinal 
fluid ( CSF ) level that is 300 - fold lower than plasma levels 
when administered intravenously . 
[ 0003 ] Several methods have been proposed to bypass the 
BBB to increase drug concentrations in the brain . These 
include methods for altering the administration of drugs for 
brain delivery including : convection - enhanced delivery 
( CED ) , intra - arterial injection , high dose systemic chemo 
therapy , drug - loaded wafers that are inserted directly into the 
tumor resection cavity , and administration of drugs to the 
CSF . 
[ 0004 ] Methods also exist to temporarily increase the 
permeability of the BBB and include the use of osmotic 
solutions ( mannitol ) , pulsed ultrasound in combination with 
microbubbles , and radiation therapy . 
[ 0005 ] One method for direct administration of drugs to 
bypass the BBB is the use of an ommaya reservoir , which is 
described below . The Ommaya Reservoir is a type of device 
that allows for direct access to the CSF from a syringe or 
external pump without additional surgery at each drug 
administration . An external ventricular drain is another type 
of device that allows for access to the CSF , typically to drain 
excess CSF to relieve and reduce intracranial pressure ( ICP ) . 
[ 0006 ] The Ommaya Reservoir is an intraventricular cath 
eter system that allows for either sampling of cerebrospinal 
fluid or less commonly intermittent direct administration of 
drugs to the CSF . They were invented in 1963 and when 
used for chemotherapy are primarily used for the delivery of 
chemotherapy agents such as methotrexate or Ara - C to the 
CSF for patients with leptomeningeal disease and for con 
tinuous sampling of the CSF for potential infection , pro 
gression of CSF based cancers and occasionally for obtain 
ing a drug level . One example of such a reservoir is the 
IntegraTM Reservoir ( Integra LifeSciences Corporation ) . 
[ 0007 ] Several types of external ventricular drains exist to 
provide access to the CSF . These types of catheters are 
classified as Class 2 medical devices by the FDA . They may 

have an antibacterial coating to limit infection , which can 
occur in up to 25 % of catheter placements in the brain . For 
example , the AresTM Antibiotic Impregnated Catheter 
( Medtronic ) and Bactiseal® ( Codman Neuro , DePuySyn 
thes , Johnson & Johnson ) are impregnated with rifampicin 
and clindamycin and prevent bacterial colonization on all 
surfaces for up to 28 days . Other antibiotics such as mino 
cycline / rifampin or silver may also be used to coat the 
device to limit infection . They may also contain barium 
impregnation for visualization on X - ray to verify proper 
positioning of the device within the brain . 
[ 0008 ] Drug Infusion into the lumbar spine CSF via 
implantable catheters exist . These catheters infuse drug into 
a small space with small flow volumes which is because the 
space required for infusion is small . The size of the holes 
tends to be small . 
[ 0009 ] In terms of brain catheters currently used for drain 
age , an example is the AresTM ( Medtronic ) ventricular 
catheter has 32 flow holes with four lines of 8 holes spaced 
at 90° intervals — to limit clogging from ventricular contents 
though never a focus on brain drug delivery . These devices 
are never used for chronic brain drug delivery . 
[ 0010 ] Catheters designed for convection enhanced deliv 
ery ( CED ) have been developed . CED catheters are designed 
to infuse drug directly into the targeted tissue . The barium 
impregnated Medtronic® PS Medical ( Goleta , Calif . , USA ; 
Catalog number 43209 ) and Vygon US LLC ( Valley Forge , 
Pa . , USA ) are examples of devices that have been used in 
CED trials ( Debinski and Tatter 2009 ) . Infuseon Therapeu 
tics ( U . S . Pat . Nos . 8 , 808 , 234 and 8 , 979 , 822 which are 
incorporated by reference herein ) is also developing a new 
catheter design for CED that allows for delivery of drugs to 
the brain via four independent flexible micro catheters . The 
device is designed for use over up to several days ( but not 
for chronic use over weeks or months ) . The catheters are 
made from silicon and each microcatheter has a diameter of 
0 . 38 mm . The main issue with CED catheters is backflow of 
the infusate during infusion and the lack of ability to use 
them for chronic infusion . 
[ 0011 ] . There are known complications beyond intracranial 
hemorrhage of brain drains which are external to the body 
and placed most commonly in cases of brain trauma , suba 
rachnoid hemorrhage or post neurosurgical . Infection is one 
of the most common types of complications associated with 
such devices . A common practice aimed at reducing this is 
to administer intravenous antibiotics to cover common skin 
flora for the duration of EVD placement . Though this 
appears to carry some benefit , it may contribute to the 
development of resistant organisms . Antibiotic - impregnated 
and ionized silver particle coated EVD catheters offer a 
similar level of protection compared with prophylactic intra 
venous antibiotics but come at a cost . Other strategies 
include sampling an EVD only when infection is suspected , 
monitoring EVD dressing site for drainage suggestive of 
CSF leak , maintaining collection system in the upright 
position , and not routinely changing drain tubing . In the 
setting of infection , it is common consensus that the colo 
nized EVD catheter be removed and replaced with a new 
catheter , preferentially at a new site . Minimizing infection is 
a requirement for longer term placement . 
[ 0012 ] The present invention relates to the direct admin 
istration of drug therapies to the brain through an intraven 
tricular access device that allows for access to the CSF 
through a port located just beneath the scalp of a patient . The 



US 2019 / 0151239 A1 May 23 , 2019 

system can furthermore be attached to an implantable drug 
pump ( e . g . Prometra® Programmable Pump by Flowonix 
Medical or the Synchromed® by Medtronic ) or an external 
syringe or equivalent type pump . 
[ 0013 ] Accordingly , there is a desire to provide a device 
for the direct administration of drug therapies to the brain 
through an intraventricular access device that allows for 
access to the CSF through a port located just beneath the 
scalp of a patient . 

SUMMARY 
[ 0014 ] An aspect of the invention is a method of treating 
a subject which may be a human by directly infusing a drug 
solution into the brain of the subject . The drug solution is 
infused from a catheter at a metered rate of 5 ml per day or 
less , 4 ml per day or less , or about Iml per day + 50 % . The 
drug in the solution may be any drug and includes antiepi 
leptic drugs . The pump may be external or implanted into the 
subject . Infusion of the drug into the brain may be enhanced 
by the use of osmotic solutions including solutions of 
mannitol , pulse ultra sound in combination with 
microbubbles , and radiation therapy . 
[ 0015 ] The method may include extracting small amounts 
of fluid from the brain of about 3 ml or less and testing the 
brain fluid for drug concentration and thereafter , adjusting 
the flow rate of the drug to obtain a desired therapeutic level . 
[ 0016 ] Although the methodology of the invention can be 
carried out to treat a range of patients , it may be focused on 
treating patients with epilepsy and in particular , treating 
patients with forms of epilepsy which are particularly dif 
ficult to treat . The method may be applied to treating patients 
who have not responded well to the treatment of epilepsy by 
the oral administration of drugs . Further , the patients treated 
may be patients diagnosed as being in danger of serious 
brain damage or death if the epilepsy from which they are 
suffering continues untreated . 
[ 0017 ] An aspect of the invention involves selecting a 
population of patients which are diagnosed as being sub 
stantially nonresponsive to treatment with oral anti - epileptic 
medications and in some cases , non - responsive to treatment 
via injection such as intramuscular or intravenous injections . 
[ 0018 ] In another aspect of the invention , the medication 
administered to the patient may be a medication which 
causes substantial adverse effects on other portions of the 
body and as such , is delivered directly to the brain in a 
manner so as to substantially avoid contacting other parts of 
the body or , at least , avoid contacting other organs in 
amounts sufficient to cause adverse effects on those organs . 
[ 0019 ] In an aspect of the invention , the patient is first 
diagnosed with a neurological disorder such as described 
herein which disorder may be epilepsy . The diagnosed 
patient is treated and found non - responsive to treatments by 
conventional administration such as oral administration of a 
drug and may further be diagnosed as having a life threat 
ening neurological disorder . The patient is properly 
informed with respect to risks after which a catheter is 
inserted through the scalp and the skull of the patient 
wherein the catheter is comprised of an infusion lumen 
which delivers drug solution directly to the subject ' s brain 
and an aspiration lumen which withdraws fluid from the 
subject ' s brain . Solution is delivered to the subject ' s brain at 
a relatively slow rate as described herein which may be 5 , 4 , 
3 , 2 , 1 or even as low as 0 . 5 milliliter per day + 50 % . The 
solution contains a drug , which may be an anti - epileptic 

