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Y , JMENA ESCOBAR URIBE, identificada como aparece al pic de mi firma,
domiciliada en 1a Carrera 11 A No. 94-76, of. 305, obrando como apoderada de la
sociedad Codman 8 Shurtleff, Inc., domiciliada en Raynham, Massachusetts,
Estados Unidos de Ameérica, solicitante de la patente de la referencia, en
respuesta su oficio No. 8780 notificado por fijacién en lista el dia 23 de
septiembre de 2004, me permito manifestar lo siguiente:

1. Anexo el documcnto de cesibn suscrito por ¢l inventor a favor de mi
mandante.

Sobre el particular, es importante resaltar que de conformidad con las normas
legales vigentes, articulo 1 de la Resolucién 210 de 2001, expedida por el
Superintendente de Industria y Comercio y articulo 2 de la Convencidn de la
Haya, el documento en inglés que se pretenda aportar como parte de los
tramites de propiedad industrial ante la Superintendencia de Industria y
Comercio no requieren traduccién. Por otro lado, la legalizacién consular y/o
diplomitica de los documentos expedidos en el extranjero no es necesaria. Por
lo tanto, el documento de cesién anexo a este memorial es validamente
presenrado en idioma inglés y con la correspondiente Apostilla.

2. Acompaiio al presente memorial la copia certificads de la solicitud de Patente
Numero 10/656,973 presentada en los Estados Unidos de América el dia 5 de

septiembre de 2003, respectivamente, con la debida traduccién de
pertinente, incluyendo el capitulo reivindicatorio.

Espero con esto haber dado cabal cumplimiento a lo solicitado por ese despacho
y de conformidad con lo indicado en los articulos 3°., inciso 3, 35 inciso 2 y 59
inciso 2 del CCA, al analizar cstc memorial, atentamente ruego se traten todas
las cuestiones planteadas con motivo del mismo.

Sefior Superintendente,

MM
C.C.39.779.452 de usaquén -

T.P. 68228



- APOSTILLE
(CONVENI'ION DE LA HAYE DU 5 OCTOBRE 1961}

1. COUNTRY: UNITED STATES OF AMERICA

- 2. THIS PUBLIC DOCUMEKT =HAS BEEN SIGNED BY:
CHRISTINA A CLICENER

3. ACTING IN TEE CAPACITY OF:
NOTARY PUALIC OF NEW JERSEY

= 4. BEARS THE SEAL/STAMP OF:
CHRISTINA A CLICXNER, KOTARY
= CERTIFIZD
‘ AT TRENTON, NEW JERSEY

THE 7TH DAY OF SEPTEMBER 2004
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7. BY: John E XcCormac, CPA, NEW JERSEY TREZEASURER
B. NO. Az207429
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. SBAL/STAMP: 10. SIGNATURE
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CERTIFICATION

[ hereby certify that 1 have compared the attached document with the
original, and that such said document is a true copy of the original
Assignment document as filed and recorded in the U.S. Patent Office in .
connection with USSN 10/656,973 filed SEPTEMBER §, 2003.

hristina A. Clickn
(Notary Public of New Jersey)
My Commission Expires:
March 2, 2005
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TRAM ANH T. NGUYEN 102549973A*
WORLD ‘TRADE CENTER WEST

155 SBAPORT BLVD.

BOSTON, MA 02210-2060¢

{IRITED STATES PATENT AND TRADEMARK OFFICE
KOTICK OF RECORDATION OF ASSIGNMENT DOCTMENT

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF
THE U.5. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFILM COPY IS

AVATLARLE AT THE ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBHR
REFERTNCELD BELOW.

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. THE

INFORMATION CONTAINED ON THIS RECORDATION NOTICE REFLECTS 1HE DATA
PRESERT IN THE PATENT AND TRADEMARK ASSIGNMENT' SYSTEM. IF YQU SHOULD
FIRD ANY ERRORS OR HAVE QUESTIONS CORCERNIRG THIS NOTICE, YOU MAY
CONTACT THE EMPLOYEE WHOSE NAME APPEARS ON THIS ROTICEB AT 703-308-3723,
PLEASE SEND FREQUEST FOR CORRECTION TO: U.S. PATENT AND TRADEMARK OFFICE,
ASSIGNMENT DIVISION, BOX ASSIGNMENTS, (G-4, 1213 JEFFERSON DAVIS HWY,
SUITE 320, WASHINGTON, D.C. 20231.

RECORDATYON DATE: 09/05/2003 REEL/FRAME: 0(114472/0443
NUMBER OF PAGES: 2

BRIEF: ASSIGMMENT OF ASSIGNOR'S INTEREST (SEE DOCUMENT FOR DETAILS).

ASSIGROR:
ROSENBERC, MEIR DOC DATE: 09/03/2003

ASSIGNEE:
CODMAN & SHURTLEFF, INC.
325 PARAMOUNT DRIVE
RAYNHAM, MASSACHUSETTS 02767-03150

SERIAT. NUMBER: 10656973 PILING DATR: 09/05/72002
PATENT NUMBER: ISSUE DATRE:

SHARON BROOKS, BXAMINER
ASSIGNMENT DIVISION
OFFICE QF PURLIC RECORDS

P.O. Box 1450, Alexantia, Virginie 223131460 - WRW.URPTC.IOW
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Any, Docket No.: 2271447

ASSICNMENT

I, Meir Resepberg, of Newton, Massuchusetts, in comsiduration ef Qne Dollar and ncher
valusblc coosidersfion piid Lo me by

CooMaAN & SHURTLEFF, LN,

n New Jerscy oorporstion hoving u place of busincas at 325 Paramount Thvive, Raynham,
Mussnchusetis U2767-0350, the receipl of which iz hereby acknowledgel, do h:rchy soll, mssign
und fransfer wo amid

CODREAN & SAIIRILEYF, INC.

ils succesaand and assgny, the emine inlcrest for the Uniled States of Americs and all forvign
countrias including all fytts of prlecily wnder the 1ntermtional Conveantioa [or the Protection of
Industrial Properly ina certain lnvention or impmvemem in

MITHOD AND AFTARATUS FOK MANAGING NOUMaL FRESTURE HY IRQCEPHALIS

described in an applivation filed on cven date hepswith inm the United Stalca Tatent and
Trademark Olfice, and in adl Leiters Patent of the United Sistey und all foreign counfries which
may ot shall bs grunted on saidl invention, or any parls thereof, or un said applicetion, or oy
divigioml, coniming, reismac or other applicationa based I whole or in mun thereon. And 1
agree, for mysell and my executors and administiruons, with £aid corporation and s swcoessors and
assigns bol ar itz ar their ¢xpense and charges, hernealior &0 cxccuto all applications, amendal
speciliontions, deed ar vther instrument, and 10 do all acts negessary or proper Lo secarc the grant of
Letwers Paicnt It the Linited Siatca and in all other countries ko said corporalion, with specificativns
and claims In such fovm 45 shall be spproved by the caunscl of said corporation and to ves, wnd
canfirm in said carphraiion, s suceessons and asslgns, the legal thle 1 all such pascasa.

