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Description

TECHNICAL FIELD

[0001] The invention relates to medical devices, and more particularly, to medical devices for delivery of neurostim-
ulation.

BACKGROUND

[0002] Implantable neurostimulators are used to deliver therapy to patients to treat a variety of symptoms or conditions
such as chronic pain, tremor, Parkinson’s disease, epilepsy, incontinence, sexual dysfunction, or gastroparesis. A neu-
rostimulator delivers neurostimulation therapy via one or more leads that include electrodes located proximate to the
spinal cord, pelvic nerves, or stomach, or within the brain of a patient. In general, the implantable neurostimulator delivers
neurostimulation therapy in the form of electrical pulses.
[0003] Depending on the application for which they are implanted in a patient, neurostimulators may include a variety
of electrical and mechanical components. Typically, a neurostimulator includes a rigid housing that houses all of its
components, which are generally fragile, to protect the components from forces and fluids to which they would otherwise
be exposed when implanted within the human body. The size and shape of a neurostimulator housing is dependent on
the sizes and shapes of the components of the neurostimulator.
[0004] A neurostimulator is typically implanted within the abdomen, upper pectoral region, or subclavicular region of
a patient. Leads or catheters are used to deliver therapy or monitor a physiological parameter at a remote location of
the body. The leads or catheters extend from the neurostimulator housing for placement at a target site.
[0005] Implantation and positioning of leads and catheters can be difficult and time-consuming from the perspective
of a surgeon, particularly where the neurostimulator is located a significant distance from the treatment or monitoring
site. The increased surgical time, increased surgical trauma, and increased amount of implanted material associated
with the use of leads and catheters can increase the risk to the patient of complications associated with the implantation
of a neurostimulator.
[0006] In addition, selection of an efficacious target site for deployment of a lead or catheter is difficult. Some leads
include an array of electrodes that can be selectively activated to target different nerve sites or create different energy
fields. Once a lead is in place, however, repositioning of the lead is generally undesirable. In particular, the patient
ordinarily must undergo an additional surgical procedure with associated risks. Accordingly, selection of a nerve site
appropriate for therapeutic efficacy continues to be a concern.
US 2003/208248 relates to a method and apparatus for aplpying a therapeutic electrical signal for relieving pain arising
from temporary or chronic conditions or during or after surgery.

SUMMARY

[0007] In general, the invention is directed to devices for non invasively screening a patient to select a stimulation site
for treatment of head, neck, or facial pain or tension, including pain or tension caused by occipital neuralgia. The
stimulation site may generally reside within the upper cervical region of the spine, e.g., C1-C4, and may target occipital
nerves and branches in that region. A neurostimulator can be implanted at the selected stimulation site adjacent a
neuralgic region of the patient, and deliver neurostimulation therapy to treat pain and tension symptoms.
[0008] Screening devices in general apply one or more of a transcutaneous stimulation screening device, a percuta-
neous micro-electrode screening device, and a temporary implantable screening device to the patient to select a site
for chronic implantation. A health care provider may perform imaging, such as magnetic resonance imaging (MRI), to
select an epidermal region adjacent a neuralgic region of the patient. For example, the epidermal region may be within
the back of the neck, in the upper cervical region of the spine of the patient, adjacent the occipital nerve.
[0009] A transcutaneous stimulation screening device applies an electrode array to the epidermal region of the patient
and applies electrical stimulation at difference positions across the electrode array. As the stimulation moves across the
electrode array, the patient provides feedback concerning the efficacy of the stimulation.
The feedback may be in the form of a pain assessment, obtained for several stimulation regions within the epidermal
region. Based on the feedback, the health care provider selects a stimulation region for percutaneous stimulation, or
temporary or chronic implantation of an implantable neurostimulator.
[0010] A percutaneous micro-electrode screening device applies a micro-electrode needle array to the selected stim-
ulation region to localize the region to a stimulation site. In this way, a more specific stimulation site may be selected for
the implantation of a neurostimulator, e.g., following identification of a general stimulation region using the transcutaneous
stimulation screening device described above. Needle electrodes in the micro-electrode needle array may form bipolar
electrode pairs or operate as unipolar electrodes in conjunction with a reference electrode that may be placed on the
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skin of the patient, or a reference electrode incorporated within the needle array at a distance from the unipolar needle
electrodes.
[0011] A temporary implantable screening device may be subcutaneously implanted at the localized stimulation site
to test the efficacy of the stimulation region or site selected in the transcutaneous or percutaneous screening. The
temporary implantable screening device may be implanted at a stimulation region identified using the transcutaneous
stimulation screening device or a stimulation site identified using the percutaneous micro-electrode array. The temporary
implantable screening device may comprise a battery with a lifetime of at least one day to support temporary stimulation
of the neuralgic region of the patient.
[0012] The present invention provides a neurostimulation screening device comprising a transcutaneous electrical
neurostimulation electrode array for application to an epidermal region adjacent a neuralgic region of a patient, an array
of percutaneous needle electrodes for penetration of the epidermal region adjacent the neuralgic region of a patient,
and a controller to selectively apply stimulation energy to different combinations of electrodes within the transcutaneous
electrical neurostimulation electrode array at different stimulation regions, and selectively apply stimulation energy to
different combinations of the needle electrodes within the array at different stimulation sites within one of said different
stimulation regions.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 is a schematic diagram illustrating a transcutaneous stimulation screening device.
[0014] FIG. 2 is a side view of an electrode array patch shown in FIG. 1.
[0015] FIG. 3 is a conceptual diagram illustrating one example of a controller for use with the screening device from
FIG. 1.
[0016] FIG. 4 is a block diagram illustrating the screening controller of FIG. 1 in greater detail.
[0017] FIG. 5 is a schematic diagram illustrating an example of a micro-electrode screening device.
[0018] FIG. 6 is a schematic diagram illustrating a temporary implantable screening device.
[0019] FIG. 7 is a schematic diagram illustrating an example chronic neurostimulator subcutaneously implanted in an
occipital nerve region at the back of a neck of a patient.
[0020] FIG. 8 is a flow chart illustrating a screening process to select a stimulation site for treatment of a neuralgic
region of a patient.
[0021] FIGS. 9A and 9B respectively illustrate a top view and a side view of a chronically implantable neurostimulator.
[0022] FIG. 10 is a schematic diagram illustrating an exemplary bottom view of a neurostimulator.
[0023] FIG. 11 is an exemplary side view of the neurostimulator of FIG. 10.
[0024] FIG. 12 is a schematic diagram illustrating another exemplary bottom view of a neurostimulator.
[0025] FIG. 13 is a schematic diagram illustrating another exemplary bottom view of a neurostimulator.
[0026] FIG. 14 is a schematic diagram illustrating an exemplary tool for insertion or removal of a neurostimulator.
[0027] FIGS. 15A and 15B respectively illustrate a top view and a side view of a neurostimulator.
[0028] FIG. 16 is a block diagram illustrating an exemplary control module included in an on-site neurostimulator for
the treatment of neuralgia experienced by a patient.
[0029] FIG. 17 illustrates a neurostimulator for treatment of neuralgia experienced by a patient.
[0030] FIG. 18 is a schematic diagram illustrating an exemplary external view of a neurostimulator.
[0031] FIG. 19 is a schematic diagram illustrating another exemplary external view of a neurostimulator.
[0032] FIG. 20 is a schematic diagram illustrating the neurostimulator of FIG. 19 in a slightly bent position to better
conform to an implantation site.

