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Attorney Docket Rao,; 22719-85 (COD5127)

PROGRAMMABLE SHUNT WITH

ELECTROMECHANICAL VALVE ACTUATOR
FIELD OF THE INVENTION

[G001] The present invention relates to methods and devices for regulating and directing bodily
fluids from oneTegion of a patient to another region

BACKGROUND OF THE INVENTION

[0002] Hydrocephalus is a neurological condition caused by the abnormal accumulation of
cerebrospinal fluid (CSF) within the ventricles, or cavities, of the brain. Hydrocephalus, which
can affect infants, children and adults, arises when the normal drainage of CSF in the brain
becomes blocked in some way. Such blockage can be caused by a number of factors, incleding,
or erample, genetic predisposition, intraventriculer or intyacranial hemorrhags, wfections such
as meningitis, or head trauma. Blockage of the flow of CSF consequently creates an imbalance
between the rate at which CSF is preduced by the ventricular system and the rate at which CSF is
absorbed into the bloodstream, This imbalance increases pressure on the brain and causes the
brain’s ventricles to enlarge, Left untreated, hydrocephalus can result in serious medical
conditions, including subdural hematoma, compression of the brain tissue, and impaired blood

flow.

[0003] Hydrocephalus is most often treated by surgically inserting a shunt system to divert the
flow of CSF from the ventricle to another area of the body, such as the right atrium, the
periteneuin, of other locations in the body where CSF can be absarbed as part of the circulatory
system, Varioos shunt systems have been developed for the tregirent of hydrotephaius,
Typically, shunt eyetemns include o ventrizular catheter, a shunt valve, and a drainage catheter.
At onie end of the shunt system, the ventricular catheter can have a first end that is inserted
through a hole in the skull of a patient, such that the first end resides within the ventricle of a
patient, and a second end of the ventricular catheter that is typically coupled to the inlet portion
of the shunt valve, The first end of the ventricular catheter can contain multiplé holes or pores to
allow CSF to enter the shunt system. At the other end ofthe shunt system, the drainage catheier
has a first end that is attached to the outlet portion of the shunt valve and a second end thet is
configured to allow CSF 1o exit the shunt system for resbsorption into the blood stream.

-1-
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[0004] Generally, the shunt valve, which can have a variety of configurations, is effective to
regulate the flow tate of fluid through the shunt system. [n some shunt valve mechanisms, the
flnid flow rate is proportional to the pressure difference at the valve mechanism. These shunt
valve mechanisms permit flpid flow only after the fivid pressure has reached a certain threshold
Tevel. Thus, when the fluid pressure is slightly greater than the threshold pressuse level, the fluid
flow rate is relatively Jow, but as the pressure increases, the fluid flow rate simultaneously
increases, Typically, the shunt valve allows fluid to flow normaily until the intracranial pressurg
has been reduced to a ievel that is less than the threshold pressure of the shunt valve, sabject to
any hysteresis of the device,

[00035] Certain conventional shunt valves ellow external adjustment of the threshold pressure
level at which fiuid flow wijl commence o avoid invasive surgical procedures, In some shunt
; systems, the shunt valve contains 4 magnetized rotor to control the pressure threshold of the
ﬂfa&vﬁ, Physicians can then use an external adjustment mechanism, such as a magnetic
programmer, to adjust the pressure threshold of the shunt valve. However, these magnetized
rotors can be unintentionally adjusted in the presence of a sttong external magnetic field, such as
during an MIRI procedure. Unintertionzl adinstment of the pressure threshold could lead o
either the overdrainage or underdrainage of CSF, wldch can resultin dangerous conditions, such

as subdural hematoma.

[0006] Attempts have been made t¢ provide a locking mechanism that prevents unintentional
valve adjustment, evert in the presence of a strong externa! magnetic field, while simultaneously
allowing intentional adjustraent of the pressure threshold. One such approach has been detailed
in U.S. Patent No. 5,643,194, in which Negre describes a locking means having two opposed

' micro-magnets mounted on the rotor. In the presence ofa bi-directional magnetic field, these
MicTo-TaEnets move linearly in the rotor, in a substantially radial direction, to activate the
locking means. However, the Negre locking means does not eliminate the risk of inadvertent
valve adjnstment in the presence of a strong external magnetic field.

[0007] Another approach has been described in U.S, Patent No. 5,637,083, in which Bertrand e
al. describe a valve that includes means for locking the rotor assetribly in a desired position.
This locking means uses a pin having a first end adapted to engage a series of detents in an outer
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peripheral surface of the roter assembly, thereby preventing the rotor assembly from rotating,
The locking means is disengaged by a pin-actoeting means baving two levers that rove the pin
from a first, extended position, ; e, within the detent(s) in the outer peripheral surface, to 3
second, retracted position. The first lever is a pivotable lever having a shaft adapted to engage a
second end of the pin, while the second lever is a maralty acated lever that is biased o wrge
the pin into the first, extended position, This manually actuated lever, however, is located within
the valve chamber that is used to pumy, or flngh, fluid from the shunt valve. Thus, by virtue of
its location within the pumping chamber, the manually actuated lever, and consequently fhe pin-
acfuating means, ¢an impair or inhtbit the fanction of the pumping chamber.

00081 Accordingly, aneed exists for impraved methods and devices for regulating
cerebrogpinal fluid flow.

| 'SUMMARY OF THE INVENTION

[0009] Devices and methods for regulating and directing bodily fluids from one region of a
patient to another region are disclosed, In general, an apparatus is provided that can include an
implantable shunt system and a system controller, While a varlety of configurations are
available for the implantable shunt system, in one exemplary embodiment, the system can have
an adjustable valve for regulating the flow of fluid, a sensot element for measuring a
physiological charagieristic of a patient, 2nd an clecttomechanical valve actustor that can be
adapted to adjust a resistance of the valve. The implantable shunt system can be in electrical
communication with the system controller. The system controller can generally be adapted to
receive a physiclogical characteristic of the patient and operate the electrometharical valve
actuator to adjust a resistance of the valve. In one exemplary embodiment, the sensor element
‘ can be a pressure sensor for detecting 8 cerebro-spinal fluid pressure. In another embodiment,
the shunt system can include a second sensor element for measuring an addirional physiological
characteristic, The apparatus can be battery powered (i.e., by a battery contained therein) or can

be powered by an exfernal component.

