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(57) Abrege/Abstract:
The electrical nerve stimulation unit in accordance with the present invention generally includes a housing, an input panel, a display
penal, a controller, a first channel output, a second channel output, and a power system. While the device Is generally described In
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(57) Abrege(suite)/Abstract(continued):
terms of use as a TENS unit, it must be noted that other nerve stimulation applications for the device are envisioned as well. The

myriad of Intelligent and proactive programmable software functions and features of the present invention are executed on the
controller's microprocessor. For Instance, open lead monitoring, soft recovery implementation, compliance monitoring, and
enhanced power management are all controlled and monitored through the interfacing of the processor with the various devices
and hardware on the unit's hardware platform.
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ELECTRICAL NERVE STIMULATION DEVICE

A ct

The clectrical nerve stimulation unit in accordance ﬂwith the present invention
generally includes a housing, an input panel, a display panel, a controller, a first channel output,
a second channei output, and a power system. While the device i1s generally described in terms
of use as a TENS unit, 1t must be noted that other nerve stimulation applications for the device
arc envisioned as well. The myriad of intelligent and proactive programmable software
functions and features of the present invention are executed on the controller’s microprocessor.
For instance, open lead monitoring, soft recovery implementation, compliance monitoring, and

enhanced power management are all controlled and monitored through the interfacing of the

processor with the various devices and hardware on the wnit’s hardware platform.
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The invention generally relates to electrotherapy devices used to stimulate the
human body. More particularly, the present invention includes improved systems and methods

for transcutaneouns electrical nerve stimulation (TENS) including compliance monitoring, soft

zecovery operations, and sofiware controlied power management.

Clinical electrotherapy devices are used to implement many different types of
humap medical therapy protocols. Electrotherapy defvioes‘ may be used to stimulatc nerves in the
human body to a large number of therapeutic ends. In addition, cleetrical impulses cause
muscles to contract and may bec uscd for various forms of exercise and pain management.

TENS and microcurrent electrothcrapy stimuletion have been used successfully
for the symptomatic relief and management of chroni¢ intractable pain for many years. In
general, TENS or micro current electrical nerve stimulation controls pain of peripheral origin by
providing a counter stimulation that interferes with the painful sensations. While the mechanism
of action of TENS is not fully understood, there are several theories as to how TENS helps to
rclieve pain. At the simplest level, stimulating peripheral nerves produces pleasant sensations
that assist in distracting the patient from the pain sensation. This distraction is far from trivial

and is often advanced as a universal method of pain relief focusing on both the conscious level

and subconscious level.
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One theory argues that the relief from pain 18 at least partly based on the

knowledge that nerve transmissions carried by large nerve fibers travel more quickly than nerve
transmissions carried by small nerve fibers. Under this theory, the electrical stunulations to large
nerve fibers created by the TENS unit travel to the brain more quickly, and arc more powerful,
than pain impulses carried by smaller nerve fibers. Thus, the electrical impulses arrive at the
brain sooner than the pain nerve impulses and the sensation of the large nerves overrides and
blocks out the sensations from the smaller pain nerves.

Melzack and Walls proposed a working hypothesis of how TENS interferes with
pain in 1965. Melzack and Walls proposed that TENS generates an artificial abnormal noisc on
the perves to enervate the skin that shares the sarwe nerve TOOts with the pain ﬁbcrs_conducting
the real pain impulses, When the spinal cord receives the barmrage of signals from the same
region of the body, a neurological circuit turns off and stops relaying the pain impulses to the

brain.

Anothcr theory as to the mechanism of action of TENS is based on the
understanding that serotonin and other chemical neurotransmittcrs participate in the pain and the
pain reduction process. Under this theory, the electrical nerve stimulation caused by the TENS
unit cncouragcs‘ the production of endorphins which then modulate the pain response.
Alternately, the electrical stimulations in somc way interfere with the production of serotonin
which is involved in the pain response.

As a result of the increased understanding and studies sumrounding the use of
TENS in eliminating or minimizing patient pain, many attempts have been made to more

efficiently and effectively implement TENS units. Compliance monitoring, power management,
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safely and comfort maximization, simplified unit designs, and a myriad of other techniques and
methods have been advanced and modified with this increased use of TENS in mind.

Patient compliance with treatment is a medical concern regardless of thc form of
treatment being applied. Compliance refers to whether the patient is following through with the
treatment as prescribed, whether the patient may be avoiding the treatment all together, or
whether the patient is in some way applying the treatment in a manner that is not in a form the
doctor prescribed and desired. If patients are non-compliant, it becomes very difficult to
dctermine the effectiveness of tregtment, as patients are often unwilling to admut they are non-
compliant. In addition, some forms of electrotherapy treatment may cause discomfort in which
case the patient may have a motivation to avoid the treatment despite its therapcutic benefit.
Even further, non-compliance concerns can limit the potential for this treatment technique since
misuse will likely weaken the economic and therapeutic draw for health care providers and
INSUrance compames.

As a result of this necessity to implement a level of compliance, some current
electrotherapy devices include compliance monitonng protocols. Generally, conventional
compliance monitoring protocols include some means of recording the length of time for which
the electrotherapy device has been utilized in the period since the doctor has prescribed its use.
Conventional compliance monitors only record when the unit is on or off during a given time
period. This leaves open the possibility of erroncously monitoring non-compliant use, since the
patient may turmn on the unit while it is not being utilized for therapeutic use, or the unit may be
impropcrly connected during the power-on period. With regard to improper connections of the

unit to tbe patient, the unit can mistakenly acknowledge therapeutic use during a period of use
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having no beneficial therapeutic effects on the patient. This leads to great uncertainty as to the
effectiveness of the prescribed therapy, whcether the current lcvel of treatment i1s appropriate, or if
it is in need of adjustment or discontinuation. Since electrotherapy is generally applied in non-
constant electrical pulses, compliance monitoring becomes even morc difficult. In gencral, the
present art makes it necessary to maintain voltage during the periods of titne in which electnical
pulses are not being applicd to the patient.

[n the past, some compliance monitors have utilized transformers as part of the
compliance monitoring circuitry in order to maintain voltage between timing impulses. Due to
the physical electrical characteristics of transformers, they are difficult to miniaturize. This
conuibui_m to bulkier electrotherapy umts. The prcfer_red mode for the applif:ation of
electrotherapy trcatment is one where the treatment can be applied for extended periods of time.
This protocol is most eagily applied with a unit that can be worn on the body. This allows the
treatment to be applied over a long period of time while the patient is involved in normal daily
activities. If a unit is to be worn on the body for an extended period of time, a smaller unit is
much preferred.

As stated, power management is an important hurdle to overcome in providing
effective TENS trcatment. The use of portable units capable of attachment to the buman body
requires battery operation. To promote treatment efficacy and to lower treatment costs, it 1s
nccwséry to keep the TENS unit circuiiry properly powercd throughout the duration of the
treatment, and to ensure that the patient or health care professionals will not need to replace
batteries frequently, or at inopportunc timcs. Conventional techniqucs to address such power

management concerns have left room for measurable improvement. For instance, one techmique
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has been to monitor the voltage level at the battery and to imitiate a resulting warning system,
such as an LED flash or display panel notification, upon dctermination by the device that the
power has rcached a point somewhere below a desired threshold. This system is obviously
flawed since it fails to in any way conscrvc power, or modify performance in an attempt to
lengthen the usable life of the battery source, and the resulting treatment period.

