
US 20190126029A1 
( 19 ) United States 
( 12 ) Patent Application Publication ( 10 ) Pub . No . : US 2019 / 0126029 A1 

Cheeran et al . ( 43 ) Pub . Date : May 2 , 2019 

( 54 ) METHODS FOR PROGRAMMING A DEEP 
BRAIN STIMULATION SYSTEM AND A 
CLINICIAN PROGRAMMER DEVICE 

( 71 ) Applicant : Advanced Neuromodulation Systems , 
Inc . , Plano , TX ( US ) 

( 52 ) 

G06F 3 / 0482 ( 2006 . 01 ) 
G16H 40 / 40 ( 2006 . 01 ) 
G16H 10 / 60 ( 2006 . 01 ) 
A61N 1 / 378 ( 2006 . 01 ) 
U . S . CI . 
CPC . . . . . . . A61N 1 / 0534 ( 2013 . 01 ) ; A61N 1 / 37247 

( 2013 . 01 ) ; A61N 1 / 378 ( 2013 . 01 ) ; G16H 
40 / 40 ( 2018 . 01 ) ; G16H 10 / 60 ( 2018 . 01 ) ; 

G06F 3 / 0482 ( 2013 . 01 ) 
( 72 ) Inventors : Binith J . Cheeran , Austin , TX ( US ) ; 

Jonathan P . Avedikian , Plano , TX 
( US ) ; Brittany L . Boudreau , 
Grapevine , TX ( US ) ; Jason Pounds , 
Frisco , TX ( US ) ( 57 ) ABSTRACT 

( 21 ) Appl . No . : 16 / 164 , 657 
( 22 ) Filed : Oct . 18 , 2018 

Related U . S . Application Data 
( 60 ) Provisional application No . 62 / 579 , 617 , filed on Oct . 

31 , 2017 

In some embodiments , a clinician programmer device for 
controlling a deep brain stimulation ( DBS ) system is 
adapted to assist a clinician to conduct an electrode screen 
ing review for the DBS system including screening of 
segmented electrodes . The clinician programmer stores soft 
ware code for conducting a screening review in memory . 
The software code may comprise : code for providing one or 
more interface screens for guiding the user of the device 
through testing of electrode configurations of the implant 
able stimulation lead , wherein the code for providing applies 
at least one testing progression for guiding the user of the 
device through a defined testing order . 

( 51 ) 
Publication Classification 

Int . Cl . 
A61N 1 / 05 ( 2006 . 01 ) 
A61N 1 / 372 ( 2006 . 01 ) 

100 102 
V ine 2Hrrrrrrrr 

FFFFFrror merry 
LLLLLLLLL VY 

Air 

i ra HEFESTIGE PPPPPPrrrrrrrrrr 
III - RIFFLFFFFFFFFPJAP 

FFFFFFrrrrrrrrrrrrrr 
II - FFFFFFFFFFFFFFFrrrrrrrrrrrr 

* * * * 

ooooorrrrrrrrrrrrr rrrrrrrrrrr ?? 

Frrrrrrrrrrrrrrr . 



Patent Application Publication May 2 , 2019 Sheet 1 of 15 US 2019 / 0126029 A1 

ROWNMWWW chorarios . worcu 

POP cusute reserwera www 

100 

oranewrower * sy 

TO 

SA 

Way 

FIG . 1 



Patent Application Publication May 2 , 2019 Sheet 2 of 15 US 2019 / 0126029 A1 

101 102 

SPELARE WY 

Teresa 
SIETEIKTI IFREIGEGEISJE PPPPPPrrrrrrrrrrrr PUX 

IS FFFFFFFFFFFFFFFrrrrrrrr IFJJJJJJKKKKKKFArrrrrrrrrrrr etett 

Frrrrr 

FIG . 2 



????????????? 

drero 

errrrrr 

errrrrrrrrrSSSSSSSSSSSSSS 

3117412111 * 

I 

BR 
22222 . 

. . 

2 

Patent Application Publication 

" Ye ' ve 

. posro 

+ 
3 

. 

971 * * * * 

1 

iditetstest 

) , 

y 

ta 

' 

* * ddannel . me 

exercises 

LLLLLLLLLLLL 

3 NA 

- . - 

O 

15 
. 

Boy 

- - 

FIG . 3 

( ( 0 GG000 

Anterior 

o Monopola Review 

rrrrrere 

Report 

122 - tooth 

LLLLLLLLLLLLLLLLL 

May 2 , 2019 Sheet 3 of 15 

IIIIIIII 

TEEEEEEEEEE 

rrrrrrrrrrrrrrr 

PPPP 

?????? 

rrrrrrrrrrrrrrrrt 

L 305 

US 2019 / 0126029 A1 



Patent Application Publication May 2 , 2019 Sheet 4 of 15 US 2019 / 0126029 A1 

WWWXXNNN 

LLLLLLLLLLLLLLLLLLLL 

77trrrrrrrrrrrrrrrrrrrr ??????????????? 1111 

ZIFFFA - rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr rrrrrrrrrrrr 
Action Tremor PPPPPPPP77721ccrrrrrrrrrrrrrrrr . Dyskinesia VJJJJJJJJFIFIIIIIIIIIII Bradykinesia 

Hypomania 
Dyskinesia ???????????????????????????????? Muscle Contraction 
Dystonia 

- ?? - ?? ??? ??? - ??? - ?? - ?????????????? 

cererererererererrrrrrrrrrrrrrrrrrrrrrtusz Rest Tremor Oculomotor r rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr . . 2 X 

LLLLLLLLL www1 

- PFFFFFFFFFFFFFFFFFFFFFFFrrrrrrrrrrrrrrrrrrrrcccc 17 : 2rrrrrrrrrrrrrrrrrrdrEEEEEEEEEEEEE 
???????????????????????????????????????????????? 

rrrrrrrrrrrrrrrrrrrrrrrr . IIII . 2222222FFFFFFFFFFFFFFFFFFFF Tremor 

KUULUVAKUUTUKLULUKUU 

FIG . 4 
* * * * * * * * * * * * 

FIG . 5 



Patent Application Publication May 2 , 2019 Sheet 5 of 15 US 2019 / 0126029 A1 

LLLLLLLL LLLL2L2 L egye _ . . . Prrrrrrr 

Left ( STN ) Ww IKY77reerrrrrrrrrrrEEEEEEEEEEFSISSIPZPDF Anterior . 

. . 

TerverTwEyUJN . 

. 

# . 
# 
# . 

. 
! . ! . . HI 

* * * I . II . 1 . HIEF * * * * * ? F 

* * * 

. . 602 m anas . . . . * * * 

. . P2P - . 
. . E . . * * * * * * * 

II . 
2 

* 

: 2 
. . 

* 

* 
# TEST ? Perrrrrrrrrrr : $ 452 . 

& T * * 
It ' s lettori 

* 54 W 

* 

* * * * * Commerce * 

* 

: * * * * * * MA 
. 

. . . * * * * * * * * 
* . . 

ULO ar yYWFWPILIHrror III . 4 . ! eta • 

O 1 . 
* " 

" T 
r WER Sri - LUX " AAR . A . 

* * * * 

Rut w * 

3 mA s? - - - 63 ; . 

hen 7 

and 
* * u user R O 

A 

o 

E 1 Want AUTRE 1 . III . . VRSNSPRENENT . 

A WWW 

FIG . 6 



Patent Application Publication May 2 , 2019 Sheet 6 of 15 US 2019 / 0126029 A1 

????? ????? ???? ???? ?? ??????????????????????? ??? 
???? " 

Os Monopolar Review 
??????????? 

( STN ) rg 
Anterior 

First 
? ? * * ??? ???? 

+ 

+ + 

+ 

+ 

+ 

+ 

+ + + + 

?? 
= - - - - 

?????wwws ?? 
???? 

* 

* 

* 

* * 

* ?????????? 
* 

?????????????? 

??r? * 
? 

FIG . 7 



?? , ?? 
Patent Application Publication 

THER 

?????? 

May 2 , 2019 Sheet 7 of 15 

PEPPERFETTTTTTTTTTTTTTTTTTPP 

????????? 

, PPLEAFFEFFFFFFFF?????????? 

?? , 

PEPPFFFFFFFFF 
FF?????? 

F 

FFFFFFFFFF????????? ' ' 
???????????????? 

?????? 

SSSSSSS 

FIG . 8 

ALLE 

“ 

? 

?TTPP PPP ? 

?????????????????????PP , PPPEEFFEE , ???????????????????? 

US 2019 / 0126029 A1 



??? 

ETENTENT 

FIG . 9 

- - - - - - - - - - - - - - - - - - - - - - - - - - 

????????????? ? ? ? ? ? ?? 

????? 
? 

? 

- 

- 

- 

- 

- 

- 

- 

? 

?? , ???? , FA 

RESULTS 

US 2019 / 0126029 A1 

????????????????? ? ? 

PEPPE? 

28 ?? ? 

? ?FIDIFI 

“ ? ? ? 

/ * 

* * 

H 

P 

: 

H 

TTEPHTHE EVERT4 KP - AF??? APP APP?? 

ETH / ????CFA???VPFANT $ 4??WEALPHARTHEPARKET 

?LULLANEL LLLLLLLLLLL?? 

? _ qff??????A HEFT????????????? ??? 

? 

???????????????? ” ?? ? 

% % % % % 

May 2 , 2019 Sheet 8 of 15 

????????????????????? 

AAAAAAAAKKKKKAKAMAMAMAMAMASKAYAMAMAMMANNNNNNNNN = Transwearnewswimmmmmmmmonstrinanrammanny 
% 

?????????????????????????????????FAR ??? 