[0010] In one exemplary embodiment, the valve can take the form of a ball valve that is
operatively associated with an eleciromechanical valve actuator, While several configurations
are available for the electromechanical valve actuator, in general, the actuatof can include a

e
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spring and a pressure setting mechanism. A variety of springs can be used with the valve
actuator including, for example, teaf and helical springs. The pressure sefting mechanism can
also have a variety of configurations, For example, in one embodiment, the pressure setting
mechanism can include a motor driven rotor assembly that is adapted to adjust 2 resistance of the
valve upon actuator of the motor. In another exemplary embodiment, the pressure setting
mechanism includes a mofor driven stop member that is adapted to apply a force to the spring to

adjust a resistance of the valve.

10011) In genera), the system controller can be adapted to receive a physiological characteristic
of the patient and operate the electromechanical valve actuator to adjust a resistance of the valve,
In one exemplary embediment, 1he system controller can include & microprocessor for
comparing measured values to predetermined target vahyes. For example, where the sensor
 cleroent is a pressurs sensor, the microprocessor can be adapted to compare the measured

'pressm‘a detected by the sensor element to a predetermined target pressure. To facilitate the
comparison, the system conéroller can also be configured to receive an input signal representative
of a target value. In addition te comparing values, the microprocessot can be prograrmmed to
calculate a desired resistance for the valve to achieve a target pressure. A variety of
configuraticns are avajlable for the systern controller, including, for example, configurations in
which the controller is contained within the implantable shunt system and configurations in
which the controller is disposed on an implant separate from the shunt system,

10012] The apparats for regulating fluid fow can further include an external programming
device that is in communication with the system controlter, In general, the programming device
can inelude a vser input element that allows an operator to input one of mare ingtructions to be

‘ comunicated to the system controller, For example, the external programming device can he
adapted o transmit a signal to the system controller that is representative of a predetermined
target valug for the CSF pressure of a patient. The external programming device can have a
variety configurations and in one exemplary embodiment can include a display element for
comrpunicating a physiological characteristic to 2 user. In addition to communicating
instructions to the system controller, the programming device can also be adapted to power the
implantable shunt gystemn.
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[A013] In one exemplary embodiment, the implantable shunt system, systern controller, and
external programming device can be configured to communicate via radiofrequency (RF}
communication, [n an exemplary embodiment, the shunt system, system controller, and
programining device can include signal transmitters/Teceivers or antennas that can be configured
to send and/or receive signals from one ancther. Such communication can provide non-invasive
control of the electromechanical valve actuator. The antennas can have a variety of
configurations as well as be disposed at varicus locations in the system, For example, in one
exemplary embodiment, both the system contreller and antenna associated therewith can be
disposed on the implantable shunt sysiem. In another embodiment, the controller can be
contained within the implantable shunt system but the antenna can be disposed on a s¢parate
implant. In yet another exemplary embodiment, both the system controller and antenna
seeociated therewith can be disposed on an implant that is separate from the shont system.

. [0014] Methods of repulating cergorospinal flvid flow sre also provided. In general, the method

can include comparing a farget value {o a value detected by a sensor associated with an
implantable shunt system, and activating an electromechanical valve actnator of the implantable
shunt system t2 adjust a resigtance of a valve of the shunt gystem if the detected value 8 not
equal to the target value. The tethod can also include inputting one or more target values to an
external programming device and transmitting those values to a system controller of the
implantable shunt system. In one exemplary émbediment, any of the above steps can be
repeated unti! the detected value is equal to the target value.

BRIEF DESCRIFTION OF THE DRAWINGS

[0015] The invention will be more fully understood from the following detailed deseription
taken in conjunction with the sccompanying drawings, in which:

[001¢] FIG, 1 i a diagrarnmatic view of a system of the irvention;

[0017] FIG. 1A iy » cross-sectional perspective view of one emboditnent of an apperatus for
regulating fluid flow;

[0018] FIG. 2 is a schematic view of one embodiment of an eleciromechanical valve actuator;

/2.
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[0019] FIG. 3 is a schematic view of another embodiment of an electromechanical valve
actuator;

[0020] FIG. 4 is a schematic view of one embodiment of a shunt valve assembly for regulating
fluid flow:

[0021] FIG. 5 is a schematic view of another embodiment of a shunt valve assembly for
regulating fluid flow; and

[0022] FIG. 6 is a schematic view of another embodiment of a shunt valve assembly for
regulating fluid flow.,

DETAILED DESCRIPTION OF THE INVENTION

[0023] Certain exemplary embodiments will now be described to provide an overall

.understanding of the principles of the structure, function, manufacture, and use of the devices
and methods disclosed herein. One or more examples of these embodiments are illustrated in the
accompanying drawings. Those skilled in the art will understand that the devices and methods
specifically described herein snd Mustrated in the accompanying drawings are non-limiting
exemplary embodiments and that the scope of the present iavention iz defined solely by the
¢laims. The features illustrated or described in ¢onnection with one exemplary embodiment may
be combined with the features of other embodiments. Such modifications and variations are
intended to be included within the scope of the present invention.

