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(54) ELECTRONIC TOOLSET TO LOCATE, READ, ADJUST, AND CONFIRM ADJUSTMENT IN AN 
IMPLANTABLE BODILY FLUID DRAINAGE SYSTEM WITHOUT RECALIBRATING FOLLOWING 
ADJUSTMENT

(57) A method of using an electronic toolset for lo-
cating, reading, adjusting and confirming adjustment of
an implantable bodily fluid drainage system without re-
quiring recalibration following adjustment from a current
valve setting to a new valve setting using an electronic
toolset including an adjustment tool having a magnetic
element and an indicator tool including a sensor array.
The need to remove the electronic toolset from the patient
to recalibrate or zero the sensor array prior to confirming
the new valve setting is eliminated. This is realized by
disposing a ferromagnetic system component of the in-
dicator tool in a magnet shield cage (1715, 1720) made
of a metallic alloy to prevent magnetic fields produced
by a magnetic element in the adjustment tool during the
adjusting step from influencing the sensor array.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a system and
method for an implantable drainage valve for drainage
of a bodily fluid (e.g., cerebrospinal fluid). In particular,
the present inventive system and method is directed to
an improved electronic toolset for locating, reading, ad-
justing, and confirming adjustment of an implantable bod-
ily fluid drainage system without requiring the user to re-
move the toolset from the patient for recalibration /re-
zeroing following adjustment.

Description of Related Art

[0002] Hydrocephalus is the accumulation of cerebro-
spinal fluid in the brain, resulting from increased produc-
tion, or more commonly, pathway obstruction or de-
creased absorption of the fluid. Cerebrospinal fluid (CSF)
shunts have been used for decades for the treatment of
hydrocephalus. A CSF shunt involves establishing an ac-
cessory pathway for the movement of CSF to bypass an
obstruction of the natural pathways.
[0003] The shunt is positioned to enable the CSF to be
drained from the cerebral ventricles or sub-arachnoid
spaces into another absorption site (e.g., the right atrium
of the heart or the peritoneal cavity) through a system of
small catheters. A regulatory device, such as a valve,
may be inserted into the pathway of the catheters. In
general, the valve keeps the CSF flowing away from the
brain and moderates the pressure or flow rate. The drain-
age system using catheters and valves enables the ex-
cess CSF within the brain to be evacuated and, thereby,
the pressure within the cranium to be reduced.
[0004] Some implantable valves are fixed pressure
valves (i.e., monopressure valves) while others have ad-
justable or programmable pressure settings. Program-
mable or adjustable implantable valves are desirable in
that the valve pressure setting may be varied non-inva-
sively via an external control device over the course of
treatment without requiring explantation. One such con-
ventional adjustable or programmable implantable valve
using magnets is the CODMAN® HAKIM® Programma-
ble Valve (CHPV), as disclosed in US Patent No.
4,595,390, which is assigned to DePuy Orthopedics, a
J&J company related to that of the present assignee, and
herein incorporated by reference in its entirety. Another
programmable implantable drainage valve is the COD-
MAN CERTAS® Programmable Valve, as disclosed in
US Patent No. 8,322,365, is also assigned to DePuy Or-
thopedics, a J&J company related to that of the present
assignee, and each of which is herein incorporated by
reference in its entirety. Medtronic also has a program-
mable implantable shunt valve Strata® controlled using
magnets, as disclosed in US Patent No. 7,856,987 and

herein incorporated by reference in its entirety. Each of
these conventional programmable valves includes at
least one magnetic element by which the valve setting is
adjusted. Specifically, these conventional programmable
implantable valves may be non-invasively controlled
post-implantation using an electronic toolset that, based
on a measured magnetic field produced by the magnet(s)
in the valve, can locate, read the current valve setting,
adjust the valve setting from a current valve setting to a
new valve setting, and confirm the adjusted new valve
setting. The electronic toolset varies depending on the
particular programmable implantable valve, however, the
electronic toolset typically includes: a locator tool for de-
termining the center of the implanted valve; an indicator
tool for reading the current valve setting and confirming
an adjusted new valve setting; and an adjustment tool
for changing the valve setting from a current valve setting
to an adjusted new valve setting.
[0005] The adjustment tool used to change the valve
setting includes one or more magnetic elements (e.g.
magnets or electromagnetic coils) of sufficient strength
to rotate the magnet(s) associated with the rotating con-
struct in the adjustable valve unit of the programmable
implantable valve to a desired setting. Due to the strength
of the magnetic elements any residual magnetic field af-
ter use of the adjustment tool may result in overload of
the sensors that need to be reset or residual magnetism
having a deleterious influence on the operation of the
other tools in the electronic toolset resulting in a possibly
incorrect determination of location of the center of the
implantable valve, orientation angle, and/or the reading
of the valve setting (e.g., current or adjusted new valve
setting). Due to such negative influence of the external
magnetic field generated by the magnetic component(s)
in the adjustment tool on components within the loca-
tor/indicator, following adjustment of the valve setting us-
ing the adjustment tool, the medical personnel are re-
quired to move the electronic toolset away from the im-
planted valve, re-zero the device to the environment, re-
locate the center and orientation of the implantable valve
and then read the new valve setting to confirm that it has
been properly adjusted to the desired setting (this is the
procedure that must be followed with the Medtronic Strat-
aVarius® programmable valve). These additional steps
lengthen procedural time and increase the risk of human
error that could influence proper confirmation of a change
in valve setting.
[0006] It is therefore desirable to develop an improved
electronic toolset used to locate, read, adjust, and con-
firm successful adjustment in an implantable bodily fluid
drainage system that eliminates having to re-zero/recal-
ibrate following adjustment to a new valve setting.

