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(57) Abstract: This disclosure describes a system including a nee-
dle configured to percutancously insert into skin and form a path
for inserting a lead, the needle including a pointed distal end for
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sal nerve of a patient, and an elongated body comprising an inner
lumen, wherein the elongated body defines one or more openings
connecting an outer surface of the elongated body to the inner lu-
men. The lead may be configured to be disposed within the inner
lumen of the elongated body and may include a shaft and one or
more electrodes disposed on the shaft, configured to be placed near
the hypoglossal nerve, and configured to stimulate the hypoglossal
nerve for treating obstructive sleep apnea (OSA), wherein locations
of the one or more electrodes on the shaft at least partially corre-
spond to the one or more openings of the needle.
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NEEDLE FOR IMPLANTATION OF LEAD FOR OBSTRUCTIVE SLEEP APNEA

JO0G01 ] This application claims the benefit of U5, Provisional Patent Application Serial
No. 63/369,309, filed July 25, 2022, and entitled “NEEDLE FOR IMPLANTATION OF
LEAD FOR OBSTRUCTIVE SLEEP APNEA.” the entire contents of which is incorporated

herein by reference.

TECHNICAL FIELD
{0021 This disclosure relates to medical device systems and, more particularly, to

medical device systems for delivery of electrical stimulation therapy.

BACKGROUND
{0003] Obstructive sieep apnea {O0SA), which encompasses apnea and hypopnea, is a
disorder in which breathing may be wrregularly and repeatedly stopped and started during
sleep, resulting m disrupted sleep and reduced blood oxygen levels. Muscles in a patient’s
throat uiermaittently relax thercby allowing soft tissues of the throat to obstmct the upper
airway while slecping and causce OSA. In patients with a smaller than normal airway, airflow
into the upper airway can be obstructed by the tongue or soft pallet moving to the back of
the throat and covering the atrway. Loss of air flow also causes unusual inter-thoracic
pressure as a person tries to breathe with a blocked awrway. Lack of adequate levels of
oxygen during sleep can contribute to abnormal heart rhyvihms, heart attack, heart failure,
high blood pressure, stroke, memory problems, and increased accidents dunng the day due
to inadequate sleep. Additionally, loss of slcep occurs when a person is awakened during an

apneic episode.

SUMMARY
{0004] The devices, svstems, and technigues of this disclosure generally relate to an
mnplantable medical device (IMB) system and methods for therapy for obstructive sleep
apnea {O5A) but can be extended to addross other patient symptoms and disorders. With
OSA, a patient’s tongue may relax durmg sleep and block the patient’s airway. Some
example techniques to address OSA mclude electrically stmulating one or both hypoglossal
nerves and/or motor points 1n the tongue of the patient. In response to the glectrical
stirmdation, the hypoglossal nerve{s) causes protrusor muscles {¢.g., genioglossus and

zeniohyoid muscles) to contract and move the tongue forward, thereby opening the arway.
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In some cxamples, in response o stimulating at the mator points of the protrusor muscics
{c.g., a location where an axon of the hypoglossal nerve ternunates at a muscle fiber), the
protrusor muscles may contract to move the tongue forward, thereby opening the airway.
{B005] To stimndate the hypoglossal nerve{s) and/or motor ponts, a8 medical device
outputs clectrical stimulation therapy via one or more clectrodes on one or more tmplanted
leads to cause the tongue to move forward. A medical professional can implant the one or
more leads into the tongue of the patient using a needle. The one or more implanted leads
cach include one or more electrodes coupled to the medical device {e.g., an implantable or
external medical device that delivers electrical stimulation via one or more clectrodes on the
fead).

{6006] To place a lead mto the tongue of the patient, the medical professional may nsert
a neadle into the tissue of the patient and near a target area {e.g.. the hypoglossal nerve(s)
and/or motor points). The medical professional may then insert a guidewire into the tissue of
the patient through an inner lamen of the needle and remove the needle once the guidewire
1s in place. The medical professional may then advance an introducer sheath over the
guidewire and the medical profossional may then place the lead in an inner fumen of the
mtroducer sheath, advance the lead through the introducer sheath, and remove the introducer
sheath once the lead is m place. To perform the implantation process, the medical
professional may need to use a plurality of tools {e.g., the needle, the guidewire, the
ntroducer, and the hike) and the implantation process may be time intensive.

{007 This disclosure describes example needles and techmiques of using needles to
simaplify the lead implantation process by retaining the example needies in the tissue of the
paticnt and disposing the implantable leads within the example veedles. Although the
example techniques are described with respect to lead placement i the tongue for treating
OSA, the example technigues should not be considered to be limited to lead placement i the
tongue or limited to treating OSA.

{O008] In one exampie, the disclosure describes a system including a needle configured
to percutancously msert nto skin and form a path for mserting a lead, the needle comprising:
a pointed distal end for percutancously inserting the needle for placement near a hypoglossal
nerve of a patient; and an elongated body comprising an inver lumen, wherein the clongated
body defines one or more openings connecting an outer surface of the elongated body to the
mner lumen, and the lead configured to be disposed within the inner lomen of the clongated
body, the lead comprising’ a shaft; and one or more electrodes disposed on the shafi,

configured to be placed near the hypoglossal nerve, and configured to stimulate the
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hyvpoglossal nerve for treating obstractive sloep apnea (O8A}, wherein locations of the one
or more clectrodes on the shaft at least partially correspond to the one or more openings of
the necdle.

{6009] In one example, the disclosure describes a needle configured to percutancously
msert into skin and form a path for mserting a lead, the needle including a pointed distal end
for percutaneously inserfing the needle for placement near a hypoglossal nerve of a patient;
an elongated body comprising an inner fumen, the ¢longated body defining one or more
openings defined by the elongated body, wherein the one or more openings are configured to
connect an outer surface of the elongated body to the mmner lumen, wherein the elongated
body 1s configured to place the lead disposed within the inner lumen near the hyvpoglossal
nerve, the lead configured to stimulate the hypoglossal nerve for treating obstructive sleep
apnea {O5A), and wherein the one or more openings are configured to at least partially
correspond to locations of oue or more clectrodes positioned ou a shaft of the lead.

001 6] In one example, the disclosure descenibes a method including percutanecusly
ingerting a neodle into skin of a patient, the needle comprising an elongated body comprising
an jnner lumen and defining one or more openings connecting an outer surface of the
clongated body to the inner lumen; navigating the needle proximate (o a hypoglossal nerve
of the patient; inserting a lead into the inner lumen of the clongaied body, the lead
configured to stimulate the bypoglossal nerve for treating obstructive slecp apnea (05A), the
lead compusing: a shaft; and one or more electrodes disposed on the shaft, wherein locations
of the one or more electrodes at least partially correspond 1o the one or more openings of the
needle; and placing the ong or more electrodes near the hypoglossal nerve.

{0011 The details of one or more aspects of the disclosure are set forth in the
accompanying drawings and the description below. Other features, objects, and advantages
of the techniques described i this disclosure will be apparent from the description and

drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS
{001 2] FIG. 1 is a conceptual diagram of an implantable medical device (IMD) system
for delivering obstructive sleep apnea (O8A) therapy.
{0013] FIG. 2 15 a conceptual diagram illustrating example locations of motor poinis
where stimudation for OSA therapy may be delivered.
{0014] FIG. 3 i3 a block diagram dlustrating example configurations of implantable

medical devices (IMDs) which may be utdlized in the svstem of FIG. 1

(O8]
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{0G15] FIG. 4 15 a block diagram illustrating an example configuration of an external
PIOQIAImmer.

{0015] FIG. 5 15 a conceptual diagram illustrating an example needle assembly for the
\system of FIG. 1

{0171 FIG. 6 is a conceptual diagram ilustrating an example needle of the needie
assembly of FIG. 5.

01 8] Fi(z. 7 i3 a conceptual diagram illastrating the tmplantable lead of the needic
assembly of FiG 5.

{001 9] FI1G. 8A 15 a concepiual diagram itlustrating a cross-sectional view of an example
electrode configuration of the needle assembly of FIG. § taken along line A-A.

{6626] FIG. 8B 15 a conceptual diagram illustrating a cross-sectional view of another
example clectrode configuration of the needle assembly of FIG. 5 taken along line A-A.
{0211 FIG. 8C s a conceptual diagram illustrating a cross-sectional view of another
example electrode configuration of the needle assembly of FIG. 5 taken along line A-A.
{00221 FIG. 9 is a conceptual diagram illostrating a cross-sectional view of the needle
assembly of FIG. 5 taken along line B-B.

{00623] FIG. 10 18 a lowchart illustrating an example process of implanting an example

needle assembly near the hypoglossal nerve(s).

DETAILED DESCRIPTION
j0024] Medical devices, systems, and technigues for delivering elecinical stimulation to
the protrusor muscles of the tongue for the treatment of chstractive sleep apnea (0SA) are
deseribed in this disclosure. Electrical stimulation is delivered to cause the tongue of a
patient to enter an advanced state, durnng sleep, to avoid or reduce upper airway obstruction.
Ag used herein, the term, “advanced state”™ with regard o the tongue refers to a position that
is moved forward and/or downward compared to a non-stinnifated position or a relaxed
posttion of the tongue. The advanced state 15 a state associated with condraction (¢.g., via
mnervation from nerves in response to electrical siimulation) of protrusor muscles of the
tongue {also sometimes referred to as “protruder” muscles of the tongue) including the

senioglossus and geniobyoid muscles. An advanced state may be the opposite of a retracted

oo

and/or elevated position associated with the contraction of the retractor muscles (e g.,
styloglossus and hyvoglossus muscles) which retract and clevate the tongue. Electrical
stimulation is delivered o cause the tongue to move {e.g., by depolarizing the nerve(s) that

mnervate the genioglossus and/or geniohvoid muscles} to and matntain an advanced state.
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As discussed above, the advanced state may prevent collapse or blockage of, open, or widen
the upper airway of a patient to at least partially mamtain or mcrease auflow (¢ g., promote
unrestricted airflow or at least reduced restriction of airflow during breathing).

{0025} A surgeon mnplants one or more leads that each include one or electrodes mto the
tongue such that the clectrodes are proximate to a hypoglossal nerve and/or motor points
{c.g., one or more locations where axons of the hypoglossal nerve terminate at respective
muscle fibers of the protruser muscles). For example, there are two hypoglossal nerves in
the tongue of the patient. In one example, onc lead may be used to stiondate {c g, by
delivering electrical stimulation through one or more clectrodes of the lead) one of the two
hypoglossal nerves, one lead may be used to stimulate both hvpoglossal nerves, or two leads
may be used, where cach lead stimulates a respective one of the hypoglossal nerves.
Stimulation of either or both hypoglossal nerves of the tongue can cause contraction of the
protrusor muscies to reduce the offect of or prevent OSA.

j026] There are maltiple sets of motor pomts for each of the protrusor muscles on the
left side and the right side. Each motor point may innervaie one or more muscle fibers of the
protrusor muscle. In one example, one lead may be used to stimulate motor pownts for the
protrusor muscles on one side of the tongue, one lead may be used to stimulate motor pomts
for protrusor muscles on both sides of the tongue, or two leads may be used, where each lead
stimulates a rospective sot of motor pomts for the protrusor muscles on gach side.
Stimulation of cither or both scts of motor points of the tongue can cause contraction of the
protrusor muscles fo reduce the effect of, or prevent, OSA.

{00271 This disclosure describes examples of techniques related to mplantation of the
one o7 more leads in the tongue for treatmaent of OSA . Although the example techniques are
deascribed with respect to O8A, the example techniques should not be construed as himited to
O3SA. Rather, the example techniques described m this disclosure may be applicable to lgad
mmplantation for treatment of various conditions, including ead implantation for treatment of
conditions where the lead 1s implanted in a location other than the tongue.

{00281 Open surgeries may be performed to implant the one or more leads 1n a tongue of
a patient for treating OSA. However, such open surgeries require dissection of tissue to
expose one or more hvpoglossal nerves and/or motor points tor placement of the onc or
more leads mmmediately adjacent to or around the hyvpoglossal nerves and/or motor poinis n
the tongue of the patient, which is relatively mvasive and time-consuming,.

10029] In other examples, medical professionals may mmplant the leads by using a needle

to form a path through the tissue of the patient to the hyvpoglossal nerves of the patient. The

(1
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one or more leads may then be navigated through the paths to areas adjacent to the
hypoglossal nerves and deliver stimulation signals to the hypoglossal nerves. In such
examples, the medical professional may first create an mitial path using a necdle and remove
the needle from the patient once the mitial path has been created. The medical professional
may then advance an introducer atiached to a diator, e.g.. over a guidewite or other sinular
guding device, to dilate the mitial path to an appropriate diameter for the lead and to
determing the appropriate orientation for the electrodes of the lead. The medical professional
may then remove to the dilator and mtroducer from the patient and advance an implantable
lead sheath into the dilated path. The implantable lead sheath may inchude an clectrically
msulative matenal and may be configured to electrically msulate some portions of the lead
while allowing other portions of the lead to debiver stimulation signals to the hyvpoglossal
nerve, ¢.g., through the one or more electrodes. Finally, the medical professional may nsert
the lead mito aninner lumen of the mmplantable lead sheath and advance the lead through the
inner lumen of the implantable lead sheath to the hypoglossal nerves of the patient to
complete the implantation process.
{0036 Unlike the examples that require dissecting tissue or examples that require a
needle, introducer, guidewire, and other such components, the example technigues described
m this disclosure utilize a needle configurad to percutancously insert nto skin and form a
path for inserting a lead, such as without requuring the use of the guidewire or introducer.
For mnstance, the example techoigues deseribed in this disclosure may enable a surgeon to
mplant one or more leads adjacent o or arcund one or more hyvpoglossal nerves and/or
motor points i the tongue of a patient without dissecting tissue to expose the hypoglossal
nerves and/or maotor pounts, which minmuze access ncision, shorten recovery time for the
patient, and reduce risk for misplacement of the leads. In addition, the example technigues
cscribed in this disclosure may enable a surgeon to implant the one or more leads adiacent
to or around onc or more hypoglossal nerves and/or motor points in the tongue of the patient
with fewer tools and complete the lead implantation process n a shorter duration. For
example, by using a needle with one or more openings at least partially corresponding o one
or more clectrodes positioned on the lead, as described in greater detail below, a surgeon
may determine the appropriate orientation and stunulation signal of the one or more
electrodes of the lead without requuring the use of another device, ¢ .g., an ntroduce needle.
{60311 In some examples, the needle described in this disclosure may form and dilate the
path leading to the hypoglossal nerves, thereby eliminating the requirement for a difator

during the lead voplantation process. In sorae examples, the needie desceribed io this
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disclosure may perform the functions of the implantable lead sheath by using the one or
more openings of the needle.

{00321 FIG. 115 a conceptual diagram of a medical systern for delivering O5A therapy.
In system 100, implantable medical device (IME) 104 and kead 106 are implanted m patient
102, MDD 104 includes housing 108 enclosing circuttry of IMB 104, In some examples,
M 104 includes connector assembly 110, which is hermetically sealed to housing 108 and
includes one or more connector bores for receiving a proximal end of at Icast one medical
clectrical kead 106, also called lead 106, used for delivering OSA therapy. Although ong lead
106 1s dlustrated m FIG. 1, there may be one or more leads 106 to which IMB 104 s
coupled.

