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METHOD AND SYSTEM TO CONTROL A HYDROCEPHALUS SHUNT SYSTEM

FIELD
[0001] Disclosed is a system and method for controlling a shunt system, in particularly

directed to an automatic system and method for controlling a hydrocephalus shunt.

BACKGROUND

[0002] This section provides background information related to the present disclosure
which is not necessarily prior art.

[0003] A subject, such as a human subject, may be treated for various conditions. The
conditions may include an overproduction of a certain material within a patient and/or an inability
to clear or drain a selected material. In certain subjects, for example, an obstruction to outflow,
an insufficient resorption, and/or an overproduction of cerebral spinal fluid (CSF) may lead to a
condition referred to as hydrocephalus. Hydrocephalus can often be treated with a shunt system
configured to allow a drainage of CSF from ventricles within a brain to a remote or different

portion of the subject.

SUMMARY

[0004] This section provides a general summary of the disclosure, and is not a
comprehensive disclosure of its full scope or all of its features.

[0005] A subject may be treated for hydrocephalus with a shunt system. In a shunt system
an inlet catheter may be position in or at a ventricle of a brain. The inlet catheter includes passages
that may allow a fluid to flow into the inlet catheter from a ventricle. The fluid may then pass
through the inlet catheter and to and through an outlet catheter to drain to a selected portion of
the subject. In various embodiments, the outlet catheter may be positioned within a peritoneal
area of the subject or a vascular area of the subject. Generally, the outlet or drainage catheter is
positioned in an area with high blood flow supply.

[0006] The shunt system allows for flow of cerebral spinal fluid (CSF) from a source, such
as a ventricle, through the inlet catheter and the outlet catheter. The shunt system, therefore,
allows for a flow of the CSF to maintain or achieve a selected volume or pressure within the brain
and/or a selected or optimal outcome or result for the subject. Optimal or selected outcomes

may include lack or reduction of pain, lack of nausea, increase or normal cognitive function, etc.

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2021/222417 PCT/US2021/029661

[0007] Disclosed is a system that allows for controlling the flow of the CSF through the
shunt system based upon a feedback. The shunt system may include a portion or system that
may be adjusted over time to achieve different or varying flows. The shunt system may, for
example, include a valve or pump. Various sensors may sense activity within the subject, such as
the brain, to alter the controlled portion of the shunt system to achieve different flows based
upon selected inputs.

[0008]  Further areas of applicability will become apparent from the description provided
herein. The description and specific examples in this summary are intended for purposes of

illustration only and are not intended to limit the scope of the present disclosure.

DRAWINGS

[0009] The drawings described herein are for illustrative purposes only of selected
embodiments and not all possible implementations, and are not intended to limit the scope of
the present disclosure.

[0010] Fig. 1is a schematic illustration of a subject with a shunt system;

[0011]  Fig. 2 is a schematic diagram of a control system for a shunt system, according to
various embodiments;

[0012] Fig. 3 is a flow chart regarding an operation of the shunt system by the control
system, according to various embodiments; and

[0013] Fig. 4 is a flow chart of operation of a shunt system including clinician input,
according to various embodiments.

[0014] Corresponding reference numerals indicate corresponding parts throughout the

several views of the drawings.

DETAILED DESCRIPTION
[0015] Example embodiments will now be described more fully with reference to the
accompanying drawings.
[0016]  With initial reference to Fig. 1, a subject 10 may have a shunt assembly or system
14 implanted or positioned within the subject 10. The shunt assembly 14 may include an inlet
catheter 16 that has an inlet area or portion 18 that is positioned within a ventricle 22. The
ventricle 22 may be a part of a brain 24 of the subject 10. The ventricle 22 may generally hold

and/or produce cerebral spinal fluid (CSF). The CSF may generally drain or reabsorb into a subject.
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The subject 10, however, may overproduce CSF and/or have a blockage of flow of CSF from within
the brain 24, such as within the ventricle 22, to an area away from the brain 24. Accordingly, the
shunt system 14 may be implanted in the subject 10 to assist in the drainage of the CFS from the
ventricle 22 to a different location.