DETAILED DESCRIPTION

[0033] FIG. 1 is a schematic diagram illustrating a transcutaneous neurostimulation screening system 2. The trans-
cutaneous stimulation screening system 2 may be used to non-invasively select a stimulation region to treat head ache,
neck ache, or facial pain or tension, including pain or tension caused by occipital neuralgia. The neurostimulation may
generally be directed to the upper cervical region of the spine, e.g., C1-C4, and may target occipital nerves and peripheral
nerve branches in that region. Also, in some cases, system 2 may stimulate muscle tissue instead or, or in addition to,
nerves in the upper cervical region..
[0034] System 2 may be applied to treat symptoms of occipital neuralgia. Occipital neuralgia is a chronic pain disorder
caused by irritation or injury to the occipital nerve, which is located at the back of the neck. Occipital neuralgia may
cause pain, often described as throbbing and migraine-like, originating at the nape of the neck and spreading up and
around the forehead and scalp. Occipital neuralgia can result from physical stress, trauma, or repeated contraction of
the muscles of the neck. Although application of the invention to occipital neuralgia will be described herein for purposes
of example, the invention may be applied to alleviate pain or tension caused by other neurological disorders in the upper
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cervical region.
[0035] The transcutaneous stimulation screening system 2 illustrated in FIG. 1 is used to select a stimulation region
adjacent a neuralgic region of a patient 4. Upon selection of the stimulation region, a neurostimulator (not shown in FIG.
1) may be subcutaneously implanted in the stimulation region on a chronic basis to substantially alleviate the pain
experienced by the patient. As will be described, the neurostimulator may comprise a neurostimulator device with a
miniaturized form factor and a low profile to allow implantation at the stimulation site. For occipital neuralgia, the neu-
rostimulator may be subcutaneously implanted at a stimulation site generally located in the back of the neck of the patient.
[0036] Alternatively, additional screening can be performed to narrow the stimulation region to a preferred stimulation
site. For example, an additional stimulation screening system, in the form of a percutaneous needle electrode array,
may be applied to patient 4 to more precisely identify a stimulation site prior to chronic implantation of a neurostimulator.
As a further alternative, application of the transcutaneous stimulation screening system may be followed by the percu-
taneous needle electrode array, and then by a temporary neurostimulator implanted at the stimulation site, prior to
implantation of a chronic neurostimulator. The temporary neurostimulator may provide a trial screening period to evaluate
the efficacy of neurostimulation in the relief of symptoms of occipital neuralgia. These alternatives will be described in
further detail below.
[0037] With further reference to FIG. 1, transcutaneous stimulation screening system 2 includes an electrode array
patch 6 and a screening controller 12. Electrode array patch 6 may be applied to an epidermal region 8 of a patient’s
head, adjacent to a neuralgic region. A caregiver, such as a physician or clinician, may perform imaging of the head of
the patient 4, e.g., using magnetic resonance imaging (MRI), to identify epidermal region 8. In the example of FIG. 1,
electrode array patch 6 is applied to epidermal region 8 on the back of the neck of the patient 4, which is adjacent the
occipital nerve of the patient.
[0038] Electrode array patch 6 comprises an array of electrodes 10 formed on a carrier. Electrode array patch 6 may
conform to epidermal region 8. In some embodiments, electrode array patch 6 may comprise a rigid material pre-formed
to the contour of epidermal region 8, e.g., by casting or molding. In other cases, electrode array patch 6 may comprise
a flexible material that is formable to the contour of epidermal region 8, e.g., much like flex circuitry. Exemplary materials
for the carrier include silicone, polyurethane, polyester, and polyimide.
[0039] In some embodiments, electrodes 10 may be formed as electrically conductive pads that are deposited, printed
or etched onto the dielectric carrier, along with conductive traces to couple the electrodes to a cable 14. Cable 14 couples
electrodes 10 to screening controller 12. In some embodiments, electrodes 10 may have peaked, spherical, or contoured
surfaces designed to enhance coupling pressure and increase contact area with the patient’s skin. Cable 14 may include
a separate electrical conductor for each electrode 10 so that the electrodes can be independently energized to deliver
stimulation energy. Electrode array patch 6 may be a single layer or multi-layer construction, depending on the density
of electrodes 10 and associated conductive traces.
[0040] Electrode array patch 6 may have a length of approximately 15 to 20 cm, and a height of approximately 10 to
15 cm. In an exemplary embodiment, electrode array patch 6 includes approximately 10 to 150, and more preferably
30 to 100, electrodes 10. Electrodes 10 may be formed as circular, square or rectangular, electrically conductive pads.
Each electrode 10 may have a surface area in a range of approximately 0.15 to 1.0 cm2. Electrodes 10 may be arranged
in a linear array or two-dimensional array of columns and rows, or in a recurring diagonal pattern. Conductive traces
may access electrodes 10 directly on the outer surface of the carrier, or from another layer below the outer surface using
conductive vias. In some embodiments, cable 14 may be removably coupled to a connector carried by electrode array
patch 6.
[0041] Electrode array patch 6 may be adhesively attached to the neck of the patient 4. In this case, electrode array
patch 6 may include an integrated adhesive layer. FIG. 2 is a side view of electrode array patch 6 shown in FIG. 1. In
the example of FIG. 2, electrode array patch 6 includes a carrier layer 11, an array of electrodes 10 formed on the carrier
layer, and an adhesive layer 13 on a side of the carrier layer adjacent the electrodes. The adhesive layer 13 may be
formulated to incorporate an electrically conductive gel for enhanced electrical coupling between electrodes 10 and the
patient’s neck. An appropriate release layer (not shown in FIG. 2) may be applied to the adhesive layer upon manufacture
to permit storage of the electrode array patch.
[0042] As an alternative, electrode array patch may be held in place by straps, sutures, adhesive tape, surgical
adhesives, or the like. As a further alternative, electrode array patch 6 may form part of a head rest that supports the
head of patient 4. In this manner, gravity forces the patient’s head into contact with electrodes 10 on electrode array
patch 6. Filling the carrier layer or an adjacent layer with a gel-like material may further support conformity of electrode
array patch 6 to the head of patient 4.
[0043] Electrode array patch 6 positions electrodes 10 adjacent epidermal region 8 of patient 4 to apply transcutaneous
electrical neurostimulation, sometimes referred to as "TENS," to the neuralgic region of patient 4. In other embodiments,
the screening device may utilize another non-invasive way to introduce energy to a patient instead of TENS. Examples
include sonic diathermy, radio frequency (RF) diathermy, standard heating, and standard cooling. Patient response to
application of stimulation in any of these diverse forms may be helpful in identifying a stimulation site for neurostimulation.
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[0044] Each of electrodes 10 may be controlled to deliver stimulation independently or simultaneously with other
electrodes as a group, e.g., in a unipolar or bipolar configuration. Electrodes 10 may be arranged in a grid pattern, as
illustrated in FIG. 1. In other embodiments, electrodes 10 may be arranged in other patterns associated with a specific
neuralgic region. Electrodes 10 on electrode array patch 6 are positioned adjacent epidermal region 8 of patient 4.
[0045] Screening controller 12 permits a caregiver to selectively activate different electrodes 10, or combinations of
electrodes, and thereby move an electrical stimulation pattern across electrode array patch 6. In this manner, the electrical
stimulation pattern can be adjusted to access different potential stimulation regions and evaluate the efficacy of neuros-
timulation at those sites. In some embodiments, one of the electrodes 10 may serve as a reference electrode for individual
electrodes selected by screening controller 12, providing a unipolar arrangement. The reference electrode may be placed
on a skin surface of the patient or included in the array of electrodes 10 on the electrode array patch 6. The reference
electrode is preferably at least two centimeters away from the other electrodes 10 to produce a far field effect for unipolar
arrangements. Alternatively, screening controller 12 may select bipolar pairs of electrodes.
[0046] A caregiver operates screening controller 12 to select one or more stimulation regions within epidermal region
8 that substantially alleviate the pain experienced by patient 4. Screening controller 12 may include a joystick to move
the stimulation up, down, left, or right across electrode array patch 6, as will be described with reference to FIG. 3. In
other embodiments, controller 12 may comprise arrow keys or the like to manually position the stimulation. In some
cases, screening controller 12 may comprise a computing device that automatically moves the stimulation across elec-
trode array patch 6.
[0047] As the electrical stimulation pattern moves across different electrode combinations within electrode array patch
6, the caregiver collects feedback from patient 4 regarding the effects of the stimulation in relieving the patient’s pain
symptoms. The caregiver may record the feedback within screening controller 12 using an input device such as a
keyboard or keypad, or manually record the feedback. In either case, the feedback is associated with the particular
electrode combination selected at the time the feedback is elicited.
[0048] The feedback may comprise an assessment of the amount of pain experienced by the patient during the
stimulation. The feedback may be provided on any of a variety of efficacy rating scales, including numeric and qualitative
pain scales, or combinations of such scales. One example of a pain rating scale is the visual analog scale. Efficacy
feedback also may include feedback concerning undesirable side effects such as pain due to high current density,
unwanted parasthesia reference to other parts of the body, or dizziness. In some cases, the patient may be permitted
to record the feedback directly in screening controller 12, e.g., via a keyboard. For example, patient 4 may provide the
feedback to screening controller 12 directly via an input device such as a button or a keypad. In other embodiments, the
caregiver may enter the feedback from the patient to screening controller 12.
[0049] In operation, screening controller 12 stimulates one or more electrodes 10 corresponding to a first stimulation
region within epidermal region 8 and receives feedback from the patient regarding the stimulation region. Screening
controller 12 then drives one or more electrodes 10 to deliver stimulation energy within a second stimulation region
within epidermal region 8 and receives feedback from the patient regarding the second stimulation site. The second
stimulation region may be located adjacent the first stimulation region within epidermal region 8. In some cases, the
second stimulation region may overlap the first stimulation region.
[0050] The electrode selection process may be automated, in some embodiments, to systematically step through
adjacent electrode combinations situated across electrode array patch 6. The selection process may be designed to
focus on electrode combinations adjacent a given region once efficacious results are achieved using other electrode
combinations in that region. For example, screening controller 12 may automatically select electrode combinations using
electrodes 10 that "orbit" about an electrode or electrode combination found to provide good results, before moving on
to other regions of electrode array patch 6.
[0051] Alternatively, the caregiver may manually operate screening controller 12 to move the stimulation pattern in
response to the feedback from patient 4. For example, when the feedback regarding a first stimulation region indicates
at least partial pain alleviation, the caregiver may manipulate screening controller 12 to define several stimulation regions
that overlap the first stimulation region. However, when the feedback regarding the second stimulation region indicates
no or insufficient pain alleviation, the caregiver may manipulate screening controller 12 to define the next stimulation
regions adjacent the first stimulation region.
[0052] As mentioned above, screening controller 12 may be configured to record efficacy results based on feedback
from the patient. Alternatively, in other embodiments, screening controller 12 may simply include an input media, such
as a key or button, to permit the caregiver to mark electrode combinations, and stimulation regions, found to provide
especially good alleviation of the patient’s symptoms. In either cases, screening controller 12 stores the marked stimu-
lation regions, and optionally the feedback associated with such sites.
[0053] Once the transcutaneous stimulation screening is complete, the caregiver selects a stimulation region from the