Summary of the Invention

[0007] An aspect of the present invention is directed
to an improved electronic toolset used to locate, read,
adjust, and confirm successful adjustment in an implant-
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able bodily fluid drainage system that eliminates having
to re-zero/recalibrate following adjustment to a new valve
setting.
[0008] Another aspect of the present invention relates
to a method of using an electronic toolset for locating,
reading, adjusting and confirming adjustment of an im-
plantable bodily fluid drainage system without requiring
recalibration following adjustment. The implantable bod-
ily fluid drainage system includes an implantable bodily
fluid drainage valve having an adjustable valve unit. The
adjustable valve unit is adjusted from a current valve set-
ting to a new valve setting using an adjustment tool in
the electronic toolset, wherein the adjustment tool has at
least one magnetic element and an indicator tool in the
electronic toolset reads or confirms the current valve set-
ting using a sensor array. The present inventive method
eliminates having to remove the electronic toolset from
the patient to recalibrate or zero the sensor array prior
to confirming the new valve setting adjusted in the ad-
justing step.
[0009] In another aspect of the present invention the
indication tool includes a ferromagnetic system compo-
nent disposed in a magnet shield cage made of a metallic
alloy having a permeability mz ≥ approximately 1.0 x 10-4

to prevent magnetic fields produced by the at least one
magnetic element in the adjustment tool during the ad-
justing step from influencing the sensor array.
[0010] While yet another aspect of the present inven-
tion is directed to an electronic toolset for locating, read-
ing, adjusting and confirming adjustment of an implant-
able bodily fluid drainage system without requiring rec-
alibration following adjustment, wherein the implantable
bodily fluid drainage system comprises an implantable
bodily fluid drainage valve having an adjustable valve
unit. The electronic toolset includes an adjustment tool
having at least one magnetic element for adjusting the
adjustable valve unit from a current valve setting to a new
valve setting. In addition, the electronic tools also in-
cludes an indication tool for reading the current valve
setting or confirming a new valve setting using a sensor
array. The indication tool further includes a ferromagnetic
system component disposed in a magnet shield cage
made of a metallic alloy having a permeability m (H/m) ≥
approximately 1.26 x 10-4 to prevent residual magnetic
fields produced by the plurality of magnets in the adjust-
ment tool from influencing the sensor array.

Brief Description of the Drawing

[0011] The foregoing and other features of the present
invention will be more readily apparent from the following
detailed description and drawings of illustrative of the in-
vention wherein like reference numbers refer to similar
elements throughout the several views and in which:

Figure 1 is a schematic perspective exploded view
of a programmable valve device having an adjusta-
ble valve unit;

Figure 2 is an exploded perspective view of the ad-
justable valve unit of Figure 1;

Figure 3 is a top view of the adjustable valve unit of
Figure 2;

Figure 4 is a side cross-sectional view of the adjust-
able valve unit of Figure 3 along lines 4-4;

Figure 5 is a cross-sectional view of the adjustable
valve unit of figure 3 along lines 5-5;

Figure 6 is a partial cross-sectional view of the ad-
justable valve unit of Figure 4 approximately along
lines 6-6 at a first pressure setting;

Figure 6A is a deeper cross-sectional view of the
adjustable valve unit of Figure 4 approximately along
lines 6A-6A at a first pressure setting;

Figures 6B-6H are partial cross-sectional view of the
adjustable valve unit of Figure 4 at different, succes-
sive pressure settings;

Figure 7 is a deeper cross-sectional view of the ad-
justable valve unit of Figure 4 approximately along
lines 7-7;

Figure 8 is a cross-sectional view of the adjustable
valve unit of Figure 7 showing the transition to a dif-
ferent pressure setting;

Figure 9 is a perspective view of the spring arm unit
with optional torsion spring;

Figure 9A is a top plan view of the element of Figure
9;

Figure 10 is a side cross-sectional view of the ad-
justable valve unit of Figure 8 along lines 10-10
showing axial lifting of the rotatable construct;

Figure 11 is a shallower partial top cross-sectional
view of the adjustable valve unit of Figure 6H show-
ing the "virtual off’ position in an unconstrained con-
dition;

Figure 12 is a side view along lines 12-12 of Figure
11;

Figure 13 is a side cross-sectional view along lines
13-13 of Figure 11;

Figure 13A is a partial cross-sectional view along
lines 13A-13A of Figure 13;

Figure 14 is a perspective view of an electronic tool
set including an integrated locator/indicator tool, an
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adjustment tool and a screwdriver in accordance with
the present invention;

Figure 14A is a top perspective view of the integrated
locator/indicator tool and adjustment tool of Figure
14, prior to the adjustment tool being inserted into
the integrated locator/indicator tool;

Figure 14B is a top perspective view of the integrated
locator/indicator tool and adjustment tool of Figure
14, with the adjustment tool inserted into a comple-
mentary cavity in the integrated locator/indicator
tool;

Figure 15 is an exploded view of the integrated lo-
cator/indicator tool of Figure 14;

Figure 16 is an exploded view of the adjustment tool
of Figure 14;

Figure 16A is a perspective view of the placement
of the half round magnets on either side of the shield
magnet comprising part of the magnet assembly of
Figure 14;

Figure 16B is a perspective view of the assembled
magnet assembly of Figure 14;

Figure 16C is a top view of the assembled bottom
and middle housing sections of the adjustment tool
of Figure 14 showing the internal vertical ribs;

Figure 16D is a perspective view of the assembled
adjustment tool of Figure 14 without the outer hous-
ing section to illustrate the magnet assembly;

Figure 17 is an exploded view of the battery door
assembly from that of the assembled integrated lo-
cator/indicator tool of Figure 14;

Figure 17A is a cross-sectional view of the integrated
locator/indicator tool of Figure 17 along lines 17-17;

Figure 17B is front view of the battery door assembly
of the integrated locator/indicator tool;

Figure 17C is a top view of the battery tray and top
magnetic shield cage section;

Figure 17D is a bottom view of the battery tray and
top magnetic shield cage section of Figure 17C; and

Figures 18A-18I are sequential illustrations of the
steps for operating the electronic tools in accordance
with the present invention.