[0017]  Accordingly, the inlet catheter 16 having the inlet end 18 within the ventricle 22
may extend to a flow control assembly. The flow control assembly may include a valve 30 and/or
a pump assembly 34. It is understood that the valve 30 or the pump assembly 34 may be
implanted in different subjects separately, rather than together, further listed here for clarity of
the current discussion. It is further understood, however, that both the valve 30 and the pump 34
may be implanted in a single subject.

[0018] The outlet catheter 16 may connect with the valve 30 and/or the pump 34 to allow
the CSF to drain through the outlet catheter 14, generally in the direction of arrow 38 to a selected
portion of subject 10, such as the peritoneal cavity. When the valve 30 is installed the valve 30
may select a flow based upon a flow rate and/or pressure experienced at the valve 30. Generally,
the valve 30 may be selected to open at a selected pressure to allow the CSF to flow from the
ventricle to the outlet catheter 38. The pump 34 may also select a flow rate and/or pressure and
may actively move fluid through the shunt system 14 through the outlet catheter 36.

[0019] In various embodiments, therefore, the shunt system 14 allows fluid to flow from
the ventricle 22 to a selected outlet location, such as the peritoneal cavity. The operation of the
valve 30 and/or the pump 34 may be based upon a predetermined selected flow rate and/or
pressure. In various embodiments, a sensor assembly may include a sensor lead 44 that may be
positioned in the brain 24. The sensor lead 44 positioned within the brain 24 may sense various
features, such as brain activity within the brain 24. The sensor 44 may be used to generate a
sensor signal that is used as feedback to change the flow rate with either or both of the valve 30
and/or the pump 34.

[0020] The sensor lead 44 may connect (e.g. send a signal for operation of) to the valve
30 and/or the pump 34. In various embodiments, the sensor lead 44 may be at least partially
incorporated into the inlet catheter 16 and/or the outlet catheter 36 to allow for connection to
the valve 30 and/or the pump 34. Accordingly, the sensor lead 44 may be positioned within the
brain 24 to sense brain activity, also referred to as physiological activity, of the brain 24.

[0021]  Briefly, the sensor 44 may be used to sense a selected brain activity and/or

function. The sensor 44 may be used to sense or record the selected brain function or activity. For
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example, the sensor 44 may include one or more electrodes to sense or receive electrical activity
from the brain 24. The sensor 44 may then generate or send a sensor signal that may be a signal
that may be sent from the sensor and/or provided from the sensor along a lead or connector 48
to the selected one of the valve 30 and/or the pump 34. As discussed further herein, the sensor
signal may be used to control, such as maintain or alter the valve 30 and/or the pump 34. The
sensor signal may be used to, for example, alter or change an operation of the valve 30 and/or
the pump 34 based upon the sensor signal. Thus, the valve 30 and/or the pump 34 may be
operated in an active manner based upon feedback including the sensor signal from the sensor
44.

[0022] With continuing reference to Fig. 1, and additional reference to Fig. 2, a body
control device, also referred to as a control system, 60 is illustrated. The control system 60 may
be incorporated into either or both of the valve 30 and/or the pump 34. For the present
discussion, reference will be made to the valve 30, but it is understood that the control system 60
may be incorporated into either or both of the valve 30 and/or or the pump 34. Similarly, the
present disclosure will refer to the valve 30 however, it is understood, that the shunt system 40
may include either or both of the valve 30 and/or the pump 34, unless specifically stated
otherwise.

[0023] The control system 60 may be incorporated into the valve 30. The valve system 30
may include a flow control portion or assembly 64 that may be included or incorporated into the
valve 30. In various embodiments, the valve 30, for example, may include a ball portion that
engages a valve seat to control flow through the valve 30. The ball member may be held in place
with a selected resilient portion, such as a spring. Force applied to the spring may increase or
decrease the spring force or force applied by the spring to the ball. The force applied to the ball
onto the valve seat may control or select the opening pressure of the flow control 64. Accordingly,
adjustment of the flow control 64 may adjust a pressure needed to open the valve 30 to allow
flow of the CSF from the ventricle 22 through the valve 30 of the shunt system 14.

