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IMPLANTABLE NEUROSTIMULATION cylindrical , flattened ) , the width of the electrodes , and / or the 
LEAD FOR HEAD PAIN linear distance separating the electrodes within each sub 

array may vary . 
CROSS - REFERENCE TO RELATED In various implementations , methods of treating chronic 

APPLICATIONS 5 pain may include methods of treating chronic head and / or 
face pain of multiple etiologies , including migraine head 

This application is a Continuation - in - Part of U . S . patent aches ; and other primary headaches , including cluster head 
application Ser . No . 14 / 460 , 111 , filed Aug . 14 , 2014 , entitled aches , hemicrania continua headaches , tension type head 
IMPLANTABLE NEUROSTIMULATION LEAD FOR aches , chronic daily headaches , transformed migraine 
HEAD PAIN , which claims benefit of U . S . Provisional 10 headaches ; further including secondary headaches , such as 
Application No . 61 / 865 , 893 , filed Aug . 14 , 2013 , entitled cervicogenic headaches and other secondary musculokeletal 
IMPLANTABLE NEUROSTIMULATION LEAD FOR headaches . 
HEAD PAIN , the specifications of which are incorporated In various implementations , methods of treating chronic 
by reference herein in their entirety . pain may include methods of treating head and / or face pain 

15 of multiple etiologies , including neuropathic head and / or 
TECHNICAL FIELD face pain , nociceptive head and / or face pain , and / or sym 

pathetic related head and / or face pain . 
The present disclosure relates to implantable neurostimu - In various implementations , methods of treating chronic 

lation systems and methods of treating migraine headaches pain may include methods of treating head and / or face pain 
and other forms of chronic head pain . 20 of multiple etiologies , including greater occipital neuralgia , 

as well as the other various occipital neuralgias , supraorbital 
BACKGROUND neuralgia , auroiculotemporal neuralgia , infraorbital neural 

gia , and other trigeminal neuralgias , and other head and face 
Neurostimulation systems comprising implantable neuro - neuralgias . 

stimulation leads are used to treat chronic pain . Conven - 25 The details of one or more implementations are set forth 
tional implantable peripheral neurostimulation leads are in the accompanying drawings and the description below . 
designed for placement in the spinal canal as part of a spinal Other features , objects , and advantages of the implementa 
cord stimulation system , and for the therapeutic purpose of tions will be apparent from the description and drawings . 
treating various forms of chronic back and extremity pain . 

30 BRIEF DESCRIPTION OF THE DRAWINGS 
SUMMARY 

For a more complete understanding , reference is now 
In various implementations , an implantable neurostimu - made to the following description taken in conjunction with 

lation lead designed for implantation in the head may the accompanying Drawings in which : 
include an extended lead body having a plurality of internal 35 FIG . 1 depicts a side view of a complete neurostimulator 
electrically conducting metal wires running along at least a lead for migraine and other head pain , demonstrating a 
portion of its length ; a distal extended surface metal elec - plurality of electrodes in a distribution and over a length to 
trode array , and a proximal in - line connector . The extended allow full unilateral coverage of the frontal , parietal , and 
lead body may comprise a medical grade plastic . The occipital portions of the head ; 
electrode array may be subdivided into a plurality of sub - 40 FIG . 2 depicts a side view of a Terminal Electrode Array 
arrays . In some implementations , the electrode array is over the Tapered Distal Lead Body and the Flattened Ter 
subdivided into three or more sub - arrays . The proximal minal Lead Body . Emphasis here is given to the progressive 
in - line connector may include a proximal surface contact decrease in lead diameter over this portion of the lead to a 
array adapted to couple with an implantable pulse generator . very thin band like flattened terminal lead body , which is the 

Implementations may include one or more of the follow - 45 portion of the lead typically located over the forehead ; 
ing features . A single lead may include a plurality of surface FIG . 3 depicts a side view of a Proximal In - line Connector 
electrodes along its length to provide therapeutic stimulation ( PIC ) comprising a strengthened plastic layer over the basic 
over the frontal , parietal , and occipital regions of the hemi - lead body ; a series of lead surface metal contacts ; and the 
cranium substantially simultaneously . The lead may not proximal portions of the lead body ' s metal conducting wires 
require a central channel for stylet placement over its distal 50 and proximal conducting links ; 
( frontal ) portions . The lead may have a flattened lead design FIG . 4 depicts a cross sectional view of a Lead Central 
for that portion of the lead expected to be positioned over the Body comprising a cylindrical lead body ( with internal 
frontal region of the head . At least one portion of the lead wires ) between the Proximal In - line Connector and the 
may have a progressively tapered diameter . The single lead Tapered Distal Lead Body ; 
may be of sufficient length to reach a pulse generator located 55 FIG . 5 depicts a cross sectional view of a Distal Flattened 
in a patient ' s body . Terminal Lead Body in which the distal terminal portion 

The single lead may include an electrode array operable ( such as 8 - 12 cm ) of the lead is flattened to allow for better 
to provide medically acceptable neurostimulation coverage cosmetics and comfort , noting this portion of the lead will 
over the supraorbital , auriculotemporal , and occipital nerves typically be over the forehead . This is contrasted to the lead 
unilaterally . The electrode array may be divided into a 60 central body and the tapered distal lead body , which are both 
plurality of sub - arrays such that , when the neurostimulation cylindrical and larger in diameter , but are intended to be 
lead is implanted , at least one sub - array may be positioned surgically positioned over the posterior and side portions of 
over the frontal region , at least one sub - array may be the head respectively ; 
positioned over the parietal region , and at least one sub - array F IG . 6 depicts a side view of the Terminal Electrode Array 
may be positioned over the occipital region . The design of 65 ( TEA ) and the Tapered Distal Lead Body and Flattened 
each sub - array may vary . In some implementations , the Terminal Lead Body . The electrodes of the TEA divided into 
number of electrodes , the shape of the electrodes ( i . e . the Proximal , Middle , and Distal Electrode Arrays ( each 
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with a plurality of electrodes ) are over a total distal lead FIG . 17 depicts a front view of the nerves illustrated in 
portion to ensure electrode coverage of the frontal , parietal FIG . 16 ; 
and occipital regions of the head unilaterally . This would FIG . 18 depicts a more detailed view of a portion of the 
en g the electrodes at various intervals over the nerves of the frontal portion of FIG . 17 ; and 
distal portion ( such as 35 - 45 cm ) of the lead ; 5 FIGS . 19A and 19B are a Legend for Figures . 