Detailed Description of the Invention

[0012] Figure 1 illustrates a prior art programmable
shunt valve device 10 having a shunt housing 12, pref-
erably formed of a translucent material such as silicone,
with proximal connector 14 and distal connector 16. A
ventricular catheter or other proximal catheter is connect-
able to connector 14 to bring fluid into shunt housing 12.
Fluid passes into sampling or pumping chamber 18 and
then through a valve mechanism in inlet 102 into adjust-
able valve unit 100, which is shown and described in
more detail below in relation to Figures 2-13A. Valve unit
100, Figure 1, includes a casing 103 formed as upper
casing 104 and lower casing 106 which are joined by
ultrasonic welding in this construction. A needle guard
20, preferably formed of a rigid polymeric material, and
lower casing 106 are secured within housing 12 by a
backing plate 22, preferably formed of silicone reinforced
with a polymeric mesh, which is bonded to housing 12
by a medical grade epoxy. A fixed reference magnet 800,
as described in detail further below, is preferably seated
in a bump, cavity, pocket or projection 801 on the needle
guard 20.
[0013] When fluid pressure at inlet 102 exceeds a se-
lected pressure setting within valve unit 100, fluid is ad-
mitted past a valve mechanism and then flows through
valve unit outlet 110 into passage 30 of housing 12. Ul-
timately, fluid exits from housing 12 through distal con-
nector 16 into a peritoneal catheter or other distal cath-
eter.
[0014] Valve unit 100, Figure 2, includes a rotor 120,
spring arm unit 130, valve mechanism 140, and a rotor
retention spring 150. Rotor 120, also referred to as a
rotating construct, is formed of a lower cam structure 122
having a plurality of radially flat cam surfaces, as shown
and described in more detail below, and an upper, mag-
net housing 124 carrying magnetic elements 123 and
125, N and S pole magnets, respectively. Housing 124
also defines a finger 127 which engages a stop in upper
casing 104 when rotor 120 is moved to an unconstrained
condition as described below. Rotor 120 rotates about
axle 126 which defines a substantially fixed axis of rota-
tion R at a first location in casing 103.
[0015] Preferably, rotor 120 is also capable of moving
along the axis of rotation, in a translational motion, to an
unconstrained condition when an adjuster tool is applied
to it, as described in more detail below. Retention spring
150 biases rotor 120 to a downward, normally con-
strained condition. Preferably, spring 150 is a coil spring
having sufficient bias to resist the effect of gravity, re-
gardless of the position of the valve unit, and to resist
magnetic or ferrous objects, such as magnets in an indi-
cator tool described in more detail below. However,
spring 150 is insufficient to resist the effects of an adjust-
ment tool, also described below. Lower cam section 122
has a sufficient height to ensure that cam follower 132
remains in contact with a cam surface in both the con-
strained and unconstrained conditions.
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[0016] Spring arm unit 130 includes cam follower 132,
a resilient spring element 134, and upper and lower axles
136 and 138 at a second location in casing 103. Axle 138
turns about a bearing 139 formed of a low-friction, hard
material such as synthetic ruby. It is desirable for casing
103, rotor 120 and spring arm unit 130 to be formed of
polyethersulfone, while all spring components are
formed of medical grade non-ferromagnetic stainless
steel.
[0017] Valve mechanism 140 includes seat 142 and
movable valve member 144. Preferably, seat 142 and
valve member 144, such as a ball, are formed of the same
non-ferromagnetic material such as synthetic ruby. In
other constructions, the movable valve member may be
a disc, a cone, or other type of plug. A spherical ball is
currently preferred because that shape enables tight,
precise tolerances, assembly and control relative to the
valve seat. Also, the position of the seat within a port can
be adjusted during assembly of the valve unit to alter the
actual performance value achieved at each setting, using
a force versus displacement relationship. First, a mandrel
checks the position of the ball, and the seat is inserted
to an estimated desirable location within the port. Ball
displacement is tested at one or more settings to confirm
that desired performance will be achieved.
[0018] Valve unit 100 is shown assembled in Figures
3-5 and positioned at a second pressure setting, as de-
scribed in more detail below. Rotor housing 124 carries
downwardly projecting teeth 160 and 162 with cooperate
with four lock stops projecting upwardly from lower casing
106 in this construction. Lock stop 172 is shown in partial
cross-section in Figure 4 and lock stops 170 and 176 are
visible in Figure 5. Preferably, the lower surfaces of rotor
teeth 160 and 162 are rounded and the upper surfaces
of casing lock stops 170, 172, 174 and 176 each have a
plurality of facets to create a chisel-like, lead-in topogra-
phy which encourages the rotor teeth to return to a con-
strained position. However, the vertical surfaces of teeth
160, 162 and of stops 170-176 abut when engaged and
do not "lead out", that is, relative translational movement
is discouraged. Pure vertical lift must be provided by an
adjustment tool, as described in more detail below, to
overcome the tooth-to-stop abutment and change the
performance setting.
[0019] A limiter 180, Figure 4, restricts travel of spring
134 away from seat 142 so that ball 144 does not become
misaligned or dislodged relative to seat 142. A gasket
182 of epoxy is shown in Figures 4 & 5 as an optional,
redundant seal between upper casing 104 and lower cas-
ing 106 in this construction.
[0020] The operation of valve unit 100 is illustrated in
Figures 6-8 in relation to valve unit 100, with identical
reference numerals identifying identical components and
features. Not all such components and features are la-
belled in each drawing for the sake of visual clarity. Fig-
ures 6 & 6A show different levels of top partial cross-
sectional views for valve unit 100 at a first pressure set-
ting. Cam follower 132 slidably contacts only a first cam

