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(54) System for determining position and pressure of an implantable shunt

(57) In one aspect, an implantable shunt system 100 is disclosed that, in one example implementation, includes a
resilient member 108 and a connected fluid regulating device 116. The fluid regulating device selectively permits fluid
flow through an opening valve 105 of an implantable shunt according to an adjustable opening pressure. The opening
pressure is proportional to an amount of tension on the resilient member. One or more tension sensors 110a, 110b that
are connected to the resilient member measure an amount of tension on the resilient member. The tension sensors
generate tension data that corresponds to the measured amount of tension. The system further includes a communication
unit 132 with a transmitting unit that transmits the measured data over a communication link 133.
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Description

BACKGROUND

[0001] Implantable shunt systems are used in the med-
ical field for directing body fluid from one region to an-
other. To treat patients with hydrocephalus, fluid shunt
systems can be used to remove and discharge excess
cerebrospinal fluid ("CSF"). Draining the excess fluid re-
lieves elevated intracranial pressure. Generally, valve
mechanisms control or regulate the flow rate of fluid
through the shunt system. The valve mechanisms may
permit fluid flow only when fluid pressure reaches a cer-
tain threshold level. The fluid flow rate is proportional to
the pressure at the valve mechanism and thus, for a pres-
sure that is only slightly higher than the threshold or open-
ing pressure, the flow rate is relatively low. As the fluid
pressure increases, the flow rate through the shunt sys-
tem increases. At pressures that are significantly higher
than the threshold pressure, a maximum flow rate for the
system is reached. Fluid flow normally continues until the
intracranial pressure has been reduced to a level less
than the threshold pressure.
[0002] The threshold or opening pressure that allows
fluid flow through a shunt system often needs to be ad-
justed. A medical professional may initially select a rel-
atively low opening pressure to trigger fluid flow. Over
time, the initial opening pressure may require adjustment,
for example in a situation where excess fluid flow creates
an undesirable overdrainage condition, which may ne-
cessitate an increase in the opening pressure to produce
a fluid flow rate that is balanced. Some valve systems
allow a medical professional to non-invasively customize
an implanted valve mechanism’s opening pressure for a
particular patient.
[0003] A Hakim valve is a commonly used differential
pressure valve having selectable precise opening pres-
sures. Current practice may require that an x-ray be taken
to verify a new setting after each valve adjustment. Con-
ventional approaches for determining valve position can
have undesirable complications. As an example, when
magnetic fields are used for verifying valve position, me-
tallic equipment within a clinical environment may inter-
fere with the accuracy of information obtained through
the use of these magnetic forces, which can lead to in-
accurate readings.
[0004] U.S. Patent No. 6,685,638 describes an appa-
ratus for acoustically monitoring the position of a Hakim
shunt. In some circumstances, it may be difficult to ac-
curately determine valve position using acoustics. For
example, environmental factors such as the presence of
ambient sound may in some cases effectively limit the
signal-to-noise ratio of an acoustic reading. Also, it may
be challenging to clearly identify acoustic position signals
across all patients because the thickness of subcutane-
ous layers of tissue can vary from patient to patient.
[0005] It is with respect to these and other considera-
tions that the various example implementations de-

scribed below are presented.

