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TRIAL STIMULATION SYSTEMS

This application claims the benefit of United States Provisional Patent Application
Sertal No. 61/638,933, filed April 26, 2012, and entitled “TRIAL STIMULATION

SYSTEMS,” the entire content of which is incorporated herein by reference.

TECHNICAL FIELD

The disclosure relates to medical devices.,

BACKGROUND

A variety of medical devices are used for chronic, ¢.g., long-term, delivery of
therapy to patients suffering from conditions that range from chronic pain, tremor,
Parkinson’s disease, and epilepsy, to urinary or fecal incontinence, sexual dysfunction,
obesity, spasticity, and gastroparesis. As an cxample, electrical stimulation generators are
used for chronic delivery of elecirical stimulation therapies such as cardiac pacivg,
neurostimulation, muscle stimulation, or the like. Pumps or other fluid delivery devices
may be used for chronic delivery of therapeutic agents, such as drugs. Typically, such
devices provide therapy continuously or periodically according to parameters contained
within a program. A prograrn may comprise respective values for cach parameter ina set
of therapeutic parameters specified by a clinician.

Chronic implantation of a stimulation generator and onc or more leads for
delivering stimulation therapy to a patient may be preceded by a trial period. The trial
period ordinarily has a prescribed maximum duration, but sometimes is exceeded by the
patient or the physician. During the trial period, a clinician evaluates the efficacy of
stimulation in alleviating the patient's disorder to determine whether the patient is a good
candidate for chrouic froplantation. The tnal period ordinanly involves implavtation of &
temporary or chronic lead, and percutancous connection of the lead to an external trial
stimulator.  Often, connection of the lead to the trial stimulator invelves extensive

subcutancous tunneling of the lead to a percutancous exit site.
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SUMMARY

Examples according to this disclosure are directed to trial electrical stimmlation
systerns for delivering medical therapy. A trial stimulation system may inchide a
disposable trial stimulator that is steridized for a single use 1 a stimulation trial of one
patient. The following examples also inchude a device for securing a disposable trial
stimulator to the body of a paticot, which way function to fmprove the durability of the
systern during the trial period and reduce the risk of damage to or malfunction of the
systera due to lead/clectrode dislocation and/or off-label uses like showerimg or bathing
with the trial stimulator still secured to the body.

In one cxample according to this disclosure, a medical system includes a
disposable trial electrical stimmiator, at least one percutancous stimulation lead, and an
electronic programming device. The disposable trial stimulator includes a single user
interface mtegral with the trial stivaulator. The at least oue percutancous stimulation lead
is connected to the trial stimulator. The electronic programming device is configured to
wirelessly communicate with the trial stimulator to program the trial stimulator to deliver
stinulation therapy via the at least one percutancous stimulation lead. The user interface
is configured to causc the trial stimulator to be capable of wireless communications with
the electronic progranmuming device and to turn off stimulation being delivered by the trial
stirnulator.

In another example, a disposable trial eclectrical stimulator includes a pulse
generator, a lead coupler, and a processor. The pulse gencrator s configured to deliver
electrical stimulation via at least one stimulation lead connected to the trial stimulator.
The lead coupler is configured to connect the at least one stinmulation lead directly to the
trial stirnulator without any intervening lead connection devices. The lead coupler is also
configured to connect a plurality of types of stimulation leads directly to the trial
stimulator without any fotervening lead connection devices. The processor is configured
to control the pulse generator to deliver the electrical stimulation via the at least one
stirnulation lead. The trial stimulator 1s sterilized.

In another example, a system for securing a disposable trial stimulator to a body
of g paticnt includes a patch and 4 holster. The patch includes a first major surface at least

partially covered with an adhesive configured to adhere the patch to the body of the
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patient. The holster 18 connected to a sccond major surface of the patch. The holster s
configured to receive the trial stimulator.

In another example, a method includes implanting at lecast one percutancous
stimulation lead to deliver stimulation to a target tissue location and connecting the at least
one percutancous stimulation lead to a disposable trial stimulator comprising a single user
interface iotegral with the trial stimulator. The user wnterface 18 configured to cause the
trial stimulator to be capable of wircless communications with the programmer and to turn
oft stimulation being dehivered by the trial stimulator.  The wethed also jucludes
programming the trial stimulator to deliver stimmilation via the at least one percutancous
stimulation lead with an electronic programming device configured to wirelessly
communicate with the trial stimulator, delivering stimulation to the target tissue location
vig the at least one percutancous stirnulation lead with the trial stimulator for a trial period
of time, and disposing of the trial stiraulator after expiration of the trial period of time.

In another example, 2 method includes implanting a percutancous stimulation lead
to deliver stimulation to a target tissue location and connecting the percutancous
stinulation lead directly to a disposable trial stimulator via a lead coupler integral with the
trial stiraulator.  The lcad coupler is configured to connect a plurality of types of
percutancous stimulation leads directly to the trial stimulator without any intervening lead
connection devices. The method also imcludes programming the trial stimulator to deliver
stimulation via the percutaneous stimulation lead with an electronic programming device
configured to wireless communicate with the trial stiraulator, delivering stimulation to the
target tissue location via the percutancous stimulation lead with the trial stimmlator for a
trial period of time, and disposing of the trial stimulator after expiration of the trial period
of time.

In another example, a method of securing a disposable trial stimulator to a body of
a paticot wncludes 1mplanting a percutaveous stimulation lead to deliver stimulation to a
target tissue location and adhering a first major surface of a patch at least partially covered
with an adhesive to the body of the patient. A holster is conunected to a second major
surface of the patch and the holster is configured to receive the trial stimmlator. The
method also includes mnserting the trial stimulator into the holster and connecting the

percutancous stimulation lead to the trial stimulator.

(8]
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The detatls of onc or more aspects of the disclosure are set forth in the
accompanying drawings and the description below.  Other features, objects, and
advantages of the examples of the disclosure will be apparent from the description and

drawings, and from the clairus.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a conceptual diagram illustrating an example trial stimmulation system
according to this disclosure.

FIGS. 2ZA-2C are conceptual diagrams of a number of views of the example trial
stirnulator of the system of FIG. 1.

FIG. 3 s a conceptual diagram illustrating another example trial stimulation
systern according to this disclosure,

FIGS. 4A and 4B arc counceptual diagrams of a nurnber of views of the example
trial stimulator of the system of FIG. 3.

FIG. S is a functional block diagram illustrating an example configuration of the
implantable medical device (IMD) of the systems shown in FIGS. 1 and 2.

FIG. 6 15 a functional block diagrarme illustrating an example configuration of the
external programmer of the systems shown in FIGS. 1 and 2.

FIG. 7 18 a flowchart illustrating an exaraple method of using a disposable trial
stimulator.

FIGS. BA-BC arc conceptual diagrams illustrating an exaraple systern for securing
a disposable trial stimulator to the body of a patient.

FIGS. 9A-9C arc conceptual diagrams illustrating another cxample system for
securing a disposable trial stimulator to the body of a patient.

FIG 10 1s a flowchart ilhustrating an example method of securing a disposable trial

stimulator to the body of a patient.

DETAILED DESCRIPTION

This disclosure is directed to electrical stimulation therapy delivered via a trial
stimulator during a trial stimulation period.  Prior o a decision to implant a chronic
neurostimulation device, .g. a spinal cord stimmulation device used to deliver therapy for

chronic pain, a deep bramn stiraulation (DBS) device used to deliver therapy for any of 2
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varicty of brain disorders, a gastric stimulation device used to deliver therapy for
gastroparesis or gastro-intestinal disorders or obesity, or a pelvic floor stimulation device
used to treat urgency and/or urinary incontinence, pelvic pain, sexual dysfunction, or other
disorders, patients typically undergo an evaluation phase of 1-3 weeks using an external
trial stimulator comnected to one or more stimulation leads.  Current trial stimulation
systems share a number of negative attributes.

Current trial stimulation systems include a reusable trial stimulator. Some such
reusable trial stimulators include, not only the electronics and power source necessary to
deliver stimulation therapy via one or more leads, but also a number of user input/output
(1/0} controls that arc nccessary for operation of the system.  Because current irial
stimulators are reusable, such devices generally cannot be sterilized between trials and are
therefore kept out of the sterile ficld during the surgical procedure in which the leads of
the trial stimulation system are iraplanted and nitial stimulation testing takes place. Such
reusable trial stimulators, which are not designed to be sterilized, are kept out of the sterile
field during surgery to prevent cross contamination of blood or other bodily fluids between
different trials employing the same stimulator.

It has been generally considered that designing the trial stiroulator to be reusable
is an advantage, as it may reduce waste and costs. However, the inability to sterilize the
device and the requirement that the device be outside of the sterile field during surgery,
may lead to several consequences that may outweigh the benefits of reusability. For
exarnple, during intraoperative stimulation testing of a trial stiraulation system inchuding a
reusable non-sterile trial stimulator, a wired connection is required between the sterile
componeiits of the system, ¢.g. leads and the stimulator. This wired connection must cross
the sterile ficld perimeter. The inability to maintain the wntegrity of the sterile field during
surgery may allow potentially harmful microbes to travel into or out of the sterile ficld,
which may, 1o turn, lead to complications such as contamination and/or fofection.

After surgery during the at-home phase of the stimulation trial, current trial
systems commonly employ leads, which are connected to a lead extension and/or adaptor
connected to a trial stimulator that is worn externally on the clothing or a lanyard.
Externalization of the trial stirnulator, as well as the necessity for the lead extension and/or

adaptor, may increase the likelihood of inaccurate tests results because system wires can
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becorme hung up on clothing or the environment {(door knob) or otherwise interfered with,
potentially causing dislocation of the stimulating electrodes within the body of the patient.

Another disadvantage of current trial stimulation systems is the manner in which
users fnteract with the system to countrol stimulation therapy or otherwise interact with the
trial stimulator. In some current systems, as noted above, the trial stimulator includes a
number of user input/output coutrols that are necessary for operation of the systern.
However, as the trial stimulator in some such systems is commonly held or secured to the
back of the patient, i is jnconvenient or impractical for the patient to wnteract with the VO
devices integral with the stimulator. The inclusion of V0 devices integral with the trial
stirnulator also prevents maintaming the sterile ficld during surgery, as it may be necessary
to tnteract with such devices during intraoperative testing of the stimulator.  Additionally,
some current trial stimulation systems utilize progranurning devices for modulating the
therapy, which, while separate frova the trial stimulator, must nevertheless be directly next
to or very near the stimulator to communicate with it. Again, due fo the placement of the
trial stimulator on or vear the back of the patient, such programiaing devices may be
inconvenient or impractical to use.

In view of the forcgoing challenges, cxamples according to this disclosure are
directed to trial stimulation systems that include a disposable trial stimulator that is
sterilized for a single use in g stimulation trial of one patient. The following exaraples also
include a device for securing a disposable trial stimulator to the body of a paticut, which
may function to improve the durability of the system during the trial period and reduce the
risk of damage or malfunction to the system due to lead/electrode dislocation and/or off-
iabel uses like showering or bathing with the trial stimulator still secured to the body.

In one example according to this disclosure, a medical system iuclades a
disposabie trial stimulator, at least one percutancous stimulation lead, and an electronic
programming device. The disposable trial stimulator jucludes a single user interface
integral with the trial stimulator. The at least one percutancous stimulation lead is
connccted to the trial stimulator. The clectronic programming device is configured to
wirelessly communicate with the trial stimulator to program the trial stimulator to deliver
stimulation therapy via the at least one percutancous stimulation lead. The user nterface
may inchude, e.g., a button, rocker switch, shider switch, or rotary dial switch and 1s

configured to cause the trial stimulator to be capable of wircless communications with the
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clectronic programming device and to turn off stimulation being delivered by the trial
stimulator.

Stinnlation leads referred to in this disclosure as “percutancous” leads may
include leads that are not fully implanted within the body of a patient and, instead, are
arranged partially imaplanted through an incision in the skin. As such, a percutancous lead
does not necessarly refer to the surgical process by which the lead is partially implanted
within the bedy, ¢.g., pereutancously or surgically via a laminectomy or laminotomy. For
example, a percutancous lead, as referred to m this disclosure, may be surgically placed
via a laminectomy or laminotomy. For example, a paddie lead may be employed in a trial
stirnulation systern that treats chronie pain via spinal cord stimaulation, which lead may
need to be surgically implanted. Nevertheless, the physical arrangement of such a lead in
a trial systern may be only partially implanted through an incision 1 the skin. In this
manner, “percutaneons” may refer to the physical arrangement of the lead as partially
implanted through the skin of the patient versus the manner in which the lead i3 initially
placed by a physician or other clinician,

In another example, a disposable trial stimulator includes a pulse generator, a lead
coupler, and a processor.  The pulse generator is configured to deliver clectrical
stimulation via at least one stimulation lead connected to the trial stimulator. The lecad
coupler s configured to connect the at least one stimulation lead directly to the trial
stimulator without any intervening lead connection devices. The lead coupler is also
configured to connect a plurality of types of stimulation leads directly to the trial
stimulator without any intervening lead connection devices. The processor is configured
to control the pulse generator to deliver the electrical stimulation via the at least one
stimulation lead. The tal stimulator is sterilized.

In another example, a system for securing a disposable trial stinmlator to a body
of a patient includes a patch and a bolster. The patch includes a first major surface at least
partially covered with an adhesive configured to adhere the patch to the body of the
patient. The holster 18 connected to a sccond major surface of the patch. The holster s
contfigured to receive the trial stimulator.