[0024] In various embodiments, the control system 60 may include a feedback, such as a
closed feedback loop, to control the flow control 64 of the valve 30. Again, it is understood, that
the control system 60 may also control the flow control 64 in the pump 34. In various
embodiments, the flow control 64 of the pump 34 may include a pump power, duty cycle, speed,

volume or flow rate, or the like.
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[0025] The control system 60 may include various components, such as a control module
66, one or more sensors or sensor connections or inputs 68, a memory system or module 72, a
power source 76. Further, the control module may include one or more outputs, such as a wireless
output transceiver 78 and/or a wired output 82. In various embodiments, for example, the output
82 may allow for output from the control system 60 to a flow control 64. The output 82 may
include a wired or hard connection (e.g. a trace) in an integrated circuit board (ICB) or other
appropriate wired connection. It is understood, however, that the transceiver 78 is optional and
may also communicate with the flow control 64 in an appropriate manner. Accordingly, the
control system 60 may include one or more outputs for sending instructions or signals and/or
receiving instructions or signals.

[0026] The control module 66 may include a data processing module 90 that may analyze
and/or evaluate data collected with the sensor 68 and/or data received via the transceiver which
may also be an input system 78. As discussed above, the sensor 68, including the implanted
sensor 44, and the control system 60 may include an input from the implanted sensor 44 that
may be positioned in the brain 24. The sensors 68, therefore, may provide inputs to the control
module 66 for analysis and/or evaluation, as discussed further herein.

[0027] The analysis and/or evaluation of data by the data process module 90 may be
performed by and/or augmented by data and/or instructions stored in the memory 72. The
memory 72 may be internal to the control system 60, as illustrated in Fig. 2, and/or may be
external to the control system 60. For example, the memory 72 may be accessed with the
transceiver 78.

[0028] The control module 66 may further include a display or further output 94. The
display 94, if included, may provide output regarding the selected setting, pressure, historical or
sensed data, or the like. It is understood, however, that the display 94 is not required and may
not be included.

[0029] The memory 72 may include a system or mechanism to store a selected data, such
as a sensor data 100 from the sensor 44. The sensor data 100 may be immediate data, such as
current data used to set the current flow control 64, or any appropriate sensor data. Further,
historical data 104 may also be saved on the memory 72. Historical data may include a selection
of data regarding the historical over a set time period of sensor data and/or flow control settings.

The historical data 104 may be output from the control system 60 for analysis, such as for further
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treatment, settings or controls of the control system 60 for the flow control 64, or other
appropriate purposes.

[0030] The memory 72 may further include applications 108 that may be executed by the
control module 66 for various purposes, such as for controlling the flow control 64. Applications
may include various features, such as those discussed further herein, such as for collecting data
from the sensors 68, analyzing or processing the sensor data, and/or controlling the flow control
64 based upon selected instructions and/or input from the sensors 44.

[0031] Further, the memory may include a feedback data 110 that may include data
regarding feedback for control of the flow control 64 and/or a change in sensor inputs or sensed
information by the sensors 44. Also, the applications 108 may be executed to analyze the
feedback data 110 to assist in selecting control or output for the flow control 64.

[0032] The transceiver 78 may include a physical layer that is configured to transmit
and/or receive signals from the control module 66 and/or an external control/program module
or system 120. The control/program system 120 may be operated by a selected user, such as a
surgeon or clinician, to assist in operation of the shunt system 14. For example, the
control/program system 120 may be used to generate and/or update the applications 108,
provide applications 108 including new applications, receive sensor data, historical data, and/or
feedback data 100, 104, 110 for analysis and/or treatment of the subject 10, or other appropriate
features. The control/program system 120 may assist in augmenting operation of the control
system 60 of the valve 30 to achieve a selected or optimal operation of the shunt system 14.

[0033] Accordingly, the shunt system 14 may be implanted in the subject 10 at a selected
time and operated for a time period based upon the control module 66 executing the applications
108 to adjust or select flow control 64. The control module 66 may provide output signals through
the output 82 to the flow control 64 to achieve a selected flow from the ventricles 22. At a selected
period, such as during a checkup visit, a user may receive data from the control system 60 and/or
transmit signals and data to the control system 60 to alter operation of the valve 30 and/or
confirm a selected or optimal operation of the valve 30 of the shunt system 14.