SUMMARY

[0006] In one aspect, the present invention relates to
an implantable shunt system. In one example implemen-
tation, the system includes a resilient member and a fluid
regulating device that is connected to the resilient mem-
ber. The fluid regulating device selectively permits fluid
flow through an opening valve of an implantable shunt,
according to an adjustable opening pressure. The open-
ing pressure is proportional to an amount of tension on
the resilient member. The system also includes one or
more tension sensors that are connected to the resilient
member and measure an amount of tension on the resil-
ient member. The tension sensors generate tension data
that corresponds to the measured amount of tension. The
system further includes a communication unit including
a transmitting unit. The transmitting unit transmits the
tension data over a communication link.
[0007] In another aspect, the present invention relates
to an implantable shunt that, in one example implemen-
tation, includes a resilient member and a fluid regulating
device that is connected to the resilient member. The
fluid regulating device includes a sealing member that is
selectively engaged at a valve opening to permit fluid
with a fluid pressure that is at or above an adjustable
threshold opening pressure to flow through the valve
opening. The threshold opening pressure is proportional
to an amount of tension on the resilient member. The
implantable shunt also includes tension sensors that are
connected to the resilient member and are each located
at a different respective position on the resilient member.
The tension sensors measure an amount of tension on
the resilient member and generate tension data that cor-
responds to the measured amount of tension. The im-
plantable shunt further includes a communication unit
that includes a transmitting unit. The transmitting unit
transmits the tension data over a communication link.
[0008] In yet another aspect, the present invention re-
lates to a method of determining pressure and position
of an implantable shunt. In one example implementation,
the method includes measuring an amount of tension on
a resilient member of the implantable shunt, via one or
more tension sensors that are connected to the resilient
member. The tension sensors generate tension data that
corresponds to the measured amount of tension. The
method also includes transmitting, by a transmitting unit,
the generated tension data over a communication link.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Other aspects and features of example imple-
mentations of the present invention will become apparent
to those of ordinary skill in the art, upon reviewing the
following detailed description in conjunction with the ac-
companying figures.
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FIG. 1A is a top sectional view of an implantable
shunt according to an example implementation of
the present invention.
FIG. 1B is a side sectional view of the implantable
shunt according to the example implementation
shown in FIG. 1A.
FIG. 1C is an enlarged, side sectional view of a por-
tion of the implantable shunt according to the exam-
ple implementation shown in FIGS. 1A and 1B.
FIG. 1D is a block diagram illustrating an implantable
shunt system including the implantable shunt ac-
cording to the example implementation of the
present invention shown in FIGS. 1A-C.
FIG. 2A is a top sectional view of an implantable
shunt according to another example implementation
of the present invention.
FIG. 2B is a side sectional view of the implantable
shunt according to the example implementation
shown in FIG. 2A.
FIG. 2C is a block diagram illustrating an implantable
shunt system including an implantable shunt accord-
ing to the example implementation shown in FIGS.
2A and 2B.
FIG. 3A is top sectional view of electrical contacts in
a reservoir of an implantable shunt, according to an
example implementation of the present invention.
FIG. 3B is a partial view of an electrical connector
with electrically conductive protruding members that
are connectable to the electrical contacts in the ex-
ample implementation shown in FIG. 3A.
FIG. 4A is a top sectional view of electrical contacts
in a reservoir of an implantable shunt, according to
another example implementation of the present in-
vention.
FIG. 4B is a partial view of a connector with electri-
cally conductive protruding members that are con-
nectable to the electrical contacts in the example im-
plementation shown in FIG. 4A.
FIG. 5 is a flow diagram illustrating a method of de-
termining pressure and position of an implantable
shunt, according to an example implementation of
the present invention.

DETAILED DESCRIPTION

[0010] Although example implementations of the
present invention are explained in detail, it is to be un-
derstood that other implementations are contemplated.
Accordingly, it is not intended that the present invention
be limited in its scope to the details of construction and
arrangement of components set forth in the following de-
scription or illustrated in the drawings. The present in-
vention is capable of other implementations and of being
practiced or carried out in various ways.
[0011] It must also be noted that, as used in the spec-
ification and the appended claims, the singular forms "a,"
"an" and "the" include plural referents unless the context
clearly dictates otherwise.