FIG. 1 1s a conceptual diagrarn illustrating an example therapy system 10 that
delivers electrical stimulation therapy to a patient 14, In the example of FIG. 1, for

ithustration, system 10 is configured to manage an urgency and/or urinary incontinence
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disorder of patient 14, Urgency and urinary ncontinence {c.g., an inability to countrol
urigary function) are problems that afflict people of all ages, genders, and races. Various
muscles, nerves, organs and conduits within the pelvic floor cooperate to collect, store and
release wrine. A varety of disorders may cowpromise urnary tract performance, aund
contribute to urgency or incontinence. Many of the disorders may be associated with
aging, injury, or illness.

Urgency may originate from disorders of portions of the peripheral or central
nervous systera which countrol the bladder voicturition reflex. Nerve disorders may also
lead to overactive bladder activities and/or may prevent proper triggering and operation of
the bladder. Furthermore, urgency or urinary incontinence may also result frorn improper
communication between the nervous system and the urethra. In other examples according
to this disclosure, an example trial stimulation therapy system may be configured to treat

g, fecal incontinence.

o

other conditions, inclading, e.
In FIG. 1, therapy system 10 includes an example trial stimulator 16, which is
coupled to percutancous lead 18 including electrodes 20A-20D via lead extension 22.
Trial stimulator 16 is also configured to wirclessly communicate with cxternal
programmer 24,  Trial stimulator 16 gencrally operates as a trial therapy device that
delivers electrical stimulation fo, for example, a tissue site proximate a pelvic floor nerve,
a pelvic floor muscle, the urinary sphincter, or other pelvic floor targets. Pelvice floor
nerves include peripheral nerves such as sacral nerves, pudendal nerves and associated
branches, and dorsal genital nerves. In some examples, trial stmulator 16 delivers the
electrical stimulation therapy to a sacral nerve of patient 14 to generate an afferent
response that relaxes bladder 12, e.g., to reduce a frequency of bladder contractions.

Trial stimaulator 16 mway be employed by a physician or other clinician fo test the
efficacy of stimulation therapy for treating a particular patient’s condition and also fo
deterroine pararocters or seis of parameters according to which efficacions stimulation
therapy may be delivered to the patient. Trial stimulator 16 may be employed to test
stirnulation for a patient for a limited, trial period of time, ¢.g. a mumber of days, a week or
more, or longer than a few weeks., After the trial stimulation period i3 completed,
depending on the results of the trial, trial stimulator 16 and percutancous lead 18 may be

removed and an implantable medical device (IMD) along with one or more implantable
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icads may be imoplanted i the patient to deliver chronic stimulation therapy over an
extended period of time, ¢.g. over the operating life of the IMD,

Trial stimulator 16 provides electrical stimulation therapy to patient 14 by
generating and delivering electrical stivoulation signals to a target therapy site by lead 18
and, more particularly, via clectrodes 20A-20D {collectively referred to  as
“clectrodes 207y disposed proxamate to a distal end of lead 18, For example, trial
stinulator 16 may deliver low intensity stimulation {c.g., subthreshold stimulation} and
high mteunsity electrical stiraulation therapies to patient 14 to elicit delayed and immediate
physiological responses, respectively. Trial stimulator 16 may also deliver stimmlation at
itensitics between the low intensity and high mtensity stimulation.  For exarmaple, trial
stimulator 16 may gradually transition delivery of stimulation from the low intensity to the
high intensity in increments defined by, for example, a ramp function, a step function, or 4
curvilinear function. [u sowme examples, trnial stimulator 16 may modify stimulation
therapy intensity and duration based on sensor data and/or patient input. As one example,
tria} stimulator 16 may detect an increased rate of bladder contraction based on seusor data
and then modify stimulation (¢.g., increase intensity} based on the detected increase in
bladder contraction frequency.

Trial stimulator 16 may deliver stimulation therapy to patient 14 according to one
or more stimulation parsmeters, which may be included in stimnulation programs and/or
program groups. The therapy parameters for a therapy program that controls delivery of
stimulation therapy by trial stimulator 16 through the electrodes of lead 18 may include
information identifying which electrodes have been selected for delivery of stimulation
according to a stimulation program, the polaritics of the selected clectrodes, ic., the
clectrode configuration for the program, and voltage or current aroplitude, pulse rate, and
pulse width of stimulation delivered by the electrodes. Delivery of stimulation pulses will
be described for purposes of itlustration. However, stimulation may be delivered in other
forms such as continuous waveforms.

As described in more detail with reference to FIGS. 2A-2C, tnial stimulator 16
may be configured as a body-worn device that may, in one example, be secured to the
back of patient 14, Tral stimulator 16 may be sccured to patient 14 in a nuraber of ways,
including by, e.g. adhering a surface of the device to the skin of patient 14, ¢.g., with an

adhesive or taping the device to the paticot with an adhesive tape.  Additionally,
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FIGS. 8A-9C illustrate systems according to this disclosure for sccuring body-worn trial
stimulators, including, e.g. trial stimulator 16, to the body of a patient.

Trial stimulator 16 has an outer housing that is constructed of a biscompatible
material that resists corrosion and degradation from bodily fluids including, c.g., a
polymeric material including silicone, polyurcthane, or other biologically inert polymers.
In ouve example, the housing of tral stimulator 16 is fabricated from ouve or more
thermoplastics. For cxample, the housing of stimulator 16 may be fabricated from a
polycarbonate and ABS polymer blend. In one example, the housing of trial stimulator 16
may be fabricated from Cycoloy® CZ950HF PC+ABS from SABIC Innovative Plastics of
Pittsficld Massachusetts.  The proximal end of lcad 18 is both electrically and
mechanically coupled to trial stimulator 16 via lead extension 24. Lead extension includes
to trial stimulator 16, Lead adaptors included in lead extension 24 may vary from the
example ithustrated in FIG. 1. For cxample, lead extension 24 may include a lead adapter
that 1s branched such that it s configured to couple multiple percutancous leads to lead
extension 24, Electrical conductors disposed within the lead body of icad 18 electrically
connect electrodes 20 to a therapy delivery module {e.g., a stirnulation gencrator) within
trial stimulator 16. Although not shown in the example of FIG. 1, trial stimulator 16 may
be coupled to additional percutancous leads. In one example, trial stimpulator 16 may be
coupled to one or more leads including a number of electrodes for sensing physiological
parameters related to delivering urgency and/or urinary incontinence therapy to patient 14,
For example, trial stimulator 16 may be coupled to one or more percutancous leads
including electrodes positioned within the body of patient 14 for sensing an impedance of
bladder 12, which may decrease as the volume of urine within bladder 12 mereases.

Lead 18, and, if provided, other leads coupled to trial stimulator 16, may be
percutancously tunneled through incision 28 to place one or more clectrodes, ¢.g.
electrodes 20 carried by a distal end of lead 18 at a desired pelvic nerve or muscle site,
¢.g., one of the previously histed target therapy sites such as a sacral or pudendal nerve,
Electrodes 20 of the common lead 18 may deliver stimulation to the same or different
nerves.  In other examples of therapy system 10, irial stimulator 16 may be coupled to
more than one lead that includes electrodes for delivery of electrical stimulation to

different stirnulation sites within patient 14, e.g., to target different nerves. In the exarmple
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shown 1 FIG 1, pereutancous lead 18 is cylindrical.  Electrodes 20 may be cuff
clectrodes, ring electrodes, segmented electrodes or partial ring electrodes.  In one
example, lead 18 may include a paddic-shaped distal end on which one or more electrodes
are arranged.

Trial stimulator 16 may inchude one or more sensors for detecting changes in the
contraction of bladder 12 as a mechamism for improving the efficacy of therapy dehvered
to patient 14. For example, trial stimulator 16 may include or be coupled to a pressure
seusor for detecting changes n bladder pressure, electrodes for sensing pudendal or sacral
afferent nerve signals, or electrodes for sensing urinary sphincter EMG signals, or any
combination thercof. In other exaroples, trial stimulator 16 may include a patient motion
sensor that generates a signal indicative of patient activity level or posture state. In some
examples, frial stiroulator 16 controls the delivery of stimulation therapy to patient 14
based on sensed patient activity level or posture state. For exarople, a patient activity level
that is greater than or equal to a threshold may indicate that there is an increase in urgency
and/or an increase iu the probability that an incontinence event will occur, and
accordingly, trial stimulator 16 may provide clectrical stimulation based on the patient
activity levell As an additional exaraple, patient 14 may be more prone to urgency or an
incontinence event when patient 14 is in an upright posture state compared to a lying down
posture state. Accordingly, in some examples, trial stimulator 16 may control the dehivery
of electrical stimulation to patient based on the patient posture state determined based on a
signal generated by a rotion sensor.

Systemn 10 includes an external programmer 24, as shown in FIG 1. In some
examples, programmer 24 may be a wearable cormmmunication device, handheld computing
device, computer workstation, or networked computing device. Programmer 24 may
include a user interface that receives input from a user {e.g., patient 14, a paticnt carctaker
or a chinician). The vser mterface may include a keypad and a display {¢.g., an LCD
display). The keypad may take the form of an alpbanumeric keypad or a reduced set of
keys associated with particular functions of programmer 24,  Programumner 24 can
additionally or alternatively include a peripheral pointing device, such as a mouse, via
which a user may intcract with the user interface. In some exaraples, a display of
programymer 24 may include a touch screen display, and a user may interact with

progranuner 24 via the touch screcn display. It should be noted that the user may also
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mteract with programmer 24 and/or trial stimulator 16 remetely via g networked
computing device,

Patient 14 may interact with programmer 24 to control trial stimulator 16 fo
debiver the stimulation therapy, to manually abort the delivery of the stioulation therapy
by trial stimmlator 16 while trial stimulator 16 is delivering the therapy or is about to
deliver the therapy, or to mhibit the delivery of the stimulation therapy by trial stimaulator
16, ¢.g., during voluntary veiding events. Patient 14 may, for example, use a touch screen
of prograrrocr 24 to cause trial stimulator 16 to deliver the stimulation therapy, such as
when patient 14 seuses that a leaking episode may be imminent. In this way, patient 14
rnay use programmer 24 to control the delivery of the stiroulation therapy “on demand,”
e.g., when extra stimulation therapy is desirable.

Patient 14 may interact with prograramer 24 to inhibit the delivery of the
stimulation therapy during voluntary voiding events or to modify the type of stimulation
therapy that is delivered (e.g., to control trial stimulator 16 to deliver stimulation therapy
to help patient 14 voluntarily void 1o examples in which patient 14 has a urinary retention
disorder). That is, patient 14 may use programmer 24 to enter input that indicates the
patient will be voiding voluntarily. When trial stimulator 16 receives the mput from
progranumer 24, trial stimulator 16 may suspend delivery the stimmlation therapy for a
predetermuned period of time, e.g., two minuies, to allow the patient to voluntarily void, or
switch to a different type of stimulation therapy to help patient 14 vohuntarily void.

A user other than patient 1[4, such as a physician, technician, surgeon,
electrophysiologist, or other clinician, may also interact with programmer 24 or another
separate programmer {not shown), such as a chinician programmer to communicate with
trial stiroulator 16, Sach a user may interact with a programmer to retrieve physiological
or diagnostic information from trial stimulator 16. The user may also interact with a
programmer to program trial stimulator 16, e.g., select values for the stimulation
parameters according to which trial stimulator 16 generates and delivers electrical
stimnulation and/or other operational pararcters of irial stimulator 16, For example, the
user may use programmer 24 to retrieve information from trial stimulator 16 regarding the
contraction of bladder 12 and voiding events. As another example, the user may use

programmer 24 to retrieve information from trial stimulator 16 regarding the performance
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or integrity of trial stimulator 16 or other compounents of system 10, such as lead 18, or a
power source of trial stimulator 16.

Trial stimulator 16 and programmer 24 communicate wirclessly. Examples of
wircless comrunication techuniques employed by stimulator 16 and progravomer 24 roay
include, for cxample, low frequency or radiofrequency (RF) telemetry, but other
techniques are also contemplated.

Trial stimulator 16 may commonly be secured to the body of patient 14 in a
position that makes manipulation of controls 1utegral with the stivaulator inconveruent or
impractical. For example, trial stimulator 16 may be secured to the back of patient 14
adjacent the waste line of the patient. As such, the vast majority of interaction with and
control of trial stimulator 16 is executed by users via electronic programmer 24, which
wircless communicates with the stimulator. Trial stimulator 16 does include, however, 4
single user wnterface, button 30 iotegral with the stimaulator.  Button 30 is convemently
iocated on one of the two larger faces of trial stinulator 16, ¢.g. in the center of the face as
itlostrated in FIG 1, to make the control casier for patient 14 to locate. Additionally,
button 30 may include structural features to make it casier to locate, like a raised edge
around the perimeter of the button or a surface finish or coating or texture that differs from
the other surfaces of trial stimulator 16, Button 30 is employed for two important
functions that may not be best exccuted by programmer 24, In particular, button 30 is
configured to cause trial stimmlator 16 to be capable of wireless communication with
programmer 24 and to turn off stimulation being delivered by the trial stiraulator, ¢.g., in
the event that patient 14 wishes to cease stimulation quickly without accessing a feature-
rich user mterface via programmer 24 or because programmer 24 is unavailable. In other
examples according to this disclosure, a trial stimaulator may include a single user interface
integral with the stimulator that is different than a button, e.g. a rocker switch, slider
switch, or rotary dial switch.

FIGS. 2A-2C are conceptual diagrams of a number of views of example trial
stirnulator 16 of trial systern 10 of FIG. 1. In FIGS. 2A-2C, trial stimulator 16 includes
button 30 and is connected to lead extension 22 via coupler 32. In one example, lead
extension 22 may include a male ¢lectrical connector, or, plug that 15 configured to be
received in a female electrical connector, or, socket of coupler 32 of trial stimulator 16, In

another example, lead extension 22 may include a fomale electrical connector, or, socket
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that 1s configured to be received in a male clectrical connector, or, plug of coupler 32 of
trial stimulator 16, Trial stimulator 16 also includes battery bay 34, which includes
cavity 36 and door 38. Battery bay 34 is configured to receive one or more rechargeable
or primary source batteries configured to power irial stimulator 16, In one example, as
ithustrated 1n FIG. 2B, battery bay 34 s configured to receive a plurality of batteries, ¢.g.,
two AAAA dry cell alkaline batteries 40.