4F4FSET / 
PE / 

% % % % % % % % ??????????????? 

???????AEFETY ?????? 
ONS $ 109BS 

? 

? ????????????????? 

3? , 

? TFTE / CETTTTTTTT 

Patent Application Publication 

? , 

2? 

TEST * * * F 

? 

? 

?? ? 
? ? 

? 

? 

??? ? ? 

PP 

PPPPTPEPPEPPEPPAP?PP Prrrrrrrrrrrrrrrrrrrrrrr?????PPPYHAPPLEPPAPEPPER 



?? “ 

“ “ 

“ ” 

?????????? 
?????????????? ? ? ? 

? 

??? ? 

? ? 

? 

? ? ? ? 

? 

” 

?? ? ? ? ? ? ? ” PPP : / 

US 2019 / 0126029 A1 

F 

FFFFFTELETT ? 

? 

?FTP # traEEPEATHAT TYPE - EYEp ?? ???EPA????? 

?? 

, 

2 

F115 11111 

?? ? 

LLL _ ???????? 

?AFP?????????????rfra???fy ECF???PH?? , APP EP ” 

?????PC???L????? % AFTERP???AL P?????PPT 

- - - - - - 

TPERFEE EPSPF4 ZEPHARP APP 

- - - - 

, ??????? ? 

???ETAIPEEP 

- 

May 2 , 2019 Sheet 9 of 15 

- - - - - rrrrrrrrr 

| 

28 

F??? , ?????????????????4G / FHERAI???? 

?????????????? 

1003 

TEST 

? 

wwwmwwmy 

????? , F - MFFMA ????? 

LINK 

???? 

rrrrt ? 

? ???????????????? 

? 

? 

THRESHOLD & 

! 

Server 

, ? ? , ? , ? 

2 

STEPPTTTTPSTEPPEEN 

Patent Application Publication 

?? , 

2? , 199 

: : 

: 

“ ??????? , “ ? ” ? 

“ ????? ? 

??? “ 

?? 

“ “ ” “ ” 

“ ” “ 

” ??FTTEMP? ? 

E 

M 



Patent Application Publication May 2 , 2019 Sheet 10 of 15 US 2019 / 0126029 A1 

PPPPPTTTTTTTTT 
PP , PPPTFEFFFFFFFF??????????TTTTT htttttttttttttis 

ETF 

A 

PIXNET / 

? 

rrrrrrrrrr RESULTS 
LLLLLLLLLLLLL 

TTTTTTTTTTTTTTTPPLIPPITTPPAPEPPAPAPAPERFEFFFrrrrrrrrrrtTTTTTTTTTTTTTTTTTT ???????????????????? 
? ?????????????????????????????????????PPPPPPP 
? 

PEPPEPPEPPERFECT 
EPPAPEPPAPEPPEPPPPP 

?????????????????? - FI 

- 

???????????? 

EEEEEE EEEEE 

FIG . 11 



US 2019 / 0126029 A1 

PPP 

? ? ? ? ???????? 

ENE 

www 

??????????? 

May 2 , 2019 Sheet 11 of 15 

PS . 

PPPP?????FTTTTTTTTT 

+ + + PEPPEPPEPPEPPEFFFFFFFFFFFFF? ? 

1234 

“ ???? ? ? 

FTTTTLETER 

Patent Application Publication 

??? 
?? 

PPP / PP / 

PP / PP / PPP 

PEPPEPPETTTT 



Patent Application Publication May 2 , 2019 Sheet 12 of 15 US 2019 / 0126029 A1 

rrrrrrrrrrrrrrrrr . 7772777778eccess 

PPPPPR ? ? ? ? ? 
+ + + + + + 22rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 

TESSSSSSSSSSSSSS enim 

FIG . 13 



Patent Application Publication May 2 , 2019 Sheet 13 of 15 US 2019 / 0126029 A1 

rrrrrrr 
JA1222 / 2222222222222222222222222 

LLLLLLLLLLLL 
V 

12PPPPPPPPPPPP222222222 
PPPPPPPPPPPPPPPP SSSSSSSSSSSSSSSS 11122222222222222rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr rrrrrrrrrrrr ?? 

/ 

TIFFFFFFFFF 
FIG . 15 

FIG . 14 



Patent Application Publication May 2 , 2019 Sheet 14 of 15 US 2019 / 0126029 A1 

LLLLLLLLLLL 1 . mmmm . 

rrrrrr 
. 

WWW 
* 

?????? ????????????????????????? 

Varma 
44444444 

. JUVANAF V Wette 
R 

PPPPFPPPPPPPPP PROGRAM INSTRUCTIONS 12112 METLLELE WWWWWWWWWWWWW LLLLLL WWWWWWWWWWWWWW reverrrr 

RRPARAPHRrerrenrurrrrrrrrrrr verererererererererererere 1 / PAP ? Porrrrrrrrrrrrrrrr CERCA WWWX 
* WWW - 

WW 
444444444444444444 

SYLVESTELU 

PASHEAFFFFFFFLIPPE rrrrrrrrrrrrrSSESSETISIE 

FIG . 16 2 



Patent Application Publication May 2 , 2019 Sheet 15 of 15 US 2019 / 0126029 A1 

SSPPPPPPPPPPPP PP222222222222222 : SSSSS 

PPPPPPPPPPPPrrrrr 7122272882127222rrccccc AND ELECTRODE COMBINATIONS 

rrrrrrrrrr F22222222222222222rer777 
LLLLLLLLLLLLLLL 

. 

TITIP7777777TH 

SSSSSSSSSSETTIMP22 
FIG . 17 



US 2019 / 0126029 A1 May 2 , 2019 

METHODS FOR PROGRAMMING A DEEP 
BRAIN STIMULATION SYSTEM AND A 
CLINICIAN PROGRAMMER DEVICE 

TECHNICAL FIELD 
[ 0001 ] This application is generally related to methods for 
programming a deep brain stimulation system and a clini 
cian programmer device . 

BACKGROUND INFORMATION 
[ 0002 ] Deep brain stimulation ( DBS ) refers to the delivery 
of electrical pulses into one or several specific sites within 
the brain of a patient to treat various neurological disorders . 
For example , deep brain stimulation has been proposed as a 
clinical technique for treatment of chronic pain , essential 
tremor , Parkinson ' s disease ( PD ) , dystonia , epilepsy , depres 
sion , obsessive - compulsive disorder , and other disorders . 
[ 0003 ] A deep brain stimulation procedure typically 
involves first obtaining preoperative images of the patient ' s 
brain ( e . g . , using computer tomography ( CT ) or magnetic 
resonance imaging ( MRI ) ) . Using the preoperative images , 
the neurosurgeon can select a target region within the brain , 
an entry point on the patient ' s skull , and a desired trajectory 
between the entry point and the target region . In the oper 
ating room , the patient is immobilized and the patient ' s 
actual physical position is registered with a computer 
controlled navigation system . The physician marks the entry 
point on the patient ' s skull and drills a burr hole at that 
location . Stereotactic instrumentation and trajectory guide 
devices are employed to control the trajectory and position 
ing of a lead during the surgical procedure in coordination 
with the navigation system . 
[ 0004 ] Brain anatomy typically requires precise targeting 
of tissue for stimulation by deep brain stimulation systems . 
For example , deep brain stimulation for Parkinson ' s disease 
commonly targets tissue within or close to the subthalamic 
nucleus ( STN ) . The STN is a relatively small structure with 
diverse functions . Stimulation of undesired portions of the 
STN or immediately surrounding tissue can result in unde 
sired side effects . For example , muscle contraction or 
muscle tightening may be caused by stimulation of neural 
tissue that is near the STN . Mood and behavior dysregula 
tion and other psychiatric effects have been reported from 
undesired stimulation of neural tissue near the STN in 
Parkinson ' s patients . 
[ 0005 ] To avoid undesired side effects in deep brain stimu 
lation , neurologists often attempt to identify a particular 
electrode for stimulation that only stimulates the neural 
tissue associated with the symptoms of the underlying 
disorder while avoiding use of electrodes that stimulate 
other tissue . Also , neurologists may attempt to control the 
pulse amplitude , pulse width , and pulse frequency to limit 
the stimulation field to the desired tissue while avoiding 
other tissue . 
[ 0006 ] As an improvement over conventional deep brain 
stimulation leads , leads with segmented electrodes have 
been proposed . Conventional deep brain stimulation leads 
include electrodes that fully circumscribe the lead body . 
Leads with segmented electrodes include electrodes on the 
lead body that only span a limited angular range of the lead 
body . The term “ segmented electrode ” is distinguishable 
from the term “ ring electrode . ” As used herein , the term 
" segmented electrode ” refers to an electrode of a group of 

electrodes that are positioned at approximately the same 
longitudinal location along the longitudinal axis of a lead 
and that are angularly positioned about the longitudinal axis 
so they do not overlap and are electrically isolated from one 
another . For example , at a given position longitudinally 
along the lead body , three electrodes can be provided with 
each electrode covering respective segments of less than 120 
degrees about the outer diameter of the lead body . By 
selecting between such electrodes , the electrical field gen 
erated by stimulation pulses can be more precisely con 
trolled and , hence , stimulation of undesired tissue can be 
more easily avoided . 
[ 0007 ] An example of a deep brain stimulation lead is the 
INFINITYTM directional lead manufactured by Abbott 
( Plano , Tex . ) . The INFINITYTM directional lead includes 
two conventional electrodes and two sets of segmented 
electrodes . The two sets of segmented electrodes are posi 
tioned in between the two conventional electrodes . Each set 
of segmented electrodes includes three segmented elec 
trodes distributed about the circumference of the lead at a 
given axial position . The INFINITYTM deep brain stimula 
tion system includes a clinician programmer that permits the 
neurologist or other clinician to program the DBS implant 
able pulse generator to deliver electrical pulses through the 
various electrodes of the INFINITYTM directional leads . 
[ 0008 ] Although DBS stimulation leads with segmented 
electrodes provide an opportunity to tailor the stimulation 
therapy in a manner that is not possible with conventional 
leads , programming DBS systems that include segmented 
electrodes may be challenging for neurologists and other 
health care professionals . Specifically , clinicians responsible 
for programming DBS systems are allocated a limited 
amount of time to select DBS program parameters for a 
patient ' s DBS therapy . The increased number of active 
electrode possibilities in combination with other DBS 
parameters increases the complexity of determining an opti 
mal DBS therapy for a given patient . 