FIG . 7 depicts a side view of a Middle Electrode Array 
with Internal Wires . The Middle Electrode Array is disposed INDEX OF ELEMENTS 
over the distal portion ( such as 16 - 20 cm ) of the Tapered 
Distal Lead Body , which anatomically places it over the 10 : Lead Body 
parietal region of the head , which includes subregions such 10 11 : Plastic Body Member 
as the temple region innervated by the auriculotemporal 12 : Proximal End 
nerve ; 13 : Distal End 

FIG . 8 depicts a side view of a Distal Electrode Array 14 : Proximal Lead Body 
Over the Flattened Terminal Lead Body . This places the 15 : Central Lead Body 
contact array over the distal portion ( such as 8 - 12 cm ) of the 15 16 : Tapered Distal Lead Body ( TDLB ) 
lead , which anatomically covers the supraorbital unilaterally 17 : Flattened Terminal Lead Body ( FTLB ) 
( covers the forehead from the midline to the side of the 18 : Internal Wire 
forehead ) ; 19 : Group of All Internal Wires 

FIG . 9 depicts a rear view of a Head with Full Lead 20 : Proximal In - line Connector 
In - Situ . The lead is depicted passing up the posterior aspect 20 21 : Semi - rigid Plastic Cover 
of the neck , where beginning in the left mid - occipital region , 22 : Surface Metal Contact 
the Terminal Electrode Array begins . The three electrode 23 : Proximal Contact Array 
array divisions of the TEA are depicted as covering the left 30 : Terminal Electrode Array ( TEA ) 
occipital , parietal , and supraorbital ( frontal ) regions to the 31 : Surface Metal Electrode 
midline of the forehead ; 25 32 : Proximal Electrode Array ( PEA ) 

FIG . 10 depicts a side view of a Head with Terminal 33 : Middle Electrode Array ( MEA ) 
Electrode Array In - Situ . This lateral view also depicts the 34 : Distal Electrode Array ( DEA ) 
lead passing up the posterior aspect of the neck , where 
beginning in the left mid - occipital region , the Terminal DETAILED DESCRIPTION 
Electrode Array begins . The three electrode array divisions 30 
( proximal , middle , and distal ) of the TEA are depicted as Introduction 
covering the left occipital , parietal , and supraorbital ( frontal ) Referring now to the drawings , wherein like reference 
regions , along with the major associated nerves , to the numbers are used herein to designate like elements through 
midline of the forehead ; out , the various views and embodiments of implantable 

FIG . 11 depicts a front view of a Head with Distal Portion 35 neurostimulation lead for head pain are illustrated and 
of the Terminal Electrode Array In - Situ . This frontal view described , and other possible embodiments are described . 
depicts primarily the course of the Flattened Terminal Lead The figures are not necessarily drawn to scale , and in some 
Body and its associated Distal Electrode Array in classic instances the drawings have been exaggerated and / or sim 
position over the left supraorbital region , where it extends to plified in places for illustrative purposes only . One of 
the midline . The associated major nerves of the region are 40 ordinary skill in the art will appreciate the many possible 
depicted ; applications and variations based on the following examples 

FIG . 12 depicts a cross sectional side view of a Schematic of possible embodiments . 
Depiction of Flattened Terminal Lead Body In - Situ Com The present disclosure provides for an implantable neu 
pared with Current Standard Cylindrical Body . This figure rostimulator lead that is operable for implantation in the 
provides graphic support for clinical benefits due the small - 45 head , and for the therapeutic purposes of treating migraine 
flattened portions , including better patient comfort and cos - headaches and other forms of chronic head pain . 
metics . A schematic of the Mechano - thermal Flattening Prior implantable peripheral neurostimulation leads have 
Process to achieve this flattened portion is described . This is been designed and developed specifically for placement in 
only one of several possible methods of manufacture and is the spinal canal as part of a spinal cord stimulation system , 
shown for illustrative purposes primarily ; 50 and for the specific therapeutic purpose of treating various 

FIG . 13 depicts a side view of an implantable neurostimu - forms of chronic back and extremity pain . The present 
lator lead for migraine and other head pain , demonstrating a disclosure provides an implantable peripheral neurostimu 
plurality of electrodes in a distribution and over a length to lation lead that is designed for the implantation in the head 
allow coverage of the frontal and parietal regions of the for the treatment of chronic head pain . It incorporates 
head ; 55 multiple unique elements and features that take into account 

FIG . 14 depicts a front view of a Head with the supraor the unique anatomic , physiologic , and other related chal 
bital portion of the implantable neurostimulator lead of FIG . lenges of treating head pain with implantable neurostimu 
13 with the supraobital Electrode Array In - Situ . This frontal l ation and by doing so greatly improves on therapeutic 
view depicts primarily the course of the frontal lead and its response , patient safety , medical risk , and medical costs , 
associated supraorbital electrode array in position over the 60 which combine to improve overall patient satisfaction . 
left supraorbital region , where it extends to the midline ; Prior neurostimulator leads for the treatment of head pain 

FIG . 15 depicts a side view of an implantable neurostimu - by peripheral neurostimulation were designed and manufac 
lator lead for migraine and other head pain , demonstrating a tured specifically for placement in the spinal canal for the 
plurality of electrodes in a distribution and over a length to treatment of chronic back and extremity pain . The anatomy 
allow coverage of the occipital region of the head ; 65 of the head , and the pathophysiology of headaches and other 

FIG . 16 depicts a top view of the nerves on the left side forms of head pain that are unique to the head , are so 
of the cranium of an individual ; significantly different from the anatomy of the spinal canal , 
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and pathophysiology of chronic back pain that when these studied required 4 leads , 2 supraorbital and 2 occipital leads 
current leads are indeed utilized as cranial implants , then the with approximately 5 % of the patients requiring 6 leads , 2 
clinical problems associated with these differences manifest supraorbital , 2 occipital and 2 in the temple region . 
themselves . Specifically , these include issues with inad - There are several practical clinical outcomes that result 
equate therapeutic responses , issues with patient comfort 5 from the use of prior leads for the treatment of chronic head 
and cosmetics , and also very significant issues with patient pain . First , since they comprise a single , relatively short 
safety . These medical risks stem from the problem of active array , the currently available leads provide therapeu 
commonly having to implant multiple ( often four or more ) tic stimulation to only a single region of the head ; that is , 
of the currently available leads in order to adequately cover they can provide stimulation to only the frontal region , or a 
the painful regions of the head . These leads are also larger 10 portion of the parietal region , or a portion of the occipital 
in diameter than what would be desirable for peripheral region . Therefore , if a patient has pain that extends over 
stimulation leads implanted in the head , and the cylindrical multiple regions , then multiple separate lead implants are 
form of the leads results in extra pressure on the skin required basically one lead implant is required for each 
overlying the lead , which results in extra pressure on the unilateral region . A great majority of patients with chronic 
skin . From a cosmetic perspective , the cylindrical leads 15 headaches experience holocephalic pain ; that is they expe 
often leave a line or wrinkle over the forehead due the rience pain over the frontal and parietal and occipital regions 
pressure from the subcutaneous course of the cylinder on the bilaterally . Therefore , commonly these patients will need 4 
overlying skin . In addition , prior leads are often of inad - to 7 leads implanted to achieve adequate therapeutic results 
equate length to extend from the head to the gluteal region , ( 2 or 3 leads on each side ) . 
which is a common site for implantation of the pulse 20 Second , the need for multiple leads includes considerable 
generator . This necessitates the employment of surgically added expense , and more importantly , added medical risk 
implanted lead extensions , a solution that brings with it associated with adverse events attendant to the multiple 
another set of risks to the patients with the most common surgical procedures . Such adverse events include an 
risks being that of infection due an increased number of increased risk of infection , bleeding , and technical issues 
incisions , and local discomfort due the relatively large size 25 with the leads , e . g . , lead fracture , lead migration , and local 
of the extension connections . irritation . 