{60633] Lead 106 may mchide a flexible, elongated lead body 112, also called elongated
member 112, that extends from lead proximal end 114 to lead distal end 116, As iHustraied,
lead 106 includes one or more electrodes 117 that are carried along a lead distal portion
adjacent lead distal end 116 and are configured for imsertion within the protrusor muscles
120A, 1208, and 122 of tongue 118, As one example, the genioglossus muscle includes
oblique compartment 120A and horizontal compartment 120B. To this disclosure, the
genioglossus musele 1s referred to as protrusor muscle 120, Protrusor muscle 122 s an
example of the geniohyoid mauscle.

10034] Ag lustrated, distal end 116 of lead 106 includes one or more electrodes 117,
Proxumal end 114 of lead 106 includes one or more electrical contacts to connect io
connector assembly 110, Lead 106 also includes conductors such as coils or wires that
connect respective clectrodes 117 1o respective electrical contacts at proximal end 114 of
lead 20.

{8035] During implantation of system 100, a medical professional may insert a needle
within the protrusor muscles 1204, 120B, and 122 of tongue 118. The medical professional
may then place lead 106 within protrusor muscles 120 and/or 122 through an nner lumen of
the needle. The medical professional may remove the needle from tongue 118 onee lead 106
1s positioned within protrusor muscles 120 and/or 122, In some examples, the medical
professional may advance lead 106 within the needic and deliver test stimulation signals to
protrusor muscles 120 and/or 122 via lead 106 {c.g., through one or more openings in the
needle} and/or the needle. System 100 may sense electrical signals (e.g., evoked ¢lectrical
signals} from the tissue of patient 102 in response to the test stimudation signals. The
medical professional may determing, based on the sensed electrical signals, if lead 106 is

placed 1u a proper location within protrusor muwscles 120 and/or 122 to deliver stunulation to

-1
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hyvpoglossal nerve{s) and/or motor points of patient 102, The medical professional may
teratively re-position the needle and lead 106 and transmoit test stimulation sigoals wdd the
medical professional determines that fead 106 1s properly placed within protrasor muscles
120 and/or 122, The medical professional may then retract the needle and leave lead 106 in
place. Once the needle is retracted and removed from the body of patient 102, the medical
professional may implant the remainder of system 100 {c.g., IMD 104} and complete the
implantation process.

{036] The needle may include a plurality of openings connecting an inner lumen within
the needle to an outer surface of the needie. Lead 106 may be disposed within the toner
fumen of the needle. Electrodes 117 of lead 106 may correspond 1o at least some of the
plurality of openings of the needle. Although one needle 1s tHustrated in FIG. 1, the medical
professional may use a plurality of needies {¢.g., two or more needles} during the
implantation process. The number of needles may correspond to the number of leads 106 to
which IMD 104 1s coupled.

{00371 While protrusor muscles 120 and 122 are described, the example techniquces
deseribed m this disclosure are not limtted to sttmulating protrusor muscles 120 and 122,
Also, FIG. 1 illustrates one set of protrusor muscles 120 and 122 {e.g., on a first side of
tongue 1183 The other side of tongue 1138 also includes protrasor muscles. For mstance, a
left side of tongue 118 mchides a first set of protrusor mascles 126 and 122, and a right side
of tongue 118 includes a second set of protrusor muscles.

0381 In some examples, a medical professional may implant one or more leads 106
and one or more necdles such that one or more clectrodes 117 are implanted within soft
tissue, such as musculature, proximate to medial branches of one or both hyposlossal
nerves. In some examples, one or more electrodes 117 may be approsimately 3 mm {e.g., 2
mm to & mm) from a major trunk of the hypoglossal nerve. In some examples, one or more
clectrodes 117 may be placed in an arca of protrusor muscles 120 and 122 that include
maotor points, where each nerve axon ternunates in the muscle (also called the neuro-
muscular junction). The motor points are not at one location bui spread out in the protrusor
muscics. Leads 106 may be implanted such that onc or more electrodes 117 may be
generally 1o the arca of the motor points (e.g., such that the motor pouds are within 1 1o 10
mm from one or more ¢lectrodes 117). Examples of motor points for protrusor muscles 120
and 46 are illustrated in more detail with respect to FIG. 2.

{0039] Tongue 118 includes a distal end {¢.g., tip of tongue 118), and electrodes 117

may he implanted proximate to root 126 of tongue 118, The surgeon may implant one or



WO 2024/025686 PCT/US2023/025875

more leads 106 such that one or more electrodes arc implanted proximate to root 126 of
tongue 118, as illustrated in FIG. 1. For example, the location for stimulation for the
gentoglossus muscle 120 may be approximately 30 mm {e.g., 25 mm 1o 35 mum) from the
svmphvsis of the jaw {¢.g., where the genioglossus and hypoglossal muscles msert}. The
location for stimulation for the genichyoid vrscle 122 may be approximately 40 mm {c.g.,
35 mm to 45 mm) from the symphysis. For both the genioglossus muscle (20 and the
gentohvotd muscle 122, the location for stimulation may be approxamately 1T mm {eg., 7
mm to 15 mm) lateral to the midhine on both the right and left sides of tongue 118 for
stimutating respective hypoglossal nerves. In some exaroples, rather than stunulating
hypoglossal nerves, the examples described in this disclosure may be configured for
stimulating the motor points, as described in more detail with respect to FIG. 2. Stmulating
the motor points may result io indirect activation of the hypoglossal nerve, bat may
generally be sttmmlating at a difterent Jocation than direct stinulation to the hypoglossal
nerve. As aresult, m some examples, sinnlation of one or more motor points may result in
more precise activation of muscle fibers than may be possible with stimulation of the
hvpoglossal nerve itsclf.

{0046] One or more electrodes 117 of lead 106 may be ring electrodes, scgmented
ciectrodes, partial ring electrodes, or any suitable clectrode configuration. Ring electrodes
extend 360 degroes around the circomference of icad body 112 of lead 106, Segmented and
partial ring electrodes each extend along an arc less than 360 degrees (e.g., 90-120 degrees}
around the outer circumference of lead body 112 of lead 106, In this manner, multiple
segmented eloctrodes may be disposed arcund the peameter of lead 106 at the same axial
posttion of the lead. In some examples, segmented clectrodes may be useful for targeting
different tibers of the same or different nerves at respective circumferential positions with
respect to the lead to generate different physiological effects (e.g., therapeutic effects),
permitting stimulation to be ornented directionally. In some examples, lead 106 may be, at
least in part, paddic-shaped {c.g., a “paddle” lead), and may mclude an array of clectrodes
arranged as contacts or pads on a common surface, which may or may not be substantially
flat and planar.

{00411 As described above, in some examples, electrodes 117 of lead 106 are disposed
within the musculature of tongue 118. Accordingly, one or more ¢lectrodes 117 of lead 106
may be “intramniscular electrodes.” Intramuscular electrodes may be different than other
clectrodes that are placed on or along a nerve trunk or branch, such as a cuff electrode, used

to directly stunulate the nerve trunk or branch. The example technigues described in this
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disclosure arg not limited to intramuscular electrodes and may be extendable to electrodes
placed closer to a nerve trunk or branch of the hypoglossal nerve(s}. Also, in some
examples, one or more electrodes 117 of lead 106 may be mmplanted 1n connective fissue or
other soft tissue proximate to the hypoglossal nerve.

{0042] I some exanmples, the needle may be configured for advancement through the
soft tissue, which may include the protrusor muscle fissue, to anchor lead 106 and electrodes
117 of lead 106 in proxamity to the hypoglossal nerve(s) that mnervate protrusor muscles
120 and/or 122 and/or motor points that connect axons of hiypoglossal nerve{s} to respective
muscle fibers of protrusor muscles 120 and/or 122, In some examples, the needle is used for
vascular mmplantation. In such examples, the needle may include a hemostasis valve
positioned within an attachment member disposed on a proximal portion of the needle
assembly. The hemostasis valve may prevent transfer of blood or other bodily fluids into the
needle assembly,

034 3] As described above, clectrical stimulation therapy generated by IMD 104 and
delivered via one or more electrodes 117 may activate protrusor muscles 120 and 122 to
move tongue 118 forward, for instance, to promote a reduction i1 obstruction or narrowing
of the upper airway 124 during slecp. As used herem, the term “activated” with regard to the
clectrical stimudation of protrusor muscles 120 and 122 refers o electnical stimulation that
causes depolanzation or an action potential of the cells of the nerve (0., hypoglossal
nerve{s)) or stintulation at the nevro~-muscular junction between the nerve and the protrusor
muscles {¢.g., at the motor points) innervating protrusor muscles 120 and 122 and motor
points and subsequent depolarization and mechanical contraction of the protrusor muscle
cells of protrusor muscies 120 and 122, In some examples, protrusor muscies 120 and 122
may be activated directly by the electrical stimulation therapy.

{0044] Protrusor mascies 120 and/or 122, on a first side of tongue 118 (e.g, the left or
right side of tongue 118}, may be activated by a medial branch of a first hvpoglossal nerve,
and the protrusor muscles, on a second side of tongue 118 {e.g., the other of the left or nght
side of tongue 118), may be activated by a medial branch of 3 second hyvpoglossal nerve,
The medial branch of a bypoglossal nerve may also be referred to as the Xith cranial nerve.
The byoglossus and styloglossus muscles (not shown wn FIG. 1), which cause retraction and
clevation of tongue 118, are activated by a lateral branch of the hypoglossal nerve.

{0045] One or more electrodes 117 may be used to deliver bilateral or uniiateral
stimulation to protrusor muscles 120 and 122 via the medial branch of the hvpoglossal nerve

or branches of the hvpoglossal nerve {e.g., such as at the motor point where a ferminal
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branch of the hypoglossal nerve mterfaces with respective muscle fibers of protrusor
muscles 120 and/or 122). For example, one or more clectrodes 117 may be coupled to output
cireuttry of IMD 104 to enable delivery of electrical stimulation pulses in a manner that
selectively activates the right and left protrusor muscles {e.g., in a periodic, cyclical, or
alternating pattern) to avoid muscle fatigue while maintaining upper airway patency.
Additionally, or alternatively, IMD 104 may deliver electrical stimulation to selectively
activate protrusor muscles 120 and/or 122 or portions of protrusor muscles 120 and/or 122
during umilateral stimuiation of the left or right protrusor muscles.

{0045] In some cxamples, one fead 106 may be implanted such that one or more of
electrodes 117 debiver elecirical stimulation to stimulate the left hypoglossal nerve or motor
points of protrusor muscles on the left side of tongue, and thevefore cause the left protrusor
muscies to activate. In such examples, the electrical stimulation from one or more electrodes
117 may not be of sufficient amplitude 1o stimulate the right hypoglossal nerve or motor
points of protrusor mascies on the right side of tongue and cause the right protruscor muscles
to activate. fn some examples, onc lead 106 may be implanted such that one or more of
electrodes 117 deliver electrical stimulation to stimulate the right hyvpoglossal nerve or
motor points of protrusor muscles on the night side of tongue, and therefore cause the right
protrusor muscles to activate. In such examples, the electrical stimalation from one or more
ciectrodes 117 may not be of sufficient amplitude 1o stimulate the left hypoglossal nerve or
motor points of protrusor muscles on the left side of tongue and cause the left protrusor
muscies to activate. Accordingly, m some examples, two leads bike lead 106 may be
implanted to sttmulate cach of the left and right hypoglossal nerves and/or motor points of
respective protrusor muscles on the left and right side of tongue 118,

{00471 In some examples, ong lead 106 may be implanted substantially mn the middie
{c.g., center) of tongue 118, In such examples, one or more electrodes 117 may dehiver
clectrical stimulation to both hypoglossal nerves or motor points of both muscles on the both
sides of tongue 118, causing both hypoglossal nerves or motor poinis to activate respective
left and right protrusor muscles. It may be possible to utilize current steering and field
shaping techniques such that one or move electrodes 117 deliver first electrical stimulation
that stimulates the lefi hypoglossal nerve or motor points of protrusor muscles on the left
side of tongue 1138 with hittle to no stimudation of the right hypoglossal nerve or motor points
of protrusor mascles on the right side of tongue 118, and then one or more electrodes 117
deliver second electrical stimulation that stimulates the right hyvpoglossal nerve or motor

points of protrusor muscles on the right side of tongue with Iittie to vo stimulation of the left
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hypoglossal nerve or motor points of protrusor muscles on the left side of tongue. In
examples where two leads fike lead 106 arc utilized, cach lead may alternate delivery of
stimulation 1o respective hypoglossal nerves or motor points. In this way, IMD 104 may
stimulate one hypoglossal nerve or one set of motor points and then the other hypoglossal
nerve or another set of motor points, which can reduce muscle fatigue.

{3481 For mstance, continuous stimulation may cause protrusor muscles to be
contmuousty 1n an advanced state. This contimuous contraction may cause protrusor muscles
120 and/or 122 to fatigue. In such cases, due to fatigue, the stimulation may not cause
protrusor muscies 120 and/or 122 to maudain an advanced state {or bigher miensity of the
electrical stimulation may be needed to cause protrusor muscles 120 and/or 122 to remain in
the advanced state). By stimulating one set of protrasor muscles {e.g., left or right}, a second
set {¢.g., other of left or right) of protrusor muscles can be at rest. Stimulation may then
alternate to stimulate the protrusor rouscles that were at rest and thereby maimtain protrusion
of tongue 118 while permitting the protrusor musecles 120 and/or 122 that were previously
activated to rest. Hence, by eycling between alternate stimulation of the left and nght
protrusor muscles, fongue 18 can remaimn in the advanced state, while ong of the fust or
second set of protrusor muscles 1s at rest.

{0049] In some examples, ong lead 106 may be implanted laterally or diagonally across
tongue 40 such that some of electrodes 117 on fcad 106 can be used to stimulate the left
hvpoglossal nerve and/or mator poirds of the protrusor muscles on the left side of tongue
118 and some of clectrodes 117 on the same lead 106 can be used to stimulate the rnight
hyvpoglossal nerve and/or motor points of the protrusor muscles on the right side of tongue
118, 1o such cxamples, IMD 104 may selectively deliver electrical stunulation to a first
hypoglossal nerve and/or first motor points of the protrusor muscles on a first side of tongue
118 via a firsi set of one or more electrodes 117, and then deliver electrical stimulation to a
second hypoglossal nerve and/or /or second sct of motor points of the protrusor muscles on a
second side of tongue 118 via a second set of one or more electrodes 117, This may be
another way in which to reduce muscle fatigue.