And | do herghy authorize ank reguest the Commissianer of Palents and Trademarks of the

Linitex] Staics 10 igsue such Laestors Fotent as shall be granted opow il upplication ar upplioatons
based thervan to said carperelion, its moccesors and assigns,

WITNESS my hand and s2al this 3b! day of &F{hngl, 2003,

Mele uosenh.-n,. ..J

Commanwealth of Massachusuits

County of _ 1T osdnl_
Then personally appesred (he sbave npmed Meir Rosenberg and aakrmwh@ai the fimegoing
Instrument ta be his [ree 2ct and dewd, before me, this 37d  day of

[FEAL] NS

My commission expires: -1 7

12217921 Page 1 ol 1



ESTADQOS UNIDOS DE AMERICA
A TODOS AQUELLOS A QUIENES EL PRESENTE LLEGUE:

DEPARTAMENTQ DE COMERCIO DE 1.LOS ESTADOS
UNIDOS
Oficina de Patentes y Marcas de los Estados Unidos

Septiembre 27 de 2004

La presente es para ccrificar que ¢l anexo es una copia fiel de los
registros de la Oficina de Patentes y Marcas de los Estados Unidos, de
los documentos de la solicitud de patcntc identificada més adelante,
que cumplieron con los requerimientos para concederse una fecha de
presentacidn de acuerdo con 35 USC 111.

Niimero de Solicitud: 10/656,973

[echa de Presentacién: Sepdembre 5 de 2003

Por la autogdad del
Comisionado de Patentes y Marca

(fdo) MK. HAWKINS

Oficial Cerrificador

Sello oficial de la Oficina de Patentes y Marcas dc los
Estados Unidos de América
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REIVINDICACIONES

1. Un método de regulacién del flujo de! liquido cerebroespinal en pacientes
con hidrocefalia. que comprende:

Proporcionar un sistema de desviacion implantable que tiene una vélvula de
resistencia ajustable para regular el flujo del liquido cerebroespinal dentro y fuera
de la cavidad ventricular del paciente y que incluye un elemento sansor para medir
una caracteristica fisiolégica de la cavidad ventricular y un dispositivo externo
controlador del sistema para comunicacién con el sistema de desviacion
implantable, el dispositivo controlador del sistema se ha configurado para efectuar
un ajusts de a resistencia de [a valvula cuando el dispositivo se aplica al paciente;

Energizar el sistema de desviacién implantable con el dispositivo
controladar del sistema;

Detectar un valor de la caracteristica fisioldgica de |a cavidad ventricular
medido por el elemento sensor;

Comparar el valor medido con un valor de referencia predeterminado para
esa caracteristica fisiolégice;

Determinar una resistencia deseada para alcanzar el valor de referancia
predeterminado pars esa caracteristica fislologica; y

Ajustar la resistencia actual de la vélvula para alcanzar la resistencia

dessada.
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2. El método de la revindicacién 1, en donde la etapa de detectar un valor de
la caracteristica fisioldgica comprende comunicar los datos representativos del
valor madido de la caracteristica fisiolégica desde el elemento sensor hasia el
dispositivo controlador del sistema.

3. El método de la relvindicacion 2, en donde |a etapa de comunicar incluye
recibir una senal de entrada generada desde el elemento sensor, en el diapositivo

controlador del sistema.

4, El método de la reivindicacion 1, en donde 'a etapa de ajustar una
resistencia actual comprende comunicar un comando para ajustar la resistencia,

desde el dispositivo controlador del sistema a la vaivula.

5. El método de la reivindicacibn 1, en donde la etapa de ajustar una

resistencia achual  se repite hasta alcanzar el valor de referencia predeterminado.

6. El método de la relvindicacién 4, en donde la etapa de determinar una
resistencla deseada incluye transmitir una sefial de control de salida generada
desde el dispositivo controlador del sistema a la vilvula.

7. El método de la reivindicacion 1, en donde la etapa de determinar una

resistencia deseada incluye determinar si se necesita un Incremento © una

o
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disminucién en la resistencia actual para alcanzar el valor de refarencia

predeterminado.

8. El método de la reivindicacion 5, en donde la etapa de ajustar una
resistencia actual se repite después de que haya transcurrido un periodo de
tiempo suficiente para que el paciente responda a la resistencia actual de la
vilvula.

8. El maétodo de la reivindicacion 1, en donde la caracteristica fisiolégica es el

volumen, y el elemento sensor esta oorlﬁguradc': para medir un volumen de la

cavidad ventricular.

10. El método de la reivindicacién 1, que ademés incluya la etapa de detectar
el valor de una caracteristica fisioldgica adicional de la cavidad ventricular.

11.  El método de la reivindicacién 12 {4,27?), en donde el sistema de desviacion

implantable incluye un sagundo elemenio sensor para medir la caracteristica
fisioldgica adicional.

12. Elmétodo de la relvindicacion 11, en donde el segundo elemento sensor es

un sensor de presién, y caracteristica fisioldgica edicional es la presién ventricular.

(-t



13.  Elmétodo de la reivindicacién 1, en donde el método se utiliza para manejar

al flujo del fiquido cerebroespinal en un paciente que sufre de hidrocefalia con
presiéon normal.

14. El método de la reivindicacion 13, en donde la etapa de energizar el sistema
de desviacion implantable ocurre después que el paciente este sintomdtico de

hidrocefalia con presiébn nomal.

15. El método de la reivindicacidn 14, en donde el método sa repite cuando el
paciente este sintomatico de hidrocefalia con prasién normal.

16. El método de la relvindicacién 15, en donde el método se repite después de
que haya transcumido un periodo de tiempo suficiente para que el paciente
responda a la resistencia actual de la vélvula.

17.  Un aparato para regular el flijo del liquido cerebroaspinal en un paciente
con hidracefalia, que comprende:

Un sistema de desviacion implantable que tiene una vilvula de resistencia
ajustable para regular el flujo del liquido cerebroespinal dentro y fuera de la
cavidad ventricular del paciente, y que incluye un elemento sensor para medir una
caracteristica fisiolégica del pacients; y

Un dispositivo externo controlador del sistema que opera selectivamente

para comunicar con el sistema de desviacién implantable, estando configurado el

4 A
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dispositivo controlador del sistema para efectuar un ajuste de la resistencia de la
vaivula cuando el dispositivo se aplica al paciente;
En donde el elemento sensor es un sensor de volumen que detecta las

variaciones volumétricas dentro de ia cavidad ventricular.

18. El aparato de la relvindicacién 17, en donde el elemento sensor esta
acoplado a la valvula.

18.  E! aparato de Ia relvindicacion 17. en donde el dispositivo controlador del
sistemna esta configurado para rechir una sefial de entrada generada desde el
elemento sensor durante la operacion, seiial de entrada que es represantativa de

un volumen medido de la cavidad ventricular.

20. El aparato de la reivindicacion 19, en donde el dispositivo controlador ded
sistema ademds esta configurado para transmitir a fa valvula una sefial de control
de salida que comanda a la valvula para ajuster (a resistencia durante la
operacion.

21. El aparato de la reivindicacion 20, en donde el dispositivo controlador del
sistema incluye un microprocesador que compara el volumen medido detectado
por el sensor de volumen con un volumen de referencia predeterminado para el

paciente.

6>
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22. El aparato de la reivindicacién 21, en donde el volumen de referencia se
determina a través de analisis clinico del paciente y el microprocesador se

programa con el volumen de referencia antes de la aplicacién el dispositivo al

paciente.

23. El aparato de la reivindicacion 21, en donde el microprocesador se
programa para calcular una resistencia deseada de la vélvula para alcanzar el

volumen de referencia.