With respect to prior leads : 1 ) There is only a single array Third , the inter - electrode spacing may be of central thera 
of electrodes , with common lead options including 4 , 8 , or peutic significance . That is , for example , whereas commonly 
16 electrodes disposed over that single array ; 2 ) The array is pain over the occipital region is consistently effectively 
relatively short with most leads having an array of from 5 - 12 30 treated by quadripolar leads ( leads with four evenly spaced 
cm in length ; 3 ) Within this single array , the individual electrodes ) that have the electrodes relatively widely spaced 
electrodes are disposed uniformly with constant , equal inter - apart ( approximately a cm or more apart ) , clinically it is 
electrode distances of from approximately 2 to 10 mm . often found that electrode configurations that are more 

In clinical testing , patients were implanted with the avail - narrowly spaced may be more effective over the supraorbital 
able leads , each lead having a single active array with 35 nerve and regions . Thus , a quadripolar lead that has the 
electrodes . The available leads had two spacing options . One electrodes only 1 - 2 mm apart may be more effective in this 
lead with one narrowly spaced array consisted of 4 elec - region , as it allows for more precise control of the delivered 
trodes with a width of 3 mm spaced 4 mm apart with an electrical pulse wave delivery . 
overall array length of 28 mm . A lead with one array having The present disclosure is directed to an implantable 
wider spacing consisted of 4 electrodes with a width of 3 40 neurostimulation lead that is customized and optimized for 
mm sequentially spaced at 11 and 18 mm with an overall implantation in the head , and for the purpose of treating 
ar array length of 58 mm . migraine headaches and other forms of chronic head pain , 

Testing conducted with 190 patients over several years including chronic migraine and other headaches , as well as 
utilizing the available leads led to a number of consistent other forms of head pain . 
observations : 45 The present disclosure addresses and effectively solves 

For headache pain perceived over the occipital and temple problems attendant to publically available leads . The most 
regions , patients were generally satisfied with both important of these is the fact that current leads can only 
electrode spacing options , noting that both sets pro - adequately stimulate a single region of the head due to 
vided a very good paresthesia and clinical headache design element flaws associated with terminal surface elec 
response . 50 trode number and disposition . The disclosure additionally 

For headache pain perceived over the supraorbital region , addresses and solves other problems inherent with the 
however , different patients reported different prefer currently available leads , including problems with cosmetics 
ences between the narrow spaced vs . the wide spaced and patient comfort , particularly over the frontal regions , 
leads . While all patients found relief regardless of due the uncomfortable pressure placed on the skin of the 
spacing , the majority preferred the wider spaced elec - 55 forehead , due the cylindrical shape and relatively large 
trodes . diameter of the distal portion of the lead . Finally , the lead of 

The most important parameter for all of the regions , in the present disclosure solves the currently available leads ' 
particular , over the supraorbital region , was that the problem of inadequate lead length to reach a gluteal location 
total length of the electrode array needed to cover the of the implantable pulse generator , which therefore neces 
entire area of pain . 60 sitates the additional risk and expense of further surgery to 

Almost every patient studied experienced pain across both implant lead extensions . 
the supraorbital and occipital regions with some patients Thus the present disclosure provides for a peripheral 
experiencing pain in the temple regions . Since the available neurostimulation lead that is uniquely designed for implan 
leads were limited to a single electrode array per lead , tation in the head as a therapy for chronic head pain , and is 
almost all of the patients studied required multiple surgical 65 designed to solve the known design issues associated with 
incisions with multiple lead implants to cover the requisite current leads , as the lead of the present disclosure seeks to 
anatomy . For example , approximately 95 % of the patients optimize the therapeutic response , improve patient comfort , 

m 
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improve cosmetics , reduce the number of surgical leads intra - array design that takes into account , and thereby seeks 
required , and reduce medical risk . By reducing the number to optimize design elements that are known to be possibly or 
of leads , and the number of subsequent surgeries required likely beneficial to the therapeutic end result , given the 
for untoward events , medical costs are also markedly anticipated post - implant anatomic location of that array . 
reduced . 5 In yet another aspect , an Implantable Peripheral Neuro 

In one aspect , the Implantable Peripheral Neurostimula stimulation Lead for Head Pain comprises multiple novel 
tion Lead for Head Pain is operable for implantation in the design features , including incorporating individual design 
head , and to provide neurostimulation therapy for chronic features into a single lead design and thereby achieving 
head pain , including chronic head pain caused by migraine additive benefits . 
and other headaches , as well as chronic head pain due other 10 In still another aspect , an Implantable Peripheral Neuro 
etiologies . The peripheral neurostimulator lead disclosed stimulation Lead for Head Pain results in a marked decrease 
herein takes into account unique anatomic features of the in the number of separate lead implants required to 
human head , as well as the unique , or singular , features of adequately treat a single patient . A single implant will 
the various pathologies that give rise to head pain , including provide the same therapeutic anatomic coverage that it 
migraine and other headaches , as well as other forms of 15 would take the implantation of three or four of the currently 
chronic head pain . This lead design for implantation in the available leads ; that is instead of the current which often 
head for chronic head pain recognizes that thus far all calls for three or more leads to be implanted to provide 
commercially available leads that have been clinically uti - adequate hemicranial coverage , the same anatomic region 
lized for implantation as a peripheral neurostimulator lead may be covered with a single stimulator lead implant . The 
were actually originally designed specifically for placement 20 lead provides extended coverage over the full hemicranium ; 
in the epidural space , as part of a spinal cord stimulation that is achieving medically acceptable neurostimulation uni 
system , for the therapeutic purpose of treating chronic back laterally over the frontal , parietal , and occipital regions 
and / or extremity pain . Thus , there are currently no commer - simultaneously . In contrast , publically known leads are able 
cially available leads , or leads that have designs in the public to consistently provide medically acceptable neurostimula 
domain , that have been designed and developed for use in 25 tion therapy only over a single region , meaning that it would 
the head and for head pain . require three separate surgically lead implants to achieve the 

In another aspect , the Implantable Peripheral Neurostimu - same therapeutic coverage of a single implant of a lead of 
lation Lead For Head Pain comprises multiple design fea the present disclosure . 
tures , including disposition of a sufficient plurality of surface In another aspect , an Implantable Peripheral Neurostimu 
electrodes over a sufficient linear distance along the distal 30 lation Lead For Head Pain comprises multiple design fea 
lead , such as will result in lead that , as a single lead , is tures ; including features aimed at improving patient safety 
capable of providing medically adequate therapeutic stimu - by improving the incidence of adverse events , including the 
lation over the entire hemicranium ; that is , over the frontal , risk of infection , as well as the risk and incidence of known 
parietal , and occipital region simulations . Currently avail technical problems associated with implated leads , including 
able leads , which were designed specifically for epidural 35 lead migration and lead fracture , amongst others . The lead 
placement for chronic back pain , are capable of only pro - may comprise two or more ( i . e . three or more ) surface 
viding stimulation over a single region ; that is , over either electrode arrays , each uniquely designed , that are disposed 
the frontal region alone , or the parietal region alone , or the over a sufficient lead length to allow for medically accept 
occipital region alone . able therapeutic neurostimulator coverage of at least regions 

In yet another aspect , the Implantable Peripheral Neuro - 40 within the supraorbital , parietal , and occipital cranial 
stimulation Lead for Head Pain comprises multiple design regions . To achieve the same clinical coverage from a single 
features , including the physical grouping of the extended implant , it would require three or more separately surgically 
array of surface electrodes into three or more discrete implanted leads . Therefore , by reducing the number of 
terminal surface electrode arrays . The linear layout of these surgical incisions , as well as the number of surgically 
two or more ( preferably three or more ) surface electrodes 45 implanted leads , the associated risks of adverse events are 
arrays is designed such that following implantation there proportionally diminished . 
would be at least one array positioned over the frontal In yet another aspect , an Implantable Peripheral Neuro 
region , at least one array positioned over the parietal region , stimulation Lead For Head Pain may treat chronic head 
and at least one array positioned over the occipital region . and / or face pain of multiple etiologies , including migraine 
This feature further improves upon therapeutic effectiveness 50 headaches ; and other primary headaches , including cluster 
of the extended terminal surface electrode array sufficient headaches , hemicrania continua headaches , tension type 
for hemicranial stimulation by allowing for more precise headaches , chronic daily headaches , transformed migraine 
control of the therapeutic neurostimulation parameters . headaches ; further including secondary headaches , such as 