[0012] In describing example implementations, termi-
nology will be resorted to for the sake of clarity. It is in-
tended that each term contemplates its broadest mean-
ing as understood by those skilled in the art and includes
all technical equivalents that operate in a similar manner
to accomplish a similar purpose.
[0013] By "comprising" or "containing" or "including" is
meant that at least the named compound, element, par-
ticle, or method step is present in the composition or ar-
ticle or method, but does not exclude the presence of
other compounds, materials, particles, method steps,
even if the other such compounds, material, particles,
method steps have the same function as what is named.
[0014] It is also to be understood that the mention of
one or more operations according to a method does not
preclude the presence of additional operations or inter-
vening operations between those expressly identified.
Operations of a method may be performed in a different
order than those described herein. Similarly, it is also to
be understood that the mention of one or more compo-
nents in a device or system does not preclude the pres-
ence of additional components or intervening compo-
nents between those components expressly identified.
[0015] In the following detailed description, references
are made to the accompanying drawings that form a part
hereof and that show, by way of illustration, specific im-
plementations or examples. In referring to the drawings,
like numerals represent like elements throughout the sev-
eral figures.
[0016] FIGS. 1A and 1B provide a top sectional view
and side sectional view of an implantable shunt 100 ac-
cording to an example implementation of the present in-
vention. The implantable shunt 100 includes a resilient
member 108 with two sides 108a, 108b and a fluid reg-
ulating device 116 connected to the resilient member
108. The fluid regulating device 116 selectively permits
fluid flow through the implantable shunt 100 according
to an adjustable opening pressure that is proportional to
an amount of tension on the resilient member 108. Two
tension sensors 110a and 110b are connected to the two
respective sides 108a, 108b of the resilient member 108.
The tension sensors 110a, 110b measure an amount of
tension on the resilient member 108 and generate ten-
sion data that corresponds to the measured amount of
tension.
[0017] It should be appreciated that more or less than
two tension sensors may be used without departing from
the scope of the present invention disclosed herein. For
example, a single tension sensor that is centrally placed
on the resilient member 108 may alternatively be used.
As further shown in FIG. 1D, a communication unit 132
is electrically connected by wires 104 to the tension sen-
sors 110a, 110b. A wireless antenna 102 of the commu-
nication unit 133 (see FIGS. 1A and 1B) transmits the
tension data over a wireless communication link. The
communication unit 132 also receives an activation com-
mand signal from a reading unit 134 over the wireless
communication link 133, via the wireless antenna 102.
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[0018] A programmable controller 106 that is electri-
cally connected to the communication unit 132 causes
the tension sensors 110a, 110b to measure the tension
on the resilient member 108 in response to receiving the
activation command signal via the wireless antenna 102.
The programmable controller 106 also causes the com-
munication unit 132 to transmit the tension data to the
reading unit 134 over the wireless communication link
133 in response to receiving the activation command sig-
nal. The reading unit 134 has a receiving unit 136 with a
wireless transmitter and receiver that transmits the acti-
vation command signal and receives the transmitted ten-
sion data from the communication unit 132, respectively.
The reading unit 134 has a programmable controller 138
that is electronically connected to the receiving unit 136
and determines a pressure and/or position associated
with the implanted shunt 100, based on the received ten-
sion data.
[0019] The programmable controller 106 determines
the opening pressure of the fluid regulating device 116
based on the received tension data. A position of a cam
112 can also be determined by the programmable con-
troller 106 based on the received tension data. The cam
112 is connected to the resilient member 108, and the
tension on the resilient member 108 is proportional to the
position of the cam 112. As shown in FIG. 1D, the reading
unit 134 also includes a display 140 that is connected to
the programmable controller 106 and displays one or
more visual representations associated with the received
tension data.
[0020] The example implementation of the implantable
shunt 100 and reading unit 134 shown in FIGS. 1A-1D
will now be described in further detail. FIG. 1C provides
an enlarged view of a portion of the implantable shunt
100 and, more particularly, a shunt valve 105 of the im-
plantable shunt 100. The shunt 100 can be surgically
implanted under the scalp of a patient and configured for
hydrocephalus, and may be configured with components
of a Hakim programmable shunt. The shunt valve 105
includes a valve body 122 that defines a chamber 128
with an inlet opening 118 and an outlet opening 126.
When fluid pressure at the inlet opening 118 exceeds a
predetermined threshold pressure, fluid begins to flow
through the shunt valve 105. A support plate 124 within
the valve body 122 has an aperture with a valve seat
120. The fluid regulating device 116 is a ball that selec-
tively engages with the valve seat 120. As shown, the
resilient member 108 is a spring that biases the ball 116
to the valve seat 120 to selectively allow or prevent fluid
flow.
[0021] The biasing force of the spring 108 is adjustable
by means of the cam 112. The cam 112 includes a plu-
rality of steps of varying vertical position with respect to
the support plate 124. Each step of the cam 112 provides
a discrete pressure on the ball 116 via the spring 108.
Thus, changing position of the cam 112 changes the ten-
sion on the spring 108. The biasing force provided by the
spring 108 dictates the threshold pressure that must be