drug at a concentration in a range of from 10 mg / ml to 500 
mg / ml . During the administration of the solution over a 
period of days , fluid is withdrawn from the patient ' s brain 
using the aspiration lumen which is connected to a container . 
Responsiveness of the patient and the concentration of the 
drug found in the fluid aspirated from the patient ' s brain is 
assayed and analyzed after which the rate of infusion or type 
of drug being infused may be changed . 
[ 0020 ] Another aspect of the invention is a method of 
treatment wherein the patient is first diagnosed with epilepsy 
that is refractory to treatment ; patients may have an abnor 
mality related to hippocampal sclerosis , focal cortical dys 
plasia , periventricular heterotopias Dravet syndrome , Len 
nox - Gastaut syndrome , Doose syndrome , and West 
syndrome which may have a specific genetic cause . The 
diagnosed patient is treated and found non - responsive to 
treatments by conventional administration such as oral 
administration of a drug e . g . Valproate . The patient is 
diagnosed as having a serious form of the disease . The 
patient may be incapable of , or unwilling to take medication 
for a life threating condition . The patient is properly 
informed with respect to risks after which a catheter is 
inserted through the scalp and the skull of the patient 
wherein the catheter is comprised of an infusion lumen 
which delivers drug solution ( e . g . Valproate ) directly to the 
subject ' s brain and an aspiration lumen which withdraws 
fluid from the subject ' s brain . The catheters are attached to 
an implantable infusion pump system . A solution of Val 
proate at a concentration of 50 mg / ml to 450 mg / ml is 
delivered to the subject ' s brain at a relatively slow rate as 
described herein which may be one milliliter per day + 35 % . 
During the administration of the solution over a period of 
days , fluid is withdrawn ( the withdrawal of fluid takes less 
than 15 minutes ) from the patient ' s CSF Fluid containing 
areas ( e . g . the lateral ventricle , third ventricle , cisterna 
magna , lumbar cistern or basilar skull cisterns ) using the 
aspiration lumen which is connected to a container . Respon 
siveness of the patient and the concentration of the drug 
found in the fluid aspirated from the patient ' s brain is 
assayed and analyzed after which the rate of infusion or type 
of drug being infused may be changed . The rate is generally 
changed by increasing or decreasing the amount of drug by 
10 % to 30 % per day and adjusting as needed based on 
patient responsiveness . 
[ 0021 ] In another aspect of the invention , the anti - epileptic 
medication is a medication selected from the group consist 
ing of : 
[ 0022 ] Carbatrol , Epitol , Equetro , Tegretol ( carbam 
azepine ) ; 
[ 0023 ] Gabitril ( tiagabine ) ; 
[ 0024 ] Keppra ( levetiracetam ) ; 
[ 0025 ] Lamictal ( lamotrigine ) ; 
[ 0026 ] Lyrica ( pregabalin ) ; 
[ 0027 ] Fenfluramine ; 
[ 0028 ] Gralise , Horizant , Neurontin , Gabarone ( gabapen 
tin ) ; 
[ 0029 ] Dilantin , Prompt , Di - Phen , Epanutin , Phenytek 
( phenytoin ) ; 
( 0030 ) Topamax . Qudexy XR , Trokendi XR , Topiragen 
( topiramate ) ; 
[ 0031 ] Trileptal , Oxtellar ( oxcarbazepine ) ; 
[ 0032 ] Depacon , Depakene , Depakote , Stavzor ( valproate , 
valproic acid ) ; 
[ 0033 ] Zonegran ( zonisamide ) ; 
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[ 0034 ] Fycompa ( perampanel ) ; 
[ 0035 ] Aptiom ( eslicarbazepine acetate ) ; 
[ 0036 ] Vimpat ( lacosamide ) ; 
[ 0037 ] Sabril ( vigabatrin ) ; 
[ 0038 ] Banzel . Inovelon ( rufinamide ) ; 
[ 0039 ] Cerebyx ( fosphenytoin ) ; 
[ 0040 ] Zarontin ( ethosuximide ) ; 
[ 0041 ] Solfoton , Luminal ( phenobarbital ) ; 
[ 0042 ] Valium , Diastat ( diazepam ) ; 
[ 0043 ] Ativan ( lorazepam ) ; 
[ 0044 ] Lonopin , Klonopin ( clonazepam ) ; 
10045 ] Frisium , Onfi ( clobazam ) ; 
[ 0046 ] Potiga ( ezogabine ) ; 
10047 ) Felbatol ( felbamate ) ; 
[ 0048 ] Mysoline ( primidone ) ; 
0049 ] Acetazolamide : 
10050 ) Brivaracetam ; 
[ 0051 ) Clorazepate ; 
10052 ] Ethotoin ; 
[ 0053 ] Mephenytoin ; 
[ 0054 ] Methsuximide ; 
10055 ] Trimethadione ; 
[ 0056 ] Bumetanide ; 
[ 0057 ) Adenosine ; and 
[ 0058 ] Adenosine al receptor agonists . 
[ 0059 ] In another aspect of the invention , the drug is 
valproic acid or a pharmaceutically acceptable salt thereof in 
a solution administered from either an external pump or a 
pump implanted into the subject and further wherein sur 
faces of the catheter are coated with biocompatible materials 
which inhibits cell adhesion and / or anti - microbial com 
pounds which inhibit infection . 
10060 ] The device and method of the invention can be 
employed to treat a wide range of different neurological 
diseases including post - traumatic stress disorder ( PTSD ) 
bipolar disorder , a range of different types of brain cancers . 
Alzheimer ' s diseases , Parkinson ' s diseases , closed head 
injury , stroke , multiple sclerosis , depression , schizophrenia , 
and anxiety . In each case , the invention would more likely 
be employed in situations where the patient had been 
non - responsive to or completely non - compliant with oral 
medications and / or any type of available injectable medica 
tions including IV medication . 
[ 0061 ] Although the device and methodology of the inven 
tion could be applied to treat a wide range of patients and 
diseases it is particularly adapted to treat the patients 
selected for certain criteria . Those criteria include patients 
who have : 
[ 0062 ] ( 1 ) epilepsy ; 
[ 0063 ] ( 2 ) a form of epilepsy resistant to treatment ; 
[ 0064 ] ( 3 ) have been found resistant to treatment with oral 
medications including oral anti - epileptic medications ; 
[ 0065 ] ( 4 ) patients in danger of severe brain damage or 
death if seizures are not treated ; and 
[ 0066 ] ( 5 ) patients requiring very constant blood level of 
a drug in the brain to obtain appropriate treatment . 
10067 ] In some embodiments , a device may include an 
intraventricular access device . The intraventricular access 
device may include a catheter and a container . In some 
embodiments , the catheter may include an aspiration lumen 
and an infusion lumen . A distal end of the catheter may be 
positionable , during use , in a subject ' s brain . In some 
embodiments , the container may be coupled to a proximal 
end of the aspiration lumen . The proximal end of the 

