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[57] ABSTRACT

An improved control system for a neural stimulator
allowing either the patient or physician to effect the
level of output by application of an external magnet.
Such application of a magnet for a predetermined per-
iod of time initiates an incrementally increasing output,
under control of an implanted microprocessor, allowing
human feedback from the patient to determine the effec-
tive level of output current to fix the output at the se-
lected effective level.

17 Claims, 2 Drawing Sheets




U.S. Patent  Nov. 6, 1990 Sheet 1 of 2 Re.33,420

Fi16.7

.
a »
el 'l o Io
' 4

Fic 2

TIME, IN SECONDS —*

FI6.3
0 = ;
OUTPUT
CURRENT
(ma) 11_
8.9 e l

TIME (SECONDS)

Fi16G. 4
I —p T|ME
0 ‘
i | I
QUTPUT 30 33 ’ |
CURRENT ] '

|



U.S. Patent

Nov. 6, 1990

MAGNET
CONTROL

YES PROGRAM |
OFF 7
NO

MONITOR REED
SWITCH

NO

INPUT e

YES

GREATER

YES

CURRENT
TO ZERO

13

YES

INCREASE
CURRENT IN 14

INCREMENTS

IS

CURRENT ?

PROGRAM NO

YES

END

Sheet 2 of 2

Fi16. 5

GREATER
THAN 2s ?

YES

TURN OFF
STIMULATOR

Re.33,420

NO
.
NO
YES ;
g | TURN ON
STIMULATOR ,

RETURN
CURRENT
9 |AMPLITUDE TO

PROGRAMMED
VALUE




Re. 33,420

1

SYSTEM FOR CONTROLLING AN IMPLANTED
NEURAL STIMULATOR

2

implanted beneath the skin of the patient to control the
neural stimulator and is programmed to provide a de-
sired output range. The programmed microprocessor
monitors the status of a magnetically controlled reed

Matter enclosed in heavy brackets [ ] appears in the 5 switch implanted proximate the skin surface of the pa-

original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This application is a Reissue of application No.
06/924,743 filed on 10/30/86 and issued as U.S. Pat. No.
4,735,204.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to medical
electronic apparatus for applying electrical current to
living tissue including programmable apparatus for con-
trolling the electrical current applied therein. More
particularly, the present invention relates to a system
for controlling the current supplied to an implanted
electrode within a body for electrically stimulating a
nerve.

2. Description of the Prior Art

Implantable apparatus have been developed in recent
vears which include an electrode implantable within a
living body for electrically stimulating a nerve. Such an
apparatus is disclosed in U.S. Pat. No. 3,822,708. In this
apparatus, an implantable electrode-carrying device is
arranged to be positioned on the spinal cord so that an
electric current can be passed through an electrode into
a portion of the juxtaposed spinal cord area. The pas-
sage of the current into the nerve acts to block electrical
pain signals. |

More recently, there has been described in U.S. Pat.
No. 4,323,073 an apparatus for controlling the direct
current applied to living tissue and a method for in-
creasing the current to a predetermined level for a per-
iod of time and then decreasing the current. In this
manner, no nerve reaction or spasm is caused while the
appropriate stimuli is provided for the reduction of
pain. This method, however, provides only an automat-
ically modulated output at only one or two levels and
does not provide for patient or physician control of the
level of stimulation.

Implantable cardiac pacers have utilized programma-
ble devices to establish a desired output in response to
transmitted programming signals. Such a device is de-
scribed in U.S. Pat. No. 4,253,466, where a radio fre-
quency transmitter is used to program an implanted
pacemaker. Once programmed, a magnetic field actu-
ated reed relay is used to provide temporary reprogram-
ming and is operable to reset the output to the original
setting when the magnetic field is removed.

SUMMARY OF THE INVENTION

According to the teaching of the present invention,
there is provided a system for controlling an implanted
neural stimulator by an externally applied magnetic
means. With this system a timing cycle is permanently
programmed within an implanted microprocessor to
interact with a magnetically actuated reed relay for

selective alteration of the amplitude of the stimulator

output.