marked stimulation regions based on the feedback and an implantation risk identified for each of the marked stimulation
regions. The transcutaneous stimulation screening may be complete when the electrical stimulation pattern has moved
across the entire electrode array patch 6, or the caregiver has otherwise terminated the screening. In some embodiments,
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screening controller 12 may automatically select a stimulation region for recommendation to the caregiver, e.g., based
on relative feedback regarding efficacy of the various stimulation regions.
[0054] FIG. 3 is a schematic diagram illustrating one example of an input device 16 that may form part of screening
controller 12 of FIG. 1. As shown in FIG. 3, input device 16 may take the form of a joystick with an actuator stick 17 to
select electrode combinations and an input button 18 to activate delivery of transcutaneous neurostimulation. Input
device 16 is used to move electrical stimulation across electrode array patch 6 by selection of different combinations of
electrodes 10. A first depression of button 18 may be used to trigger delivery of stimulation energy, while a second
depression of button 18 terminates delivery of stimulation energy. In addition, a second button 19 can be provided to
mark electrode combinations within epidermal region 8 that appear to support efficacy based on feedback from the
patient 4. The marked electrode combinations may be recorded by screening controller 12 in response to depression
of button 19.
[0055] In operation, screening controller 12 drives one or more electrodes 10 that correspond to a first stimulation
region. The caregiver then manipulates input device 16 to move the stimulation up, down, left, or right across electrode
array patch 6 to one or more electrodes 10 that correspond to a second stimulation region. In some cases, the stimulation
may be moved diagonally across electrode array patch 6. The position of the stimulation pattern may be presented
graphically on a display device, or by textual information on a display device such as numbers or letters corresponding
to electrode combinations.
[0056] The caregiver may use input device 16 to move the stimulation in response to feedback from patient 4. For
example, when the feedback regarding the first stimulation region indicates at least partial pain alleviation, the physician
or clinician may manipulate input device 16 to manually position the second stimulation region in a position overlapping
the first stimulation region. Again, positioning may be confirmed by a display device that presents selected electrode
combinations, location information, or both. However, when the feedback regarding the first stimulation region indicates
no pain alleviation, the caregiver may manipulate input device 16 to manually position the second stimulation at a site
adjacent the first stimulation region. Alternatively, as mentioned above, screening controller 12 may be configured to
automatically select electrode combinations. Screening controller 12 may permit the caregiver to select either a manual
selection mode using input device 16 or an automatic selection mode.
[0057] Also, as mentioned above, the caregiver may depress button 19 to mark a stimulation region when the feedback
regarding the stimulation region indicates effective pain alleviation. In other embodiments, input device 16 may include
additional buttons or a keypad for patient 4, the caregiver, or both to input feedback to controller 12. Controller 12 may
store the marked stimulation regions and the corresponding feedback. Once the transcutaneous stimulation screening
is complete, the physician or the clinician may select a stimulation region from the marked stimulation regions based on
the feedback. In some embodiments, screening controller 12 may select the stimulation region from the marked stimulation
regions.
[0058] FIG. 4 is a block diagram illustrating screening controller 12 of FIG. 1 in greater detail. As shown in FIG. 4,
screening controller 12 includes a processor 21, a pulse generator 23, switch matrix 25, and a user interface 27. Processor
21 controls pulse generator 23 and switch matrix 25 in response to input from input device 16. In particular, processor
21 activates pulse generator 23 to generate neurostimulation pulses for application across a set of two or more electrodes.
Processor 21 may specify parameters such as amplitude, frequency, pulse width and duration for the neurostimulation
pulses based on a prestored neurostimulation program, or adjust such parameters in response to input from the caregiver.
[0059] As an example, for transcutaneous stimulation to identify a stimulation region, processor 21 may control pulse
generator 23 to generate a stimulation waveform having an amplitude of approximately 10 to 100 milliamps, a frequency
of approximately 10 to 500 Hz, and more preferably 20 to 200 Hz, a pulse width of approximately 20 to 800 microseconds,
and more preferably 80 to 120 microseconds, and a duration of approximately a few seconds to several minutes. The
stimulation pulse for transcutaneous stimulation may have a substantially square or spiked waveform. A stimulation
waveform having the above parameters should be effective in evaluating efficacy of different stimulation regions. How-
ever, screening controller 12 may permit the caregiver to make further adjustments to the stimulation waveform, if desired.
[0060] Processor 21 also controls switch matrix 25 to couple selected electrodes 10 to pulse generator 23. As an
example, switch matrix 25 may be an array of solid state switches that can be controlled by a codeword generated by
processor 21 to couple selected electrodes to pulse generator 23. As the caregiver manipulates input device 16 to
activate stimulation and move to different electrode combinations, processor 21 controls pulse generator 23 and switch
matrix 25 in a corresponding manner.
[0061] User interface 27 includes input device 16 and an output device 29. Input device 16 may include a joystick
device, as in FIG. 3, as well as other input media to permit a caregiver or patient to enter information including stimulation
commands, efficacy feedback, and the like. Output device 29 may include a display device to present operational and
status information during the course of a screening session, and to indicate the position of a particular electrode com-
bination under evaluation. In particular, output device 29 may track the movement of the applied stimulation pattern as
a function of joystick movement.
[0062] FIG. 5 is a schematic diagram illustrating an example of a percutaneous micro-electrode needle array screening
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device 20. Upon selection of an efficacious stimulation region using transcutaneous stimulation screening system 2
(FIG. 1), additional screening techniques are applied to identify a stimulation site within the selected stimulation region
with greater precision. As an example, percutaneous micro-electrode needle array screening device 20 is placed over
the stimulation region identified by transcutaneous screening, and then forced into the tissue at the stimulation region
such that an array of needle electrodes 22 penetrates the skin and protrudes into the tissue in the epidermal region.
[0063] As shown in FIG. 5, device 20 may include a disc-like base 24 supporting the array of needle electrodes 22.
A conductor network within base 24 provides multiple, independent electrical conductors. Each conductor is coupled to
one of needle electrodes 22 and extends away from base 24 within cable 37. Cable 37 may be connected to screening
controller 12 of FIGS. 1, 3 and 4 to couple the individual needle electrodes 22 to switch array 25 and pulse generator
23. In this manner, the needle electrodes 22 receive stimulation energy for percutaneous application to stimulation sites
within the stimulation region in the neck of patient 4.
[0064] The micro-electrode needle array screening device 20 further localizes the stimulation region selected by the
transcutaneous stimulation screening device 2 (FIG. 1) to select a more specific stimulation site at which to chronically
implant a neurostimulator for treatment of the neuralgic region of patient 4. If the chronic neurostimulator has an array
of electrodes, the localized stimulation site also may permit a caregiver to select an initial combination of electrodes that
are positioned to target the stimulation site. Needle electrodes 22 are sized and constructed to permit a caregiver to
insert the needles into epidermal region 8. As an example, each needle electrode 22 may have a sharp pointed distal
tip, an outer diameter of approximately 250 to 1000 microns, and a length of approximately 5 to 30 mm. Disc-like base
24 may have a diameter of approximately 1 to 5 cm, and a surface area of approximately 70 to 2000 mm2. However,
disc-like base 24 need not be circular. Needle electrodes 22 may be distributed across the entire surface of disc-like
base 24.
[0065] Needle electrodes 22 are constructed from a biocompatible, electrically conductive metal, such as MP (nickel-
cobalt) alloy, platinum, stainless steel, or tungsten. However, each needle electrode 22 may be insulated by an outer
sheath that extends along substantially the entire length of the needle electrode, leaving a distal tip exposed for delivery
of stimulation energy. In this manner, the depth at which the stimulation energy is actually delivered can be controlled
by selecting different needle lengths or different outer sheath lengths.
[0066] Screening controller 12 is used to move the electrical stimulation across micro-electrode needle array 20. In
particular, screening controller 12 selects combinations of two or more electrode needles for delivery of neurostimulation
energy. The location of each stimulation site may be presented graphically or textually as the screening process progress-
es. The parameters for percutaneous delivery of neurostimulation energy may be different than for transcutaneous
delivery. For example, the neurostimulation waveform generated by pulse generator 23 for percutaneous stimulation
may have an amplitude of approximately 1 to 40 milliamps, and more preferably 6 to 10 milliamps, a frequency of
approximately 10 to 500 Hz, and more preferably 20 to 200 Hz, a pulse width of approximately 20 to 800 microseconds,
and more preferably 80 to 120 microseconds, and a duration of approximately a few seconds to several minutes. The
stimulation pulse for transcutaneous stimulation may have a substantially square or spiked waveform.
[0067] As in the case of transcutaneous screening stimulation, the caregiver operates screening controller 12 to
localize the selected stimulation region based on the efficacy of the percutaneous stimulation. For example, the caregiver
may adjust an input device 16 (FIG. 3) to manually position the stimulation at a selected stimulation site within the
stimulation region. Alternatively, screening controller 12 may select different unipolar or bipolar electrode combinations
on an automated basis. As the electrical stimulation moves across micro-electrode needle array 20, the caregiver or
screening controller 12 receives feedback from patient 4 regarding the efficacy of the stimulation in relieving pain symp-
toms.
[0068] In operation, the percutaneous micro-electrode needle array screening device 20 is used to apply neurostim-
ulation energy to a first stimulation site within epidermal region 8 of patient 4. Screening controller 12 applies stimulation
energy via one or more electrodes corresponding to several stimulation sites at the first stimulation site. Screening
controller 12 then receives feedback from the patient 4 or the caregiver regarding the efficacy of neurostimulation energy
delivered via the selected stimulation site. This process continues until all electrode combinations have been evaluated,
or the caregiver terminates the process. Once the stimulation screening is complete, the caregiver may select the best
stimulation site based on the feedback and the identified implantation risk for the specific stimulation site. In some
embodiments, controller 12 may automatically select the stimulation site, e.g., based on an efficacy rating, and provide
a recommendation to the caregiver.
[0069] FIG. 6 is a schematic diagram illustrating a temporary subcutaneous screening device 26. Temporary subcu-
taneous implantable screening device 26 is subcutaneously implanted in patient 4 at a stimulation site selected by either
the transcutaneous stimulation screening device from FIG. 1 or the percutaneous micro-electrode screening device from
FIG. 5. Temporary subcutaneous screening device 26 provides temporary electrical stimulation to the neuralgic region
of patient 4 to further evaluate the efficacy of the selected stimulation site.
[0070] As shown in FIG. 6, temporary subcutaneous implantable screening device 26 includes a housing 31 that
carries electrodes 28A-28B (collectively "electrodes 28"), control circuitry 30, and a battery 32. For ease of illustration,
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electrical conductors coupling electrodes 28, circuitry 30, and battery 32, are not shown in FIG. 6. Housing 31 conforms
to a miniaturized form factor that allows subcutaneous implantation of temporary implantable screening device 26 at the
stimulation site in the back of the neck of patient 4 adjacent the occipital nerve. Housing 31 may have a potted casing
that encapsulates the components.
[0071] Circuitry 30 couples to electrodes 28 and battery 32. Battery 32 may be a lithium ion battery. Battery 32 may
comprise a pin cell battery or a flat button cell battery. Circuitry 30 includes a pulse generator to generate a neurostimulation