[0034] The power source 76 may be provided in an appropriate manner for assisting and
providing power to the selected portions of the control system 60, such as the control module
66, the memory 72, and the sensor 68. The power source 76 may include a selected cell battery.
The power source 76 may be operable or configured to power operation of the control system

60, transmitting and/or receiving signals from the control system 60, and/or receiving and
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sending signals from the sensor 44. Accordingly, the power source 76 may be the power source
for the shunt system 14 to operate the flow control 64 and/or receive signals regarding operation
of the control 64.

[0035] The shunt system 14, as discussed above, may be operated by executing the
applications 108 with the control system 60 to adjust the flow control 64. As discussed above, the
sensors 44 may be implanted in the subject 10, such as positioned within the brain 24. The sensors
44 may be positioned in any appropriate portion on the brain 24 and sense selected brain
physiological activity, such as a functional brain activity, electrical brain activity, or the like.

[0036] The sensor 44 may be positioned in any appropriate location within the brain 24
that may be monitored with the sensor 44 to assist in operation of the flow control 64 to achieve
optimal results. Generally, a selected pressure may be determined to be achieved within the
ventricle 22 that allows for the subject 10 to achieve a substantially normal life and observe or
have no observable negative side effects from hydrocephalus. Accordingly, the sensor 44 may be
configured to sense brain activity within the brain 24 to assist in operating the valve 30 to achieve
the selected pressure which may relate to the optimal or desirable outcomes for the subject 10.
As noted above, selected or optimal outcomes may include reduced pain, increased cognitive
function, etc.

[0037] The sensor 44 may sense the brain activity in the brain 24. The sensor 44 may
transport or send a sensor signal to the control system 60 based the sensed brain activity. The
sensor data in the sensor signal may then be provided to the memory 72, as discussed above, as
sensor data 100 and the application 104 may be executed to operate the flow control 64 via or
through an output signal of the output module 82.

[0038]  With continuing reference to Fig. 2, and additional reference to Fig. 3, the control
system 60 may be operated as illustrated in a flow chart 200. The control module 66 including
the data process module 90 may analyze and/or evaluate the senor data 100 to control the flow
control 64 according to the method 200. Accordingly, the method 200 may begin in start block
210. Beginning at start block 210 may include various programming, implantation, or the like of
the shunt system 14, as discussed further herein. The start block 200 may include an initial or
initiation of operation of the shunt system 14 including the valve 30.

[0039] The shunt system 14 may be implanted with the sensor 44 and therefore the sensor
44 may generate a signal that is received in block 214. The sensor signal may be generated by

the sensor 44 and transmitted to the control system 60, as discussed above. The sensor 44 may
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generate sensor information that is provided or stored in the memory as sensor data 100 for
analysis and/or evaluation and/or control of the flow control 64 by the applications 108.
Accordingly the sensor signal may be analyzed per the applications in block 218.

[0040] Analysis of the sensor signal per applications in block 218 may include any
appropriate analysis and/or calculations. For example, the sensor signal may be filtered to achieve
or analyze the sensor signal. Further the sensor signal may be parameterized and/or otherwise
evaluated to determine control of the flow control 64 via the applications 108. Accordingly, the
applications may include instructions regarding the various parameters, such as limitations or
thresholds regarding the signal from the sensor 44. For example, a selected amount, intensity, or
the like of brain activity 24 adjacent or sensed by the sensor 44 may be included in the
applications 108. For example, threshold parameters may be stored in the memory 72 and
included in the applications and/or accessed by the applications 108. IN various embodiments, a
lookup table to selected or predetermined values or thresholds may be saved in the memory
and/or included or accessed with the applications 108.

[0041] Accordingly, a determination of whether the sensor signals within the threshold
parameters and/or within selected parameters in block 230 may be made. The determination of
whether the signals within the parameters may be a comparison of the most recent sensor signal
compared to the lookup table of sensor parameters, such as a lookup table stored in the memory
72. The comparison in block 230 may further and/or alternatively include a calculation of the
sensor signal from the sensor 44 based upon a predetermined calculation or formula. Accordingly
an individual calculation relative to the subject 10 may be made based upon various input
parameters regarding the subject 10.

[0042] Based upon the comparison in block 230, a NO path 234 may be followed if the
sensor signal from the sensor 44 is not within the selected or determined parameters in block
230. When the NO path 230 is followed, an output signal, also referred to as a control signal, may
be generated to alter flow with the flow control may be performed in block 240. The generated
control signal in block 240 may be based upon or determined with the applications 108.