surface 191, which has an arc length bounded by points
190 and 192, because rotor housing tooth 162 is captured
between casing lock stops 170 and 172 in the normal,
constrained condition. First cam surface 191 has a first,
preferably shortest radial distance 210 relative to the axis
of rotation of rotor 120. By comparison, outermost cam
surface 205 has a greatest radial distance 218. An op-
tional torsion spring 220 is shown in greater detail in Fig-
ure 9.
[0021] When rotor 120 is translated upwardly by mag-
nets using an adjustment tool rotor tooth 162 is lifted so
that subsequent clockwise or counter-clockwise rotation
of the adjustment tool rotates tooth 162 up and over cas-
ing lock stop 172. After the adjustment tool is removed
and when the second pressure setting has been selected
as shown in Figure 6B, rotor 120 is biased downwardly
by spring 150, Figures 2, 4 & 5.
[0022] Rotor tooth 160 is illustrated as not being in con-
tact with any stop in Figures 4 & 6B, for example, because
in the constrained condition rotor tooth 162 is now cap-
tured between a pair of lock stops 172 and 174, Figure
6B, which is sufficient to prevent rotation of rotor 120
relative to the cam follower 132 beyond points 192 and
194 on the cam structure of rotor 120. Points 192 and
194 represent a second arc length for second cam sur-
face 193. Surface 193 is at a second radial distance 212
which is greater than distance 210 and is less than dis-
tance 218, Figures 6A & 6H. The arc length of second
cam surface 193, Figure 6B, can be the same or different
than the arc length of first cam surface 191 but, prefera-
bly, is substantially the same length.
[0023] The outward radial motion of cam follower 132
as it slidably travels from first cam surface 191, Figure
6A, to second cam surface 193, Figure 6B, increases the
biasing force by valve spring 134 on ball 144 as increased
torque is applied by cam follower 132 to the remainder
of spring arm unit 130. Improved precision in pressure
control is achieved by having a stiff cam follower 132 in
contact with the selected cam surface and a flexible el-
ement, spring 134, in contact with the valve ball 144. The
enhanced result is opening of the ball 144 from the valve
seat 142 by requiring only the resilient spring element
134 to bend, which provides a constant spring force to
the ball 144. The opening pressure, and overall valve
performance, is not reliant on axial pivoting of the spring
arm unit 130.
[0024] A third opening pressure setting is shown in Fig-
ure 6C with rotor tooth 162 positioned between casing
stops 174 and 176 such that cam follower 132 experi-
ences only third cam surface 195 between points 194
and 196 at a third radial distance 214. To achieve a fourth
pressure setting, Figure 6D, both rotor teeth 160 and 162
are utilized relative to casing stops 170 and 176, respec-
tively. Cam follower 132 is restricted thereby to fourth
cam surface 197 between points 196 and 198.
[0025] Fifth through seventh pressure settings are il-
lustrated in Figures 6E-6G as rotor tooth 160 is succes-
sively captured between casing lock stop pairs 170-172,
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172-174, and 174-176, respectively. Cam follower 132
is restricted thereby to fifth cam surface 199 between
points 198 and 200, Figure 6E, sixth cam surface 201
between points 200 and 202, Figure 6F, and seventh
cam surface 203 between points 202 and 204, Figure 6G.
[0026] Preferred opening pressure settings currently
range from approximately 30 mm to 210 mm water (294
Pa to 2,059 Pa) in seven increments of 30 mm (294 Pa),
with a final, "virtual off" setting described in more detail
below. Preferably, each valve unit is calibrated and tested
at the time of manufacture at one or more flow rates.
Actual opening pressure for each setting tends to vary
according to flow rate, typically measured in milliliters per
hour. Also, when tested with a 120 cm long distal catheter
having an inner diameter of 1 mm, the average opening
pressure typically will increase by 9 mm water or more
at flow rates of 5 ml/h or more.
[0027] The final setting, Figure 6H, of approximately
at least 400 mm water (3,920 Pa) minimizes flow as a
"virtual off’ setting, that is, as substantially closed. This
final setting is achieved by exposing cam follower 132 to
outermost cam surface 205, defined by points 204 and
206, having greatest radial distance 218. This greatest
cam setting forces stiffener element 133 of spring arm
unit 130 against valve spring 134 to shorten its active,
effective length and thereby dramatically increase the
biasing force applied against ball 144. The final opening
pressure is increased by more than fifty percent over the
prior setting. In other constructions, a stiffener element
is forced against a valve spring during two or more final
cam settings at desired pressure increments.
[0028] Spring arm unit 130 is shown in greater detail
in Figures 9 and 9A with cam follower 132, stiffener ele-
ment 133, and valve spring 134. Cam follower 132 ter-
minates in a triangular head 233 with rounded or cham-
fered edges, one of which serves as a bearing surface
235. In a preferred construction, spring element 134 is
formed from stainless steel having a thickness of 0.020
inches and terminates in an enlarged pad 230 for con-
tacting the valve ball or other movable valve member. In
one construction, spring element 134 is attached to the
remainder of spring arm unit 130 by a post 232 and rivet
234 which are secured by ultrasonic welding. Torsion
spring 220 has a first leg 221 which is retained in recess
236 of projection 238. Second spring leg 223 rests
against an inner surface of the casing.
[0029] Use of torsion spring 220 is optional, and is pos-
sible because only spring element 134 contacts the mov-
able valve member. As a result, additional spring force
from torsion spring 220 can be utilized to force bearing
surface 235 of cam follower 132 against a cam surface
of the rotor. This biasing force provided by torsion spring
220 augments rotational position of the spring arm re-
flective of the intended cam displacement without other-
wise impacting the force applied to the ball or other mov-
able valve member. This provides for a more accurate
and repeatable opening pressure and a more manufac-
turable and robust design as it reduces the need to main-