24, El aparato de la reivindicacion 23, en donde el sistema de desviacion
implantable incluye ademas un segundo elemento sensor para medir una
caracteristica fisiolégica adicional del pacienie, estando configurado el segundo
elemento sensor para transmitir los datos que representan el valor medido de la

caracteristica fisiolégica adicional al dispositivo controlador del sistema.

25. El aparato de la reivindicacion 24, en donde el segundo elemento sensor es
un sensor de presidn y la caracteristica fisiolégica adicional es la presién

ventricular.

26. El aparato de la reivindicacién 17, en donde la valvula de resistencia

~ ajustable esta configurada para implantar en una cavidad peritoneal del paciente.

¢d
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27. El aparato de Ia reivindicacion 20, en donde el dispositive controlador del

sistema ademads incluye un mecanismo sincronizado de cierre.

65
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UNITED STATES DEPARTMENT OF COMMFERCE
oy United States Patent and Trademark Office

i

-,@t: Septcmber 27, 2004

P! .l THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM

P! HERECORDS OF THE UNITED STATES PATENT AND TRADEMARK

{1  OFFICE OF THOSE PAPRRS OF THE BELOW IDENTI¥IED PATENT

i - APPLICATION THAT MET THE REQUIRKMENTS TO BE GRANTED A
§|  FILING DATE UNDER 35 USC 111. it
N . Bl
[j_' APPLICATION NUMBER: £6/656,973 i
S8 FILING DATR: Septen:ber 05, 2003 i

By Authorliy nf the
COMMISSIONER OF PATENTS ANTI TRADEREMARKS
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APPLICATION
FOR
UNITED STATES PATENT
Entitled:
METHOD AND APPARATUS
FOR
MANAGING NORMAL PRESSURE HYDROCEPHALUS
Inventor:
MEIR ROSENBERG
NiNutter
NUTTER McCLENNEN & FISH LLP
World Trade Center West
155 Seaport Boulevard
Baston, MA 02210-2604
Tel: 617-439-2000
Fax; 617-310-9748
Atty. Docket No. 22719-47

EXPRESS MAIL NO.: EV324848908US
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Espress Mall Ne.: EV324543308US

Date¢ of Mailing: September 5, 2000
Auly, Docket No.: 2271947

METHOD AND APPARATUS FOR MANAGING
NORMAL PRESSURE HYDROCEPHALUS

CROSS REFERENCE TO RELATED AFPLICATIONS
(0001} Not applicable.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
[0002]  Notapplicable.

FIELD OF THE INVENTION

{0003) The present invention relates to & method and apparatus for managing
hydrocephalus in a patient. Morc particularly, the invention relates to 2 method and apparatus
for draining cerebrospinal fluid in a hydrocephalus patient at s rate responsive to volumetric
variations in the patient's ventricular cavity. Fven more particularly, the invemion relmes 10 2
shunt system having an adjustable resistance valve and a vohune sensor for regulating the
dérainage of cersbrospinal fluid in a ventricular cavity undergoing volumetric variations, and a
mcthod of using such a shunt system to manage cercbrospinal fluid flow in patients afflicted with
normal pressurc hydrocophalus.

BACKGROUND OF THE INVENTION

10004} Hydrocephatus is a condition afflicting patients who are unable 10 regulale
cerebrospinal fluid flow through their body’s own nahaa! pathways. Cerebrospinal fluid (CSF)
is normally produced by the choroid plexus of the brain and carries essential nnrients, hormones,
and other cellular components to various portions of the brain ss the fluid circulstes through the
ventricular system. Along the way, the CSF also helps shsorb shock and cushions the brain as
the fuid Jiffases over the brain and spinal cord. Cerebrospinal fuid that is not recirculatod
eventually drains into the saginal sinus whers it is nanralty sbsurbed by the body’s venous
system. [n o patient suffering from hydrocephalus, the CSF ahsorption rate fails to keep up with
the production rate, either because of an obsyruction aloag the natural CSF pathway ar due to
discased choroid plexus which increases CSF formation. The unabsorbed or excess CSF
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sccumalates in the ventricles of the patient’s brain, leading to an increase in intracranial pressure.
Ir leR untreated, the increased intracranial pressure can lead to serious medical conditions such
a3 compression of the brain lissue and impaired blood flow to the brain, with such potential
consequences as coma and/or death,

{000S] The conventional treatment for hydrocephalus patients has involved dreining the
excess fluid away from the ventricles and rerouting the cxcess cerchrospinal fluid to another area
of the paticnt’s body, such as the peritoneum or vascular system. An implaniable drainage
sysicm, commonly referred 1o as a shun, is often used to carry out the transfer of fluid and
restorc the balance between the formation and absarption of CSF in the paticnl, 1n arder Lo
instal] the shunt syatem, a scalp incixion is madc and » small hole is drilled in the skull. A
proximal, or veatricular catheter is insialled in the veatricular cavity of the patient’s brain, while
a distal, or drainage catheter is installed in that portion of the patient's body where the excess
flvid is to be reintmduced.

10006) To regulate the flow of cerchrospinal fluid between the proximal and distal cods
of the shunt sysiem, the body of the shunt usnally includes a pump or onc-way control
valve. Genenlly, shunt systoms include @ valve mechanism that operates by permitting fluid
flow only once the fluid pressure reaches a certain threshold level. That is, fluid enters the valve
only whea the fluid pressure overcomes the valve mechanism's resistance (o open. Some valve
mechanizms permit the non-invasive adjustment, or programming, of the opening pressure level
at which Muid flow commences. These passive relief valves can genemally be characterized as
falling within one of two catcgories. Differcatial pressurc valves regulsic the differential
pressure across the shunt, i.c., the differcnce of the pressures captured at the proximal and distal
ends of the shunt system.  Vrisble resistance valves regulate the flow of CSF through the shunt
by varying the resistance of the valve, i.c., adjusting the ratio between differential pressure across
the valve and the CSF flow through the valve.

(0007} . Shunts having valve mechanisms that continuously drsin CSF are well known, s
arc shunts with valves that control andor adjust (he opening preswure and/or drainage ratc of the
paticat’s CSF. In congenital hydrocephalus patients (i.c., the hydrocephalus is acquired at birth),
and especially in pediatric patients, such current shunt devices have provea 1o be successiil in
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regulating CSF flow. Howcver, these same shunt devices have been less effective in patients
who suffer from idiopathic nonnal pressure hydrocephalus, a type of hydrocephalus usually
acquired in the later stages of life. Normal pressure hydmocephalus is characterized by enlarged
ventricles in the patient's brain, though the ventricles themselves may register as having
“normal” pressure. Normal pressure hydrocephalus typically affects middie-aged to clderly
aduits, as the disease itscll is often due (o the onset of old age. Classic symptoms includo
dementia, gail instability, and urinary incontinence. Because the discase produces a “normal”
pressure reading, diagnosis is made by correlating the patient sympioms with the siz¢ of the
veniricles via CT and/or MRI, rather than by dctecting the pressure within the ventricular
cavities. Presumably in normal pressure hydrocephslus, the pressure in the ventricles was at
some time sufficient to cause them to dilate. Once the ventricles expanded, the pressure of the
fluid within them retumed 1o “normal™ pressure. In older palients, ventricular compliance
becomes reduned and so the ventricles are no longer able to contract back to their origimal size or
volome in an appropriate amount of time. As a result, the ventricles remain enlarged, and the

patient suffers from neurological dysRmetion duc Lo the compression of the nughbonng paris of
the brain by the overcxpanded ventricles.