aspiration lumen may be in fluid communication with the 
container . In some embodiments , the device inhibits cross 
contamination between a first fluid in the aspiration lumen 
and a second fluid in the infusion lumen . In some embodi 
ments , the container may include a barrier positioned 
between a proximal opening of the aspiration lumen and at 
least a portion of the infusion lumen adjacent to and / or 
associated with the container . The barrier may inhibit pen 
etration of a surgical instrument . The container may include 
a marker to indicate a position of the barrier . 
[ 0068 ] In some embodiments , at least a portion of the 
infusion lumen is positioned in the aspiration lumen or at 
least a portion of the aspiration lumen is positioned in the 
infusion lumen . In some embodiments , the aspiration lumen 
and the infusion lumen may include two different lumens 
positioned adjacent one another . 
[ 0069 ] In some embodiments , the aspiration lumen and the 
infusion lumen are different lengths when positioned , during 
use , in the subject ' s brain such that a distal end of the 
aspiration lumen and a distal end of the infusion lumen are 
positioned a distance away from one another . 
[ 0070 ] In some embodiments , a distal end of the aspiration 
lumen comprises a first opening and a distal end of the 
infusion lumen comprises a second opening . The first open 
ing and the second opening may be directed in a substan 
tially opposing directions to inhibit cross contamination of 
fluids . 
[ 0071 ] In some embodiments , a distal end of the aspiration 
lumen and / or the infusion lumen comprises at least one 
opening or a plurality of openings which are inhibited from 
opening except when pressure is applied to the opening . 
10072 ] In some embodiments , at least a portion of the 
container is formed from material that is penetrable by a 
needle ( e . g . , a hypodermic needle ) and substantially reseals 
after extraction of the needle . 
[ 0073 ] In some embodiments , at least portions of the 
device are formed from and / or coated in biocompatible 
materials which inhibit cell adhesion and / or comprises an 
antimicrobial . 
100741 In some embodiments , the infusion lumen may be 
coupled to a pump positioned externally or internally rela 
tive to the subject . 
[ 0075 ] In some embodiments , a method includes aspirat 
ing and infusing at least a portion of a subject ' s brain . The 
method may include penetrating an upper portion of a 
container of a device using a needle . The method may 
include aspirating a first fluid from a first portion of a 
subject ' s brain through an aspiration lumen coupled to the 
container and using the needle . The method may include 
infusing a second fluid into a second portion of a subject ' s 
brain through an infusion lumen coupled to the container 
and the aspiration lumen . The method may include inhibit 
ing penetration of the infusion lumen by the needle . 
10076 ] In some embodiments , the method may include 
infusing the second fluid using a pump coupled to the 
infusion lumen , wherein the pump is positioned externally 
or internally relative to the subject . The method may include 
positioning at least a portion of the infusion lumen coupled 
to a pump subcutaneously . 
[ 0077 ] In some embodiments , the method may include 
positioning at least a portion of the aspiration and / or the 
infusion lumen in the subject ' s brain using a substantially 
inflexible stylet . The stylet may be positioned in the aspi 
ration lumen by running the stylet through the container . The 
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method may include observing at least a portion of the 
device during implantation using neuroimaging . 
[ 0078 ] In some embodiments , the method may include 
inhibiting penetration of the infusion lumen by the needle 
using a barrier positioned between a proximal opening of the 
aspiration lumen and at least a portion of the infusion lumen 
adjacent to and / or associated with the container . 
[ 0079 ] In some embodiments , the method may include 
inhibiting at least one opening at a distal end of the aspira 
tion lumen and / or the infusion lumen from opening except 
when pressure is applied to the opening in a first direction . 
The method may include inhibiting the at least one opening 
in a second direction from opening even under pressure . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0080 ] Advantages of the present invention may become 
apparent to those skilled in the art with the benefit of the 
following detailed description of the preferred embodiments 
and upon reference to the accompanying drawings . 
[ 0081 ] FIG . 1 depicts a diagram of a cross sectional view 
of an embodiment of a portion of an intraventricular access 
device , specifically a catheter design with a concentric dual 
lumen design . Infusion and sampling ports are implanted in 
one of the lateral ventricles . The infusion port ( outer lumen ) 
is connected to an implanted pump ( not shown ) . 
[ 0082 ] FIG . 2 depicts a diagram of a cross sectional view 
of an embodiment of a portion of an intraventricular access 
device , specifically a side by side dual lumen design includ 
ing an infusion pathway distinct from the infusion catheter 
coming from the pump ( not shown ) which is shielded from 
the sampling port from being penetrated by a or other needle 
during aspiration . 
[ 0083 ] FIG . 3 depicts a diagram of a cross sectional view 
of an embodiment of an intraventricular access device 
implanted with the sampling and infusion ports located in 
one of the lateral ventricles . The infusion and sampling 
catheter in the brain is connected to a container which is in 
turn connected to an implantable pump that is located in the 
abdomen . 
[ 0084 ] FIG . 4 depicts a diagram of a cross sectional view 
of an embodiment of an intraventricular access device 
implanted with the sampling and infusion ports located in 
one of the lateral ventricles . The infusion and sampling 
catheter in the brain is connected to a container which is in 
turn connected to an external syringe pump . 
[ 0085 ] FIG . 5 depicts a diagram of a cross sectional view 
of an embodiment of a portion of an intraventricular access 
device , specifically a side by side dual lumen design . The 
infusion and sampling ports are implanted in one of the 
lateral ventricles . A container fluidly coupled to at least the 
infusion lumen may allow for either directly injecting drugs 
into the container or directly to the ventricles , or to sampling 
CSF from the container or directly from patient using an 
external syringe ( or an external pump ) . 
[ 0086 ] . FIG . 6 depicts a diagram of a cross sectional view 
of an embodiment of an access device implanted with the 
sampling and infusion ports located over the cisterna magna 
and the cerebellum . The tip of the catheter can be directed 
to the cisterna magna , cisterns in the cerebellopontine angle , 
in the fourth ventricle or in the supra - cerebellar cistern 
direction . The infusion and sampling catheter in the brain is 
connected to a container which is in turn connected to an 
implantable pump that is located in the abdomen . 

[ 0087 ] FIG . 7 depicts a diagram of a cross sectional view 
of an embodiment of a portion of an intraventricular access 
device , specifically a side by side dual lumen design . The 
infusion and sampling ports are implanted in one of the 
lateral ventricles . The infusion port ( right lumen in illustra 
tor ) is connected to an implanted pump ( not shown ) located 
near the abdomen . 
[ 0088 ] FIGS . 8A - F depict diagrams of a cross sectional 
view of several embodiments of a various dual lumen 
catheters that may be used for the device described herein as 
well as one or more stylets positioned in one or more of the 
lumens . 
10089 ] FIG . 9 depicts a diagram of a cross sectional view 
of an embodiment of a portion of an intraventricular access 
device , specifically a side by side dual lumen design with 
multiple flow holes in the infusion catheter . The flow holes 
may be open or may each consist of small “ slits ” that open 
when drug is infused ( when there is positive pressure ) and 
close when drug is not infused . 
[ 0090 ] FIG . 10 depicts a diagram of a top view a skull , and 
of an embodiment of a portion of an implanted intraven 
tricular access device detailing an implantation method . 
[ 0091 ] FIG . 11 depicts a diagram of a side view of a skull , 
and an embodiment of a portion of an implanted intraven 
tricular access device detailing an implantation method . 
[ 0092 ] FIG . 12 depicts a diagram of a cross sectional view 
of an embodiment of a portion of an implanted intraven 
tricular access device detailing an implantation method . 
10093 ) While the invention is susceptible to various modi 
fications and alternative forms , specific embodiments 
thereof are shown by way of example in the drawings and 
may herein be described in detail . The drawings may not be 
to scale . It should be understood , however , that the drawings 
and detailed description thereto are not intended to limit the 
invention to the particular form disclosed , but on the con 
trary , the intention is to cover all modifications , equivalents 
and alternatives falling within the spirit and scope of the 
present invention as defined by the appended claims . 
[ 0094 ] The headings used herein are for organizational 
purposes only and are not meant to be used to limit the scope 
of the description . As used throughout this application , the 
word “ may ” is used in a permissive sense ( i . e . , meaning 
having the potential to ) , rather than the mandatory sense 
( i . e . , meaning must ) . The words include , ” “ including , ” and 
“ includes ” indicate open - ended relationships and therefore 
mean including , but not limited to . Similarly , the words 
“ have , ” “ having , ” and “ has ” also indicated open - ended 
relationships , and thus mean having , but not limited to . The 
terms “ first , ” “ second , ” “ third , ” and so forth as used herein 
are used as labels for nouns that they precede , and do not 
imply any type of ordering ( e . g . , spatial , temporal , logical , 
etc . ) unless such an ordering is otherwise explicitly indi 
cated . For example , a “ third die electrically connected to the 
module substrate ” does not preclude scenarios in which a 
“ fourth die electrically connected to the module substrate ” is 
connected prior to the third die , unless otherwise specified . 
Similarly , a “ second ” feature does not require that a “ first ” 
feature be implemented prior to the " second ” feature , unless 
otherwise specified . 
[ 0095 ] Various components may be described as “ config 
ured to " perform a task or tasks . In such contexts , " config 
ured to ” is a broad recitation generally meaning “ having 
structure that " performs the task or tasks during operation . 
As such , the component can be configured to perform the 
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[ 0104 ] The term “ stylet ” as used herein generally refers to 
a probe , typically a slender probe . 