waveform for application via electrodes 28A, 28B. Battery 32 provides power to circuitry 30 to generated stimulation
energy for electrodes 28 on a temporary basis. Electrodes 28 may be formed on housing 31 as end-cap electrodes or
ring electrodes. Battery 32 may have a lifetime of at least one day. In the case of a pin cell, battery 32 preferably has a
compression fit feedthrough pin, such as a riveted or crimped feedthrough, and an aluminum case to permit a thin profile.
With temporary subcutaneous stimulation device 26, patient 4 can determine whether the selected stimulation site allows
substantial pain alleviation before chronic implantation of a neurostimulator.
[0072] Temporary subcutaneous screening device 26 also includes a removal loop 33 partially encapsulated in housing
31, Removal loop 33 defines a hole 35 that allows easy explantation of subcutaneous screening device 26 from the
selected stimulation site using a hook that extends into hole 35. Accordingly, the caregiver may use a tool with a hook
sized to engage with removal loop 33 to pull subcutaneous screening device 26 out of patient 4 when battery 32 runs
out of power.
[0073] For purposes of temporary screening, circuitry 30 need not be adjustable nor include telemetry electronics.
Instead, circuitry 30 may be configured to generate a fixed neurostimulation waveform. For subcutaneous application,
the fixed neurostimulation waveform may have a fixed amplitude of approximately 1 to 40 milliamps, and more preferably
6 to 10 milliamps, a fixed frequency of approximately 10 to 800 Hz, and preferably 40 to 60 Hz, a fixed pulse width of
approximately 20 to 800 microseconds, and more preferably 80 to 120 microseconds, and a fixed duty cycle in a range
of approximately 15 to 25 percent, i.e., "on" for 15 to 25 percent of the time, and more preferably 20 percent of the time.
[0074] Subcutaneous screening device 26 may be sized for implantation under a flap of skin in the back of the neck
of patient 4. In particular, subcutaneous screening device 26 may have a cylindrical capsule-like shape or generally flat
rectangular shape. For a generally flat rectangular shape, device 26 may have a length of approximately 30 to 50 mm,
a width of approximately 10 to 20 mm, and a thickness of approximately 3 to 6 mm. For a capsule shape, device 26 may
have a length of approximately 30 to 50 mm, and a diameter of approximately 3 to 6 cm. As shown in FIG. 6, subcutaneous
screening device 26 may have generally atraumatic rounded ends to promote subcutaneous implantation without sub-
stantial discomfort to patient 4. In some embodiments, instead of implantation under a flap of skin, subcutaneous screening
device 26 may be introduced via a percutaneous injection needle. As a further alternative, instead of a capsule-like
housing, subcutaneous screening device 26 may have a flat or angled housing as described below with reference to
the chronically implantable neurostimulator of FIGS. 7-18.
[0075] FIG. 7 is a schematic diagram illustrating an example neurostimulator 34 for chronic subcutaneous implantation
in an occipital nerve region at the back of a neck of a patient 4. Once a viable stimulation site is selected based on
transcutaneous trial stimulation, percutaneous trial stimulation, and temporary subcutaneous trial stimulation, a neuros-
timulator 34 can be chronically implanted to provide on-site treatment of neuralgia experienced by patient 4. Neurostim-
ulator 34 may be implanted at a stimulation site tested by temporary subcutaneous screening device 26 from FIG. 6.
The caregiver may elect to subcutaneously implant neurostimulator 34 at the stimulation site when the temporary im-
plantable screening device is found to substantially alleviates pain symptoms experienced by patient 4. In addition, in
the event the neurostimulator 34 has an array of electrodes, the caregiver may program the neurostimulator to deliver
stimulation via a selected combination of electrodes that are best positioned to target the stimulation site.
[0076] Neurostimulator 34 has a miniaturized form factor and a low profile that permits subcutaneous implantation at
the selected stimulation site directly adjacent the neuralgic region of patient 4. For example, neurostimulator 34 may be
implanted under a flap of skin at the back of the neck. Neurostimulator 34 may be generally thin and flat and, in some
embodiments, may be angled or curved to better conform to the curvature at the back of the patient’s neck. In particular,
neurostimulator 34 may have a degree of curvature selected to conform to a radius of the stimulation site. For example,
the degree of curvature may be approximately 20 to 40 degrees, and more preferably approximately 30 degrees. With
this radius of curvature, and a very thin housing, neurostimulator 34 exhibits a low profile and may be barely noticeable
to patient 4 and others.
[0077] Neurostimulator 34 includes a battery, control circuitry, one or more electrodes to provide stimulation to the
neuralgic region of patient 4, and wireless telemetry circuitry to communicate with an external programmer to permit
adjustments to neurostimulation therapy or interrogation of the operational status of the neurostimulator. The battery
within neurostimulator 34 may be rechargeable, and may have a capacity of at least 20 milliamp-hr. The control circuitry
may include an application specific integrated circuit (ASIC) designed to minimize the number of components within the
housing of neurostimulator 34. The electrodes may comprise an array of electrodes that provides the caregiver with
enhanced programming flexibility. In particular, a caregiver may program neurostimulator 34, via wireless telemetry, to
select particular electrodes for delivery of neurostimulation. In some cases, the array of electrodes may be integrated
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with the housing of neurostimulator 34 on a side adjacent the neuralgic region of patient 4. Various embodiments of
neurostimulator 34 will be described in greater detail below.
[0078] FIG. 8 is a flow chart illustrating a multi-step screening process to select a stimulation site for treatment of the
neuralgic region of patient 4. In general, the multi-step screening process may include a first step involving application
of electrode array patch 6 for transcutaneous stimulation, a second step involving application of a micro-electrode needle
array 20 for percutaneous stimulation, a third step involving temporary implantation of a subcutaneous trial stimulator
26, and a fourth step of chronic implantation of a subcutaneous stimulator 34. In the second step, the location of an
efficacious stimulation region is further refined in order to select a stimulation site for temporary and chronic implantation.
Although four steps are described, a lesser number of steps may be used in some embodiments. For example, one or
more of the transcutaneous, percutaneous, or temporary subcutaneous steps may be omitted, although all of the steps
may be desired in some embodiments.
[0079] As shown in FIG. 8, a caregiver, such as a physician or clinician, first may perform imaging, such as MRI, to
identify epidermal region 8 of patient 4 adjacent the neuralgic region (36). Using the imaging results, the caregiver
visualizes a target stimulation region. The caregiver then applies an electrode array patch 6 to the target stimulation
region of patient 4, and activates screening controller 12 to apply transcutaneous stimulation. Based on feedback from
the patient 4, the caregiver evaluates different electrode combinations to non-invasively select a first stimulation region
that appears to provide relief for symptoms suffered by the patient (38). Screening controller 12 drives electrodes 10 on
electrode array patch 6 to transcutaneously deliver neurostimulation energy in other stimulation regions.
[0080] Upon selection of a stimulation region, the caregiver applies micro-electrode needle array 20 in the vicinity of
the stimulation region. In particular, the caregiver forces micro-electrode needle array 20 against the patient’s neck so
that needle electrodes 22 penetrate into tissue at the first stimulation region. The caregiver then uses screening controller
12 to apply stimulation via different combinations of percutaneous needle electrodes 22. By selecting different combi-
nations of needle electrodes 22, and receiving feedback, the caregiver selects a stimulation site (40). The stimulation
site is within the stimulation region defined by transcutaneous screening, and serves to further refine the location for
delivery of stimulation. Screening controller 12 drives micro-electrode needle electrodes 22 on micro-electrode array 20
and may receive feedback from patient 4 regarding efficacy of stimulation. The caregiver selects the stimulation site
within the stimulation region based on the feedback. In this way, the micro-electrode screening device further localizes
the stimulation region for chronic implantation of neurostimulator 34.
[0081] Upon identification of the stimulation site, and prior to chronic implantation, the caregiver may subcutaneously
implant a temporary implantable screening device 26 at the stimulation site to further evaluate the efficacy of the stim-
ulation site (42). Temporary screening device 26 delivers stimulation energy subcutaneously. If the temporary screening
device 26 is effective, the caregiver may then elect to chronically implant neurostimulator 34 at the stimulation site. If
temporary implantable screening device 26 does not substantially alleviate pain at the neuralgic region (no branch of
44), however, the caregiver may select another stimulation site within the first stimulation region with the micro-electrode
needle screening device (40). Temporary implantable screening device 26 is used to test the newly selected stimulation
site for efficacy. If temporary implantable screening device 26 substantially alleviates pain at the neuralgic region (yes
branch of 44), the physician chronically implants a subcutaneous neurostimulator 34 at the stimulation site (46).
[0082] FIGS. 9A-18 illustrate various examples of a chronically implanted subcutaneous neurostimulator. Some of the
structural and functional aspects depicted in FIGS. 9A-18 also may be used for a temporary subcutaneous neurostim-
ulator. FIG. 9A illustrates a top view of a neurostimulator 50 for chronic subcutaneous implantation. FIG. 9B illustrates
a side view of neurostimulator 50. Neurostimulator 50 is designed to deliver on-site neurostimulation for treatment of
neuralgia experienced by a patient. Neurostimulator 50 may be subcutaneously implanted at a stimulation site adjacent
a neuralgic region of the patient. For example, neurostimulator 50 may be subcutaneously implanted at the back of the
neck of the patient to relieve occipital neuralgia, a migraine-like pain originating along the occipital nerve. As described
above, a caregiver may select the stimulation site based on feedback from the patient to one or more of a transcutaneous
stimulation screening device, a percutaneous micro-electrode needle array screening device, and a temporary subcu-
taneous implantable screening device.
[0083] As shown in FIGS. 9A and 9B, neurostimulator 50 comprises a housing 51 that houses a control module 52,
a battery 54, and a coil 56 encircling control module 52. Coil 56 may serve as an inductive power interface to recharge
battery 54, as well as a telemetry coil for wireless communication with an external programmer. In some embodiments,
coil 56 may encircle control module 52, battery 54, or both. Coil 56 inductively receives energy from an external recharging
unit (not illustrated) through the skin of the patient to recharge battery 54. Coil 56 may be formed of windings of copper
or another highly conductive material.
[0084] Neurostimulator 50 also includes two or more electrodes 53, 55 to provide stimulation to the neuralgic region
of the patient. Control module 52 receives power from battery 54 to drive the electrodes 53, 55 according to a stimulation
program included in control module 52. The electrodes 53, 55 may comprise a pair of electrodes or an array of electrodes,
illustrated in FIGS. 10-12. An array of electrodes provides enhanced stimulation programming flexibility. In some cases,
the array of electrodes may be integrated on housing 51 of neurostimulator 50, as shown in FIG. 9B.
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[0085] As shown in FIG. 9A, housing 51 conforms to a substantially rectangular form factor. In this case, housing 51
may include the array of electrodes on a side of housing 51 positioned adjacent the neuralgic region. In other cases,
the housing may conform to a substantially cylindrical form factor, illustrated in FIGS. 16-18, and include ring electrodes
along a length of the housing.
[0086] Housing 51 may conform to a miniaturized form factor with a low profile in order to fit directly adjacent the
neuralgic region of the patient. As illustrated in FIG. 9B, housing 51 may also comprise a degree of curvature to conform
to a radius of the stimulation site. Housing 51 may be pre-formed with a degree of curvature. In other cases, the physician
may bend housing 51 to a degree of curvature appropriate for a specific stimulation site. For example, housing 51 may
comprise a flexible material or include bellows that allow housing 51 to bend. In either cases, housing 51 may be angled,
curved or jointed to better accommodate the curvature at the back of the patient’s neck.
[0087] In the example of FIGS. 9A and 9B, housing 51 has a joint 57 between the portion of the housing containing
control module 52 and the portion containing battery 54. FIG. 9B, in particular, illustrates a desired radius of curvature