{00501 Lead proximal end 114 includes a connector (not shown 1n FIG. 1) that may be
coupled to connector assembly 110 of IMD 104 1o provide clectrical connection between
cirautry enclosed by the housing 108 of IMD 104, Lead body 112 encloses electrical
conductors extending from cach of one or more electrodes 117 to the proximal connector at
proximal end 114 to provide clectrical connection between output circuitry of IMD 104 and

the electrodes 117,
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{0511 There may be vanious ways in which lead 106 is implanted 1o patient 102, A
surgeon may msert the needle through the lower part of the jaw and in tongue 118 starting
from the back of tongue 118 The surgeon may imsert the needle until a distal tip of the
needle reaches a point at or adjacent o root 126 of tongue 118, angling the needle to extend
proxumate to the hypoglossal nerve (e.z., left or night hypoglossal nerve). In some exampiles,
the needle may include one or more electrically conductive areas {e.g., one or more
glectrodes} at the distal end, and the surgeon may cause the one or more electrically
conductive arcas of the needle to output electrical stimulation (¢.g., in the fomm of controlled
current pulses or controlled voltage pulses), which in turn causes a physiological response
such as activation of protrusor muscles 120 and/or 122 and protrusion of tongue 118, In
some gxamples the one or more elecirodes may be disposed on an cuter surface of the
needle. The surgeon may adjust the location of the needle based on the physiclogical
response to determine a location in tongue 1 that provides effective treatment. Using the
needle with stimulating electrodes is not necessary m every example. In some exampies,
once the needle 1s implanted within tongue 118, the surgeon may advance lead 106 through
the mner lumen of the needle. In some examples, the surgeon may position fead 106 in a first
position where one or more electrodes 117 of lead 106 are occluded by the needle. In some
examples, the surgeon may position lead 106 1 a second position within the mner lumen of
the needle where one or more electrodes 117 of lead 106 at least partially correspond to the
one or maore operings within the needle.

00521 IMD 104 may output stimulation signals through electrodes 117 and the one or
more openings within the needle to stimudate the hypoglossal nerve and/or one or more
motor points of the protrusor muscle within tongue 118, If further refinement 15 needed to
determine the lead placement for lead 106, the surgeon may adjust the location of lead 106
within the needle in response to one or more electrical signals detected by electrodes 117
and/or electrodes on the needle. The needle may be appropriately sized to receive lead 106,
During tmplantation and testing of lead 106, IMD 104 may not vet be implanted within body
of patient 102. After completing implantation and testing of lead 106, the medical
professional may implant IMB 104 within paticnt 102 (¢.g., in the neck of patient 102, in the
torso of patient 102, or the iike) to complete the implantation of systemn 100 In some
examples, tead 106 may be connected 1o another computing device and/or system {e.g., an
extermal programming device) and the another computing device and/or system may ootput

the stimulation signals for purposes of delivering the lead placement for lead 106,

ot
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{0053] In one or more examples, because the needle is appropriately sized to roceive
lead 106, implantation of lead 106 may rot require the use of an introducer sheath or a
guidewire, In this way, the example technigues may reduce components and surgical
complexity for implanting lead 106,

{H054] As an example, some other techuiques of implanting lead 106 nclude using a
needle (not sized to receive lead 106) to percutancousty insert into the skin, A surgeon
places a guidewire through the lumen of needle, then removes the needle. The guidewire
remains in place in the tissue in original location as the necdle aside the patient. The
surgeon places an indroducer sheath, possibly with a dilator, over the guidewwre. The
surgeon removes the gudewire, and places lead 106 include the mtroducer sheath. The
surgeon then removes the introducer sheath leaving lead 106 1n place.

{0055] The needle described in this disclosure may reduce the mmplantation complexity.
For mstance, the surgeon may percutancoushy insert the needle to form a path for lead 106
A separate probe may not be needed to locate the implant site because the needle can be
used for unipolar stimulation. Furthermore, in some examples, the needle may mchide
electrodes on the needle to deliver electrical stimulation, and/or may include openings to
allow electrodes 117 of lead 106 to deliver electrical stimulation afier lead 106 1s placed in
the lumen of the needle. Accordingly, tn some examples, a guidewire and mtroducer sheath
may not be needed for implantation. Because the needle is appropriately sized to receive
lead 106, the surgeon may directly insert lead 106 udo the lumen of the needie. To this way,
the needle may facilitate accurate placement of lead 106, such as by ensuring that when
clectrical stimulation is delivered at the location of the needle, tongue 108 moves to the
advanced state.

{00506] For instance, the surgeon may put lead 106 through the needle such that one or
more electrodes 117 are proxumate to the hypoglossal nerve {e.g., such that distal end 11615

near tip of tongue as one non-limiting example). Elecirodes 117 may be proximate to the
g ) 3

necdle creating an opening near the hvpoglossal nerve and/or motor points of the protrusor
muscic. In some exampies, the surgeon may tunnel proximal end 114 of lead 106 back to a
connection with IMD 104,

{00571 In this manner, the surgeon may implant one lead 106, In examples where two or
more leads are implanted, the surgeon may perform steps similar to those described above.
{0058] The above describes some example technigues for lead placement, and the

examples described in this disclosure should not be considered limited to such examples of
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lcad placement. Moreover, in some examples, the surgeon may use imaging technigues, such
as tluoroscopy, during implantation to vertfy proper placement of lead 106, the introducer
needle, and/or the introducer sheath,

{0059] FIG. 1 illustrates the location of IMD 104 as being within or proximate to the
neck of patient 102, However, IMD 104 may be implanted i various other locations. As one
example, the surgeon may implant IMD 104 m the left or night pectoral region. For mstance,
the surgeon may plan on implanting IMD 104 m the left pecioral region unless another
medical device is already truplanted in the [eft pectoral region. I another medical device is
already vuplanted m the left pectoral region, the surgeon may then implant IMD 104 inthe
right pectoral region. There may melade other locations where the surgeon may implant
IMD 104, such as the back of patient 102. The example techniques are not limited to any
particelar implant location of IMD 104

{3068] Ir accordance with onc or more exampies described in this diselosure, system
100 15 an implant system for utihizing lead 106 1n tongue 118 for treatment of OSA. In some
examples, system 100 may be configured such that substantial dissection is not required o
exposc one or more bvpoglossal nerves and/or one or more motor points of the protrusor
muscle within tongue 113 for placement of the lead. In some examples, system 100 may be
configured such that a surgeon may mplant the needle and lead 106 within patient 102 using
a relatively smaller number of devices {e.g., without the use of an introducer sheath, guide
members (¢.g., a gudewire}, a dilator, and the like). This disclosure describes examples of
system 100 configured for placement of lcad 106 in a way that minimizes access incisions
for placement of lead 106,

{00611 In some situations, it may be desirable to include multiple clectrodes on lead 106
to achieve desired physiological effects {e.g., therapeutic effectsy. For example, to achieve
the desired effect, muitiple electrodes may be used to target different fibers of the same
nerve {e.g., target ong or more motor points of the protrusor muscle within tongue 118} In
such cascs, determauving the locations of the different fibers or motor points one at a time is
time-consuming and may cause nerve injury. In some examples, svstem 100 may enable a
surgeon to wdentify the locations of different fibers or motor points of the protrasor muscles
m such a manner to shorien the surgical time and reduce the risk of nerve wury.

{0062} As described above, systern 100 13 an implant system for implanting lead 106
adjacent to or around ong or more hypoglossal nerves and/or motor pomts without open
surgery, so that iead 106 may be implanted to stimulate the nerves with mimimal impact to

patient 102, There may be certain unigue challenges associated with implanting lead 106
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adjacent to or around the hypoglossal nerves and/or the one or more motor points of the
protrusor muscle {¢.g., protrusor muscles 120 and/or 122} in tongue 118 without open
surgery. As ong example, without performing an open surgery to expose the hypoglossal
nerves and/or motor points, there are difficultics with localizing and accessing the
hypoglossal nerves and/or motor poinis.

{363] To identify the location of a hypoglossal nerve and/or a motor pont without
performing an open surgery, system 100 may include the needle for creating an opening in
tongug 118 of the patient for implantation of lead 106 and a medical device for delivering
stivutation signals through lead 106 and the needle to tongue 118 of patient 102 to stimulate
the hvpoglossal nerve and/or the motor pomt. The same medical deviee or possibly another
medical device may further receive electrical signals from lead 106, where the electrical
signals {c.g.. EMG signals) arc generated from a muscle movement in response to the
stimulation signals. As tHlusirated mm FIG. 1, the medical device may be an mmplantable
medical device (e.g., IMD 104} nuplanted near the neck of patient 102, Hence, IMD 104
may be utilized for chronic {i.c.. long-termy) treatment of OSA. However, in some examples,
during the implardation of lead 106 or determauving location for implanting lead 106, a tnal
stimulator {¢.g., external medical device) may be used to deliver stimulation to the needle or
through lead 106 when lead 106 13 within the needle. Accordingly, the medical device may
be an external medical device coupled to lead 106 and/or the needle for delivering and/or
detecting stimulation signals. It should be noted that IMD 104 may also be used as a trial
stimulator, and the technigues are not himited to an external medical device.

{0064] Systent 100 includes an needle that has an clongated body (e g.. the needle body}.
The clongated body may define an roner Jumen within the needle and one or more openings
extending from an outer surface of the elongated body to the mner lumen. The elongated
body may be a malicable ¢longated body so that a surgeon can bend the desired shape for
property introducing lead 166, In some examples, the clongated body may be stecrable so
the surgeon can align lead 106 in a proper configuration intraoperatively. Having stecrability
m the clongated body may make it casier for surgeons to deploy lead 106 alongside and in
proximity to a hyvpoglossal nerve and/or 2 motor point in tongue 118 of patient 102.

{0065] In some cxamples, the needic may mchude one or more electrodes positioned on
the outer surface of the elongated body. The one or more electrodes positioned on the outer
surface of the elongated body are different than ong or more electrodes 117, where
ciectrodes 117 are on lead 106, The one or more electrodes may be configured to deliver

clectrical stinwdation signals to tongue 118 of patient 102 and/or detect electrical signals
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from tongue 118, Electrodes configured to deliver electrical stimulation may also be referred
herein as “stimulation clectrodes™ and electrodes configured to detect electrical signals may
also be referred herem as “sensing electrodes.”

{0066} System 100, along with the needle and lead 106, also includes a medical device
for delivermyg stimeulation signals via the needle through one or more stimulation electrodes
on the needle to tongue 118 of patient 102 to stimulate a hypoglossal nerve and/or a motor
point in tongue 118 of patient 102 as part of the mnplantation procedure. The medical device
may also receive one or more electrical signals detected by the needle through one or more
sensing electrodes and output information indicative of the one or more electrical signals.
For example, the medical device may receive an EMG signal that measures an clectncal
current generated from a muscle contraction in response to the stimulation signal.

{0067} For mstance, a surgeon may nsert the needle in tongue 118 of patient 102 such
that one or more electrodes on the needle are pushed through tissue near a chin of patient
102 and through tongue 118 proximate to the hypoglossal nerve and/or the motor point of a
protrusor muscle {o.g., protrusor muscles 120 and/or 122} within tongue 113, After inserting
the needle, the surgeon may control the medical device to deliver a stimulation signal via the
needle through the one or more stimulation signals to tongue 118 of patient 102 to stimulate
the hvpoglossal nerve and/or the motor point in tongue 118 of patient 102. The sorgeon may
also control the medical device {same or different medical device) to recaive ¢lectrical
signals detected by the needle through one or more sensing electrodes and output
mformation mdicative of the one or more electrical signals on a display device. The surgeon
may then determine a target treatment site based on the output wnformation indicative of the
ong or more electrical signals.

{0068] In some examples, the one or more stimulation electrodes and/or the one or more
sensing electrodes of the needle may be disposed between one or more openings on the
clongated body of the needle. The one or more stimulation electrodes and/or the one or more
sensing electrodes may be placed on a portion of the elongated body between two adjacent
openings of the one or more openings. In other examples, the one or more stimulation
glectrodes and/or the one or mors sensing electrodes may be placed on the clongated body of
the needle at ong or more different axial positions than the one or more openings. For
example, the electrodes mayv be postioned proxamally to the one or more openings, distally
io the one or more opemngs, or proximal 1o a first sct of one or more openings and distal o a

second set of one or more openings on the elongated body.
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{069] The wnner lumen of the needle has a sufficiently large diameter such that lead 106
may be disposed within the tmuer lumen of the needle and may be moved axially and/or
rotated within the mner lumen of the needle.

{60670] After msertion of lead 106 into the necdle, the surgeon may control a medical
device {¢.g.. IMD 104} to output stimulation signals through clectrodes 117 of fead 106 and
one or more openings of the needle to stimulate the hypoglossal nerve and/or the motor point
to determine the optimal placement of lead 106, The medical professional may remove the
neodle after implantation of fcad 106 and lead 106 may then deliver chronic stimulation to
paticnt 102.

{0071 FIG. 2 15 a conceptual diagram illustrating example locations of motor poinis
where stimudation for OSA therapy may be delivered. FIG. 2 ilhustrates jaw 200 of patient
102, where patient 102 is in a supine position and jaw 200 of paticnt 102 is viewed from an
mferior location of patient 102, For instance, FIG. 2 illustrates symphysis 202 and hyoud
bone 204. In the example thustrated 1n FIG. 2, the line tnterconnecting symphysis 202 and
hvoid bone 204 may be considered as a yv-axis along the mudline of tongue 118, FIG. 2 also
dlustraies intergonial distance 206 between the two gomia of patient 102, where the gonia is
a point on each side of the lower jaw 200 at the mandibular angle. Intergonial distance 206
may be along the x-axis of tongue 118,

{0072] FiG. 2 illustrates motor points 208A and 2088 and motor points 210A and 210B.
Motor points Z08A roay be motor points for the right genioglossus muscle, and raotor poinis
2088 mayv be motor points for the left genioglossus muscle. Motor poimnts 210A may be
motor points for the nght geniohvoid muscle, and motor points 2108 may be motor points
for the left geniohvoid muscle. Motor points 208A and 2088 and motor ponts 210A and
2108 may genericize the motor points for cach muscie for purposes of illustration. There
may be additional motor points and/or motor points at different locations for each muscle.
10073 In one or more examples, the needle, lead 106, and/or one or more electrodes 117
may be implanted proxumate to motor poings 2084, 2088, 2104, or 210B for stimulating at
maotor points 208A, 2088, 2104, and/or 210B. For instance, in examples where two leads
are implanted, a first lead and its electrodes may be implanted proximate to motor points
208A and/or 210A and a second lead and its electrodes may be implanted proximate to
motor points 2088 and/or 210B. In one or more examples, electrodes 117 may be
approximately 1 mm o 10 mm from respective motor points 2084, 2088, 210A, or 2108,
{0074} A hypoglossal nerve {e.g., on the loft or right side of tongue 118 mitially is a

trunk of nerves fibers calied axouns. The axons of the hypoglossal nerve branch out. For
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example, the trunk of hypoglossal nerve includes multiple sets of axons including a first set
of axons, and the first set of axons branch out from the trunk of the hypoglossal nerve. The
firat set of axons mclade multiple groups of axons including a first group of axons, and the
first group of axons branch out from the first set of axons, and so forth. The locations where
the branched-out axons interface with respective muscle fibers of protrusor muscles 120
and/or 122 {e.g., genioglossus and/or genichyoid muscle} are referred o as motor points.
j0075] For mnstance, a branch of the hypoglossal nerve that interfaces {e.g., connects at
the neuro-muscular junction) with the muscle fiber is referred to as a teroinal branch, and
the cnd of the terminal branch 1s a motor poud. The length of a terounal branch may be
approximately 10 mm from the hypoglossal nerve to the genioglossal or gemohyoid
muscies. In some examples, there may be approximately an average of 1.5 terminal branches
with a standard deviation of + 0.7 for the right geniohyoid muscle, an average of 4 8
terminal branches with a standard deviation of + 1.4 for the right genioglossus muscie, an
average of 2.0 terminal branches with a standard deviation of + 0.9 for the left genichvoid
muscle, and an average of 5.1 terminal branches with a standard deviation of + 1.9 for the
lefi genioglossus muscle.