task even when the component is not currently performing 
that task ( e . g . , a set of electrical conductors may be config 
ured to electrically connect a module to another module , 
even when the two modules are not connected ) . In some 
contexts , “ configured to ” may be a broad recitation of 
structure generally meaning “ having circuitry that " performs 
the task or tasks during operation . As such , the component 
can be configured to perform the task even when the 
component is not currently on . In general , the circuitry that 
forms the structure corresponding to " configured to ” may 
include hardware circuits . 
[ 0096 ] Various components may be described as perform 
ing a task or tasks , for convenience in the description . Such 
descriptions should be interpreted as including the phrase 
" configured to . ” Reciting a component that is configured to 
perform one or more tasks is expressly intended not to 
invoke 35 U . S . C . § 112 paragraph ( f ) , interpretation for that 
component . 
[ 00971 . The scope of the present disclosure includes any 
feature or combination of features disclosed herein ( either 
explicitly or implicitly ) , or any generalization thereof , 
whether or not it mitigates any or all of the problems 
addressed herein . Accordingly , new claims may be formu 
lated during prosecution of this application ( or an applica 
tion claiming priority thereto ) to any such combination of 
features . In particular , with reference to the appended 
claims , features from dependent claims may be combined 
with those of the independent claims and features from 
respective independent claims may be combined in any 
appropriate manner and not merely in the specific combi 
nations enumerated in the appended claims . 
[ 0098 ] It is to be understood the present invention is not 
limited to particular devices or biological systems , which 
may , of course , vary . It is also to be understood that the 
terminology used herein is for the purpose of describing 
particular embodiments only , and is not intended to be 
limiting . As used in this specification and the appended 
claims , the singular forms “ a ” , “ an ” , and “ the ” include 
singular and plural referents unless the content clearly 
dictates otherwise . Thus , for example , reference to “ a linker ” 
includes one or more linkers . 

Intraventricular Access Device : 
[ 0105 ] CSF sampling is inherently important both from a 
safety and efficacy perspective . From a safety perspective , 
the ability to both monitor potential infection as well as drug 
levels is important . From an efficacy perspective , under 
standing drug levels are important to monitor drug treat 
ments . Accordingly , there is a desire to provide a device for 
the direct administration of drug therapies to the brain 
through an intraventricular access device that allows for 
access to the CSF through a port located just beneath the 
scalp of a patient . The system can furthermore be attached 
to an implantable drug pump or an external syringe or 
equivalent type pump . 
[ 0106 ] In some embodiments , an intraventricular access 
device may provide an implantable drug delivery device that 
facilitates drug administration as well as sampling in the 
brain of a human patient . The access for drug sampling may 
occur at a separate location than the drug infusion to 
minimize cross contamination . Drug sampling may be per 
formed with a sharp needle and as such the intraventricular 
access device includes protections such that the needle for 
sampling will not penetrate the infusion catheter . With such 
design safeguards , mixing and inaccuracies may be avoided . 
Both infusion and sampling access points within the brain 
are done relatively close to each other as such sampling and 
infusion may be accomplished in such a way to minimize 
cross contamination . The drug delivery device is adapted for 
implantation into a human subject and drug delivery to the 
CSF . The drug delivery device includes a support structure 
that may be accessed via skin puncture to sample the CSF . 
0107 ] In some embodiments , a device may include an 
intraventricular access device 100 . FIG . 1 depicts a diagram 
of a cross sectional view of an embodiment of a portion of 
an intraventricular access device 100 , specifically a catheter 
design with a concentric dual lumen design . Infusion and 
sampling ports are implanted in one of the lateral ventricles 
200 of a subject ' s brain 300 . The infusion port ( outer lumen ) 
is connected to an implanted pump . The intraventricular 
access device may include a catheter 110 and a container 
120 . In some embodiments , the catheter may include an 
aspiration lumen 110a and an infusion lumen 110b . A distal 
end of the catheter ( e . g . , 5 - 6 cm length ) may be positionable , 
during use , in a subject ' s brain . In some embodiments , the 
container 120 may be coupled to a proximal end of the 
aspiration lumen 110a . The proximal end of the aspiration 
lumen may be in fluid communication with the container . In 
some embodiments , the device inhibits cross contamination 
between a first fluid in the aspiration lumen and a second 
fluid in the infusion lumen . Cross contamination may be 
inhibited by using two separate lumens for sampling and 
infusion . 
[ 0108 ] Cross contamination may be inhibited using other 
systems and / or methods . In some embodiments , the con 
tainer 120 may include a barrier 130 positioned between a 
proximal opening of the aspiration lumen and at least a 
portion of the infusion lumen adjacent to and / or associated 
with the container . The barrier may inhibit penetration of a 
surgical instrument ( e . g . , hypodermic needle ) . For example , 
a needle may be used to collect a sample from the container 
conveyed up through the aspiration lumen and the barrier 
may inhibit accidental puncture of the infusion lumen by the 