that permits housing 51 to better conform to the geometry of the implant site at the back of the patient’s neck. The radius
of curvature may be expressed as an angle A defined between a line tangent to the apex of joint 57 and a line within
either of the two major planes defined by housing 51, i.e., on either side of joint 57. As discussed previously, the angle
A representing the desired radius of curvature may be approximately 20 to 40 degrees, and more preferably approximately
30 degrees.
[0088] Housing 51 may also define apertures 58A and 58B (collectively "apertures 58"). Apertures 58 may operate
as both suture and removal holes. The physician may anchor neurostimulator 50 at the stimulation site adjacent the
neuralgic region of the patient by suturing housing 51 to surrounding tissue via apertures 58. In order to remove neu-
rostimulator 50 from the stimulation site, the physician may cut the sutures and then use a tool, e.g., a hook, that engages
with at least one of apertures 58 to easily pull neurostimulator 50 out of the implantation site.
[0089] Battery 54 may comprise a rechargeable battery with a capacity of at least 20 milliamp-hr, more preferably at
least 25 milliamp-hr, and still more preferably at least 30 milliamp-hours. In this case, battery 54 comprises a capacity
almost an order of magnitude larger than conventional microstimulators. In some embodiments, battery 54 may comprise
a lithium ion rechargeable battery. Control module 52 also couples to coil 56, which may operate as both a recharge
coil and a telemetry coil. Control module 52 receives energy via recharge coil 56 to recharge battery 54. Control module
52 may also transmit or receive stimulation programming commands, instructions, or other instructions via telemetry
coil 56.
[0090] Control module 52 may comprise an ASIC designed to minimize the number of components within neurostim-
ulator 50. The ASIC may be designed with an IC using the 0.8 micron process in an effort to reduce the overall size and
profile of neurostimulator 50. The ASIC may include both a battery recharge module and a telemetry module that couple
to coil 56, as well as a pulse generator and processor. The processor directs the pulse generator to drive one or more
electrodes based on stimulation programs stored in memory accessible by the control module 52 or received by the
telemetry module. A power management module coupled to battery 54 powers the control circuitry within control module
52.
[0091] Housing 51 may be formed from any of a variety of materials such as silicone, polyurethane, other polymeric
materials, titanium, stainless steel or ceramics. In some embodiments, as will be described, housing 51 may be generally
soft and flexible, and may include a flexible member that at least partially encapsulates the battery 54, control module
52 and coil 56. In some embodiments, the flexible member may be an overmold that is molded about all or some of
control module 52, battery 54 and coil 56. Control module 52 and coil 56 are designed to be very thin and flat to permit
subcutaneous implantation. Similarly, battery 54 may be a lithium ion battery with a thin, generally flat housing or cylindrical
housing. In the case of a pin type cell, battery 54 may have an aluminum housing with a crimped or riveted pin feedthrough.
In some embodiments, battery 54 alternatively may comprise a foil pack battery. In an exemplary embodiment, neuros-
timulator 50 may have a length of approximately 30 to 50 mm, a width of approximately 10 to 20 mm and a thickness
of approximately 3 to 6 mm.
[0092] Each of electrodes 53, 55 may be circular, square or rectangular. In the case of a circular shape, each electrode,
may have a diameter of approximately .5 to 1.5 mm, and more preferably 1 mm. Although two electrodes 53, 55 are
shown in FIGS. 9A and 9B, a larger number of electrodes may be provided in a linear or two-dimensional array. For
example, neurostimulator 50 may include between approximately 2 and 32 electrodes, distributed in a linear or two-
dimensional array. A linear array generally refers to an ordering of electrodes along a common line, whereas a two-
dimensional array generally refers to an ordering of electrodes along at least two different lines, e.g., as rows and
columns. In either case, the array of electrodes may have a regular, periodic pattern such that electrodes are positioned
at regular spatial intervals within a line, row or column. Alternatively, the array may be irregular such that electrodes are
positioned at irregular intervals or at positions that do not represented an ordered pattern.
[0093] FIG. 10 is a schematic diagram illustrating a bottom view of a neurostimulator 50A. FIG. 11 is an exemplary
side view of the neurostimulator of FIG. 10. Neurostimulator 50A comprises a housing 51A and apertures 58. Neuros-
timulator 50A may be substantially similar to neurostimulator 50 of FIGS. 9A and 9B. However, neurostimulator 50A
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includes a two-dimensional array of electrodes 60 integrated on housing 51A. In other embodiments, a linear array of
electrodes 60 may be provided.
[0094] Each of electrodes 60 may be coupled to control module 52 within housing 51A. A combination of electrodes
60, such as a bipolar electrode pair, may be selected based on the position of the electrodes relative the stimulation site
identified in the screening process. For example, neurostimulator 50 may be initially programmed to deliver stimulation
energy via a combination of electrodes that are positioned closest to the identified stimulation site. Alternatively, a unipolar
arrangement may be selected.
[0095] Neurostimulator 50A may have a joint 57, as in FIGS. 8 and 9, between the portion of the housing containing
a control module and the portion containing a battery, thereby promoting conformance to the back of the neck of a
patient. The caregiver may implant neurostimulator 50A at the selected stimulation site with the array of electrodes 60
directly adjacent the neuralgic region of the patient. The array of electrodes 60 allows the caregiver flexibility in program-
ming the stimulation pattern provided by neurostimulator 50A.
[0096] Like housing 51 in FIGS. 9A and 9B, housing 51A of FIG. 10 may have a substantially miniaturized form factor
and a low profile to fit within the stimulation site. A control module within neurostimulator 50A can be programmed to
apply selected combinations of the electrodes 60 to achieve desired efficacy. In particular, at the time of implantation,
a caregiver may test different electrode combinations and program neurostimulator 50A to apply a selected combination.
Again, the programming may take place by wireless telemetry via a coil carried by neurostimulator 50A.
[0097] FIG. 12 is a schematic diagram illustrating another exemplary bottom view of a neurostimulator 50B. Neuros-
timulator 50B comprises a housing 51B and apertures 58. Neurostimulator 50B may be substantially similar to neuros-
timulator 50 from FIGS. 9A and 9B. However, neurostimulator 50B includes a flexible member 62, such as an overmold,
that encapsulates housing 51B. In some cases, flexible member 62 may only partially encapsulate housing 51B. Neu-
rostimulator 50B also includes an array of electrodes 63 integrated on flexible member 62 at opposing ends of housing
51B. Each of electrodes 63 may couple to control module 52 within housing 51B. At least a portion of each electrode
63 protrudes through flexible member 62 for contact with tissue within patient 4.
[0098] The physician may implant neurostimulator 50B at the selected stimulation site with the array of electrodes 63
adjacent the neuralgic region of the patient. Flexible member 62 may comprise a substantially flexible polymer with
tapered edges. In this way, flexible member 62 allows more flexibility in the placement of electrodes 63 than integrating
the electrodes into the housing, as illustrated in FIG. 10. Furthermore, flexible member 62 may smooth the transition
from housing 51B to the tissue surrounding neurostimulator 50B. Although neurostimulator 50B has a larger volume
than a neurostimulator without a flexible member, e.g., neurostimulator 50A, flexible member 62 may improve cosmesis
and prevent erosion of the epidermal region adjacent the stimulation site.
[0099] FIG. 13 is a schematic diagram illustrating another exemplary bottom view of a neurostimulator 50C. Neuros-
timulator 50C comprises a housing 51C and apertures 58. Neurostimulator 50C is substantially similar to neurostimulator
50 from FIGS. 9A and 9B. However, neurostimulator 50C further includes an electrode array 64 tethered to housing
51C, via a cable 61. Electrode array 64 includes an array of electrodes 65. In some cases, electrode array 64 comprises
a flexible polymer and electrodes 65 may be potted in electrode array 64. Each of electrodes 65 may couple to control
module 52 within housing 51C via conductors within cable 61.
[0100] The physician may implant neurostimulator 50C at the selected stimulation site with the tethered array of
electrodes 65 adjacent the neuralgic region of the patient. Tethered electrode array 64 allows more flexibility in the
placement of electrodes 64. However, neurostimulator 50C may have a larger overall implantation volume than a neu-
rostimulator with electrodes integrated on a housing, e.g., neurostimulator 50A, or on a flexible member, e.g., neuros-
timulator 50B.
[0101] In some cases, electrode array 64 may comprise a thinner profile than neurostimulator 50C such that electrode
array 64 may be positioned directly at the stimulation site and neurostimulator 50C may be positioned near the stimulation
site at a more desirable implantation site. In this way, neurostimulator 50C may improve cosmesis and prevent erosion
of the epidermal region adjacent the stimulation site.
[0102] FIG. 14 is a schematic diagram illustrating an exemplary tool 66 for insertion or removal of a neurostimulator.
The physician may use tool 66 when implanting or explanting neurostimulator 50 from FIGS. 9A and 9B. Tool 66 comprises
a base 67, a shaft 68, and a hook 69. The physician may subcutaneously implant neurostimulator 50 by engaging hook
69 with one of apertures 58 of neurostimulator 50 and feeding neurostimulator 50 into the stimulation site with shaft 68.
The physician may grip base 67 to manipulate neurostimulator 50 into the proper position. The physician may explant
neurostimulator 50 from the stimulation site by subcutaneously inserting shaft 68 at the stimulation site and engaging
hook 69 with one of apertures 58 of neurostimulator 50. The physician then grips base 67 and pulls neurostimulator 50
out of the stimulation site. In some cases, shaft 68 may comprise an adjustable length to allow the physician to reach a
variety of stimulation sites without requiring different tools.
[0103] FIG. 15A illustrates a top view of another neurostimulator 70. FIG. 15B illustrates a side view of neurostimulator
70. Neurostimulator 70 may be substantially similar to neurostimulator 50 from FIGS. 9A and 9B. For example, neuros-
timulator 70 may be subcutaneously implanted at a stimulation site adjacent a neuralgic region of a patient. In particular,
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neurostimulator 70 may be subcutaneously implanted at the back of the neck of the patient to relieve occipital neuralgia.
However, housing 71 may have a substantially rectangular form factor.
[0104] As shown in FIGS. 15A and 15B, neurostimulator 70 comprises a housing 71 that houses a control module 72,
a battery 74, and a coil 76 encircling control module 72. Neurostimulator 70 also includes two or more electrodes 77,
79 to provide stimulation to the neuralgic region of the patient. Control module 72 receives power from battery 74 to
drive the electrodes according to a stimulation program included in control module 72. The electrodes 77, 79 alternatively
may comprise a linear or two-dimensional array of electrodes substantially similar to the examples of neurostimulator
50 illustrated in FIGS. 10-13.
[0105] Housing 71 conforms to a substantially rectangular form factor. In this case, housing 71 may include the array
of electrodes integrated on a side of housing 71 positioned adjacent the neuralgic region. Housing 71 conforms to a
miniaturized form factor with a low profile in order to fit directly adjacent the neuralgic region of the patient. For example,
housing 71 may have a length L less than approximately 50 mm, a width of less than approximately 20 mm, and a
thickness of less than approximately 6 mm. In a specific example for the housing 71 illustrated in FIGS. 15A and 15B,
housing 71 comprises a length L of less than or equal to 36.6 mm (1.44 inches), and width W of less than or equal to
14.5 mm (0.57 inches), and a thickness T of less than or equal to 4.5 mm (0.177 inches). In some embodiments, housing
71 may include approximately 0.25 mm (0.01 inches) of insulation between control module 72 and battery 74 and housing
71. The walls of housing 71 may comprise a total thickness of approximately 0.71 mm (0.03 inches).
[0106] Battery 74 may comprise a rechargeable battery with a capacity of at least 20 milliamp-hours, more preferably
at least 25 milliamp-hours, and still more preferably at least 30 milliamp-hours. In some embodiments, battery 74 may
comprise a lithium ion rechargeable battery. Battery 74 may conform to a miniaturized form factor to fit within housing
71. Battery 74 may comprise a length of less than or equal to approximately 24.9 mm (0.98 inches), a width of less than
or equal to approximately 12.7 mm (0.50 inches), and a thickness of less than or equal to approximately 3.3 mm (0.13
inches). Battery 74 may conform to one of a variety of designs. Some examples are given in Table 1 below.