SUMMARY 
[ 0009 ] In some embodiments , a clinician programmer 
device is adapted or configured to control a deep brain 
stimulation ( DBS ) system . The clinician programmer com 
prises : a display ; user input circuitry for receiving input 
from a user of the device ; memory for storing executable 
instructions and data ; a processor for controlling operations 
of the clinician programmer according to executable instruc 
tions , and wireless communication circuitry for conducting 
wireless communications with an implantable pulse genera 
tor after implantation within a patient . The memory of the 
clinician programmer stores software code for conducting a 
screening review of electrodes of an implantable stimulation 
lead coupled to the implantable pulse generator , wherein the 
electrodes of the implantable stimulation lead include at 
least one set of segmented electrodes . 
[ 0010 ] In some embodiments , the software code com 
prises : ( a ) code for providing one or more interface screens 
for guiding the user of the device through testing of elec 
trode configurations of the implantable stimulation lead , 
wherein the code for providing applies at least one testing 
progression for guiding the user of the device through a 
defined testing order , wherein the at least one testing pro 
gression includes ( i ) testing all segmented electrodes of a 
common level as active DBS electrodes and ( ii ) testing each 
segmented electrode of the common level as a single active 
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DBS electrode ; ( b ) code for controlling delivery of deep 
brain stimulation to the patient by communication with the 
implantable pulse generator for each tested electrode con 
figuration , wherein the code for controlling modifies a DBS 
pulse amplitude for each tested electrode configuration ; and 
( c ) code for receiving identification of a therapeutic window 
for one or more DBS parameters for each tested electrode 
configuration , wherein the therapeutic window is defined by 
one or more DBS parameters used for test stimulation for a 
DBS benefit and a DBS side effect experienced by the 
patient during testing . In some embodiments , the code for 
receiving identification records a side effect amplitude value 
in response receiving input from the user of the device to 
indicate that the user has experienced a side effect and the 
code for controlling automatically decreases the DBS pulse 
amplitude to an amplitude value below the recorded ampli 
tude value . In some embodiments , the code for controlling 
automatically decreases the DBS pulse amplitude without 
substantially interrupting deep brain stimulation of the 
patient according to an electrode configuration under test . 
[ 0011 ] In some embodiments , the software code further 
comprises : code for comparing therapeutic windows for 
each tested electrode configuration to a target value and code 
for alerting a user of the device that the target value has been 
reached . In some embodiments , the code for alerting 
receives input from the user of the device whether to skip 
additional electrode screening after the target value has been 
reached . In some embodiments , the software code further 
comprising : code for comparing power requirements asso 
ciated with the therapy thresholds for the tested electrode 
configuration to inform the user of the device whether each 
electrode configuration is likely to provide an optimal DBS 
program for the patient . In some embodiments , the software 
code further comprises : code for suggesting omission of 
testing of one or more electrode configurations based on 
screening review data previously recorded for the patient by 
the code of receiving identification . 

[ 0012 ] In some embodiments , the software code com 
prises : ( a ) code for providing one or more interface screens 
for guiding the user of the device through testing of elec 
trode configurations of the implantable stimulation lead , 
wherein the code for providing applies different progres 
sions for electrode testing depending upon an identification 
of an electrode or electrode level to begin a screening review 
session ; ( b ) code for controlling delivery of deep brain 
stimulation to the patient by communication with the 
implantable pulse generator for each tested electrode con 
figuration , wherein the code for controlling modifies a DBS 
pulse amplitude for each tested electrode configuration , and 
( c ) code for receiving identification of a therapeutic window 
for one or more DBS parameters for each tested electrode 
configuration , wherein the therapeutic window is defined by 
one or more DBS parameters used for test stimulation for a 
DBS benefit and a DBS side effect experienced by the 
patient during testing . 
[ 0013 ] In some embodiments , the code for providing 
evaluates therapeutic window parameters for a first set of 
segmented electrodes and a second set of electrodes . In some 
embodiments , the code for providing omits screening of one 
ring electrode depending upon a comparison of the thera 
peutic window parameters for the first and second sets of 
segmented electrodes . In some embodiments , the code for 
providing changes an order of testing individual segmented 

electrodes depending upon a comparison of the therapeutic 
window parameters for the first and second sets of seg 
mented electrodes . 
[ 0014 ] In some embodiments , the software code com 
prises : ( a ) code for providing one or more interface screens 
for guiding the user of the device through testing of elec 
trode configurations of the implantable stimulation lead , 
wherein the code for providing applies at least a first 
progression and a second progression for electrode testing in 
series , and wherein the second progression is selected from 
at least two options according to patient response data 
obtained during the first progression ; ( b ) code for controlling 
delivery of deep brain stimulation to the patient by commu 
nication with the implantable pulse generator for each tested 
electrode configuration , wherein the code for controlling 
modifies a DBS pulse amplitude for each tested electrode 
configuration ; and ( c ) code for receiving identification of a 
therapeutic window for one or more DBS parameters for 
each tested electrode configuration , wherein the therapeutic 
window is defined by one or more DBS parameters used for 
test stimulation for a DBS benefit and a DBS side effect 
experienced by the patient during testing . 
[ 0015 ] In some embodiments , the code for providing 
evaluates therapeutic window parameters for a first set of 
segmented electrodes and a second set of electrodes . In some 
embodiments , the code for providing selects an option from 
the at least two options by comparing the therapeutic win 
dow parameters for a first set of segmented electrodes and a 
second set of electrodes . The at least two options may define 
different sets of segmented electrodes for screening . 
[ 0016 ] In some embodiments , the software code com 
prises : ( a ) code for providing one or more interface screens 
for guiding the user of the device through testing of elec 
trode configurations of the implantable stimulation lead ; ( b ) 
code for controlling delivery of deep brain stimulation to the 
patient by communication with the implantable pulse gen 
erator for each tested electrode configuration , wherein the 
code for controlling modifies a DBS pulse amplitude for 
each tested electrode configuration ; and ( c ) code for receiv 
ing identification of a therapeutic window for one or more 
DBS parameters for each tested electrode configuration , 
wherein the therapeutic window is defined by one or more 
DBS parameters used for test stimulation for a DBS benefit 
and a DBS side effect experienced by the patient during 
testing , wherein the code for controlling automatically 
reduces a DBS pulse amplitude in response to the user of the 
device providing input to the code for receiving to identify 
a side effect experienced by the patient . 
[ 0017 ] In some embodiments , the code for providing 
evaluates therapeutic window parameters for a first set of 
segmented electrodes and a second set of electrodes . In some 
embodiments , the code for providing omits screening of one 
ring electrode depending upon a comparison of the thera 
peutic window parameters for the first and second sets of 
segmented electrodes . In some embodiments , the code for 
providing changes an order of testing individual segmented 
electrodes depending upon a comparison of the therapeutic 
window parameters for the first and second sets of seg 
mented electrodes . 
[ 0018 ] The foregoing and other aspects , features , details , 
utilities and advantages of the present disclosure will be 
apparent from reading the following description and claims , 
and from reviewing the accompanying drawings . 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0019 ] FIG . 1 depicts a tip of a deep brain stimulation lead 
that may be employed according to some embodiments . 
[ 0020 ] FIG . 2 depicts a system for deep brain stimulation 
according to some embodiments . 
[ 0021 ] FIG . 3 depicts a user interface screen for conduct 
ing a screening review of electrodes for a DBS therapy for 
a patient according to some embodiments . 
[ 0022 ] FIG . 4 depicts a GUI dialog for entry of patient 
response data according to some embodiments . 
[ 0023 ] FIG . 5 depicts a GUI dialog for entry of patient 
response data according to some embodiments . 
[ 0024 ] FIGS . 6 and 7 depict graphical representations of 
patient response data according to some embodiments . 
10025 ) FIGS . 8 - 15 depict flowcharts of operations for 
conducting a screening review of electrodes for a DBS 
therapy for a patient according to some embodiments . 
[ 0026 ] FIG . 16 depicts a clinician programmer device 
according to some embodiments . 
[ 0027 ] FIG . 17 depicts a flowchart for treating a neuro 
logical disorder of a patient using an implantable pulse 
generator and a lead with segmented electrodes according to 
some embodiments . 