[6024] Methods and devices for regulating and directing bodily fluids from one region of a
patient to another region are disclosed. In general, an apparatus 10 (illustrated in FIG. 1) is

@R 10vicd that can inciude an implantable shunt systern 12 and a system controller 18. While a
variety of configurations are zvailable, in one exemplary embodiment, the apperatys 10 can have
an adjustable valve 14 for regulating the flow of fluid, a sensor element 2Q for measuting
physiclogical characteristic of a patient, and &n electromechanical valve actuator 16 that can be
adapted to adjust a resistance of the valve. As used herein, “electromechanical actuator”
includes mechanical systems (or mechanisms) that are actuated or confroiled electrically such as,
byat not limited o, electric motors, solenoids, and inesr actwators, The implantable shunt system
can be in electrical communication with the system contrailer 18 which may or may notbe

-6-
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provided within the shunt system housing. The system contyoller 18 can generally be adapted to
recaive a physiological characteristic of the patient from the sensor 20 and operate the
eleciromechanical valve actuator 16 to adjust a resistance of the valve 14. The system controller
18 may also receive ingtructions from an external programming device 22. The apparatus can be
battery powered {i.e,, by a battery containad therein) or can be powered by an external
compongnt. Although the device is shown and described as regulating the flow of cerebrospinal
fluid (CSF), one skilled in the art will appreciate that the device can be nsed to regulate the flow
of any bodily fluid.

[0025] FIG. 1A ilinstrates one exemplary embodiment of an apparatug 100 for regulating fluid
flow. As indicated above, the apparates can generally include an implantable shunt system 102
ant a systemn controlier 104. The shunt system 102 can be adapted to drain excesy flufd from one
area of a patient’s body and direct the fluid to another site in the body. A variety of
confipurations are available for the shont sysiem 102, As nsed herein, a shunt refers 1o any
device that diverts a flow of fluid. A person of ordinary skill in the art will recognize that a
vatiety of configurations for shunt devices are postible, In one exesnplary embodiment, shown
i FIG. 14, the shunt systemn 102 includes a housing 106 defining an inlet port 110, an outlet port
112, and a chamber 108 oriented between the inlet port 110 and the cutiet port 112, The inlet
and outlet ports 114, 112 can be coupled to inlet and outlet or drainege catheters 450,
tespectively {FIGE, 4-6). For example, in one embediment, the apparatus can be used to treat
hydrocephalus and the inlet catheter is inserted within s ventricle of a patient’s brain and the
drainage catheter is inserted within another area of Yhe patient’s body, such as the peritoneum.
During operation, the shunt system 102 can carry C8F, originating from the ventncle, from the
‘ inlet catheter, throtgh the chamher, and to the drainage catheter.

{00261 The implantable shunt system 102 can also include an adjustable valve 114 for regulating
the flow of fluid. The resistance of the valve 114 can be adjusted within the housing 106 to et a
pressure thresheld at which excess CSF beging to flow from the ventricle of a brain through the
valve 114 and 10 another area of a pavient’s body. While the valve 114 can have several
configurations, in an exemplary embodiment, shown in FIG. 1A, the valve 114 takes the form of
a ball valve. Asshown, the ball 116 is dispesed in the chamber 108 of the housing 106 and is
sezied in a circular orifice 118, Although the valve 114 is shown and deseribed s a ball valve,

v 7
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one skilled in the art will appreciate thet a nutnbet of valve configurations are available for nse
with the implantahle shunt system 102, The bal] 116 can act as a stop Tnember and reguiate the
flnid flow through the shunt system 102, For exzmople, fluid can be prevented from flowing
through the shunt systern when the ball 116 is fully seated within the circular orifice 118.
Alternatively, fluid can be allowed to flow through the shunt system 102 when the pressure in
the veniricie exceeds the foroe heing applied to the ball 116 to seat it in the circular orifice 118,
Thus, varying the force applied to the ball 116 can be effective to vary the resistance of the valve
114 {i.e., the pressure threshold at which fluid begins to flow throngh the valve 114). |

[0027] A veriety of techniques can be used fo adjust the resistance of the valve 114. For
example, in one exemplary embodiment, an electromechanical valve actuator 120 can be
operatively associated with the valve 114 and adapted to adjust a resistance of the valve 114.
The electromechanical valve actuator 120 can be configared to adjust and mainiain the pressure
threshold at which fluid begins to flow through the valve 114 thereby reducing the risk of either
over- or under-drainage of CSF from a brain ventricle. The electromechantcal valve actuator
120 can generslly include a spring 122 and a pressure sefting mechanistn 124, The
electromechanical valve actmater 120 can effectively prevent movement of the valve 114, such as
when the shunt system is exposed to environmental magnetic forces. In certain cases, for
exareple, the shum system 102 can be subjected to a sirong extemal magnetic field, such as when
2 patient having an implanted shunt system 102 undergoes an magnetic resonapce imaging
{MRD) procedure. The magnetic field generates a force on the shunt system 102 that can induce
motion of the pressure setting mechanism 124 and can cause the pressure sefting mechanism 124
to adjnst the position of the valve 114. The electromechanical valve actuator 120, however, can
iock the valve 114 in place to maintain a set pressure fhreshold within the shunt system 102
when exposed to the mapnetic field. FIGS. 1-3 iflustrate a variety of exemplary embodiments of
électromechanical valve actuators 120 for use with the shunt system 102 described herein. One
skilled in the art will appreciate that varions springs and configurations of pressure setfing
mechanisms can form the electromnechanical valve actuator, and the actvator should not be
limited to the features and configurations described below,

r0028] As showm, the electromechanical valve actuator 120 includes a ieaf spring 122 that is
coupled to a pressare sefling mechanisn 124 having a cantilever 126 and a rotor assembly 128,
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As indicated above, the ball 116 of the ball valve can regulate the fluid flow through the shune
sysiem. The ball 116 can be operatively joined to a first end 122a of the cantilevered spring 122
which a second end 122b of the spring 122 can engage a stair array 130 of the rotor assembly
128. In this embodiment, the rotor assembly 128 can include the stair-step array 130 in the form
of a spiral staircase to provide pressure settings in discrete steps. The rotor assembly 128 can
also include an actuation mechanism 132 that is configured to rotate the stair array 130 with
respect fo the cantilevered spring 122. In general, the mechanism 132 can include a motor 134
that is operatively associated with the stair array 130. For example, in one exemplary
erbodiment, shown in FIG. 1A, the mechanism 132 includes a micro-motor 134 that is coupled
to the stair array 130 via gear teeth provided on each (not shown). A variety of motors can be
used to rotate the stair array 130 including, but not limited to, micro-motors, stepper-motors, and

piezo-motors.