DETAILED DESCRIPTION 

Definitions 
10099 ] Unless defined otherwise , all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art . 
[ 0100 ] The term " catheter ” as used herein generally refers 
to medical devices that can be inserted in the body to treat 
diseases or perform a surgical procedure . 
[ 0101 ] The term “ connected ” as used herein generally 
refers to pieces which are physically joined or linked 
together . 
[ 0102 ] The term " coupled ” as used herein generally refers 
to pieces which may be used operatively with each other , or 
physically joined or physically linked together directly , with 
or without one or more intervening members . 
[ 0103 ] The term “ directly ” as used herein generally refers 
to one structure in physical contact with another structure , 
or , when used in reference to a procedure , means that one 
process effects another process or structure without the 
involvement of an intermediate step or component . 
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needle during the procedure . FIG . 2 depicts a diagram of a 
cross sectional view of an embodiment of a portion of an 
intraventricular access device 100 , specifically a side by side 
dual lumen design including an infusion pathway distinct 
from the infusion catheter coming from the pump which is 
shielded from the sampling port from being penetrated by a 
hypodermic or other needle during aspiration . 
[ 0109 ] In some embodiments , the infusion side or segment 
and the infusion pathway will be covered by a barrier ( e . g . , 
metal or other hard plastic material ( e . g . PEEK ) ) to limit the 
ability of a needle to penetrate and potentially cause a 
fenestration between the two sides . The top portion on the 
container may be a silicon - type material that can be punc 
tured by a needle , but which reseals after the needle is 
withdrawn . In some embodiments , the container may have 
guide members 180 ( e . g . , be a cone - shape ) so that the needle 
will be guided to the location of the sampling lumen 110a . 
[ 0110 ] In some embodiments , the container may include a 
marker to indicate a position of the barrier . In some embodi 
ments , one or more portions of the intraventricular access 
device 100 may include a marker of some kind including , 
but not limited to , any portion of the device positionable 
within the subject . The device may include multiple indi 
vidually distinguishable markers . Markers may be used to 
assess a position of one or more portions of the device 
during and / or after implantation in a subject . A portion of the 
implant may include none , one or multiple markers . Markers 
may provide radiographic opacity . Markers may be biocom 
patible . Markers may be of any size or shape . In some 
embodiments , a system may have multiple markers with 
different shapes in order to more easily identify different 
portions of the system and / or an orientation of one or more 
portions of the device . In some embodiments , one or more 
markers may be formed from gold or tantalum . 
[ 0111 ] The intraventricular access device may be designed 
to operate as part of a drug delivery system . The system 
includes a catheter that has distal openings in the CSF . The 
proximal side of the catheter is connected to a modified 
reservoir or container that may be accessed using , for 
example , a standard needle to draw CSF fluid from the distal 
end of the catheter to sample the CSF . In some embodi 
ments , the infusion lumen may be coupled to a pump 
positioned externally or internally relative to the subject . For 
example , the container may contain a pathway for drug 
infusion and is connectable to a catheter which may connect 
to an implantable , programmable , refillable , drug pump . The 
pump may be implanted in the abdominal region of a patient . 
FIG . 3 depicts a diagram of a cross sectional view of an 
embodiment of an intraventricular access device 100 
implanted with the sampling and infusion ports 110a - b 
located in one of the lateral ventricles 200 . The infusion and 
sampling catheter in the brain is connected to a container 
120 which is in turn connected to an implantable pump 140 
( e . g . , via an extension of the infusion lumen or an additional 
lumen 110c coupled to the infusion lumen ) that is located , 
for example , in the abdomen . In some embodiments , a drug 
pump may be connected to an external pump 150 in addition 
to or in the alternative to an implantable pump . FIG . 4 
depicts a diagram of a cross sectional view of an embodi 
ment of an intraventricular access device 100 implanted with 
the sampling and infusion ports 10a - b located in one of the 
lateral ventricles 200 . The infusion and sampling catheter in 
the brain is connected to a container 120 which is in turn 
connected to an external pump 150 ( e . g . , a syringe pump via 

an extension of the infusion lumen or an additional lumen 
110c coupled to the infusion lumen ) . 
[ 0112 ] In some embodiments , implantable drug pumps 
such as the Synchromed® Medtronic ) or Prometra 
( Flowonix ) ( or IP 2000V ( Tricumed ) or Siromedes ( Tric 
umed ) ) that may be used for local and continuous infusion 
of drug therapies . These drug pumps are currently indicated 
for intrathecal drug delivery and have 20 - 40 mL refillable 
reservoirs ; Tricumed reservoirs can go as high as 100 mL . 
They are indicated for the treatment of chronic , intractable 
pain , severe spasticity , and cancer . Alternatively , an external 
syringe type pump can be utilized . Syringe type pumps can 
include a pump like a Baxter 150XL . 
0113 ] Medications which may be introduced using the 

herein described system are not limited . In some embodi 
ments , Morphine and Baclofen are both drugs that could be 
used as well as chemotherapies and other drugs for treatment 
of chronic and nonchronic diseases of the brain . 
[ 0114 ] In some embodiments , aspiration lumen 110a may 
function as a sampling portal for obtaining a sample of a 
subject ' s fluid . FIG . 5 depicts a diagram of a cross sectional 
view of an embodiment of a portion of an intraventricular 
access device 100 , specifically a side by side dual lumen 
design . The infusion and sampling ports are implanted in 
one of the lateral ventricles . A container 120 fluidly coupled 
to at least the infusion lumen 110a may allow either directly 
inject drugs into the ventricles , or to sample CSF from the 
patient using an external syringe 160 ( or an external pump 
150 ) . 
[ 0115 ] In some embodiments , in the access device 100 the 
lumens 110 are tunneled up to the cisterna magna along the 
spine . FIG . 6 depicts a diagram of a cross sectional view of 
an embodiment of an access device 100 implanted with the 
sampling and infusion ports located in the cisterna magna . 
The infusion and sampling catheter in the brain is connected 
to a container 120 which is in turn connected to an implant 
able pump 140 that is located in the abdomen . The lumens 
110 inserted into a spinal canal and tunneled ( e . g . , using a 
guidewire ) . In some embodiments , the container 120 ( e . g . , 
sampling reservoir ) would either sit above the occipital 
bone , or the muscle layer of the lumbar spine or adjacent to 
the pump ( e . g . , in the abdomen or over the back ) . As 
described herein with other embodiments the device 100 
may be coupled , during use , to an internal or an external 
pump . In the current embodiment , features described herein 
to prevent cross contamination ( e . g . , a barrier ) may be 
utilized . In the current embodiment , features described 
herein may be utilized including wherein the ends of the 
lumens being separated by a distance ( e . g . , 5 mm to 1 cm ) . 
The container ( e . g . , sampling reservoir ) may separate from 
the double lumens so that the lumens are joined but the 
container has been separated from the joint lumens . For 
example , a T - shaped separation may be used in the tubing 
with one pathway from the T moving towards an aspiration 
reservoir and one pathway towards the infusion system . AT 
coupling 115 may be used in other embodiments disclosed 
herein . An installation stylet as described herein may be 
temporarily positioned in the infusion lumen or the aspira 
tion lumen during placement in a subject . The device may be 
positioned using neuroimaging or other forms of intraop 
erative detection . Markers ( e . g . , metal portions of the 
device ) may be used for neuroimaging ( e . g . , CT or MRI ) . 
Markers ( e . g . , a magnetic piece ) may be used for intraop 
erative detection . 
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[ 0116 ] . In some embodiments , installing the access device 
100 may include positioning the lumens in a burr hole above 
the cerebellum on the left or right side . FIG . 6 depicts a 
diagram of a cross sectional view of an embodiment of an 
access device 100 implanted with the sampling and infusion 
ports located adjacent , behind or over the cerebellum 208 . 
The infusion and sampling catheter in the brain is connected 
to a container 120 which is in turn connected to an implant - 
able pump that is located in the abdomen . In some embodi 
ments , a small microinsertion device may be used to position 
the lumens of the device through a small opening of less than 
one centimeter such that the lumens go through the burr hole 
opening . The inserted lumens may be flat or shaped like a 
tubing with two different pathways in it . The infusion 
pathway may infuse durally towards the dura or towards the 
brainstem or medial or lateral . The aspiration pathway may 
positioned in an opposing direction to the infusion lumen , 
specifically such that the opening of the aspiration lumen is 
directed in an opposing direction to the opening of the 
infusion lumen . In some embodiments , the openings may be 
facing the same direction . 
[ 0117 ] The pathway of placing the device may be deter 
mined by a CT scan or an MRI scan preoperatively . Scans 
may depict the subarachnoid cisterns and placement of the 
catheter in the cerebellum . The targets could be any of the 
CSF subarachnoid cisterns including the cisterna magna , 
supracerebellar cisterns , CPA cistern or anterior to the brain 
stem cisterns . In some embodiments , a T - shaped separation 
115 of the tubing as described herein may include one 
pathway directed towards an aspiration reservoir and one 
pathway directed towards an infusion system . In some 
embodiments , a stylet as described herein may be placed in 
the infusion lumen ( or the aspiration lumen ) when position 
ing the device in the subject . This same approach could be 
used to position the device over the sylvian fissure or 
interhemisphernic cistern . 
[ 0118 ] Elements in common to both a supracerebellar 
device and a hemisphere design include positioning the 
lumens through a small opening . Other common elements 
may include using preoperative imaging as a positioning 
guide and potentially using intra operative imaging as a 
positioning guide using either magnetic pieces in the device 
to see location and shape or using intraoperative MRI or 
intraoperative CT scan during positioning of the device . 
Common elements may include having a shape so that it 
would be anchored to the skull outside the cranium , and / or 
a stylet to guide passageway . For example , the container 
may include exterior adhesive means for coupling the con 
tainer to an exterior surface of the cranium . 
[ 0119 ] . In some embodiments , the aspiration lumen and the 
infusion lumen are different lengths when positioned , during 
use , in the subject ' s brain such that a distal end of the 
aspiration lumen and a distal end of the infusion lumen are 
positioned a distance away from one another . FIG . 7 depicts 
a diagram of a cross sectional view of an embodiment of a 
portion of an intraventricular access device 100 , specifically 
a side by side dual lumen design . The infusion and sampling 
ports 110 are implanted in one of the lateral ventricles 200 . 
The infusion port ( 110b ) is connected to an implanted pump 
located near the abdomen . Positioning the distal ends of the 
aspiration and infusion lumens a distance away from one 
another may inhibit cross contamination of fluids . 
10120 ] The aspiration and infusion lumens may have dif - 
ferent physical relationships relative to one another . FIGS . 