{0076] There may be possible advantages with stimulating at motor points 2084, 2088,
210A, or 2108, as compared to some other techniques. For mstance, some technigues utiize
cuff electrodes or stimudate at the hypoglossal nerve. Due to the different bifurcation
patterns, placing a cutt electrode around the byvpoglossal nerve, or generally attaching an
clectrode to the hypoglossal nerve can be challenging. Also, where cuft electrodes or
glectrodes that attach fo the hyvpoglossal nerve are used, mmplanting electrodes arcund or at
each of the hvpoglossal verves requires multiple surgical entry points to attached to both
hypoglossal nerves. Moreover, utilizing cuff electrodes or clectrodes that attach to the
hypoglossal nerves can possibly negatively impact the nerve by tugging, stretching, or
otherwise causing urritation. Accordingly, vtilizing lead 106 and clecirodes 117 that are
implanted proximate to the motor pomts may be bencticial {e.g., less surgery to implant and
less mmpact on the nerve} as compared to techmigues where cuff electrodes or electrodes
mmplanted on the hypoglossal nerve are utilized.

{00771 Furthermore, stimulating at motor points 208A, 2088, 210A, and/or 2108, such
as at the bifurcation pomt of 3 motor neuron that attach to muscle fibers, may provide
advantages such as for better control of muscle movement. Because motor points 2084,
2088, 210A, and 2108 are spatially distributed, by stimulating motor points 2084, 208B.

210A, and/or 2108, the amount of the genioglossus and geniohyoid muscle that is being
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stintated can be controiled. Also, stimulating at motor points 208A, 2088, 2104, and/or
2108 may allow for more gentle muscle activation. For instance, when stimulation is
provided near the trunk of the hypoglossal nerve, even stimulation signal with relatively
small amplitude can cause the gemoglossus and/or geniohyoid muscle to fully protrade (8.g.,
there s hugh loop gain where small stunulation anmplitudes cause large muscle protrusion).
Fine tuming of how much 1o protrude the genioglossus and/or geniohvoid muscle may not be
avalable when stimulating at a trunk of the hypoglossal nerve. However, there may be lower
loop gain stimudating at motor points 208A, 2088, 210A, and/or 2108, For nstance, a
stimulation signal having a lower amplitude may move cause the genioglossus and/or
geniohyoid muscle to protrude a small amount, and a stimulation signal having a higher
amplibide may move cause the genioglossus and/or gemohyoid muscle to protrude a higher
amount when stimulating at motor poinis 208A, 2088, Z10A and/or 210B.

{B078] The following are example locations of motor points 2084, 208B, 2104, and
210B relative to the midline (x-axis), posterior symphysis 202 (v-axis}, and depth {z-axis),
where the depth is from the plane formed by the inferior border of svmphysis 202 and
antertor border of hyoid bone 204,

{0079 Motor points 208A may be for the night genioglossus muscle and may be located
at 13.48 mm + 359 from the x-axis, 31.01 mm + 6.96 from the v-axis, and 22 58 mm + 3.74
from: the z-axis. Motor points 210A may be for the right genishyoid muscle and may be
located at 11.74 nun + 3.05 from the x-axis, 41,831 mm + 6.44 from the v~-axis, and 16.29
mm + 3.40 from the z-axis. Motor points 2088 may be for the left gentoglossus muscle and
may be located at 9.96 mm + 2 24 from the x-axis, 29.62 mm + 9235 from the y-axis, and
21,31 mun + 4,10 from the z-axis. Motor points 210B may be for the left geniohyoid muscle
and may be located at 11.45 mm + 1.65 from the x-axis, 39.63 mm + 8.03 from the y-axis,
and 15.09 mm + 2.41 from the z-axis.

{0080 FIG. 3 i3 block diagram dlustrating example configurations of implantable
medical devices (IMDs) which may be utilized in the system of FIG. 1. As shown in FIG. 3,
IMD 104 includes sensing circuitry 302, processing civeuitry 304, therapy delivery circuitry
306, switch cireaitry 308, memory 310, telemetry circnitry 312, and power source 314. IMD
104 may inchude a greater or fewer number of components. For example, in some examples,
such as examples in which IMD 104 deliver the electrical stimulation in an open-loop
manner, IMD 104 may not include sensing circuitry 302,

{0081 ] Switeh circuitry 308 may be configured to, in responsc to instructions from

processing circuitry 304, switch the coupling of electrodes 117 between sensing cureuttry
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302 and therapy delivery circuitry 306. In examples where sensing circuitry 302 is not used,
switch circuitry 308 may vot be needed. However, even in examples where sensing circutiry
302 1s not used, IMD 104 may include switch circuttry 308 such as to disconnect electrodes
117 from therapy delivery circuitry 306,

{B082] I some exaraples, therapy delivery circuttry 306 may melude a plurality of
regulated current sources or sinks, with cach current source or sink coupled to one of
electrodes 117. In such examples, therapy delivery circuttry 306 may conirol each corrent
source or sink and switching between electrodes 117 may not be necessary for therapy
delivery since cach one of electrodes 117 1s mdividually controllable.

{0083] Although not shown m FIG. 3, 1 some examples, IMD 104 may include one or
mote sensors configured to sense posture or position of patient 102, For example, IMD 104
may tnclude accelerometer to determine if patient 102 15 lying down. Another example of
the one or more sensors 15 a motion sensor, and movement sensed by the motion sgnsor may
indicate if patient 102 13 having restless sleep, which may be indicative of the onset of OSA.
Additional examples of the sensors include acoustical sensors or a microphone for detecting
vibrations in upper atrway 124, Vibrations 1n upper airway 124 may be mdicative of the
onset of OSA. In some examples, processing circuity 304 may control delivery of therapy
based on information received from the one or more sensors, such as debivery of therapy
after sensing an onset of OSA.

{084] I some exanples, clecirodes 117 may be configured to sense clectromvogram
{EMG) signals. Sensing circuitry 302 may be switchably coupled to electrodes 117 via
switch circuitry 308 to be used as EMG sensing clectrodes with electrodes 117 are not being
used for stmulation. EMG signals may be used by processing circuitry 304 to detect sleep
state and/or low tonal state of protrusor muscles 120 and/or 122 for vse in delivering
clectrical stimulation. In some examples, rather than using electrodes 117 or in addition to
using clectrodes 117, there may be other electrodes or sensors used to sense EMG signals.
{HO8S] Ir general, IMID 104 may comprise any suitable arrangement of bardware, alone
or in combination with sofiware and/or firmware, o perform the techmigues attributed to
IMD 104 and processing circuitry 304, therapy delivery circuitry 306, and telemetry
cireutiry 312 of IMD 104 In vanous examples, IMD 104 may include one or more
processors, such as one or more nucroprocessors, digital signal processors (BSPs),
application specific integrated circoits (ASICs), field programmable gate arrays (FPGAs), or
any other equivalent integrated or discrete logic circuitry, as well as any combmations of

such components.
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{086] The various units of IMD 104 may be implemented as fixed-function circuits,
programmable circutts, or a combination thercof. Fixed-function circuits refer to circuits that
provide particular functionality and are preset on the operations that can be performed.
Programmable circuis refer to circuits that can be programmed to perform various tasks,
and provide flexible functionality in the operations that can be performed. For nstance,
programmable circuits may execuic software or firmware that cause the programmable
circuits to operate in the manner defined by mnstructions of the software or firmware. Fixed-
function circuts may execute soffware instructions {(¢.g., 1o receive parameters or output
paramcters), but the types of operations that the fixed-function circuits perform are generally
mmutable. In some examples, one or more of the units may be distinet circunt blocks (fixed-
function or programmable), and 0 some examples, one or more of the units may be
micgrated circuis.

{087 IMD 104 may include anthmetic logic unats (ALUs), elementary function units
{(EFUs), digital circuits, analog circuits, and/or programmable cores, formed from
programmable circuits. In examples where the operations of IMD 104 are performed using
software executed by the progranmuuable circuits, memory 310 may store the nstructions
¢.g., object code) of the software that processing civcuitry 304 receives and executes, or
ancther memory within IMD 104 (not shown) may store such instructions.

{O088] IMD 104 alse, in varous examples, may include a memory 319, such as random
access memory {RAM), read only memory {ROM), programamable read only memory
{(PROM), erasable programmable read only memory (EPROM), electronically erasable
programmable read only memory (EEPROM}, flash memory, comprising executable
mstructions for causing the one or more processors to perform the actions atirtbuted to them.
Moreover, although sensing cireuitry 302, processing circuitry 304, therapy delivery
circartry 306, switch circuitry 308, and telemetry circuitry 312 are described as separate
circuifry, i some examples, sensing circuitry 302, processing circuitry 304, therapy delivery
cirenitry 306, switch circurtry 308, and telemetry civcuttry 306 are functionally integrated. In
some examples, sensing cireuitry 302, processimg circuitry 304, therapy delivery cirautry
306, switch cirenitry 308, and telemetry circuitry 312 correspond to individual hardware
wts, such as ASICs, DSPs, FPGAs, or other hardware units.

{0089] Memory 310 stores stimulation programs 316 {also called therapy programs 316)
that specify stimulation parameter values for the clectrical stimulation provided by IMD 104
Memory 310 may also store instructions for execution by processing circuitry 304, in

addition to stimulation programs 316. Information related to sensed parameters of patient
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102 (¢.g.. from sensing circuitry 302 or the one or mare sensors of IMD 104} may be
recorded for long-term storage and retrieval by a user, and/or used by processing circuwtry
304 for adjustment of stiimulation parameters (¢.g., amplitude, pulse width, and pulse rate).
In some examples, memory 310 includes separate memones for storing instructions,
clectrical signal information, and stumulation programs 316. In some exaraples, processing
circuitry 304 may sclect new stimulation parameters for a stmmuslation program 316 or new
stindation program from stiumualation programs 316 to use in the debivery of the electrical
stindation based on patient input and/or monitored physiological states after termination of
the clectrical stimulation.

{0094] Generally, therapy delivery circuitry 306 generates and delivers electrical
stimulation under the control of processing circuitry 304, In some examples, processing
circuitry 304 controls therapy delivery circuitry 306 by accessing memory 310 1o selectively
access and load at least one of stinuiation programs 316 to therapy dehivery circuttry 306,
For example, in operation, processing circaitry 304 may access memory 60 to load one of
stivddation programs 316 to therapy delivery circaitry 306,

{00911 By way of example, processing circuitry 304 may access memory 310 to load
one of stimulation programs 316 to control therapy delivery cirenitry 306 for delivering the
clectrical stimulation to patient 102. A chinician or patient 102 may select a particular one of
stimulation programs 316 from a list using a programming device, such as a patient
progranuncr or a chinician programmer. Processing circuitry 304 may reccive the selection
via telemetry civcuitry 312, Therapy delivery circuitry 306 delivers the electrical stimulation
to patient 102 according to the selected program for an extended peviod of time, such as
minutes or hours while paticnt 102 1s asleep (e.g., as determined from the one or more
sensors and/or sensing circuitry 302). For example, proceasing circuitry 304 may control
switch circuitry 308 o couple clectrodes 117 to therapy delivery circuitry 306.

{9092} Therapy delivery circuitry 306 delivers electneal stimulation according to
stimulation parameters. fn some examples, therapy delivery circuitry 306 delivers clectrical
stimtlation in the form of clectrical pulses. In such examples, relevant stmulation
parameters may include a voltage or current pulse amphitude, a pulse rate, a pulse width, a
duty cvele, and/or the combination of electrodes 117 that therapy delivery cireuitry 306 uses
to deliver the stimulation signal. In some examples, therapy delivery civeuitry 306 delivers
ciectrical stimulation in the form of continucus waveforms. In such examples, relevant

stimulation parameters may inchide a voltage or current amplitade, a frequency, a shape of
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the stimulation signal, a duty cycle of the stimulation signal, or the combination of
electrodes 117 therapy delivery circuitry 306 uses to deliver the stivuiation signal.
{0093] In some examples, the stimulation parameters for the stimulation programs 316
may be selected to caase protrasor muscles 120 and/or 122 to an advanced state {e.g., to
open-up atrway 124}, An cxample range of stimulation parameters for the electrical
stimulation that ave likelv to be effective m treating O8A (e.g., upon application to the
hypoglossal nerves to cause protrusor muscles 120, 122 to protrude or upon application to
motor points such as motor points 208A, 2088, 2104, and 210B), are as follows:
a. Frequency or pulse rate: between about 20 Hz and about 50 Hz, and possibly
lower such as 2 Hz and 4 Hz. In some examples, the munimum target frequency is
used which can achieve muscle tetany (e.g., constant contraction} and provide the
required force to open the airway.
b. Current Amplitude: between about 0.1 milllamps (mA) and about 20 mA, and
more generally from 0.5 mA to 3 mA, and approximately 1.5 mA.
¢. Pulse Width: between about 100 microseconds {us) and about 500 us. In some
examples, a pulse width of 130 us might be used for reduced power conswmption. In
some particular examples, the pulse width 1s approsamately 240 us. In some cases,
shorter pulse widths may be used in conjunction with ligher current or voltage
amplitudes.
{0094} Processing circuitry 304 may select stimulation programs 316 for alternating
dehivery of electrical stimulation between stimulating the left protrusor museles 120 and/or
122 and the nght protrusor muscles 120 and/or 122 on a time basis, such as in examples
where two needles and two lcads 106 arc wnplanted. In some examples, there may be some
overlap i the delivery of electrical stimulation such that for some of amount of time both
left and right protrusor muscles 120 and/or 122 are being stimulated. In some examples,
there may be a pause in alternating stimulation {e.g., simulate left protrasor muscles, a time
period with no stimulation, then stimulate night protrusor muscles, and so forth). Processing
circuttry 304 may also select stimulation programs 316 that select between ditferent
combinations of electrodes 117 for stmudating, such as to stimulate different locations of the
hvpoglossal nerve(s), which raay help with fatigue as well as provide more grasular control
of how much to protrude tongue 118,
{0095} In the example of FIG. 3, therapy delivery circutry 306 drives electrodes 117 of
lead 106. Specifically, therapy delivery circuitry 306 delivers electrical stimulation {c.g.,

regulated current or voltage pulses at pulse rates and pulse widihs described above) to tissuc
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of patient 102 via selected clectrodes 117A-117D carried by lead 106, A proximal end of
lead 106 extends from the housing of IMID 104 and a distal end of'lead 106 extends to a
target therapy site, e.g., through inner lumen of the needle. Target therapy sites may mnclude
one or both hyvpoglossal nerves and/or motor pomts 2084, 2104, 208B and/or 210B.
Therapy delivery circuitry 306 may deliver clectrical stimulation with electrodes on mare
than one lead and each of the leads may carry one or more electrodes, such as when patient
102 13 implanted with two needles and two leads 106 in tongue 118 for stimalating both
hyvpoglossal nerves simultancously or bilateraliy {(e.g.. one afier the other) or both motor
points 208A and 2088 and/or motor points 210A and 210B. The leads may be configured as
an axial lead with ring electrodes or segmented electrodes and/or paddie leads with electrode
pads arranged 1 a two-dimensional array. The electrodes may operate in a bipolar or multi-
polar configuration with other electrodes, or may operate in a unipolar configuration
referenced to an electrode carried by the device housing or “can™ of IMD 104,

{96] In some examples, processing circuitry 304 may control therapy dehivery
circuitry 306 to deliver or terminaie the electrical stinnilation based on patient nput received
via telemetry circuitry 312, Telemetry cirenitry 312 meludes any suitable hardware,
firmware, software, or any combination thereof for communicating with another device,
such as an external programmer. Under the control of processing circuitry 304, telemetiry
cireuitry 312 may receive downlink telemetry {¢.g., patient iapui} from and send uplink
teleraetry {c.g., an alert) to a programmer with the aid of an anteuna, which mav be mternal
and/or external. Processing circutry 304 may provide the data to be uphinked to the
programmer and the control signals for telemetry circuitry 312 and receive data from
telemetry circuitry 312,

{00971 Generally, processing circuitry 304 controls telemetry eircuitry 312 to exchange
mformation with a medical device programmer and/or another device external to IMD 104,
Processing circuitry 304 may transmit operational information and receive stimulation
programs ot stimulation parameter adjustments via telemetry circuitry 312, Also, in some
examples, IMD 104 may communicate with other implanted devices, such as stimulators,
control devices, or sensors, via telemetry circuitry 312,

{00981 Power source 314 delivers operating power to the components of IMD 104
Power source 3 14 may include a battery and a power generation circuii to produce the
operating power. In some examples, the battery may be rechargeable to allow extended
operation. Recharging may be accomplished through proximal inductive interaction between

an external charger and an inductive charging coil withun IMD 104, To other exaraples, an
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external inductive power supply may transcutancously power IMD 104 whenever electrical
stivutation is to occur.