DETAILED DESCRIPTION 
[ 0028 ] The present application is generally related to 
systems and methods for providing deep brain stimulation 
( DBS ) therapy to a patient using a DBS system that includes 
one or more directional leads . In some embodiments , a 
clinician programmer device includes clinician software that 
permits a neurologist or other health care clinician to evalu 
ate a patient ' s response to deep brain stimulation applied 
through various conventional ring and segmented electrodes 
of directional lead . The clinician programmer guides the 
health care professional through electrodes and electrode 
combinations in an efficient manner while permitting the 
clinician to monitor beneficial therapeutic results and avoid 
ing adverse or unwanted side effects . The review of the 
patient response using the various electrodes and electrode 
combinations enables the clinician to arrive at an optimal 
DBS program to treat the patient ' s neurological disorder . 
[ 0029 ] FIG . 1 depicts a distal portion of deep brain stimu 
lation lead 100 that may be used according to some embodi 
ments . DBS lead 100 includes two sets of segmented elec 
trodes 101 that are located in between two conventional 
electrodes 102 ( referred to as a 1 - 3 - 3 - 1 configuration ) . 
Stimulation lead 100 may include a radio - opaque feature or 
other imaging feature 112 that permits the orientation of lead 
100 to be determined after it is implanted at a suitable DBS 
location . The various electrodes are connected to hypotubes 
125 which are embedded in molded polymer material . The 
fabrication of DBS lead 100 may occur using suitable 
implantable device fabrication processes such as the pro 
cesses described in U . S . Patent App . Pub . No . 20160263370 , 
entitled “ MEDICAL LEADS WITH SEGMENTED ELEC 
TRODES AND METHODS OF FABRICATION 
THEREOF , ” which is incorporated herein by reference . The 
INFINITYTM directional lead manufactured by Abbott 
( Plano , Tex . ) may be used according to some embodiments . 
Although one specific configuration is shown in FIG . 1 , any 
suitable configuration of electrodes and any suitable direc 
tional lead may be employed according to some embodi 
ments . 

[ 0030 ] FIG . 2 depicts neurostimulation system 200 
according to some embodiments . Neurostimulation system 
200 includes pulse generator 220 and one or more direc 
tional leads 100 . Examples of pulse generators include the 
BRIOTM and INFINITYTM pulse generators manufactured 
by Abbott ( Plano , Tex . ) . Pulse generator 220 is typically 
implemented using a metallic housing that encloses circuitry 
for generating the electrical pulses for application to neural 
tissue of the patient . Control circuitry , communication cir 
cuitry , and a non - rechargeable or a rechargeable battery ( not 
shown ) are also typically included within pulse generator 
220 . Pulse generator 220 is usually implanted within a 
subcutaneous pocket created under the skin by a physician . 
[ 0031 ] Lead 100 is electrically coupled to the circuitry 
within pulse generator 220 using header 210 . Lead 100 
includes terminals ( not shown ) that are adapted to electri 
cally connect with electrical connectors ( e . g . , " Bal - Seal ” 
connectors which are commercially available and widely 
known ) disposed within header 210 . The terminals are 
electrically coupled to conductors ( not shown ) within the 
lead body of lead 100 . The conductors conduct pulses from 
the proximal end to the distal end of lead 100 . The conduc 
tors are also electrically coupled to electrodes 101 and 102 
to apply the pulses to tissue of the patient . 
[ 0032 ] The use of segmented electrodes 101 in system 200 
permits the clinician to more precisely control the electrical 
field generated by the stimulation pulses and , hence , to more 
precisely control the stimulation effect in surrounding tissue . 
One or more of electrodes 101 and 102 may be additionally 
or alternatively utilized to sense electrical activity at the 
implant location for some embodiments where generator 
220 includes suitable sensing circuitry . 
[ 0033 ] Pulse generator 220 preferably wirelessly commu 
nicates with programmer device 250 . Programmer device 
250 enables a clinician to control the pulse generating 
operations of pulse generator 220 . The clinician can select 
electrode combinations , pulse amplitude , pulse width , fre 
quency parameters , and / or the like using the user interface 
of programmer device 250 . The parameters can be defined in 
terms of " stim sets , " " stimulation programs , " ( which are 
known in the art ) or any other suitable format . As used 
herein , a " stimulation program ” refers to one or more sets of 
stimulation parameters that permit a pulse generator to 
provide a neurostimulation therapy to a patient . Programmer 
device 250 responds by communicating the parameters to 
pulse generator 220 and pulse generator 220 modifies its 
operations to generate stimulation pulses according to the 
communicated parameters . Any suitable wireless communi 
cation method may be used for communications between 
programmer device 250 and pulse generator 220 such as 
near field inductive communication and any suitable various 
far field communication method . For example , the INFIN 
ITYTM deep brain stimulation system of Abbott uses BLU 
ETOOTHTM low energy for communication with an 
implanted pulse generator . Programmer device 250 includes 
various hardware components such as a display ( e . g . , a touch 
screen ) , one or more user input buttons , battery , processor , 
memory , wireless communication circuitry , interface com 
ponents , etc . Commercially available devices may be 
employed for the hardware components of programmer 
device 250 such as APPLE IOS IPADTM devices . 
[ 0034 ] Programmer device 250 includes software ( one or 
more " apps " ) that provides one or more user interface 
screens to permit a clinician to identify one or more suitable 
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or optimal deep brain stimulation programs for a given 
patient and to program pulse generator 220 according to the 
identified program ( s ) . 
[ 0035 ] FIG . 3 depicts a user interface screen 300 that 
includes various graphical user interface components for 
conducting a monopolar review . A monopolar review refers 
to a programming session in which deep brain stimulation is 
applied to a patient using various electrode combinations 
and stimulation parameters . The review is “ monopolar ” 
because each active electrode of the stimulation lead has a 
negative polarity during application of stimulation pulses 
and the pulse generator case is used as the return electrode 
( positive polarity ) . Although monopolar review is described 
for some embodiments , other embodiments may employ 
multipolar electrode configurations . 
[ 0036 ] UI screen 300 permits the clinician to apply elec 
trical stimulation at different amplitudes for the various 
electrode and electrode combinations to identify amplitudes 
for relevant patient responses . For example , the clinician 
may determine for each electrode or electrode combination 
the amplitude value that causes an expected complete benefit 
for the stimulation therapy ( such as elimination of tremor ) . 
Also , the clinician may likewise determine the value that 
causes a sustained side effect ( e . g . , tingling , tightening , 
mood changes , or flashing ) . After an appropriate number of 
electrodes or combinations have been tested , the clinician 
may review the recorded data on programming device 250 
or elsewhere to select or create an optimal DBS program for 
the patient . The optimal DBS program may commonly 
include identification of one or more active electrodes , pulse 
frequency , pulse width , and pulse amplitude parameters . 
[ 0037 ] UI screen 300 provides an efficient workflow pro 
gression for the monopolar review . The clinician may test 
through a progression of electrodes and / or electrode com 
binations without necessarily leaving the single screen . Also , 
UI screen 300 permits the automatic capture of the relevant 
data without leaving the single screen . The arrangement of 
GUI components with interrelated functionality permits the 
relatively complex task of completing a monopolar review 
to occur with a minimal burden on the clinician . 
[ 0038 ] UI screen 300 includes icon 320 that may be used 
to start a monopolar review session . The clinician may tap 
icon 320 . If the clinician selects to start a monopolar review 
session , the current program ( if valid ) is saved and the 
monopolar workflow process begins in which the clinician 
may progress through the various electrodes and electrode 
combinations . The clinician may select the respective stimu 
lation lead for the monopolar review ( e . g . , select between 
the leads implanted on the right and left hemispheres of the 
patient ) . 
[ 0039 ] UI screen 300 includes electrode progression navi 
gation GUI component 301 . GUI component 301 provides a 
series of electrode selections for the monopolar review . 
Clinician programmer device 250 automatically guides the 
clinician through screening of the electrodes / combinations 
according to the electrodes shown in GUI component 301 . 
When screening of a given electrode or combination is 
completed , the clinician may proceed to the next defined 
electrode or combination by selecting the “ next ” arrow in 
GUI component 301 . After the clinician selects the “ next ” 
arrow , clinician programmer device 250 automatically 
changes the active electrodes by communicating with the 
implantable pulse generator 220 of the patient . 