tain minimal friction such as when the valve spring ele-
ment solely provides the force needed to maintain the
cam follower on the cam surface.
[0030] The position of the components and features
within valve unit 100 at the first pressure setting shown
in Figure 6A is illustrated at a deeper partial cross-sec-
tional view in Figure 7. Opening 222 into the lower cam
portion of rotor 120 inhibits negative pressure from de-
veloping under rotor 120, that is, opening 222 ensures
pressure equalization as cerebrospinal fluid passes
through valve unit 100.
[0031] The transition from the first pressure setting to
the second pressure setting is illustrated in Figures 8 &
10 as rotor 120 is translated upwardly by magnetic at-
traction with an adjustment tool so that rotor tooth 162 is
able to clear casing lock stop 172. Cam follower 132 is
shown in FIG. 8 at point 192 passing from first cam sur-
face 191 to second cam surface 193. Lower cam section
122 has a sufficient height relative to cam follower bear-
ing surface 235 to ensure that cam follower 132 remains
in contact with a cam surface of cam portion 122 in both
the constrained and unconstrained conditions. Rotor re-
tention spring 150, Figure 10, has been compressed, its
biasing force being overcome by magnetic attraction be-
tween rotor 120 and the adjustment tool while it is posi-
tioned over valve unit 100. Also illustrated in Figure 10
are upper and lower synthetic ruby bearings 242 and 139
for upper and lower axles 136 and 138, respectively, of
spring arm unit 130. Synthetic ruby bearing 240 rotatably
supports rotor axle 126.
[0032] The position of the components and features
within valve unit 100 at the final, "virtual off" or substan-
tially closed setting shown in Figure 6H is depicted at a
shallower cross-sectional view in Figure 11 in an uncon-
strained condition. Further clockwise rotation of rotor 120
is prevented by rotation stop or limiter 250 which projects
downwardly from upper casing 104 to contact finger 127.
Rotation stop 250 contacts the opposite surface of finger
127 when rotor 120 is turned fully counter-clockwise in
an unconstrained condition. The actual position of rota-
tion stop 250 may be shifted to the right of the position
shown in Figure 11 so that cam follower 132 is able to
track nearly the entire portion of cam surface 205. Pref-
erably, one side of stop 250 prevents rotor movement
from the lowest setting directly to the highest setting, and
also prevents the cam follower from touching the cam
projection for the highest setting when the rotor is at its
lowest setting. The other side of stop 250 prevents move-
ment from the highest setting directly to the lowest set-
ting. A side, partial cross-sectional view of rotation stop
250 blocking rotor housing 124, as well as spring 150
compressed between rotor 120 and upper casing 104,
is shown in Figure 12 for this unconstrained condition.
[0033] Further detailed views of selected features and
components of rotor 120 in one construction are illustrat-
ed in Figures 13 & 13A. In particular, the housing portion
124 is shown as integral with cam portion 122, similar to
monolithic rotor 120a of Figure 1A. Pocket cavity 260,
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Figure 13, contains magnet 123 and tantalum reference
ball 129 which is readily visible during imaging of the
valve unit 100 after implantation in a patient to confirm
the actual pressure setting. Pocket cavity 262 holds mag-
net 125. A partial end view of housing portion 124 through
magnet 125, pocket 262 and rotor tooth 160 is provided
in Figure 13A.
[0034] Figure 14 is a perspective view of a present in-
ventive electronic tool 1400 set stored in a case wherein
the toolset includes an integrated locator/indicator tool
1405, an adjustment tool 1415 and a screwdriver 1410.
The toolset in Figure 14 includes an integrated locator/in-
dicator tool 1405, however, the present invention is also
applicable for toolsets in which none, some or all of the
tools are integrated into a single device. A top perspective
view of the integrated locator/indicator tool 1405 and ad-
justment tool 1415 of Figure 14, prior to the adjustment
tool 1415 being inserted into a cavity 1420 of the inte-
grated locator/indicator tool 1405, is shown in Figure 14A.
While Figure 14B shows the adjustment tool 1415 follow-
ing insertion into the cavity 1420.
[0035] Figure 15 is an exploded perspective view of
the integrated locator/indicator tool 1405 of Figure 14
which includes a housing 1500. In the illustrated exam-
ple, housing 1500 comprises a bottom housing section
1505, a middle housing section 1510 and a top housing
section 1515, each separate from one another. A cylin-
drical shaped section 1530 of the middle housing section
1510 defines a passageway or channel 1535 extending
longitudinally therethrough. Top housing section 1515
has a chimney 1525 complementary in size and shape
to be received within the passageway or channel 1535
of the cylindrical shaped section 1530 of the middle hous-
ing section 1510. Chimney 1525 is closed at one end and
open at an opposite end. The open end of the chimney
1525 receiving therein the adjustment tool 1415, as de-
scribed in detail below. An exterior surface of the bottom
housing section 1505 has a recess 1520 defined therein
that is complementary in shape and size to the outer con-
tour of the programmable implantable bodily fluid drain-
age valve. In use, the integrated location/indication tool
1405 is positioned with the exterior surface of the bottom
housing section 1505 against the skin of the patient and
the implantable bodily fluid drainage valve seated within
the recess 1520. A top covering or layer 1540 may be
mounted to the top of the assembled housing. Such cov-
ering or layer 1540 has a complementary size and shape
opening 1542 to that of the chimney 1525. Disposed
about the perimeter of the opening 1542 are a series of
markings representing the different valve settings in pre-
determined increments (e.g., 1, 2, 3, ,5, 6, 7, 8). A second
opening 1550 in the top covering or layer 1540 permits
viewing therethrough of a display 1555, such as a Liquid
Crystal Display (LCD). The integrated locator/indicator
tool 1405 is powered by one or more batteries and turned
ON/OFF by a button 1560. The batteries are housed with-
in a battery enclosure assembly 1565 that includes a tray
with electronic contact terminals between which the bat-