[0107] Neurostimulator 70 may be over-discharge protected. However, since battery 74 conforms to an extremely
small form factor, the over-discharge protection may be difficult to realize using traditional approaches, such as extra
battery capacity. Therefore, neurostimulator 70 may include a switch to disconnect battery 74 from the load when a
predetermined voltage is reached. In other cases, battery 74 may comprise an over-discharge tolerant battery.
[0108] Control module 72 may also conform to a miniaturized form factor to fit within housing 71. Control module 72
may comprise a length of less than or equal to approximately 6.5 mm (0.256 inches), a width of less than or equal to
approximately 9.4 mm (0.37 inches), and a thickness of less than or equal to approximately 3.6 mm (0.14 mm). Control
module 72 also couples to coil 76 that may operate as both a recharge coil and a telemetry coil. Control module 72 may
receive energy via recharge coil 76 to recharge battery 74. Control module 72 may also receive stimulation programs
and other instructions from the patient, the physician, or the clinician via telemetry coil 76.
[0109] Although battery 74 comprises a capacity almost an order of magnitude larger than some conventional micro-
stimulators, battery 74 has a relatively small capacity compared to full size neurostimulators. Therefore, coil 76 may
comprise a smaller coil than traditional neurostimulators. Coil 76 comprises inner dimensions slightly larger than the
dimensions of control module 72 given above. Coil 76 may comprise an inner length of approximately 6.7 mm (0.265
inches) and an inner width of approximately 9.7 mm (0.38 inches). The outer dimensions of coil 76 may comprise an
outer length of approximately 8.4 mm (0.33 inches) and an outer width of approximately 11.7 mm (0.46 inches). Coil 76
may also comprise a thickness of approximately 2.5 mm (0.10 inches).
[0110] Control module 72 comprises an application specific IC 78 designed to minimize the number of components
within neurostimulator 70. IC 78 may be designed using the 0.8 micron process in an effort to reduce the overall size
and profile of neurostimulator 70. With sufficient processing power, IC 78 may have a footprint of approximately 5.2 mm
(0.204 inches) by 5.2 mm and a thickness of approximately 0.46 mm (0.018 inches).