In still another aspect , the Implantable Peripheral Neuro - cervicogenic headaches and other secondary musculokeletal 
stimulation Lead For Head Pain comprises multiple design 55 headaches ; including neuropathic head and / or face pain , 
features , including incorporating individual design features nociceptive head and / or face pain , and / or sympathetic 
within each of the three or more individual surface electrode related head and / or face pain ; including greater occipital 
arrays ; examples of such intra - array design features would neuralgia , as well as the other various occipital neuralgias , 
include the specific number of electrodes alloted to each supraorbital neuralgia , auroiculotemporal neuralgia , infra 
group ; whether the electrodes are cylindrical or flattened ; the 60 orbital neuralgia , and other trigeminal neuralgias , and other 
width of each electrode within each array , and the linear h ead and face neuralgias . 
distance intervals of separation of the electrodes within each In other aspects , an Implantable Peripheral Neurostimu 
array . This feature further improves upon therapeutic effec - lation Lead for Head Pain may not require a central channel 
tiveness of the extended terminal surface electrode array for stylet placement over its distal ( frontal ) portions . The 
sufficient for hemicranial stimulation , and the grouping of 65 lead may improve patient comfort and cosmetics by virtue of 
these electrodes into three or more separate surface electrode its relatively small diameter over the distal portions of the 
arrays , by providing each specific array location a unique lead , partially due the lack of a central stylet channel , as well 
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as due to a progressive decrease in the number of internal The plastic body member 11 is an elongated , cylindrical , 
wires continuing after each terminal electrode . The lead may flexible member , which may be formed of a medical grade 
further improve cosmetic appearance and patient comfort by plastic polymer . It has a proximal end 12 and a distal end 13 . 
incorporating a flattened lead design for that portion of the The total length of the lead body is subdivided on the basis 
lead expected to be over the frontal portion of the head . The 5 of multiple parameters , including importantly lead diameter 
lead may be compatible with currently available implantable and lead shape , into four contiguous portions — which , pro 
pulse generators . The lead may incorporate an electrode gressing from the proximal end 12 towards the distal end 13 
array design that is capable as a single lead of providing include sequentially a proximal lead body 14 ; a central lead 

body 15 ; a tapered distal lead body 16 ; and finally a flattened medically acceptable neurostimulation coverage over the 10 terminal lead body 17 that terminates at its distal end 13 supraorbital , auriculotemporal , and occipital nerves unilat ( FIGS . 6 , 7 ) . The proximal lead body 14 and the central lead erally . The lead may be of sufficient length to adequately body 15 are cylindrical in shape and of constant diameter reach all common pulse generator locations , thereby poten throughout their portions , which are standard features of the tially obviating the need for lead extensions and in turn currently available leads . The tapered distal lead body 16 
decreasing the risk of problems attendant to such extensions , 15 continues with this cylindrical shape ; however , beginning 
including discomfort , infection , technical extension issues near its proximal junction with the central lead body 15 , the 
such as fracture , and other morbidities . The single lead may diameter of the tapered distal lead body 16 progressively 
be operable to provide medically acceptable neurostimula decreases to a minimum near its junction with the terminal 
tion coverage that treats head pain over the frontal , lateral , flattened lead body 17 . While having a relatively constant 
and posterior regions . The single lead may be operable to 20 cross - sectional area along its length that is roughly the same 
provide medically acceptable therapeutic neurostimulation as the minimum cross sectional area of the distal tapered 
coverage that would otherwise often require unilateral leads distal lead body 16 , the foundational feature of the flattened 
( six total leads if , as is common the pain is global / holo - lead body is its thin , flattened , ribbon - like shape that is 
cephalic ) , thereby resulting in a decrease in the number of generally constant along its entire length . 
patients that require more than one associated Implantable 25 Housed in the plastic body member 11 is a plurality of 
Pulse Generator ( IPG ) . Currently available IPGs are capable individual , longitudinal metal internal wires 18 , which col 
of accepting a maximum of four leads , each having the lectively form a set of all internal wires 19 . Each individual 
ability to cover only one anatomic region , as each lead only wire ( 19a - n ) of this set originates at a prescribed location on 
has one active array . The lead may include a progressively the surface of the proximal lead body . It then passes down 
tapering diameter over the lead segment containing the three 30 into , and then lengthwise along , the core of the plastic body 
active arrays , a feature serving clinical improvements in member 11 until it nears its prescribed distal terminus , at 
patient comfort and cosmetics . The lead may further com - which point it curves up to a specific point on the surface on 
prise a distal array disposed over a thin , flattened terminal one of the distal portions of the lead either the tapered 
portion of the lead , which is the portion intended to be distal lead body 16 , or the flattened terminal lead body 17 . 
positioned over the supraorbital ( frontal ) region , a feature 35 Viewed differently , the proximal and distal tips of each 
serving clinical improvements in patient comfort and cos - individual wire ( 19 a - n ) are at specific , predetermined points 
metics . along the surface of the lead , and between these points the 
Overview lead wire passes lengthwise along the core of the lead body . 

Turning now descriptively to the drawings , the first eight In this embodiment there are fourteen internal wires ( 19a - n ) . 
of which depict the lead in various aspects and view , in 40 There are two related features : first is having an extended 
which similar reference characters denote similar elements TEA 30 that is capable of providing neurostimulation over 
throughout the several views . The figures illustrate an an entire hemicranium ; that is over either the left or right 
extended lead body , comprised of a medical grade plastic , side of the head ( e . g . the left occipital region , parietal region 
and a plurality of internal electrically conducting metal and supraorbital region to the midline ) . This is achieved by 
wires running its length ; a distal extended metal surface 45 ensuring that the lead is comprised of a sufficient plurality of 
electrode array , subdivided into three or more sub - arrays ; electrodes over such an extended course of the lead body 
and a proximal in - line connector , which contains a proximal ( the TDLB 16 and the FTLB 17 ) , as to allow for two or more 
surface contact array , for mating with a separate implantable electrodes that are positioned over the portion of the lead 
pulse generator . that covers the supraorbital region 61 ( the FTLB 17 ) , two or 

Following the eight drawings of various aspects of the 50 more electrodes that are positioned over the portion of the 
lead come three drawings depicting the lead in - situ in the lead that covers a portion of the parietal lead region 62 ( the 
human head , including posterior , side and frontal views . TDLB 17 ; Parietal Portion ) , and two or more electrodes that 

Finally is a drawing set that serves to pictorially illustrate are positioned over the portion of the lead that covers the 
some additional benefits of the lead design , specifically occipital region of the head 63 ( the TDLB 17 ; Occipital 
improvements in cosmetics and patient comfort specifically 55 Portion ) . While 2 electrodes over each region is the minimal 
related to the design of the flattened distal lead body and its requirement , it is preferable to have 4 - 8 or more electrodes 
associated distal lead array . over each region . In this embodiment there are 6 electrodes 
Full Neurostimulator Lead over the frontal region ( FTLB 16 ) ; 4 electrodes over the 

FIG . 1 depicts a side view of a completely assembled lead , parietal region ( TDLB 16 ; Parietal Portion ) ; and 4 electrodes 
which is comprised of three main elements — a lead body 10 ; 60 over the occipital region ( TDLB 16 ; Occipital Portion ) . 
a proximal in - line connector 20 ; and a terminal electrode The measured lengths of the distal portions of the lead 
array 30 . body ( TDLB 16 , FTLB 17 ) over which the terminal elec 
Lead Body trode array 30 , along with its three sub - arrays ( PEA 32 , 