Trial stimulator 16 18 configured to be disposed of after a single trial with one
patient, e.g. patient 14, As such, trial stimulator 16 may be sterilized prior to use n a trial
and may be arranged within a sterile field during surgery and intraoperative testing of the
stimulator. Because trial stimulator 16 is within the sterile field during surgery, the
stimulator may encounter blood and other bodily fluids.  Additionally, there may be
instances i which trial stiraulator 16 18 subject to off-label uses by 4 patient, including
showering or bathing with the device. As such, 1o one example, trial stivaulator 16 1s
configured to resist ingress of liguid into the device.

In some exaroples, trial stimuolator 16 way not be hermetically sealed, as
structures and processes for achicving a hermetic seal may present too great a cost for a
disposable device like disposable trial stimulator 16, Trial stimulator 16 may, however,
employ a number of techniques fo resist ingress of liguid into the device. In one example,
housing 42 of trial stimulator 16 18 configurcd to resist ingress of liquid into an mterior
chamber defined by the housing. As illustrated in FIG 2C, housing 42 may be include a
first, or top half 42a, and a sccond, or bottorn half 42b, which are joined at scam 44, Top
half 42a and bottom half 42b may be joined at seam 44 by an ultrasonic weld that is
configured to seal an interior chamber defined by housing 42 when top and bottom
halves 42a, 42b are joined. Additionally, trial stiroulator 16 meay include a seal that resists
ingress of liquids into the device at the interface between battery bay door 38 and bottom
half 42b of housing 42. For examople, as dlustrated in FIG 2B, gasket 46 may be
interposed between battery bay door 3% and housing 42 to resist ingress of fluids imto
battery bay 34.  Additionally, the junction between lead extension 22 and trial
stimulator 16 via coupler 32 may be scaled with gasket 48, which, in one example, may
take the form of an O-ring. Gasket 48 between lead extension 22 and coupler 32 may be
configured to resist ingress of liquids into contact with the electrical connection between

extension 22 and coupler 32,
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Example disposable trial stimulator 16 of FIGS. 1 and 2A-2C may inclade a
number of additional features. In one example, trial stimulator 16 may be configured to
automatically, and without user interaction, detect the type of percutancous stimulation
iead 18 connected to the trial stimulator via lead extension 22, In one example, lead
adaptor 26 may include, in addition to electrical connections for connecting lead 18 to
stinulator 16, an electrical countact that 15 configured to connect with a conductor of
stinulation lead 18 in order to close a circuit that 18 configured to facilitate autonomous
detection of the type of lead 18 connected to stimulator 16, For example, adaptor 26 may
include an electrical contact that connects a conductor of stimulation lead I8 to a
controlled current source included in stimulator 16 that 15 configured to deliver a particular
amount of current across the lead conductor. The circuit with the controlled current source
included in trial stiraulator 16 may be configured to measure the voltage drop across the
lead conductor. Trial stimulator 16, ¢.g. a processor of trial stimoudator 16 may theo
calculate the resistance of the conductor of lead I8 based on the delivered current and the
rocasured voltage. In any event, Trial stivaulator 16 may coropare the actual resistance of
the conductor of stimulation icad 18 to a plurality of resistances associated with a plarality
of lead types, e.g. stored in merosory of trial stiraulator 16 and/or programmer 24.

In one example, trial stimulator 16 may not calculate resistance in order to detect
the type of lead connected thercto. Instead, the circuit with the controlled current source
included in trial stimulator 16 may be configured to measure the voltage drop across the
icad conductor and trial stimulator 16 may compare the measured voltage drop across the
lead conductor to stored voltage values associated with different lead types. Trial
stimulator 16 may then determine the lead type based on the comparison between
rocasured voltage and stored voltage.

Autonomous lead detection may improve the efficiency and control of
programming stimulation therapy delivery for trial stimulator 16, For example, tnal
stimulator 16 may be configured to automatically limit at least one of a number of
stirnulation prograrmuing options available via programumer 24, Hmit or select one or more
stimulation parameter values, or select different programs according to which the trial
stimulator can deliver stimulation via stimulation lead 18 based on the type of the lead

detected by the device.
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In onc cxample, trial stimulator 16 includes a diagnostics module configured to
automatically cease delivery of stimmulation when stimmulation lead 1¥ is disconnected from
the trial stimulator, either by lcad extension 22 being disconnected from coupler 22 or by
lead 18 being disconnected from lead extension 22, Additionally, the diagnostics module
of trial stimulator 16 may be configured to monitor stimulation intensity delivered by trial
stimulator 16 via lead 18 and generate au alert wheu the stivoulation 1ntensity dehivered by
trial stimmlator 16 does not equal a programmed stimulation intensity, ¢.g. stored in
memory of stimulator 16 and/or programivoer 24.

For example, stimulation lead I8 may include additional conductors that function
as resistors at the connection with trial stimulator 16 via lead extension 220 Trial
stimulator 16 may then be configured to detect the presence or absence of this resistor,
¢.g., by delivering current across the resistor from a power source of the stimulator. In the
event, the resistance of the additional conductor is not detected, trial stimulator 16 may,
¢.g., antomatically turn off stimulation and log an error in memory of the device. Trial
stimudator 16 may also generate a visual, audible, or tactile alert or corvmunicate with
programmer 24 to cause the programimer to generate an alert.

With regard to mounttoring stimulation intcusity, a stimulation engine of tral
stimulator 16 may be configured to measure the actual output cnergy of stimulation
delivered by stimulator 16, In the event the actual stimulation output docs not equal the
programmed stimulation, an error may be generated and logged and, in some examples,
trial stimulator 16 may generate an alert. Dopending on the nature of the stimulation error,
e.g., the magnitude of the discrepancy between programmed stimulation inteusity and
actual output, a diagnostic module of trial stimulator 16 may prevent stimulation. In
another example, trial stimaulator 16 may detect 15 if the iopedance in stinulation lead 18X
is cither too low or too high and, e.g., trigger an alert as appropriate.

FIG. 3 18 a schematic diagraro illastrating another example iral stiroulation
systern 100 including trial stimmlator 102 coupled to a pair of percutancous electrode
arrays i the form of stimulation lcads 106A and 106B. Example trial stumulation
system 100 including trial stimulator 102 1s configured to be employed in a spinal cord
stimulation (SCS) trial. The components of trial simulation system 102 may gencrally
include similar structures, functions, and variety of options described above with reference

to trial stirnulation system [0 of FIG 1. For example, the construction and gencral
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function of trial stimulator 102 to deliver clectrical stimulation via lcads 106A and 106B to
the spinal cord of patient 104 may be similar to that described above with reference to trial
stinulator 16 and lead 18, including the construction and optional types of leads
employed, the materials from which the housing of stimulator 102 is constructed,
communications between programmer 108 and stimulator 102 and other general features
and system 100 will be apparent from the following description of the components of and
therapy delivered by trial stiroulation system 100,

As shown in FIG. 3, system 100 includes disposable trial stimulator 102,
stirnulation leads 106A and 1068, and external programumer 108, all of which are shown in
conjunction with patient 104, In the example of FIG. 3, trial stimulator 102 is a disposable
electrical stimulator configured for SCS, ¢.g., for rehief of chronic pain or other symptoms.
Stimulation leads 106A and 106B are connected to trial stivoulator 102 and implanted
through incision 110 and then tunneled through tissue of patient 104 to a therapy delivery
site proximate spinal cord 112, Paticut 104 is ordinarily a human patient, but may also be
a non-human patient including, ¢.g., a primate, canine, cquine, pig, and feline.

Trial stimulator 102, i general, has an outer housing that 18 constructed of a
biocompatible material that resists corrosion and degradation from bedily fluids including,
¢.g., a polymeric material including sthicone, polyurcthane, or other biologically imert
polymers. In one example, the bousing of trial stimulator 102 is fabricated from one or
more thermoplastics. For exarnple, the housing of stimulator 102 may be fabricated from
a polycarbonate and ABS polymer blend. In one example, the housing of trial
stimulator 102 may be fabricated from Cycoloy® (CZ950HF PCHABS from SABIC
innovative Plastics of Pittsfield, Massachusetts.  As described in more detail with
reference to FIGS. 4A and 4B, trial stimulator 102 is a body-worn device that may, in one
example, be secured to the back of patient 104, Trial stimulator 102 way be secured to
patient 104 in a number of ways, including by, ¢.g. adhering a surface of the device to the
skin of patient 104 with an adhesive or taping the device to the patient with an adhesive
tape. Additionally, FIGS. 8A-9C illustrate systems according to this disclosure for
securing body-worn trial stiroulators, including, ¢.g. trial stimulator 102, to the body of &

patient.

17



1

1

2

(€3]

0

5

0

<

WO 2013/162708 PCT/US2013/029273

Stiraulation cnergy is delivered from trial stiroulator 102 to spinal cord 112 of
patient 104 via one or more clectrodes of implantable leads 106A and 106B (coliectively
“leads 106™). The clectrodes {(not shown) may be, e.g., clectrode pads on a paddle lecad,
circular {e.g., ring) electrodes surrounding the body of leads 106, conformable clectrodes,
cuff electrodes, segmented electrodes, or any other type of electrodes capable of forming
unipolar, bipolar or multipolar elecirode configurations for therapy. In some applications,
such as SCS to treat chronic pain, the adjacent implantable leads 106 may have
longitudimal axes that are substantially parallel to one another.

The therapy parameters for a therapy program that controls delivery of stimulation
therapy by trial stimoulator 102 through the electrodes of leads 106 may include
information identifying which electrodes have been selected for delivery of stimulation
according to a stirnulation program, the polaritics of the selected clectrodes, 1.e., the
electrode configuration for the program, and voltage or current amphitude, pulse rate, and
pulse width of stimmlation delivered by the clectrodes. Delivery of stimulation pulses will
be described for purposes of illustration. However, stimulation may be delivered 1o other
forms such as continuous waveforms.

In the example of FIG. 3, leads 106 carry electrodes that are placed adjacent to the
target tissue of spinal cord 112. One or more of the clectrodes may be disposed at or near
a distal tip of a lcad 106 and/or at other positions at intermediate points along the lead. As
noted above, leads 106 wmay be implanted percutancously, or surgically through a
larainectommy or larninotomy through incision 110 and coupled to trial stiraulator 102,

Trial stimulator 102 delivers electrical stimulation therapy to patient 104 via
selected combinations of electrodes carried by one or both of leads 106. The target tissue
for the electrical stimnulation therapy may be any tissue affected by electrical stimulation
encrgy, which may be in the form of clectrical stinmulation pulses or continuous
wavetorros.  In some examples, the target tissue jucludes nerves, smooth wmuscle or
skeletal muscle. In the example illustrated by FIG. 3, the target tissue is tissue proximate
spinal cord 112, such as within an intrathecal space or epidural space of spinal cord 112,
or, in some examples, adjacent nerves that branch off of spinal cord 112, Leads 106 may
be introduced into spinal cord 112 via any suitable region, such as the thoracie, cervical or
fumbar regions. Stimulation of spinal cord 112 may, for example, prevent pain signals

from traveling through spinal cord 112 and to the bramm of paticnt 104, Patient 104 may
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perceive the mterraption of pain sigoals as a reduction in pain and, thercfore, efficacious
therapy resulis.

In the example of FIG 3, stimulation energy is delivered by trial stimmlator 102,
e.g. by a therapy delivery wodule of tnial stivaulator 102 to the spinal cord 112 to reduce
the amount of pain perceived by patient 104, Although FIG. 3 is directed to SCS therapy,
trial stimulation system 100 may alternatively be directed to any other condition that may
benefit from stimulation therapy. For example, systern 100 may be used to treat urinary
urgency or incontinence via sacral stimulation, tremor, Parkinson’s disease, epilepsy,
sexual dysfunction, obesity, gastroparesis, or psychiatric disorders {(c.g., depression,
rmania, obsessive compulsive disorder, anxicty disorders, and the like). In this manner,
system 100 may be configured to provide therapy taking the form of deep brain
stimulation (DBS), peripheral nerve stimulation (PNS), peripheral nerve field stimulation
{PNFR), cortical stivaulation (CS), gastric stimulation, or any other stimulation thevapy
capable of treating a condition of patient 104, The clectrical stimulation delivered by trial
stimulator 102 may take the form of clectrical stimulation pulses or continuous stimulation
waveforms, and may be characterized by controlled voltage levels or controlled current
levels, as well as pulse width and pulse rate 1n the case of stimulation pulscs.

As with trial stimulator 16 of system 10 of FIG 1, disposable trial stimulator 102
ray, in some exaraples, include one or more sensors configured to monitor or detect a
vartety of parameters that may be employed in the delivery of stimulation to patient 104,
¢.g. that may be employed as a basis for improving the cfficacy of therapy by moditying
stimulation parameters.  For example, trial stimulator 102 may include one or more
posture sensors configured to detect the posture state and/or activity level of patient 104,
During use of trial stimulator 102 to treat paticot 104, moveruent of patient 104 among
different posture states may affect the ability of trial stimulator 102 to deliver consistent
efficacious therapy. For exarople, leads 106 may migrate toward trial stimulator 102 when
patient 104 bends over, resulting in displacement of electrodes and possible disruption in
delivery of cffective therapy.  Stimulation energy transferred to target tissuc may be
reduced due to electrode migration, causing reduced efficacy in terms of relief of
syraptoms such as pain.  In such a case, trial stimulator 102 may be configured to
automatically modify stimulation parameters based sensor signals indicating patient 104 is

bending over. As another example, leads 106 may be compressed towards spinal cord 112
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when paticnt 104 hics down. Such compression mmay cause an incrcasce in the arnount of
stimulation energy transferred to target tissue. In this case, the amplitude of stimulation
therapy may need to be decreased to aveoid causing patient 104 additional pain or unusual
sensations, which may be considered undesirable side effects that undermine overall
cfficacy.