Another technique has been to moniior battery power for TENS units by sectting a
predefined ideal power level, frequently monitoring the overall power level, and making
adjustments to power usage once the gverall power level of the battery source has reached a level
below the ideal power level. While this method does accommeodate for lower power, it does so
too late, using a power conservation plan that may prove to diminish treatment efﬁgaoy. First,
power conservation and management is not approachéd until power has reached a dangerously
low level. Second, this ctitical period of low battery power is dealt with by reducing output
power for the TENS unit, which can be obviously undesirable if it negatively cffects the proper
therapeutic functioning of the unit on the patient.

Conventional attempts at controlling the output signal of the TENS umit to
patiénts following disruptions, defective operations, or operator misuse have also proven
problematic as they oficn fail to properly protect the patient, and the unit itself, from resulting
surges, This surge phenomena oficn occurs when a lead connecting the TENS probe to the
patient is disconnected from the main unit and reconnected while the patient is using the device.
The natural reaction of the user or patient 1s to simply reconnect the lead and resume treatment.
However, reconnection of the lead can result in a significant jump in power output — from zero to

the treatment level. This jump in output signal is virtually instantaneous. As a result, such a
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quick spike or disruption can damage the unit and, more importantly, cause discomfort to, or
even injure, the patient,

One attempt at dealing with the potential harm brought about by these disruptions,
has been to provide for monitoring circuitry and/or software within the TENS unit to quickly
detect the occurrence of such a disruption. Once the disruption has been detected, the unit
quickly ramps down the output signal to approximately zero. At this point of reset, some units
will await power approval and adjustment by the user/paticnt before treatment and power output
will be resumed at defined levels. Other prior art teaches immediately ramping up the output
signal to pre-disruption levels. Each of these approaches, while an improvement, ¢an be
improved upon.

Conventional approaches are directed to accommodation and output signal
modification only after a surge has been detected. As a result, the patient and the TENS unit
cxpericnce at least a momentary spike in the output signal, i.e., a surge upon reconnect of a
disengaged lead to the unit. While continuous power surging i1s not permitted, it 1s still possible
that the patient will be subjected to a period of physical discomfort.

Consequently, there is a need for a TENS unit that substantially overcomes the
deficiencies and problems innately present with conventional systems and methods for

compliance monitoring, power management, and disruption recovery, and the like.

S of the Invention

The present invention substantially solves the problems with conventional devices

by providing a portable TENS unit capable of monitoring true treatment compliance, employing
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a system of power management that significantly e¢xtends the usable life of the battery source,
and that implements a soft recovery system that substantially eliminates potential damage to the
patient or the unit in those circumstances when an output signal disruption occurs.

The electrical nerve stimulation unit in accordance with the present invention
generally includes a housing, an input panel, a display panel, a controller, a first channel output,
a second channel output, and a power system. While the device is generally described in terms
of use as a TENS unit, it must be noted that other nerve stimulation applications for thc device
are envisioned as wcll. Thce myriad of intelligent and proactive programmable software
functions and features of the present invention are executed on the controller’s microprocessor.
For instance, open lead monitoring, soft recovery implementatio:}, compliance monitoring,. and
enhanced power management are all controlled and monitored through the interfacing of the
processor with the various devices and hardware on the unit’s hardware platformu.

The present invention includes a compliance monitoring system for use with

miniaturized TENS units that is microprocessor controlled such that it is less bulky than
transformer-based compliance monitoring systems known in the prior art. The compliance
monitoring system includes parameter storage that can provide a mechanism for storing a
plurality of non-volatile parameters, inclﬁding modality, mode, rate, width, cycle, span and timer
values. The compliance managing is preferably stored in non-volatile memory, such as
EEPROM registers. The memory interfaces with the processor and saves paramecters and data
while the device is powered off. The processor and software also provide tor safety features for

setting the intensity to zero when the device 18 powered on and for providing a self-diagnostic

mechanism. This self-diagnostic mechanism is preferably software driven to confirm non-
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volatile parameter registration validation. The secli-diagnostic operation insures that the
parameters are stored in the non-volatile memory appropnately. Any corrupted storage of the
parameters results in pre-programmcd power on dcfault settings, or the statement “service
rcquired” can then appear on a display panel.

Several softwarc features interact with the compliance monitoring mechanism:

A lead monitoring feature of the device provides for monitoring of the continuity
of at least one active channel lead at the patient pads., The processor provides the open lead
status for cach channcl while that channel is actively delivering a pulse, provided the intensity of
pulse delivery is above a minimum threshold level. This lead monitoring function enables the
unique soft recovery and compliance monitoring systems of the present invention.

The leads are sampled at selected intervals for cach pulsc. The software monitors
the leads for a feedback pulse within moments, i.e., 4 microseconds, of generating the pulse.
This information is stored in the processor. When the software of the processor detects a series
of missing pulses, the output shuts down and the display panel displays an opén lead condition.
By sampling each pulse this way the unit can run 1 a burst mode without being shut down by the
compliance monitoring featurc. In burst mode a burst of puls# is followed by a delay before the

next burst of pulses. This protocol prevents the unit from showing an open lead condition and

shutting down as a result of the burst mode delay.
The software of the processor contains a main program polling function that
tracks the input condition of the lead monitor input. Under normal operating conditions the

device s actively producing pulses, above a detection threshold, into a set of leads with good

contact with the patient’s skin. A myriad of possible events can cause these operating conditions
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to deviate from normal. For example, an electrode may lose electrical connection with the
patient’s skin, or a lead may lose electrical contact with an electrode. If the operating conditions
deviate from the norm, it 18 possible for the software to take various actions. First, it can
immediately reduce the output amplitude on one or both channels to approximately zero
milliamps. The second action can be to cause the display panel to read an open channel in place
of the normal intensity display. The third action can be to start a 30 second count down clock for
powenng the umt off. The fourth action can cause the imtiation of a polling pulse to look for a

reconnected lead. If the lead is reconnected, the software stops the power down sequence. This

will then start soft recovery monitoring through software commmands at the processor.

The prcsent invention further includes a soft recovery system designed to initiate

a software routine at the processor that prevents patients from being startled or injured when
current flow at the at least one treatment channcl, or both channels, is resumed to the output level
previously set by the user/patient tollowing a treatment disruption. Treatment disruptions can
include lead disengagement at the electrical stimulation unit, electrode disengagement from the
treatment site, manual user mode changes, and the like. The soft recovery system constantly
monitors for an opch lead condition. If such a condition is detected, the output intensity to the at
least one treatment probe is sct to approximatety zero, or a relatively negligible valuc of 8
milltamps or less. Once the open lead condition 13 replaced with a closed lead condition (i.e., the
TENS unit lead is reconnected), the microprocessor begins a ramp up stage wherein the output

intensity level is incrementally increased over a predeternmned time interval to eliminate the

problematic surge conditions that plague ¢conventional units,

10
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Power management is implcmcntcd into the high voltage circuit to preserve
battery energy by software control performmed by the processor. The software reads the
programmed set output and accordingly drives the high voltage circuit to a target voltage level to
obtain the set output. Conventional high voltage circuits are set at a fixed voltage to get the
maximum available output that can be delivered. As such, the maximum voltage setting is
maintained even when an output less than the maximum outpat is required by the user. Such
rigid and inconsiderate conventional techniques provide for inefficient power management as

they unncccessarily drain chergy from the battery source.

The TENS unit of the present invention additionally includes a power shut off
feature. Preferably, in situations where the TENS unit of the present invention is in an idle or
waiting stage, the unit will initiate a shut down program via the microprocessor. For instance, if
an open lead condition is present, and the condition has not been resoclved within a predetermine
period of time, the software of the unit can immediately initiate shut down to preserve power
consumption. This shut down procedure can also be initiated if the unit has waited to no avail
for a user input response for a predetermined period of time, if the unit has sat idle in a state of
non-use, and under like circumstances. The initiated shut down procedure can be the same as
when the unit is shut off manually by the user. Examples of shut down initiators can be when
there is an unsolved open lead condition, following a period of no input after power up, and

when a low battery condition or set treatment time has elapsed.