{0099] FIG. 4 15 a block diagram llustrating an example configaration of an external
programmer 130, While programmer 130 may generally be described as a hand-held
comaputing device, programmer 130 may be a notehook computer, a cell phone, ora
workstation, for example. As itllustrated 10 FIG. 4, external programmer 130 may include
processing circuitry 402, memory 404, user nterface 406, telemetry eircuitry 408, and
power source 410,

{0166] In geveral, programmer 130 comprises any suitable arrangement of hardware,
alone or in combination with software and/or finmware, to perform the techniques attributed
io programmer 130, and processing circuitry 402, user interface 406, and telemetry module
408 of programmer 130. Examples of processing circuitry 402 may include one or more
processors, such as one or more microprocessors, DSPs, ASICs, FPGAs, or any other
equivalent integrated or discrete logic circnitry, as well as any combinations of such
components. Examples of memory 404 may inchude RAM, ROM, PROM, EPROM,
EEPROM, flash memory, a hard disk, a CD-ROM, comprising executable mnstructions for
causing the one or morg processors to perform the actions attributed to them. Moreover,
although processing circaitry 402 and telemetry circuitry 408 are described as separaic
circuitry, 1 some examples, processing circuitry 402 and telemetry circuitry 408 are
functionally mtegrated. In some exanples, processing cirenitry 402 and telemetry circuitry
408 correspond to individual hardware units, such as ASICs, DSPs, FPGAs, or other
hardware units.

{0101} In some examples, memory 404 may further include program information {e.g.,
stimulation programs} defining the elecinical stimulation, similar to those stored in memory
310 of IMD 104, The stimulation programs stored in memory 404 may be downloaded into
memory 310 of IMD 104,

{0102] User interface 406 may include a button or kevpad, hights, a speaker for voice
commands, a display, such as a kquid erystal (LCD), light-emitting diode (LED), or cathode
ray tube (CRT). In some examples the display may be atouch screen. As discussed in this
disclosure, processing circuttry 402 may present and recetve mformation relating 1o
electrical stimulation and resulting therapeutic effects via user interface 406. For example,
processing circuttry 402 may receive patient input via user miterface 406. The input may be,
for example. 1o the form of pressing a bution on a keypad or selecting an icon from a touch

sCrecn,
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{0103} Processing circuitry 402 may also present information to the patient in the form
of alerts related to delivery of the electrical stimulation to patient 102 or a carcgiver via user
mterface 406, Although not shown, programmer (30 may additionally or alternatively
mehede a data or network nterface to another computing device, to factlitate communication
with the other device, and presentation of information relating to the electucal stimulation
and therapeutic effects afier termination of the electrical stimulation via the other device.
{104] Telemetry circuitry 408 supports wireless communication between IMD 104 and
programmer 1306 under the control of processing circuitry 402, Telemetry circuitry 408 may
also be configured to communicate with another computing device via wireless
communication technigues, or direct communication through a wired connection. In some
examples, telemetry circuitry 78 may be sobstantially similar to telemetry cireuiiry 312 of
IMB 104 described above, providing wireless communication via an RF or proximal
mductive medium. In some examples, telemetry circuttry 408 may include an antenna,
which may take on a variety of forms, such as an mternal or external antenna.

{0105] Examples of focal wirgless communication techniques that may be emploved to
facilitate communication between prograromer 130 and another computing device include
RF commumication according to the 802,11 or Bluetooth specification sets, infrared
communication (e.g., according to the IrDA standard}, or other standard or proprietary
telemetry protocols. In this manner, other external devices may be capable of
comuunicating with programmer 130 without needing to establish a secure wireless
connection.

{0105] Power source 416 delivers operating power o the components of programmer
130. Power source 410 may include a battery and a power generation circuii to produce the
operating power. In some examples, the battery may be rechargeable to allow extended
operation.

{8167} FiG. 5 is a conceptual diagram illustrating an example needle assembly 500 for
svstern 100 of FIG. 1. Exarople needle assemblv 500 may inchide needle 115 and lead 106
of system 100, As illustrated in FIG. 5, an elongated lead body 112 of lead 106 may be
disposed within an inner lumen of needle 115 at a plurality of positions. In one such
posttion, as tilustrated 10 FIG. S, one or more electrodes 117A disposed on lead body 112
may corresponding to one or more opemings 507 on elongated needle body 502 of needle
115, In other positions, one or more electrodes 117 may be at a different longitudinal
position along longitudinal axis 504 and/or a different radial orientation than one or more

openings 507,



WO 2024/025686 PCT/US2023/025875

{0108] Needle 115 may include an elongated needle body 302 which may include a
distal portion 5024 and a proximal portion 3028, Elongated needle body 502 may have an
anmnudar shape around longitudinal axis 504 and may define an mner lumen (not pictured).
{0109] Proxamal portion 502B may include an attachment member 510 disposed at a
proxumal end of proximal portion S02B. Attachrment aember 510 may provide an entrance
mio the mner lamen of elongated body 502, A surgeon may msert lead body 112 of lead 106
mto the inner lamen through attachment member 310, In some examples, during msertion of
neodle 115 mto tissue of paticnt 102, the surgeon may insert a trocar or other similar device
uito the nner lumen of needle 115 through attachment merber 310, Once needle 115 s
maerted, the surgeon may remove the trocar from attachment member 5310 and msert lead
body 112.

{9110] In some examples, attachment member 510 may include one or more refercnce
marks. The surgeon may align the one or more reterence marks on attachment member S10
with one or more reference marks on lead body 112 io position and onent one or more
clectrodes 117 with one or more openings 507 of needle 115, In some examples where
proximal portion 3028 does not include attachment member 319, needie 1135 may inchude
one or more reference marks disposed on the proximal end of elongated needle body 502.
{0111 Distal portion S02A may inclade one or more openings 507, a punctuning tip 506,
and one or more sensing electrodes 512, Distal portion 502 A may inchide one or more sets
of openings 508A-1) (heremafier referred to as “scts of openings 5087). The one ormaore
sets of openings 508 may be positioned at different longitudinal positions along clongate
neodle body 502. For exaniple, the set of openings 308B may be positioned proximally to
the set of openings S08A along clongated needle body 302, In some examples, the distances
between two adjacent sets of openings 508 may correspond to the distance between the
corresponding sets of electrodes 117 of lead 106. In some examples, as illustrated in FIG. 35,
needle 113 may include three sets of openings 308 {sets of openings S08A-C). In other
examples, needle 1135 may mclude one, two, or four or more sets of openings 508, Each of
the sets of openings 308 may mclude one or more openings 507 arranged around the
circumference of needle 115,

{0112 Puncturing tip 506 is disposed on the distal ¢nd of needle 115 and is configured
to puncture tissue of patient 102 as needle 115 15 navigated to the target treatment area. In
some examples, distal portion 502A may be configured to dilate a puncture created by
puncturing tip 506, e.g., via a gradual increase in the outer diameter of distal portion 502A

along longitudinal axis 504, In some examples, distal portion 502A and/or puncturing tip
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506 may further include a radiopague marker 514 configured to allow the surgeon to locate
the position of distal portion 502 A of necdle 115 within patient 102 during wmplantation.
{0113] In some examples, distal portion S02A may include one or more sensing
clectrodes 512 disposed on elongated needle body 562, One or more sensing electrodes 512
may he configured to detect electrical signals in tissue of pationt 102 and fo transmit the
detected electrical signals to a medical device {e.g., IMD 104). One or more sensimg
electrodes 512 may be connected to the medical device via one or more conductors (not
pictured} disposed along the outer surface of elongated needle body 502, In some examples,
as tlustrated in FIG. 5, one or more sensing electrodes 512 may be positioned at a different
axial position than one or more openings 507 relative to longitudinal axis 504, In other
examples, one or more sensing clectrodes 512 may have a same axial position as ong or
more sets of openings 508, For example, sensing clectrodes 512 may be disposed between
one or mare operings 307 of the set of openings S08A, between one or more openings 507
of the set of openings 508B, or the hike.

{1114} I some examples, lead body 112 may include one or more fixation members
(not pictured) configured to fix fead 106 within tissuc of patient 102, The fixation member
may include multiple sets of tines which engage the surrounding tissue when a distal portion
of lead 106 {c.g., lead distal end 116} is positioned at the target therapy delivery site. The
tines of fixation member may extend radially outward and proximally at an angle relative to
longitudinal axis 504 of lead body 112 to prevent or reduce retraction of lead body 112, For
mstances, the tincs may include springs that in an uncompressed state extend the tines
outwards. Tines of the fixation member may be collapsible against lead body 112 when lead
106 15 held within the inoer lumen of elongated needle body 502, Upon removal of needie
115, the tines of the fixation member may spread to a normally extended position {e.g., due
io the spring bias) to engage with sarround tissue and resist proximal and lateral migration of
lead body 112, For instance, the tings may be nommally biased to the extended position but
retracted agarust clongated needie body 302 for mplantation. When seedle 115 is removed,
the tines extend outward to their uncompressed state. In some examples, the fixation
member may additionally or alternatively include one or more hooks, barbs, helices, or other
fixation mechanisms extending from one or more longitudinal locations along lead body 112
and/or lead distal end 116

{0115] In some examples, needle assembly 500 may include a sheath (not pictured)
disposed within an inner lumen of elongated needle body 502 and arcund lead 106. The

sheath may constrain the one or more fixation members {¢.2., tines) in a collapsed
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configuration against the body of lead 106 and prevent the one or more fixation members
from catching on necdle 1135 {¢.g., on openings 507) as lead 106 15 advanced, retracted,
and/or rotated within elongated needle body 502.
{0116] The sheath may mnclude one or more openings corresponding to electrodes 117
on lead 106 and/or openings 507 on clongated needle body 502, In some examples, the
sheath meludes one or more electrically imsulative materials and electrically insulates at least
portions of lead 106 from elongated needle body 502.
{0117] In some examples clinician may deliver test stimulation signals to protrusor
muscies 120 and/or 122 via needle 115, Based on a detcomination that the placement of
needle 115 1s accurate, the climcian may advance lead 106 with the sheath mito the inner
hlumen of needle 113 The clinician may then confirm the accuracy of the placement of
needle 113 by delivenng test stinnilation signals to protrusor muscles 120 and/or 122 via
lead 106 and observing the resulis. Based on a confirmation of the placement of needle 115,
the clinician may retract needle 115 while leaving lead 106 and the sheath in place.
{30118] In some examples, rather than first delivering test stimulation signals to protousor
muscles 120 and/or 122 vianeedle 115, the chinician may advance lead 160 with the sheath
mto the mner lumen of needle 115, and dehiver test stimulation signals to protrusor muscles
20 and/or 122 via lead 106 (e g, and through the one or more openings i the sheath).
{0119] Once needle 115 15 retracted, the clinician may debiver additional test stimulation
signals and/or stimulation signals, ¢.g., to deternyine the efficacy of the stimulation signals.
¢ climcian may retract the sheath from around lead 106 and cause the one or more
fixation members o extond radially outwards of lead 166. The one or more fixation
members may then affix lead 106 within the tissue of the patient.
{0126 MNeedle assembly 300 may operate m a unipolar configuration {¢.g., a unipolar
needle electrode} to stimudate hypoglossal nerve(s) and/or motor points (e.g., one or more of
motor points 208A, 2088, 210A, or 210B) in the tongue of a patient. For example, a
surgeon may guide distal end 502 A of elongated body 502 to a location proximal to the
hvpoglossal nerve and/or the motor pont {¢.g., one or more of motor points 2084, 208B,
2104, or 210B) and deliver stimulation signals through one or more electrodes 117 of lead
106 to the bypoglossal nerve and/or the motor point. o such cases, clectrodes 117 are
coupled to a return electrode {¢.g., a ground pad}, where the retum electrode is secured to
the patient’s skin. In some examples, electrodes 117 may be electrically 1solated from
another, and in such examples, one of electrodes 117 may be used to output the stimulation

signals and ancther of clectrodes 117 roay provide the return path. In some cxamples, one or
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more electrodes may be positioned on the outer surface of ¢longated body 502 and may be
configured to deliver stimulation signals to hypoglossal nerve(s) and/or motor pomis to
determine an optimal placement location for lead 106,

{8121} The stimulation signals delivered to the hypoglossal nerve and/or the motor point
{c.g., one or more of motor points 2084, 2088, 2104, or 210B) may cause a muscle
contraction of a protrusor muscle, which may generate electrical signals. The electrical
signals generated during the muscle contraction may be detecied by electrodes 117 and/or
sensing electrodes 512, The surgeon may control the medical device to receive the electrical

signals and output information indicative of the one or more electrical signals on a display
device. The surgeon may then determing a target treatment sife based on the output
mformation. In some examples, reception of elecirical signals may not be necessary and
visual imspection to determine if tongue 118 protruded or if protrusor muscles 120 and/or
122 activated may be sufficient. Based on the determination, the surgeon may reposition
necdle assembly 500 within tissue of patient 102 such that needle assembly 506 is positioned
at the target troatment site.