System 100 includes an external programmer 108, as shown v FIG 3. In some
examples, programmer 108 may be a wearable communication device, handheld
computing device, computer workstation, or networked corputing device. Programmct
108 may include a user interface that receives tnput from a user {¢.g., patient 104, a patient
carctaker or a clinician}. The user interface may include a keypad and a display {¢c.g., an
LCD display}). The keypad may take the form of an alphanumeric keypad or a reduced set
of keys associated with particular functions of programmer 108, Programmmer 108 can
additionally or alternatively include a penipheral poionting device, such as a wouse, via
which a user may interact with the user interface. In some cxamples, a display of
progranmuner 108 way inclade a touch screcn display, and a user may interact with
programmer 108 via the touch screen display. It should be noted that the user may also
interact with programmer 108 and/or trial stiroulator 102 remotely via g networked
computing device.

Programmer 108 roay function and be used by different users, ¢.g. patient 104 and
a clinician, in a manner stmilar to that described above with reference to programmer 24
of trial stimulation system 10, Trial stiroulator 102 and programmer 108 cormmunicate
wirclessly. Examples of wireless commumication techniques employed by stimulator 102
and programmer 108 may include, for cxample, low frequency or radiofrequency (RF)
teleraetry, but other technigues are also contemplated.

As described above, some current trial stimulation systems commonly employ
leads, which are connected to a lead exiension and/or adaptor conpected fo a tnal
stimulator that s worn externally on the clothing or a lanyard. Externalization of the trial
stirnulator, as well as the necessity for the lead extension and/or adaptor ruay increase the
likelihood of inaccurate tests results because systemy wires can become bung up on
clothing or the covirontuent {door knob) or otherwise interfered with, potentially causing
dislocation of the stimulating electrodes within the body of the patient. Additionally, the

use of additional components such as bulky lead cxtensions and/or adaptors may be costly
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and inconvenient for patients. Additionally, lead cxtensions introduce another possible
point of fatlure or malfunction in the connection between lead and stimulator, In view of
the foregoing disadvantages of the use of lead extensions and/or adaptors in trial
stimulation systems, disposable trial stiroulator 102 mcludes a lead coupler integral with
stimulator 102 that connects leads 106 directly to 102 without any intervening lead
connection devices.

FIGS. 4A and 4B arc conceptual diagrams of a number of views of cxample
disposable trial stimulator 102 of systern 100 of FIG. 3. In FIGS. 4A and 4B, tnal
stimulator 102 includes housing 120, lead coupler 122, and button 124, Trial
stirnulator 102 1s connected to lead 106 including four clectrodes 126A-126D {collectively
“clectrodes 1267 via lead coupler 122. Housing 120 includes a first, or top half 120a, and
a sccond, or bottom half 120b. Top half 1202 of housing 120 includes two lead coupler
doors 128 and 130, which are coufigured to pivot open to expose lead coupler 122, The
junction between housing 120 and doors 128 and 130 also includes apertures 132A-132D,
which are configured to accommodate, i the example of FIGS. 4A and 4B, up to four
percutancous leads connected to trial stimulator 102 via lead coupler 122,

As noted above and as illustrated m FIG 4B, lead coupler doors 128 and 130
pivot open to expose lead coupler 122, which in the cxample of trial stimulator 102 is
configured to connect up to four stimulation leads to the disposable stimulator. In other
examples, trial stimulator 102 or another disposable trial stimulator according to this
disclosure may include a lead coupler configured to accommodate more or fower
stimulation leads than example coupler 122, Opening doors 128 and 130 exposes six
stots 134A-134D (collectively “slots 1347) included in lead coupler 122, In one example,
stots 134 mclude 2 slots, 134A and 134F with R contacts, each of which is configured to
receive one lead with cight electrodes.  Additionally, slots 134 may include
slots 134B-134E with four contacts, cach of which is configured to receive oune lead with
four eclectrodes, like lead 106 including electrodes 126, Each of slots 134 of lead
coupler 122 of irial stimulator 102 18 configured to connect one stimulation lead to
stimulator 102, For example, percutancous stimulation lead 106 s connected directly to
irial stimulator without any intervening lead connection devices via slot 134D of lead
coupler 122, Each of slots 134 may include one or more electrical contacts, like

contact 136 iHustrated with reference o slot 134D in FIG 4A. Stimulation leads, like
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icad 106 may be press fit mto slots 134 and may be configured with cxposed clectrical
conductors arranged along the end of the lead received by the slots, e.g. the proximal end
of the lead, such that the lead conductors contact the electrical contacts in slots 134,
Stimulation leads, like lead 106 may thus be electrically connected to trial stimaulator 102
such that stimulator 102 may deliver stimulation therapy to a patient via clectrodes
arvanged at the distal end of the lead, ¢.g. electrodes 126A-126D and connected to the lead
conductors contacting the electrical contacts of slots 134,

In soroe examples, additional electrical counections between a stimulation lead
and lead coupler 122 of trial stimulator 102 may be provided for reasons other than
connecting stimulation electrodes to a therapy delivery module of stiraulator 102, In one
example, cach of slots 134 of lead coupler 122 may inchude an electrical contact that is
configured to connect with a conductor of a stimulation lead in order o close a circuit that
is configured to facilitate autovorosous detection of the type of lead counected to
stimulator 102, For example, cach of slots 134 of lead coupler 122 may include an
electrical contact that connects a conductor of a stimulation lead to a controlled current
source that is configured to deliver a particular amount of current across the lead
conductor. The circuit with the controlled current source inchuded in trial stimulator 102
may be configured to measure the voltage drop across the lead conductor.  Trial
stirnulator 102, c.g. a processor of trial stimulator may then calculate the resistance of the
conductor of the lead based on the delivered current and the voltage. Trial stimulator 102
may corpare the actual resistance of the conductor of the stirmulation lead to a plurality of
resistances associated with a plurality of lead types, e.g. stored in memory of trial
stimulator 102 and/or programmer 10&.

I one example, trial stimulator 102 may not calculate resistance n order to detect
the type of lead connected thereto. Instead, the circuit with the controlled current source
included 1o trial stimulator 102 way be configured to measure the voltage drop across the
iead conductor and trial stumulator 102 may compare the measured voltage drop across the
icad conductor to stored voltage values associated with different lead types.  Trial
stimulator 102 may then determine the lead type based on the comparison between
measured voltage and stored voltage.

Auntonomous lead detection may improve the efficiency and control of

programuning stimulation therapy delivery for trial stimulator 102, For cxample, trial
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stimulator 102 may be configured to automatically limit a number of stimulation
programming options available via programmer 108, Hmit or select one or more
stimulation parameter values, or select different programs according to which the trial
stimulator can deliver stimulation via stimulation lead 106 based on the type of the lead
detected by the device.

As with trnial stimulator 16 of FIG 1, trial stimulator 102 may commonly be
secured to the body of patient 104 in a position that makes manipulation of controls
integral with the stimulator inconvenient or impractical. For exarple, trial stimulator 102
may be secured to the back of patient 104 adjacent the waste line of the patient. As such,
the vast magjority of interaction with and control of trial stimulator 102 is exccuted by users
via electronic programmer 108, which wireless communicates with the stimulator. Trial
stimulator 102 does include, however, a single user interface, button 124 integral with the
stimulator.  Button 124 18 conveniently located on one of the two larger faces of tal
stimulator 102, ¢.g. in the center of top half 120a of housing 120 as illustrated in FIG 44,
to make the control casier for patient 104 to locate. Additionally, button 124 may inclade
structural features to make it casier to locate, like a raised edge around the perimeter of the
stimulator 102. Button 124 1s employed for two important functions that may not be best
exceuted by programrocr 108, In particular, button 124 s configured to cause trial
stimulator 102 to be capable of wireless communication with programmer 108 and to tum
oft stimnulation being delivered by the trial stiraulator, c.g., 1n the cvent that patient 104
wishes to cease stimulation quickly without accessing a feature-rich user interface via
programuner 108 or because programmer 108 18 unavailable.

Trial stivoulator 102 1s configured to be disposed of, t.e., discarded after a single
trial with one patient, e.g. patient 104, As such, trial stimulator 102 may be sterilized prior
to use in a trial and may be arranged within a sterile field during surgery and
intraoperative testing of the stimulator. Because trial stimmulator 102 is within the stertle
ficld durning surgery, the stiroulator may cucounter blood and other bodily tluds.
Additionally, there may be instances in which trial stimmulator 102 is subject to off-label
uscs by a paticnt, including showering or bathing with the device. As such, in one

example, trial stimulator 102 is configured to resist ingress of iquid into the device.
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In some cxamples, trial stimulator 102 may not be hermetically scaled, as
achieving a hermetic scal may be too great a cost for a disposable device like disposable
trial stimulator 102, Trial stimulator 102 may, however, enploy a number of techniques to
resist mgress of Hquid into the device. In one example, bousing 120 of trial stimulator 102
is configured to resist ingress of liquid into an interior chamber defined by the housing.
For example, housing 120 may include a nuraber of sections that are connected to one
another to define one or more closed chambers in which various components of ftrial
stimulator 102 are arranged.  In ove example, different sectious of housing 120 are
connected by ultrasonic welds that are configured to resist ingress of Hquids into the
mterior chamber(s) of trial stirnulator 102, Housing 120 of stiraulator 102 includes top
half 120a and bottom half 120b. Top half 1202 of housing 120 incihudes lead coupler
doors 128 and 130. In onc cxample, the junction between top halt 1204 inchuding
doors 128 and 130 and bottorn half 120b of housing 120 may wclude a gasket that 1
configured to seal lead coupler 122 inside doors 128 and 130 in order to resist ingress of
fiqunds into the lead coupler.

Trial stimulator 102 may include a battery bay including a cavity and door as
described above with reference to stimulator 16 of systern 10, In such cases, the mterface
between the battery bay door and housing 120 of trial stinmlator 102 may be scaled with a
gasket that 1s configured to resist ingress of hquids into the cavity of the battery bay.

Example disposable trial stimulator 102 of FIGS. 3 and 4A and 4B may inchude a
number of additional features. In one example, trial stimulator 102 inchudes & diagnostics
module configured to automatically cease delivery of stimulation when stimulation
icads 106 arc disconnected from the trial stimulator. Additionally, the diagnostic module
roay be configured to mounttor stimulation intcusity delivered by trial stimulator 102 via
leads 106 and penerate an alert when the stimulation intensity delivered by trial
stimulator 102 does not equal a prograramed stimmulation jutensity, ¢.g. stored 1n memory
of stimulator 102 and/or programmer 10X,

For example, stimulation leads 106 may include additional conductors that
function as resistors at the connection with trial stimulator 102 via lead coupler 122, The
diagnostics module of trial stimulator 102 may then be configured to detect the presence
or absence of this resistor, ¢.g., by delivering current across the resistor from a power

source of the stimulator. In the cvent, the resistance of the additional conductor is not
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detected, the diagnostic module of trial stiraulator 102 may, ¢.g., automatically turn off
stimulation and log an error in memory of the device. Trial stimulator 102 may also
generate a visual, audible, or tactile alert or communicate with programmer 108 to cause
the prograrmer to generate an alert.

With regard to monitoring stimulation intensity, a stimulation engine of trial
stimmulator 102 may be configured to measure the actual output energy of stimulation
delivered by stimulator 102, In the event the actual stimulation output docs not equal the
prograramed stimulation, an error may be generated and logged and, in sorme examples,
trial stimulator 16 may generate an alert. Depending on the nature of the stimulation error,
¢.g., the roagottude of the discrepancy between programmed stiroulation intensity and
actual output or in the event stimulation intensity is detected that is outside of a hard limit
set by physician programming, a diagnostic module of trial stimulator 102 may prevent
stimulation.  In another example, trial stimaulator 102 may detect 18 if the impedance in
stimulation leads 106 is cither too low or too high and, ¢.g., trigger an alert as appropriate.

In one example, a diagnostic module of trial stimulator 102 is also configured to
detect whether doors 128 or 130 arc open, c.g. via a circuit including a switch that i
normally closed or open in the door open or closed state.  In the cvent the diagnostic
module of trial stimulator 102 detects that either door 128 or 130 is open, in one cxample,
trial stimulator 102 may be configured to turn off stimulation being delivered at the time.

FIG 5 1s a functional block diagram illustrating example components of an
exaraple disposable trial stimulator 200 according to this disclosure. The configuration
and componentry of trial stimulator 200 may be implemented in a number of different
types of trial stinmlation systems, including, ¢.g., trial stimulator 16 of system 10 of FIG. 1
and trial stimulator 102 of systemn 100 of FIG 3. However, there may be functional and
structural differences depending on which type of system trial stimulator 200 of FIG. 5 is
implemented in. For example, the sensors jncluded i trial stimulator 200 may differ if the
device is included in a trial stimulation system configured to deliver pelvic floor
stimaulation, like system 10 of FIG |, versus if the device 13 included in a trial stimulation
system configured to deliver SCS8 therapy, like systemy 100 of FIG 3. Moreover, trial
stimulator 200 may include additional compounents if the device is included in a trial
stimulation system configured to deliver pelvic floor stimulation, like system 10 of FIG 1,

c.g. an impedance module for monttoring bladder impedance to detect bladder
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contractions, versus if the device 1s included in g irial stiaulation sysiern configured to
deliver SCS therapy, like system 100 of FIG. 3.