teries are inserted. Access to the battery enclosure as-
sembly 1565 for insertion/removal of the batteries there-
from is via a removeable battery door assembly 1575. A
two-dimensional array of 3-axis magneto-resistive sen-
sors 1570 printed on a circuit board detects the magnetic
field pattern produced by the magnetic elements 123,
125 disposed in the housing 124 of the rotor 120 and the
fixed reference magnet 800. It is within the intended
scope of the present invention to substitute other types
of sensor arrays capable of detecting magnetic fields,
such as Hall sensors, for the 3-axis magneto-resistive
sensors 1570. Printed circuit board 1573 includes con-
troller circuitry for controlling the integrated locator/indi-
cator tool 1405. In contrast to conventional toolsets, the
integrated locator/indicator tool 1405 of the present in-
ventive toolset 1400 does not have any openings through
which the user is able to manually palpate the valve. In-
stead, all feedback for locating the valve center and ori-
entation angle is given electronically on the display 1555.
This configuration (without the need for an opening or
hole in the middle of the sensor array through which the
user palpates the valve) is advantageous in protecting
against ’closed’ sensor arrays. If such an opening or hole
in the middle of the sensor array were required the
present inventive sensor array configuration would have
been significantly more complex, if not impossible..
[0036] Figure 16 is an exploded perspective view of
the adjustment tool 1415 of Figure 14. In the illustrated
example, housing 1600 comprises an outer housing sec-
tion 1610 and a top housing section 1615, each separate
from one another. A magnet assembly 1620 is disposed
in the outer housing section 1610. In particular, the mag-
net assembly 1620 in Figure 16A is a Halbach array com-
prising two half round magnets 1630, 1635 connected
by a yoke 1650 and separated by a shield magnet 1640
that redirects the magnetic field allowing deeper pene-
tration. The strength of the half round magnets 1630,
1635 selected for use in the adjustment tool 1415 de-
pends on one or more factors, such as distance from the
valve and the design of the sensor array. In the magnet
assembly 1620, the two half round magnets 1630, 1635
are rotated until their flat side lays flush against the shield
magnet 1640, as depicted in Figures 16, 16A, 16B & 16D.
The orientation of the magnets 1640, 1630, 1635 should
preferably with the magnet north side of the shield mag-
net 1640 in contact with the half round magnet 1630,
1635 with a magnetic north pointed toward the bottom of
the outer housing section 1610. One of the two half round
magnets 1630, 1635 faces the tantalum reference ball
129 (Figure 13). The shield magnet 1640 is partially re-
pelled by the half round magnets 130, 1635 and thus is
held down by a yoke 1650 mounted on top of the shield
magnet 1640 that, when assembled, is also in contact
with the two half round magnets 1630, 1635. It is these
components of the magnet assembly 1620 that when as-
sembled together are inserted into the outer housing sec-
tion 1610 so that the two half round magnets 1630, 1635
are received in respective recesses defined in an interior
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surface of the outer housing section 1610 with the half
round magnet facing the tantalum ball 129 facing towards
the ’1 to 8 stop’. As is visible in the top view in Figure
16C, the outer housing section 1610 includes a plurality
of vertical ribs 1655 with which the half round magnets
1630, 1635 connect. A cylindrical shaped spacer 1625
is positioned above the yoke 1650 (Figure 16D). The top
housing section 1615 with a marking indicator is secured
to the outer housing section 1610 forming the assembled
adjustment tool 1415.
[0037] The half round magnets 1630, 1635 in the ad-
justment tool for changing or adjusting the valve setting
are relatively strong magnets sufficient to rotate the mag-
nets 123, 125 associated with the rotation construct 120
in the adjustable valve unit 100 to a desired valve setting.
These magnets 1630, 1635 may overload the magneto-
resistive sensor array 1570 in the locator/indicator tool
1405 after insertion of the adjustment tool 1415. In addi-
tion, the magnets 1630, 1635 in the adjustment tool 1415
may induce magnetic fields in ferromagnetic system
components (e.g., batteries) of the locator/indicator tool
1405 leaving remanence or remnant magnetization (i.e.,
residual magnetism left behind in a ferromagnetic mate-
rial such as iron) after the external magnetic field is re-
moved (after the adjustor tool is removed following pro-
gramming of the valve). The residual magnetism in the
batteries of the locator/indicator tool 1405 may undesir-
ably influence the magneto-resistive sensor array 1570
resulting in improper detection of the valve magnets 123,
125 and fixed reference magnet 800 in the adjustable
valve unit 100. Heretofore, to compensate for such un-
desirable influence of the magnetic fields produced by
the magnets 1630, 1635 in the adjustment tool 1415,
following adjustment of the valve setting, the adjustment
tool 1415 had to be removed and the indicator tool 1405
moved away a sufficient distance from the valve in order
to recalibrate, clear or zero out the indicator tool 1405.
After being recalibrated, once again the location of the
center of the valve had to be found with the locator tool
1405 and then the indication or valve setting had to be
read to be confirmed. Of course, if the valve setting had
in fact changed (i.e., been altered by the magnetic fields
produced by the magnets 1630, 1635 associated with
the adjustment tool 1415) then the valve would have to
be programmed to the correct valve setting using the
adjustment tool 1415. These safety precaution measures
often become redundant with the same steps having to
be performed cyclically over-and-over again consuming
medical personnel’s valuable time and hence not always
followed by the user, not to mention the increased prob-
ability of human error with each additional step that is
required.
[0038] Current toolsets using analog compass sys-
tems do not require the user to recalibrate and relocate
the valve after adjustment of the valve setting, which is
one factor limiting adoption of programmable valve sys-
tems with associated electronic toolsets that do require
recalibration before confirmation of the valve setting fol-

lowing adjustment. It is noted that the issue of overloading
of the magneto-resistive sensor array 1570 may be
avoided by selection of the proper sensors that do not
need to be reset after being overloaded with the adjust-
ment tool. For example, sensors having a resolution <
approximately 0.5mT, are resistant to perming, and thus
can be exposed to magnetic fields associated with the
adjustment tool without damaging the sensor. However,
the other issue raised regarding inducing residual mag-
netization in system components (e.g., batteries) cannot
be readily negated by merely selecting different system
components. The reason being that non-ferromagnetic
batteries are not readily available off-the-shelf for pur-
chase. Customized batteries may be selected that are
non-ferromagnetic to reduce the risk of residual magnetic
field, however, the cost associated with such custom
components is prohibitive. Another possible solution is
to simply move those ferromagnetic system components
(e.g., batteries) at risk of producing residual magnetic
fields a greater distance away from the magneto-resistive
sensor array. This solution is impractical due to the in-
crease in size of the tools making it significantly more
cumbersome to use.
[0039] The present invention has developed an im-
proved toolset in which the ferromagnetic system com-
ponents (e.g., batteries) in the integrated location/indica-
tion tool 1405 are fully or partially shielded from magnetic
fields produced by magnets 1630, 1635 in the adjustment
tool 1415 and magnetic field sensing components (e.g.,
sensor array 1570) are fully or partially shielded from the
residual magnetic field in ferromagnetic system compo-
nents (e.g., batteries) surrounded by the shield thereby
eliminating the requirement to remove the location/indi-
cation tool 1405 from the patient for recalibrating, clearing
or zeroing the sensors prior to confirming the valve per-
formance setting after adjustment. Thus, the present in-
ventive goal is to develop an improved electronic toolset
that substantially reduces, if not prohibits, the retaining
of magnetic charge by ferromagnetic system compo-
nents (e.g., batteries) that otherwise would undesirably
influence the sensor array resulting in an improper oper-
ation in detecting the center of the valve and/or reading
of the valve setting and/or shielding magnetic field sens-
ing components 1570 from the residual magnetic field in
the ferromagnetic system components (e.g., batteries).
This is realized by enclosing, encasing or covering the
ferromagnetic system component(s) (e.g., batteries) in a
magnetic shielding cage with a relatively very high per-
meability (permeability, mz≥ approximately 1.0 x 10-4@
peak flux density of 4 mT) such as a permalloy (containing
approximately 80% nickel and approximately 20% iron
content), in particular, MuMetal® grade ASTM A753 Alloy
4 a nickel-iron soft ferromagnetic alloy with very high per-
meability that varies by grade and thickness. Other mag-
netic shielding alloys may be used that have a very high
magnetic susceptibility (e.g., saturation level of approx-
imately 0.76 T) to an applied magnetic field so that it
readily accepts the flow of magnetic field thereby redi-