{1221 FI1G. 6 15 a conceptual diagram illustrating an example needle 1135 of needle
assembly SO0 of FIG. 5. Needle 113 includes clongated body 502 defining an inner lumen
604. Proxamal portion 502B may include attachment member 510 disposed at a proximal
end of proximal portion 3028, In some examples, as illustrated in FIGS. 5 and 6, inner
humen 604 of needle 115 may be configured to accept lead 106 and/or trocar 602, A surgeon
may insert trocar 602 into imner lumen 604 of needle 1135 during msertion of needle 115 into
tissue of patient 102 to facilitate the removal of excess bodily fluids {e g, blood) at the
mnplantation site of needle 115

{0123] Inner humen 604 may have an inner diameter large enough to receive a lead {e.g.,
lead 106} used for OSA therapy. In some examples, mner lumen 604 may have an inner
diameter of between about 0.03 inches (in) and about 8,17 in. In some examples inner humen
504 has an inner diameter of between about 0.038 1. and about 0,154 1. In some examples,
clongated body 302 may have a wall size between inner lumen 604 and outer surface of
clongated body 302 of between about 0.003 in. to about 0.015 in. In some examples,
clongated body 362 has a wall size of between about 0.003 in. and about 6.012 in. In some
examples, mner lumen 604 may have a continuous diameter from distal portion 302A to
proximal portion 302B. In other examples, at least a portion of inner humen 604 may have a
larger/smaller inner diameter than ancther portion of inner humen 604, For example, a

proximal portion of inner lumen 604 at proximal portion 3028 of elongated body 502 may
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have a relatively larger inner diameter o facilitate the msertion of fead 14 and/or trocar 602
mto mner lumen 604,

{0124] Elongated body 302 may have a continuous outer diameter from distal portion
502A to proximal portion 362B. In other examples, the outer diameter of elongated body
502 may increase along longuudinal axis 504 from distal portion 502 A to proximal portion
5028, The increase n the outer diameter of elongated body 502 may be continuous or
discrete. Elongated body 502 may have an increasing outer diameter to facihitate the dilation
of an orifice created by puncturing tip 506 of needle 115 during the implantation process. In
some examples, elongated body 502 may have aneedle gauge size of about 12 gauge or
greater. In some examples elongated body 502 may have an outer diameter of about 14
gauge or greater.

{0125] Elongated body 302 of needle 115 may include electrically conductive portion{s)
and electrically insulative portion{s). In some examples, needle 115 may include an
glectrically mnsulative segment of elongated body 302 attached to an electrically conductive
scgment of elongated body 502, In other examples, clongated body 502 may be made entire
of an electrically conductive material and an electrically mnsulative coating may be applied
over at least a portion of elongated body 302 to form the electrically insulative portion{s).
{0126] The clectrically msulative portion{s) of needle 115 may facilitate the delivery of
stimulation signals to tissuc of patient 102 through electrodes 117 of lead 106 by controliing
the arca of needle 115 through which electrodes 117 may transmit the electrical stivmlation
signals. The electnically msulative portion{s} of needie 115 may include portions of the outer
surface of elongated body 302 and/or inner lumen 504 around one or more openings S08.
The clectneally insulative material may be disposed on the portions of the outer surtace of
clongated body 502 to reduce electrical shunting away from the target treatment site. In
some gxamples, the electrically insulative portion mmchudes the entire inmer lumen 604, The
clectrically insulative material may be disposed on inner lumen 604 to avoid an clectrical
shott circuit of one or more of clectrodes 117, The electncally msulative material forming
the electrically msulative portion{s) may include any suitable non-conducting material,
including, but are not hmited to, biocompatible polvmers, parviene, vinyl, silicone, vinyl-
stlicone, polyurethane, or a composite of aluminum oxide/boron nitride (AUOBN},
polvvinyhidene fluoride, polyethvlene, polyvpropylene, polvdimethvisiloxane, peryviene,
polvamide, polvictrattooroethviene, polymethyvimethacrvlate, polvimide, polvurcthane,

Liguid crystalline polvmers, nanoscomposites, or the like.
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{0127} The ¢lectrically conductive portion{s} of negdle 115 may include clectrically
conductive materials positioned on a distal portion (¢.g., distal portion 5024A) of elongated
body 302. In some examples, the electrically conductive portion{s} of necdle 115 may

g elecirodes 11

transmit electrical signals between electrodes {e.g., , sensing electrodes 312,
or the like) and IMD 104, In some cxamples, clectrodes {¢.g., sensing electrodes 512) may
be attached to the electrically conductive portion(s) of needle 1135, In some examples, the
electrically conductive portion{s) of ncedle 113 mayv mclude, but are not limited to,
puncturing tip 506, portions of clongated body 502 not covered by the electrically insulative
material, and/or proximal portion 5028, The electrically conductive matenal may inchade,
but 1s not limited to, stainless steel, cobalt-chrome alloy, titanium, mckel-titanium alloy
{nitinol}, gold, platnum, silver, indiom, tantalum, tungsten, or the bke,

{0128] Distal portion 502 A of needle 115 includes one or more openings 567, Each of
the one or moore openings 507 may extend from the outer surface of elongated body 502 to
mner lumen 604, The one or more openings 507 may be arranged into sets of openings 508
arranged afong longitudinal axis 504, In some cxamples, the distance between the proximal-
most sct of openings 508 and the distal-most sct of openings 308 may be between about 20
mm and about 30 mm. In some examples, each of the sets of openings 508 may have one or
more opentngs 307 arrange circumferentially around elongated body 502, For example, each
of the sets of openings 508 may include one opening 507, two openings 507, or three or
more openings 507,

[0129] In some examples, cach of the sets of openings 508 may have the same number
of openings 507 at the same orientations. In other examples, cach of the sets of openings 508
may have a different number of openings 507 and/or have openings 507 at differont
origntations. For example, the set of openings 508A may have four openings 507 arranged
90 degrees apart and the set of openings 3088 may have six openings 507 arranged 60
degrees apart.

{0138] Operings 507 may have, but are not limited to, a rectangular, circular, oval,
trapezoidal, or a square shape. In some examples, each of openmgs 507 of each of the sets of
openings 508 may extend less than 180 degrees around the circumference of elongated body
502. In some examples openings 507 may correspond to electrodes 117 of lead 106,

{0131 Openings 307 may be formed by any suitable technique. In some examples,
openings 307 are formed by a mechanical techmque, such as, but not limited to, laser
cutting, dritling, or punching of clongated body 502 In other cxamples, openings 507 are

formed by a chemical technique, such, but not limited to, the selective dissolution of one or

(O8]
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more scctions of elongated body 302, or any combiation thereof. In some examaples the
electrically insulative matenial may be applied to some portions of clongaied body 502 prior
to the formation of openmgs 507,

{0132] An opening 507 may correspond to an electrode 117 when opening 507 1s aligned
with electrode 117 such that clongated body 502 of needle 115 does not obscure a path
between electrode 117 and the tissue of patient 102, Each of openings 507 may correspond
to one or more electrodes 117 on lead 106 such that electrodes 117 may transmit electrical
stimudation signals to the tissue of patient 102 and/or detect elecirical signals from the tissue
of patient 102 through at least some of the one or more openings 307, In some exanmples,
gach of openings 507 of needle 115 corresponds to a different clectrode 117, In other
examples, each of openings 507 may correspond o two or more electrodes 117, In other
cxamples, cach electrode 117 may correspond to two or more openings 367,

{0133] When lead 106 is 1n a first position within inner lumen 604, one or more
openings 507 may correspond with electrodes 117. When lead 106 is in a second position
within lumen 604, electrodes 117 of lead 106 may be completely cocluded by elongated
body 502. Optionally, lead 106 may be placed m one or more other positions within lumen
604 such the electrodes 117 may partially correspond with openings 307, are at a same axial
position along longitudmal axis 504 as openings 507, and/or are at a same orientation as
openings 307,

{0134] In some examples, trocar 602 includes one or more electrodes {(not pictured)
disposed on an elongated body of trocar 602. The one or more electrodes disposed on trocar
602 may be configured to deliver test stimulation signals and/or stimulation signals to
protrusor muscles 120 andfor 122, In some cxamples, trocar 602 is disposed within inner
fumen 604 of needle 113, Needle 115 may be retracted proxamal of trocar 602 and a sheath
{not pictured) may be advanced over the elongated body of trocar 602, In some examples,
trocar 602 may be disposed within the sheath and may be advanced, along with the sheath,
out of a distal end of needle 115

{1135] The sheath may be configured to electncally isolate at least portions of trocar 602
from tissue of the patient. The sheath may inchude one or more electrically insulative
maicrials, e.g., as described above. The sheath may melude one or more openings configured
to align with the one or more clectrodes disposed on trocar 602 and/or openings 507 on
needle 113, The physician may deliver test stimulation signals and/or stimulation signals to
protrusor muscles 120 and/or 122 through trocar 602 disposed within the sheath. Based on a

determmation that the position of the trocar 602 is satisfactory, the physician may retract
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trocar 602 from the sheath and advance lead 106 into the sheath. The physician may then
align clectrodes 117 disposed onlead 106 with the one or more openings on the sheath to
deliver stimulation signals to protrusor muscles 120 and/or 122,

{8136] FIG. 7 1s a conceptual diagram illustrating implantable lead 106 of necdic
assembly 500 of FiG. 5. FIG. 7 illustrates lead body 112 of lead 106, lead body 112 baving
distal portion 702A and proximal portion 702B. Dhstal portion 702A forms part of lead 106
that 1s disposed within inner lomen 604 of needle 115 of needle assembly 500. Lead 1066
includes one or more clectrodes 117, and FiG. 7 illustrates lead 106 with four electrodes 117
A-D {collectively referred to as “electrodes 117} spaced apart longitudinally along lead
body 112, In some examples, lead 106 may have one, two, three, or five or more electrodes
117 spaced longitudinally along lead body 112, In some examples, cach of electrodes 117
may be a plurality of electrodes at a same axial position relative o longitudinal axis 504 and
arranged around the cireumference of lead body 112,

{3137} Lead body 112 may be a flexible clongated body through which insalated
glectrical conductors 704 extend to respective ¢lectrodes 117, The distal-most electrade
{c.g., electrode 117A) may be adjacent or proximate to lcad distal end 116, Each of
electrodes 117 may be spaced proximally from the respective adjacent one of electrodes 117
by respective interelectrode distances. In some examples, the respective interelectrods
distances may be the distance between any two adjacent electrodes 117, In other examples,
at least one of the respective miterelectrode distance may be different from another of the
respective interelectrode distances.

{1138} The electrical conductors 704 extond to respective electrodes 117 from proximal
contacts 704 at proximal end 114 oflead body 112, In some examples, the clectrical
conductors 704 may be arranged as a plurality of coils. The plurality of cotls may increase
the flexibility of lead 106 5o that lead 106 can bend at distal end 116. In some examples, the
cotls may be exposed along the locations of electrodes 117 such that the coils form electrode
117, In some examples, rather than electrodes 117 being pad clectrodes or ring electrodes,
the coils form coil electrodes and provide additional Hexability,

{139] In some examples, each one of electrodes 117 may have an equuvalent electrode
length {c.g., longitudinal extend of clectrodes 117 along lead body 112}, The electrode
length may be about 3 num or less. In some examples, electrodes 117 may have electrode
lengths that are different from each other in order {e.g., to optimize placement of clectrodes
117 or the resulting clectrical ficld of stimulation relative 1o targeted stimulation sites

corresponding to left and right hypoglossal nerves or branches of hypoglossal nerves and/or
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motor points of protrusor museles 120 and/or 122). In some examples, electrodes 117 may
have a microscopic coating applied to outer surfaces of electrodes 117 1o reduce the
mmpedance of electrodes 117.

{0140] In some examples, as illustrated in FIG. 7, interelectrode distances between
adjacent clectrodes 117 may be substantially equal. In other examples, the mterelectrode
distances may be different from each other {e.g., in order (o optimize placement of
glectrodes 117 relative to the target stimudation sites}. The miterelectrode distances may be
about 3 mm or less. In some examples, where lead 106 has a bipolar configuration,
electrodes 117 may form anode and cathode pairs for delivenng bipolar stiaulation in
portion of the protrusor museles 120 and/or 122 {c.g., cither the left or right protrusor
muscles or a proxamal and/or distal portion of portion of the protrusor muscles). A second
set of ciectrodes 117 may foun a second anode and cathode pair for delivering bipolar
stimulation in a different portion of protrusor muscles 120 and/or 122 (e.g., the other of the
feft or right portions of the other of the proximal or distal portions). Accordingly, the
interclecirode spacing between the two bipolar pairs of electrodes 117 may be different than
the interclectrode spacing between the ancde and cathode within cach bipolar pair of
clectrodes 117,

{0141 In some examples, for a unipolar configuration, housing 108 of IMD 104 may
mehide an electrode that functions as a cathode and a part of the anode and cathode pair with
one or ¢lectrodes 117, In other exampices, housing 108 may be an anode.

{01421 In some examples, the total distance encompassed by electrodes 117 along distal
portion 702A of lead body 112 may be between approximately 20 mum and about 30 mm. In
one example, the total distance is between 20 mm and 22 man. In other examples, the total
distance may be shorter,

{0143] In some examples, cach of electrodes 117 may be a circumferential ring electrode
which may be uniform 1o diameter with lead body 112, As descnbed above, electrodes 117
may include other types of clectrodes such as tip electrodes, helical clectrodes, cotl
clectrodes, segmented electrodes, bution ¢lectrodes, or the like. For example, the distal-most
clectrode 117A may be provided as a tip electrode at lead distal end 116 with the remaining
throe electrodes 117B-D being ring electrodes. In some examples, when electrode 117A 1s
positioned at distal end 116, electrode 117A may be a helical electrode configured to screw
mto the musele tissue at the mplant site to additionally serve as a fixation member for

anchoring the distal portion 702A of lead 106 at the targeted therapy delivery site. In some
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examples, one or more of electrodes 117 may be a hook electrode or barbed electrode to
provide active fixation of the distal portion T02A of lead 106 at the therapy dehvery site.
{0144} Lead body 112 may include a plurality of proxamal connectors 706 that engage
with connector assembly 110 of IMD 104, Accordingly, the length of elongated body 112
from distal portion 502A 1o lead proximal ¢nd 114 may be selected to extend from a target
therapy delivery site 1 protrusor muscles 120 and/or 122 1o a location where IMD 1041
mmplanted. In some oxamples, IMD 104 may be maplanted in a pectoral region of patient
102, The length of lead body 112 may be up to about 10 centimeters {cm) or up to about 20
cm as examples. In some examples, lead body 112 may be about 23 ¢ or less inength. In
other examples, longer or shorter lead body lengths may be used based on anatomy and size
of patient 102.