In the cxample of FIG 5, trial stimulator 200 includes sensor(Z) 202,
processor 204, memory 206, therapy dehvery module 208, telemetry module 210, user
interface 212, power management module 214, diagnostic module 220, and power
source 222, Processor 204 may be prograromed to control a number of compouents of
trial stimulator 200 including therapy delivery module 208 and telemetry module 210, e.g.,
based on wmstructions and data stored 1o rmocmory 206, as well as sensor data from
sensor{s) 202.  Therapy delivery module 208 is connected to lead 216 including
clectrodes 218A-218D {collectively “electrodes 2187} and is configured to deliver
electrical stimulation therapy through clectrodes 218 to one or more target tissue sites
within g patient. As illustrated in the example of FIG. S, power management module 214
may be connected to processor 204, telemetry module 210, and user juterface 212.

Processor 204 is operably connected to and configured to access information from
roemory 206 and to control therapy delivery wodule 208, Components described as
processors within trial stimulator 200, or any other device described in this disclosure may
cach comprise one or more processors, such as one or more microprocessors, digital signal
processors {DSPs), application specific integrated circuits {ASICs), field programmable
gate arrays {(FPGAs), programumable logic circuitry, or the like, cither alone or m any
suitable combination. The functions attributed to trial stimulator 200 may be embodied in
a hardware device via software, firmware, hardware or any combination thercof.

Memory 206 may store instructions for execution by processor 204, stimulation
therapy data, sensor data, ¢.g. bladder impedance measurements and/or posture state data,
and any other information regarding therapy of a patient employing trial stimmulator 200,
Therapy information may be recorded for long-term storage and retrieval by a user, and
the therapy information may tnclude any data created by or stored n trial stimulator 200.
Memory 206 may include separate memories for storing instructions, sensor data, therapy
adjustroent information, prograrn historics, and any other data that roay benefit from
separate physical memory modules. Memory 200 may include any volatile or non-volatile
media, such as a random access memory (RAM), read only memory (ROM), non-volatile
RAM (NVRAM), electrically erasable programmable ROM (EEPROM), flash memory,
and the like.
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Processor 204 controls therapy delivery module 208 to deliver electrical
stimulation via electrode combinations formed by electrodes in one or more electrode
arrays. For cxample, therapy delivery module 208 may deliver clectrical stimulation
therapy wia electrodes 218 on lead 216, e.g., as stimulation pulses or continuous
waveforms. Therapy delivery module 208 may include stimulation generation circuitry to
generate stimulation pulses or wavetorms and switching circuitry to switch the stimulation
across different electrode combinations, c.g., in response to control signals from
processor 204, In particular, processor 204 may coutrol the switching circuitty on a
selective basis to cause therapy delivery module 208 to deliver electrical stimulation to
selected clectrode cormbinations and to shift the clectrical stirmulation to different clectrode
combinations in a various directions when the therapy is delivered to different locations
within a paticnt.

Therapy delivery module 208 of example disposable trial stimulator 200 may be
configured to deliver current or voltage controlled stimulation via various electrodes of
one or more electrode arrays, including, e.g. different combinations of electrodes 218 on
lead 216, In onc example, therapy delivery module 208 may include multiple current
sources to drive more than one clectrode combination at one time.

In one example in which therapy delivery module 20¥ is configured to deliver
current controlled stimulation and includes multiple current sources, therapy delivery
module 208 includes a stimulation generator including a voltage supply, a stimmlation
control module, and a current regulator array. The voltage supply of therapy delivery
meodule 208 may receive operating power from power source 222, In turn, the voltage
supply of therapy delivery module 208 may provide a supply voltage to current regulators
in the current regulator array. The voltage supply may provide a high supply voltage
(Vusn) and a low supply voltage (Viow). The high supply voltage may be coupled to a
regulated current source as a supply voltage. The low supply voltage may be coupled o a
regulated current sink as a supply voltage. The supply voltage level may be the voltage
icvel used by the current regulator to maaintain regulation of the pulse current level. The
high and low supply voltages may be positive and negative voitages, respectively,
supplied by the voltage supply of therapy delivery module. The high supply voltage Vigy
may be used as a high reference voltage level for a current source, and the low supply

voltage Vigw may be used as a low reference voltage level for a current sink. As an
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example, Vingn muay have a voltage level of approximately +1 V to +10 V, and Vi gw may
have a voltage level of approximately -1 Ve 10 V.,

In one example, therapy delivery module 208 includes a stimulation control
module that s coufigured to control the current regulator array to source and siok
regulated current stimulation pulses via selected combinations of electrodes 218 on
icad 216, The stinmlation confrol module may be implemented in hardware, software, or
combinations thereof |, including, e.g., one or more microprocessors, microcontrollers,
digital signal processors (DSPs), application-specific integrated circuits (ASICs), field-
programmable gate arrays (FPGAs), or other integrated or discrete logic circuitry. In
operation, the stirnulation control module of therapy delivery module 208 may countrol
deltivery of electrical stimulation according to one or more programs that specify
stimulation pararacters such as electrode combination, clectrode polarity, stimulation
current pulse araplitude, pulse rate, and/or pulse width. Programs may be defined by a
user via an external programmer and downloaded to trial stimulator 200 for use by the
stimulation control module of therapy delivery module 208.

In one example, the current regulator array of therapy delivery module 208 may
include a plurality of regulated current sources and sinks, each of which roay be coupied to
a respective clectrode, e.g. a respective one of clectrodes 218, A current regulator may
function as cither a current source or sink, ¢.g., by including a source and sink m parallel
or by otherwise being selectively configurable to operate as either a source or a sink. For
convenience, however, the term “current regulator” may be used in this disclosure to refer
generally to either a source or sink. Hence, cach of the current regulators in the current
regulator array of therapy delivery module 208 may operate as a regulated current source
that delivers stimulation via a corresponding one of electrodes 218A-218D or a regulated
current sink that receives current from a corresponding one of electrodes 218A-218D.

Each current regulator of the curvent regulator array of therapy debivery
meodule 208, in one example, may be selectively activated to source or sink current via one
of clectrodes 218 coupled to the regulator, in which case the electrode 15 considered active,
or deactivated to provide a high impedance connection for the electrode, in which case the
electrode may be considered imactive. Hence, cach electrode 218 may function as a
regulated anode or regulated cathode by connection to a regulated current source or

regulated current sink, or function as g high impedance node that may not source or sink a
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significant amount of current.  In some cxamples, the stimulation control module of
therapy delivery module 208 may selectively activate current regulators in the current
regulator array to configure electrodes 218 in unipolar, bipolar or multipolar electrode
configurations.

In some examples, pulse widths and pulse rates may be selectively controlled by
the stimulation control module of therapy delivery module 208 by selectively activating
current regulators in the current regulator array, e.g., on a pulse-by-pulse basis, at selected
tiracs and for selected durations. The current regulator array of therapy delivery module,
in some cxamples, may also control the shape of the pulses to control the rise time,
overshoot, or overall shape (triangle versus square). In addition, the stimulation control
module of therapy delivery module 208 may selectively control individual regulated
current sources or sinks in the current regulator array to deliver stimulation current pulses
via the selected electrodes with desired current levels.

In some examples, therapy delivery module 20¥ is configured to sinulate voltage
controlled stimulation with a current controlled stimulation engine. For example, therapy
delivery module 208 may be configured to vary the current level of the stimulation
delivered based on changing impedance levels in the target tissue being stimulated in order
to deliver stimulation at a substantially constant voltage amplitude. In one cxample,
therapy delivery module 208 may include voltage rucasurcraent circuitry and a current
source that are enmiployed to measure tissue impedance levels, which may be employed to
vary current to sirmulate voltage controlled stimulation. Therapy delivery module 208 may
also include an oscillator (not shown} or the like for producing an alternating signal, as is
known. In one example, therapy delivery module 208 may periodically control the current
source to source an electrical current signal through an electrode, on of electrodes 218 not
being used for stimulation delivery and sink the electrical current signal through another o
electrodes 218 vot being used for stiroulation delivery. Therapy delivery module 208 may
also include voltage measurement circuitry 62 for measuring the voltage between the
source and sink clectrodes. The voltage measurement circuitry ruay, ¢.g., include sample
and hold circuitry or other suitable circuitry for measuring voltage amplitudes. Therapy
delivery module may deternune an impedance value frora the measurcd voltage valucs
recetved from the voltage measurcment circuitry and may adjust the current controlled

stimulation levels based on the fmpedance fo simulate stimulation delivered at 2
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substantially constant voltage amaplitude. Therapy may delivered in this moede and other
stimulation modes via unipolar, bipolar, or multipolar electrode combinations.

An exernplary range of clectrical stimulation parameters that may be effective in
treating chrouic pain, ¢.g., wheu applied to a spinal cord of a patient by therapy delivery
module 208 of trial stimulator 200, are bisted below. While stimulation pulses are
described, stimulation signals may be of any of a variety of forms such as sine waves or
the like. Stimulation parameters are presented below for purpose of example, but without
livottation.

1. Pulse Rate: between approximately (.5 Hz and approximately 1200 Hz,
rore preferably between approximately 5 Hz and approximately 250 Hz, and still more
preferably between approximately 30 Hz and approximately 130 Hz.

2. Amplitude: between approximately 0.1 milhamps (mA) and approxirnately
50 mA. o other examples, a voltage araphitade may define the intensity of stimulation
delivered to a patient. For cxample, the range of voltage amplitude may be between
approximately 0.1 wvolts and approximately 50 volts, more preferably between
approximately 0.5 volts and approximately 20 volts, and still more preferably between
approximately 1 volt and approximately 10 volts.

3. Puise Width: between approximately [0 microseconds and approximately
S000 mucroseconds, more preferably between approximately 100 microscconds and
approximately 1000 microseconds, and still more preferably between approximately
180 microseconds and approximately 450 microseconds.

I other applications, different ranges of parameter values may be used. For DBS,
as one cxample, alleviation or reduction of symptoms associated with Parkinson's disease,
essential tremor, epilepsy, psychiatric disorders or other disorders may make use of
stinulation having a pulse rate in the range of approximately 0.5 Hz to approximately
1200 Hez, such as approxivoately 5 Hz to approxiwately 250 Hez, or approximately 30 Hz to
approximately 185 Hz, and a pulse width in the range of approximately 10 microseconds
and 5000 microscconds, such as between approximately 60 microseconds  and
approximately 1000 wmicroseconds, between approximately 60 wmicroseconds and
approximately 450 mucroseconds, or between approximately 60 mucroseconds and
approximately 150 microseconds. Amplitude ranges such as those described above with

reference to SCS, or other amplitude ranges, may be used for different DBS applications.
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Additionally, different stimulation parameter values ray be eraployed for other
conditions, including, e.g., to treat various pelvic floor disorders including urgency and
urinary incontinence.

Telemetry wodule 210 may enable wireless telemetry between trial stimulator 200
and one or more other electronic devices, inchiding, ¢.g., an clectronic programming
device. Teleroetry module 210 may enable wireless commuuications, including, via radio
frequency {(RF) communication or proximal inductive interaction of trial stimulator 200
with another electronic device. Telewetry meodule 210 may send information to and
receive information from another device on a continuous basts, at periodic intervals, at
non-pertodic intervals, or upon request from trial stiroulator 200 or an clectronic
programmer.  To support RF communication, telemetry module 210 may inchude
appropriate clectronic components, such as amphifiers, filters, mixers, encoders, decoders,
and the hike. Additionally, telemetry moduole 210 may be configured to communicate via
various wireless communication standards and/or protocols, including, ¢.g., the Bluctooth
wireless cormmpumcation standard.

Example disposable trial stimulator 200 includes user interface 212 for facilitating
user interaction with the stimulator. As explained above, one disadvantage of current trial
stimulation systems is the manner in which users interact with the system to control
stimulation therapy or otherwise interact with the trial stimulator.  In some current
systems, the trial stimmlator inchades a number of user input/output controls that are
necessary for operation of the system. However, as the trial stimulator in some such
systems is commonty held or secured to the back of the patient, it is inconvenient or
impractical for the patient to interact with the VO devices integral with the stimulator. The
inclusion of /O devices mtegral with the trial stimulator also prevents maimtaining the
sterile ficld during surgery, as it may be necessary to interact with such devices during
intraoperative testing of the stimulator.  Additionally, sowe current trial stimulation
systerns utilize programming devices for modulating the therapy, which, while separate
from the trial stimulator, must nevertheless be directly next to or very near the stiroulator
to communicate with it. Again, due to the placement of the trial stimulator on or near the
back of the patient, such programuming devices are inconveniont or impractical to use.

In view of the foregoing challenges with current trial stimulation systems, in one

example, trial stimulator 200 includes a single user interface 212, including, ¢.g., a bution
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iike button 30 of trial stimulator 16 of FIG 1 or button 124 of trial stimulator 102 of
FIG. 3. In such cases, user interface 212 may be configured to cause trial stimulator 200 to
be capable of wircless comnmunications with an electronic programming device and to turn
oft stimulation being delivered by the trial stimulator. In one exarople, depending on the
operational state of trial stimulator 200 a single input to user interface 212 will either
cause trial stivoulator 200 to be capable of wircless communications with an electronic
programming device or will cause the trial stimulator to stop delivering stimulation to the
patient. For exarmple, in the cvent trial stimulator 200 is powered off or is in a lower
power operating mode and is not currently delivering stimmulation, input to user
mterface 212 may cause trial stiraulator 200 to be capable of commumications with an
external programmer device. In one example, input to user interface 212 may cause
processor 204 to control telemetry module 210 to  transmit signals  requesting
comuranication with a communication system with any properly configured programming
devices, or with a particular device, within range of the signals transmitted by telemetry
rmodule 210, In another exarople, fuput to user mterface 212 way cause processor 204 to
control telemetry module 210 to listen for signals requesting communications from an
electronic programruing device within range of trial stiraulator 200, In one cxample, input
to user mterface 212 may directly affect operation of telemetry module 210 to facilitate
communication with a programmung device without going through processor 204.