|0008) Mot of the currently available shunt devices are configured to be responsive o
changes in proximal, distal and/or atmospheric pregsure, i.z., the shunts respond to variations in
proximal and distal pressures and/or atmospheric pressure. Whereas these shunts have been
effective in regulating cerebrospinal fluid in congenital hydrocephatus paticats, these shonts have
not proven as effective in patienis having norma) pressure hydrocephalus because the sdjusied

" opening pressure lavels do not account for changes in the volume of the ventricular cavity being
drained. Since normal préssure hydrocephalus patients expericnce more pronounced volumetric
variations in their ventricular cavities than ventriculsr pressure variations, the passive rclief
valves curreatly available arc less effoctive in thesc patients who require drainage rase
adjustment based on perceived changes in volume. There is thus & need for a ghunt system that
can adjust its dreinage rate or valve resistance in response to changes in ventsiculsr volume s
well as pressure changes in the veniricoler cavity, in order to achieve a desirable drainage rate,
and a method for managing CSF flow in nonmal pressurc hydrocephalus paticuts using such a
shunt system.
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SUMMARY OF THE INVENTION

[0009] The prescnt invention achieves the aforementioned goals by providing an
adjusteble drainage system for regulating CSF flow in a hydrocephalus patient where the
drzinage ratc is adjusted in response to variations in the veatricular vohune of the patient. The
system includes an adjustable resistance valve and a volume scnsar (hat can be periodically
cnergized with an external system controller device by the patient or ateading physician to
determine when, or if, a change in the ventricular volume has occurred. The system casbles the
user to edjust the valve's resistance in response to changes in (he ventricular volume nsing the
controller device so that a target ventricular volume can be achieved. Alsa provided is a method
of regulaling the drainage of CSF from the cranial cavity of the patient using the sysicm of the
present invention,

[0010) In one cxemplary embodiment, the present invention provides @ metbod of
rcgulating CSF flow in a hydrocephalus patient comprising the siep of providing an implantable
shunt system having an adjustable resistance valve for regulating the flow of CSF into and out of
a ventricnlar cavity of the patient, and including a sensor element for measuring a physiological
charcteristic of the ventricular cavity. The method also provides an external system controller
device that is selectively operable for encrgizing and communicating with the implantable shmt
system. In operation, the sysiem controller device is configured to receive information from the
sensor element and also effcet an adjustment of the resistance of the valve when the system
controller dovice has boen applied o the patienl.

|0011] In a hydrocephalus paticnt having an implanted shunt system of the present
invention, either the patient or the attending physician can sclectively operate the sysiem
controller device by applying the device to the patient to energize the implanted shunt system.
The system controlier device is configured to detect a value of the physiological charscteristic of
the ventricular cavity, as mcasured by (he sensor ¢lement. The measured valuc of the
physiolegical characteristic is compared to 2 predetermined target valuc for that physiological
characteristic. The predctermined target value can be determined through clinical assessment of
the patient and is therefore customized for cach particular patient, This target value is then
presct into the system controller device. When, or if, the system controller device detecis a
difference between the measured value and the target value (i.c., the measured value is higher or
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lower than the target value), the device can be used to command the valve to increase or decrease
ite resigtance accordingly. For instance, the valve's resistance ig decreascd if the measured
volume is higher than the target volume; conversely, resistance is increased if the measured
volume is lower than the target volume. 1f the measured value is within an acceptable range of
the sarget value is detected, then no change is made and the cument resigtance is maintained.
This fecdback mechanism serves to maintain the target value of the physiological characteristic
over lime.

(0012} During the operation of the external system controller device (.c., when the
device is appliod ta the patient and the implaniable shunt system is enenyized), data is
communicated between the device and the implantable shunt system. The sensor elcment
eommunicaies daia representative of the measured valoe of the physiological characteristic to the
system controller device. The system controller deviee compares the measured value to the
target value for that patient, and communicates a command to the valve to adjust its resistance
aocordingly. For example, the system controller device can detect a valu of the physiological
charactcristic measured by the sensor elcment by receiving an input signal gencrated from the
sensor clement that contains data ahout the messured value of the physiological chamcteristic,
Once received, the system controller devico performs a simple algorithm to determine whether
the measurcd value is higher or lower than, or within an aceepiable range of the target value for
the patient, Based on this determination, the resistance of the valve is either increased,
decreascd or maintained af the sama resistance with no changes made, depending on whether the
measured value iy higher, lower, or cssentially the same zs the target value, by gencrating and
transmitting an outpon control signal from the device to the valve that commands the valve to
adjust its resistance accordingly.

10013} In one aspect of the invention, the physiological charactcristic to be messured is
ventricular volume, and the scnsor elernent is a volume séngor configured to measure 2 volume
of the ventricular cavity. The method of the present invention is therefore especially useful for
managing CSF flow in a patient afMictod with normal pressure hydrocephalus, which is
characterized by fluctuations in vemricular volume. It is contemplated that the present method
can be performed when the patient becomes symplomatic of norma pressure hydrocephalus, i.c.,
becomes sick, or expericnces discombort ar disorientation. The present method can also be
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repeated whenever the patient becomes sympiomatic, ot ill. Thus, when the patieny manifests
sympltoms of e discase, or becomes ill, the éxtemal sysiem controller device can be applied to
the patient to detect any varistions in the ventricular volume. If the volume has varied from the
target volume desermined for this patient and which has beert preget in the device, then the
present method can be carried out to adjust the resistance of the valve in an artempt to restore the
ventricular volume back Lo its wrget volume,

{0014) In another aspect of the invention, the method also includes the step of detecting
the value of another physiological characteristic of the ventricular cavity. For instance, the
implantable shunt system can include a second sensor element for measuring an additional
phyziological charecteristic. The sccond sensor clement can be, for example, a presyure sensor,
snd the second physiological characieristic can be veniricular pressure. Thus, the method of the
present invention can involve the detection of either ventricular volume o1 ventricular pressure,
or both, ad assessing the variations in cither or both of these physiological characteristics when
adjusting the resistance of the valve.

[0015] The present invention also providcs an apparatus for regulning CSF flow in a
hydrocephalus patient which comprises an implantable shuni system having an adjusiable
resistance valve for regulating the flow of CSF into and out of 3 ventricular cavity of the patient,
and includes s sensor element for measuring a physiological characteristic of the patient. The
scnsor element can be coupled to the valve, or it can be soparate from the valve itsell. The
sppamtus also comprises 2n extemal system controller deviee that is seloctively operable for
energizing and communicating with the implantable shunt system. In operation, the system
cantroller device is configured 0 effect en adjusiment of the resistance of the valve when the
device is applied to the patient (i.c., when the system is encrgized by the system controlier
device). Ln an exemplary embodiment, the sensor slement is a volume sensor for detecting
volumetric variations within the ventricular cavity of ihe paticut,

|0016) The implantable shunt system and extemal system controller device of the prescat
apparatus are configurcd to communicats data between one another during operation (i.c., when
the devicc is applied 10 the patient and the implanted shunt sysiem is encrgized). For instance,
the system coatroller device can be configured to energize and reccive an input signal gencrated
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from the sensor element that is representative of the measured value of Lhe physiological
characterislic. In onc aspect, the physiological characleristic is a measured volume of the
venmicular cavity of the patient. The system controller device cam also be configured to gencrate
and trenamit 1o the valve an output control signal that commeands the valve to adjust its
resistance.