8A - C depict diagrams of a cross sectional view of several 
embodiments of a various dual lumen catheters 110 that may 
be used for the device described herein . In some embodi 
ments , at least a portion of the infusion lumen is positioned 
in the aspiration lumen or at least a portion of the aspiration 
lumen is positioned in the infusion lumen ( e . g . , as depicted 
in FIGS . 1 and 8A ) . In some embodiments , the aspiration 
lumen and the infusion lumen may include a single lumen 
divided into two different lumens with a wall or divider ( e . g . , 
as depicted in FIG . 8B ) . In some embodiments , the aspira 
tion lumen and the infusion lumen may include two different 
lumens positioned adjacent one another ( e . g . , as depicted in 
FIGS . 5 and 8C ) . 
[ 0121 ] In some embodiments , a distal end of the aspiration 
lumen comprises a first opening and a distal end of the 
infusion lumen comprises a second opening . The first open 
ing and the second opening may be directed in a substan 
tially opposing directions ( e . g . , at least orthogonally relative 
to one another ) to inhibit cross contamination of fluids . The 
openings may be directed away from one another by bend 
ing ( e . g . , during fabrication and / or implantation ) at least a 
portion of at least one of the distal ends of the aspiration 
and / or infusion lumen . 
[ 0122 ] In some embodiments , a distal end of the aspiration 
lumen and / or the infusion lumen comprises at least one 
opening or a plurality of openings . In some embodiments , a 
distal end of the aspiration lumen and / or the infusion lumen 
comprises at least one opening which is inhibited from 
opening except when pressure is applied to the opening . 
FIG . 9 depicts a diagram of a cross sectional view of an 
embodiment of a portion of an intraventricular access device 
100 , specifically a side by side dual lumen design with 
multiple flow holes 170 in the infusion catheter 110b . The 
flow holes may be open or may each consist of small “ slits ” 
that open when drug is infused ( when there is positive 
pressure ) and close when drug is not infused . This may be 
accomplished using a number of different methods . For 
example the opening may include a slit cut into a substan 
tially resilient materials which flexes when under pressure 
but returns to an original shape after the pressure subsides 
( the original shape being a substantially closed slit in the 
lumen ) . The opening may include a more traditional opening 
closed off with a hinged cover ( e . g . , the hinge may include 
a resilient material as described herein since traditional 
mechanical hinges may be difficult to manufacture at the 
current dimensions ) . 
[ 0123 ] In some embodiments , at least a portion of the 
container is formed from material that is penetrable by a 
needle and substantially reseals after extraction of the 
needle . In some embodiments , specialized needles may be 
employed that allow resealing and multiple penetrations 
when cerebrospinal fluid is aspirated . Specialized needles 
may include non - coring needles . For example a small non 
coring butterfly needle may be used to ( e . g . , 23 or 25 gauge 
connected to a three - way tap ) access the reservoir and 
collect a small amount of CSF . 
[ 0124 ] The portion of the container may be on a proximal 
portion at least in a relation to the aspiration lumen such that 
the portion is facing away from the subject and therefore 
accessible . At least a portion or all of the container may be 
positioned subcutaneously in the subject ( e . g . , between a 
subject ' s skull and skin ) . The resealable portion of the 
container may be exposed through the skin of the patient or 
be positioned beneath the skin . The resealable portion of the 
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container may be formed from silicon . The reasealable 
portion may include an opening with a recloseable cap or 
stopper . The resealable portion may be replaceable after 
implantation . 
[ 0125 ] Up to 25 % of brain catheters fail due to clotting or 
tissues growing into the catheter holes . Thus , there is a need 
for a new type of catheter to limit tissue adherence as well 
as the risk of infection . Fibrous adhesions may bind the 
intrabrain portion of the infusion system to the proximate 
choroid plexus . Gentle rotation may free the catheter from 
the choroid plexus . If the catheter is stuck to the choroid 
plexus and is forcefully removed , there may be intraven 
tricular hemorrhage . Thus , there exists a need to develop a 
catheter with an outer coating that also limits adherence and 
in - growth of tissue , particularly from the choroid plexus . In 
some embodiments , at least portions of the device are 
formed from and / or coated in biocompatible materials which 
inhibit cell adhesion . In some embodiments , biocompatible 
materials such as Pebax , HDPE , LDPE , PTFE ( polytetra 
fluoroethylene ) , ePTFE ( expanded polytetrafluoroethylene ) , 
and polyimide may be used to inhibit cell adhesion . For 
example , as regards ePTFE independent experimental and 
clinical studies have demonstrated that the tight microstruc 
ture of the ePTFE surface of GORE PRECLUDER PDX 
Dura Substitute is effective at minimizing tissue attachment . 
With an average porosity of less than one micron , the 
microstructure prevents penetration by fibroblasts and other 
mesenchymal cells and thus minimizes dense fibrous 
ingrowth . 
[ 0126 ] In some embodiments , mechanical smoothing may 
be used on portions to limit micro locations for adhesions 
and the shapes of the holes can be made slit - like or very 
small via manufacturing techniques such as laser microma 
chining 
[ 0127 ] In some embodiments , at least portions of the 
device are formed from and / or coated in biocompatible 
materials comprising an antimicrobial . Antibacterial coat 
ings composed of either silver or antibiotic impregnation 
similar to the catheters currently on the market . Portions of 
the device may be impregnated with antibiotics ( e . g . , rifam 
picin and clindamycin ) . 
[ 0128 ] Choice of materials may be important as regards 
manufacture of devices described herein . For example , 
granuloma associated with morphine spine infusion has been 
of concern . Being careful of the molecule ( morphine appears 
to be a major culprit ) , making sure the device materials in 
the infusion system are produced using high quality products 
to avoid impurities , and / or placing the catheter in areas of 
high CSF flow relative the flow in the spinal areas , may 
result in the risk for granulomas being minimized . 
[ 0129 ] The system can either be modular or in one con 
tinuous system . The catheter is in one system or can be in 
two pieces from the container . The container may be either 
preassembled with a top or with the top that can be added 
separately . If the top is in place , a modified spinal needle or 
another rigid type device is necessary for controlled place 
ment . If it is in two pieces a standard cannula can be in place 
that is not sharp . 
[ 0130 ] In some embodiments , during implantation general 
procedures of import may include long tunneling , antibiotic 
cuffs at entry sites , using filters , avoiding flushing , main 
taining sterile techniques , sometimes using injected antibi 
otics and / or educating patients on self - care . 