S ——— e s A ———

Fig. 1ais a front view of an embodiment of a nerve siumulation device;
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Fig. 1b is a perspective view of an embodiment of a nerve stimulation device:
Fig. 2 is a back view of an embodiment of a nerve stimulation device; -
Fig. 3 is a side view of an embodiment of a nerve stimulation device,
Fig. 4a is a perspective back view of a flexible keypad for a nerve stimulation
5 device;
Fig. 4b 13 a perspective top view of a flexible keypad for a nerve stimulation
device;
Fig. 5a 1s a cross-section side view of a front pancl and corresponding
components for a nerve stimulation device;
10 Fig. 5b is a cross-section front view of a front panel and corresponding

componcnts for a nerve stimulation device;

Fig. 6 i8 a plan elevation view of a lead wire male connector for a nerve
stinulation device;
Fig. 7 is a plan ¢levation view of a lead wire electrode connector for a nerve

15 stimulation device;

Fig. 83 1s a perspective view of a surface mountable multi-pin connector for a

nerve stimulation device;
Fig. 8b is a front view of the surface mountable multi-pin connector of Fig. 8a;

Fig. 8c is a side cross-section view of the surface mountable multi-pin connector
20  of Fig. 8a;

Fig. 8d is a perspective view of a multi-pin connector for a nerve stimulation

device;

12
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Fig. 8e s a front view of the multi-pin connector of Fig. 8d;

Fig. 9a is a block diagram of a controller and/or components for a nerve
stimulation device;

Fig. 9b is a schematic diagram of selected I/O and storage components of a

controller for a nerve stimulation device;

Fig. 9¢ is a schematic diagram of an open Icad monitoring circuit for a8 nerve

stimulation dcvice;

Fig. 9d is a schematic diagram of a power on-off switch control systcm for a

nerve stimulation device;

Fig. 9e is a schematic diagram of coniroller components and pulse control for a

nerve stimulation device;

Fig. 9f is a schematic diagram of controller components and a communication
port for a nerve stimulation devicc;

Fig. 9g is a schematic diagram of controller components and a display controller
for a nerve stimulation device,

Fig, 10 is a graphical representation of a strength duration curve;

Fig. 11 is a pulse diagram representing a burst pulse output mode for 2 nerve
sttmulation device; and

Fig. 12 is a pulse diagram representing a special modulated pulse (*SMP") output

20 mode for a nerve stimulation device.

Detailed Description of the Invention

13
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Referring to Figs. 1-9¢, the electrical nerve stimulation unit 10 in accordance with
the present invention generally includes a housing 12, an input panel 14, a display panel 16, a
controller 18, a first channel output 20, a second channel output 22, and a power system 24,
While the device 10 is generally described in terms of use as a TENS unit, it must be noted that
other nerve stimulation applications for the device 10 are envisioned as well.

The housiug [2 generally includes a front panel 26, a back pancl 28, a clip portion
38, a power access panel 44, and a battery compartment 46. The housing 12 can be of
substantially oval shape and have sclected components (specifically, the panels 26, 28)
preferably constructed of a durable injection molded plastic material such as flame-rcsistant
thermoplastic resing. It will be understood that other materials and shapcs‘ can be employed as
well.

The front panel 26 includes a section to aceept the display panel 16 such that the
internally mounted display 16 is visible to a user/patient. Further, the front panel 26 can include
ﬁ perimeter portion 27 defined by a material change along a boundary of the oval front panel 26.
The perimeter portion 27 can be construcicd of rubber, plastic, and a myriad of other materials.
The back panel 28 includes a first lead recess 30 having a ﬁrst lead aperture 34, and a second
lead recess 32 having a second lead aperture 36, The first and second lead apertures 34, 36
provide connectable communication between attachable lead wires and the internal electronic
components of the device 10. The front pancl 26 and back panel 28 are shaped and designed for

abuttable attachment.

The clip portion 38 can include a belt clip 40 and an attachment member 42, as

shown in Fig. 3. The clip portion 38 and its comresponding components 40, 42 are selectively

14

- -y




10

15

20

CA 02408656 2002-10-17

fixed to the back panel 28 to promote removable convenient attachment of the device 10 to the
user’s person. The attachment member 42 is removably attached to the belt clip 40, with the
member 42 being connectable to the back panel 28. The attachment member 42 is constructed of
a material having spring-like, rebounding characteristics, such as thin metal, wherein measurable
pulling force on the belt clip 40 by the user will permit selective attachment of the device to a
belt, carrying case, shirt pocket, and other like regions.

The power access panel 44 is generally proximate the clip portion 38 on the back
panel 28 of the device 10, as shown in Fig. 3. The power access panel 44 is preferably a door
panel providing selective access into the battery compartment 46, In one embodiment, the power

acccss pancl 44 includes at least two pressure tabs 45 wherein the panel 44 can be disengaged

from its locked position by applying measurable pressure on the tabs 45. Other removably
lockable devices known to onc skilled in the art can be employed as well. The battery
compartment 46 is sized and shaped for opcrably rcceiving at lcast one battery source 48. In one
embodiment, the at least one battery source 48 18 a piurality of standard or rechargeable AAA.
batteries, wherein each individual battery is capable of holding a 1.5 volt charge. In addition,
power packs, a 9 volt battery, and other known battery sources can be utihized without deviating
from the spirit and scope of the present invention.

The input panel 14 preferably comprises a plurality of input keys defined on a
user input keypad. Referring primarily to Figs. 1a, and Figs. 4a-4b, the plurality of keys can
include a power key 50, a mode selection key 52, a pulse control key 54, and a plurality of
channel intensity keys 56. These channel intensity keys 56 include a channel 1 intensity increase

key 58, a chenncl | intensity decrease key 60, a channel 2 intensity increase key 62, and a

15
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channel 2 intensity dccrease key 64. Bach of the keys for the input panel 14 are i operable

communication with the controller 18 1o control vanous functions and performance
characteristics of the device 10, as will be explained herein. Each of the input panel 14 keys are
preferably constructed of a silicon rubber with respective push-button control switch
functionality. The power key 50 controls power toggling for the device 10 betweett on and off
settings. The channel intensity keys 60-64 permit independent fine-tuning of the intensity output
adjustments for each channel 20, 22. The pulse control key 54 enables control of the rate, cycle,
pulse duration, and pulse span for applicable treatment sessions. The mode selection key 32
permits the user to sclect the modality of the desired TENS treatment according to predetermined
treatment poals. Preferably, each of the keys 50-64 wﬂl be recess seated withip the front panel
26 to enhance ease-of-use (i.e., simple key location) and to minimize accidental key engagement.

The display panel 16 preferably includes a Liquid Crystal Display (“LCD")
screen 70, as shown best in Figs. la, and Figs. 5a-5b. The LCD screen 70 18 housed behind the
front panel 26 to be visibly located at the upper portion of the front panel 20, as will be discussed
herein further. In one embodiment, the LCD screen 70 is a four line display having eight
characters per linc, with cach display character being composed of a matrix of display dots laid
out tfive horizontally and eight vertically. The LCD screen 70 can display alpha numeric
characters, such as those understood under ASCII standards. Output parameters and prompting
for user input are displayable on the LCD screen 70. An LCD controller 92 operably interfaces

the LLCD screen 70 to the controller 18 to provide direct linc access and data ¢omuunication

therebetween, as shown in Fig. 9g.