{0145] Lead body 112 may have a plurality of reference marks to allow a surgeon to
properly align lead 106 in one or more positions within needle 115 The reference marks
may be positioned at a proximal end of distal portion 502 A and/or a at a distal end of
proximal portion 5028 to align the reference marks on lead body 112 with one or more
reforence marks on needle 115, In some exampies, as tlustrated 10 FIGS. 6 and 7, the
refercnce marks on lead body 112 may be aligned with a proxamal end of needle 113 andior
attachment member 510 of needle 115, The refercnce marks on lead 106 may include
vertical reference marks 708 and/or horizontal reference marks 710A-C (hereinafter referred
to as “horizontal reference marks 7107} While the example lead 106 of FIG. 7 illustrates
three horizontal reference marks 710, other leads 106 may include one, two, or four or more
horizontal reference marks 710, Each of reference marks 708 and/or 710 may correspond to
a pre-determined position of lead 106 within needle 113,

{01406} A surgeon may use vertical reference marks 708 to deternune the orientation of
lead 106 and/or electrodes 117 of lead 106 relative to openings 507 of needle 115, For
example, one vertical reference mark 708 may indicate that, when aligned with a reference
mark on needle 115, electrodes 117 of lead 106 arc 1n a different onentation than openings
507 of needle 115 and are occluded by elongated body 502 of ncedle 1135, Another vertical
reference mark 708 may indicate that, when aligned with the reference mark on needie 115,
electrodes 117 of lead 106 are mn the same onentation as openings 307, Horizontal reference
marks 510 may indicate that, when aligned with a reference mark on needle 113, electrodes
117 of lead 106 are fully exposed to tissue of patient 102 through openings 507 of needle
115, partially occluded by clongated body 502 of needle 113, or completely occluded by

clongated body 302 of needie 115, In some examples, when lead 106 1s aligned with a first
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reference mark {e.g.. reference mark 510A) where electrodes 117 are aligned with openings

507, the distal tip of lead 106 may be flush with a distal end {¢.g., puncturing tip 506) of

needle 115,
{0147} FIGS. 8A-C arg conceptual diagrams illustrating cross-sectional views of

different example electrode contigurations of needle assembly 300 of FIG. 5 taken along
fing A-A. FIGS. BA and 8B illustrated electrode configurations with a plurality of electrodes
117 disposed at different onentations around the circumference of lead 106, FIG. 8C
ilustrates a single electrode 117 {e.g., a ning electrode} disposed arcund a circumference of
lead 106 with a plurality of openings 307 m needle 113,

{0148} FIG. 8A illustrates an example electrode contiguration with four clectrodes 117
arranged equidistant around a circomference of lead 106 and four openings 307 arranged
equidistant around a circumference of needle 115, As dlustrated in FIG. 8A, the orientation
of electrodes 117 and openings 507 relative to cach other may be deternuned based on a
reference angle Al between one clectrode 117 and one opening 507, Reference angle Al
may be pre-determined based on the size, number, and distribution of electrodes 117 on fead
106 and of openings 507 onneedle 115, In some examples, electrodes 117 and openings 507
are considered to be aligned 1 the correct onientation if reference angle Al between one of
clectrodes 117 and one of openings 507 is substantially similar to the pre-determined value
of reference angle Al While the example clectrode configuration in FIG. 8A illustrates four
cqually space electrodes 117 corresponding fo four equally spaced openings 507, other
example configurations may have one, two, three, or five or more clectrodes 117 and/or
openings 507, In some examples, in the correct orientation, two or more electrodes 117 of
lead 106 may be exposed to tissuc of patient 102 through a single opening 507, In some
examples, i the correct orientation, a single electrode 17 may be exposed to tissue of patient
102 through two or more adjacent openings 507,

{0149] FIG. 8B is a conceptual diagram llustrating a cross-sectional view of another
example clectrode configuration of needle asserubly 300 of FiG. 5 taken along line A-A.
FIG. 8B illustrates a biased arrangement of electrodes 117 on lead 106 where clectrodes 117
are not disposed on a substantial portion of lead 106, In some examples, the substantial
portion may be about 50 percent or less of the circumference of lead 106, In some examples,
as ittustrated in FIG. 8B, needle 116 may have openings 307 corresponding to electrodes
117 on lead 106 but may not have openings on portions of clongated body 502
corresponding to the substantial portion of fcad 106. Needle assembly 500 having a lead 106

with a biased arrangement of electrodes 117 may be positioned within protrusor muscles 120
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and/or 122 such that electrodes 117 are orented towards the hypoglossal nerve{s). FiG. 8C
15 a conceptual diagram ilustrating a cross-sectional view of another example electrode
configuration of needle assembly 300 of FIG. 5 taken along line A-A. FIG. 8C illustrates
lzad 106 having a single electrode 117 disposed around lead 106. Elongated body 502 of
needle 115 includes openings 507 that expose portions of electrode 117 to tissuc of patient.
{0150] FIG. 918 a conceptual diagram dlustrating a cross-sectional view of needle
assembly 300 of FIG. 5 taken along line B-B. As lhustrated in FIG. 9, clectnical conductors
704 may be arranged in a coil within lead body 112 of lead 106 and clectnicaliy connects
electrodes 117 with a medical device (not pictured). In other examples, electrical conductors
704 may be arranged m other configurations. For example, electrical conductors 704 may be
arranged axially along longitodinal axis 5304 of lead 106, In other examples, eloctrical
conductors 704 may disposed on an outer surface of lead 106. When clectrical conductors
704 are disposed on the outer surface of lead 106, elecinical conductors 704 may have an
msulative coating disposed radially outward of electrical conductors 704,

{01511 As illastrated 1n FIG. 9, lead 106 may be manipulated {¢.g., advanced, retracied,
and/or rotated ) within inner lumen 604 of needle 115, The surgeon may manipulate lead 106
within inner lumen 604 to align electrodes 117 of'lead 106 with openings 507 of necdic 115
such that at least some of electrodes 117 correspond to at least some of openings 507 While
FIG. 9 illustrates that ciectrodes 117 may correspond to openings 507 when the entirety of
clectrodes 117 are exposed through operings 307, in other examples clectrodes 117 may
correspond to openings 307 if a sufficient percentage of electrodes 117 are exposed through
openings 507 such that an electrical stimmiation signal with the proper parameters {e.g.,
ampliinde, frequency, and the like) is delivered to bypoglossal nerve(s) of patient 102,
{0152] FIG. 10 15 a lowchart illustrating an example process of implanting an example
needle assembly (e.g., needle assembly 300} near the hypoglossal nerve{s). A medical
professional, ¢.g., a surgeon may navigate needle assembly 500 to a target area near
hvpoglossal nerve(s) of a patient (802} The surgeon may insert a needle (e.g., needle 115} of
necdle assembly 300 through tissue near a chin of patient 102 and through tonguc 118 of
paticnt 102 to the target arca. The target arca may be within one or more of protoisor
muscles 120 and/or 122 and near one or more hypoglossal nerve(s) and/or motor pomnis {e.g.,
motor points 208A, 2088, 2104, and/or 2108}, Needle 115 may mclude an elongated body
{¢.g., clongated body 502) for implantation of needle assembly 560 for treating OSA In
some examples, during tsertion of needle 115 into tissue of patient 102 and pavigation of

needle assembly 500 to arcas near hvpoglossal nerve{(s) of paticnt 102, the raedical
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professional may insert a trocar {€.g., trocar 602 or a like device) into inner lumen 604 of
elongated body 502 of needle 115 to control the amount of bodily fluids {e.z., blood) near
needle assembly 560,

{0153] The medical professional may insert lead into inner lumen 604 of ¢clongated body
502 of needle 115 (804). In some examples, the medical protessional may insert lead 106
mito mner lumen 604 of needle 1135 after navigating needle assembly 500 to the target arca
and removing trocar 602 from inner himen 604 of needle 113, In other examples, the
medical professional may insert lead 106 prior to, during, or after navigation of needle
assembly 500 to the target arca. In some cxamples, the medical professional dispose lead
106 within inner lumen 604 at a first position until needle 113 is near the hypoglossal
nerve(s} and/or motor pomts of patient 102, At the first posttion, one or more electrodes 117
on lead 106 may be completely occluded by elongated body 502 of needle 115,

{9154] The medical professional may align one or more electrodes 117 of lead 106 with
one or more openings 507 in elongated body 302 of needle 115 (806). The medical
professional may align one or more electrodes 117 with one or more openings 507 by
advancing, retracting, and/or rotating lead 106 relative 1o needie 115, One or more
glectrodes 117 and one or more opemings 507 may be properly aligned when at least some of
the one or mors electrodes 117 arg exposed 1o tissue of patient 102 through at least some of
the one or more openings 507, In some examples, when property aligned, at least some of
clectrodes 117 and at least some of openings 307 mayv bave a same or substantially simitlar
origntation and axial position relative to a longrudinal axis {¢.g., longitudinal axas 504) of
needle assembly 560,

{3155] The medical professional may control a medical device {e.g., IMD 104) to deliver
one or more test stimulation signals via one or more electrodes 117 of lead 106 to tongue
118 of patient 102 (808}, The medical professional may deliver test stimulation signals to
tissug of patient 102 to stinmudate hypoglossal nerve(s) and/or motor points (¢.g.. motor
points 2084, 2088, 2104, and/or 210B) of patient 102 and detect response signals from
tissue of patient 102. The one or more electrodes 117 of lead 106 may deliver the test
stinnddation signals to tissue of patient 102 through one or more openings 507 of needle 115,
{0155] The medical professional may detect electrical signals in tissue of patient 102
using needle assembly 300 (810). In some examples, the medical professional may control
the medical device to receive electrical signals detected by needle assembly 500 and output
mformation indicative of the received electrical signals The medical professional may then

determing a target treatment site based on the output information. Needle assembly 500 may
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detect electrical signals via one or more sensing electrodes {e.g., sensing electrodes 312,
electrodes 117, or the like) positioned on lead 106 and/or needle 113, In some examples, the
detected electrical signals may reflect the response of tissue of patient 102 (e.g., muscle
contractions} in response to the test stimulation signals,

{9157] Based on the output information, the medical professional may deteomine if the
medical device 1s detecting the expected responses o the test stimulation signals {812). The
medical professional may determine that the expected responses are not detected if the
outputied information is outside the boundaries of expected outputs for a given tost
stivutation signal. For examples, the cutpuited information may indicate that the amplitude,
frequency, or other parameters of the detected electrical signal is greater than or less than the
range of expected outputs.

{0158] If the medical professional determings that the medical device 1s not detecting
expected responses (NGO branch of 812), the medical professional may reposition needle
assentbly 500 within patient 102 (814}, The medical professional may reposition necdle
assembly 500 further away from or closer to hypoglossal nerve{s} and/or motor points based
on the ditferences between the expected responses and the actual outputted mformation. In
some examples, the medical professional may determineg, based on the outputted
mformation, a target treatment site different from the target arca and reposition needle
assembly 500 within the target treaiment site. Onee needle assembly 500 is repositioned. the
medical professional may delivery test stieulation signals via one or more electrodes 117 of
lead 106 to tongue 118 of patient 102 (308) at the new position. The medical professional
may repeat the process and iferatively reposition needle assembly 500 until the medical
device detects the expected respounses. If the medical professional determines that the
medical device detects the expected responses (YES” branch of 812), the medical
professional may complete the implantation process (816}

{0159] The technigues of this disclosure may be implemented in a wide variety of
computing devices, medical devices, or any combination thercof. Any of the described units,
modules or components may be implemented together or separately as discrete but
wteroperable logic devices. Bepiction of different features as modules or units is infended to
highlight different functional aspects and does not necessarntly imply that such modules or
units must be realized by separate hardware or software components. Rather, functionality
associated with one or more modules or units may be performed by separate hardware or
software components, or integrated within commaon or separate hardware or software

components,
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{166] The disclosure contemplates computer-readable storage media comprising
mstructions to cause a processor to perform any of the functions and technigues described
herein. The computer-readable storage media may take the example form of any volatile,
non-volatile, magnetic, optical, or clectrical media, such as a RAM, ROM, NVRAM,
EEPROM, or flash memory that is tangible. The computer-readable storage maedia may be
referred o as non-transitory. A server, client computing device, or any other computing
device may also contain a more portable removable memory type to enable casy data
transfer or offline data analysis.

{0161 The technigues descabed n this disclosure, including those attributed to vanious
modules and various constituent components, may be implemented, at least in part, o
hardware, software, firmware or any combination thereof. For example, various aspects of
the technigques may be implemented within one or more processors, including one or more
microprocessors, DSPs, ASICs, FPGAs, or any other equivalent miegrated, discrete logic
circuitry, or other processing circuitry, as well as any combinations of such components,
remote servers, remote client devices, or other devices. The term “processor” or “processing
cireutiry” may generally refer to any of the foregoing logic circuitry, alone ot in combination
with other logic circuiiry, or any other equivalent circuitry,

{0162] Such hardware, software, firmware may be implemented within the same device
or within separate devices 1o support the various operations and functions described in this
disclosure. In addition, any of the described units, modules or components may be
miplemented together or separately as discrete but interoperable logic devices. Depiction of
different features as modules or wnits is itended to highlight different functional aspects and
does not necessanly imply that such modules or units roust be realized by separate hardware
or software components. Rather, functionality associated with one or more modules or units
may be performed by separate hardware or software components, or integrated within
commaon of separate hardware or software components. For example, any module described
herein may mehude electrical circuitry configured to perform the features attributed to that
particular module, such as fixed function processing cirenitry, programmable processing
circuitry, or combinations thereof.

{0163] The technigues descrbed mn this disclosure may also be embodied or encoded 1n
an article of manufacture including a computer-readable storage medium encoded with
mstructions. Instructions embedded or encoded 1 an article of manufacture including a
computer-readable storage medium encoded, may cause ong or more progranmumable

processors, or other processors, to implement one or more of the techniques described
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herein, such as when instructions included or encoded in the computer-readable storage
medium are execuied by the one or reore processors. Example computer-readable storage
media may include random access memory (RAM), read only memory (ROM),
programmable read only memory (PROM), erasable programmable read only memory

LPROM), flash

{(EPROM), clectronically erasable programmable read only memory (E!
memory, a hard disk, a compact disc ROM (CD-ROM), a floppy disk, a cassetie, magnetic
media, optical media, or any other computer readable storage devices or tangible compuier
readable media. The computer-readable storage medium may alsc be referred {0 as storage
devices.
{0164] In some examples, a computer-readable storage medium comprises non-
transitory mediom. The term “non-transitory” may indicate that the storage medimm is not
embodied in a carrier wave or a propagated signal. In cortain examples, a non-transitory
storage medium may store data that can, over time, change {(¢.g., m RAM or cache).
{0165] it should be noted that system 1060, and the techniques deseribed herein, may not
be limited to treatment or monitoring of a human patient. In alternative examples, system
100 may be implemented in non-human paticnts, ¢.g., primates, canines, equines, pigs, and
clines. These other anmmals may undergo climical or research therapies that my benefit from
the subject matter of this disclosure. Various examples are described herein, such as the
following examples.
{1166] Example 1: a svstom comprising: a needle configured to percutancously insert
mito skin and form a path for inserting a lead, the needle comprising: a pomnted distal end for
percutancously inserting the needle for placement near a hypoglossal nerve of a patient; and
an elongated body comprsing an inner lumen, wherern the elongated body defines one or
more openings connecting an outer surface of the elongated body to the inner lumen; and the
lead configured to be disposed within the inner humen of the elongated body, the lead
comprising: a shafl; and one or more electrodes disposed on the shaft, configured to be
placed near the hyvpoglossal nerve, and configured to stimulate the bypoglossal nerve for
treating obstructive sleep apnea (OSA), wherein locations of the one or more clectrodes on
the shaft at least partially correspond to the one or more openings of the needie.
{0167} Example 2 the svstem of example 1, wherein the needle s configured for
placement near the hypoglossal nerve and proximate fo protrusor muscles in a tongue of the
patient, and whersin the one or more electrodes are configured to be placed near the

hypoglossal nerve and proximate to the protrusor muscles.
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{4 68] Example 3: the system of any of examples 1 and 2. wherein the needie is
configured to percutancously insert into the skin and form the path for inserting the lead
without a guidewire or an introducer.