‘[{.‘IUZQ] In use, the actuation mechanism 132 of electromechanical valve actuator 120 can rotate
the spiral stair array 130 with respect to the cantilevered spring 122, and the second end 122b of
the spring 122 can move up or down each stair of the array 130. Moving the second end 122b of
the spring 122 up or down can be effective to change the angle of deflection of the spring 122
(e.g., relative to the cantilever 126). The change in the angle of deflection of the spring 122, in
turn, alters the force that is exerted by the spring 122 on the ball 116. As indicated above,
¢hanging the force applied to the ball 116 can result in a corresponding increase or decrease of
the established pressure threshold at which fluid begins to flow through the shunt system 102.

[0030] An antenna 430 can also be provided to aliow for non-invasive contrel of the
electromechanical valve actuator 120. As is described below in detail, one or more antennas 430
. can have a variety of configurations as well as be disposed at various locations throughout the
system, Referring generally to FIG, 1, the shunt system 12, system controller 18, and
programming device 22 can include signal transmitters/receivers or antennas 430 that can be
configured to send and/or receive signals from one another to allow the individual components of

the apparatus 10 to communicate with each other as well as facilitate non-invasive control of the

apparatus 10,

[0031] FIG. 2 illustrates another exemplary embodiment of an ¢lectromechanical valve actuator

pA
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200 for use with the implantable shunt system 102. As shown, the electromechanical valve
actuator 200 includes a leaf spring 202 that is operatively associated with a pressure setting
mechanism 204 that takes the form of & gear assembly 206. Similar to the embodiment shown in
FIG. 1A, & first end 202a of the leaf spring 202 can be operatively associated with the ball 116 of
the ball valve and a second end 202b of the spring 202 can engage the gear assembly 206. The
gear assembly 206 can include first and second gears 206a, 206b. The first gear 206a can bave a
series of helical steps {not shown) formed thereon and can be adapted to engage the spring 202.
The second gear 206b can engage the first gear 206a as well as be operatively associated with an
actuation mechanism 208 of the gear assembly 206. The actuation mechanism 208 can be
configured to drive the gears 206a, 206b and rotate the helical steps with respect to the spring
202. The mechanism 208 shown in FIG. 2 includes a micro-motor 210 that is coupled to the
second gear 206b via a cylindrical motor shaft 212. As indicated above, a variety of motors can

. be used to rotate the stair aray including, but not limited to, micro-motors, stepper-motors, and
piezo-motors. Inuse, the actuation mechanism 208 cen drive the gear assembly 206 to rotate the
helical steps with respect to the spring 202 and move the second end 202b of the spring 202 up
or down the steps. As deseribed above, such movement can be effective to change in the angle
of deflection of the spring 202 thereby altering the force that is exerted on the ball 116 and
increasing or decreasing the established pressure threshold at which fluid beging to fiow through
the shunt system.

[0032] Another exemplary embodiment of an electromechanical valve actuator 300 is shown in
FIG. 3. As shown, the electromechanical valve actuator 300 includes a helical spring 302 that is
coupled o a pressure setting mechanism 304 having a stop member 306 and motor assembly
‘ 308. A first end 3023 of the helical spring 302 can engage the bal! 116 of the ball valve, and 2
second end 302b of the spring 302 can abut a distal facing surface 307 of the stop member 306.
The stop member 306 can have virtually any configuration, for example, as shown in FIG. 3, the
stop member 306 is a generally cylindrical cap that has a closed distal end 306b and an open
proximal end 306a with a bore 309 formed therein. The bore 309 can be threaded and adapted to
receive and engage a threaded shaft 308a of the motor assembly 308. A motor 308b, such as one
described above, can drive the threaded shaft 308a to move the stop member 306 in the proximal
ardfor distal ditections. The closed distal end 3066 of the stop member 306 can be configured to
apply a force to the spring 302 such that distal movement of the stop member 306 is effective to
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compress the spring 302 and alter the force that is exerted by the spring 302 on the ball 116. As
indicated above, changing the force applied to the ball 116 can result in a corresponding increase
or decrease of the established pressure threshold at which fluid begins to flow through the shunt
system,

{0033] The implantable shunt system can further include a sensor element for measuring a
physiclogical characteristic of a patient. The sensor element can be coupled to the valve or it can
be separate from the valve, For example, as shown in FIGS. 4.6, the sensor element 402 is in
electrical communication with the shunt system 401 and is coupled to the system via wires 402a.
Additionally, while the sensor element 402 is shown as being positioned within the C3F flow
pathway 406 of the shunt system 401, in another exemplary embodiment, the sensor element 402
can be located outside of the CSF flow pathway 406 though still residing within the ventricular
cavity of the patient. The sensor element 402 can be configured to measwure a variety of
physiclogical characteristics of a patient including, but not limited to, CSF pressure. Although
the shunt system 401 is shown as having a single sensor element 402, one skilled in the art will
appreciate that the system can include multiple sensor elements having several different
configurations. For example, in one embodiment, the system 401 can include multiple pressure
sensors to measure the CSF pressure at various points in the ventricular cavity. In another
exemplary embodiment, the system 401 can include multiple sensor elements each configured to
measure a different physiological characteristic of a patient.