16
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In one embodiment, as shown in Figs. 4a-4b, the input panel 14 is a flexible pad

or gasket-like structure being operably positionable between the abuttable front and back panels
26, 28. Namely, the input panel 14 is operably attachable to the controller 18 hardware platform
of the device 10 on one side and sized and positioned for engagement of the keys 50-56 on the
opposite pad side upon alignment with the front panel 26 Key recesses. In such an embodiment,
the flexible input panel 14 can be made of a flexible polymer, with specificd portions typically
being combined, injected, or extruded with a conductive material such as carbon. Tn addition to
the integrated keys listed herein, the flexible input panel 14 generally includes a LCD framc nest
portion 65, at least onc scating post 67, and a seating aperture 71. The LCD frame pottion 65
can include a ribbon cable 69. The LCD frame portion 65 is sized and shaped to securably
receive the LLCD panel 70 such that the LCD panel 70 is provided a resting place prior to
alignment and abuttable attachment of the front panel 26 to the back panel 28. The ribbon cable
69 permits access by a data ribbon into the seated LCD 70 through the LCD nest 65 to facilitate
comumunication between the LCD 70 and the controller 18 without interfering with the seating of
the LCD 70. The seating posts 67 provide means of engaging a corresponding portion of the
controller 18. The scating posts 67 are positioned such that they will provide for a consistent and
properly aligned keypad 14 wherein connectable alignment of the posts 67 to the controller 18
results in proper alignment of the keys 50-56 to a corresponding at least one key switch 66. Asa
result, pressing of the keys 50-56 will resuit in an engagement with the key switches 66 which
will be processed by the processor 74 of the controller 18.

Each of the keys 50-64 are in opcrable communication with a key switch 66 that

can consist of output lines and input lines to the controller 18. Software monitoring of the key

17
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switch 66 for each key is performed such that control registers serve to identify the keys and
their corresponding activity. These register identities result in a control matrix to determine the
current key, and the key depression status,

Referring specifically to Figs. 9a-9e, the controlier 18 includes at least a processor
74, at least one open lead detect circuit 78, the LCD controller 92, non-volatile memory 94, and a
communication port 98. In addition, waveform generator control circuitry can be included 1n
operable communication with the proccssor 74. The processor 74 in one embodiment can further
comprisc input/output (“I/O™) controls 76 that provide dedicated and selectfvcly controllable data
communication lines to each of the hardware devices and circuitry within the TENS unit 10.
These /0O controls can include a display line, an inppt panel line, a powet sL;pply line, an
oscillator line, a waveform generator line, a first channel monitoring line, and a second channel

momnitoring line. The processor 74 can communicate with, control, and process data from cach of

the interfaced controls 76.

The non-volatile memory 94 (Fig. 9b), such as EEPROM, can be erased and
reprogrammed using special software access procedures. The non-volatile memory 94 can be
employed to store previous operating parameters, exror flags, critical operating parameters,
device defaults, configuration flags, and a myriad of other data which 1s destrously maintained
while the device 10 is powered off. The memory 94 can be selectively programmed and
reprogrammed using the communication port 98, as shown in Fig. 9. In one embodiment, the
communication port 98 is a serial data port for receiving an ¢xternal device to perform
reprogramming, testing, and likc operations. Other data communication interfaces known to one

skilled in the art are also envisioned for use with the present invention. For instance, at least one

18
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test contact point 99 can be included to provide for jumper type contact of a device for

downiloading and uploading communication with the controller 18, and the non-volatile memory
04 in particular.

In one embodiment, the processor 74 includes at least 32 Kilobytes of flash
memory for software storage and reprogramming, and 512 bytes of RAM for a stack and to
provide storage for operating parameters and variables. Other processor 74 embodiments
equipped with varying configurations, such flash memory and RAM, are envisioned for use with
the present invention as well. As will be further explained hercin, the processor 74 and its
reprogrammaeble software enables focused control over the operation of the hardware/circuitry

platform for thc device 10, as well as specific control, moni;oﬁng, and data proccssing for the
specific short-term and long-term treatment.

In one embodiment, the waveforn generator control circuitry includes a first
¢hannel output circuit, and a second channel output c¢ircuit, with each output circuit
corresponding to an output channel 2Q, 22, respectively. The gutput waveforms generated are
typically square waves. The processor 74 interfaces with the output circuits and provides
programmed intensity, pulse rate, and pulse width signals. Preferably, the output signals to each
channel 20, 22 is driven such that the two pulses are positioned 180 degrees out of phase with
respect to the other channel. The oscillator of the processor 74 controls the timing of the two

pulses. In one embodiment, the waveform generator control circuitry will include an EPOT chip

103 that will provide a progtammablc rcsistor divider allocation in 256 equal steps on each

channel 20, 22 to control the pulse amplitude, as shown 1n Figs. 9a and 9¢. For instance, the
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EPOT chip 103 can be programmed to designate the pulse amplitude from 0 to 127 milliamperes
in 1 mA steps.

In the embodiment shown in Fig. 9¢, the open lead detect circuit 78 includes a
transistor 80, a resistor 82, a comparator 84, the electrode connector 116, 126, and an output line
88. The open lead detect circuit 78 depends on the current flow out from the connector 116, 126
through the patient and returnable to the circuit. Upon return of the flow, the current passes
through the transistor 80 and then through the resistor 82. This flow through the resistor 82 will

generate a voltage which can be uscd at the “+” input to the comparator 84. When the voltage at

the “+” input to the comparator 84 exceeds the reference voltage on the “-* input to the

comparator 84, a signal is sent out from the comparator 84 through the output line 88 to the
processor 74. It should be noted that this embodiment, or other lead detection circuit
embodiments, can be implemented for both channels of the device.

Referring primarily to Figs. 6-7, and Figs. 8a-8e, the first channel output 20
includes a first lcad wire 110. In onc embodiment, the first lcad wire 110 has a first lead male
connector 112 at onc end for removable attachment to a first lead multi-pin connector 114

housed within the device 10 in the back panel 28. The multi-pin connector 114 is recessed

relative to the overlapping front panel 26 such that a portion of the male connector 112 is

covered and protected by the front panel 26 to form a recessed jack when engaged. In addition, a
first lead clectrode conncctor 116 is included at the cnd of the first lead wire distal the first male

connector 112, A treatment electrode is designed for removable attachment to the first lead
clectrode conncctor 116 to receive treatment pulses from the lead wire 110 of first channel

output 20, The recessed jack feature 1s clearly demonstrated 1n Fi gs. 1b and 2.
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Similarly, the second channel output 22 includes a second lead wire 120. In one
cmbodiment, the second lead wire 120 has a second lead malc connector 122 at one end for
removable attachment to a second lead multi-pin connector 124 housed within the device 10 1n
the back panel 28. The multi-pin connector 124 is recessed rclative to the overlapping front
panel 26 such that a portion of the second lead male connector 122 is covered and protected by
the front panel 26 to form a recessed jack when engaged. In addition, a second Icad electrode
connector 126 is included at the end of the second lead wirc 120 distal the second lead male

connecior 122. A trcatment electrode is designed for removable attachment to the second lead

slectrode connector 126 to receive treatment pulses from the lead wire 120 of second channel
Quiput 22.