[0043] The control signal may be output with the output 82 and used to alter the flow
control 64. As discussed above, altering the flow control 64 may increase or decrease a flow
through the valve 30. As discussed above, adjustment of the valve may include increasing or
decreasing a pressure applied to a ball onto a valve seat. Accordingly, the pressure to open the

valve 30 may be increased or decrease and, therefore, a related flow may be achieved through
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the valve 30. Accordingly, if the sensor signal is not within a predetermined parameter the control
signal may be generated to alter the flow control in block 240. Altering the flow control in block
240 may assist in achieving a desired or optimal outcome for the subject 10.

[0044]  After generating the output in block 240, various optional processes may further
occur in the optional processes or sub-processes 250. For example, a first optional process may
include saving a last sensor signal in block 254. Saving the last sensor signal may include saving
or creating the historical data 104, as discussed above. The historical data may be transmitted to
the control/program system 120, via the transceiver 78, as discussed above. The historical data
104 may be used to assist in altering applications and/or parameters for operation of the valve
30.

[0045]  Alternatively or further, a check for updated applications may be made in block
258. The updated applications may include updated or changed parameters that may be included
or provided to the analysis block 218. For example, an updated or new sensor signal parameters
may be included, a degree of altering the flow control may be updated, or other appropriate
changes may be made in the applications. The control method 200 may include a check for
updated applications in block 258. If the applications are updated they will replace the original or
previous applications in block 262. Accordingly, the optional process or sub-processes 250 may
be used to update the control system 60 based upon operation of the control system 60 and/or
the valve 30, and/or the shunt system 14. Further, the subject 10 may change anatomical or
physiological features or parameters and the control system 60 may be updated by updating the
applications, as discussed above.

[0046] The method 200 may then loop with a loop or continuous monitoring path 270 to
receive a sensor signal in block 214. The control system 60 may operate according to the method
200 as a continuous loop during a life of the operation of the shunt system 14. The shunt system
14, therefore, may include a continuous feedback loop, which may be a closed feedback loop, to
alter the flow control 64 based upon the received sensor signal in block 214. The method 200
may allow for operation of the shunt system 14 according to selected applications to achieve
selected outcomes for the subject 10, such as desired or optimal outcomes.

[0047] If the sensor signal is within selected parameters in block 230, a YES path 280 may
be followed. The YES path 280 may directly go to a received sensor signal in block 214 and/or
may go to the optional processes in block 250. The YES path 280 may also include, if selected, a
no change control signal. Thus, a control signal may be generated for both the NO path 234 and
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the YES path 280. The YES path 280, therefore, may also be used to ensure a continuous loop of
a selected operation of the shunt system 14. The YES path 280 also allows the method 200 to
operate in a substantially continuous loop. Therefore, the method 200, which may be an operation
of the control system 60 of the shunt 14, may be operated in a substantially continuous loop to
ensure that the sensor signal 44 remains within selected parameters by altering the flow control
64 in block 240.

[0048] It is further understood that the control system 60 may provide an output, such as
the transceiver 78, to provide warnings and/or updates regarding operation of the shunt system
14. For example, if the determination in block 230 follows the NO path 234 a selected number of
times in sequence, or within a selected period of time, or the like, an output signal may be
provided to provide a warning to the subject 10 and/or caregiver. Accordingly, the control system
60 may provide output for ensuing operation of the shunt system 14 within selected parameters
and/or additional or updated care of the subject 10.

[0049] With continuing reference to Figs. 2 and 3, and additional reference to Fig. 4, a
process or method 300 for operation or use of the shunt system 14 is illustrated. The process 300
may be considered to be an operation of the shunt system 14, such as by a surgeon and/or
clinician in addition to and/or alternatively to operation of the control system 60. The method
200 may be understood to be an operation of the shunt system 14, such as internally within the
subject 10, which may be augmented by input or augmentation of the operation of the control
system. The method 300, however, may include various operation and alteration of the shunt
system 14.