In the event that therapy delivery module 20K of trial stimulator 200 s currently
delivering stimulation, input to user interface 212 may cause processor 204 to stop
delivering stimulation. For example, input to user interface 212 while therapy delivery
module 208 of trial stimulator 200 is delivering stimulation may cause processor 204 to
control therapy delivery wodule 208 to cease delivering stimulation but may not
completely power off trial stimulator 200. In another example, input to user interface 212
may cause processor 204 to completely power off trial stivaulator 200

Trial stimulator 200 also inchudes power management module 214, which s
connccted to processor 204, telemetry module 210, and user interface 212, Power
management module 214 may be configured to control trial stimulator 200 to operate in a
plurality of power consumption modes. In one example, power management module 214
is configured to control tfrial stimulator 200 to operate in a shelf low-power consumption

mode and an operational full-power mede. In one exarmple, power management
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rodule 214 may be configured to transition trial stimulator 200 from the shelf low-power
consumption mode to the operational full-power mode during initial intraoperative set-up
and programuming of the trial stimulator.

In one example, tnal stimolator 200 is shipped o the shelf low-power
consumption mode, in which all of the components of trial stimulator 200 except power
management meodule 214 are not receiving power from power source 222, Power
management module 214 may be directly connected to user interface 212 of trial
stimulator 200, In one example, wheuo a user is ready to put trial stimulator 200 mnio a full-
power consumption mode, the user may interact with user interface 212, which may, in
turn, transmit a signal to power management module 214, Power manageraent
module 214 may then function to cause power source 222 to deliver power to one or more
of the coraponents of trial stimulator 200, mmcluding, ¢.g. sensors 202, processor 204,
memory 206, therapy debivery wodule 208, felemetry wodule 210, and diagnostic
module 220.

In avother exarople, trial stimulator 200 15 shipped 1o the shelt low-power
consumption mode, in which all of the components of trial stimulator 200 except power
managernent moedule 214 and telemetry module 210 are not receiving power from power
. an ¢lectronic

source 222. In such an example, either a signal from an external device, e.g
2

progranuning device to telemetry module 210 or input to user interface 212 may cause
power management module 214 to cause power source 222 to deliver power o one or
more of the other components of trial stimnulator 200, including, e.g. sensors 202,
processor 204, memory 206, therapy delivery module 208, and diagnostic module 220.
For example, input to user interface 212 may cause power management module 214 to
transition trial stimulator 200 to a full power mode 1o which all components, including,

e.g., sensors 202, processor 204, memory 2006, therapy delivery module 208, and

go

diagnostic module 220 receive power from power source 222, o another exarople, a near
field telemetry signal, e.g., from an electronic programming device to telemetry
module 214 may to "Wake Up" trial stimulator 200 such that power manageroent
module 214 fransitions stimuldator 200 to a full power mode in which all components,
including, ¢.g., sensors 202, processor 204, memory 206, therapy delivery module 208,

and diagnostic module 220 recetve power from power source 222,

I
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Trial stimulator 200 also includes diagnostic moedule 220, Diagnostic module 220
may be configured to perform a number of diagnestic functions auwtonomously.  For
example, diagnostic module 220 may be configured to monitor stimulation intensity
delbivered by therapy delivery roodule 208 of trial stimulator 200 via electrodes 218 on
icad 216 and generate an alert when the stimulation intensity delivered by therapy delivery
roodule 208 docs not equal a progranoed stimulation intensity, e.g. stored 1n memory 206
of stimulator 200 and/or memory of an clectronic programmer in conumunication with
stimulator 200,

In one example, diagnostic module 220 may also be configured to automatically
cease dehvery of stimulation when stimulation lead 216 is disconnected from irial
stimulator 200 and detect the type of lead 216 connected to stimulator 200, In some
exaraples, clectrical connections between stimulation fead 216 and trial stimulator 200
may be provided for reasons other than connecting stimaulation electrodes 21R to therapy
delivery module 208 of stimulator 102. In one exampie, the connection between lead 216
and trial stirulator 200 way include au electrical countact that is configured to connect
with a conductor of stimulation lead 216 in order to close a circuit, e.g., included i
diagnostic module 220 that is configured to factlitate autonomouns detection of the type of
icad connected to stimulator 200. For example, an clectrical contact may connects a
conductor of stimulation lead 216 to a controlied current source of therapy delivery
module 208 that is configured to deliver a particular amount of current across the lead
conductor. The lead detection circuit of diagnostic module 220 with the controlled current
source included in therapy delivery module 208 may be configured to measure the voltage
drop across the lead conductor. Dhagnostic module 220 may then calculate the resistance
of the conductor of lead 216 based on the delivered current and the voltage. Diagnostic
module 220 may compare the actual resistance of the conductor of the stimulation lead to
a phurality of resistances associated with a plurality of lead types, c.g stored in
memory 206 of trial stimulator 200 and/or memory of an electronic programmer in
communtcation with stiraulator 200,

Autonomous lead detection may improve the efficiency and control of
programming stimulation therapy delivery for trial stimulator 200, For exarople,
diagnostic module 220 or processor 204 of tnal stimulator 200 may be configured to

automatically limit at least one of a number of stiraulation programiming options available
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for programroing via an clectronic programmer and one or more stimulation parameter
values according to which therapy delivery module 208 of trial stimulator 200 can deliver
stinulation via stimulation lead 216 based on the type of the lead detected by the device.

Power source 222 delivers operating power to the cowponents of tual
stimulator 200. Power source 222 may include a battery and a power generation circuit to
produce the operating power. o sorae examples, the battery may be rechargeable to allow
extended operation.  Recharging may be accomplished through proximal inductive
inferaction between an external charger and an inductive charging coil within tnal
stimulator 200, In other examples, power source 222 may include one or more primary
source batteries, including, e.g. one or more commercially available batteries ke AAAA
dry cell alkaline batteries.

FIG 6 18 a functional block diagram illustrating cxample components of electronic
programmer 300, While prograromer 300 may generally be described as a hand-held
computing device, the programmer may be a notebook computer, a cell phone, or a
workstation, for example, or any other electronic device counfigured for wireless
conmmunications with a trial stimulator in accordance with this disclosure. As illustrated in
FIG 6, external programroer 300 may include a processor 302, memory 304, user
interface 306, telemetry module 308, and power source 310, Memory 304 may store
program instructions that, when executed by processor 302, cause processor 302 to
provide the functionality ascribed to programmer 300 throughout this disclosure.

In some exaraples, memory 304 may further include programs, program groups,
and stimulation parameters defining stimulation therapy that may be delivered by a trial
stimulator, similar to those stored in memory 206 of trial stimulator 200. The therapy
programs or other iustructions stored in wemory 304 way be downloaded into
memory 206 of trial stinulator 200 via telemetry modules 210 and 308, Memory 304 may
include any volatile, non-volatile, fixed, removable, magnetic, optical, or electrical media,
such as RAM, ROM, CD-ROM, hard disk, removable magnetic disk, memory cards or
sticks, NVRAM, EEPROM, flash rmaemory, and the like.

Processor 302 can take the form of one or more processors such as one or more
microprocessors, DSPs, ASICs, FPGAs, prograramable logic circuitry, or the like, and the
functions attributed to processor 302 herein may be embodied as hardware, firmware,

software or any combination thercof. Processor 302 may control or otherwise interact
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with components of programmer 300, including, ¢.g., mernory 304, uscr interface 306, and
telemetry module 308, to perform various functions related to programming a disposable
trial stimulator according to this disclosure. For example, processor 302 may receive input
from a user hke a chnician via user ioterface 306 that defines one or more therapy
parameters and/or programs, which processor then stores in memory 304 and, in some
cases, controls telemetry module 308 to transmit to a trial stimulator hike stimulator 200 of
FIG. 5.

User interface 306 may include a bution or keypad, lights, a speaker for voice
commands, and a display, such as a liquid crystal {LCI}). In some examples, such as with
example programmers 24 and 108 of FIGS. 1 and 3, respectively, user interface 306 may
include a touch screen display. As discussed in this disclosure, processor 302 may present
and receive mnformation relating to stimulation therapy delivered by a trial stiraulator via
user interface 306, For example, processor 302 may receive patient input via user
interface 306. The patient input may be entered, for example, by pressing a button on a
keypad or selecting an icon from a touch screen.  For the example of pelvic floor
stinulation, patient input may include, but is not limited to, input that indicates an urge
felt by the paticnt, a leakage incident expericnced by the patient, an immainent voiding
event predicted by the patient, or a voluntary voiding cvent to be undertaken by the
patient. Patient input may also include indications of the efficacy of therapy delivered by
a trial stimulator at varipus times during a stimulation trial. Additionally, as noted above,
processor 302 rnay receive input from a clinician via user mterface 306 that 1s related to
the programming or interaction with a trial stimulator according to this disclosure.

Telemetry module 308 supports wircless comnmnication between a  trial
stimulator, e.g. trial stiroulator 200 and external prograraroer 300 wvoder the countrol of
processor 302, Telemetry module 308 may also be configured to communicate with
another computing device wvia  wircless  comrounication  techuiques, or  direct
communication through a wired connection. Telemetry module 308 may be substantially
strnilar to telemetry module 210 described above with reference to trial stimulator 200 of
FIG. 5, providing wireless communication via an RF or proximal inductive medium. In
some examples, telemetry module 308 may nchude an antenna, which may take on a
variety of forms, such as an internal or external antenna. An external antenpa that is

coupled to progranumner 300 may correspond to a programming head that may be placed
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over trial stimulator 200, Hxamples of local wireless communication tochniguces that may
be employed to facilitate communication between programumer 300 and another computing
device inchude RF communication according to IEEE 802.11 or Bluctooth specification
sets, infrared coramunication, e.g., according to an YDA standard, or other standard or
proprictary telemetry protocols. In this manner, other external devices may be capable of
communicating with programmer 300 without needing fo establish a secure wireless
connection.

Power source 310 of prograrovoer 300 delivers operating power o the componeuts
of programmer 300. Power source 310 may include a battery, for example a rechargeable
or primary source battery. Recharging may be accomplished by using an alicrnating
current {AC) outlet or through proximal inductive interaction between an external charger
and an inductive charging cotl within programumer 300.

FIG 7 is a flowchart illastrating an example method of using a disposable tnal
stimulator according to this disclosure. The method of FIG 7 includes sterilizing a
percutancous stimulation lead and a trial stivaulator (400), implanting the percutancous
stinulation lead to deliver stimulation to a target tissue location (402), connecting the
percutancous stirnulation lead to the disposable trial stimulator (404), programming the
trial stimulator to deliver stimulation via the percutancous stimulation lead (406),
delivering stimulation to the target tissue location via the percutancous stimulation lead
with the trial stimulator for a trial period of time (408), and disposing of the trial
stimulator after expiration of the trial period of time (410},

The example method of claim 7 includes stertlizing a percutancous stimulation
icad and a trial stimmlator (400). For example, trial stimulator 16 and lead 18 of system 10
of F1G. 1 or trial stimulator 102 and leads 106 of systern 100 of FIG. 3 may be stenilized.
Additionally, in systems like system 10 of FIG. 1, a lead extension like lead extension 22
may also be sterilized along with trial stimulator 16 and lead 18, As noted above, v
contrast to current trial stimulation systems including reusable trial stimulators, because
example trial stimulators according to this disclosure are configured to be disposed of after
a single trial, the trial stimulator and any leads connected thereto may be sterilized prior to
implanting the leads.  Sterilization of the lead and the disposable trial stimulator
examples according to this disclosure may function to maintain the integrity of the sterile

ficld during surgery and may therefore reduce the risk of potentially harmful microbes
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traveling into or out of the sterile field, which may, in tumn, reduce the risk of
complications such as contamination and/or infection. Although the example method of
FIG. 7 recites sterilizing and implanting one lead, it is noted that in other examples
according to this disclosure multiple leads voay be sterilized, implanted, and coupled to a
disposable trial stimulator.