[0017] In another aspect of the invention, the sysiem controller device can include s
proccasing unit such as & microprocessor which enables the device o compare the measurcd
volume detected by the vohime sensor 1o a predetermined taryet volume for the patient. The
predetermined target valuc can be ascentained through clinical assessment of the palient and is
therefore cusiomized for each particular patienl. This targel value is then preset or programmed
into the system controller device. If, during operation, the system comtroller device detects a
difference between the measured vatuc and the target value, the microprocessor is programmed
to increase or decreass the resistance for the valve, depending on whether the measured value is
higher or lower than the target value, in order to maintan the target ventricnlar vokume for the
patient over time. To adjust the valve, the microprocessor can generate an output control signal
to the valve which commands it to adjust its current resistance to the desired resistance. I,
however, the measured valuc is the same as, or [alls within an scceptable range of the target
value, then the system controller device is programmed to make no changes 1o the resisiancc
level. To safeguard against repeatad or excessive valve edjustments within a shost window of
time, which could produce delcterious health consequences for the patient, the system controller
device can include @ timod shutoff mechanism which would limit the uscr’s ability to adjust the
vaive with the system controller device. For cxampls, the system controller device's valve
adjustment features can be configured 1o deactivate after cach use until a preset amount of time
(c.8., a duy, two days, a wock, eic.) has passod whereby the valve adjustment feature can be
sutomatically reactivated.

[0018) In yot another agpect of the invention, the implantable shunt systom can further
include a second sensor clement for measaring an additional physiologica! characteristic of the
pationt. Like the first sensor element, the second sensor element can be configured 1o transmit
data representing the measured value of the second physiologicsl charactcristic to the system

controller dovice. The second sensor element can be coupled to the valve, or it can be separate
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from the valve itseif. In an exemplary embodiment, the second sensor clement is 8 pressure
sersor and the additional physiological characteristic is ventricular pressure of the patient.

[0019) Further features of the invention, ils nature and various advantages, will be more
spparent from the accompanying drawings and the following detailed deseripiion of the drawings
and the preferred embodiments.

BRIEF DESCRIFTION OF THE DRAWINGS

|0020] The invention can be more [ully understood from the following detailed
description taken in conjunction with the accompanying drawings, in which:

(0021} FIG. 1 iz a perspective view of the shunt system and system controller device of
the present invention;

[0022) FIG. 2A is a side perspective view of an embodiment of the adjustable resistance
valve of the present invention; and

[0023] FIG. 2B is a cross-sectional perspective vicw of the adjustable resistance valve of
FIG. 2A along lines A~—A.

DETAILED DESCRIPTION OF THE INVENTION

»

[0024) Described herein is a method and apparatus for regulating CSF flow ina
hydrocephalus paticn! by adjusting the drinage rase of cxcess CSF in response (o variations in
the ventricular volume of the patient. The method and apparatus of the present invention
regulates the drainage of CSF from the cranial cavity of a hydrocephalus patient. The apparatus
includes an adjustable vaive and a volume sensor that can be periodically snergized by the
patient or atending physician to detcrmine when, or if, a change in the ventricular volume has
occurred, and whether corrective adjusiment of the valve's resistance should be made.

[0025] Tuming now (o the drawings and particuiarly to F1G. 1, an exemplary
embodiment of an apparatus 20 in accordance with the present invention is illustrated. The
apparatus 20 compriscs 8 shunt system JO shown herein as being implanted within a
hydrocephalus patient 10. The implantable shunt system 30 includes a proximal or ventricular
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catheter 32 instalied in a ventricular cavity 12 of the paticnt 10, and a distal or drainage catheter
34 instalicd in the peritoneam 14 of the paticat 10. Extending between the veniricular and
drainage cathcters 32, 34 is an adjustable resistance valve 40 for regulating the flow of CSF into
and out of the ventricular cavity 12 of the patient 10. The valve 40 can be located anywhere
along the fluid pathway of the shunt system 30 such as in the patient’s cranium. Preferably, the
valve 40 is located within the peritoneal cavity 14 of the patient 10 as illustrated, so that size
cansteaints for the valve 40 are minimizad (ie., larger valves 40 can be implanted within the
peritoneum than adjacent to the skull).

(0026} Also included with the apparatus 20 is a sensor element 50 for measuring a
physiclogical characteristic of the patient. The sensor elcment 50 can be coupled to the valve 40,
or it can be scparate from the valve 40 as shown in FIG. 1. Further, while the sensor element 50
is shovm as being positionod within the CSF flow pathway of the shunt system 30, it is
understood that sensor element 50 can be located outside of the CSF flow pathway though still
residing within the ventricular cavily 12 of the paticat 10. In mn exemplary cmbodiment, the
sansor ¢lement 30 is a volume scnsor for detecting vokimetric variations within the ventricular
cavily 12 of the patient 10. The apparatus 20 also comprises an cxlemal system conlroller device
60 that is sclectively operable far encrgizing and communicating with the implantable shunt
sysiam 30. in operation, the system controller device 60 is configured (o effect an adjustment of
the resistsnce of the valve 40 when the devics 60 is applied to the patient (j.e., when the system
30 is energized by the system controller device 60).

[0027] In the present invention, the implantable shunt system 30 and extcrnal system
controller device 60 are configured 10 commumnicale dats between one another when in operation
(i.c., when the dovice 60 is applicd 10 the patient and the implanted shunt system 30 is
encrgized). For example, the system controller device 60 can be confligured to energize and
receive an input signal generated from the sensor element 50 that is representative of the
measured value of the physiological characteristic. In one aspect, the sensor element 50 is a
volume sengor and the physiological characteristic is a measured volume of the ventricular cavity
12 of the petient 10. The system controller device 60 can alao be configured to generate and
tranamit 1o the valve 40 an output control signal that commands the valve 40 to adjust its
resistance.
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{0028} The implantable shunt system 30 of the present invention ¢an further include a
sceond sensor element 52 for measuring an additional physiological characteristic of the patient.
Like the first sensor element 50, the second sensor element 52 can be conligured to transmit dats
representing the measured value of the sccond physiological characteristic to the system
controlier device 60. The sccond sensor clement 52 can be coupled to the valve 40, or it can be
separaie from the valve 40 itsclf. In an cxemplary embodiment, the scoond sensor elemont 32 is
a pressurs scusor and the additional physiologica) characteristic is ventricular pressure of the
patient 10.

[0029] The shunt systcm 30 and system controller device 60 of the present invention can
be equipped with electronic circuitry sunilar to those for modica! telemeiry systems that
communicate physiological data (e.g., tomperature, pressurc, elc.) between an implant and a
receiver unit. For example, the scnsor ¢lement 50 can be configured 10 generate an gnalog data
signal that ig then convened electronteally w a digital pulse which is then transminied by
radiofrequency (RF) to the systcm controller device 60. One skilled in the ant will recognize that
these are merely examples of the forms of remote communication suatable for the present
invention, and that other forms of non-invasive communication can be utilized without departing
from the scope of the presenl invention.