[0034] As indicated above, the apparatus 400 for regulating fiuid flow can also include a system
controlier 408. In general, the controller 408 can be in electrical communication with the
implantable shunt system 401 and can be adapted to receive the physiological characteristic
measured by the sensor element 402 and to operate the electromechanical valve actuator 410 to
adjust a resistance of the valve 114. For example, the system controller 408 can be configured io
receive an input signsl that is generated by the sensor element 402 and is representative of the
measured value of the physiological characteristic (e.g., the CSF pressure). The system
controller 408 can also be configured to generate and transmit to the electromechanical valve
actuator 410 an cutput control signal that commands the actuator 410 to adjust the resistence of
the valve 114. A variety of configurations are available for the system controller 408. For
example, as shown in FIGS. 4 and 5, in one exemplary embodiment, the controller 408 is
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contained within the implantable shunt system 401, Depending on the size and configuration of
the electromechanical valve actuator 410, it may not be desirable to have the controller 408
contained within the shunt system 401. Accordingly, in another exempiary embodiment, the
controller 408 can be disposed on an implant 412 that is separate from the implantable shunt
system 401 (FIG. 6).

[0035] The system controller 408 can also include a processing unit such as, for example, a
microprocessor, which enables the controller 408 to compare the measured physiological
characteristic (e.g., the measured CSF pressure) detected by the sensor element 402 to a
predetermined target value for the physiological characteristic. The predetermined target value
can be ascertained through clinical assessment of the patent and is therefore customized for each
particular patient. This target value can then be preset or programmed into the system controller
408. In use, the system contrcller 408 can operate according to an algorithm which determines
' whether the value measured by the sensor element 402 is higher than, lower than, or within an
acceptable range of the farget value, Based on this assessment, the algorithm can then determine
whether the resistance of the valve 114 should be increased, decreased, or maintained in order to
achieve the tarpet CSF pressure for the patient. For example, where the physiological
characteristic being measured is CSF pressure, the valve’s resistance can be decreased if the
measured pressure is higher than the target pressure. Conversely, the resistance of the valve 114
can be increased if the measured pressure is lower than the target pressure. The microprocessor
can then generate an output control signal to the electromechanical valve actuator 410 which
cornmands the actiator 410 to adjust its current resistance to the desired resistance. If the
measured value is essentially the same as, o within an acceptable range of the target value, then
‘ the current resistance is maintained and no changes are made.

[0036] The apparates 400 for regulating fluid flow can further include an extemal programming
device 420 that is in communication with the system controller 408. In general, the
programming device 420 can include a user input element that allows an operator to input one or
more instructions to be communicated to the system controller 408, For example, the external
programming device 420 can be adapted to transmit a signal to the system controller 408 that is
representative of a predetermined target value for the CSF pressure of a patient. The external

programming device 420 can have a variety configurations and in one exemplary embodiment
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can take the form of a hand-held remote control. The programming device 420 can include a
display for communicating input and/or output values (e.g., the predetermined target value for a
physiological characteristic being measured and/or the measured value of a physiclogical
characteristic) to a user. In addition to communicating instructions to the system controller 408,
the programming device 420 can also be adapted to power the implantable shunt system 4G1.

[0037] As indicated above, one or more antennas 430 can be provided to allow the individual
components of the apparatus 400 to communicate with each other as well as facilitate non-
invasive control of the apparatus 400. The implantable shunt system 401, system controller 408,
and external programming device 420 can be equipped with electronic circuitry similar to those
for medical telemetry systems that communicate physiological data (e.g., temperature, pressure,
etc.) between an implant and a receiver unit. For example, the system controller 408 can be
configured o generate an analog data signal that is then converted electronically to a digital

'pulse which is then transmitted by radiofrequency (RF) to the external programming device 420.
As illustrated in FIGS. 4-6, the shunt system 401, systemn controller 408, and programming
device 420 include signal transmitters/receivers or antennas 430 that can be configured to send
and/or receive signals from one another. Such communication can provide non-invasive control
of the electrotnechanical valve actuator 410. The antennas 430 can have a variety of

configurations as well as be disposed at various locations in the system. For example, in one

exemplary emboditnent shown in FIG. 4, both the system controller 408 and antenna 430
associated therewith are disposed on the implantable shunt system 401. In another embodiment,
shown in FIG. 5, the controlier 408 is comained within the implantsble shumt systern 401 bt the
antenna 430 is disposed on a separate implant 430z, Such a configuration can allow for a larger,
more powerful antenna to be ptaced in a more convenient location (e.g,, a patient’s arm rather

‘ than their head). In yet another exemplary embodiment, illustrated in FIG. 6, both the system
controller 408 and antenna 430 associated therewith are disposed on an implant 412 separate
from the implantable shunt system 401. Similar fo the embodiment shown in FIG. 5, this

gmbodiment ¢an provide less restriction on the size of the system controfler 408 and antenna
430, as these components are not part of the shunt system 401. One skilled in the art will
recognize that these are merely exemples of the forms of remote communication suitable for use
with the fluid regulating apparatus 400 disclosed herein and a vatiety of other forms of non-
invasive communication can be utilized without departing from the scope of the present
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Imvention.

[0038] Methods of regulating cerebrospinal fluid flow are also provided. In general, the method
can include comparing a target value to a value detected by a sensor 402 associated with an
implantable shunt systemn 401, and activating an electromechanical valve actuator 410 of the
implantable shunt system 401 to adjust a resistance of & valve 114 of the shunt system 401 if the
detected value is not equal to the target value,

r0039] In one exemplary embodiment, the method can include energizing the apparatus 400 with
the external programming device 420 and detecting a physiological characteristic of a ventricular
cavity (e.g., CSF pressure). The measured value can then be compared to a predetermined target
value for that physiological characteristic. The predetermined target value can be preset in the
system controller 408 or can be programmed in the controller via the external progranyming
device 420. If the system controller 408 determines that the measured value is not equal to the
target value, the controller 408 than determines whether the resistance for the valve 114 should
be increased or deceased accordingly 1o achieve the predetermined target value for that
physiological characteristic. The system controller 408 can then generate and transmit an
activation signal to activate the electromechanical valve actuator 410 and adjust a resistance of
the valve 114. If the measured value is essentially the same as, or within an accepiable range of
the target value, then no change is made to the resistance of the valve 114.