I addition to sterilizing a percutancous stimulation lead and &  irial
stinulator (400), the method of FIG. 7 includes implanting the percutancous stimulation
lead to deliver stimoulation to a farget tissue location (402}, For example, w system 10
configured to deliver pelvic floor stimulation to treat one of a number of counditions
mcluding urgency and urinary incountinence, lead 28 may be iroplanted in patient 14
through incision 2¥ and subcutancously tunneled to arrange electrodes 20 adjacent a pelvic
floor nerve or nerves. In another example like systern 100 divected to treating chronic pain
via SCS, leads 16 may be implanted io patient 104 through incision 110 fo arrange
clectrodes on the leads adjacent spinal cord 112,

The example roethod of FIG. 7 includes connecting the percutancous stimulation
lead to the disposable trial stimulator (404). In one example, the lead is connected directly
to the disposable trial stimaulator via a lead coupler integral with the trial stimulator. The
icad coupler may be configured o connect a phurality of types of percutancous stimulation
icads directly to the trial stimulator without any intervening lead connection devices. For
example, example disposable trial stimulator 102 of FIGS. 3 and 4A and 4B is connected
to Icad 106 mchuding four clectrodes 126A-126D via lead coupler 122, Top half 120a of
housing 120 includes two lead coupler doors 128 and 130, which are configured to pivot
open to expose lead coupler 122,

Lead coupler 122 of tmal stimulator 102 is configured to connect up to four
stinulation leads to the disposable stimulator. Opening doors 128 and 130 exposes six
slots 134A-134F {collectively “slots 1347 inchuded n lead coupler 122, Slots 134 may be
substantially the same and configured to recetve the same type of stimulation leads o1, in
other exaroples, one or more of slots 134 may be different from one another and
contfigured to receive different types of stimulation leads, ¢.g. slots 134A and 134F with
cight contacts arc different than slots 134B-134F with four contacts. Each of slots 134 of
lead coupler 122 of trial stimulator 102 is configured to connect one stimulation lead to

stimulator 102, For example, percutancous stimulation lead 106 1s connected directly to
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trial stimulator without any intervening lead connection devices via slot 134D of lcad
coupler 122, Each of slots 134 may include one or more electrical contacts, like
contact 136 illustrated with reference to slot 134D in FIG 4A. Stimulation leads, like
lead 106 may be press fit into slots 134, c.g., press fit latterly mto slots 134 when
doors 128 and 130 are open and may be configured with exposed electrical conductors
arranged along the end of the lead received by the slots, e.g. the proxiroal end of the lead,
such that the lead conductors contact the clectrical contacts in slots 134, Stimulation
leads, hike lead 106 may thus be clectrically connected to trial stimulator 102 such that
stimulator 102 may deliver stimulation therapy or sense various parameters related to a
patient via clectrodes arranged at the distal end of the lead, e.g. clectrodes 126 A-1260 and
connected to the lead conductors contacting the electrical contacts of slots 134,

In another exaraple, the percutancous stimulation lead may be connected to the
trial stivoulator (404) indirectly. For example, lead 18 of system 10 of FIG. 1 may be
connected to lead extension 22 via adaptor 26 and lead extension 22 may be connected to
trial stimulator 16.

In some examples according to this disclosure, the trial stimulation to which the
percutancous lead(s) 1s connecied (404} in the cxample method of FIG. 7 includes a single
user interface integral with the trial stimulator. For example, trial stimulator 16 of FIG. 1
mcludes button 30 and trial stimulator 102 of FIG. 3 includes button 124 as the single user
interface integral with the respective disposable trial stimulators according to this
disclosure. The single user interface, e.g. user interface 212 of trial stimulator 200 of
FIG. 5 may be configured to cause stimulator 200 to be capable of wireless
communications with an clectronic programumer and to turn off stimnulation being delivered
by the tnal stimulator in the manner deseribed above with reference to FIG. 5,

In addition to connecting the percutancous stimmulation lead to the disposable trial
stimulator (404}, the example method of FIG. 7 includes prograroming the trial stimulator
to deliver stimulation via the percutancous stimulation lead (406} and delivering
stirnulation to the target tissue location via the percutancous stirmulation lead with the trial
stimulator for a trial period of time (408). In some examples according to this disclosure
programming of a disposable irial stimaulator, including intraoperative sct-up and
programming of such devices will be executed by an electronic programming device via

wireless coromunications between the programmer and stimulator.  In other words,
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programuning of disposable programming devices according to this disclosure does not
necessitate any direct interaction with user interface controls or other V0O devices integral
with the stimulator and thus the stimulator may be kept within the sterile field during
surgery.  In ope example, afier comwvunications between trial stioulator 16 and
progranuner 24 have been initiated, ¢.g., by pressing button 30, trial stimulator 16 may be
programmed to delivery pelvic floor stimulation to patient 14 via clectrodes 20 on lead 18
by programmer 24. In another cxample, trial stimulator 102 may be programmed to
deliver SCS to paticut 104 via electrodes on leads 106 by prograramer 108, 1o the example
of FIG. 3.

After the trial stiroulator has been set-up and programmed, stirmulation is
delivered by the stimulator to the target tissue location via the percutaneous stimulation
icad for a trial peniod of time (408). For cxample, processor 204 of trial stiraulator 200
controls therapy delivery module 208 to deliver therapy via one or wore of electrodes 218
on lecad 216. In onc cxample, therapy delivery module 208 of example disposable trial
stimulator 200 may be configured to deliver current controlled stimmulation via various
electrodes of one or more electrode arrays, including, c.g. different combinations of
electrodes 218 on lead 216, In one example, therapy delivery module 208 includes a
stimulation generator including a voltage supply, a stimulation control module, and a
current regulator array and 18 configured to drive more than one clectrode combination at
one time. Additionally, as described above, tn one example, therapy delivery module 208
may be configured to simulate voltage controlled stimulation with a current controlled
stimulation engine. For example, therapy delivery module 208 may be configured to vary
the current level of the stimulation delivered via electrodes 218 on lead 216 based on
changing fropedavce levels 1o the target tissue bewng stimulated n order to deliver
stinmulation at a substantially constant voltage amplitude.

Chronic implantation of a pulse generator and lead for debivering stiroulation
therapy to a patient may be preceded by a trial period of time. The trial period ordinartly
has a preseribed maximum duration, but sometimes is exceeded by the patient or the
physician. During the trial period, a clinician evalnates the efficacy of stimulation in
alleviating the paticut's disorder to determine whether the patient 18 a good candidate for

chronic implantation. Examples according to this disclosure, including the example
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racthod of FIG. 7, are directed to delivering clectrical stimulation therapy via a disposable
trial stimulator during a trial stimulation period of time, which may last, e.g., 1-3 weeks.

After expiration of the trial period of time, the example method of FIG. 7 includes
disposing of the tral stimulator (410). For example, lead 16 of system 16 of FIG. 1 may
be disconnected from trial stimulator 16 and removed from patient 14 or continue to be
cmployed in additional trals or as part of a chronic stimulation system.  Trial
stinulator 16, however, is disposed of after the single stimulation trial of patient 14
Stmilatly, in one example, lead 106 of system 100 of FIG. 3 way be disconnected frovo
trial stimulator 102 and removed from patient 104 or employed in additional trials or as
part of a chronic stimaulation system. Trial stimulator 102, however, 1s disposed of after
the single stimulation trial of patient 104, Disposal of a trial stimulator according to this
disclosure gencrally refers to not reusing the stimulator beyond a single stimulation trial
with one patient. Thus, disposal may wclade discarding of the trial stimaulator completely
or may inclade partially or completely recycling the trial stimulator and components
thereof,

As described above, examples according to this disclosure include devices for
securing 4 disposable tral stimulator to the body of a patient, which may function to
improve the durability of a trial stimmlation system during the trial peried and reduce the
risk of damage or malfunction to the system duc to lead/clectrode dislocation and/or off-
label uses like showering or bathing with the trial stimulator still secured to the body.
FIGS. BA-8C and 9A-9C arc conceptual diagrams illustrating two different cxample
systeras for securing a disposable trial stimulator to the body of a patient. In general,
however, a system for securing a disposable trial stimulator to a body of a patient includes
a patch and a holster. The patch includes a first major surface at least partially covered
with an adhesive configured to adhere the patch to the body of the patient. The holster is
connected to a second major surface of the patch. The holster is configured to receive the
trial stimmtlator.

FIGS. BA-8C arc conceptual diagrares illustrating cxample system 500 for
securing a disposable trial stimulator to the body of a patient. In one example, system 500
of FIGS. BA-8C may be cmployed to secure trial stinulator 16 of FIGS, 1-2C to the lower
back of patient 14. System 500 includes patch 502 and holster 504, Patch 502 includes

first major surface 506, which may be at least partially covered with an adhesive
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configured to adhere the patch to the body of a patient, ¢.g., to the lower back of
patient 14. Holster 504 is connected to second major surface SO8 of patch 502 and is
configured to receive a disposable trial stimulator according to this disclosure, mcluding,
e.g., trial stimulator 16.

Patch 502 is configured to adhere to the skin of a patient. As such, first major
surface 506 is at least partially covered with a wedical grade adhesive. In one example,
first major surface 506 is covered with an acrylic pressure-sensitive adhesive. In one
example, the acrylic adhesive eraploved for first major surface 506 of patch 502 may be
stmilar to the adhesive used on the MED 3719 single coated white embossed non-woven
tape manufactured by Avery Dennison of Painesville, Ohio. Patch 502 may be fabricated
from a pumber of materials. In one example, patch 502 comprises a polyethylene
terephthalate (PET) non-woven material.

Holster 504 1s connected to second major surface 508 of patch 502, As illustrated
in the example of FIGS. 8A-8C, holster 504 may be adhered directly to patch 502 with an
adhesive between second major wall 5108 of holster 504 and second major surface 508 of
patch 502, In one example, holster 504 is adhered to patch 502 with double sided tape.
For cxample, holster 504 may be adhered to patch 502 with double sided tape with a first
adhesive configured to engage sccond major surface 508 of patch 502 and a second
adhesive configured to engage second major wall S10B of holster 504, In one cxample,
holster 504 1s adhered to patch 502 with double coated tape 9731 manufactured by 3M of
St. Paul, Minnesota, which includes a silicone pressure sensitive adhesive coated on one
stde of a polyester film carrier and a high performance acrylic adhesive coated on the other
stde of the carrier.

In other exaraples, holster 504, or another bolster according to this disclosure may
be connected to patch 502 indirectly. For example, a flexible pouch may be connected to
patch 502, c.g. using an adhesive. Holster 504 may then be received in the pouch to
secure the holster and the trial stimulator held therein to the body of a patient. In such
examples, patch 502 and holster 504 may rernain separable.

In FIGS. BA-BC, holster 504 includes first and second major walls SI0A
and S10B, respectively, and four mioor walls 312A-512D.  First and sccond major
walls 510A and 510B are generally rectangular planar walls, each of which inclhades four

edges. Minor walls 512A-512D protrude perpendicular from each of the four edges of
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second major wall 510B to conncct to the four cdges of first major wall 510A. First and
second major walls 510A and 510B are paraliel and offset from each other by minor
walls 512A-512D.

First major wall S10A includes aperture 514, which is sized to permit a tnal
stimulator according to this disclosure, like, e.g., trial stimulator 16 to be inserted into
holster 504, Aperture 514 1s sized such that a majority of first major wall 510A of
holster 504 is open for inscrtion of a trial stimulator, but a rim 516 remains around the
perimeter of first major wall S10A that helps to hold the trial stimulator in holster 504.
Aperture 514 is sized such that it may expose user interface or other VO devices of a trial
stimulator received by holster 504, For example, aperture S14 1 sized to expose bution 30
of trial stimulator 16 of FIG. 1.

Second roajor wall 510B of holster 504 includes grooves 518, Grooves 518
termivate at slots S20 i minor walls 512A-512D.  Grooves S1K and slots 520 are
configured to channel water and other moisture off of a trial stimulator secured by
system SO0 and out of holster S04, In the example of FIGS. 8A-8C, holster 504 includes
five grooves in second major wall 510B, three extending perpendicular to and between
minor walls 512A and 512C and two extending perpendicular to and between minor
walls 5128 and 512D, In other examples, however, a holster for receiving and securing a
trial stimulator according to this disclosure may include more or fower grooves such as
grooves 518 {see, e.g., FIGS. SA-SC).

Minor wall S12B of holster 504 includes aperture 522, which may be configured
to accommodate a lead extension that is coupled to a trial stimulator secured by
system 500 in holster 504. For cxample, aperture 522 may be shaped and sized to
accommodate lead extension 22 that is coupled to trial stimulator 16 and wcludes lead
adaptor 26 that is configured to connect extension 22 to a lead, like, e.g., lcad 18, In the
example of FIGS. 8A-KRC, holster 504 also includes pad 524, which way be configured to
be interposed between lead extension 22 and patch 502 to prevent or reduce the risk of
extenston 22 causing irritation of or sores on the skin of a patient.

In one example, holster 504 1s a resilient material that is configured to elastically
deform in order to insert a trial stimulator into holster 504 mcluding stretching rim 516 of
first major wall ST0A arcund the perimeter of the trial stimulator. Holster 504 may be

fabricated from a variety of materials, including, ¢.g., a variety of polymers. For example,
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holster 504 may be fabricated from a varicty of plastics or clastomcers. In one example,
holster 504 is fabricated from a Class VI silicone with 40A +/- 5 durometer hardness.

FIGS. SA-9C are conceptual diagrams illustrating another example system 600 for
securing a disposable trial stimulator to the body of a paticut. In one exawple, sysiero 600
of FIGS. 9A-9C may be employed to secure trial stimulator 102 of FIGS. 3, 4A and 4B 1o
the lower back of patient 104, System 600 includes patch 602 and holster 604. Patch 602
includes first major surface 606, which may be at least partially covered with an adhesive
configured to adhere the patch to the body of a patieunt, e.g., to the lower back of
patient 104, Holster 604 is connected to second major surface 608 of patch 602 and 19
configured to reccive a disposable trial stimulator according to this disclosure, meluding,
e.g., trial stimulator 102,

Systern 600 may be substantially sirntlar to system 500 of FIGS. 8A-8C, except in
the georoetric configuration of holster 604, which 15 configured to receive a different
disposable trial stimulator according to this disclosure, e.g. trial stimulator 102, For
example, the materials of patch 602 and holster 604, the manner in which holster 604 is
connected to second major surface 608 of patch 602, the adhesives used for adhering first
major surface 606 of patch 602 to the body of & patient and adhering holster 604 to second
major surface 608 of patch 602 may be similar to such features described above with
reference to system S00 of FIGS. 8A-8C.