[0030] In another aspect of (he invention, the system controller device 60 ¢an include a
processing unit {¢.5., & micvoprocessor) which cnables the devico 60 10 compare the measurcd
volume detected by the scasor clement 50 to u predetermined target volume for the patient 10.
The predetermined target value can be ascertained through clinical asscssment of the patient 10
and is therefore customized for each particular patient. This target valuc is then presct or
programmed into (he system controller device 60, During operation, the system controller
device 60 energizes the shunt sysiem 30 and detects the measured value of the physiological
characteristic. The device 60 operates according lo an algorithm which sscertains whether the
measured value is higher than, lower than, or within an acceptable range of the target value.
Based on this agsessmenl, the algorithm will then determine whether the resistance should be
increased, decreased or maintained accordingly in order to achieve the target ventricular volume
for the patient 10. For instance, the valve’s resistance is decreased if the measured volume is
higher than the target volume; conversely, the resistance of the valve 40 is increased if the

-10-

)2

Copy pr by USPTO Grom the IFW tnage on 09/33/3004




Atty, Decket No.: 1271947

measured volome is Jower than the target volume. The microprocessor can then generaie an
output control signal to the valve 40 which commands it to adjust its current resistance to the
desired resistance. If the mcasured valuc is essentially the same as, o7 within an acceptable range
of the target value, then the current resistance is mainlained and no changes arc made.

|0031) In accordanca with one embodiment of the present invention, the adjustable
resistance valve 40 includes an actuator 42 as shown in FIGS. 2A and 2B. The actuator 42
allows the selection of the resistance to flow of the valve 40. The actuator 42 is coupled o a
s¢lection mechanism 44 comprising a disc 46 having at least one aperturc 462 traversing the disc
46 near it periphery in a divection parallel 10 its bongitudinal axis L. The vatve 40 further
includes a multi-lumen resistance eatheter 43 that is configured to couple to the drainage or distal
catheter at one cnd and the selection mechanism 44 at the other end. The multi-tumen resistance
catheter 48 comprising a scf of resistors 48s, each resistor 46a defining a different resisiance to
flow and being configured as a passage or channel that cxicnds parallel to the longitadinal axis L
of the dise 46 and catheter 48,

{0032) In general, the resistance of the valve 40 is adjusied by rotating the actuator 42 in
order to align the aperture 46a of the disc 46 of the selection mechanism 44 with a rexistor 48a.
That ig, the actuator 42 enables the relative positioning of the sclection mechamism 44 with
respect to the resistance systam 48 by a rotations] movement of the disc 46 to axially align the
apature 46a with one of the resistors 48a of (he resistance system 48. The disc 46 is positioned
80 a3 to allow the flow of CSF 10 traverse the aperture 46a and resistor 48a and cxit through the
valve 40. The actuator 42 can comprise a motor connected to the disc 46 in order to drive the
rotational movement of the disc 46 with respect to the catheter 48. The size of the aperturc 46a
should be chosen 30 as not to Himit the resistance of the resistor 48s.

|0033) As iflustrated in FIGS. 2A snd 2B, the selcction mechanism 44 and catheter 48
together form an essentially cylindrical shape. Within the cathcter 48, the resistors 48a are
disposed 50 &3 o form a sct of passages parallel (o each ather and 10 the longitudinal axis of the
catheter 48 and the disc 46. The openings of the resistors 48a face the rotational path of the
passage 46a of disc 46. In order W provide a sci of resistors 48a having differcat resistances, the
resistors 48a are cech configured with the same leagth and a different interna! diamcter. The
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resistors 48a can be configured with relatively large diameters to reduce their propensity to clog.
Since the resistors 48a are conlained within a catheter 48 which provides them with structural
integrity, the lengths of each of the resistors 48a can be as long as necessary to achieve the
desired resistance. The resistors 48a of the catheter 48 are disposed on a circular trajectory so as

to face the rotational path of the passage 462 of the disc 46.

[0034] During operation, if the external system controller device 60 detects that the
measured value of the physiological characteristic is higher or lower than the preset target value
for that charactenistic, the device sends a command to the actuator 42 to rotate the disc 46 in
order to align the aperture 46a with a selected resistor 48a having a higher or lower resistance
than the currently used resistor 48a. For instance, if the measured value is higher than the target
value, then the disc 46 is rotated so as to select a resistor 48a having a lower resistance. The
selection can be done incrementally, i.e., the disc 46 can be rotated stepwise until the appropriate
resistance is attained and the system controlier device 60 detects that the measured value is
approaching or has approached the target value for that patient. This stepwise adjustment of
resistance enables the present invention to operate effectively even when, over time and with use,
the resistors 48a become clogged with particulate matter such as blood cells, a potential problem
with the resistors 48a having small intenal diameters. Since the present invention relies upon
the relative resistance or inner diameter of each resistor 48a to operate, rather than the absolute
size or resistance level of any particular resistor 48, the catheter 48 is still effective even when
some of the resistors 48a are clogged. This is because the user can bypass (i.c., move
incrementally past) any clogged resistors 48a during the adjustment procedure and rotate the
catheter 48 until a suitable resistor 48a having either a higher or lower resistance relative to the
current resistance is detected. If no difference is detected between the measured value and the
target value, then the system controller device 60 is programmed to make no changes and

maintain the current resistance of the valve 40.

[0035] In general, the internal diameters of the resistors 48a of the multi-lumen resistance
catheter 48are chosen so as to provide a range of resistance to CSF flow, preferably between
about § - 50 mm Hg/ml/min. For example, the internal diameters of the resistors 48a can be in
the range of approximately 0.30 mm to about 0.60 mm. The valve 40 is configured such that
turning the disc 46 adjusts the resistance to CSF flow through the valve 40. The adjustment
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process can be done after implantation and non-invasively by means of the actuator 42. As an
example, in valve 40 the rotation of the actuator 42 positions the disc 46 to allow the CSF to pass
through the desired resistor or passage 48a of the catheter 48 when the resistor 48a is aligned
with the aperture 46a of the disc 46. The ability to adjust the resistance to flow of the valve 40
non-invasively after implantation enables the surgeon to optimally fit the patient physiology and
provide an optimal treatment of the patient’s pathology, in order to match CSF flow rate

according to the resorption rate of the drainage site.

{0036] Also provided with the present invention is a method of regulating the drainage of
cerebrospinal fluid from the cranial cavity of the patient in response to changes in the patient’s
ventricular volume. The method involves adjusting a resistance of an implanted shunt system so
that the drainage rate is responsive o ventricular pressure and the volume of the patient's
ventricular cavity stays constant. In one exemplary embodiment, the method comprises the steps
of managing CSF flow in a hydrocephalus patient using the implantable shunt system 30 and
external system controller device 60 described herein.

[0037] In a hydrocephalus patient 10 having an implanted shunt system 30 of the present
invention, either the patient or the attending physician can selectively operate the system
controller device 60 by applying the device 60 to the patient 10 to energize the implanted shunt
system 30. The system controller deviee 60 is configured to detect a value of the physiological
characteristic of the ventricular cavity, as measured by the sensor element 50. The measured
value of the physiological characteristic is compared to a predetermined target valye for that
physiological characteristic. The predetermined target value can be determined through clinical
assessment of the patient and is therefore customized for each particular patient. This target
value 15 then programmed or preset into the system controller device 60. When, or if, the system
controller device 60 detects a difference between the measured value and the target value, the
device 60 then determines whether the resistance for the valve should be increased or decreased
accordingly in order to d achieve the predetermined target vaiue for that physiological
characteristic, Using the system controller device 60, the current resistance of the valve 40 is
adjusted in order to achieve the desired resistance, If the measured value is essentially the same
.as, or within an acceptable range of the target value, then no is made change to the resistance of

the valve,
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[0038) During the operation of the extemal system controller device 60 (i.e., when the
device is appliad (o the patient 10 and the implantable shunt system 30 is encrgized), data is
communicated between the device 60 and the implamsble shunt systern 30, The sensor element
50 communicates daia representative of the measured value of the physiological characteristic to
the systcm controller device 60, and the sysiem controlter device 60 communicates a command
to adjust the resistance to the valve 40. For examplc, the system controller device 60 can detect 2
value of the physiological characteristic measured by the sensor element 50 by receiving en input
signal generated from the sensor element SO that contxins data about the measurcd value of the
physiological characteristic. Similarly, the system controller device 60 ean adjust the resisiance
of the valve 40 by gencrating and transmitting an output control signal 1o the valve 40 that
commands the valve 40 to adjust ils resistance.