A neural stimulator system including electrode to
nerve electrical connections and circuitry as discussed
in the prior art (U.S. Pat. Nos. 3,896,817 and 3,841,306)

are implanted in a patient. A microprocessor 1§ also
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tient to select a desired output. Application of a magnet
to the surface of the skin closes the reed switch and this
closure is sensed by the microprocessor. If the magnet 1s
removed and the reed switch reopens within a short
time, such as within a 0.003 second to | second time
period, the neural stimulator is turned to the “on” state.
The application of the magnet over the reed switch for
a second period of time, such as from 2 to 6 seconds,
will be sensed by the microprocessor as an instruction
to turn the neural stimulator to the “off”’ state. Applica-
tion of the magnet for a third period of time, such as
some period greater than 6 seconds, causes the output
generated by the neural stimulator to increase incre-
mentally from zero up to a preprogrammed maximum
output. At a point where the patient and physician de-
termine that the magnitude of the stimulation is suffi-
cient, the magnet is removed and the generated output
remains at the level attained at the time of the magnet
removal. Such controllability has been found to be
highly desirable since neural stimulation can be lost and
pain may return when a patient changes positions. In
such an instance, the patient can apply the magnet over
the implanted neural stimulator to increase the output to
a higher selected level to remove the pain.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partially perspective mechanical and par-
tially schematic view of a magnet adjacent an implanted
megnetically controlled microprocessor which is actu-
ated by an implanted reed switch for controlling a neu-
ral stimulator;

FIG. 2 is a timing diagram of the microprocessor
control intervals;

FIG. 3 is a graph of the microprocessor controlled
output current versus time;

FIG. 4 is an enlarged fragmentary graphical view of
the output current pulses shown in FIG. 3; and

FIG. § is a flow chart of the program or protocol of
the microprocessor.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1, there is illustrated therein
an implanted neural stimulating apparatus 10 including
a microprocessor 11. The microprocessor 11 is im-
planted within living tissue 12 beneath the skin 14 and
controls a neural stimulator including electrodes for
carrying electrical current to the nerves in accordance
with commonly known principles of neural stimulation.
A neural stimulator and an electrode for implantation in
a spine adjacent a spinal cord are old in the art. See
Hagfors U.S. Pat. No. 3,645,267 issued Feb. 29, 1972
and Hess U.S. Pat. No. 4,285,347 issued Aug. 25, 1981,
the disclosures of which are incorporated herein by
reference. Electrically coupled to the microprocessor
11 and implanted within the tissue 12 proximate the skin
14 is a magnetically actuated reed switch 16. The reed
switch 16 is controlled and switched from its open state
to its closed state through application of an external
magnet 20. A magnetic field 22 of the magnet 20 pene-
trates the skin 14 and the tissue 12 to close the reed
switch 16.
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The closing of the reed switch 16 is sensed by the
microprocessor 11 and the sensing initiates a timing
cycle, as shown in FIG. 2.

If the magnet 20 is removed within a first period of
time, such as 0.003 second to 1 second, the reed switch
16 will reopen and the open condition will be sensed by
the microprocessor 11 as an instruction to turn the neu-
ral stimulator to its “on” state.

If the magnet 20 is held in place for a period of time
exceeding 2 seconds but less than 6 seconds and then
removed, the reopening of the reed switch 16 within
that period of time is sensed by the microprocessor 11 as
an instruction to turn the neural stimulator to an “off”
state.

In the event the magnet 20 is held in place against the
skin for a period of time greater than ¢ seconds, this is
sensed by the microprocessor 11 as a signal to begin
generation of an output signal peniodically increasing in
magnitude according to a ramp function and referred to
as a magnetic ramp 24.

FIG. 3 is a graph of increasing amplitude of output
current (ramp 24) over a period of time. The output
current is plotted on the vertical axis increasing from 0
to 8.9 milliamps and the time is plotted on the horizontal
axis increasing from 6 seconds to 36 seconds.

Accordingly, if the magnet 20 is held in place for a
period greater than 6 seconds but less than 36 seconds,
an output current is selected by the microprocessor
according to the graph shown in FIG. 3. Microproces-
sor control of a neural stimulator is old in the art. See
the Rise U.S. Pat. No. 4,390,023 issued June 28, 1983,
the disclosure of which is incorporated herein by refer-
ence.