[ 0040 ] If the clinician wishes to depart from the defined 
order , the clinician may select other GUI components asso 
ciated with a specific electrode or electrode combination . 
For example , the clinician may select one of the electrodes 
in the depiction of the directional lead to screen the selected 
electrode . Also , GUI component 301 includes radio button 
elements that permit the clinician to provide test stimulation 
for a specific electrode and / or electrode combination . In 
FIG . 3 , GUI component 301 includes radio button elements 
1 - 4 . In option 1 , the ring electrode 1 ( the most distal 
electrode ) is active for the test stimulation . In option 2 ABC , 
all segmented electrodes on the second most distal level are 
active for the test stimulation . In option 3 ABC , all seg 
mented electrodes on the third most distal level are active for 
the test stimulation . In options 2 ABC and 3 ABC , the 
individual segmented electrodes at each level are identified 
as segmented electrodes A , B . and C respectively . When all 
of the segmented electrodes are active at a given level , the 
stimulation field is generally extended in a 360 degree 
manner about the lead . In option 4 , the most proximal ring 
electrode is active for the test stimulation . One specific 
electrode progression in shown in FIG . 3 . Other electrode 
progressions for screening are described herein . A given 
electrode progression need not include all possible electrode 
options . For example , when the clinician finishes screening 
of a first electrode progression of several electrodes / combi 
nations , UI screen 300 may present a second electrode 
progression . The specific order or contents of the second 
electrode progression may depend upon the patient response 
data obtained during screening of the first electrode progres 
sion according to some embodiments . 
[ 0041 ] GUI component 301 includes additional options 
for individual segmented electrodes which are shown as 
options 2 A , 2 B , 2 C , 3 A , 3 B , and 3 C . For each of these 
options , the identified segmented electrode ( either electrode 
A , B , or C ) on levels 2 or 3 are active . 
[ 0042 ] In some embodiments , the clinician may select a 
specific electrode or electrode combination deemed more 
likely to result in an optimal DBS program . For example , the 
clinician may believe that a specific electrode is more likely 
located in an optimal location for deep brain stimulation . 
This may be based on imaging and / or intraoperative micro 
electrode recording ( MER ) data or any other suitable clinical 
information . If the clinician decides to begin with a specific 
electrode or combination , the clinician may provide input 
corresponding to the desired electrode or electrode combi 
nation . 
[ 0043 ] As the clinician completes screening for a given 
electrode or electrode combination , GUI component 301 
may be updated to reflect the completion status for the 
electrode or electrode combination ( e . g . , the color of the 
corresponding radio button is changed ) . If the clinician does 
not intentionally modify the screening order , programming 
device 250 will automatically proceed through the screening 
according to the order specified by the defined electrode 
progression ( in response to the clinician selecting the “ next ” 
GUI element of GUI component 301 ) . 
[ 0044 ] User interface screen 300 includes GUI compo 
nents 302 - 305 to control the test stimulation applied during 
analysis of the patient response to stimulation by a given 
electrode or electrode combination . GUI components 304 
and 305 permit the clinician to control the pulse width and 
pulse frequency for the deep brain stimulation . GUI com 
ponents 304 and 305 may allow the clinician to enter the 
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desired values via text entry , through selection from a set of 
values , or any other suitable entry method . These DBS 
parameters are generally not varied across different elec 
trodes during a monopolar review although there is occa 
sionally some variation in these parameters among different 
patients . The pulse amplitude and the electrode configura 
tion are the DBS parameters that are commonly analyzed 
during a monopolar review session to arrive at an optimal 
DBS therapy . 
[ 0045 ] When the clinician begins a screening session or 
when the clinician transitions to the next electrode or 
electrode combination , programmer device 250 communi 
cates with implantable pulse generator 220 to set the elec 
trodes to the appropriate states ( e . g . , communicates the 
defined electrode configuration ) . The electrode or electrodes 
in the electrode combination are set to active and all other 
electrodes of the lead are set to neutral for a monopolar 
review . The case of the IPG is used as the return electrode . 
As used herein , an electrode configuration refers to the set 
of electrode states for an electrode combination under test . 
The electrode configuration may include one active elec 
trode or multiple active electrodes . Also , the initial ampli 
tude is set to zero or a suitable minimum amount . The 
clinician may select an amplitude step size in GUI compo 
nent 303 . As shown in FIG . 3 , constant current pulses are 
applied and hence the pulse amplitude is given in milliam 
peres . Voltage pulses may be employed for other embodi 
ments and the pulse amplitude in such cases is a voltage 
value . The clinician may turn stimulation on by an initial 
selection of button 306 . When stimulation is turned on for a 
given electrode or electrode combination , the amplitude 
begins at zero or a suitable minimum value . The clinician 
may then increase or decrease the pulse amplitude using 
buttons 306 and 307 of GUI component 303 respectively . 
The amplitude is increased or decreased according to the 
amplitude step size for each touch or other selection of 
buttons 306 and 307 . As the clinician modifies the ampli 
tude , the clinician observes or otherwise monitors the patient 
response and provides additional input to UI screen 300 to 
record or document the patient response . 
[ 0046 ] When the clinician modifies the pulse amplitude 
via buttons 306 and 307 , programmer device 250 commu 
nicates a suitable signal to the pulse generator 220 to modify 
the pulse amplitude . Pulse generator 220 applies stimulation 
according to the current deep brain stimulation parameters 
( pulse frequency , pulse width , and pulse amplitude ) dis 
played in UI interface 300 via the current electrode or 
electrode combination . During the analysis of a given elec 
trode or electrode combination , pulse generator 220 con 
tinuously or substantially continuously applies stimulation 
while the amplitude is gradually increased according to the 
selected step size . As used herein , substantially continuous 
stimulation ( or equivalently stimulation without substantial 
interruption ) means stimulation without interruption for one 
second or more . 
[ 0047 ] As the clinician increases amplitude , the patient 
response will likely change . The clinician may use UI screen 
300 to record when a specific patient response occurs at an 
identified pulse amplitude . The clinician may indicate when 
the patient experiences an initial beneficial therapeutic 
response ( e . g . , a beneficial change in a respective movement 
disorder symptom ) . For example , the patient may more 
easily perform a bodily movement or the patient ' s tremor is 
reduced or eliminated . The clinician may indicate the ampli 

tude at which a partial beneficial response occurs . Also , the 
clinician may indicate the pulse amplitude at which a 
complete benefit for a given neurological symptom occurs . 
The clinician may indicate at which amplitude a transient 
side effect is experienced and may indicate at which ampli 
tude a sustained side effect is experienced . Depending upon 
the neurological disorder and / or clinician preferences , mul 
tiple types of benefits may be defined and multiple side 
effects may be defined for identification via UI screen 300 . 
[ 0048 ] The recording of the relevant amplitudes for ben 
efits and side effects may occur by touch of buttons 308 and 
309 respectively . When the clinician selects one of buttons 
308 and 309 , a pop over dialog component may be displayed 
to capture additional information . FIG . 4 depicts dialog 
component 400 for capturing benefit information . FIG . 5 
depicts dialog component 500 for capturing side effect 
information . The clinician may enter text notations to pro 
vide additional information related to a given amplitude 
value for a benefit or side effect if deemed appropriate by the 
clinician . 
[ 0049 ] When the clinician identifies a relevant amplitude 
using these buttons , the amplitude is stored with a suitable 
identification ( partial benefit , complete benefit , transient 
side effect , or sustained side effect ) . The amplitude values 
are stored for subsequent review by the clinician to facilitate 
identification an optimal DBS program . 
[ 0050 ] UI screen 300 modifies its display as the amplitude 
values for relevant benefits and side effects are identified by 
the clinician . The respective identified amplitudes are dis 
played using markers 311 shown above the amplitude con 
trol component 310 . UI screen 300 includes graph 312 that 
depicts the various amplitudes for one or more electrodes . 
For a ring electrode as shown in FIG . 3 , the identified 
amplitudes are shown as concentric rings with diameters 
defined by the respective amplitude values . For segmented 
electrodes , the identified amplitudes may be shown as points 
at distances defined by the respective amplitude values and 
positioned proximate to each corresponding segmented elec 
trode . Graph 312 for the segmented levels may connect the 
corresponding amplitudes for each segmented electrode 
with lines or suitable curves . For example , lines may con 
nect the amplitude values for the compete benefit points for 
each adjacent segmented electrode . 
[ 0051 ] In some embodiments , programmer device 250 
automatically performs one or more operations when the 
clinician identifies a side effect by tapping or touching 
button 309 . Programmer device 250 records the current 
pulse amplitude as the identified amplitude for the side 
effect . To avoid continuous stimulation of the patient at a 
level causing a sustained side effect , programmer device 250 
automatically decreases the pulse amplitude by the step size 
by selection of button 309 according to some embodiments . 
Programmer device 250 communicates a suitable message 
through its wireless communication circuitry to pulse gen 
erator 220 to modify the pulse amplitude of the current DBS 
program . The stimulation continues without substantial 
interruption but at an amplitude just below the level at which 
the side effect was experienced . In some embodiments , 
programmer device 250 modifies amplitude control compo 
nent 310 to include a green portion up to the current 
amplitude value ( after the automatic downward adjustment ) 
and to include a dark grey portion from the end of the green 
portion up to the amplitude at which the side effect was 
experienced by the patient . By performing these operations 
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automatically , the amount of discomfort experienced by the 
patient is minimized without requiring additional actions by 
the clinician and without compromising the integrity of the 
recorded data . 
[ 0052 ] As previously noted , the clinician may perform an 
analysis for each electrode or electrode combination in the 
order listed in UI screen 300 . As the clinician analyzes the 
patient response for a specific electrode and electrode com 
bination , programmer device 250 may suggest that no fur 
ther testing is likely to lead to a substantially better DBS 
program based on the data collected at that point . Also , 
programmer device 250 may suggest progression to a spe 
cific electrode or electrode combination or may suggest 
skipping a specific electrode or electrode combination based 
on the data collected at that point . Programmer device 250 
may provide different electrode progressions at certain tran 
sition points depending upon the collected patient response 
data . 
[ 0053 ] When the clinician completes testing of relevant 
electrodes and electrode combinations or at any suitable 
time , the clinician may view automatically generated reports 
for the completed monopolar review data . FIG . 6 depicts 
report 600 that includes graphical components for the 
monopolar review data . Graph 601 represents the data from 
the analysis of stimulation applied to ring electrode of 
contact 1 . Graph 601 depicts respective concentric circles 
which include a representation 611 of the amplitude level at 
which a complete benefit was identified and a representation 
612 of the amplitude level at which a sustained side effected 
was identified . Graph 602 is similar to graph 601 and graph 
602 represents the recorded data when all of the segmented 
electrodes of band 2 are active . Graph 603 represents the 
recorded data for the individual segmented electrodes of 
band 2 . For example , point 631 represents the identified 
amplitude for a complete benefit for segmented electrode A 
of band 2 and point 632 represents the identified amplitude 
for a sustained side effect for the same segmented electrode . 
The data points for each segmented electrode in graph 603 
are connected by lines for clarity of the graph although any 
suitable graphical representation may be alternatively 
employed 
[ 0054 ] The amplitudes between the complete benefit 
amplitude and the sustained side effect amplitude represents 
the therapeutic window for a given electrode or electrode 
combination . In the automatically generated graphical rep 
resentations of the monopolar data , the size of therapeutic 
windows are readily recognized by the clinician to aid the 
clinicians selection of an optimal DBS program . 
[ 0055 ] FIG . 7 depicts report 700 that includes graphical 
components for a comparison view of the monopolar review 
data . The data points for the various electrodes and electrode 
combinations are displayed as corresponding graphs 701 
705 for this example data set . Each graph 701 - 705 includes 
the identified amplitudes for a complete benefit and sus 
tained side effect . The therapeutic window between these 
values is displayed . Also , data metric values are displayed 
for each applicable electrode or electrode combination . The 
window metric is a numerical size of the therapeutic win 
dow — the difference ( in milliamperes in some embodi 
ments ) between the side effect amplitude value and the 
benefit amplitude value . The window percentage ( window 
% ) is the percentage the amplitude may be increased above 
the benefit threshold before encountering side effects . An 
equivalent therapeutic window ratio ( TWR ) metric value 