In one embodiment, the connectors 114, 124 can be surface-mounted to the
controller 18, i.e., a circuit board, wherein at least one member 131 provides the attachment point

to the controller 18. In addition, at least one connector line 129 provides communication with

the controller 18, and can, in alternative embodiments, provide the attachment point to the
controller 18. Figs. 8a-8e show potential embodiments for the connectors or jacks 114, 124,
while Figs. 8a-8c in particular are directed to surface-mountable connectors 114, 124. Other
embodiments with these structural characteristics and features are envisioned for use with the
present invention as well. In addition, non-surface-mounted connectors 114, 124 or jacks can
also be employed, such as those shown in Figs. 8d-8e. Regardlcss, the connectors 114, 124 are
securably alignable with the corresponding lead apertures 34, 36 of the lead recesses 30, 32 of

the back pancl 28 to form the recessed jack for protective engagement of the lead wires 110, 120.
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Each of the electrodes provide electrical conduction to the patient’s/user’s skin
based on output pulse sipnals from the output channels 20, 22. The electrodes are typically
constructed of carbon, foil, stainless steel, or other like materials. The electrodes are insulated
and can be used with a gel material to provide adhesive contact and even dispersion of electrical
energy to skin tissue. It should be noted that various electrodes known to one skilled in the art
can be employed for usc with the present invention.

Fig. 9d demonstrates one embodiment of the power system 24 designed for power
off procedures at a manual switch 86 or through the control of the processor 74. The power
system 24 gencrally comprises a DC power supply 130 operably connected to a battery power
pack 132 for providing power to the hardware platform of the device 10, as shown in Fig. 9a. As
stated hereity, the power source for the power pack 13‘2, and the device 10, is preferably three
AAA 1.5 volt batteries, or a 9.0 volt battery. In one embodiment, the power system 24 is
preferably designed to comply with safety standards EN6060101, UL2601, and ANIVAAMI
NS4-85 requirements.

In operation, power to the device 10 1s accomplished by engaging or pressing the
power key 50. As stated, the controller 18 scans the key switch 66 for activation of any of the
designated keys 50-64, such as the power key 50, At this power up stage, the processor 74 will
retrieve from the non-volatile memory 94 any stored operating parameters. Generally, these
operating parameters were stored from the most recent treatment session and will include
settings for mode, rate, width, cycle, span, and timer functions. The processor 74 can write to

the non-volatile memory 94 through dcdicated I/O senal interfaces therebetween. In one

embodiment, the power up initiation of the device 10 will prompt the proccssor 74 reliability
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algorithms to verify the reliability of the software programs, RAM, ROM, timing, EEPROM, and
other hardware and softwate functions.

The processor 74 will initiate a power down stage upon detecting cngagement of
the power key 50 during a2 power on period. At the power down stage, the processor 74 will
reduce the intensity of the outputs to thc first and sccond output chamnels 20, 22 {o zero and
initiatc a shut down sequence. The shut down sequence, under normal circumstances, will
include storing the operating treatment parameters such as mode, pulse rate, pulse width,
compliance parameters, timing parameters, and the like, {o the non-volatile memory 94. As
described herein, each manaal ot processor-initiated power down can include this reference
scquence of storage events to the non-volatile memory 94 to preserve the data during power off
periods.

In addition, the TENS device 10 can include an automatic shut off function
performed by the processor 74. This function will generally tngger upon the occurrence of a
timing event in conjunction with a treatment disruption or inactivity. For instance, if the
processor 74 detects a lead continuity break, it wall imtiate a timing sequence. If continuity of
the lead is not re-established within the predefined time period, such as 30 seconds, the power
down sequence is initiated (i.e., operating parameters are stored and the power is turned off).
Other events can also trigger the timing sequence for shut down. For instance, failure to provide
user input upon display prompting, disengagement of the clectrode from the patient’s skin,

output inactivity, and & myriad of other considerations and activity can be defined as triggering

events by the software of the processor 74.

23




10

15

20

CA 02408656 2002-10-17

At power up, the LCD panel 70 can display the dcfault mode assigned by the
processor 74 according to the stored operating parameters retrieved from the non-volatile
memory 94. There can be a plurality of preprogrammed TENS modes for the device 10. These
modes can includc normal modc, strength duration mode, SMP mode, burst mode, rate
modulated mode, width modulated mode, and multi-modulated mode. By pressably engaging
the mode selection key 52, it is possible for the user/patient to toggle between these modes.

To provide for electrical stimulation treatment, parameters for puise intcnsity,
pulse rate/cycle, and pulse duration/width parameters are set and appropriately adjusted. As will
be discussed herein, the approprate parameters can vary depending on thc treatment modes

selected by the user. For instance, the intensity can be programmed to default to zero when the

device 10 is initially powered on, with the output intensities of the pulses at each chanmel 20, 22
being independently adjustable in a linear manner from 0% to 100% in steps of 1%. In addition,
the output can be expressed in output percentage, milliamps, volts, and the hke. Other stepped
interval options are also envisioned. These interval adjustments arg made at channel intcnsity
keys 58-64.

The operational range of the pulse rate/cycle is typically between 2 and 160 Hz,
or pulses per second (PPS). To facilitate therapeutic pain control, also known as endorphin
control, the adjustinent can generally bc made in 2 PPS increments below 20 PPS, and 4 PPS
increments above 20 PPS. Upon prompting at the LCD screen 70 for a pulse rate change, keys
58-64 can be utilized for adjustment, wherein the processor 74 dircctly controls the rate by

regulating the time from the beginning of one pulse to the beginning of the next. The pulse

width adjustment is controlled at the processor 74 by regulating the time from the beginning of a
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pulse to the cad of that samc pulse. Preferably, the pulse width is adjustable in 5 psec
increments over the operational range between 50 usec and 400 upsec (+/- 2 psec). Othet
incremental variations are also cnvisioned for use with the present invention 10, |

In one embodiment, the present invention 10 providcs for an automatic pulse
duration/width compensation system that mamntains a fixed relationship between the pulse
duration and the output amplitude as demonstrated in the strength duration curve of Fig. 10.
When the pulse duration changes, the amplitude is adjusted automatically to follow the curve.
Preferably, this automatic compensation occurs in normal mode, burst mode, strength duration
mode, or in any combination of modes. The strength duration curve describes the required
output intensity for a given pulsc duration as defined by the following equation:

| I=196A/1- e-0-0030593(21-338+W? |
wherein 1 is the current in milliamps, W is the pulse duration, and A 1s an intensity factor from

0% to 100% intensity. As stated, the pulse duration is generally adjustable between 50 psec and

400 usec. This duration is adjustable through user depression of the pulse control key 54

followed by the appropriate channel intensity keys 56. Cycle time adjustments can be made by

pressing the pulse control key 54 momentarily. The pulse cycle time is typically adjustable in .5
second increments from .5 seconds to 12 seconds.

The various preferred modcs available for stimulation treatment using the present

invention are described below.
Normal mode: The normal mode setting defines a coustant output at a selected

pulse width and pulse rate to the output channels 20, 22. The user can gencrally adjust the pulse

rate between 2 and 160 Hz, or between other selected rate values. The pulse wadth 1s generally
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adjustable between 50 and 400 usec. Both output channels 20, 22 arc driven with pulse
waveforms that are based upon the same rate and width settings. The pulse on the second
channel output 22 will be 180 dcgrees out of phasc with that generated on the first channel
output 20.

Strength duration mode: the strength duration modc 18 applied to the two channels

20, 22 in a modulated manner over a selectable cycle time that is vanable from .5 to 12 seconds.
During said cycle, the pulse rate is preferably fixed at 100 PPS with the nominal pulsc width set
at 225 nsec. A modulation range percentage from 0% to 100% is available to the patient, with

this range specifying the amount of pulse width modulation deviation from the nominal width

over the selected cycle time. The pulse amplitude and pulse duration are varied inversely to
match the strength duration curve. At 100%, the modulation will ¢yele up and down the entirc

range of pulse duration from 50 psec to 400 psec. At 0%, the modulation will cease entirely

since the pulse duration will be fixed at 225 usec.