10039) In one aspect of the method, the physiological charecierisiic to be measured is
ventricular volume, aad the sensor element 50 is & volume sensor configured to measure a
volume of the ventricnlar cavity 12 of the patient. The method of the present invention is
thercfore especially useful for managing CSF flow in a patient affliciad with normal pressure
hydrocephalus, which is characterized by fluctustions in ventricular volume. It is contemplated
that the present method can be performed when the patieat 10 becomes symplomatic of normal
pressurc hydrocephalus, i.¢., becomes sick, or cxpericnces discomfort of disorientation. The
present method can also be repeated whenever the patient 10 becomes symptomatic, orill. Thus,
when the patient 10 manifests symptoms of the diseasc, or becomes ill, the extemal system
controller device 60 can be applicd to the patient [0 to detect any variations in (he ventricular
volunc. [fthe volume has varied from the target volume determined for this patient 10 and
which has been preset in the device 64, then the present method can be carried out 10 adjust the
resistance of the valve 40 in an attempt to restore the ventricular volume back to its target
volume.

[0040) In mother aspect of the invention, the value of another physiological
charscteristic of the ventricufer cavity 12 can also be detected. For instance, the implantable
shunt system 30 can be provided with s second sensor element for measuring an additional
phyniological characterintic. The second sensor element 52 ean be, for example, a pressure
sensor, and the second physiological characterisiic can be ventricular pressure. Thus, the method

-14-
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of the present invention can involve the detection of either ventricular volume ar ventsicular
pressure, or both, and assessing the variations in either or both of thesc physiological
characteristics when adjusting the resinance of the valve 40.

[0041] In an application of the method of the present invention, the patient 10
cxperiences discomfort and pain. The system controlier device 60 is applied onto the patient 10
s0 that the shurt system 30 is energized and data is communicated from the shunt sysiem 30 fo
the device 60. The device 50 can be applied by cither the paticnt himself or his attending
physician. Ifthe mcasured value is the same as, or falls within an acceptablc range of the targes
value, then the system coalroller device 60 is programmed 10 make no changes to the resistance.
[f, however, the extcenal system controller device 60 detects that the measured ventricular
volume is ligher or lower than (he presct target ventricular volume, the device 60 sends a
command to the sctuntor 42 (o rotate the disc 46 in order to align the aporture 4Ga with a sclecied
resistor 48a having a higher or lower resistance than the currently used resistor 48a. For
instance, if the mcasured ventricular volume is higher than the target ventricular volume, then the
device 60 commands the disc 46 to rotate an increment 50 as to select a resistor 482 having a
lower resistance. Then, after some time has elapsed (e.8., 2 day, two days, a week, etc.)
sufficient to allow the patient’s physiology to respond to the valve's new resistance setting, and
the patient still experiences discomfort or pain, or simply wants to determine the currens
veniricular volume, the system controller device 60 can agnin be applied to the patient 10 to
measure 2 current ventricular volume. I the device 60 docs nol detect a change in the measured
ventricular volume from the provious reading, the device 60 sends another command to the valve
40 to decrease the resistance by rotating the disc 46 another increment.

[0042) It is coniemplated that the above steps can be repested until an sppropriaic
resistance is attained and the system controller device 60 detects thal the measured ventricolar
volume is approaching or has approsched the targe! ventriculsr volume far that patient 10. For
example, the above sieps can be repeated whenever the patient begins to expericnce pain or
discomfort. However, 1o safeguard against repeated or excessive valve adjustments within 8
short window of time, which could produce deleterious health consequences for the patient, the
system controller device 60 can include a timed shuto{f mechanism which would limit the user's
abilily to adjust the valve 40 with the system controller device 60 in a given tims period. For

-15-
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example, the system controller device's valve adjustment featuces can be configured (o
deactivaie after cach use yntil a preset amount of vime (e.g., a day, two days, a week, cic.) has
pazsed whercby the valve adjustment feature is sutomalically reactivaied. Such 3 safeguard
ensures that a sufficient amount of time passes between adjustments so thay the patient’s
physiology does not incer rapid CSF flow changes in a short amount of time, Of course, it is
contemplated that the systom controller device 60 can still be capable of detecting the volume of
the patient’s ventricniar cavily even when the device's valve adjustment (eatures arc not active.
Hence, the patient can continwe to monitor hig ventricular volume using the system controller
device 60 even between stages of adjusting the valve 40.

[0043) While the present invention has been described and iliustrated in relation to the
treatment of norms) pressure hydrocephalus, the method and apparatus described herein are
equally suitsbie for the reatment of other neurological disorders that result in hydrocephatus.
will be understood that the foregoing is only iltustretive of the principlies of the invention, and
that various modifications can be made by those skilled in the art without departing from the
soope and spirit of the invention. All references cited herein are cxpressly incorporated by
rcference in their entirety.

[0044) What is claimed is:

77
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CLAIMS

.  Amethod of regulsring cerebrospinal fluid flow in 8 hydrocephalus patient, comprising:

providing an implantable shunt system having an adjustable resistance valve for
regulating the flow of cershrospinal fluid into and out of a ventricular cavity of the patient and
includimg a sensor element for measuring a physiological charecteristic of the ventricular cavity,
and a seloctively aperable exiemal system controller device for communicsting with the
implantable shuat system, the system controller device being configured to effect an adinsiment
of the resistance of the valve when the device is applied to the patient;

encrgizing the implaniable shunt system with the sysiem controller device;

detecting a value of the physiologicsl characteristic of the ventricular cavity measured by
the sensor element,

comparing the measured value with a predetermined target value for that physiological
chamacteristic;

determining a desired resistance to achieve the predetcrmined target value for that
physiological characteristic; and

adjusting a current resistance of the valve to achieve the desired resistance.

2.  Thomethod of claim 1, wherein the step of detccting a value af the phyziotogical
characieristic comprises communicating data representative of ths measured vatuc of the
physiological charscteristic from the sensor element 10 the system controller device.

3.  Themethod of claim 2, wherein the step of communicating includes recciving an nput
signal generated from the sensor clement with the system controller device.

4.  Themcthad of claim 1, wherein the step of adjusting a current resistance comprises
communicating a command to adjust the resistance from the system controller device to the
valve,

5.  The mcthod of elaim 1, whercin the step of adjusting a current resistance is repeated until
the predetermined target value is reached.

-17.

7ﬁmmmenm



Atry. Docket No.: 22719-47

6.  The method of claim 4, wherein the step of communicating includes transmitting an
output control signal gencrated from the system conltroller device to the valve.