In the preferred embodiment of the present invention,
during the generation of the output current ramp 24, the
microprocessor 11 is programmed to periodically in-
crease the output current in increments, such as 0.12
milliamps, each 0.042 second, until the maximum output
permanently programmed in the microprocessor 1is
reached. Additionally, the output is generated in a series
of three pulses 30, 33, etc. (FIG. 4) such that each burst
of three pulses would be incrementally greater than the
previous burst.

Heretofore, in the use of certain implantable neural
stimulators, the rate of stimulation and the level of out-
put current of amplitude can be changed non-invasively
by a physician at implantation or during subsequent
office visits. To effect these changes, a totally dedicated
device such as a programmer or miCroprocessor 1s used.
In addition, the patient and/or the physician can acti-
vate or de-activate the output of the implanted neural
stimulator by the application of a magnet.

However, changes in the patient’s position such as
from sitting to standing, can cause cessation of effica-
cious stimulation. In such instances, an office visit to the
physician is necessary for re-programming of the im-
planted neural stimulator to change the output of the
stimulator. With the system of the present invention for
controlling an implanted neural stimulator, the capabil-
ity of changing the output current levels within a pro-
grammed output current range by use of an externally
applied magnet 20 is provided, and the frequency of
office visits can be decreased. The patient can then
choose that output current level which is most effica-
cious for both activity level and physical position.

Also, the patient cannot magnetically change the
output level to unsafe levels because the physician has
preset the maximum output current/amplitude capable
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4

of being output by the neural stimulator apparatus 10
controlled by the microprocessor 11

With the neural stimulating apparatus 10 of the pres-
ent invention, after implantation of the apparatus 10, the
physician can program the apparatus to “on” and to a
desired rate an output current,

Previously a patient or a physician could turn an
implanted neural stimulator to “off” and at a later time
to ‘“on” by applying a magnet over the stimulator.
When the stimulator was “on”, application of the mag-
net for 2 to 6 seconds would turn the unit “off”. Con-
versely, when the neural stimulator was in “off” mode,
the implanted neural stimulator would be turned “on”
by application of the magnet for 0.003 to | second. The
output current and rate would then be those which
were programmed by the physician.

In accordance with the teachings of the present in-
vention, addition of the magnetic ramp function (e.g.
ramp 24), whose duration is programmed using a dedi-
cated external device by a physician permits the patient
and/or the physician to change the output current am-
plitude. Application of the magnet 20 for periods
greater than 6 seconds causes the output current to
increase incrementally from 0 to the maximum pro-
grammed output current. At a point where the patient
and/or the physician determines that the magnitude of
the stimulation is efficacious but before the end of the
magnetic ramp duration, the magnet 20 1s removed and
stimulation occurs at that output current level which
was obtained at the time of the removal of the magnet
20. The output current 24 will never exceed the maxi-
mum current programmed.

When a patient changes position from sitting to stand-
ing and finds that neural stimulation is lost, e.g. return of
pain, the patient can apply the magnet 20 over the im-
planted neural stimulating apparatus 10 to increase the
output current to a higher level or to a more effective
level.

The program or protocol carried out by the micro-
processor 11 in response to magnet control or position-
ing of the magnet 20 adjacent to the neural stimulating
apparatus 10 is shown in FIG. §. The steps followed 1n
executing the program are as follows:

STEP 1. At this step the microprocessor 11 deter-
mines whether the program is “on” or “off”’. For exam-
ple, if the current output was at the maximum level
established by the physician the program would be
“off” and the program would go to “yes” output and
end or exit the program. If the program is not “off”, the
microprocessor 11 then goes to Step 2.

STEP 2. At this step, the microprocessor 11 monitors
the status of the reed switch 16 and then goes on to Step
3.

STEP 3. Here the microprocessor 11 determines
whether the reed switch 16 is still closed. If it 1s, the
program goes on to Step 4.

STEP 4. Here the microprocessor 11 determines
whether more than 6 seconds have elapsed. If *no™ the
program loops back to Step 2. If *yes” the program
goes on to Step 10. |

STEP §. If at Step 3 the reed switch is not still closed,
the program or microprocessor 11 determines whether
it has been closed for 2 seconds. If “yes” the program
goes on to Step 6.

STEP 6. Here the program turns off the neural stimu-
lating apparatus 10 and ends or exits the program.

STEP 7. If the answer to Step 5§ was *“no” the micro-
processor 11 then determines whether the switch 16 had



Re. 33,420

S

been closed for less than 1 second. If the answer is *no”
the microprocessor ends or exits the program.