[ 0131 ] FIGS . 9 - 11 depicts a diagram of a top view of an 
embodiment of a portion of an implanted intraventricular 
access device detailing an implantation method . In some 
embodiments , insertion of devices described herein may 
include inserting extraventricular drains at Kocher ' s point 
190 , to have the catheter tip in the frontal horn of the lateral 
ventricle . The catheter may be inserted on the right side of 
the brain via a frontal incision 192 . The burr hole 194 may 
be created using a ventriculostomy procedure , sterile tech 
niques , verification of catheter placement , tunneling 196 
( including one or more incisions 198 ) and connections to 
drug pump . The catheter is designed to facilitate ease of use , 
accuracy , safety and durability of the procedure and the 
implant . 
[ 0132 ] In some embodiments , a method includes aspirat 
ing and infusing at least a portion of a subject ' s brain fluid . 
The method may include penetrating an upper portion of a 
container of a device using a needle . The method may 
include aspirating a first fluid from a first portion of a 
subject ' s brain fluid through an aspiration lumen coupled to 
the container and using the needle . The method may include 
infusing a second fluid into a second portion of a subject ' s 
brain fluid through an infusion lumen coupled to the con 
tainer and the aspiration lumen . The method may include 
inhibiting penetration of the infusion lumen by the needle . 
[ 0133 ] In some embodiments , the method may include 
infusing the second fluid using a pump coupled to the 
infusion lumen . The pump may be positioned externally or 
internally ( e . g . , subcutaneously , in a body cavity , etc . ) rela 
tive to the subject . The method may include positioning at 
least a portion of the infusion lumen coupled to a pump 
subcutaneously . 
[ 0134 ] In some embodiments , the method may include 
positioning at least a portion of the aspiration and / or the 
infusion lumen in the subject ' s brain using a substantially 
inflexible stylet . The stylet may be positioned in the aspi 
ration lumen by running the stylet through the container . 
FIGS . 8D - F depict a stylet 115 positioned in one or more 
lumens during installation of the device described herein . 
The stylet 115 may be used to insert the device in a subject ' s 
brain fluid . The stylet may be positioned in the aspiration 
and / or the infusion lumen . The stylet may be more than 
about 7 cms in length . The stylet may penetrate at least 1 / 2 
the length of the aspiration catheter within the brain during 
use . If the stylet is positioned in both lumens , either two 
stylets may be used or one stylet with a split end may be 
used . The method may include observing at least a portion 
of the device during implantation using neuroimaging ( e . g . , 
MRI ) . Towards that end many if not all of the materials used 
to form the device may be compatible with common neu 
roimaging devices such as MRI . 
[ 0135 ] In some embodiments , a stylet may be used to 
assist insertion of the device by positioning the stylet in the 
aspiration lumen before the reservoir or through the reser 
voir for aspiration . In some embodiments , a stylet may be 
used to assist insertion of the device by positioning the stylet 
in the infusion lumen before connection to an implantable or 
external pump . 
0136 ] In some embodiments , the method may include 
inhibiting penetration of the infusion lumen by the needle 
using a barrier positioned between a proximal opening of the 
aspiration lumen and at least a portion of the infusion lumen 
adjacent to and / or associated with the container . The barrier 
may inhibit cross contamination in general between the 
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lumens . In some embodiments , the barrier may be formed 
from the same materials as the container but may consist of 
a greater thickness ( this may tactically alert a care giver 
inserting a needle that they are unknowingly inserting the 
needle to far into the container and close to penetrating the 
barrier . In some embodiments , the barrier may be formed 
from a different material than the container . The barrier may 
be formed from a substantially rigid , rigid , or inflexible 
material such as PTFE or a metal or metal composite . 
[ 0137 ] In some embodiments , the method may include 
inhibiting at least one opening at a distal end of the aspira 
tion lumen and / or the infusion lumen from allowing fluids 
through the opening except when at least predetermined 
amount of pressure is applied to the opening in a first 
direction . The method may include inhibiting the opening 
from allowing fluids through the opening in a second 
direction even under pressure . 
[ 0138 ] In this patent , certain U . S . patents , U . S . patent 
applications , and other materials ( e . g . , articles ) have been 
incorporated by reference . The text of such U . S . patents , 
U . S . patent applications , and other materials is , however , 
only incorporated by reference to the extent that no conflict 
exists between such text and the other statements and 
drawings set forth herein . In the event of such conflict , then 
any such conflicting text in such incorporated by reference 
U . S . patents , U . S . patent applications , and other materials is 
specifically not incorporated by reference in this patent . 
[ 0139 ] 1 . Method : Steps in inserting this specialized cath 
eter . Preparation : Standard bur hole , Dura will be coagulated 
and pia arachnoid opened . Assembly : Step one is aspirate 
csf , step two is flush infusion port , step three is check tubing 
from the pump and make sure there is a fluid head at top of 
tubing , step four connect infusion tubing to the housing , step 
five put a ligature , sow it up . 
[ 0140 ] 2 . Stylet — to guide input 
10141 ] a . Stylet will go through the central position of the 
longer catheter ( 
( 0142 ] b . Aspiration catheter is closed at the tip in the 
brain because of the stylet 
[ 0143 ] c . Stylet position in sampling catheter must be such 
that putting in the stylet cannot poke the infusion catheter 
along its course by either : 
[ 0144 ] i . central hub metal hub to extend a few mm 
downwards to guide stylet in right direction downward and 
away from poking infusion catheter 
[ 0145 ] ii . metal cover on infusion catheter pathway in the 
housing to avoid poking outward into the infusion catheter 
[ 0146 ] iii . positioning will also avoid it so that infusion 
pathway is around the side 
[ 0147 ] b . Housing has a pathway for the infusion catheter 
from the side and out the bottom central , on the side infusion 
pathway will snap onto the infusion catheter which can be 
modified for all infusion catheters 
[ 0148 ] d . Housing will be v shaped on inside for CSF 
collection 
[ 01491 i . Infusion port will have a to have a small 2 ml 
syringe with small tubing which can hook and flush it out the 
infusion tubing first to confirm debris has not clogged this 
tubing at time of placement of catheter . 
[ 0150 ] j . Volume for aspiration in the infusion can be 
1 . 5 - 2 . 5 mls of the V area in the housing for CSF aspiration 
and we want the volume small certainly don ' t want it 5 mls 
like an ommaya . 

[ 0151 ] For Catheter into brain 
[ 0152 ] a . Infusion — 3 holes over 3 - 5 m 
[ 0153 ] d . longer catheter with stylet closed at the end so 
not poke brain or cause bleeding 
10154 ] e . aspiration has the stylet piece 
[ 0155 ] f . aspiration 3 - 5 mm long space with multiple holes 
101561 g . Offset between aspiration and infusion at least 2 
mm and positioned in other direction if needed 
[ 0157 ] h . total length of holes for both infusion and 
aspiration from tip no longer than 25 mm 
[ 0158 ] i . the infusion catheter internal diameter can be a 
smaller width than the aspiration width 
10159 ) j . Two catheters will be coated together on out 
sideshape is like a larger catheter in the middle which is 
the aspiration and a smaller one next to it which is than 
overlayed with a rubber so that it is one piece and one length 
when inserted . 
10160 ) a . Ease of removal — snap off of infusion catheter 
which comes from either the internalized or externalize 
pump before it goes into housing from housing so the 
housing can be disconnected without a surgical procedure 
and then several days later connected to an internalized 
pump , 
10161 ] Further modifications and alternative embodiments 
of various aspects of the invention will be apparent to those 
skilled in the art in view of this description . Accordingly , this 
description is to be construed as illustrative only and is for 
the purpose of teaching those skilled in the art the general 
manner of carrying out the invention . It is to be understood 
that the forms of the invention shown and described herein 
are to be taken as the presently preferred embodiments . 
Elements and materials may be substituted for those illus 
trated and described herein , parts and processes may be 
reversed , and certain features of the invention may be 
utilized independently , all as would be apparent to one 
skilled in the art after having the benefit of this description 
of the invention . Changes may be made in the elements 
described herein without departing from the spirit and scope 
of the invention as described in the following claims . 
What is claimed is : 
1 . A method of treating a subject , comprising : 
positioning a portion of a device into a subject ' s brain ; 
infusing a liquid formulation of a drug into a portion of a 

subject ' s brain fluid through an infusion lumen at a rate 
of 5 ml per day or less . 