calculated by the window size divided by the recorded 
benefit amplitude ) could be displayed . Higher values for 
window size are generally preferred for selection of an 
optimal DBS program . The power metric represents the 
power required to deliver therapy at the therapy settings . 
Lower power consumption is generally preferred for selec 
tion of an optimal DBS program . The data of report 700 may 
also be filtered according to some embodiments . For 
example , electrodes with insufficiently sized therapeutic 
windows may be excluded and / or with overly taxing power 
requirements may be excluded . 
[ 0056 ] The display of the monopolar review data in com 
parison report 700 may be sorted to assist the clinician ' s 
selection of an optimal DBS program . For example , the data 
may be sorted by the therapeutic window ratio ( or percent 
age ) metric . 
100571 . In some embodiments , programmer device 250 
automatically defines one or more progressions through 
electrodes and electrode combinations for testing . The pro 
gression may be displayed in navigation GUI component 
301 of UI screen 300 . When the clinician completes testing 
of a given electrode , programmer device 250 automatically 
transitions to the next electrode or electrode combination 
defined by the respective progression ( in response to the 
clinician selecting button 312 of progression navigation GUI 
component 301 ) . 
[ 0058 ] Programmer device 250 may define multiple elec 
trode progressions that depend on one or more factors . For 
example , programmer device 250 may prompt the clinician 
upon beginning a screening session whether a " detailed ” 
screening or a " quick ” screening is appropriate for a given 
patient . Depending upon the input from the clinician , dif 
ferent electrode progressions for the workflow may be 
selected by the software of programmer device 250 for the 
review session . 
[ 0059 ] In other embodiments , programmer device 250 
may prompt the clinician to identify an electrode or elec 
trode level that is a more likely candidate for the final DBS 
program ( s ) . The clinician may make this evaluation of the 
likelihood based upon MER ( microelectrode recording data ) 
or any other suitable clinical data related to the implantation 
location of the electrodes of the lead . Depending upon the 
identification of such an electrode from the clinician , the 
electrode progression may differ . In other embodiments , the 
clinical data ( MER data , imaging data , etc . ) may be provided 
directly to device 250 and device 250 will select the initial 
electrode for the electrode progression for the session work 
flow . 
[ 0060 ] Also , programmer device 250 may employ mul 
tiple progressions in series . The clinician may proceed 
through multiple progressions for a single screening session . 
During an individual session , the next progression may be 
chosen as a function of data recorded during the prior 
progression . For example , if a first set of segmented elec 
trodes tested together ( for example , 2ABC ) produced a 
therapeutic window of greater size than a second set of 
segmented electrodes ( 3ABC ) , the next progression may 
start with testing of the individual segmented electrodes of 
the first set ( 2A , 2B , 2C ) rather than the second set ( 3A , 3B , 
3C ) . 
0061 ] In some embodiments , programmer device 250 
applies one or more evaluations of patient response data to 
determine whether session testing may be terminated with 
out completing a review of the remaining electrodes . For 
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example , the clinician may define a threshold or target value . 
The value may be a value for the TWR value that the 
clinician believes is sufficient to ensure that the patient will 
experience an effective DBS therapy . If programmer 250 
determines that one or more previously tested electrodes or 
electrode combinations exceed the threshold or otherwise 
meet appropriate criteria , programmer device 250 may 
notify the clinician and prompt the clinician to determine 
how the clinician wishes to proceed . The prompt allows the 
clinician to interrupt the electrode progression and immedi 
ately view session results or to continue with a detailed 
screening . 
[ 0062 ] FIGS . 8 - 15 depict respective flows of operations of 
programmer device 250 to guide the clinician through 
electrode screening . The operations shown in these FIGS . 
may be implemented using suitable software code or instruc 
tions stored in memory of programmer device 250 . The 
software code may be included within one or more apps 
defined for the monopolar review or other implantable 
stimulation system programming software of device 250 . 
[ 0063 ] FIG . 12 depicts a flow of operations for conducting 
a review of electrodes of a DBS lead that includes seg 
mented electrodes according to some representative embodi 
ments . In 1201 - 1204 , the software of device 250 automati 
cally guides the clinician through testing of contacts 1 , 
2ABC , 3ABC , and contact 4 . For “ 2ABC ” and “ 3ABC ” , all 
of the segmented electrodes on the given level are set as 
active electrodes for delivery of the deep brain stimulation . 
For each tested electrode , the clinician controls the deep 
brain stimulation ( gradually increasing the pulse amplitude ) 
and observes or otherwise monitors the patient response . 
The clinician identifies the therapeutic window for each 
tested electrodelelectrode combination by identifying ampli 
tude values for benefit ( s ) and side effect ( s ) . 
[ 0064 ] At 1205 , the software of device 250 completes a 
logical comparison to determine whether the TWR value is 
greater for level 2 ( 2ABC ) or for level 3 ( 3ABC ) based on 
the session data . If TWR value for level 2 is greater , the 
segmented electrodes for level 2 are tested individually 
( only one segmented electrode active at a time ) at 1206 . 
Otherwise , the process flow proceeds from 1205 to 1209 . 
[ 0065 ] At 1207 , after the individual segmented electrodes 
of level 2 were tested , a logical comparison is made to 
determine whether the TWR for one or more of tested 
electrodes / combinations is greater than a defined threshold 
value . If so , the clinician is prompted whether the clinician 
wishes to continue with more detailed screening or whether 
to end screening to view the results of the review to this 
point . If the clinician selects to end , the process flow 
proceeds to 1212 where the session results are provided to 
the clinician . For example , report screens 600 and 700 may 
be displayed to the clinician . If not , the process flow 
proceeds from 1207 to 1208 where the segmented electrodes 
for level 3 are tested individually ( only one segmented 
electrode active at a time ) . 
[ 0066 ] At 1209 , the segmented electrodes for level 3 are 
tested individually ( only one segmented electrode active at 
a time ) . 
[ 0067 ] At 1210 , after the individual segmented electrodes 
of level 3 were tested , a logical comparison is made to 
determine whether the TWR for one or more of tested 
electrodes / combinations is greater than a defined threshold 
value . If so , the clinician is prompted whether the clinician 
wishes to continue with more detailed screening or whether 