13 14 



EP 3 632 498 A1

9

5

10

15

20

25

30

35

40

45

50

55

recting the magnetic field lines away from areas desired
to be substantially magnetic field free. Additional layers
of shield may be applied with different levels of permea-
bility/susceptibility depending on the frequency and
strength of magnetic fields to be shielded. Intuitively a
magnetic shielding alloy could be used to protect the sen-
sor array to reduce the influence from external fields or
effects of insertion of the adjustment tool. However, mag-
netic shielding cannot completely encase the sensor ar-
ray or it would otherwise shield the magnetic fields of the
implanted valve system; preventing the device from lo-
cating the implanted valve. Furthermore, encasing the
sensor array in a magnetic shield would limit, or otherwise
prohibit entirely, the magnetic field generated by the ad-
justment tool from intentionally penetrating to the implant-
ed valve for adjustment of the valve setting. Therefore,
limiting the magnetic shield to enclose only a portion of
the sensor array necessary to maintain proper operation
of the adjustment tool limits the effectiveness of the
shielding thereby defeating its intended purpose. The
present inventive configuration, however, is counterintu-
itive in approach in that it allows for temporary influence
of the adjustment tool while inserted in the adjustment
tool cavity, while preventing overloading of the sensor
array that would otherwise make it possible to visualize
the implanted valve magnets 123, 125, but significantly
reduces or eliminates the propagation of a residual mag-
netic field from the shielded ferromagnetic system com-
ponents (e.g., batteries). A constant magnetic field in
proximity to the sensor array may be zeroed with a one
time calibration or zeroing on startup. However, when
inserting the adjustment tool 1415 into the adjustment
tool cavity 1420 of the integrated locator/indicator tool
1405, the residual magnetic field in the batteries will
change dynamically based on the magnetizing field of
the adjustment tool magnets 1630, 1635, which changes
based on the valve setting being programmed from/to.
[0040] Figure 17 is an exploded view of the battery
door assembly 1575 of the integrated locator/indicator
tool 1405. Preferably, the integrated locator/indicator tool
1405 is powered by batteries, most preferably, off-the-
shelf (non-customized) batteries such as two CR123 lith-
ium batteries 1705. The battery door assembly 1575 is
removable, for example slideable within a complemen-
tary track defined in the outer housing section 1510. The
batteries 1705 are received within a battery tray 1710
having appropriate electrical contacts. As mentioned
above, batteries 1705 within the battery tray 1710 are
encased in a magnetic shield cage. When assembled,
the batteries are therefore completely surrounded or en-
closed in the magnetic shield cage everywhere, except
where necessary wiring of the battery terminals to the
controller circuit printed circuit board 1573. Alternatively,
partial shielding (e.g., less than complete or full enclo-
sure) of the batteries in the magnetic shield cage is also
contemplated. Figure 17A is a cross-sectional view of
the integrated location/indication tool 1405 along lines
17-17 in Figure 17. In this cross-sectional view the mag-

netic shield cage surrounds the batteries 1705. It is seen
in Figure 17A that the magnetic shield cage comprises
a bottom magnetic shield cage section 1715 and a top
magnetic shield cage section 1720. Bottom magnetic
shield cage section 1715 (Figures 17C & 17D) comprises
two planar sections 1715’, 1715" substantially perpen-
dicular to one another. While the top magnetic shield
cage section 1720, shown in Figure 17B, has a top planar
section that is bent or curved downward along is respec-
tive longitudinal sides parallel with the longitudinal axis
of the batteries. Both ends of the longitudinal sides of the
top magnetic shield cage section 1720 in an axial direc-
tion remain open. Battery tray 1710 having two terminal
ends is mounted to the bottom magnetic shield cage sec-
tion 1715 between the bent longitudinal sides (Figures
17C & 17D). The battery tray 1710 is oriented so that its
planar surface in a longitudinal direction between the op-
posing terminals is substantially parallel with one of the
planar sections 1715’, while the plane intersecting one
side of the terminal ends of the battery tray are substan-
tially parallel with the other planar section 1715".
[0041] Figures 18A-18I are sequential steps in operat-
ing the improved electronic toolset of Figure 14 in ac-
cordance with the present invention. In Figure 18A the
integrated locator/indictor tool 1405 is powered on by
pressing the power button 1560. Holding the power but-
ton 1560 for a predetermined period of time, e.g., approx-
imately 3 seconds, calibrates/ clears or zeros out the
magnetic field of the integrated locator/indicator tool
1405, as illustrated in Figure 18B. Such calibration may
be done following the expiration of the predetermined
period of time in which the power button is held, after
pushing another button, or automatically calibrated (not
requiring that a button be pushed/held once the tool is
powered on). Then a bottom surface (sensor floor) of the
integrated locator/indicator tool 1405 is positioned
against the skin above the implantable valve system such
that the implantable valve is received in the complemen-
tary size and shaped recess 1520 defined in the exterior
surface of the bottom housing section 1505, as illustrated
in Figure 18C. The integrated location/indication tool
1405 is moved in the appropriate direction (as indicated
by the four arrows pointing in different directions) until
the two circular visual images viewed on the LCD display
1555 are aligned with one another, indicating that the
center of the adjustable valve unit 100 has been located.
In parallel to or sequentially after having located the cent-
er of the adjustable valve unit 100, in Figure 18D, the
integrated locator/indicator tool 1405 is rotated until the
two visual icons (complementary in shape (key hole
shaped) to the implantable valve) displayed within the
two circular visual images are aligned with one another
to orient the integrated location/indication tool 1405 in
the proper direction of flow of the implantable valve. It is
now that the integrated location/indication tool 1405 has
been centered and oriented in a direction of flow of the
implantable valve, that the current indication or valve set-
ting is read and visually displayed on the display (e.g.,
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LCD) 1555 (Figure 18E). If the current valve setting is to
be changed or reprogrammed to a new valve setting,
then in Figure 18F the adjustment tool 1415 is inserted
into the cavity 1420 of the integrated location/indication
tool 1405 and rotated until the reference marking on the
adjustment tool 1415 is aligned with the marking on the
top lens 1540 corresponding to the read current device
setting. In Figure 18G the adjustment tool 1415 is rotated
until the marking on the top lens is aligned with the mark-
ing representing the new valve setting. Once set to the
new valve setting, in Figure 18H the adjustment tool 1415
is removed from the integrated locator/indicator tool 1405
(while the integrated location/indication tool 1405 re-
mains stationary in place) and this new valve setting is
now automatically detected by the integrated location/in-
dication tool 1405 and visibly displayed on the LCD 1555
(Figure 18I). It is noted that the positioning of the inte-
grated location/indication tool 1405 remains unchanged
in steps 18E-18I. The improved electronic toolset elimi-
nates the requirement or need to have to once again
locate the center of the valve and then confirm the new
valve setting following adjustment by the adjustment tool
1415.
[0042] The present inventive improved toolset for use
in programming an implantable valve has been described
and shown as including an integrated location/indication
tool. It is contemplated and within the intended scope of
the present invention for the none, some, or all of the
tools in the toolset wherein the batteries are disposed in
the magnetic shield cage, similar to that discussed in
detail above, to prevent influence of residual magnetic
fields from impacting on the sensor array present in the
indicator tool. Furthermore, the present invention has
been shown and described for encasing in a magnetic
shield the batteries, but is equally suited for other ferro-
magnetic system components.
[0043] Thus, while there have been shown, described,
and pointed out fundamental novel features of the inven-
tion as applied to a preferred embodiment thereof, it will
be understood that various omissions, substitutions, and
changes in the form and details of the devices illustrated,
and in their operation, may be made by those skilled in
the art without departing from the spirit and scope of the
invention. For example, it is expressly intended that all
combinations of those elements and/or steps that per-
form substantially the same function, in substantially the
same way, to achieve the same results be within the
scope of the invention. Substitutions of elements from
one described embodiment to another are also fully in-
tended and contemplated. It is also to be understood that
the drawings are not necessarily drawn to scale, but that
they are merely conceptual in nature. It is the intention,
therefore, to be limited only as indicated by the scope of
the claims appended hereto.
[0044] Every issued patent, pending patent applica-
tion, publication, journal article, book or any other refer-
ence cited herein is each incorporated by reference in
their entirety.