{0169] Example 4: the system of any of examples 1-3, wherein the elongated body
further comprises an electrically conductive distal portion and an clectnically insulated
proximal portion.

{170 Hxample 5; the system of exampie 4, wherein the glectrically msulated proximal
portion comprises an clectrcally insulated material and the electrically conductive distal
portion comprises an clectucally conductive material.

{0171 Example 6: the system of example 4, wherein the clongated body comprises a
clectrically conductive material, and wherein the electrically insulated proximal portion
comprises an ¢lectrically tosulated matenal disposed on the outer surface and disposed on
the inoer lumen of a proximal portion of the clongated body.

{1721 Hxample 7. the system of any of examples § and 6, wherein the electrically
conductive material comprises a metallic alloy.

{0173] Example 8: the system of example 7, wherein the metallic alloy comprises
stainless steel.

{0174] Example 9: the system of any of examples 3-8, wherein the electrically insulated
material comprises a biocompatible polymer,

{3175] Example 10: the system of example 9, wherein the biocompatible polymer
comprises parviene.

{4 76] Example 11: the system of any of exanples 1-10, wherein the lead further
comprises a first reference mark configured to align the one or more clectrodes with the one
or more operungs radially but not longitudinally, and a second reference mark configured to
align the one or more electrodes with the one or more openings radially and longttudinally.
{91771 Example 12 the system of example 11, whercin the lead ts configured 1o advance
from the first reference mark to the second reforence mark at a target arca within a patient,
and wherein the lead s further configured to deliver one or more electrical signals from at
ieast one of the one or more electrodes to at least a portion of the target area through at feast
one of the one or more openings.

{0178] Example 13: the system of any of examples 1-12, wherein the one or more
openings are positioned arovnd a circumference of the elongated body at a same longitudimal

position relative to a longitudinal axis of the elongated body.
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{179 Example 14 the system of any of examples 1-13, wherein the one or more
openings comprises two or more openings, and wherein the two or more openings are
disposed around a circumference of the inner lumen such that the two or more openings are
cqguidistant from cach other,

{188] Example 15: the svstem of any of examples 1-14, wherein cach of the one or
more openings exiends less than 180 degrees around a circumference of the clongated body.
0181} Hxample 16: the system of any of examples 115, wherein each of the one or
more openings at least partially corresponds to locations of at least one of the one or more
electrodes.

{0182] Example 17: the system of any of exanmples 1-16, wherein the one or more
ciectrodes comprises a ring clectrode.

{3183] Example 18 the system of any of cxamples 1-17. wherein a distal end of the
needle comprises a radiopague element.

{3184] Hxample 19: the system of any of examples 118, wherein the one or more
clectrodes comprises one or more stimulation clecirodes and one or more sensing electrodes,
wherein the one or more stimulation clecirodes are configured to deliver a stivwlation signal
to the hypoglossal nerve, and wherein the one or more sensing electrodes are configured to
detect an evoked response following the debivery of the stimulation signal.

{0185] Example 24: a needle configured to peratancously wnsert into skin and form a
path for inserting a lead, the needle comprising: a pointed distal end for percutancously
mserting the needle for placement near a hypoglossal nerve of a patient; an elongated body
comprising an inner lumen, the elongated body defining one or more openings defined by
the clongated body, wherein the one or more openings are configured to connect an ouicr
surface of the elongated body to the mner lumen, wherein the clongated body 1s configured
to place the lead disposed within the inner lumen near the hypoglossal nerve, the lead
configured to stimulate the bypoglossal nerve for treating obstructive slecp apnea (O5A),
and wherein the one or more openings are contigured 1o af least partially correspond to
locations of one or more clectrodes positioned on a shaft ot the lead.

{1185] Example 21; the needle of example 20, wherein the needle is configured for
placement near the hypoglossal nerve and proximate to protrusor muscles i a tongue of the
patient, and wherein the one or more electrodes of the lead are configured 1o be placed near

the hvpoglossal nerve and proximate to the protrusor muscles.
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{187] Example 22: the needle of any of examples 20 and 21, wherein the needie is
configured to percutancously insert into the skin and form the path for inserting the lead
without a guidewire or an introducer.

{0188] Example 23 the needie of any of examples 26-22, wherein the elongated body
further comprises an electrically conductive distal portion and an clectnically insulated
proximal portion.

{0189] Example 24; the needie of example 23, whergin the electrically insalated
proximal portion comprises an electrically insulated material and the electrically conductive
distal portion comprises an electrically conductive material,

{0194] Example 25 the needle of example 23, wherem the elongated body comprises a
clectrically conductive material, and wherein the electrically insulated proximal portion
comprises an clectrically insulating matenial disposed on the osuter surface and disposed on
the inoer lumen of a proximal portion of the clongated body.

0191} Example 26: the needle of any of examples 24 and 25, wherein the electrically
conductive material comprises a metallic alloy.

{3192 Example 27 the needle of example 26, wherein the metallic alloy comprises
stainless steel.

{8193] Example 28: the needle of any of examples 2427, wherein the electnically
msulated material comprises a biocompatible polvmer.

{0194] Example 29: the needle of example 28, wherein the biocompatible polymer
comprises parviene.

{1195] Example 30: the needle of any of examples 20--29, wherein the elongated body 1s
configured to retain the lead at a first posttion where the one or more openings are not
aligned with the location of the one or more electrodes on the lead, and wherein the
clongated body is further configured to retain the lead at 8 second posttion where the one or
more opentogs of the clongated body are at least partially aligned with the location of the
one or mare ¢lectrodes on the lead.

{1196} Example 31: the needle of any of examples 20-30, wherein the one or more
openings are positioned around a circumference of the elongated body at 2 same longifudinal
position relative to a longriudinal axis of the clongated body.

{81971 Example 32: the needle of any of examples 20-31, wherein the one or more
openings comprises two or more openings, and wherein the two or more openings are
disposed arcund a circumference of the elongated body such that the two or more openings

arc equidistant from each other.
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{1198] Example 33: the needle of any of examples 20-32, wherein cach of the one or
more openings extends less than 180 degrees around a circwmference of the elongated body.
[8199] Example 34: the needle of any of examples 20-33, wherein a distal end of the
needle comprises a radiopague clement.

{H208] Example 35 a method comprising: percutancously inserting a needle into skin of
a patient, the necdle comprising an elongated body comprismg an inner lamen and definmg
one of more openings connecting an outer surface of the ¢longated body to the nner lumen;
navigating the necdle proximate to a hyvpoglossal nerve of the patient; inserting a lead into
the mner lumen of the clongated body, the lead configured to stimulate the hypoglossal
nerve for treating obstructive sleep apnea (OSA), the lead comprising: a shaft; and one or
mote electrodes disposed on the shaft, wherein locations of the one or more electrodes at
least partially correspond to the one or more openings of the needle; and placing the one or
maore electrodes near the hvpoglossal nerve.

{0281 Hxample 36; The method of example 35, wherein placing the one or more
clectrodes near the hypoglossal nerve comprises: advancing the lead to a first position within
the mner lumen of the needle, wherein the one or more electrades of lead are obscured from
the hvpoglossal nerve by the needle at the first position; and advancing the lead to a second
position within the inner lumen, wherein the one or more ¢lectrodes are at least partially
exposed to the hypoglossal nerve of the patient through at least one of the ong or more
openings of the needie.

{02021 Example 37 the method of any of examples 35 and 36, wherein placing the one
or more electrodes near the hypoglossal nerve comprises placing the needle near the
hvpoglossal nerve and proximate to protrusor nwscles in a tongue of the pationt.

{0203] Example 38 the method of any of examples 35-37, wherein percutancously
mseriing the needle nto the skin of the patient comprises percutancously mserting the needle
mto the skin and forming a path for inserting the lead without a guidewire or an introducer.
{0204] Example 39: the method of anv of examples 35-38, wherein the elongated body
further comprises an clectrically conductive distal portion and an clecirically insulated
proximal portion.

{0205] Example 40: the method of example 39, wherein the electrically insulated
proximal portion comprises an electrically insulated matenial and the electnically conductive
distal portion comprises an electrically conductive material,

{0206] Example 41 the method of example 39, wherein the elongated body comprises

an electrically conductive material, and wherein the electrically insulated proximal portion
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comprises an clectrically insulated material disposed on the outer surface and disposad on
the inner lumen of a proximal portion of the elongated body.

{0267} Example 42: the method of any of examples 40 and 41, wherem the electrically
conductive material comprises a metallic alloy.

{3208] Example 43: the method of example 42, wherein the metallic alloy comprises
stainless steel.

{0209] Hxample 44: the method of any of examples 41-43, wherein the electrically
insulated material compnises a biocompatible polvmer.

{0216] Example 43 the method of example 44, wherein the biocorapatible polymer
comprises parviene.

{0211 Example 46: the method of any of examples 35-45, wherein: advancing the lead
to the first position within the oer lumen of the needle comprises aligning a first reference
mark on the lead with a reference pount on the needle; and advancing the lead 1o the sccond
posttion within the inner lumen comprises aligning a second reference mark on the lead with
the reference point on the needle.

{02121 Example 47 the method of any of examples 35-46, wherein the one or more
openings are positioned around a circumference of the elongated body at a same longitudinal
position relative to a longttudinal axis of the elongated body.

{0213] Example 48 the method of any of examples 3547, wherein the one or more
openings comprises two or more openings, and wherein the two or more opemings are
disposed around a circumference of the mner lumen such that the two or more openings are
equidistant,

{0214} Example 49 the method of any of examples 35-48, wherein each of the onc or
more openings extend less than 180 degrees arcund a circumterence of the elongated body,
{8215] Example 50 the method of any of examples 3549, whercin navigating the
needle to the hypoglossal nerve further comprises determining a position of the needle
within the pationt using a radiopague clement positioned at a distal end of the needle.
{1216] Example 51: the method of any of examples 35-50, wherein the one or more
clectrodes comprises a ring ¢lectrode.

{0217} Example 32: the method of any of examples 35-51, further comprising: causing
delivery, using one or more stimulation electrodes of the one or more clectrodes, &

stimulation signal o the hypoglossal nerve for evoking an evoked response.
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{0218] Vartous examples have been described herein. Any combination of the deseribed
operations or functions 18 conteraplated. These and other examples are within the scope of

the following claims.
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WHAT IS CLAIMED {5

i. A systermn comprising:
a needle configured to percutanecusly insert info skin and form a path for inserting a
lead, the needle comprising:
a pomnted distal end for percutancously maerting the needle for placement
near a hypoglossal nerve of a patient; and
an elongated body comprising an mner lomen, whercin the clongated body
defines one or more openings connecting an outer surface of the elongated body to
the mner lumen; and
the lead configured to be disposed within the nner lumen of the clongated body, the
lead compusing:
a shaft; and
ong or more electrodes disposed on the shaft, configured to be placed near the
hypoglossal nerve, and configured to stimulate the hyvpoglossal nerve for treating
obstructive sleep apnea (OSA), wherein locations of the one or more clectrodes on
the shatt at least partially correspond to the one or more openings of the needle.
2. The svstem of claim 1, wherein the needie s configured for placement near the
hvpoglossal nerve and proximate to protrusor muscles 1o a tongue of the paticot, and
wherem the one or more electrodes are contigured to be placed near the hypoglossal nerve

and proximaic to the protrusor muscies.

3. The system of anv of claims 1 and 2, wherein the clongated body further
comprises an electrically conductive distal portion and an electrically msulated proxamal

portion.

4. The system of any of claims 1-3, wherein the lead further comprises a first
reference mark configured to align the one or more electrodes with the one or more openings
radially but not longitudinally, and a second reference mark configured to align the one or

more electrodes with the one or more openings radially and longitadmally.

5. The system of claim 4, wherein the lead is configured to advance from the first

reference mark to the second reference mark at a target arca within a patient, and whercin
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the lead is further configured to deliver one or more electrical signals from at lcast onc of the
one or more electrodes to at least a portion of the target arca through at least one of the one

OF BIOTE OPenings.

5. The svstem of any of claims 1-5, wherern the one or more openings are
postiioned around a arcumference of the elongated body at a same longitudinal position

relative to a longitudinal axis of the elongated body.

7. The svstem of anv of clais 1-6, wheremn each of the one or more openings at

least partially corresponds to locations of at least one of the one or more elecirodes.

8. The system of any of claims 1-7, wherein the one or more electrodes comprises
one or maore stimulation electrodes and one or more sensing clectrodes, wherein the one or
more stimulation electrodes are configured to deliver a stimulation signal to the hypoglossal
nerve, and wherein the one or more sensing electrodes are configured to detect an evoked

response following the dehivery of the stimulation signal,

9. The system of any of claims 1-3, further comprising one or more fixation
members disposed on the shaft of the lead, the one or more fixation members configured to

expand radially outwards of the lead and penetrate tissue of the patient.

10, The system of claim 9, further compnsing a sheath disposed within the imner
lumen and around the lead, wherein sheath compnises:

one or more openings contigured to at least partially correspond to the one or
mote electrode disposed on the shaft of the lead; and

an electrically insulative material,

wherein the sheath 1s configured to retain the one or more fixation members in a
collapsed configuration against the shaft of the lead, and wherein the sheath s configured to

at least partially electrically usulate the lead from the needle.

i1 The system of any of claims 1-10, further comprising:
a trocar configured to be disposed within the wmer lomen of the elongated body
of the needie, the trocar comprising:

one or more ¢lectrodes disposed on an elongated body of the trocar; and
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a sheath disposed around the trocar, the sheath comprising:

an clectrically insulative matenal; and

one or more openings configured to at least partially correspond to the
one or more glectrodes disposed on the clongated body of the trocar,
wherein the sheath 1s configured to at least partially clectrically nsulaic the

trocar from tissue of the patient.

12. A peedle configured to percutancously insert into skin and form a path for
mserting a lead, the veedle comprsing:

a pointed distal end for percutaneously inserting the needle for placement near a
hypoglossal nerve of a patient;

an elongated body comprising an inner humen, the clongated body defining one
or more openings defined by the elongated body, whercm the one or more openings are
configured to connect an cuter surface of the elongated body to the inner lamen, wherein the
clongated body is configured to place the lead disposed within the inner lumen near the
hvpoglossal nerve, the lead configured to stimulate the hvpoglossal nerve for treating
obstructive sleep apnea {OSA), and wherein the one or more openings are configured to at
least partially correspond to locations of one or more electrodes positioned on a shaft of the

lead .

13 The needle of claim 12, wherein the needle 1s configured for placement near the
hyvpoglossal nerve and proximaic to protrusor muscles in a tongue of the patient, and
wherein the ong or more clectrodes of the lead are configured 1o be placed near the

hypoglossal nerve and proximate o the protrusor muscles.

14 The needle of any of claims 12-13, wheren the elongated body further comprises

an clectrically conductive distal portion and an electrically insulated proximal portion.

I5. The needle of any of claims 12-14, whercin the elongated body is configured to
retam the lead at a first position where the one or more openings are not aligned with the
location of the one or more electrodes on the lead, and wherein the elongated body 1s further
configured to retain the lead at a second position where the one or more openings of the
ciongated body are at least partially aligned with the location of the one or more electrodes

on the lead.
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