[0040] During the operation of the external programming device 420 (i.e., when the device 420
is applied to the patient and the apparatus 401 is energized), data can be communicated between
the device 420 and the system controller 408. For example, a user can input a farget valus to the
programming device 420 and the device can communicate data representative of the target value
to the system controller 408. Data can also be communicated between the implantable shunt
system 401 and the system controller 408. The sensor element 402 can communicate data
representative of the measured value of a physiclogical characieristic to the system controller
408, and the controlter 408 can communicate 2 command to the electromechanical valve actuator
410 to adjust a resistance of the valve 114, More specifically, the system controller 408 can
detect a value of a physiclogical characteristic measured by the sensor element 402 by receiving
an input signal generated from the sensor element 402 that containg data about the measured
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value of the physiological characteristic, Similarly, the systern controller 408 can adjust a
resistance of the valve 114 by generating and transmitting an cutput control signal to the
electromechanical valve actuator 410 that commands the actuator 410 to adjust & resistance of
the valve 114,

[0041] In an application of the methods described above, if a patient experiences discomfort
and/or pain, the apparatus 401 can be energized and daia can be communicated from the external
programming device 420 to the systemn controller 408, The epparatus 401 can be energized by
gither the patient himself or his attending physician, If the measured value is the same as, or falls
within an acceptable range of the target value, then the system controller 408 is programmed to
make no changes to the resistance. If, however, the system controller 408 detects that the
measured value is higher or lower than the preset target value, the controller 408 sends a
command to the electromechanical valve actmator 410 to adjust a resistance of the valve 114,
Then, after some time has clapsed (e.g., a day, two days, & week, etc.) to allow the patient’s
physiology to respond to the valve’s 114 new resistance setting, and the patient still experiences
discomfort or pain, or simply wants to determine the current value of a particular physiological
characteristic, the apparatus 401 can again be energized to measure the current value. If the
systern controller 408 does not detect a change in the measured value from the previous reading,
the controller 408 can send another command to the electromechanical valve actuator 410 to
adjust the resistance accordingly,

[0042] It is contemplated that the above steps can be repeated until an appropriate resistance is
attained and the system controller 408 detects that the measured value is approaching or has
approached the target value for that patient. For example, the above steps can be repeated
whenever the patient begins to experience pain or discomfort. However, to safeguard against
repeated or excessive valve 114 adjustments within a short window of time, which could produce
deleterious health consequences for the patient, the systemn controller 408 can include a timed
shutoff mechanism which would limit the user’s ability to adjust the valve in a given time period.
For example, the system controller’s 408 valve adjustment features can be configured to
denctivate after each use until a preset amount of time (e.g., a day, two days, a week, etc.) has
passed whereby the valve adjustment feature is automatically reactivated. Such a safeguard

ensures that a sufficient amount of time passes between edjustments so that the patient’s
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physiology does not incur rapid CSF flow changes in a short amount of time. Of course, if is
contemplated hat the system controller 408 can still be capable of detecting a physiological
characteristic of the patient’s ventricular cavity even when the device’s valve adjustment features
are not active. Hence, the patient can continue to monitor a physiological characteristic of his
veniricular cavity using the apparatus 401 even between stages of adjusting the valve 114.

[0043] Cne skilled in the art will appreciate further featires and advantages of the invention
based on the above-described embodiments. Accordingty, the invention is not to be limited by
what has been particularly shown and described, except as indicated by the appended claims. All
publications and references cited herein are expressly incorporated herein by reference in their

entirety.

[0D44] What is claitned is:
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REIVINDICACIONES

Un aparato para regular el flujo de fluido, gque

comprendes:
un sistema derivador implantable que tiene:
una valvula ajustable para regular el flujo de fluido,

un elemento senger para medir una caracteristica

fisiolégica de un paciente, y

un accionadoer de wvélvula electromecanica adaptado para

ajustar una resistencia de la valvula; y

un cantraolader de sistema en comunicacién eléctrieca con
el sistema derivador implantable y adaptade paratrecibir
la caracterfistica fisicldgica de un paciente y opera el
accianadop de wvwalwvula electromecanica para ajustar una

resistencia de la vélvul;i

El aparato de la reiviodicaeidn 1, gue gomprende
adicionalmente un dispeositiveo de programacidn externo en

comunicacidn con el controlador del sistema.

El aparate de la reivindicacién 2, en deonde el

dispositivo de programaclien externs incluye una pantalla

A



32

para comunicar la caracteristica fisiclégica del

paclente o un usuvario.

El aparato de la reivindicacidén 3, en donde el
dispositive de programacidn externs incluye un elemente
da entrada de usuario, el dispositive de programacidn
exnterno se configura para comunicar una o mas
instruccicones al controlador del sistema basado en la

antrada de usgario.g

El aparato de la reivindicacion 1, en donde la wvalvula

a2 una vélvula de bola.,

El aparato de la reivindicacién 1, en donde el
accionader de wilvula electromecénica comprende un
resorte asoclado operativamente con un mecanisme  de

confliguracién de presison.

El aparato de la reivindicacion %, en donde el rescorte

5 una hoja de resorte,

El aparato de la reivindicacién &, en donde el rescrte

es un resorte helicoidal.

El aparato de la relvindicacidn &, en donde el mecanismo
de configuracién de presién incluye un ensamble de rotor

acclonado pox motor adaptado  para ajustar uha

™
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10,

11.

12.

13,

14.

tesistencia de la wvalvula luego del accionamlento del

motoxr -3

El aparato de la reivindicacién 6. en donde el mecanismo
de configuracicon de presidn incluye un miempro de
detencion impulsado por motcr, el miembro de detencién
se adapta Jpara aplicar una fuerza al resorte para

ajustar una resistencia de la valvulay

El aparato de la reivindicacion 2, en donde =21 elemento
sensor es un sensor de presidn para detectar una presion

de fluide cerebroespinalgy

El aparato de 1la reivindicacién 11, en donde el
controlador del sistema incluye un microprocesador.para
comparar la presidn medida detectada per el sensor a uha
presién abjetiv&I
Bl aparatoe de la reivindicacicon 12, wen donde el

controlador del sistema se configurabgara recibir una

o —ar

sefial de entrada generada desde el disposlitive de
programacidén externo, la sedal =5 representat:va de la

presidén objetivo )

El aparato de la zreivindicacién 12, en donde el
' a A caleular una

microprocesador g2 programa IImp ra

resistencia deseada para que 1a vdlvula alcance lIa

pPresidn objetivo.l

Y
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15,

16,

17.