overcome in order to disengage the ball 116 from the
valve seat 120 to thereby allow fluid flow into the chamber
128.
[0022] Those skilled in the art will recognize that after
a shunt valve is surgically implanted under the scalp of
a patient, the threshold pressure can be adjusted using
external programming devices, which can adjust the
opening pressure at which fluid begins to flow through
the shunt valve. Electromagnets can be disposed about
a central axis and sequentially energized to apply a
pulsed magnetic field to a stepper motor (not illustrated)
of the cam 112, to cause a rotor to rotate. This causes
the cam 112 to rotate and therefore adjust the pressure
applied to the ball 116 by one end of a spring 108.
[0023] Referring again specifically to the example im-
plementation shown in FIGS. 1A-1D, the tension sensors
110a, 110b are configured as strain gauges that are at-
tached to the surface of a beam of the spring 108, and
may include resistive, capacitive, and/or semiconductor
type sensors. Using two strain gauges instead of a single
strain gauge may minimize errors in the tension meas-
urements caused by temperature fluctuations, for exam-
ple. The programmable controller 106 is an application
specific integrated circuit (ASIC) that can include one or
more processors, a memory connected to the proces-
sors, and one or more storage devices for storing non-
transitory data and instructions that, when executed by
the one or more processors, cause the ASIC 106 to per-
form specific functions described herein with respect to
FIGS. 1A-1D and/or operations of the method 500 de-
scribed below with respect to FIG. 5. The ASIC 106 can
include a signal conditioner to convert analog signals
from the strain gauges 110a, 110b, corresponding to ten-
sion measurements, into tension data in digital form. The
communication unit 132 can include an RF transmitter
and RF receiver with a wireless antenna for transmitting
the tension data to the reading unit 134 and receiving the
activation command signal from the reading unit 134.
[0024] The receiving unit 136 can include an RF trans-
mitter and RF receiver with a wireless antenna for receiv-
ing the tension data and transmitting the activation com-
mand signal. A programmable controller 138 of the read-
ing unit is electrically connected to the receiving unit 136
and may include one or more processors, a memory con-
nected to the one or more processors, and one or more
storage devices for storing non-transitory data and in-
structions that, when executed by the one or more proc-
essors, cause the programmable controller 106 to per-
form specific functions described herein with respect to
FIGS. 1A-1D and/or operations of the method 500 de-
scribed below with respect to FIG. 5. The reading unit
134 also includes a display 140 that is electrically con-
nected to the programmable controller 106, that displays
one or more visual representations associated with the
received tension data, such as plots, graphs, tables,
and/or numerical representations of position and/or pres-
sure of the implantable shunt 100 as indicated by the
tension data. Power to the ASIC 106 of the shunt 100
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can be provided remotely by passive telemetry using the
RF transmitter of the receiving unit 136 and RF receiver
of the communication unit 132, via the wireless antenna.
The electronic components of the shunt 100, including
the ASIC 106 and strain gauges 110a, 110b, can be kept
in a dormant, sleep mode until the power is provided.
[0025] FIGS. 2A and 2B are top and side sectional
views of an implantable shunt 200 according to another
example implementation of the present invention. The
implantable shunt 200 includes a shunt valve 205. Be-
cause like numbered components in FIGS. 2A and 2B
correspond to similar components shown in the shunt
valve 105 of FIGS. 1A and 1B, not all components of the
shunt valve 205 will be described herein in detail. The
implantable shunt 200 includes a resilient member 208,
which can be a spring, and a fluid regulating device 216
connected to the resilient member 208. The fluid regu-
lating device 216 selectively permits fluid flow through
the implantable shunt 200 according to an adjustable
opening pressure that is proportional to an amount of
tension on the resilient member 208. A tension sensor
210 that is attached to the surface of the resilient member
208 is configured as a strain gauge, which may include
resistive, capacitive, and/or semiconductor type sensors.
The tension sensor 210 measures an amount of tension
on the resilient member 208 and generates tension data
that corresponds to the measured amount of tension.
[0026] Now also referring to FIG. 2C, the tension data
is transmitted from the tension sensor 210 to a reading
unit 234 via a connector 211. Electrically conductive nee-
dle probes 212a, 212b, 212c of the connector 211 can
puncture into a reservoir 214 of the implantable shunt
200 to electrically connect to electrical contacts 202a,
202b, 202c, 202d. The electrical contacts 202a-202d are
connected to a programmable controller 206 via wires
204 and/or conductive leads. The implantable shunt 200
can be surgically implanted under the scalp of a patient
and configured for hydrocephalus. When fluid pressure
at an inlet opening 228 exceeds a predetermined thresh-
old, fluid flows into the chamber 228 of the shunt valve
205 via the inlet opening 218 and through the outlet open-
ing 226. The fluid regulating device 216 is a ball that
selectively engages with a valve seat 220. As shown, the
resilient member 208 is a spring that biases the ball 216
to the valve seat 220 to selectively allow or prevent fluid
flow.
[0027] The reading unit 234 includes a voltage reading
device 221 that reads voltage of the electrical signal re-
ceived from the tension sensor 210, which may indicate
pressure associated with the fluid regulating device 216.
Programmable controllers 206 and 222 may include one
or more processors, a memory connected to the one or
more processors, and one or more storage devices for
storing non-transitory data and instructions that, when
executed by the one or more processors, cause the pro-
grammable controller 106 to perform specific functions
that can include analog-to-digital signal conversion and
determining a pressure and/or position of the implanted