STEP 8. If the answer is “yes”, the neural stimulator
is turned on and the microprocessor 11 goes on to Step
9. 5

STEP 9. Here the current amplitude is returned to
the originally programmed value and from .there the
microprocessor 11 ends or exits the program.

STEP 10. If at Step 5 the switch 16 had been closed
for more than 6 seconds, the microprocessor 11 goes on 10
to Step 10 and a determination is made as to whether or
not the output current is on. If “yes”, the microproces-
sor 11 exits or ends the program. If “no” it goes on to
Step 11.

STEP 11. At this step, a determination is made if the 1’
magnetic ramp function, i.e., ramp 24, is set. If “no” the
microprocessor 11 ends or exits the program. If “yes”
the microprocessor 11 goes on to Step 12.

STEP 12. Here the output current is reset to zero.

STEP 13. Here the microprocessor 11 determines
whether or not the reed switch 16 1s still closed. If “no”
the microprocessor 11 ends or exits the program. If
“yes” the microprocessor 11 goes on to Step 14.

STEP 14. At this step, the microprocessor 11 causes
the value of the output current to increase in levels or
steps with three amplitude bursts for each level of in-
crease (such as the amplitude burst 30 and 33 shown in
FIG. 4). This will occur until the magnet 20 is removed
or the microprocessor 11 makes a determination in Step 10
15 that the upper level of current has been reached.

STEP 15. At Step 14 the microprocessor 11 is moni-
toring the increase in current amplitude and when it
determines that the amplitude of the current has not
reached the maximum amplitude of the current the i
microprocessor 11 loops back to the beginning of Step
13, If on the other hand, the microprocessor 11 deter-
mines that the maximum current of amplitude has been
reached, the microprocessor ends or exits the program
to stop further increases in output current level. 40

From the foregoing description, it will be apparent
that the neural stimulating apparatus 10 of the present
invention and the method for using same allow either
the patient or the physician to alter the level of output
current using an external magnet 20. Such use of the 45
external magnet 20 for the predetermined period of time
initiates an incrementally increasing output current
under control of a program in an implanted micro-
processor 11, allowing the patient to determine the
effective level of output current for efficacious stimula- s
tion and then fix the level of the output current at that
selected level. Further, the microprocessor 11 is pro-
grammed to limit the upper value of output current that
can be supplied to electrodes adjacent nerves to be
stimulated so that such output current cannot reach an 55
unsafe level.

Further from the foregoing description, it will be
apparent that modifications can be made to the appara-
tus 10 and method for using same without departing
from the teachings of the present invention. Accord- 60
ingly, the scope of the invention i1s only to be limited as
necessitated by the accompanying claims.

I claim:

1. A neural stimulating system for permitting patient
control of a neural stimulator within preset limits in 65
response to an externally and manually applied mag-
netic field, said neural stimulating system comprising:

a magnet for use by the patient;

20

25

6

a magnetically controlled switch for implantation in a
patient’s body just beneath the patient’s skin and
for being positioned at a location in the body for
selective closing by application of an external mag-
netic field as established by placing said magnet
over the patient’s skin adjacent said switch;

a neural stimulating electrode for implantation in a
patient’s spine adjacent the patient’s spinal cord;
and

a neural stimulator including programmable elec-
tronic circuit means for implantation in a patient’s
body, such as adjacent said switch, said circuit
means being electrically coupled to said magneti-
cally controlled switch and to said neural stimulat-
ing electrode and said circuit means inciuding
means for generating [a selective] neural stimulat-
ing electrical output current pulses of a selected
magnitude between a minimum level of [zero]}
current, programmed into said circuit means and a
maximum level of current programmed [by a phy-
sician J into said circuit means in response to clos-
ing of and duration of the closure of said magneti-
cally controlled switch, [which] the output cur-
rent pulises being [is] supplied to said neural stimu-
lating electrode,

said means for generating {an] output current pulses
including means for [generating] gradually[,]}
and incrementally [increasing} changing the mag-
nitude of the neural stimulating electrical output
current pulses, in response to the application of the
externally applied magnetic field to said magneti-
cally controlled switch for a predetermined period
of time.