TABLE 1

3.0 mm thick 
standard loading

3.0 mm thick 
adjustable loading

3.3 mm thick 
standard loading

3.3 mm thick 
adjustable loading

Length (mm) 25.4 25.4 25.4 24.9

Width (mm) 16.5 14.2 13.2 12.7

Capacity (mA-hr) 30 30 31 30

Case volume (cc) 1.26 1.08 1.11 1.04

Coating (mg/cm2) 22 12.1 22 12.32
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[0111] FIG. 16 is a block diagram illustrating an exemplary control module 80 included in an on-site neurostimulator
for the treatment of neuralgia experienced by a patient. Control module 80 may be used to form control module 72 of
neurostimulator 70 illustrated in FIGS. 15A and 15B or control module 52 illustrated in FIGS. 9A and 9B. Control module
80 comprises an IC 81, stimulation capacitors and inductors 94, filter and telemetry components 97, and a crystal
oscillator 98 positioned on a substrate board. The substrate board may comprise a minimal number of layers, e.g. four
layers or less, and comprise a thickness equal to or less than approximately 0.4 mm (0.014 inches).
[0112] Control module 80 couples to a rechargeable battery 90, conductors 92 that connect to one or more stimulation
electrodes of the neurostimulator, and a recharge and telemetry coil 96. Rechargeable battery 90 may have a capacity
of at least 20 milliamp-hours, more preferably at least 25 milliamp-hours, and still more preferably at least 30 milliamp-
hours. In some embodiments, battery 90 may comprise a lithium ion rechargeable battery. Coil 96 operates as both a
recharge coil and a telemetry coil. In some cases, as described above, coil 96 may encircle control module 80.
[0113] IC 81 may be formed as an ASIC designed to minimize the number of components within the neurostimulator.
IC 81 may be designed using the 0.8 micron process in an effort to reduce the overall size and profile of the neurostimulator.
IC 81 may operate substantially similar to IC 78 of control module 72 (FIG. 15A). IC 81 includes a processor 82, a power
manager 84, a recharge module 85, a telemetry module 86, a pulse generator 88, and a clock 89.
[0114] Power manager 84 couples to rechargeable battery 90 to provide power to processor 82, recharge module 85,
telemetry module 86, and pulse generator 88. Recharge module 85 couples to recharge and telemetry coil 96 and
receives power via coil 96 to recharge battery 90. Telemetry module 86 also couples to recharge and telemetry coil 96
and receives stimulation programs and other instructions from a programmer operated by the patient or physician via
coil 96. Filter, power management, telemetry components 97 couple to telemetry module 86 to support reliable wireless
communication. Examples of filter, power management and telemetry components 97 include a telemetry tank capacitor,
voltage regulation filters, power supply filters, and battery bypass capacitors. Telemetry module 86 then provides the
received stimulation programs to processor 82, which stores the programs in memory (not shown).
[0115] Crystal oscillator 98 is coupled to clock 89, which clocks processor 82 to run the stimulation programs. Processor
82 directs pulse generator 88 to provide stimulation to the electrodes of the neurostimulator via stimulation conductors
92. Processor 82 directs pulse generator 88 according to the stimulation programs received from telemetry module 86
and the clock cycle received from clock 89. Pulse generator 88 is coupled to stimulation capacitors and inductors 94,
which include capacitors to store stimulation pulses.
[0116] FIG. 17 illustrates another neurostimulator 100 that provides on-site treatment of neuralgia experienced by a
patient. Neurostimulator 100 may substantially conform to the neurostimulators shown in FIGS. 9A-16. For example,
neurostimulator 100 can be subcutaneously implanted at a stimulation site adjacent a neuralgic region of the patient.
Neurostimulator 100 comprises a housing 101 that houses a control module 102, a battery 104, and a coil 106.
[0117] Neurostimulator 100 also includes two or more electrodes 103, 105 to provide stimulation to the neuralgic
region of the patient. Control module 102 receives power from battery 104 to drive the electrodes 103, 105 according
to a stimulation program included in control module 102. The electrodes 103, 105 may alternatively include an array of
electrodes that provides enhanced stimulation programming flexibility. The array of electrodes may be integrated on
housing 101 of neurostimulator 100.
[0118] Housing 101 conforms to a substantially cylindrical form factor and may include ring electrodes along a length
of housing 101. Housing 101 may conform to a miniaturized form factor with a small diameter in order to fit directly
adjacent the neuralgic region of the patient. Housing 101 may also comprise a degree of curvature to conform to a radius
of the stimulation site.
[0119] Housing 101 may be pre-formed with a degree of curvature. As illustrated in FIG. 17, housing 101 has a joint
107. In some embodiments, housing 101 may permit the physician to bend the housing to a degree of curvature appro-
priate for a specific stimulation site. For example, housing 101 may comprise a flexible material or include bellows,
illustrated in FIG.S 19 and 20, that allow housing 101 to bend.
[0120] In some embodiments, housing 101 may also define a hole 108 that operates in conjunction with either an
insertion hook for implantation or removal hook for explantation. The physician may insert neurostimulator 100 at the
stimulation site adjacent the neuralgic region of the patient by engaging a tool with hook 108 and feeding neurostimulator
100 into the stimulation site. In order to remove neurostimulator 100 from the stimulation site, the physician may again
use the tool to engage hole 108 and pull neurostimulator 100 out of the patient.
[0121] As in the examples of FIGS. 9A-15, battery 104 of neurostimulator 100 may comprise a rechargeable battery
with a capacity of at least 20 milliamp-hours, more preferably at least 25 milliamp-hours, and still more preferably at
least 30 milliamp-hours. Control module 102 is coupled to coil 106, which operates as both a recharge coil and a telemetry
coil
[0122] FIG. 18 is a schematic diagram illustrating a neurostimulator 101A. Neurostimulator 100A comprises a housing
101A, which defines a hole 108. Neurostimulator 100A is substantially similar to neurostimulator 100 from FIG. 18.
Neurostimulator 100A includes an array of ring electrodes 110 integrated along housing 101A. Ring electrodes 110 may
extend entirely or partially around a circumference of housing 101A. Each of electrodes 110 is coupled to control module
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102 within housing 101A. The physician may implant neurostimulator 100A at the selected stimulation site with the array
of electrodes 110 directly adjacent the neuralgic region of the patient. The array of electrodes 110 allows the physician
or clinician flexibility in programming the stimulation provided by neurostimulator 100
[0123] FIG. 19 is a schematic diagram illustrating a neurostimulator 101B. Neurostimulator 100B is substantially similar
to neurostimulator 100 of FIG. 17. Neurostimulator 100B comprises a first housing portion 112 and a second housing
portion 114. First and second housing portions 112 and 114 are connected by a bellows-like joint 113. Neurostimulator
100B includes an array of ring electrodes 116 integrated along first housing portion 112 and second housing portion
114. First and second housing portions 114 may be formed from a variety of materials such as titanium, stainless steel,
ceramic material, silicone, polyurethane or other polymeric materials.
[0124] Each of electrodes 116 is coupled to control module 102 within neurostimulator 100B. The physician may
implant neurostimulator 100B at the selected stimulation site with the array of electrodes 116 directly adjacent the
neuralgic region of the patient. First and second housing portions 112 and 114 may conform to a substantially miniaturized
form factor and a small diameter to fit within the stimulation site. For example, the stimulation site may be located in the
back of the neck of the patient for neurostimulator 100B to treat occipital neuralgia.
[0125] As illustrated in FIG. 19, neurostimulator 100B includes bellows-like joint 113 that allows bending of neuros-
timulator 100B. FIG. 20 is a schematic diagram illustrating neurostimulator 100B in a slightly bent position to better
conform to an implantation site. For example, the physician may bend neurostimulator 100B about bellows-like joint 113
to a degree of curvature that conforms to a radius of the specific stimulation site. Bellows-like joint 113 may comprise
titanium, nitinol, or another biocompatible material strong enough to withstand flexing. Bellows-like joint 113 may be
substantially smaller relative to neurostimulator 100B if the material of bellows 113 is able to withstand the increased
flexing force.
[0126] Various embodiments of the invention have been described. The foregoing description of the exemplary em-
bodiments of the invention has been presented for the purposes of illustration and description. They are not intended
to be exhaustive or to limit the invention to the precise forms disclosed. Many modifications and variations are possible
in light of the above teaching. For example, although application of various embodiments of the invention to occipital
neuralgia has been described for purposes of illustration, the invention may be applied to treat a variety of disorders.

Claims

1. A neurostimulation screening device (2) comprising:

an array of percutaneous needle electrodes (10) for penetration of the epidermal region adjacent the neuralgic
region of the patient; and
a controller (12)

characterised in that the neurostimulation device further comprises
a transcutaneous electrical neurostimulation electrode array (6) for application to an epidermal region adjacent a
neuralgic region of a patient
and in that the controller (12) is configured to selectively apply stimulation energy to different combinations of
electrodes within the transcutaneous electrical neurostimulation electrode array at different stimulation regions, and
selectively apply stimulation energy to different combinations of the needle electrodes within the array of percuta-
neous needle electrodes at different stimulation sites within a selected one of said different stimulation regions.

2. The screening device of claim 1, wherein the controller (12) selects the selected one of the stimulation regions based
on perceived efficacy of the transcutaneous electrical neurostimulation in the selected stimulation region.

3. The screening device of claim 2, wherein the controller (12) selects one of the stimulation sites based on perceived
efficacy of the percutaneous electrical neurostimulation in the selected stimulation site.

4. The screening device of claim 3, wherein the controller (12) selects the selected one of the stimulation regions based
on patient feedback indicative of perceived efficacy of the transcutaneous electrical neurostimulation in the selected
stimulation region, and selects one of the stimulation sites based on patient feedback indicative of perceived efficacy
of the percutaneous electrical neurostimulation in the selected stimulation site.

5. The screening device of claim 1, wherein the stimulation energy is selected to alleviate symptoms of occipital
neuralgia.
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6. The screening device of claim 1, wherein the transcutaneous neurostimulation electrode array (16) comprises an
electrode array patch having an adhesive layer for attachment to the epidermal region.

7. The screening device of claim 1, wherein the controller (12) comprises a joystick input device to select the different
combinations of electrodes in response to up, down, left, or right movements.

8. The screening device of claim 1, wherein the controller (12) records patient feedback relating to perceived efficacy
of the different combinations.