Continuing with FIG . 1 , the lead body 10 is itself com MEA 33 , DEA 34 ) , are disposed is determined as depicted 
prised of two primary components — the plastic body mem - 65 in FIG . 5 . Basically , for this measurement the lead is 
ber 11 and a set of internal metal conducting wires ( s ) 18 considered to be correctly surgically positioned , as illus 
( 19 ) . trated in FIGS . 9 , 10 , and 11 , such that the distal end is at the 
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vertical midline of the forehead 67 , whereupon the lead to 10 mm , and of thickness to less than 0 . 1 mm . It is molded 
passes immediately posteriorly over the parietal region 62 , and affixed to a position along the distal tapered body lead 
passing just over the right ear towards the occiput and then ( DTBL ) 16 and / or the terminal flattened body lead ( TFBL ) 
down towards a meeting point at the midline C1 level 68 . 17 portion of the plastic body member 11 with the surface of 
Thus positioned , the total length is that length of the lead 5 the electrode generally being flush with the surface of the 
measured from the distal end to the point where the lead plastic body member . The specific surface positions of the 
reaches the C1 midline 68 . This length should equal the sum electrodes correspond to where the tips of the internal lead 
of the separate lengths of the TDLB 16 and FTLB 17 wires 19 surface , such that as part of the process of molding 
portions of the lead . Referring back to FIG . 5 , this total and attaching the electrodes 31 , each is physically and 
length , the component length of the FTLB 17 must be 10 functionally mated to the underlying lead internal wire 18 . 
sufficient to reach from the distal end to the junction of the The TEA 30 comprises a plurality of these surface metal 
lateral edge of the forehead and the anterior edge of the electrodes 31 , which are disposed along certain distal por 
parietal region 69 . The component length of the TDLB 16 tions of the plastic body member . The full plurality of 
should be approximately equal to the distance from the electrodes of the TEA is sub - divided into a plurality of 
lateral edge of the forehead to the C1 midline point . These 15 electrode sub - arrays , with the embodiment here consisting 
lead sub - length requirements allow for one of the novel of 3 electrode arrays — the proximal electrode array ( PEA ) 
elements of the disclosure , namely that the lead is capable of 32 ( containing 4 surface metal electrodes 32a - d ) ; the middle 
disposing surface metal electrodes 31 anywhere along a line electrode array ( MEA ) 33 ( containing 4 surface metal elec 
running from the mid - forehead ( supraorbital region 61 ) , trodes 33e - h ) and the distal electrode array ( DEA ) 34 ( FIG . 
over the parietal region 62 , and then across the occipital 20 8 ] ( containing 6 surface metal electrodes 34i - n ) . The PEA 32 
region 63 to the midline C1 level 68 . This therefore allows and the MEA 33 are disposed along the TDBL 16 section of 
for treatment of head pain along this length , or head pain the Plastic Body Member 11 ( with the PEA 32 itself being 
over the frontal ( supraorbital 61 ) , parietal 62 , and occipital proximal relative to the MEA 33 along the TDBL 16 ) . 
63 regions with one lead . Connections of Main Elements and Sub - Elements 

Generally , the DEA 34 is positioned over the FTLB 17 25 The overall mechanistic purpose of an implantable neu 
( subserving pain therapy for the supraorbital region 61 ) ; the rostimulation lead is to conduct an electrical pulse wave 
MEA 33 over the TDLB 16 ; distal portion ( subserving pain from its implantable pulse generator ( IPG ) down a set of 
therapy for the parietal region 62 ) ; and the PEA 32 over the lead wires 19 running a portion of the length of the lead to 
proximal TDLB 16 ; proximal portion ( subserving pain specific programmed sets of terminal surface electrodes 31 , 
therapy for the occipital region 63 ) . 30 whereby the current is conducted by tissue and fluid to an 
Proximal In - Line Connector adjacent , or nearby , set of one or more terminal surface 

Referring again to FIG . 1 , the PIC 20 comprises three electrodes , which in turn passes the signal proximally down 
sub - units — the proximal lead body 14 , a semi - rigid plastic the lead wire to its attached proximal terminal contact , 
cover 21 that covers the proximal lead body 14 , and the which returns it to the pulse generator , completing the 
proximal contact array 23 . The PIC 20 is designed to mate 35 circuit . 
with an implantable pulse generator . The foundational physical electrical unit of the system 

Referring to FIG . 3 , the fundamental component of the comprises a proximal surface metal contact 22 , which is 
proximal contact array 23 is a surface metal contact ( SMC ) connected to the proximal end 12 of an internal wire of the 
22 . A SMC 22 is a well - known , common element of neu - lead [ FIG . 3 ] , which in turn has its distal end 13 connected 
rostimulation leads and may be manufactured by standard 40 to a distal surface metal electrode 31 electrode [ FIG . 7 ) . 
processes , including electroplating , out of several common , Thus the contact — wire electrode combination effectively 
standard conducting metals . Dimensions of commonly provides a continuous metal conductor from the proximal 
available electrodes may range considerably often being 1 - 2 contact to a distal contact . 
mm ( or less in width ) and of thickness to less than 0 . 1 mm . The plastic body member 11 thus functions both as a 
It is molded and affixed to a position along the PIC 23 with 45 physical conduit and an insulator for the fourteen internal 
the surface of the electrode generally being flush with the lead wires 19 , as well as a physical surface substrate for the 
surface of the PIC 23 . The specific surface positions of the fourteen attached proximal surface metal contacts 22 and 
electrodes correspond to the proximal surface tips of internal distal surface metal electrodes 31 . A complete lead , when 
lead wires 19 , such that as part of the process of molding and mated with an IPG and appropriately implanted , such that 
attaching the electrodes 22 , each is physically and function - 50 the lead terminals are in the proximity of specific nerves to 
ally mated to the underlying lead internal wire 18 . The be stimulated , will be capable of effectively delivering an 
proximal contact array 23 is comprised of all of the indi - electrical pulse signal from the attached IPG to the distal 
vidual surface metal contacts 22a - n . In this embodiment terminals and to associated nerves targeted in the implant . 
there are 14 surface metal contacts 22 that comprise the This electrical stimulation of the nerves ( s ) forms the mecha 
proximal contact array 23 . 55 nistic foundation for the therapeutic effect . Additional func 

In some embodiments , the lead wires are instead con - tions of the plastic body member relate to its distal tapered 
nected to the implantable pulse generator via a soldered portion and its terminal flattened portion , both of which 
connection . In these embodiments , the soldered connection serve for improved patient comfort and cosmetics . 
would also include the appropriate external covering . In this embodiment , the number ( fourteen ) of electrodes , 
Terminal Electrode Array 60 internal wires , and contacts are equal . In other , words the 

The terminal electrode array ( TEA ) 30 comprises a con - lead contains fourteen contacts that connect to the proximal 
ducting surface metal electrode ( SME ) 31 . A SME 31 is a ends of fourteen internal wires 19 , which extend down the 
well - known , common element of neurostimulation leads and core of the plastic body member 11 to connect to fourteen 
may be manufactured by standard processes , including elec - terminal electrodes 31 on the TEA 30 with each wire 
troplating , out of several common , conducting standard 65 connecting one contact and one electrode . Thus , there are 
metals . Dimensions of commonly available electrodes may fourteen foundational physical electrical units ( surface metal 
range considerably , with example ranges of width as from 2 contact - internal wire - surface metal electrode ( 22 - 18 - 31 ) ) . 
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First Embodiment and positioned to span from the medial edge of the eyebrow 

to at least 75 % of the distance to the distal end of the 
The first embodiment provides for a lead that incorporates eyebrow , ensuring coverage of the supraorbital nerve 46 . 

one or more of the features outlined above , including a The configuration of the supraorbital electrode array 88a - 88f 
tapered distal lead body 16 , a flattened terminal lead body 5 provides sufficient length to cover the supraorbital nerve 46 
17 , and lacks a central stylet channel . The length is 120 cm , in the vast majority of cases while utilizing sufficient elec 
which is sufficient to reach a pulse generator implanted in trodes to permit a high degree of control over the specific 
the gluteal region . locations where the neurostimulation is applied . 