to end screening to view the results of the review to this 
point . If the clinician selects to end , the process flow 
proceeds to 1212 where the session results are provided to 
the clinician . If not , the process flow proceeds from 1210 to 
1211 where the segmented electrodes for level 2 are tested 
individually ( only one segmented electrode active at a time ) . 
[ 0068 ] From 1208 and 1211 , the process flow proceeds to 
1212 where the clinician views session results . In certain 
other embodiments , additional testing of two segmented 
electrodes may occur as discussed herein . 
[ 0069 ] FIGS . 8 - 11 depict respective process flows for 
session workflows that vary depending upon an initial 
identification of a more probable electrode ( either by the 
physician or by logic of device 250 ) . As discussed herein , 
the clinician may identify an electrode or electrode level to 
begin the session testing based on MER data , imaging data , 
and / or other relevant clinical data . Each of FIGS . 8 - 11 
begins with a different electrode selection to begin the 
workflow . The operations discussed in FIGS . 8 - 11 may be 
implemented by software operations in clinician program 
mer device 250 to automatically guide the clinician through 
a workflow of testing operations . 
[ 0070 ] FIG . 8 depicts a flow of operations for conducting 
a review of electrodes of a DBS lead that includes seg 
mented electrodes according to some representative embodi 
ments . 
[ 0071 ] In 801 , contact 1 is tested to determine the thera 
peutic window as discussed herein . In 802 , a logical com 
parison is made to determine whether the TWR value for the 
tested electrode is greater than a defined threshold value . If 
so , the clinician is prompted whether the clinician wishes to 
continue with more detailed screening or whether to end 
screening to view the results of the review to this point . If 
the clinician selects to end , the process flow proceeds to 809 
where the session results are provided to the clinician . 
0072 ] In 803 , level 2 is tested such that all segmented 
electrodes on level 2 are set to the active state . The testing 
determines the therapeutic window . In 804 , a logical com 
parison is made to determine whether the TWR value is 
greater than a defined threshold value and whether the 
clinician wishes to end and immediately view the results . If 
so , the process flow proceeds to 809 where the session 
results are provided to the clinician . 
[ 0073 ] In 805 , each segmented electrode of level 2 is 
tested with only one segmented electrode set as active at a 
time . The testing determines the therapeutic window for 
each segmented electrode . In 806 , a logical comparison is 
made to determine whether the TWR value for any of the 
segmented electrodes is greater than a defined threshold 
value and whether the clinician wishes to end and immedi 
ately view the results . If so , the process flow proceeds to 809 
where the session results are provided to the clinician . 
[ 0074 ] In 807 , level 3 is tested such that all segmented 
electrodes on level 3 are set to the active state . In 808 , each 
segmented electrode of level 3 is tested with only one 
segmented electrode set as active at a time . At 809 , the 
session results are provided to the clinician . 
[ 0075 ] FIG . 9 depicts a flow of operations for conducting 
a review of electrodes of a DBS lead that includes seg 
mented electrodes according to some representative embodi 
ments . FIG . 9 may be performed when level 2 is identified 
or selected as the appropriate electrode to begin a review 
session of a stimulation lead for a patient . 
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[ 0076 ] At 901 , level 2 is tested such that all segmented 
electrodes on level 2 are set to the active state . The testing 
determines the therapeutic window . At 902 , a logical com - 
parison is made to determine whether the TWR value is 
greater than a defined threshold value and whether the 
clinician wishes to end and immediately view the results . If 
so , the process flow proceeds to 916 where the session 
results are provided to the clinician . 
[ 0077 ] At 903 , level 3 is tested such that all segmented 
electrodes on level 2 are set to the active state . The testing 
determines the therapeutic window . At 904 , a logical com 
parison is made to determine whether the TWR value is 
greater than a defined threshold value and whether the 
clinician wishes to end and immediately view the results . If 
so , the process flow proceeds to 916 where the session 
results are provided to the clinician . 
10078 ] At 905 , a logical comparison is made to determine 
whether the TWR value for level 2 is greater than the TWR 
value for level 3 . If so , the process flow proceed to 906 . If 
not , the process flow proceeds to 911 . 
[ 0079 ] At 906 , each segmented electrode of level 2 is 
tested with only one segmented electrode set as active at a 
time . The testing determines the therapeutic window for 
each segmented electrode . In 907 , a logical comparison is 
made to determine whether the TWR value for any of the 
segmented electrodes is greater than a defined threshold 
value and whether the clinician wishes to end and immedi 
ately view the results . If so , the process flow proceeds to 916 
where the session results are provided to the clinician . 
10080 ] In 908 , contact 1 is tested to determine the thera 
peutic window as discussed herein . In 909 , a logical com 
parison is made to determine whether the TWR value is 
greater than a defined threshold value and whether the 
clinician wishes to end and immediately view the results . If 
so , the process flow proceeds to 916 where the session 
results are provided to the clinician . 
[ 0081 ] In 910 , each segmented electrode of level 3 is 
tested with only one segmented electrode set as active at a 
time . The process flow proceeds from 910 to 916 where the 
session results are provided to the clinician . 
[ 0082 ] At 911 , each segmented electrode of level 3 is 
tested with only one segmented electrode set as active at a 
time . The testing determines the therapeutic window for 
each segmented electrode . In 912 , a logical comparison is 
made to determine whether the TWR value for any of the 
segmented electrodes is greater than a defined threshold 
value and whether the clinician wishes to end and immedi 
ately view the results . If so , the process flow proceeds to 916 
where the session results are provided to the clinician . 
[ 0083 ] In 913 , contact 1 is tested to determine the thera 
peutic window as discussed herein . In 914 , a logical com 
parison is made to determine whether the TWR value is 
greater than a defined threshold value and whether the 
clinician wishes to end and immediately view the results . If 
so , the process flow proceeds to 916 where the session 
results are provided to the clinician . 
[ 0084 ] In 915 , each segmented electrode of level 2 is 
tested with only one segmented electrode set as active at a 
time . The process flow proceeds from 915 to 916 where the 
session results are provided to the clinician . 
[ 0085 ] FIG . 10 depicts a flow of operations for conducting 
a review of electrodes of a DBS lead that includes seg 
mented electrodes according to some representative embodi 
ments . FIG . 10 may be performed when level 3 is identified 

or selected as the appropriate electrode to begin a review 
session of a stimulation lead for a patient . The process flow 
in FIG . 10 of 1001 - 1016 is similar to the process flow of 
FIG . 9 except that the process flow of FIG . 10 begins with 
testing of all of the segmented electrodes of level 3 and the 
all of the segmented electrodes of level 2 . If electrode 3 is 
identified as the best starting candidate , electrode 4 is more 
likely to be an optimal selection ( after electrode 3 ) . Accord 
ingly , in FIG . 10 , electrode 4 is screened and electrode 1 is 
omitted . The process flow is essentially the same upon 
bifurcation of the workflow upon the comparison of the 
TWR values for level 3 and level 2 at 1005 with the 
exception that contact 4 is screened . 
[ 0086 ] FIG . 11 depicts a flow of operations for conducting 
a review of electrodes of a DBS lead that includes seg 
mented electrodes according to some representative embodi 
ments . FIG . 11 may be performed when contact 4 is iden 
tified or selected as the appropriate electrode to begin a 
review session of a stimulation lead for a patient . 
10087 ) In 1101 , contact 4 is tested to determine the thera 
peutic window as discussed herein . In 1102 , a logical 
comparison is made to determine whether the TWR value 
for the tested electrode is greater than a defined threshold 
value . If so , the clinician is prompted whether the clinician 
wishes to continue with more detailed screening or whether 
to end screening to view the results of the review to this 
point . If the clinician selects to end , the process flow 
proceeds to 1109 where the session results are provided to 
the clinician . 
[ 0088 ] In 1103 , level 3 is tested such that all segmented 
electrodes on level 3 are set to the active state . The testing 
determines the therapeutic window . In 1104 , a logical com 
parison is made to determine whether the TWR value is 
greater than a defined threshold value and whether the 
clinician wishes to end and immediately view the results . If 
so , the process flow proceeds to 1109 where the session 
results are provided to the clinician . 
[ 0089 ] In 1105 , each segmented electrode of level 3 is 
tested with only one segmented electrode set as active at a 
time . The testing determines the therapeutic window for 
each segmented electrode . In 1106 , a logical comparison is 
made to determine whether the TWR value for any of the 
segmented electrodes is greater than a defined threshold 
value and whether the clinician wishes to end and immedi 
ately view the results . If so , the process flow proceeds to 
1109 where the session results are provided to the clinician . 
10090 ] In 1107 , level 2 is tested such that all segmented 
electrodes on level 3 are set to the active state . In 1108 , each 
segmented electrode of level 2 is tested with only one 
segmented electrode set as active at a time . At 1109 , the 
session results are provided to the clinician . 
[ 0091 ] FIG . 13 depicts a flow of operations for conducting 
a review of electrodes of a DBS lead that includes seg 
mented electrodes according to some representative embodi 
ments . The process flow of FIG . 13 permits additional 
testing of segmented electrodes if believed appropriate by a 
clinician . The configuration for screening in FIG . 13 uses a 
configuration of only two segmented electrodes . The clini 
cian may access this testing option via progression naviga 
tion GUI component 301 according to some embodiments . 
[ 0092 ] In 1301 , a therapeutic window metric ( e . g . , the 
TWR metric ) is calculated for the segmented electrodes of 
the DBS lead . The segmented electrodes with the highest 
metric values are identified ( denoted by TWR1 for the 
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highest value and TWR2 for the second highest value ) . In 
1302 , a logical comparison is made based on the TWR1 and 
TWR2 values . If the value of 1 - ( TWR1 - TWR2 ) is less than 
0 . 8 or another suitable value , the process flow proceeds from 
1302 to 1304 where the screening results are displayed . If 
the value of 1 - ( TWR1 - TWR2 ) is greater than or equal to 
0 . 8 or another suitable value , the process flow proceeds from 
1302 to 1303 . In 1303 , the two segmented electrodes exhib 
iting these values are set as active electrodes and subjected 
to screening to determine the therapeutic window for these 
electrodes . In 1304 , the screening results are provided to the 
clinician including the results of the screening of the seg 
mented electrodes for the TWR1 and TWR2 values ( both of 
these segmented electrodes simultaneously set as the active 
electrodes ) . 
[ 0093 ] FIG . 14 depicts a flow of operations for conducting 
a review of electrodes of a DBS lead that includes seg 
mented electrodes according to some representative embodi 
ments . 
[ 0094 ] In 1401 , clinician programmer 250 prompts the 
clinician user whether the user wishes to conduct a full 
screening review or an abbreviated screening review . In 
response the received user input , a logical comparison is 
made in 1402 . If the user indicated abbreviated screening , 
the process flow proceeds to 1403 . An abbreviated screening 
review may be performed in which screening one or more 
electrodes may be omitted . The omission of screening of 
certain electrodes may depend upon patient response data 
that is received . The electrode progressions and the logic for 
proceeding to electrodes and omitting screening of elec 
trodes may be performed according to any suitable manner 
including the work flows described herein . If the user wishes 
to conduct a full screening , the process flow proceeds from 
1402 to 1404 where a suitable screening review occurs . 
[ 0095 ] FIG . 15 depicts a flow of operations for conducting 
a review of electrodes of a DBS lead that includes seg 
mented electrodes according to some representative embodi 
ments . In 1501 , user input or clinical data is received by 
programmer device 250 . In 1502 , the initial electrode is 
selected based on the input or the received clinical data . The 
user input may directly identify an appropriate electrode or 
electrode level to begin a screening session . Alternatively , 
clinical data may be received . For example , MER recording 
data and / or imaging data may be received which may be 
process to identify an appropriate electrode or electrode 
level . For example , Lozano discloses identifying locations 
within the brain for targeting for DBS based on analysis of 
MER data in U . S . Patent App . Pub . No . 201000204748 
entitled “ Identifying areas of the brain by examining the 
neuronal signals , ” which is incorporated herein by reference . 
Analysis of MER data at respective locations against appro 
priate signal characteristics ( spiking rates , frequency con 
tent , boundary conditions ) from an implant procedure and 
comparison to electrode locations may be employed to select 
the electrode or electrode level for screening . In 1503 , an 
electrode progression is selected based on the selected 
electrode or electrode level . In 1504 , electrode screening 
operations begin based on the selected electrode progres 
sion . 
10096 ] FIG . 16 illustrates an example computer system 
1600 that may be configured to include or execute any or all 
of the embodiments described above . In different embodi 
ments , computer system 1600 may be any of various types 
of devices , including , but not limited to , a personal computer 