[0050] Generally the method 300 begins at start block 310. The start block 310 may
include any appropriate steps, such as analysis of the subject 10, diagnosis of the subject 10,
selection of optimal treatment conditions (e.g. subject life outcomes, physical achievements, CSF
pressure, etc.). In various embodiments, such as after a diagnosis of hydrocephalus of the subject
10, a sub-process or initial process of implantation in block 314 may be selected. The implantation
in block 314 may be selected, however, but may not be necessary for the method 300. The
implantation sub-process 314 may occur separately and/or alternatively to the remainder of the
method 300. Generally an implantation sub-process 314 a sensor is implanted in block 316.
Further a shunt system is implanted in block 318. The sensor implanted in block 316 may include
the brain function or activity sensor 44, as discussed above. The sensor 44 may be implanted in

block 316 separate from the shunt system 14 and/or incorporated into various features, such as
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the inlet catheter 18, or other appropriate configuration. In various embodiments, for example,
the inlet catheter 18 may include the sensor 44 as a feature or portion therewith (e.g. an electrode
on a selected portion of the inlet catheter 18) and, therefore, may be implanted substantially
simultaneously with a shunt system. The shunt system implanted in block 318 may be implanted
in a selected manner, including either or both of the valve 30 and/or the pump 34. Further, the
implantation of the shunt system 14 may include a selection of an inlet location for the inlet
catheter 18 and an outlet location for the outlet catheter 36.

[0051] Regardless of the implantation procedure 314, the control system 60 may initially
be set or programmed with initial operation parameters in block 330. The initial parameters may
include selected brain activity for a given flow control position, limits to the flow control
positioning, duty cycle for the control system (e.g. monitoring frequency of the sensor 44), and
other appropriate parameters. The initial parameters may be set by a clinician, such as the surgeon
performing the implantation of the shunt system 14, a clinician following the progress of the
subject 10, or any appropriate individual. The initial setup and program may be performed with
the control/program system 120, as discussed above.

[0052] In other words, the initial parameters in block 330 may be initial desired
parameters programmed into the system. These initial parameters may be initially set up by the
clinician (e.g. physician) based on patient symptomology. Specific initial parameters and/or their
values may vary from one patient to the next. The physician and/or patient alone and/or together
may decide the optimal initial settings. The optimal initial settings may be or include some initial
“tuning” based on patient feedback and physician analysis and experience. After the initial setup
in block 330, the system controls the flow control (e.g. the valve 30 and/or pump 34) settings to
maintain the sensor signal from the monitored parameters (e.g. brain activity with the sensor 44)
in a range that minimizes patient symptoms. Thus, the control system 60 may operate, as
discussed above, to achieve the optimal flow control based on the feedback. Addition, feedback
may include patient feedback (e.g. reporting of undesired outcomes (e.g. pain, dizziness, etc.)
and/or desired outcomes (e.g. lack of pain, etc.)).

[0053] During operation of the control system 60 of the shunt system 14, as discussed
above, selected data, such as historical data 104 and/or feedback data 110 may be collected. At
a selected time, such as at a checkup of the subject 10, a receiving of a data signal from the
control system 60 may be made into a selected system, such as the control/program system 120

in block 334. The receiving of a signal in block 334 may include a download or transmittal of
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selected data, such as the historical data 104 from the control system 60. As discussed above the
transceiver 76 may be set to transmit the historical data a selected time and/or after receiving a
signal, such as a signal from the control/program system 120. Regardless, receipt of data from
the control system 60 may be made.

[0054] An analysis of the received data may be made in block 338. The analysis of the
data in block 338 may be whether the shunt is operating within selected parameters, for which a
determination may be made in block 342. Operation of the shunt system within selected
parameters may include a determination that the flow control 64 is adjusted at a selected rate or
over a selected period, the control system 60 includes only a selected number of NO
determinations in block 234 over a selected period of time, or other appropriate parameters. It is
understood, the operational parameters of the shunt system 14 may be selected and/or may be
based upon the selected and individual subject 10.

[0055] If it is determined that the shunt operation system is not within operational
parameters, a NO path 346 may be followed to recall or generate new applications in block 350.
As discussed above, applications may include instructions on operation of the shunt system 14,
such as how and when to change or alter the flow control 64. The new applications may be
generated based upon a received data, generally known or determined parameters for operation
of the shunt system 14, or other appropriate inputs. Accordingly, new applications may be
generated or recalled based upon the individual data received, a plurality of data’s received from
a plurality of a subject, or other appropriate determinations.