14,

19,

34

El aparate de la reivindicacién 1, en donde el
controlador estd contenide dentro del sistema derivador

implantable.

El aparato de la reivindicacién 2, gua conprendse
adicionalmente yna antena en comunicacién eléctrica con
el controlador del sistenma para comunicacidn con el

dispositivo de programacidn externo.,

El aparato de la reivindicacion 16, en donde la antena
se& configura y bara comunicar can el dispositivo de

—————e

programacion externc por via de comunicacién RF.

El aparatc de 1la relvindicacidn 16, en donde el
controlador ¥y la antena estdn dispuestos enh un implante

geparade del sistema derivador implantable.

El aparato de la reivindicacién 1, en donde el sistema
derivador implantable incluye adicionalmente un segundo
elemento Sensor ﬁPara medir una caracteristica
fisiocldgica adicicnal,, el sequnde elemento sensor se
medido de la caracteristica fisielégica adicional al

controlador del sistems.d
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21,

22,

33

El aparate de la reivipdicacién 1, en deonds gl sistema
derivador implantable incluye adicionalmente una bateria

para energizar &l sistema.

El aparate de la reivindicacidon 2, en donde el
dispositive de programacldn externo se adapta para

energlzar el sistema derivader implantable,

Un sistema para regular fFlujo de fluide, gue cemprende:

uUna carcasa gque tlene un puerto de entrada ¥ Un
puerto de salida, la carcasa se configura para llevar un

fluido entre el puerte de entrada y el puerto de salida;

una valvula acoplada a la carcasa ¥ eh comunicacion
fluida con el puerto de entrada vy el puerto de salida,
ila valvula tiene un accionador de valwvula

electromecanica adaptada para abrir y cerrar la wvalvala;

un controlader del sistema internc en comunicacion
eléctrica coh y adaptade para operar el accionador de

valvrula electromecanics;

un  elemente  senser en  comunicacidén  <con el
contrelador del sistema y adaptado , para medir una

caracteristica fisiocldgica de un paciente: y

%’S
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24,

25,

26.

7.

28,

un contrelador del sistema externe adaptado para
comunicacidn con el controlador del sistema interno vy

modiflicar los parédmetros de operaclén de estos,

El sistema de la reivindicacién 22, en donde la valwvula

€5 yna valvula da bola.

El sistema de lz reivindicacidn 22, en donde el
acclonador de valvula electromecédnica comprends  un
resorte asocliado operativamente con un mecanisme de

configuracion de presién.

El mistema de la reivipndicacidn 24, en donde en donde 2]

resorte 88 una hoja de resorte,

El sistema de la reivindicacidn 24, en donde en donde el

resorte 235 Un rescorte helicoidal.

El sistema de la reivindicacidn 22, en donde en donde el
elementc Sensor e85 un genfor de pregidn para detectar
variaciones de presisn dentro de una cavidad

ventricular}

El sistema de la reivindicacién 22, dque comprende
adicionalmente una antsna en comunicacién eléctrica con
el controlador del sistema internopara comunicacidn con

gl controlador del sistema externou

"

<
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29.

30.

31,

32.

37

Un metodo para regular fluje de fluido cerebroespinal en

un pacienteé con hidrocefalia, gque comprende:

comparar un valeor obhjetive con un valor detectado
por un sensor azoclade con un sistema derivador

implantable; y

activar un accionador de valvula electromecanica
del sistema derivador implantable\Eara ajustar una
resistencia de una valvula del sistema derivador si el

valor detectado no =s igual al valor objetivo.y

EL método de las reivindicacidn 2%, que comprende
adicionalmente detectar un valor de una caracteristica

figslioldgica de una cavidad ventricular.

El método de las reivindicacién 30, en deonde detectar un
valor de una caracteristica fisiolagica comprende
comunicar datos representativos del wvalor detectade de
la caracteristica fisicldgica desde el elementc sensor a

un controlador del sistema derivador implantable.

El método de las reivindicacion 31, gque comprande
adicionalmente generar una $§efial de activacién por via
del controlader para activar el accionadoer de valwula

electromeaénica:J

50



33.

34.

35.

36.

at.

38.

38

El método de lag reivindicacion 32, en donde generar una
seftal  de  gotivacidn para activar el accionador de
valvula electromecédnica y ajustar la reslstencia de la
vadlvula c¢omprende determinar una resistencia deseada

para lograr el valor objetiva,

El métcdo de las reivindicacién 2%, gque comprende
adlclionalmente trasmitir el walor objetive a un

contreolador del sistema derivador implantable.

El método de las reivindicacion 34, en donde el valor
cbietive se transmite por via de un dispositivoe de

prodramacidn externoc.

E}l métode de las reivindicacion 35, dgue comprende
adicicnalmente ingresar une o mas wvalores obkjetivo al

dispositivo de programacién externo.

El método de las reivindicacién 33, gue comprende
adicionalmente energizar el sistema derivador

implantable con el dispositivo de programaclon externec.

El método de las relvindicacidn 29, en donde activar sl
accionader de valvula electromecanica para ajustar una
resistencia de la wdlwvula =2e repite hasta que el valor

detectado sea igual al valor objetivo.

3
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CLAIMS:

1. An appazatus for regulating fluid How, comprising:
an implantable shong system having:
an adjustable valve for repulating the flow of fluid,
a sensor element for measuring a physiological characteristic of a patient, and
an electromechanical valve actuatar adapted to adjost a resisiance of the valve;
and
a System controller in elecirical communication with the implantable shunt system and
adapted to receive the physiological characteristic of the patient and operate the
electromechanical valve acmator (o adiust a vesistance of the valve,

2, The apparaius of claim 1, further cotnprising an external programming device in
b communication with the system controljer.