2. The system of claim 1 wherein said means for

[ generating gradually, incrementally increasing]
changing the magnitude of the neural stimulating electri-
cal output current pulses includes means for generating
current pulses along a ramp function.

3. The system of claim 1 wherein said electronic
circuit means [comprises] comprise means for detect-
ing the electrical output current being generated at the
time of removal of the externally applied magnetic field
and the opening of said magnetic actuated switch and
for maintaining said output current at the detected
level.

4. The system of claim 3 wherein said implanted cir-
cuit means comprises a microprocessor coupled to said
switch and to said current generating means.

5. The system of claim 4 wherein said microprocessor
includes means for detecting the opening and closing of
the magnetically actuated switch and means for turning
the neural stimulator [or] on in response to closure of
said switch for a first duration, means for turning the
neural stimulator off in response to a closure of said
switch for a second duration following immediately
after said first duration, and means for initiating [an
incrementally increasing] said means for changing the
magnitude of the neural stimulator output current pulses
in response to a closure of said switch for a third dura-
tion following immediately after said second duration.

6. A method for controlling, by a patient, the opera-
tion of a neural stimulating system including a magnet,
a neural stimulator implanted in a patient’s spine includ-
ing current generating means, a MICroprocessor im-
planted beneath a patient’s skin coupled to said current
generating means and a magnetically responsive reed
switch means implanted beneath a patient’s skin and
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connected to the microprocessor, said method compris-
ing the steps of:
manually causing, from a position extenior of a pa-
tient’s body, closing of the reed switch means for a
predetermined time period by holding the magnet
adjacent said reed switch means for said predeter-
mined time period;
generating output current pulses from the neural
sttmulator;
and
causing the output current pulses from the neural
stimulator to increase incrementally from a mini-
mum programmed level [ value of 0] so long as the
reed switch means is closed beyond the predeter-
mined time period and only until a certain current
level is reached, which is the lesser of a level of
output current that interrupts human body gener-
ated pain pulses and a maximum output current
level of the neural stimulator preprogrammed by a
physician into the microprocessor;
said step of causing the output current pulses to in-
crease including the step of utilizing means for
gradually and incrementally increasing the cutput
current pulses to increase the output current pulses
incrementally to successively higher current val-
ues.
7. The method according to claim 6 wherein said
predetermined time period is at least 6 seconds.
8. The method of claim 6 wherein said step of incre-

menting the output current pulses is carned out over a 30

time period of a ramp function for current values [ from
0 milliamps] up to a maximum [of 8.9 milliamps]}
current level

9. The method of claim 6 wherein said step of incre-
menting the output current pulses is carried out accord-
ing to a ramp function which is started at a time approx-
imately 6 seconds after initial closing of the switch
means and is continued for a duration of 30 seconds for
a total switch means closed period of 36 seconds.
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10. The method of claim 6 wherein said step of caus-
ing the output current pulses from the neural stimulator
to increase includes the step of gradually and incremen-
tally increasing the output current pulses along the
slope of a ramp function from [0] said minimum pro-
grammed output current level to said maximum pro-
grammed output current level.

11. The method of claim 10 wherein said step of in-
crementally increasing the output current pulses in-
cludes incrementally increasing the output current in
steps of 0.12 milliamps per step along the ramp function.

12. The method of claim 10 wherein said ramp func-
tion has a duration of 30 seconds.

13. The method of claim 10 wherein said output cur-
rent increases over the [timer]} time period of said
ramp function from [0] said minimum programmed
output current level to a maximum [of 8.9 milliamps]}
current level.

14. The method of claim 6 wherein said step of incre-
menting the output current pulses in steps includes gen-
erating 3 bursts of output current pulses at one level
followed by 3 bursts of current pulses at a next succeed-
ing level approximately 0.12 milliamps above the pre-
ceding level.

15. The method of claim 14 where the step of generat-
ing 3 current pulses includes generating said current
pulses over a time period of 0.024 seconds for each step
increase In current.

16. The method of claim 10 wherein said step of In-
crementally increasing the output current pulses in-
cludes increasing the output current pulses over a time
period of said ramp function from [0 milliamps] said
programmed minimum output current to a maximum [of
8.9 milliamps ]} current level

17. The method of claim 6 wherein said step of clos-
ing the switch means for a time period of more than 2
seconds and less than 6 seconds includes turning off the

neural stimulator.
: = x ] |
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