Burst mode: in burst mode, as shown in Fig. 11, the user selects the pulse rate
over the selectable runge form 16 PPS to 160 PPS durning the burst, in 2 Hz increments. The

output signal intensity is adjustable between 0% to 100%. Rate thresholds arc imposed such that

a pulse rate below 16 PPS is not permitted, and the pulse width is fixed. The repetition rate can
occur at approximately a 2 Hz rate — one burst per each %2 sccond interval, or at other designated

values/rates.

SMP mode: the SMP modc inversely correlates the pulse rate/cycle and the pulse
duration/width modulate such that when the pulse rate increases, the pulse duration decreases.

This corrclation creatcs inverse and symmetric pulse phases for the output channels 20, 22, as
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demonstrated in Fig. 12. The pulse rate will generally modulate non-linearly from the set rate
down to 2 PPS in a 12 second cycle, with the rate staying in the 2 PPS to 10 PPS range for 1/3 of

the cycle time. Increases or decreases in this correlation are made by incrementally depressing

the channel increase/decrease keys 58-64. Generally, the pulse rate range is 20 PPS to 125 PPS,

and the pulse duration/width range 1s 50 psec to 400 psec.

Rate modulate mode: in rate modulatc mode, the output signal is delivered with
modulated pulse rates. The adjustable pulse width is constant over the normal available ranges,
wherein the pulse rate modulates can be between the set rate and 66% of the set rate every 2.5
seconds, or other selected values. These values a;'e adjustable with the corresponding keys 54,

56, with the pulse rate being selectable between 2 to 100 Hz (PPS), or other selected valucs.

Width modulated mode: width modulated mode controls the pulse width to

alternate between the sclected valuc and 50% of the sclected value every 2.5 seconds, or other

selected values. The pulse rate is selectable within the available normal range. The pulse

duration is selectable betweent S0 psec to 300 usec. The pulse ratc can be sclcctable hetween 2 to

125 Hz (PPR), or other selected values.
Multi-modulated mode: In the multi-modulated mode, the output is delivered with

modulated pulse ratc and pulse width such that both the width and rate modulate inversely to
each other, and the cycle period 1s adjustable. The pulse width typically decreascs to 50% of the
set value with a 40 usec minimum. The pulse rate when set to 100 Hz modulates to 66% of the
100Hz, or some selected value.

Mode selection depends greatly on the particular needs and treatment goals for the

user/patient. By adjusting the above-described controls and treatment variables at the mput panel
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14 bascd on prescribed treatment and/or prompting on the display panel 16, a treatment session is

initiated and monitored. One important monitoring function performed by the present invention

is the open lead monitoring system.

The open lead monitoring system allows the device 10 to detect an open or circuit
condition at either or both of the channel outputs 20, 22. For instance, if a lead wire 110, 120 is
disconnected from the channel outputs 20, 22, an open condition will be detected by the
processor 74 and a preprogrammed series of steps will be mitiated. At the time of detection, the

processor 74 will immediatcly initiate an adjustment to the output channel 20, 22 such that the

output signal is brought down to approximately zcro. At the time of output reduction, 2 warning

message may be displayed on the LCD screen 70. The monitoring is facilitated by a periodic

polling test pulse to the channels 20, 22 such that lead continuity is monitored within 4 psec after

the generation of a pulse. If a return signal is not received, the open circuit condition 18 assumed.
If a return signal is received, then the soft recovery function occurs.

In one embodiment, a low battery monitoring system s also in place with the
device 10 during opcration. With such a system, stepped indicators are processcd to provide
mote detailed analysis of the level of battery voltage reduction that is occurring with the device
10. For instance, if three AAA (1.5 volt) batteries are being used, a total of 4.5 volts will be
gvailable at peak power. One embodiment of the present invention wall monitor the voltage at
the power system 24 at threshold levels of 3.2 volts, 2.7-3.2 volts, and less than 2.7 volts. While
oiher thresholds and monitoring embodiments are obviously envisioned, these thresholds provide

a good explanation of how the monitoring system works. When the battery input level reaches

3.2 volts, the unit will display a low battery indication at the LCD screen 70. When the battery
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voltage drops to the second threshold level of approximately 2.7 to 3.0 volts, all output will cecase
and the channel indicators will go off, with only the low battery indicator showing on the LCD
screcn 70. Preferably, at the next threshold lcvel below approximately 2.7 volts, all powcr to the
unit 10 will cease, inciuding low power indications on the LCD screem 70. Obviously, other
permutations on the threshold exampics and monitoring are envisioned and can be implementced
without deviating from the spinit and scope of the prescnt invention. As indicated herein for
other shut down sequences, the processor 74 will store parameter data (i.e.,, mode data,

compliance data, pulse data, ¢tc.) to the non-volatile memory 94 as part of the shut down

sequence before power to the device is substantially set to zero.

Open Lead Monitoring

As further desembed herein for the open lead detect circuit 78 of Fig. 9¢, the
device 10 performs a lead continuity monitoring function that cvaluates or polls the output pulse

dclivery, such as current, for a treatment application. It should be noted that this pulse delivery

is the key monitoring event rather than mere pulse generation, which may never reach the patient
due to a disruption. Trcatment disruptions can include lead 110, 120 disengagement at the
connectors 114, 124, poor electradce skin contact, mode changes, and the like. If such conditions
are detected, the output intensity to the output chanmnels 20, 22 is immediately set to
approximately zero, or a relatively negligible current of approximately & milliamps or less. The
levels stay at the low polling current level until the disruption is eliminated. The low polling
current signal can include a single 50 usec polling pulse, at around 5-8 milliamps, delivered to

the channels 20, 22 twice a second, wherein the processor 74 monitors for a return signal. Once

the disruption is eliminated, i.e., a closed iead condition 1s established due to the reconnection of

29



CA 02408656 2002-10-17

the leads 110, 120, fccdback from the polling pulse signals the processor 74, which
correspondingly starts a ramp up $tage which is further described herein. This disruption signal
can represent no output current. When an open channel exists for either the first channel 20 or
second channel 22, the processor 74 indicates the open channel condition on the display panel

5 16. The polling feature ensures a soft recovery that will not startle the patient when the open
channel condition is cotrected, and further facilitatcs the patient compliance monitoring system.

e Monitonn
The invention accomplishes compliance monitoring by storing a number of
parameters in thc non-volatile memory 94 which can include EEPROM registers. As indicated,
10  the open lead monitoring system enhances the accuracy of measunng true patienj: compliance.
An open lead condition resulting in the low polling current levels equates to a non-compliant
period. As such, accurate compliance monitoring is achieved wherein the device 10 does not
count open lead periods as valid therapy periods. With such a mechanism, conditions such as
disconnecied electrodes and leads disrupt the output, resulting ih a non-compliant open lead
1S period. Conventional devices have monitored compliance merely according to power-on periods
or output genceration. With the present invention, an important distinction is made between the
output generated and the output actually delivered to the patient’s slan. The open lead condition
monitoring makes this distinction possible as thc processor 74 is continuously monitoring
whether the output signal is delivered or disrupted, and when a disruption, or open lead

20 coundition, is removed.

In addition, the TENS device 10 allows for scrial humber storage, which can

include an eight-bite serial number (ASCLI characters), or other selected parameters. The serial

30




10

15

20

CA 02408656 2002-10-17

numbers are stored within the first four locations of the memory 94. Each device 10 has a
unique serial number that provides for traceability to the date of manufacture. The device 10
also includes device timer storage wherein the timers can include the patient usage timer, the
device usage timer, and independent modal usage timers. The timer values will be stored within
an appropriate number of locations within the memory 94.