shunt 200 based on the tension data. The programmable
controller 222 can determine the opening pressure of the
fluid regulating device 216 and a position of the cam 212
based on the received tension data. The cam 212 is con-
nected to the resilient member 208, and the tension on
the resilient member 208 is proportional to the position
of the cam 212.
[0028] An excitation voltage source 219 of the reading
unit 234 can provide power to the implantable shunt 200
in order to activate the tension sensor 210 to transmit the
tension data. The reading unit 234 also includes a display
224 that is connected to the programmable controller
222. The display 224 displays one or more visual repre-
sentations associated with the received tension data,
such as plots, graphs, tables, and/or numerical represen-
tations of position and/or pressure of the implantable
shunt 200 as indicated by the tension data.
[0029] As briefly described above and as shown in
FIGS. 2A and 2C, a connector 211 includes electrically
conductive needle probes (protruding members) 212a,
212b, 212c that are electrically connectable to respective
electrical contacts 202a, 202b, 202c in a reservoir 214
of the implantable shunt 200, such that the tension sensor
210 can be electrically connected to the reading unit 234,
in order to communicate tension data from the tension
sensor 210 and activation command signals from the
reading unit 234. As shown in FIGS. 3A, 3B, 4A and 4B,
electrical contacts and conductive protruding members
according to example implementations of the present in-
vention can have various arrangements.
[0030] FIG. 3A is a top sectional view of an arrange-
ment of electrical contacts 302a, 302b, 302c, 302d, and
302e in a reservoir 300 of an implantable shunt. The elec-
trical contacts 302a-302e are electrically connected to
respective conductive leads 304. FIG. 3B is a partial view
of a connector 308 with electrically conductive needle
probes (protruding members) 310a, 310b, 310c, 310d,
and 310e that can puncture the skin to enter into the
reservoir 300 to connect to respective electrical contacts
302a, 302b, 302c, 302d, 302e shown in FIG. 3A. FIG.
4A is a top sectional view of an arrangement of electrical
contacts in which a central contact 402c is disposed be-
tween side contacts 402a and 402b, in a reservoir 400
of an implantable shunt. FIG. 4B is a partial view of a
connector 408 with electrically conductive needle probes
(protruding members) 410a, 410b, and 410c that can
puncture the reservoir 400 to connect to respective elec-
trical contacts 402a, 402b, and 402c.
[0031] FIG. 5 is a flow diagram illustrating a method
500 of determining position, and thus the opening pres-
sure, of an implantable shunt, according to an example
implementation of the present invention. As described
above, the reading unit 134, 234 establishes a commu-
nication link between itself and the implantable shunt
100, 200 (step 502). This link can be wireless 133 or a
direct link between the mating electrical connectors 202,
211. The programmable controller 106, 206 can receive
a command to activate the tension sensor 110, 210 (step
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504) and take a tension reading of the resilient member
108, 208 (step 506). The tension reading can be convert-
ed to tension data (step 508) and transmitted over the
communication link to the reading unit 134, 234 (step
510). The reading unit 134, 234 receives the transmitted
tension data (step 512) and can convert the tension data
to pressure information or cam 112, 212 position (step
514). The pressure information or cam position can then
be displayed (step 516).
[0032] Note that the conversion of the tension reading
to the displayed information can occur either at the shunt
controller 106, 206 or the reading unit controller 138, 238
or parts thereof. Thus, the shunt controller 106, 206 can
fully process the results generated by the tension sensor
110, 210 and communicate the final information over the
communication link. Alternately, the raw tension reading
can be communicated over the communication link and
the reading unit controller 138, 238 can create the final
information to be displayed.
[0033] Numerous characteristics and advantages
have been set forth in the foregoing description, together
with details of structure and function. While the invention
has been disclosed in several forms, it will be apparent
to those skilled in the art that many modifications, addi-
tions, and deletions, especially in matters of shape, size,
and arrangement of parts, can be made therein without
departing from the spirit and scope of the present inven-
tion and its equivalents as set forth in the following claims.
Therefore, other modifications or implementations as
may be suggested by the teachings herein are particu-
larly reserved as they fall within the breadth and scope
of the claims here appended.
[0034] Aspects of the invention not yet claimed:

Aspect 1. A method of determining pressure and po-
sition of an implantable shunt, comprising:

measuring an amount of tension on a resilient
member of the implantable shunt, by at least one
tension sensor connected to the resilient mem-
ber that generates tension data corresponding
to the measured amount of tension; and
transmitting the generated tension data over a
communication link, by a transmitting unit.

Aspect 2. The method of aspect 1, wherein transmit-
ting the tension data over the communication link
comprises wirelessly transmitting the tension data
over a wireless communication link.

Aspect 3. The method of aspect 2, further comprising
receiving, by a wireless antenna, an activation com-
mand signal over the wireless communication link.

Aspect 4. The method of aspect 3, further comprising
causing, by a programmable controller electrically
connected to the wireless antenna, the at least one
tension sensor to measure the tension on the resil-

ient member in response to receiving the activation
command signal.

Aspect 5. The method of aspect 4, further comprising
causing, by the programmable controller, the wire-
less antenna to transmit the tension data over the
wireless communication link in response to receiving
the activation command signal.

Aspect 6. The method of aspect 1, wherein measur-
ing the amount of tension on the resilient member
by the at least one tension sensor comprises meas-
uring the amount of tension on the resilient member
by two or more tension sensors connected to the
resilient member at different respective locations.

Aspect 7. The method of aspect 1, further comprising
receiving, by a reading unit, the transmitted tension
data over the communication link.

Aspect 8. The method of aspect 7, wherein the com-
munications link is a wireless communications link
and receiving, by the reading unit, the transmitted
data over the communication link comprises receiv-
ing the tension data over the wireless communica-
tions link.

Aspect 9. The method of aspect 7, further comprising
electrically connecting, by a connector, the reading
unit to the transmitting unit.

Aspect 10. The method of aspect 9, wherein con-
necting the reading unit to the transmitting unit com-
prises connecting at least one electrically conductive
protruding member of the connector to electrical con-
tacts in a reservoir of the implantable shunt.

Aspect 11. The method of aspect 7, further compris-
ing determining, by a programmable controller elec-
trically connected to the receiving unit, at least one
of a pressure or position associated with the implant-
ed shunt, based on the received tension data.

Aspect 12. The method of aspect 11, wherein deter-
mining, by the programmable controller, at least one
of the pressure or position associated with the im-
planted shunt based on the received tension data
comprises determining an opening pressure of a fluid
regulating device connected to the resilient member
that selectively permits fluid flow through an opening
valve of the implanted shunt, wherein the opening
pressure is proportional to an amount of tension on
the resilient member.

Aspect 13. The method of aspect 11, wherein deter-
mining, by the programmable controller, at least one
of the pressure or position associated with the im-
planted shunt based on the received tension data
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comprises determining, by the programmable con-
troller, a position of a cam connected to the resilient
member, wherein the tension on the resilient mem-
ber is proportional to the position of the cam.

Aspect 14. The method of aspect 11, further com-
prising displaying, by a display device connected to
the programmable controller, visual representations
of at least one of the pressure or position associated
with the implanted shunt, based on the received ten-
sion data.