The terminal electrode array 30 is comprised of 16 Referring again to FIG . 13 , the temporal section 84 of the 
electrodes disposed over three separate electrode arrays . The 10 frontal lead 80 includes a temporal electrode array 92 
distal electrode array ( DEA ) 34 is comprised of 6 electrodes , including four temporal electrodes 94a - 94d , each having a 
each 6 mm wide , positioned uniformly over 7 cm of the length of from 4 to 6 mm . The spacing between the temporal 
FTLB 17 portion of the lead with the most distal electrode electrodes 94a - 94d is from 8 to 12 mm . In one embodiment , 
ending 4 mm from the distal end 13 . This allows for a short frontal lead 80 includes four temporal electrodes 94a - 94d 
length of thin malleable soft plastic at the tip , which will 15 each having a length of 5 mm spaced 10 mm apart . Sufficient 
decrease unwanted pressure on the skin overlying the tip . space , from 16 to 24 mm , is provided between the most 
The middle electrode array ( MEA ) 33 is comprised of four distal temporal electrode 94a of temporal section 84 of 
7 mm wide electrodes , each separated 7 mm from its frontal lead 80 and the most proximate supraorbital elec 
neighbor ( s ) for a total MEA 33 length of 4 . 9 cm . The distal trode 88f In one variation , the most distal temporal electrode 
end of the distal electrode of this group will be located 7 cm 20 94a of temporal section 84 is spaced 21 mm from the most 
from the tip of the lead , which thus places the interval over proximate supraorbital electrode 88f . This permits the four 
the most distal portion of the TDLB 16 . The remaining four temporal electrodes 94a - 94d of the temporal section 84 of 
electrodes , which comprise the proximal electrode array the frontal lead 80 to span the parietal region to insure 
( PEA ) 32 , are 9 mm wide with a constant length interval coverage of the auriculo - temporal nerve 45 in the parietal 
between neighbors of 1 cm , for a total PEA 32 length of 7 . 6 25 region 62 ( FIG . 10 ) . 
cm . The PEA 32 electrodes are disposed over the proximal In the embodiment of FIG . 13 , the number of electrodes , 
portion of the TDLB 16 ( as relative to the MEA 33 ) . In this internal wires , and contacts are equal . Thus , frontal lead 80 
embodiment the electrode arrays are positioned to optimize includes an array of ten contacts 96 that connect to the 
the therapeutic neurostimulation over the supraorbital nerve proximal ends of ten wires 98 , which pass through lead 80 
46 ( of the supraorbital region 61 of the head ) , the auriculo - 30 to connect to electrodes 88a - 88f and 94a - 94d with each wire 
temporal nerve 45 ( in the parietal region 62 ) , and the greater 98 connecting one contact and one electrode . The array of 
occipital nerve 41 ( in the occipital region of the head 63 ) . contacts 96 is configured to mate with an implantable pulse 

generator . 
Alternate Embodiments FIG . 15 is a side view of a second , permanent occipital 

35 neurostimulation lead 100 that may be employed alone or in 
There are multiple alternate embodiments that preserve conjunction with the frontal lead of FIG . 13 . The occipital 

the features of the neurostimulation lead and system dis - lead 100 includes an occipital electrode array 102 of eight 
closed herein , which include a terminal electrode array over electrodes 102a - 102h , each having a length of from 2 to 4 
an extended area of the cranium . The lead should provide mm . The spacing between the electrodes is from 5 to 7 mm , 
medically acceptable neurostimulation over at least two 40 with the most proximate electrode 102h positioned at 140 to 
regions . The lead may include two or more electrode arrays . 160 mm from an implantable pulse generator . In some 
In various embodiments , the spacing and dimensions of the embodiments , the most proximate electrode 102h is posi 
electrode array ( s ) may be constant , or the electrode arrays tioned at 111 mm from an implantable pulse generator . In 
may be specifically designed with respect to specific elec other embodiments , the most proximate electrode 102h is 
trode type , dimensions , and layout for improving the thera - 45 positioned at from 105 to 115 mm from an implantable pulse 
peutic effectiveness . Thus , the disclosure comprises generator . Thus , occipital lead 100 includes an array of eight 
extended electrode array design ( two or more regions by a contacts 106 , configured to mate with the implantable pulse 
single lead ) , and / or multiple arrays and optimized intra - generator , that are connected to electrodes 102a - 102h with 
array electrode dispositions . wires 108 that extend from contacts 106 to the electrodes . 

FIG . 13 is a partial perspective view of one alternate 50 Referring now to FIG . 16 , there is illustrated a top view 
embodiment of a permanent frontal neurostimulation lead 80 of the nerves on the left side of the cranium for an individual . 
that includes a supraorbital section 82 and temporal section FIG . 17 illustrates a front view of the nerves . In general , 
84 . The supraorbital section 82 of the frontal lead 80 there are three groupings of nerves that are associated with 
includes a supraorbital electrode array 86 . As illustrated , the three separate arrays of electrodes . There is the parietal 
supraorbital electrode array includes six supraorbital elec - 55 grouping 1602 , the frontal grouping 1604 and the occipital 
trodes 88a - 88f each having a length of 3 to 5 mm , spaced grouping 1608 . Each of these groupings includes defined 
from 4 to 6 mm apart . In one embodiment , supraorbital nerves . The occipital grouping 1608 , for example , includes 
electrode array 86 includes six supraorbital electrodes 88a the greater occipital nerve and the third occipital nerve , the 
88f , each having a length of 4 mm with the electrodes spaced parietal grouping 1602 includes the auriculotemporal nerve 
5 mm apart . No electrodes are positioned in the distal tip 90 60 and the zygomatico temporal nerve , and the frontal grouping 
of the lead , with the most distal supraorbital electrode 88a 1604 includes the supratrochlear nerve and the supraorbital 
of the supraorbital section positioned from 2 to 4 mm from nerve . Each of these nerves , although referred to as a 
the distal tip 90 of the frontal lead 80 . " nerve " in the singular , actually refers to a nerve bundle . 