[n one embodiment, a plurality of time accumulators can be implemented to
achieve compliance monitoring. First, the processor 74 software accumulates the active time
during which the device 10 is delivering pulses to the patient. The time can be stored on a
resolution of minutes. For instance, the accumulator ¢an accumulate time for up to 65,000 hours
which is equivalent to over seven years of operating time. The device active time accumulator is
preferably stored in the non-volatile memory 94, wherein each timer can occupy three bits. The
timer value ¢an be stored once every ten minutes, or whenever the device is shutdown. The time
accumulator is available to the prescribing practitioner for reading and clearing through use of
the communication port 98.

The processor 74 software can also makc available mode usage time accumulators
that accumulate the active time in which the device 10 is delivering pulses in each of the
operating modes. The times are. accumulated into separate accumulators, are designed to
accumulate tirne for up to 63,000 hours, and are preferably stored in the non-volatile memory 94
as well. Again, the timer values are stored once cvery ten minutes or upon shutdown of the

device 10, and are available for reading and clearing through the use of the communication port

98.
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A patient usage timer can be included to accumulate the active tirne during which
the device 10 is delivering pulscs irrespective of modc of opceration. The time is accumulated
into a time accumulator as a resolution of minutes, 1s preferably tmed to accumulate time for up
to 65,000 hours, and is also stored into the non-volatile memory 94. Again, the timer value is

5 stored, preferably, every ten minutes and upon shut down. The patient usage timer 13 available
for display on thc LCD screen 70 and may be reset through the communication port 98.

The device 10 can also mclude a th#rapy ttmer. The therapy timer permits the
unit to turn itself off automatically after the expiration of a programmable duration timer. This
time is preferably updated/stared in the memory 94 as an operating parameter value. The

10 duratio_n timer is preferably programmmable in steps of five minutes up to a maxirxmm of eight
hours. Other timing periods and intervals are also envisioned for use with the device 10 of the
present invention. Whenever the device 10 starts delivering pulses with any amplitude

approximately over 5 milliamps, the software starts a countdown using the processor 74 timing

based on the setting of the therapy timer parameter. Other relatively low pulses, such as those

15 Dbelow 8 milliamps, can be implemented as wcll. As such, the open lead detection/monitoring

described herein affects the initiation of the actual countdown. An open lead condition will halt

the countdown such that only actual pulse delivery times result in a time countdown. When the
countdown timing cxpires, the device 10 imitiates the power down sequence as the therapy

duration is considered cornplete.

20 High Voltage Level Contro] System

As described hercin, the device 10 of the present invention can provide power

level indications and monitoring of low battery power at predetermined thresholds. In addition, a
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system of efficiently managing the consumption of power for the device 10 is also implemented.
Specifically, a high voltage level control system is included which provides variable excitation of
the generator control circuitry.

The high voltage level control systern promotes variable control over the
generator circuitry by permitting the generator to opcrate at a variable range controlled by the
software of the processor 74 so that the output can be generated to the desired output amplitude.
This prolongs battery life by avoiding running the high voltage system at the maximum level
when the device 10 18 operating at less than meaximum output. The gencrator output can be
variably controlled or fine-tuned by the processor 74 software. The software drives the
processor 74 to preferably produce a pulse width modulated signal that varies from 0% to 100%
duty cycle and correspondingly produces the desired range of high voltage level control. As a
result, intelligent high voltage levels are promoted and incotisiderate operation of the generator
circultry 1s avolded.

The processor 74 employs the high voltage level control system of the prescnt
invention by monitoring the exact level of available voltage required at the high voltage circuit to

achieve the set output level. As such, it 18 possible to minimize any overcharging of the high

voltage circuit, and to consequently promote power conservation. The processor 74 is

programumed to monitor and adjust high voltage to achieve the required output. For instance, an
embodiment dcsigned to operate with three battery sources (i.e., 3 AAA batteries), each having
1.5 volts, or a combined voltage of 4.5 volts, which provides power to the high voltage circuit,
operates most efficiently when only the necessary sufficient power is provided to deliver the sct

output, If it is determined that 40 volts is nceded, then overcharging above that level required to
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obtain that will be avoided, and that idcal voltage will be substantially maintained in the high
voltage ¢ircuit. The processor 74 knows what the output i$ set at and only charges the capacitor
in the high voltage circuit to the ideal level to produce that set output. For instance, the capacitor
in the high voltage circuit must be set to a certain level in order for the high voltage circuit to
mcet the required output. The processor 74 will determine the pulses to charge the capacitor to
obtain this level, and will monitor and maintain the ideal level. For example, if the set output is
50% for the high voltage circuit, there is no need to charge the capacitor to a level required to
output 100% intensity. Overcharging is an innate problem with conventional devices that causes
unnecessary drainage on batteries. With the present invention, when the dcvice 10 uses a
portion, or pulsc, from thc capacitor, the processor 74 penodwa]ly ensurcs that a replace;nent

pulse(s) is directed to substantially maintain the capacitor at ideal levels.

Soft Recovery

The TENS device 10 further includes a soft recovery system designed to initiate a

software routine at the processor 74 that prevents users/patients from being startled or injured

when current flow at the electrodes are resumed following a treatment disruption. Treatment
disruptions can include lead 110, 120 disengagement at the connectors 114, 124, poor clectrode

skin contact, mode changes, and the like. If such conditions are detected, the output intensity to
the output channels 20, 22 is immediately set to approximately zero, or a relatively negligible
current of approximately 8 milliamps or less. The levels stay at the low polling current level
until the disruption is elminated. Once the disruption 1s ehminated, 1.€., a closed lead condition
is established due to the reconnection of the leads 110, 120, feedback from the polling pulse

signals the processor 74, which sets the output intensity to zero and then correspondingly starts a
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ramp up stage. In the ramp up stage the output intensity level 1s incrementally increascd over a
predetermined time interval to climinate the problematic surge conditions that plague
conventional units. In one embodiment, elimination of the open circuit flag at the processor 74
will causc a step up featurc that permits the output amplitude at the channels 20, 22 t¢ increase
from approximately zero to the programmed or set level over a period of approximately 2.55
seconds. The low polling current signal can include a single 50 usec polling pulse, at around 5-8
milliamps, dclivered to the channels 20, 22 twice a second, wherein the processor 74 monitors
for a return signal. When a return signal is detected, the described soft fmnp up is performed.
Preferably, the soft recovery protection 1s triggered when there has been a disconnection of the
fixst lead wire 110 and/or the second lead wire 120, or when there has been a user-imtiated mode
change during an active treatment session. However, the mode change initiation of the soft
recovery can be performed by the processor 74 software upon a change in the mode and does not

require an open lead condition event. Whether this mode change 1s intentional or unintentional,

it must be properly addressed to eliminate discomfort to the user from utidesirable amplitude
spikes.
Those skilled in the art will appreciate that other embodiments in addition to the

ones described herem are indicated to be within the scope and breadth of the present application.

Accordingly, the applicant intends to be limited only by the claims appended hereto.

335



Fa A Saemh =LA

CA 02408656 2014-06-13

Claims
L. A nerve stimulation device comprising:

at least one output channel capable of communicating a generated electrical pulse
signal to a user, the at least one output channel being operably coupled to at least one lead wire
for delivering the generated electrical pulse signal;

a processor performing open lead monitoring for the at least one output channe! to
sense changes in the delivery to the user of the generated electrical pulse, and adjusting the
electrical pulse signal to a low polling level signal upon detecting an open lead condition; and

non-volatile memory in operable communication with the processor for storing
data, wherein the non-volatile memory includes EEPROM memory capable of storing operating

parameter data for the device prior to power shut down of the device.