[0056] The new applications may be transmitted to the control system, such as the
memory 72, in block 354. The transmission of the new applications to the control system 60 in
block 354 may again be performed via the transceiver 78 and may be stored for execution by the
control module 66, as discussed above.

[0057] A determination of whether further analysis is requested or required in block 360
may then be made. The further analysis may include a short follow up, a confirmation of receipt
of the new applications, or other appropriate further analysis. If no further analysis is requested a
NO path 364 may be followed to end the process 300 in block 368. Ending the process in block
368 may include any appropriate additional procedures, such as restarting the control system 60,
recharging the power source 76, or other appropriate and further actions. Accordingly, the end
block 368 is understood to include or selectively include additional features or procedures as

selected or required.
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[0058] Returning to the determination block 342, if the shunt system is operating within
selected parameters a YES path 380 may be followed. The YES path 380 may also go to a
determination of whether further analysis is required in block 360. Accordingly, the NO path 364
may be followed to the end block 360.

[0059] At the determination of whether further analysis is required in block 360, an
alternative and/or additional path may also include a YES path 384. The YES path 384 may return
to receive additional data from the control system in block 334. The data may be data collected
after execution of the new applications from block 350, if the NO path 346 is followed, or further
collection of data if the YES path 380 is followed. The selection of following the YES path to collect
additional data in block 334, however, may be selected according to any appropriate procedure,
and may be based upon the clinician’s selection.

[0060] In light of the above, therefore, the shunt system 14 may be implanted into the
subject 10. The shunt system 14 may include a selected feedback loop, such as based upon the
sensor 44 and the signal therefrom, to collect data regarding the brain 24 and alter and/or
maintain operation of the valve 30. Accordingly, the shunt system 14 may include a feedback loop
to achieve or attempt to achieve optimal or selected outcomes for the subject 10. The control
system 10 may include a control system 60, which may be a selected processor module, to execute
selected instructions to achieve appropriate outcomes and/or include control of the flow control
64. Further, the shunt system 14 may be operated and selected by a user or clinician to assist in
achieving the outcomes.

[0061] Example embodiments are provided so that this disclosure will be thorough, and
will fully convey the scope to those who are skilled in the art. Numerous specific details are set
forth such as examples of specific components, devices, and methods, to provide a thorough
understanding of embodiments of the present disclosure. It will be apparent to those skilled in
the art that specific details need not be employed, that example embodiments may be embodied
in many different forms and that neither should be construed to limit the scope of the disclosure.
In some example embodiments, well-known processes, well-known device structures, and well-
known technologies are not described in detail.

[0062] The foregoing description of the embodiments has been provided for purposes of
illustration and description. Itis not intended to be exhaustive or to limit the invention. Individual
elements or features of a particular embodiment are generally not limited to that particular

embodiment, but, where applicable, are interchangeable and can be used in a selected
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embodiment, even if not specifically shown or described. The same may also be varied in many
ways. Such variations are not to be regarded as a departure from the invention, and all such
modifications are intended to be included within the scope of the invention.

[0063] It should be understood that various aspects disclosed herein may be combined
in different combinations than the combinations specifically presented in the description and
accompanying drawings. It should also be understood that, depending on the example, certain
acts or events of any of the processes or methods described herein may be performed in a
different sequence, may be added, merged, or left out altogether (e.g., all described acts or events
may not be necessary to carry out the techniques). In addition, while certain aspects of this
disclosure are described as being performed by a single module or unit for purposes of clarity, it
should be understood that the techniques of this disclosure may be performed by a combination
of units or modules associated with, for example, a medical device.

[0064] In one or more examples, the described techniques may be implemented in
hardware, software, firmware, or any combination thereof. If implemented in software, the
functions may be stored as one or more instructions or code on a computer-readable medium
and executed by a hardware-based processing unit. Computer-readable media may include non-
transitory computer-readable media, which corresponds to a tangible medium such as data
storage media (e.g., RAM, ROM, EEPROM, flash memory, or any other medium that can be used
to store desired program code in the form of instructions or data structures and that can be
accessed by a computer).