9. The screening device of claim 8, wherein the controller (12) comprises at least one input medium to mark one or
more of the stimulation regions when the patient feedback is favorable, and the controller presents the marked
stimulation region for selection by a user.

10. The screening device of claim 8, wherein the controller (12) comprises at least one input medium to mark one or
more of the stimulation regions when the patient feedback is favorable, and the controller presents the stimulation
region from the marked stimulation regions.

11. The screening device of claim 8, wherein the patient feedback includes a pain assessment.

12. The screening device of claim 1, wherein the transcutaneous electrical neurostimulation electrode array (6) is sized
to cover a substantial portion of a back of a neck of a patient, and is shaped to generally conform to a substantial
portion of a back of a neck of a patient.

Patentansprüche

1. Neurostimulations-Screening- bzw. Auswahlprüfungsvorrichtung (2), die aufweist:

eine Anordnung von perkutanen Nadelelektroden (10) zur Penetration des Epidermalbereichs, der an den
neuralgischen Bereich des Patienten angrenzt; und
einer Steuerung (12)
dadurch gekennzeichnet, dass die Neurostimulations-Auswahlprüfungsvorrichtung ferner aufweist
eine transkutane elektrische Neurostimulations-Elektrodenanordnung (6) zur Anwendung auf einen Epidermal-
bereich, der an einen neuralgischen Bereich eines Patienten angrenzt
und dadurch, dass die Steuerung (12) dazu eingerichtet ist, um wahlweise Stimulationsenergie auf verschie-
dene Kombinationen von Elektroden innerhalb der transkutanen elektrischen Neurostimulations-Elektrodenan-
ordnung bei verschiedenen Stimulationsbereichen anzuwenden, und wahlweise Stimulationsenergie auf ver-
schiedene Kombinationen der Nadelelektroden innerhalb der Anordnung der perkutanen Nadelelektroden an
verschiedenen Stimulationsstellen innerhalb eines Ausgewählten der verschiedenen Stimulationsbereiche an-
zuwenden.

2. Auswahlprüfungsvorrichtung nach Anspruch 1, wobei die Steuerung (12) den ausgewählten Stimulationsbereich
auf der Grundlage perzipierter bzw. erkannter Wirksamkeit der transkutanen elektrischen Neurostimulation in dem
ausgewählten Stimulationsstellen auswählt.

3. Auswahlprüfungsvorrichtung nach Anspruch 2, wobei die Steuerung (12) eine der Stimulationsstellen auf Grundlage
perzipierter Wirksamkeit der perkutan elektrischen Neurostimulation in den ausgewählten Stimulationsseiten aus-
wählt.

4. Auswahlprüfungsvorrichtung nach Anspruch 3, wobei die Steuerung (12) den ausgewählten Stimulationsbereich
auf Grundlage einer Patientenrückmeldung, die auf perzipierte Wirksamkeit der transkutan elektrischen Neurosti-
mulation in dem ausgewählten Stimulationsbereich hinweist, auswählt, und einen der Stimulationsbereiche auf
Grundlage einer Patientenrückmeldung, die auf perzipierte Wirksamkeit der perkutanen elektrischen Neurostimu-
lation in der ausgwählten Stimulationsseite hinweist, auswählt.

5. Auswahlprüfungsvorrichtung nach Anspruch 1, wobei die Stimulationsenergie ausgewählt ist, um Symptome von
Occipitalneuralgie zu mildern.
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6. Auswahlprüfungsvorrichtung nach Anspruch 1, wobei die transkutane Neurostimulations-Elektrodenanordnung (16)
eine Elektrodenanordnungsstelle mit einer haftenden Schicht zum Anbringen an den Epidermalbereich aufweist.

7. Auswahlprüfungsvorrichtung nach Anspruch 1, wobei die Steuerung (12) eine Joystick-Eingabevorrichtung aufweist,
um die verschiedenen Kombinationen von Elektroden in Reaktion auf Aufwärts-, Abwärts-, Links- oder Rechts-
Bewegungen auszuwählen.

8. Auswahlprüfungsvorrichtung nach Anspruch 1, wobei die Steuerung (12) eine Patientenrückmeldung in Bezug auf
perzipierte Wirksamkeit der verschiedenen Kombinationen aufzeichnet.

9. Auswahlprüfungsvorrichtung nach Anspruch 8, wobei die Steuerung (12) zumindest ein Eingabemedium aufweist,
um einen oder mehrere der Stimulationsbereiche zu kennzeichnen bzw. zu markieren, wenn die Patientenrückmel-
dung positiv ist, und die Steuerung den gekennzeichneten Stimulationsbereich zur Auswahl durch einen Benutzer
darstellt bzw. angibt.

10. Auswahlprüfungsvorrichtung nach Anspruch 8, wobei die Steuerung (12) zumindest ein Eingabemedium aufweist,
um einen oder mehrere der Stimulationsbereiche zu kennzeichnen, wenn die Patientenrückmeldung positiv ist, und
die Steuerung den Stimulationsbereich von den gekennzeichneten Stimulationsbereichen darstellt bzw. angibt.

11. Auswahlprüfungsvorrichtung nach Anspruch 8, wobei die Patientenrückmeldung eine Schmerzbewertung umfasst.

12. Auswahlprüfungsvorrichtung nach Anspruch 1, wobei die transkutane elektrische Neurostimulations-Elektrodenan-
ordnung (6) bemessen ist, um einen wesentlichen Teil eines Genickes bzw. der Rückseite des Halses eines Patienten
abzudecken, und geformt ist, um sich grundsätzlich an einen wesentlichen Abschnitt eines Genickes eines Patienten
anzupassen.

Revendications

1. Dispositif de dépistage de neurostimulation (2) comportant :

un réseau d’électrodes pointues percutanées (10) en vue de la pénétration de la région épidermique adjacente
à la région névralgique du patient ; et
un dispositif de commande (12)
caractérisé en ce que le dispositif de neurostimulation comporte en outre un réseau d’électrodes de neuros-
timulation électrique transcutanée (6) en vue d’une application à une région épidermique adjacente à une région
névralgique d’un patient,
et en ce que le dispositif de commande (12) est configuré pour appliquer de manière sélective une énergie de
stimulation à différentes combinaisons d’électrodes dans le réseau d’électrodes de neurostimulation électrique
transcutanée au niveau de différentes régions de stimulation, et appliquer de manière sélective l’énergie de
stimulation à différentes combinaisons d’électrodes pointues dans le réseau d’électrodes pointues percutanées
au niveau de différents sites de stimulation dans une région sélectionnée parmi lesdites différentes régions de
stimulation.

2. Dispositif de dépistage selon la revendication 1, dans lequel le dispositif de commande (12) sélectionne la région
sélectionnée parmi les régions de stimulation sur la base d’une efficacité perçue de la neurostimulation électrique
transcutanée dans la région de stimulation sélectionnée.

3. Dispositif de dépistage selon la revendication 2, dans lequel le dispositif de commande (12) sélectionne l’un des
sites de stimulation sur la base d’une efficacité perçue de la neurostimulation électrique percutanée dans le site de
stimulation sélectionné.

4. Dispositif de dépistage selon la revendication 3, dans lequel le dispositif de commande (12) sélectionne la région
sélectionnée parmi les régions de stimulation sur la base d’un rétrocontrôle du patient indicatif d’une efficacité perçue
de la neurostimulation électrique transcutanée dans la région de stimulation sélectionnée, et sélectionne l’un des
sites de stimulation sur la base d’un rétrocontrôle du patient indicatif d’une efficacité perçue de la neurostimulation
électrique percutanée dans le site de stimulation sélectionné.
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5. Dispositif de dépistage selon la revendication 1, dans lequel l’énergie de stimulation est sélectionnée pour soulager
des symptômes de névralgie occipitale.

6. Dispositif de dépistage selon la revendication 1, dans lequel le réseau d’électrodes de neurostimulation transcutanée
(16) comporte un timbre du réseau d’électrodes ayant une couche adhésive en vue d’une fixation à la région
épidermique.

7. Dispositif de dépistage selon la revendication 1, dans lequel le dispositif de commande (12) comporte un dispositif
d’entrée à levier pour sélectionner les différentes combinaisons d’électrodes en réponse à des déplacements vers
le haut, vers le bas, vers la gauche ou vers la droite.

8. Dispositif de dépistage selon la revendication 1, dans lequel le dispositif de commande (12) enregistre un rétrocon-
trôle du patient relativement à l’efficacité perçue des différentes combinaisons.

9. Dispositif de dépistage selon la revendication 8, dans lequel le dispositif de commande (12) comporte au moins un
support d’entrée pour marquer une ou plusieurs des régions de stimulation lorsque le rétrocontrôle du patient est
favorable, et le dispositif de commande présente la région de stimulation marquée en vue d’une sélection par un
utilisateur.

10. Dispositif de dépistage selon la revendication 8, dans lequel le dispositif de commande (12) comporte au moins un
support d’entrée pour marquer une ou plusieurs des régions de stimulation lorsque le rétrocontrôle du patient est
favorable, et le dispositif de commande présente la région de stimulation à partir des régions de stimulation marquées.

11. Dispositif de dépistage selon la revendication 8, dans lequel le rétrocontrôle du patient inclut une évaluation de la
douleur.

12. Dispositif de dépistage selon la revendication 1, dans lequel le réseau d’électrodes de neurostimulation électrique
(6) est dimensionné pour couvrir une partie substantielle de l’arrière du cou d’un patient, et est mis en forme pour
s’adapter de manière générale à une partie substantielle de l’arrière du dos d’un patient.
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