FIG . 14 is a front partial view of a head with the Each of these nerves or nerve bundles is considered to be 
supraorbital portion 82 of frontal lead 80 with the supraor - 65 triggers for migraine headaches . 
bital array positioned in situ . As illustrated , the supraorbital The auriculotemporal nerve , for example , is a nerve that 
electrodes 88a - 88f of the supraorbital section 82 are spaced arises from the posterior trunk of the mandibular division of 
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the trigeminal nerve . It passes medial to the temporoman terminal surface metal electrode . The current then passes a 
dibular joint and then courses deep to the lateral pterygoid short distance through the subcutaneous tissue to a contigu 
muscle to supply parasympathetic fibers to the perotid gland . ous , or nearby , electrode , whereby it passes back up the lead 
This nerve innervates the tragus and anterior portions of the to its associated proximal metal contact , and then back to the 
ear in addition to the posterior portion of the temple . At some 5 pulse generator to complete the circuit . It is the generated 
sites , the nerve is helically intertwined around the superficial pulse waves passing through the subcutaneous tissue 
temporal artery , providing a potential trigger point for between two terminal electrodes that stimulate the sensory 
migraine headaches . This superficial temporal branch can nerves of the area . When active , the pulse generator is 
extend upward along the parietal region and , depending usually programmed to produce a continuous series of pulse 
upon the individual , can shift its location and it can have 10 waves of specified frequency , amplitude , and pulse width . It 
multiple branches . is this series of pulse waves actively stimulating a patient ' s 

The zygomatico - temporal nerve is one of two branches of locally associated nerves that underpins the therapeutic 
the zygomatic nerve that arises from the maxillary division effect of the entire functional implanted units . Electrical 
of the trigeminal nerve and courses through the zygomatico pulse waves then pass from a connected proximal surface 
temporal foramen and temporalis muscle to eventually pen - 15 metal contact , along the associated internal lead wire , and 
etrate the temporal fashion approximately 10 mm posterior ultimately to its associated terminal surface metal contact . 
to the fronto zygomatic suture and 22 mm above the upper Thus the lead of the present disclosure effectively answers 
margin of the zygomatic arch . At this location , the zygoma and solves the problems and limitations inherent with the 
ticotemporal nerve innervates a small area of the forehead currently available leads . As the current leads are limited to 
and temporal areas . This is a superficial nerve that can be a 20 therapeutically stimulating only one cranial region , most 
potential trigger point for migraine headaches . patients require multiple leads , typically 4 - 6 or more ( two or 

The supraorbital nerve in the frontal region 1604 is three on each side ) . The present disclosure provides a system 
illustrated as being multiple branches that extend from the for resolving this problem by treating the entire hemicra 
supraorbital foramen . Although it is illustrated as being two nium with a single lead ( two required for holocephalic pain ) , 
branches in FIG . 17 , a more detailed diagram is shown in 25 a solution that , in addition to much more effectively treating 
FIG . 18 which shows a more realistic illustration of the the patients pain , solves the additional problem of surgical 
actual nerve bundles . Of note in FIG . 18 are supraorbital risk associated with the multiple surgical implants associ 
fossa 1802 , supraorbital nerves 1804 , supratrochlear nerves ated with the multiple leads . The therapeutic effectiveness of 
1806 , and infratrochlear nerve 1808 . A cutaway view of the the current embodiment is further enhanced by employing 
dermis 1810 is also visible . It should be appreciated that 30 three separate electrode arrays with one in each region and 
each individual , as they are developing in the womb , can specifically with one over each of the major nerves — the 
form these nerve bundles in different manners . The bundles supraorbital nerve , the auriculo - temporal nerve , and the 
can have slightly different positions and different branching occipital nerve on that side . Further therapeutic enhance 
patterns . Thus , it is important to define a region for each ment and satisfaction follow the improved intra - array elec 
grouping of nerves , as illustrated in FIG . 17 , for each of the 35 trode disposition designs . The additional functions of the 
parietal region 1702 , the frontal region 1704 and the occipi - plastic body member relates to its distal tapered portion , its 
tal region ( not shown ) so that the size , number and spacing terminal flattened portion , its lack of a central stylet channel , 
of electrodes in the array to be implanted in the particular and its length sufficient to reach a gluteal pulse generator 
region may be selected based upon the morphology of the without requiring surgical lead extensions , all of which 
nerves in the particular region . 40 variably serve patient comfort , cosmetics and satisfaction . 

Alternate embodiments would include variations in the FIGS . 19A and 19B are presented as a Legend for Figures . 
total number of electrodes . At least two electrodes may be It is to be understood the implementations are not limited 
included per region , and the first embodiment calls for 14 , to particular systems or processes described which may , of 
but there is no absolute limit to the maxim number . Simi - course , vary . It is also to be understood that the terminology 
larly , while the first embodiment calls for three electrode 45 used herein is for the purpose of describing particular 
arrays , the disclosure contemplates two or even one array ( so implementations only , and is not intended to be limiting . As 
long as the array covered at least two regions ) . There is also used in this specification , the singular forms “ a ” , “ an ” and 
no limiting maximum for the number of arrays . Also , there “ the ” include plural references unless the content clearly 
may be multiple variations of design within each separate indicates otherwise . Thus , for example , reference to " an 
array , including for example , variations in the number , 50 accumulator ” includes a combination of two or more accu 
dimensions , shape , and metal composition of the individual mulators ; and , reference to “ a valve ” includes different types 
electrodes , as well as the distance and constancy of distance and / or combinations of valves . Reference to " a compressor ” 
between electrodes within each array . Further , each array may include a combination of two or more compressors . As 
may have the same or completely different design . another example , " coupling ” includes direct and / or indirect 

While the neurostimulation lead has been described for 55 coupling of members . 
implantation as a peripheral neurostimulator in the head and Although the present disclosure has been described in 
for head pain , it is capable of being implanted and used as detail , it should be understood that various changes , substi 
a peripheral nerve stimulator over other regions of the head tutions and alterations may be made herein without depart 
and face than described above and also over other peripheral ing from the spirit and scope of the disclosure as defined by 
nerves in the body . 60 the appended claims . Moreover , the scope of the present 
When functioning ; that is when the proximal in - line application is not intended to be limited to the particular 

connector of the lead is connected to an active implantable embodiments of the process , machine , manufacture , com 
pulse generator ; the electrodes of the terminal electrode position of matter , means , methods and steps described in 
array are programmed to function as anodes and cathodes . the specification . As one of ordinary skill in the art will 
The generated electrical pulse wave then passes from a 65 readily appreciate from the disclosure , processes , machines , 
connected proximal surface metal contact , along the asso - manufacture , compositions of matter , means , methods , or 
ciated internal lead wire , and ultimately to its associated steps , presently existing or later to be developed that per 



US 9 , 839 , 777 B2 
17 18 

form substantially the same function or achieve substantially a plurality of internal conductive wires in the lead body 
the same result as the corresponding embodiments described wherein each wire of the plurality of internal conduc 
herein may be utilized according to the present disclosure . tive wires is connected to a different electrode of the 
Accordingly , the appended claims are intended to include plurality of electrode arrays and extends to the proxi 
within their scope such processes , machines , manufacture , 5 mal end of the lead body . 
compositions of matter , means , methods , or steps . 2 . The implantable neurostimulation lead of claim 1 , 