2. The device of claim 1, wherein the processor periodically scans the at least one
channel during the open lead condition with the low polling level signal to detect whether the

open lead condition has been removed.

3. The device of claim 2, wherein the low polling level comprises a low current

signal of less than 10 milliamps.

4, The device of claim 1, wherein the processor performs an automatic shut down of
the power for the device if the open lead condition is not removed after a predetermined time

period.

5. The device of claim 1, wherein the operating parameter data for the device

includes pulse cycle, pulse width, and operation mode settings from a recent treatment session.

6. The device of claim 1, wherein the non-volatile memory s capable of storing

compliance monitoring data processed by the processor.

7. The device of claim 6, wherein stored compliance monitoring data includes a

plurality of time accumulators into which active time data is accumulated.
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8. The device of claim 7, wherein the plurality of time accumulators includc a

patient usage timer, a device usage timer, and a modality usage timer.

9. The device of claim 1, further including a high voltage level power system in
operable communication with the processor, wherein the processor controls charging of the high

voltage level power system to an ideal voltage level not substantially above that necessary to

obtain the generated electrical pulse signal.

10.  The device of claim 1, wherein the open lead condition is caused by events

selected from a group consisting of disengagement of an end of the lead wire from the user, and

disengagement of the at least one lead wire from the at least one output channel.

11.  The device of claim 1, wherein the processor further performs a soft recovery

ramp up of the pulse signal upon removal of the open lead condition.

12.  The device of claim 11, wherein the soft recovery ramp up initiates at the time

when the open lead condition 1s removed such that the low level polling signal is set to

approximately zero and ramped up over a period of less than 3 seconds to substantially the pulse

signal level maintained prior to the open lead condition.

13.  The device of claim 1, further comprising a communication port adapted to

provide uploading and downloading communication with the processor.

14.  The device of claim 13, wherein the communication port is a serial

communication port adapted to receive a seral cable in operable communication with an external

computing device.

15.  The device of claim 1, including at least one recessed output channel jack

providing intetmediate connectability for attachment of the at least one lead wire to the at least

one output channel.
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16.  The device of claim 15, wherein the recessed output channel jack 1s surface-

mournted to a circuit board of the nerve stimulation device.

17.  The device of claim 1, further comprising a keypad housed within the nerve
stimulation device, the keypad having
a plurality of input keys; and
a display frame nest for securing a display screen within the nerve stimulation

device.

18.  An electrotherapy compliance monitoring system for incorporation with an

electrical nerve stimulation device for monitoring patient compliance, the system comprising:

at least one output channel adapted to communicate a generated electrical output;

a processor 1n operable communication with the at least one channel, the
processor including software for sensing changes in delivery of the generated electrical output at
the at least one output channel; and

non-volatile memory capable of storing selected daté regarding patient
compliance, the selected data including data dependant upon sensed changes of the delivery to
the patient of the generated outpilt caused by an open lead condition, wherein the non-volatile

memory includes EEPROM memory capable of storing the selected data prior to power shut

down of the device.

19.  The system of claim 18, further including a communications port adapted to at

least provide access to the data stored in the non-volatile memory.

20.  The system of claim 18, wherein non-volatile memory stores parameters selected

from a group consisting of mode, rate, cycle, and timer.

21.  The system of claim 18, wherein the stored data includes a plurality of time

accumulators including a patient usage timer and a device usage timer.
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22. = The system of claim 21, wherein the time accumulators further include a plurality

of independent modality usage timers.

23.  The system of claxm 18, wherein the stored data includes a plurality of time
accumulators including a patient usage timer, a device usage timer, and a plurality of

independent modality usage timers.

24.  The system of claim 19, wherein the communications port 1s adapted to allow for

selective resetting of the stored data.

25.  An electrotherapy compliance monitoring system for incorporation with an

electrical nerve stimulation device, the compliance monitoring system comprising;

at least one channel means for outputting a generated treatment signal;

processing means in operable communication with the at least one channel for
sensing changes in delivery to the patient of the generated treatment signal and monitoring other
operating parameters of the elecirical nerve stimulation device; and

non-volatile memory means for storing selected data regarding patient compliance
including data dependant upon sensed changes in delivery to the patient of the generated
treatment signal caused by an open lead condition, wherein the non-volatile memory means
includes EEPROM memory capable of storing the selected data prior to power shut down of the

device.

26. A method of monitoring an electrical nerve stimulation device, the method

comprising the steps of: ‘

generating an output signal to at least one output channel having at least one lead
wire attached to an electrode;

monitoring at a controller the generated output signal by polling the at least one
output channel for an open lead condition; and

storing selected data representing patient compliance at non-volatile memory,
wherein the data includes a plurality of compliance data including compliance data dependant

upon sensed changes in the output treatment signal.
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27.  The method of claim 26, further including downloading at least the compliance

data at a communication port.

28.  The method of claim 27, wherein the downloading of the compliance data

includes downloading a patient usage timer and a device usage timer.

29.  The method of claim 28, wherein the downloading of the compliance data further

includes downloading a plurality of independent modality usage timers.

30. A nerve stimulation device, comprising:

output means for communicating an electrical pulse signal to a user, the output
means having at least one wire means attachable to the output means for communicating the
electrical pulse signal to the user's skin tissue; and

control means for monitoring the output means for an open lead condition, and
adjusting the electrical pulse signal to a low level polling signal upon detecting the open lead
condition, wherein the control means further performs a soft recovery ramp up of the pulse signal

upon detecting removal of the open lead condition.

31. The device of claim 30, wherein the control means momnitors the low level polling

signal to detect the removal of the open lead condition.

32.  The device of claim 31, wherein the low level polling signal is a current pulse of

less than 10 milliamps.

33.  The device of claim 30, wherein the soft recovery ramp resets the pulse signal to
approximately zero, and then performs a gradual increase of the pulse signal over a
predetermined period until the pulse signal reaches a level substantially the same as before the

detection of the open lead condition.
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34.  The device of claim 33, wherein the predetermined period for the sott recovery

ramp up 1s some time less than 3 seconds.

35. The device of claim 30, wherein the control means 1nitiates a shut down sequence

after a predetermined period if the open lead condition has not been removed.

36.  The device of claim 35, wherein the predetermined period for initiating the shut

down sequence is some time less than 60 seconds.

37.  The device of claim 35, wherein the control means stores a pluratity of parameters

prior to initiation of the shut down sequence.

38. A method of using an electrical nerve stimulation device, comprising the steps of:

inputting at least one operating parameter into the nerve stimulation device at a
keypad;

processing the at least one inputted operating parameter to generate an output
pulse signal at an at least one output channel;

monitoring changes in the actual delivery of the generated output signal to a user
through polling of the at least one output channel;

wherein monitoring changes in the delivery of the generated output signal further
includes adjusting the output signal at the at least one output channel to a low level polling signal
upon detection of an open lead condition; and

further including setting the output signal to approximately zero upon detecting
the removal of the open lead condition, and then gradually stepping up the output signal to

substantially the level maintained prior to detection of the open lead condition.

39.  The method of claim 38, further comprising storing time accumulators in non-

volatile memory for use in monitoring patient compliance.
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40.  The method of claim 39, further inciuding downloading the time accumulators at

a communication port.

41.  The method of claim 40, further including uploading software to the device at the
communication port, wherein the software controls, processes, and monitors operation of the

device.

42.  The method of claim 38, further including periodically monitoring the voltage
capacity of a high voltage level power system controlling output through the at least one channel,
wherein an ideal voltage capacity 1s substantially maintained during operation to obtain the

generated output pulse signal.
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