Claims

1. An implantable shunt system, comprising:

a resilient member;
a fluid regulating device, connected to the resil-
ient member, that selectively permits fluid flow
through an opening valve of an implantable
shunt according to an adjustable opening pres-
sure that is proportional to an amount of strain
on the resilient member;
at least one tension sensor, connected to the
resilient member, that measures an amount of
tension on the resilient member and generates
tension data corresponding to the measured
amount of tension; and
a communication unit including a transmitting
unit that transmits the tension data over a com-
munication link.

2. The implantable shunt system of claim 1, wherein
the communication unit comprises a wireless anten-
na, connected to the transmitting unit, that transmits
the tension data over a wireless communication link.

3. The implantable shunt system of claim 2, wherein
the wireless antenna further receives an activation
command signal over the wireless communication
link.

4. The implantable shunt system of claim 3, further
comprises a programmable controller, electrically
connected to the wireless antenna, that causes the
at least one tension sensor to measure the tension
on the resilient member in response to receiving the
activation command signal.

5. The implantable shunt system of claim 4, wherein
the programmable controller further causes the wire-
less antenna to transmit the tension data over the
wireless communication link in response to receiving
the activation command signal.

6. The implantable shunt system of claim 1, wherein
the at least one tension sensor comprises two or

more tension sensors connected to the resilient
member at different respective locations.

7. The implantable shunt system of claim 1, further
comprising a reading unit that receives the transmit-
ted tension data over the communication link.

8. The implantable shunt system of claim 7, wherein
the communications link is a wireless communica-
tions link and the reading unit comprises a wireless
receiving unit that receives the tension data over the
wireless communications link.

9. The implantable shunt system of claim 7, wherein
the reading unit comprises a connector that electri-
cally connects the reading unit to the transmission
unit.

10. The implantable shunt system of claim 9, wherein
the connector comprises at least one electrically con-
ductive protruding member that is electrically con-
nectable to electrical contacts in a reservoir of the
implantable shunt.

11. The implantable shunt system of claim 10, wherein
the at least one protruding member comprises a plu-
rality of electrically conductive needle probes.

12. The implantable shunt system of claim 7, wherein
the reading unit comprises a programmable control-
ler, electronically connected to the receiving unit, that
determines at least one of a pressure or position as-
sociated with the implanted shunt based on the re-
ceived tension data.

13. The implantable shunt system of claim 12, wherein
the programmable controller determines, based on
the received tension data, the opening pressure of
the fluid regulating device.

14. The implantable shunt system of claim 12, wherein
the programmable controller determines, based on
the received tension data, a position of a cam con-
nected to the resilient member, wherein the tension
on the resilient member is proportional to the position
of the cam.

15. The implantable shunt system of claim 12, further
comprising a display, connected to the programma-
ble controller, that displays at least one visual rep-
resentation associated with the received tension da-
ta.

16. An implantable shunt, comprising:

a resilient member;
a fluid regulating device, connected to the resil-
ient member, that comprises a sealing member
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selectively engaged at a valve opening to permit
fluid having a fluid pressure at or above an ad-
justable threshold opening pressure to flow
through the valve opening, wherein the thresh-
old opening pressure is proportional to an
amount of tension on the resilient member;
a plurality of tension sensors, connected to the
resilient member and each located at a different
respective position on the resilient member, that
measure an amount of tension on the resilient
member and generate tension data correspond-
ing to the measured amount of tension; and
a communication unit including a transmitting
unit that transmits the tension data over a com-
munication link.

17. The implantable shunt of claim 16, wherein the com-
munication unit comprises a wireless antenna that
transmits the tension data over a wireless commu-
nication link.

18. The implantable shunt of claim 17, wherein the wire-
less antenna further receives an activation com-
mand signal over the wireless communication link.

19. The implantable shunt of claim 18, further comprising
an application-specific integrated circuit (ASIC),
electrically connected to the wireless antenna, that
causes at least one of the plurality of tension sensors
to measure the tension on the resilient member in
response to receiving the activation command sig-
nal.

20. The implantable shunt of claim 19, wherein the ASIC
further causes the wireless antenna to transmit the
tension data over the wireless communication link in
response to receiving the activation command sig-
nal.

21. The implantable shunt of claim 16, further comprising
a reservoir including electrical contacts that are elec-
trically connected to the transmitting unit and elec-
trically connectable to electrically conductive probes
receivable through the reservoir to transmit the ten-
sion data.
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