7. Thcmethod of claim 1, wherein the step of determining a desired resistance includes
decrmining whether an increase or decrease in the current resislance is necessary to achieve the
predetermined target value,

8.  Themethod of claim §, wherein the siep of adjusling a current resistance is repeated after

a period of time has elapsed sullicicnt for the patient to respond to the current resistance of the
valve.

9.  The method of chaim 1, wherein the physiological characteristic is volume, and the sensor
¢lement is configured to measure a volume of the ventricular cavity.

10.  The method of claim |, further including the step of detecting the value of en sddilional
physiological characieristic of the ventricular cavity.

11.  The method of ciaim 12, wherein the implantsble shunt system includes a second sensor
element for measuring the additional physiological charscteristic.

12. The method of claim 1), wherein the sccond sensor element is a pressure sensor, and the
additional physiological characteristic is ventricular pressure,

13.  The method of claim 1, wherein the method is used to manage cerebrospinal fluid flow in
a patient afflicted wilh normal pressore hydrocephalus.

14.  The method of claim 13, wherein the siep of cnergizing the implantable shunt system
occurs after the patient becomes symptomatic of norme! pressure hydrocephalus.

15.  The method of claim 14, wherein the method is repeated when the patient becomes
symptomatic of normal pressure hydrocephalus.
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16,  The method of claim 15, wherein the method is repeated after a period of time has
elapsed sufficient for the patient to respond to the current resistance of the valve.

17.  An apparatus for regulsting cerebrospinal fluid flow in a hydrocephalus patient,
comprising;

an implantable shunt system having an adjustable resistance valve for regulating the flow
of cerebrospinal fluid into and out of a ventricular cavity of the patient, and including a sensor
element for measuring a physiological characteristic of the palient; and

a sclectively operable extemal system controller device for communicating with the
implantsble shunt system, the system controller device being configured 1o effect an adjustment
of the resistance of the valve when the device is apphied to the patient,

wherein the sensor element is a volume sensor for detecting volumetric variations within
the ventricular cawily.

18.  The apparatus of claim 17, wherein the sensor element is coupled to the valve.

19.  The apparatus of claim 17, wherein the systcm controller device is configured to receive
an input signal geaerated from the sensor element during operation, the input signal being
representative of a measured volume of the ventricular cavity.

20.  The apparatus of claim 19, wherein the systcm controller device is further configurcd to
transmit to the valve an output control signal that commands the valve to adjust the resistance

during operation.

2],  The apparatus of claim 20, wherein the system controller device includes a
micraprocessor for comparing the measured volume detected by the volume sensor to a
predetermined target volume for the patical.

22.  The apparatus of claim 21, wherein the target volume is determined through clinical

asseszmenqt of the patient and the microprocessor is preprogrammed with the target volume prior
to the application of the device (o the patient.

-19-
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23.  The apparatus of claim 21, wherein the microprocessor is programmed to calculate a
desired resistance for the valve to achieve the target volume.

24.  The xpparatus of claim 23, wherein the implantable shunt system further includes a
sceond sensor clement for messuring an additions! physiological characieristic of the patient, the
socond scnsos element being configured to transmit data represcting the measured value of the
additional physiological charactcristic 1o the system controller device.

25.  The apparatus of claim 24, wherein the second scnsor clement is a pressurc sensor and
the additional physiological characteristic is ventricular pressure.

26. Theapparatus of claim 17, wherein the adjustable resistance valve is configured for
implantation i a peritoncal cavily of the patient,

27.  The apparatus of claim 20, wherein the system controller device further inchudes 8 timed
shutofl mechanism,

-20.-
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ABSTRACT

An adjusrable drainage system for regulating cerebrospinal fluid flow in a hydroccphalus
palient where the drainege rale is adjusted in response to venmicular volume variations in the
patient. The system includes an adjustable valve and a volume sensor that cen be periodically
encrgized with an extemal system controller device by the patient or altending physician 10
detenmine when, or if, s chenge in the ventricular volume has occurred. The sysiem ensbles the
user (o adjust the valve's resistance in response to changes in the ventriculur volume using the
controller device so that & target ventricular volume can be achicved. Also provided is a method
of continvously draining cerebrosping! fluid from the cranisl cavity of the patien? using the
system of the present fnvention.

1245768.)
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION

As 2 below named inventor, [ hereby declase that:
My residence, post office address end citizenship are as statcd below next to my name,

I belicve | am an original, first and sole inventor of the subject matter which is claimed and for
which a patent is sought on the invention entitled:

METIIOD AND APPARATUS FOR MANAGING NORMAL PRESSURE
HYDROCEPHALUS

\he specification of which is attached hereto.

In the event that the filing date andfor Application No. are not entercd above at the time | execute
this docsment, and if such information is deemed nccessary, [ herchy authorize and request my
altomeys/agent(s) at Nutter McClennen & Flsh LLP, World Trade Center West, 135 Seaport
Boulevard, Boston, Massschusetts 02210-2604, to insert above the filing date and/or
Application No. of said application.

1 hareby siate that I have reviewed and mderstand the contents of the above identified
specification, including the claims, as amended by an amendment, if any, specificaily referred to
herein.
1 acknowledge the duty to disclose all information known 1o me that is material to patentability
in eccordance with Title 37, Code of Federal Regulations, § 1.56.

FOREIGN PRIORITY CLAIM
[ hereby ¢laim foreign priority benefits under Title 35, United States Code § 119(a){(d) of any
foreign application(s) for patent or inventor's certificate listed below and have also identified
below any forcign application for patent or inventor’s certificate bhaving s filing date before that
of the application on which prionity is claimed:
E]nomh foreign applications have been filed

CLAIM FOR BENEFIT OF EARLIER U.S. PROVISIONAL APPLICATIONS

1 hereby claim priority benefits under Tide 35, United States Code §11%e), of any United States
provisional patent application(s) listed below:

E[ no such U.S, provisional applications have been filed,
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CLAIM FOR BENEFTT OF EARLIER U.SJ/PCT APPLICATION(S)

[ hereby claim the bencfit under Title 35, United States Code, §120 of the United States
application(s) listed below and, insofar as the subjcct matier of each of the claims of this
application is not disclosed in the prior United Stales application in the manner provided by the
first paragraph of Title 3$, United States Code, §112, I acknowledge the duty lo disclose all
information that is material to patentability in accondance with Title 37, Code of Federat
Regulations, §1.56 which became available to me between the filing date of the prior application
and the national or PCT international filing date of this application:

[ ] no such US/PCT applications have been filcd.

I hereby appoint all practitioners at Customer Number 021125, all of Nutter McClennen &
Fish LLP, World Trade Center Wcest, 155 Seaport Boulevard, Bogton, Massachusens 02210-
2604, jointly, and cach of them scverally, my atlomeys at law/patent agent(s), with full power of
substitution, delegation and revocation, 1o prosccute this application, to make altcrations and
amendments therein, to receive the patent, and o transact all busincss in the U. S. Patent and
Trademark Office connected therewith.

Ploase mail all carrespondence to William C. Geary at Customer Number 021125, whose
address is:
Nutter MeClennen & Fish LLP
World Trade Center West
153 Scaport Bovlevard
Boston, Massachusetts 02210-2604

Please direct telephone calls to: Tram Anh Ngryen at (617) 439-2734,
Please direct facsimiles to: (617) 310-9734,

Full name of sole or second inventor
Meir

Sole or first inveator's signature Date
- . S 3nl, 208

Newton, Massachuseits
Citizenship US
Mailing Address

27 Burdean Road
Newton, Massachusetts 02459
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