Claims

1. A method of using an electronic toolset for locating,
reading, adjusting and confirming adjustment of an
implantable bodily fluid drainage system without re-
quiring recalibration following adjustment, wherein
the implantable bodily fluid drainage system includes
an implantable bodily fluid drainage valve having an
adjustable valve unit, the method comprising the
steps of:

adjusting the adjustable valve unit from a current
valve setting to a new valve setting using an ad-
justment tool in the electronic toolset, wherein
the adjustment tool has at least one magnetic
element; wherein an indicator tool in the elec-
tronic toolset reads or confirms the current valve
setting using a sensor array; and
eliminating having to remove the electronic tool-
set from the patient to recalibrate or zero the
sensor array prior to confirming the new valve
setting adjusted in the adjusting step.

2. The method in accordance with claim 1, wherein the
indication tool also includes a ferromagnetic system
component disposed in a magnet shield cage made
of a metallic alloy having a permeability mz ≥ approx-
imately 1.0 x 10-4 to prevent magnetic fields pro-
duced by the at least one magnetic element in the
adjustment tool during the adjusting step from influ-
encing the sensor array.

3. The method in accordance with claim 2, wherein the
magnet shield cage at least partially shields the fer-
romagnetic system component.

4. The method in accordance with claim 2, wherein the
magnet shield cage comprises a plurality ofmagnetic
shield cage sections that when assembled forms an
enclosure about the ferromagnetic system compo-
nent, the enclosure forming two closed terminating
ends.

5. The method in accordance with claim 4, wherein the
plurality of magnetic shield cage sections comprises
a bottom magnetic shield cage section and a top
magnetic shield cage section.

6. The method in accordance with claim 5, wherein the
bottom magnetic shield cage section comprises a
first planar section and a second planar section sub-
stantially perpendicular to the first planar section;
and wherein the top magnetic shield cage section
comprises a substantially planar central section op-
posing sides in a longitudinal direction of the sub-
stantially planar central section being bent in the
same direction.
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7. An electronic toolset for locating, reading, adjusting
and confirming adjustment of an implantable bodily
fluid drainage system without requiring recalibration
following adjustment, wherein the implantable bodily
fluid drainage system comprises an implantable bod-
ily fluid drainage valve having an adjustable valve
unit, the electronic toolset including:

an adjustment tool having at least one magnetic
element for adjusting the adjustable valve unit
from a current valve setting to a new valve set-
ting;
an indication tool for reading the current valve
setting or confirming a new valve setting using
a sensor array; the indication tool further includ-
ing a ferromagnetic system component dis-
posed in a magnet shield cage made of a me-
tallic alloy having a permeability m (H/m) ≥ ap-
proximately 1.26 x 10-4 to prevent residual mag-
netic fields produced by the plurality of magnets
in the adjustment tool from influencing the sen-
sor array.

8. The electronic toolset in accordance with claim 7,
wherein the magnet shield cage comprises a plurality
of magnetic shield cage sections that when assem-
bled forms an enclosure about the ferromagnetic
system component, the enclosure forming two
closed terminating ends.

9. The electronic toolset in accordance with claim 8,
wherein the plurality of sections comprises a bottom
magnetic shield cage section and a top magnetic
shield cage section.

10. The electronic toolset in accordance with claim 9,
wherein the bottom magnetic shield cage section
comprises a first planar section and a second planar
section substantially perpendicular to the first planar
section; and wherein the top magnetic shield cage
section comprises a substantially planar central sec-
tion opposing sides in a longitudinal direction of the
substantially planar central section being bent in the
same direction.

11. The method in accordance with claim 2 or the elec-
tronic toolset in accordance with claim 7, wherein
the ferromagnetic system component is at least one
battery receivable in a tray having electrical contact
terminals disposed at each terminating end in a lon-
gitudinal direction, the tray being attached to the first
planar section of the bottom magnetic shield cage
section while one terminating end of the electrical
faces the second planar section of the bottom mag-
netic shield cage section.

12. The method in accordance with claim 2 or the elec-
tronic toolset in accordance with claim 7, wherein

the electronic toolset further includes a locator tool
for locating a center and/or orientation angle of the
adjustable valve unit.

13. The method or the electronic toolset in accordance
with claim 12, wherein at least two tools in the elec-
tronic toolset are integrated into a single device.

14. The method in accordance with claim 12 or the elec-
tronic toolset in accordance with claim 7, wherein
the locator tool of the electronic toolset does not have
any openings through which the implantable bodily
fluid drainage valve is manually palpated, rather all
information regarding the center and/or orientation
of the adjustable valve unit is provided via electronic
feedback.

15. The method in accordance with claim 2 or the elec-
tronic toolset in accordance with claim 7, wherein
the metallic alloy is a permalloy comprising approx-
imately 80% nickel and approximately 20% iron con-
tent.
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