[0065] Instructions may be executed by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, graphic processing units
(GPUs), application specific integrated circuits (ASICs), field programmable logic arrays (FPGAs),
or other equivalent integrated or discrete logic circuitry. Accordingly, the term “processor” as
used herein may refer to any of the foregoing structure or any other physical structure suitable
forimplementation of the described techniques. Also, the techniques could be fully implemented

in one or more circuits or logic elements.
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CLAIMS
What is claimed is:
1. A system for controlling a hydrocephalus shunt system, comprising:
a sensor configured to sense a physiological activity of a subject and generate a sensor
signal related thereto;
a control system comprising:
a control module configured to execute instructions;
a memory module configured to store the instructions;
an input connection configured to receive the sensor signal from the sensor;
wherein the control module is operable to evaluate and/or analyze the sensor signal to

generate a control signal to operate a flow control.

2. The system of Claim 1, wherein the sensor is configured to sense a brain activity of the
subject.
3. The system of Claim 2, further comprising:

the flow control, wherein the flow control is configured to control a flow of a material

through the hydrocephalus shunt system.

4. The system of Claim 3, wherein the flow control is a valve.

5. The system of Claim 4, wherein the valve includes a valve portion configured to be

adjusted to change an opening pressure of the valve based on the control signal the control

module.
6. The system of Claim 3, wherein the flow control is a pump.
7. The system of any one of Claims 1 to 6, further comprising:

a catheter configured to be positioned in a ventricle of a brain of the subject;

wherein the sensor is formed integrally with the catheter.
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8. The system of any one of Claims 1 to 7, wherein the control module configured to execute
instructions includes comparing the sensor signal to look up table of parameters stored in the

memory module.

9. The system of any one of Claims 1 to 8, wherein the control module configured to execute
instructions includes:

determining whether the sensor signal is within a selected threshold;

when the sensor signal is outside of the selected threshold, generating the control signal

to change operation of the flow control.

10. The system of any one of Claims 1 to 9, wherein the control module configured to execute
instructions includes:

storing historical data regarding he sensor signal over time.

11. The system of any one of Claims 1 to 10, wherein the control system further comprises a
transceiver configured to at least one of transmit a signal from the control system or receive a

signal.

12. The system of any one of Claims 1 to 11, further comprising:
a programmer separate from the control system configured to at least one of transmit a

signal to the control system or received a signal from the control system.

13. The system of Claim 12, wherein the programmer is configured to transmit a new
application to the control system to evaluate and/or analyze the sensor signal to generate the

control signal to operate the flow control.

14. A method for controlling a hydrocephalus shunt system with the system of Claim 1, the
method comprising:

configuring the sensor; and

executing the instructions to control the flow control based on the evaluation and/or

analysis of the sensor signal.
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15. A system for controlling a hydrocephalus shunt system, comprising:
a control module configured to execute instructions to:

receive a sensor signal from a sensor configured to sense a physiological activity
of a subject;

evaluate and/or analyze the sensor signal to generate a control signal to operate
a flow control;

recall instructions from a memory module that is configured to store the
instructions; and

generate a control signal to operate the flow control based on the evaluation

and/or analyze the sensor signal.

16. The system of Claim 15, wherein the sensor configured to sense the physiological activity

includes sensing a brain activity of the subject.

17. The system of any one of Claims 15 to 16, further comprising:

configuring the sensor for implantation in a brain of the subject.

18. The system of any one of Claims 36 15 to 17, wherein the control module is further
configured to:
transmit the control signal to control the flow control;

wherein the flow control is a valve.

19. The system of Claim 18, wherein the valve is configured as the flow control.
20. The system of any one of Claims 15 to 17, wherein the control module is further configured
to:

transmit the control signal to control the flow control;

wherein the flow control is a pump.

21. The system of Claim 20, further comprising:

a pump configured as the flow control.
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22. The system of any one of Claims 15 to 21, wherein the control module is further configured
to:

generate a new application;

transmitting the new application to the memory module; and

evaluate and/or analyze the sensor signal to generate a control signal to operate a flow

control.

23. The system of any one of Claims 15 to 22, wherein the control module is further configured
to:
generate a warning signal regarding at least one of operation of the control module, the

received sensor signal, the generated control signal, or combinations thereof.
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