3, The apparatus of claim 2, wherein the external programming device includes a display for
communicating the physiological characteristic of the patient to a user.

4. Thie apparates of elaim 3, whereln the extemnal programming device includes a user input
elemsent, the cxtermal programming device being configured to communicate one or more
instructions to the system controlier based npon user input.

5. The apparatus of claim 1, wherein the valve is a ball valve.

6. The apparatus of ¢iaitn 1, wherein the electromechanical valve actuator comprises a
spring operatively associated with a pressure selting mechanism. l._ Lo

7. The apparatus of claim 6, wherein the spring is & leaf spring,
8. The apparatus of claim 6, wherein the spring is a helical spring.

9. The apparatus of claim 6, wherein the pressure setting mechanism includes a motor
driven rotor assembly adapted to adjust a resistance of the valve upon actuation of the motor.

10.  The apparatus of claim 6, wherein the pressure setting mechanism includes a motor
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driven stop member, the stop member being adapted to apply @ force to the snring to adjust a

resistance of the valve.

11.  The apparatus of claim 2, wherein the sensor element i3 a prassure sensor for defecting 2
cersbro-spinal fluid pressure,

12.  The apparatus of claim 11, wherein the system controller includes a microprocessor for
coniparing the measured presgure detected by the sensot to a target pressure.

13, The apparatus of claim 12, wherein the system controller is configured to receive an input

signal penerated from the external programming device, the signal being representative of the
target pressure.

14, The apparatus of claim 12, wherein the miczoprocessor is programmed to calculate a
. desired resistance for the valve {o achjeve the target pressure.

15,  The apparatus of claim 1, wherein ihe controfler is contained within the implantable shunt
systerm.

16.  The apparatus of claim 2, further comprising an antenna in electrical conununication with
the system contreller for communicating with the external programming device.

17, The apparatus of claim 16, wherein the antenng is confipured to commmunicate with the

exteraal programming device via RF communication,

18.  The apparatus of claim 16, wherein controller and antenna are disposed on an implang

. separate from the implantable shunt system,

19.  The apparatus of claim 1, wherein the implantable shunt system further includes a second
sensor element for measuring an additional pliysiclogical characteristic, the second sensor
element being configured to transmit data representing the measured value of the additional
phyvsiological characteristic to the system controller.

20.  The apparatus of claim 1, wherein the imiplantable shunt system further includes a battery
for powering the system,
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21,  The apparatus of claim 2, wheréin the external programming device is adapted to power
the implantable shuni system.

22, A gystem for repulating fluid flow, compnsing:

a housing having an inlet port and an outlet port, the housing configured to carry a fuid
between the infei port and the cuilet port;

a valve coupled to the housing and in fluid comnmunication with the inlet port and the
outlet port, the vaive having an electromechanical valve actuator adapted to open and close the
vaive;

an internal $ystem controfier in electrical communicstion with and adapted to operate the
electromechanical valve acfuator;

a gensor elemeny in communication with the system controller and adapted to measure a
physiclogical characteristic of a patient; and

an external system controller adapted to communicate with the iniemal sysiem controller
and modify the operating parameters thereof

23.  The system of claim 22, wherein the valve is a ball valve.

24.  The gsystem of claim 23, wherein the eleciromechanical valve actuator comprises a spring
operatively associated with a pressurs setting mechanism.,

25.  The systetn of claim 24, wherein the spring is 2 Jeaf spring.
26.  The systemn of claim 24, wherein the spring is « helical spring.

27.  The systemn of claim 22, whetein the sensor element is a pressyre sensor for detecting
pressure variations within s ventricnlar cavity.

28, The system of claim 22, further comyprising an antenna in electrical costimunication with
the internal system controlier for communicating with the external system controller,

29. A method for cegulating serebrospinal fluid flow in a hydrocephalus patient, comprising:
compating a farget value to a value detected by a sensor associated with an
implantable shunt system; and
activating an eleciromechanical valve actnator of the implantable shunt system to adjust a
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registance of & valve of the shunt system if the detected value is not equal 1o the target value.

30.  The method of claim 29, further comprising detecting a value of a physiological
characieristic of a ventricular cavity.

31,  'The method of claim 30, wherein detecting a value of a physiological characteristic
cotnprises communicating data representative of the detected vajue of the physiological
characteristic from the sensor element to 2 controller of the implantable shunt system.

32,  The method of claim 31, further comprising generating an activation signal via the
coniroller to activate the slectromechanical valve actuator,

33,  Themethod of claim 32, wherein generating an aciivation signal to activate the
electromechanical valve actuator and adjust the resistarice of the valve comprises defermining a

. desired resistance to achieve the target value,

34,  The method of claing 20, Rurther comprising transmitting the target value to a controller
of the implantable shunt system.

35, Themethod of claim 34, wherein the target value is transmitted via an external
programining device.

36.  The method of claim 35, firther comprising inputting one or more target valuss o the
external programrming device.

37.  The method of claim 35, further comprising energizing the implantsble shunt system with
the external programming device,

38,  The method of claim 29, wherein activafing the electromechanical valve actoator to

adjust a resistance of the valve is repeated until the detected value is equal to the target value.
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ABSTRACT

Devices and methods for regelating and directing bodily fluids from one region of a
pafient to another region are disclosed. In general, an apparatus is provided that can include an
implantable shunt system and a system controller. The implantable shunt system can have an
adjustable valve for regulating the flow of fluid, & sensor element for measuring a physiological
characterisiic of a patient, and an electromechanical vaive actuater that can be adapied to adjust a
resistanee of the valve, The implantable shunt system can be in electrical commumcation with
the systetn controller, The system controller can generally be adapted to receive a physiological
characteristic of the patient and operate the electromechanical valve actuator to adjust a
resistance of the valve, The apparatus can also include an external programuning device that is in

communication with the systern controller,
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