It will be appreciated by those skilled in the art having the wherein the proximal lead body portion and the central lead 
benefit of this disclosure that this implantable neurostimu - body portion comprise a rounded exterior surface along their 
lation lead for head pain provides an implantable neuro - length . 
stimulation lead having a plurality of electrode arrays spaced 10 3 . The implantable neurostimulation lead of claim 1 , 
along a portion of its length such that when neurostimalation further comprising a proximal connector at the proximal end 
lead is implanted , at least one electrode array is positioned of the lead body , the proximal connector comprising a 
over the frontal region , at least one electrode array is plurality of metal contacts such that each one of the metal 
positioned over the parietal region , and at least one electrode contacts is electrically connected to a different wire of the 
array is positioned over the occipital region of the patient ' s 15 plurality of internal conductive wires . 
cranium so that when the neurostimalation lead is connected 4 . The implantable neurostimulation lead of claim 1 , 
to an implantable pulse generator , the single lead can pro - wherein the distal supraorbital electrode array positioned on 
vide medically acceptable neurostimalation coverage over the terminal lead body proximate to the distal end includes 
the supraorbital , the auriculotemporal , and the occipital six supraorbital electrodes each having a length of 4 mm , the 
nerves unilaterally . It should be understood that the drawings 20 supraorbital electrodes uniformly spaced apart at 5 mm 
and detailed description herein are to be regarded in an intervals with the distal most supraorbital electrode posi 
illustrative rather than a restrictive manner , and are not tioned 3 mm from the distal end of the terminal lead body . 
intended to be limiting to the particular forms and examples 5 . The implantable neurostimulation lead of claim 1 , 
disclosed . On the contrary , included are any further modi - wherein the temporal electrode array includes 4 temporal 
fications , changes , rearrangements , substitutions , alterna - 25 electrodes each having each having a length of 5 mm , the 
tives , design choices , and embodiments apparent to those of temporal electrodes uniformly spaced apart at 10 mm inter 
ordinary skill in the art , without departing from the spirit and vals with the most distal temporal electrode spaced 21 mm 
scope hereof , as defined by the following claims . Thus , it is from the most proximate supraorbital electrode . 
intended that the following claims be interpreted to embrace 6 . The neurostimulation lead of claim 1 , wherein the distal 
all such further modifications , changes , rearrangements , 30 portion of the lead body tapers toward the distal end . 
substitutions , alternatives , design choices , and embodi 7 . The neurostimulation lead of claim 1 , wherein a portion 
ments . of the distal portion of the lead body is flat and at least a 
What is claimed is : portion of a proximal portion of the lead body is rounded in 
1 . An implantable neurostimulation lead comprising : cross section . 
a lead body having a length with a proximal end and a 35 8 . A head implantable neurostimulation lead , comprising : 

distal end , the lead body further comprising contiguous a group of conductive internal wires ; 
portions including a proximal lead body portion , a a lead body having a length with a proximal end and a 
central lead body portion and a distal lead body portion , distal end ; the lead body contains the group of conduc 
wherein the distal lead body portion comprises : tive internal wires ; the lead body comprises contiguous 
a cross section that tapers along at least a portion of the 40 portions including a proximal lead body portion , a 

length thereof toward a distal end thereof , central lead body portion and a distal lead body portion ; 
wherein the diameter of the distal lead body portion wherein the distal lead body portion comprises : 

decreases from a point adjacent the central lead body a cross section that tapers along at least a portion of the 
portion outward therefrom to the distal end of the length thereof toward a distal end thereof , 
distal lead body portion , and 45 wherein the diameter of the distal lead body portion 

a terminal lead body on the distal end of the distal lead decreases from a point adjacent the central lead body 
body portion ; portion outward therefrom to the distal end of the 

a plurality of electrode arrays spaced linearly on an distal lead body portion , and 
exterior surface of the distal lead body portion , and not a terminal lead body on the distal end of the distal lead 
on the exterior surface of the central lead body portion , 50 body portion ; 
the plurality of electrode arrays including : the distal lead body portion includes a plurality of elec 
a distal supraorbital electrode array positioned on the trode arrays spaced from each other along a length of 

terminal lead body proximate to the distal end the distal lead body portion such that no electrode 
including at least six supraorbital electrodes each arrays or any portion thereof are disposed on the central 
having a length of 3 to 5 mm , the supraorbital 55 lead body portion , wherein the plurality of electrode 
electrodes uniformly spaced apart at 4 to 6 mm arrays comprises ; 
intervals with the distal most supraorbital electrode a distal supraorbital electrode array positioned on the 
positioned 2 to 4 mm from a distal end of the terminal lead body proximate to the distal end 
terminal lead body ; and including at least six supraorbital surface electrodes 

a medial temporal electrode array positioned on the 60 each having a length of 3 to 5 mm , the supraorbital 
distal lead body portion between the central lead surface electrodes uniformly spaced apart at 4 to 6 
body portion and the terminal lead body and includ mm intervals with the distal most supraorbital sur 
ing at least 4 temporal electrodes each having a face electrode positioned 2 to 4 mm from a distal end 
length of 4 to 6 mm , the temporal electrodes uni of the terminal lead body ; and 
formly spaced from 8 to 12 mm apart with the most 65 a medial temporal electrode array positioned on the 
distal temporal electrode spaced 16 to 24 mm from distal lead body portion between the central lead 
the most proximate supraorbital electrode ; and body portion and the terminal lead body and includ 
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ing at least 4 temporal surface electrodes each having supraorbital surface electrode positioned 3 mm from the 
a length of 4 to 6 mm , the temporal surface elec - distal end of the terminal lead body . 
trodes uniformly spaced from 8 to 12 mm apart with 16 . The implantable neurostimulation lead of claim 8 , 
the most distal temporal surface electrode spaced 16 wherein the temporal electrode array includes 4 temporal 
to 24 mm from the most proximate supraorbital 5 surface electrodes each having each having a length of 5 

mm , the temporal surface electrodes uniformly spaced apart surface electrode ; and at 10 mm intervals with the most distal temporal surface wherein each wire of the group of conductive internal electrode spaced 20 mm from the most proximate supraor 
wires is connected to a different electrode of the plu - bital surface electrode . 
rality of electrode arrays and extends to the proximal 17 . An implantable neurostimulation lead comprising : 
end of the lead body . a lead body having a length with a proximal end and a 

9 . The head implantable neurostimulation lead of claim 8 , distal end , the lead body further comprising contiguous 
further comprising a proximal connector at the proximal end portions including a proximal lead body portion , a 
of the lead body , the proximal connector comprising a central lead body portion and a distal lead body portion ; 
plurality of metal contacts such that each one of the metal 15 a plurality of electrode arrays spaced linearly on an 

al 15 
contacts is electrically connected to a different wire of the exterior surface of the distal lead body portion , and not 
group of conductive internal wires . on the exterior surface of the central lead body portion , 

the plurality of electrode arrays including : 10 . The head implantable neurostimulation lead of claim 
8 , wherein the distal lead body portion comprises a cross a distal supraorbital electrode array positioned on a 
section that tapers toward the distal end . terminal lead body proximate to the distal end 

11 . The head implantable neurostimulation lead of claim including at least six supraorbital electrodes each 
8 , wherein the distal lead body portion comprises a cross having a length of 3 to 5 mm , the supraorbital 
section that is thinner than a cross section of the central lead electrodes uniformly spaced apart at 4 to 6 mm 
body portion . intervals with the distal most supraorbital electrode 

12 . The head implantable neurostimulation lead of claim 25 positioned 2 to 4 mm from the distal end of the 
8 , wherein the proximal lead body portion and the central terminal lead body ; and 
lead body portion comprise a rounded exterior surface along a medial temporal electrode array positioned on the 
their length . distal lead body portion between the central lead 

13 . The head implantable neurostimulation lead of claim body portion and the terminal lead body and includ 
8 , wherein the distal lead body portion comprise a fiat 30 . ing at least 4 temporal electrodes each having a 
exterior surface on at least a portion of its length . length of 4 to 6 mm , the temporal electrodes uni 

14 . The head implantable neurostimulation lead of claim formly spaced from 8 to 12 mm apart with the most 
8 , wherein the distal lead body does not incorporate a central distal temporal electrode spaced 16 to 24 mm from 
channel or stylet . the most proximate supraorbital electrode ; and 

15 . The head implantable neurostimulation lead of claim 25 a plurality of internal conductive wires in the lead body 
wherein each wire of the plurality of internal conduc 8 , wherein the distal supraorbital electrode array positioned 

on the terminal lead body proximate to the distal end tive wires is connected to a different electrode of the 
includes six supraorbital surface electrodes each having a plurality of electrode arrays and extends to the proxi 
length of 4 mm , the supraorbital surface electrodes uni mal end of the lead body . 
formly spaced apart at 5 mm intervals with the distal most * * * * 