In FIGS. 9A-9C, holster 604 includes first and second major walls 610A
and 6108, respectively, and four minor walls 612A-612D.  First and sccond major
walls 610A and 610B are generally rectangular planar walls, each of which inchades four
edges. Minor walls 612A-612D protrude perpendicular from cach of the four edges of
second major wall 610B to counect to the four edges of first major wall 610A. First and
second major walls 610A and 610B are paraliel and offset from cach other by minor
walls 612A-612D,

Minor wall 612B of helster 604 includes aperture 614, which is sized to permit a
trial simnulator according to this disclosure, like, ¢.g., tnal stimulator 102 to be inserted nto
holster 604. Apertare 614 is sized such that a majority of minor wall 6128 of holster 604
is open for inscrtion of a trial stirnulator, but a rira 616 remains around the perimeter of

minor wall 6128 that helps to hold the trial stimulator in holster 604,
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In addition to allowing inscrtion of a trial stiroulator, e.g. stimulator 102 into
holster 604, aperture 614 also functions to accommodate one or more leads directly or
indirectly coupled to holster 604, For cxample, leads 16 may be directly coupled to trial
stimulator 102 via lead coupler 122 integral with stimaulator 102 through aperture 614
when stimulator 102 is held within holster 604.

Second major wall 610B of holster 604 inchudes grooves 618, Grooves 618
terminate at slots 620 in minor walls 612A-612D.  Grooves 618 and slots 620 are
configured to channel water and other moister off of a trial stimulator secured by
systern 600 and out of holster 684, In the example of FIGS. 89A-9C, holster 604 includes
four grooves in second major wall 610B, two extending perpendicular to and between
minor walls 612A and 612C and two extending perpendicular to and between minor
walls 6128 and 612D, In other exaraples, however, a holster for receiving and securing a
trial stivoulator according to this disclosure may include more or fewer grooves such as
grooves 618 {see, e.g., FIGS. 8A-8C).

First major wall 610A of holster 604 mcludes apertare 618, Aperture 618 may be
shaped and sized to expose user interface or other /O devices of a trial stimulator received
by holster 604. For cxample, aperture 618 18 sized to expose button 124 of trial
stimulator 102 of FIG 3. Holster 504 and/or holster 604 of FIGS. 8A-8C and 9A-9C,
respectively, may include additional apertures to accommodate other mierfaces to the
respective trial stimulators held by ecach holster.  For example, holster 504 and/or
holster 604 may mmclude one or more additional apertures 1n the major walls or minor walls
of the holsters that are sized and shaped to accommodate various /0 devices, including,
¢.g., a receptacle configured to receive a computer readable storage medium.

FIG. 10 15 a flowchart illustrating av example method of securing a disposable trial
stinulator to the body of a patient. The method of FIG 10 includes implanting a
percutancous stimulation lead to dehver stimulation to a target tissue location (700),
adhering a first major surface of a patch at least partially covered with an adbesive to the
body of the patient {702). A holster 1s connected to a sccond major surface of the patch.
The holster is configured to receive the trial stimulator. The method of FIG. 10 also
includes inserting the irial stimulator into the helster (704) and connecting the

percutancous stimulation lead to the trial stimulator (706).
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For brevity, the cxample method of FIG. 10 will be described 1o the context of
securing trial stimulator 16 of FIG. 1 to the body of patient 14 emploving system 500 of
FIGS. 8A-8C. However, in other examples, the method of FIG. 10 may be employed to
secure other disposable trial stimulators to the body of a patient. For exarnple, the method
of FIG. 10 may be cmployed to secure trial stimulator 102 of FIG. 3 to the body of
patient 104 using systern 600 of FIGS. SA-9C.

The methed of FIG. 10 includes implanting the percutancous stinmlation lead to
delbiver stimulation to a target tissue location (700). For example, in system 10 covfigured
to deliver pelvic floor stimulation to treat one of a number of conditions including urgency
and urinary incontinence, lead 28 may be implanted 1n patient 14 through incision 28 and
subcutancously tunneled to arrange electrodes 20 adjacent a pelvie floor nerve or nerves.

The exaraple method of FIG. 10 also includes adhering a first major surface of a
patch at least partially covered with an adhesive to the body of the patient {(702). In oue
example, patch 502 is adhered to the lower back of patient 14. For example, patch 502
roay be packaged with a thin plastic film covering the adhesive at least partially covering
first major surface 506 of patch 502, A clinician may remove the plastic film from first
major surface 506 of patch 502 and press paich 502 against the skin of patient 14, thereby
activating the pressurc-sensitive acrylic adhesive covering first major surface 506 and
adhering systern 500 to the patient’s body.

In addition to adhering a first major surface of a patch at least partiaily covered
with an adhesive to the body of the patient (702}, the method of FIG. 10 also mnclades
inserting the trial stimulator into the holster (704). In one example, trial stimulator 16 is
inserted into holster 504, For example, trial stimulator 16 may be inserted through
aperture 514 such that when received wn holster 504 batton 30 is exposed by aperture 514
and coupler 32 is aligned with aperture 522 in minor wall 512B. Holster 504 may be
fabricated from a resilient moaterial that is coufigured to be elastically, e.g reversibly
deformed inchuding stretching rim 516 of first major wall 510A around the perimeter of
trial stimnulator 16, Afier holster 504 has been stretched to inmsert trial stimulator 16
therein, rim 516 around the perimeter of first major wall STOA that helps to hold the trial
stimulator i holster 504 regardless of the orientation of holster 504 or system 500 as a

whole.

46



1

2

(€3]

5

0

<

WO 2013/162708 PCT/US2013/029273

The method of FIG. 10 also includes connecting the percutancous stimulation lead
to the disposable trial stimulator (7463, In one example, lead 18 is connected to lead
extension 22 via adaptor 26 and lead extension 22 is connected to trial stimulator 16
Aperture 322 wm minor wall 5128 of holster 504 1s sized and shaped to accommedate lead
extension 22. In another example, a lead may be connected directly to the disposable trial
stirnulator held in a holster according to this disclosure via a lead coupler integral with the
trial stimulator. The lead coupler may be configured to connect a plurality of types of
percutancous stimulation leads directly to the trial stimulator without any intervening lead
connection devices.

Any combination of the foregoing systems and devices may be packaged as a kit
For example, system 10 of FIG. 1 and system 100 of FIG. 3 may be packaged as a kit
including at lcast one lead, and, as appropriate, at least one lead extension, and at least one
trial stiroulator. Additionally, trial stimulation systems according to this disclosure may be
packaged as a kit with systems for securing trial stimulators to the body of a patient,
including, e.g. systems ke sysiero 500 of FIGS, 8A-8C and systern 600 of FIGS. 9A-9C.
As such, in one example, at least one of each of trial stimulator 16, lead cxtension 22,
icad 18, and systern 500 inchuding patch 502 and holster 504 may be packaged as a kit In
another example, at least one of cach of trial stimulator 102, lead 16, and system 600
mcluding patch 602 and holster 604 may be packaged as a kit. In some examples, systems
for securing trial stimulators to the body of a patient, including, e.g. systems like
systern 500 of FIGS. 8SA-8C and system 600 of FIGS. 9A-9C may be packaged on their
own separate from the trial stimulation system. In some examples, kits may include
multiple leads and/or lead extensions including the same or different types of leads and
EXIensions.

The technigues described in this disclosure may be implemented in hardware,
software, firmware, or any combination thereof. In particular, the technigues may be
implemented in a hardware device, such as a wireless communication device or network
device, cither of which may include softwarce and/or firmware to support the
implementation. For portions implemented in software, the techniques may be realized in
part by a compuicr-readable medium comprising program code containing instructions
that, when executed, performs one or more of the methods described above. n this case,

the computer readable medium may comprise RAM {c.g., synchronous dynamic random
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access memory (SDRAM}), ROM, NVRAM, EEPROM, FLASH memory, magnetic or
optical data storage media, and the like.

The program code may be executed by one or more processors, such as one or
more DS8Ps, geveral purpose microprocessors, ASICs, FPGAs, or other equivalent
integrated or discrete logic circuitry. In this sense, the techniques are implomented in
hardware, whether oplemented entirely in hardware or in hardware such as a processor
executing computer-readable code.  Accordingly, the term “processor,” as used herein
may refer to any of the foregoing structure or any other structure suitable for
implementation of the techniques deseribed herein.

Many exaraples of the disclosure have been described. These and other examples
are within the scope of the following claims. Various modifications may be made without

departing frora the scope of the claims.
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CLAIMS:

i. A medical system comprising;

a disposable irial electrical stirnulator comprising a single user interface ntegral
with the trial stimulator;

at least one percutancous stirnulation lead connected to the tnal stimulator; and

an electronic programming device configured to wirelessly communicate with the
trial stiroulator to progravo the trial stimulator to deliver stimulation therapy via the at least
one percutancous stimulation lead,

wherein the user mterface 1s configured to cause the trial stimulator to be capable
of wireless communications with the clectronic programming device and to turn off

stimulation being delivered by the trial stiraulator,

2. The system of claim 1, whercin the trial stimulator comprises a housing that is

configured to resist ingress of liguid 1nto an interior chamber defined by the housing.

3 The system of clairus 2, whercin the housing compriscs a first half and a sccond
half connected to onc another via an ultrasonic weld configured to resist ingress of liguid

nto the interior chamber defined by the housing.

4. The systern of claim 2,

wherein the trial stimulator comprises a battery bay comprising a cavity configured
to receive one or more batteries to power the trial stimulator and a door that forms a
portion of the housing, and

further comprising a gasket interposed between the battery bay door and the

housing to resist ingress of fluids into the battery bay.

5. The system of claim 1, wherein at least one of the tnal stimulator and the
clectronic programming device comprises a processor configured to automatically, and
without user interaction, detect a type of the at least one percutancous stimulation lead

connected to the trial stimulator,

49



1

2

(€3]

5

0

<

WO 2013/162708 PCT/US2013/029273

6. The system of claim S, wherein the processor 1s configured to automatically detect
the type of the at least one percutancous stimulation lead at least by:

determining an actnal resistance of a conductor of the at least one percutancous
stimulation lead; and

comparing the actual resistance of the conductor to a plarality of resistances
associated with a plurality of lead types stored wn meroory of at least one of the trial

stinulator and the electronic programming device.

7. The system of claim 6, wherein the processor is configured to automatically, and
without user interaction, sclect at least one of a mumber of stimulation programming
options available via the electronic programming device and one or more stimulation
parameter values according to which the trial stimulator can deliver stimulation via the at
least one percutancous stumulation lead based on the type of the at least one percutancous

stimulation lead.

8. The system of claim [, wherein the trial stinnulator comprises a stimulation engine
configured to deliver current controlled stimulation via one or more electrodes connected

to the at least one percutancous stimulation lead.

g. The system of claim 1, wherein the trial stimulator is configured to automatically,
and without user imteraction, ceasc delivery of stimulation when the at least one

percutancous stimulation lead is disconnected from the trial stinmilator.

160 The system of claum 1, further comprising at least one commercially available

primary cell battery connected to and configured to power the trial stimulator.

11, The system of claim 10, wherein the at least one commercially available primary

cell battery comprises at lcast one AAAA battery.
12, The gystemn of claim 1, wherein the trial stirnulator cornprises a diagnostics module

configured to:

monttor stirnulation intensity delivered by the trial stimulator; and
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causc the trial stimulation to cease delivery of stimulation when the stumulation
intensity dehivered by the trial stimulator does not equal a programmed stimulation

intensity.

13, The system of claim 1, further comprising a lead extension interposed between and

connected to the trial stimmulator and the at least one percutancous stirmulation lead.

14, The system of clain 13, further comprising a gasket interposed between the lead
extension and the trial stimulator and configured to seal the connection there between from

mgress of lgquid.

15, The system of claira 1, wherein the user interface compriscs at least one of a

button, rocker switch, slider switch, or rotary dial switch.

16, A wethod coraprising:

irnplanting at least one percutancous stimulation lead to deliver stimulation to a
target tissuc location;

connecting the at least one percutancous stimulation lecad to a disposable trial
stirnulator cornprising a single user interface integral with the trial stirmulator, wherein the
user interface is configured to cause the trial stimulator to be capable of wireless
conurunications with the programmer and to turn off stimulation being delivered by the
trial stimulator;

programaming the trial stimmlator to deliver stimulation via the at least one
percutancous stimulation lead with an electronic prograroming device configured to
wirclessly communicate with the trial stimulator;

delivering stimulation to the target tissue location via the at least one percutancous
stimulation lead with the trial stimulator for a trial period of time; and

disposing of the trial stimulator after cxpiration of the trial period of time.
17. The method of claim 16, further comprising sterilizing the at least one

percutancous stimulation lead and the trial stimulator prior to implanting the at least one

percutancous stimulation lead.
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18. The method of claim 16, further comprising:

selecting the user interface integral with the trial stimulator after connecting the at
least one percutancous stimulation lead to the trial stimulator; and

mitlating a wireless communication session between the frial stimulator the
clectronic programming device prior to programming the trial stimmlator to deliver

stimnulation.

19, The method of claim 16, further coraprising:

monitoring stimulation intensity delivered by the trial stimulator via the at least
one pereutancous stirnulation lead; and

causing the trial stimulation to cease delivery of stimulation when the stimulation
intensity delivered by the trial stimulator does not equal a programmed stimaulation

intensity.

20, The wmethod of claim 16, further comprising automatically, and without user
interaction, detecting a type of the at lcast one percutancous stimulation lead after

connecting the at least one percutancous stimulation lead to the trial stimulator.

21, The method of claim 20, wherein automatically detecting the type of the at least
one percutancous stimtation comprises:

detcrmining an actual resistance of a conductor of the at least one percutaneous
stimulation lead; and

comparing the actual resistance of the conductor to a plarality of resistances
associated with a plurality of lead types stored 1o a compuier readable storage wedium of

at least one of the trial stimulator and the electronic programming device.

22, The method of claim 21, further comprising automatically, and without user
mteraction, selecting at least one of a number of stimulation programming options
available via the electronic programming device and one or more stimulation parameter
values according to which the trial stimulator can deliver stimulation via the at least one

percutancous stimulation lead.
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