2 . The method of claim 1 , wherein the rate is 4 ml per day 
or less . 

3 . The method of claim 1 , wherein the rate is 1 ml per day 
+ 50 % . 

4 . The method of claim 1 , wherein the infusion rate is less 
than 3 ml per day and greater than 0 . 1 ml per day with drug 
in the formulation at a concentration in a range of from 10 
mg / ml to 500 mg / ml . 

5 . The method of claim 1 , further comprising : 
continuing the infusing for a period of one month or more . 
6 . The method of claim 5 , wherein the infusion rate is 

substantially constant over one month . 
7 . The method of claim 1 , further comprising : 
aspirating a sample of fluid from the subject ' s brain , that 

sample having a volume of 3 ml or less ; 
determining the drug level in the sample ; and 
adjusting the rate of infusion of the liquid formulation 

based on the determined drug level in the sample fluid . 
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8 . The method of claim 1 , further comprising : 
selecting a subject patient suffering from epilepsy which 

patient is non - responsive to treatment with oral anti 
epileptic drugs . 

9 . The method of claim 8 , further comprising : 
selecting patient with a severe form of epilepsy in danger 
of brain damage or death . 

10 . The method of claim 1 , wherein the patient has been 
diagnosed with a neurological disease selected from the 
group consisting of : 

post - traumatic stress disorder ( PTSD ) bipolar disorder , 
brain cancer , Alzheimer ' s diseases , Parkinson ' s dis 
eases , closed head injury , stroke , multiple sclerosis , 
depression , schizophrenia , and anxiety . 

11 . A method of treatment , comprising : 
diagnosing a patient as having a refractory form of 

epilepsy which patient is non - responsive to oral admin 
istration of a drug ; 

administering a solution of an anti - epileptic drug directly 
to the brain of the patient at a rate of 5 ml per day or 
less via an implantable infusion pump system ; 

continuing the administering over a period of days ; 
extracting fluid from the brain of the patient ; 
determining a concentration of drug in the fluid extracted ; 
adjusting the administering based on the concentration . 
12 . A method of treating a subject suffering from a 

neurological disorder , comprising : 
inserting a catheter through the skull of a patient wherein 

the catheter is comprised of an infusion lumen which 
delivers a drug solution directly to the subject ' s brain , 
and an aspiration lumen which withdraws fluid from 
the subject ' s brain ; 

delivering a drug solution to the subject ' s brain via the 
infusion lumen at a rate of 5 ml per day or less ; 

withdrawing fluid from the patient ' s brain via the aspi 
ration lumen , wherein a proximal end of the aspiration 
lumen is connected to a container . 

13 . The method as claimed in claim 12 , wherein the 
neurological disorder is selected from the group consisting 
of post - traumatic stress disorder ( PTSD ) bipolar disorder , 
brain cancer , Alzheimer ' s disease , Parkinson ' s disease , 
closed head injury , stroke , multiple sclerosis , depression , 
schizophrenia , and anxiety ; and 
wherein the patient has been determined as non - respon 

sive to treatment with oral medication . 
14 . The method as claimed in claim 13 , wherein the drug 

is selected from the group consisting of valproic acid , 
benzodiazepine , lithium , irinotecan , Beta amyloid secretase 
inhibitors , tau protein antibodies , glial derived neurotrophic 
factor ( GDNF ) , Glatiramer acetate , beta interferences , 
MAOi monoamine oxidase , TCA tricyclic antidepressants , 
clozapine , clozanezapam , and isocarboxazid . 

15 . The method of claim 12 , wherein the aspiration lumen 
is used only for sampling of the subject ' s brain fluid and is 
positioned such that a distal end of the aspiration lumen and 
a distal end of the infusion lumen are positioned away from 
one another . 

16 . The method of claim 12 , wherein the rate is 1 ml per 
day + 50 % and drug is in the drug solution at a concentration 
in a range of 10 mg / ml to 500 mg / ml , + 20 % . 

17 . The method of claim 12 , wherein the drug is an 
anti - epileptic drug selected from the group consisting of : 

Carbatrol , Epitol , Equetro , Tegretol ( carbamazepine ) ; 
Gabitril ( tiagabine ) ; 

Keppra ( levetiracetam ) ; 
Lamictal ( lamotrigine ) ; 
Lyrica ( pregabalin ) ; 
Fenfluramine ; 
Gralise , Horizant , Neurontin , Gabarone ( gabapentin ) ; 
Dilantin , Prompt , Di - Phen , Epanutin , Phenytek ( pheny 

toin ) ; 
Topamax , Qudexy XR , Trokendi XR , Topiragen ( topira 
mate ) ; 

Trileptal , Oxtellar ( oxcarbazepine ) ; 
Depacon , Depakene , Depakote , Stavzor ( valproate , valp 

roic acid ) ; 
Zonegran ( zonisamide ) ; 
Fycompa ( perampanel ) ; 
Aptiom ( eslicarbazepine acetate ) ; 
Vimpat ( lacosamide ) ; 
Sabril ( vigabatrin ) ; 
Banzel , Inovelon ( rufinamide ) ; 
Cerebyx ( fosphenytoin ) ; 
Zarontin ( ethosuximide ) ; 
Solfoton , Luminal ( phenobarbital ) ; 
Valium , Diastat ( diazepam ) ; 
Ativan ( lorazepam ) ; 
Lonopin , Klonopin ( clonazepam ) ; 
Frisium , Onfi ( clobazam ) ; 
Potiga ( ezogabine ) ; 
Felbatol ( felbamate ) ; 
Mysoline ( primidone ) ; 
Acetazolamide ; 
Brivaracetam ; 
Clorazepate ; 
Ethotoin ; 
Mephenytoin ; 
Methsuximide ; 
Trimethadione ; and 
Bumetanide ; 
Adenosine ; and 
Adenosine al receptor agonists ; 
wherein the patient has been determined as non - respon 

sive to treatment with oral medication . 
18 . The method of claim 12 , wherein outer surfaces of the 

catheter are coated with biocompatible materials which 
inhibit cell adhesion and / or comprises an antimicrobial . 

19 . The method of claim 12 , further comprising : 
withdrawing fluid from the subject ' s brain with the aspi 

ration lumen ; 
testing fluid withdrawn ; and 
modifying the rate of infusion based on an analysis of the 

fluid tested . 
20 . A package , comprising : 
a catheter including an aspiration lumen , an infusion 

lumen , wherein a distal end of the catheter is position 
able during use , in a subject ' s brain fluid ; 

a container coupled to a proximal end of the aspiration 
lumen , wherein the proximal end of the aspiration 
lumen is in fluid communication with the container ; 

a pump which pumps a drug solution into the patient ' s 
brain at an infusion rate of 5 ml per day or less ; 

a liquid solution of a drug present in a drug container ; 
instructions for using the drug for treating a neurological 

disease in a patient in need of treatment , the instruc 
tions indicating the patient must be determined nonre 
sponsive to or noncompliant with oral medication . 

* * * * 