system , desktop computer , laptop , notebook , tablet , slate , 
pad , or netbook computer , cell phone , smartphone , PDA , 
portable media device , handheld computer , or a mobile 
device . 
[ 0097 ] Various embodiments of a clinician programmer 
for a deep brain stimulation system , as described herein , 
may be executed in one or more computer systems 1600 , 
which may interact with various other devices . In some 
embodiments , computer system 1600 includes one or more 
processors 1610 coupled to a system memory 1620 via an 
input / output ( 1 / 0 ) interface 1630 . Computer system 1600 
further includes a network interface 1640 coupled to I / O 
interface 1630 , and one or more input / output devices 1650 , 
such as cursor control device 1660 , keyboard 1670 , and 
display ( s ) 1680 . 
[ 0098 ] In various embodiments , computer system 1600 
may be a uniprocessor system including one processor 1610 , 
or a multiprocessor system including several processors 
1610 ( e . g . , two , four , eight , or another suitable number ) . 
Processors 1610 may be any suitable processor capable of 
executing instructions . For example , in various embodi 
ments processors 1610 may be general - purpose or embed 
ded processors implementing any of a variety of instruction 
set architectures ( ISAs ) , such as the x86 , PowerPC , SPARC , 
or MIPS ISAs , or any other suitable ISA . In multiprocessor 
systems , each of processors 1610 may commonly , but not 
necessarily , implement the same ISA . 
[ 0099 ] System memory 1620 may be configured to store 
clinician programming software instructions or code 1622 
accessible by processor 1610 . In various embodiments , 
system memory 1620 may be implemented using any suit 
able memory technology , such as static random access 
memory ( SRAM ) , synchronous dynamic RAM ( SDRAM ) , 
nonvolatile / Flash - type memory , or any other type of 
memory . In some embodiments , software instructions 1622 
may be configured to implement one or more of the work 
flows described herein and / or provide one or more of the 
user interface screens described herein . Additionally , pro 
gram instructions 1622 of memory 1620 may include any of 
the information or data structures described above . In some 
embodiments , program instructions and / or data may be 
received , sent or stored upon different types of computer 
accessible media or on similar media separate from system 
memory 1620 or computer system 1600 . While computer 
system 1600 is described as implementing the functionality 
of functional blocks of previous Figures , any of the func 
tionality described herein may be implemented via such a 
computer system . 
[ 0100 ] In one embodiment , 1 / 0 interface 1630 may be 
configured to coordinate I / O traffic between processor 1610 , 
system memory 1620 , and any peripheral devices in the 
device , including network interface 1640 or other peripheral 
interfaces , such as input / output devices 1650 . In some 
embodiments , I / O interface 1630 may perform any neces 
sary protocol , timing or other data transformations to con 
vert data signals from one component ( e . g . , system memory 
1620 ) into a format suitable for use by another component 
( e . g . , processor 1610 ) . In some embodiments , I / O interface 
1630 may include support for devices attached through 
various types of peripheral buses , such as a variant of the 
Peripheral Component Interconnect ( PCI ) bus standard or 
the Universal Serial Bus ( USB ) standard , for example . In 
some embodiments , the function of I / O interface 1630 may 
be split into two or more separate components , such as a 



US 2019 / 0126029 A1 May 2 , 2019 

north bridge and a south bridge , for example . Also , in some 
embodiments some or all of the functionality of I / O interface 
1630 , such as an interface to system memory 1620 , may be 
incorporated directly into processor 1610 . 
[ 0101 ] Network interface 1640 may be configured to allow 
data to be exchanged between computer system 1600 and 
other devices attached to a network 1685 ( e . g . , carrier or 
agent devices ) or between nodes of computer system 1600 . 
Network 1685 may in various embodiments include one or 
more networks including but not limited to Local Area 
Networks ( LAN ) ( e . g . , an Ethernet or corporate network ) , 
Wide Area Networks ( WAN ) ( e . g . , the Internet ) , wireless 
data networks , some other electronic data network , or some 
combination thereof . In various embodiments , network 
interface 1640 may support communication via wired or 
wireless general data networks . 
[ 0102 ] Input / output devices 1650 may , in some embodi 
ments , include one or more display terminals , keyboards , 
keypads , touchpads , scanning devices , voice or optical rec 
ognition devices , or any other devices suitable for entering 
or accessing data by one or more computer systems 1600 . 
Multiple input / output devices 1650 may be present in com 
puter system 1600 or may be distributed on various nodes of 
computer system 1600 . In some embodiments , similar input / 
output devices may be separate from computer system 1600 
and may interact with one or more nodes of computer system 
1600 through a wired or wireless connection , such as over 
network interface 1640 . 
[ 0103 ] As shown in FIG . 16 , memory 1620 may include 
software instructions 1622 , which may be processor - execut 
able to implement any element or action described above . In 
some embodiments , the software instructions may imple 
ment deep brain stimulation programming and electrode 
screening operations described herein . 
[ 0104 ] Those skilled in the art will appreciate that com 
puter system 1600 is merely illustrative and is not intended 
to limit the scope of embodiments . In particular , the com 
puter system and devices may include any combination of 
hardware or software that can perform the indicated func 
tions or operations . Computer system 1600 may also be 
connected to other devices that are not illustrated , or instead 
may operate as a stand - alone system . In addition , the func 
tionality provided by the illustrated components may in 
some embodiments be combined in fewer components or 
distributed in additional components . Similarly , in some 
embodiments , the functionality of some of the illustrated 
components may not be provided and / or other additional 
functionality may be available . 
[ 0105 ] Those skilled in the art will also appreciate that , 
while various items are illustrated as being stored in memory 
or on storage while being used , these items or portions of 
them may be transferred between memory and other storage 
devices for purposes of memory management and data 
integrity . Alternatively , in other embodiments some or all of 
the software components may execute in memory on another 
device and communicate with the illustrated computer sys 
tem via inter - computer communication . Some or all of the 
system components or data structures may also be stored 
( e . g . , as instructions or structured data ) on a computer 
accessible medium or a portable article to be read by an 
appropriate drive , various examples of which are described 
above . Generally speaking , a computer - accessible medium 
may include a non - transitory , computer - readable storage 
medium or memory medium such as magnetic or optical 

media , e . g . , disk or DVD / CD - ROM , volatile or non - volatile 
media such as RAM ( e . g . SDRAM , DDR , RDRAM , SRAM , 
etc . ) , ROM , etc . 
[ 0106 ] FIG . 17 depicts a flowchart for treating a neuro 
logical disorder of a patient using an implantable pulse 
generator and a lead with segmented electrodes according to 
some embodiments . In 1701 , a clinician conducts an elec 
trode screening review with an appropriate programmer 
device according to one or more of the embodiments dis 
cussed herein . In 1702 , the clinician analyzes the therapeutic 
windows for electrode and electrode combinations from the 
screening review . In 1703 , the clinician defines a DBS 
program for the patient based on the screening data . For 
example , the clinician may select an electrode or electrode 
combination with a suitably large therapeutic window . Also , 
the clinician may select between suitable electrodes and 
electrode combinations by considering the power require 
ments . In 1704 , the clinician communicates the DBS pro 
gram to the patient ' s IPG . In 1705 , the patient ' s therapy is 
started by delivering electrical stimulation from the IPG to 
the patient using one or more directional leads . 
f0107 ] Although certain embodiments of this disclosure 
have been described above with a certain degree of particu 
larity , those skilled in the art could make numerous altera 
tions to the disclosed embodiments without departing from 
the spirit or scope of this disclosure . All directional refer 
ences ( e . g . , upper , lower , upward , downward , left , right , 
leftward , rightward , top , bottom , above , below , vertical , 
horizontal , clockwise , and counterclockwise ) are only used 
for identification purposes to aid the reader ' s understanding 
of the present disclosure , and do not create limitations , 
particularly as to the position , orientation , or use of the 
disclosure . Joinder references ( e . g . , attached , coupled , con 
nected , and the like ) are to be construed broadly and may 
include intermediate members between a connection of 
elements and relative movement between elements . As such , 
joinder references do not necessarily infer that two elements 
are directly connected and in fixed relation to each other . It 
is intended that all matter contained in the above description 
or shown in the accompanying drawings shall be interpreted 
as illustrative only and not limiting . Changes in detail or 
structure may be made without departing from the spirit of 
the disclosure as defined in the appended claims . 
0108 ] When introducing elements of the present disclo 
sure or the preferred embodiment ( s ) thereof , the articles “ a ” , 
" an ” , “ the ” , and “ said ” are intended to mean that there are 
one or more of the elements . The terms " comprising ” , 
“ including ” , and “ having ” are intended to be inclusive and 
mean that there may be additional elements other than the 
listed elements . 
( 01091 . As various changes could be made in the above 
constructions without departing from the scope of the dis 
closure , it is intended that all matter contained in the above 
description or shown in the accompanying drawings shall be 
interpreted as illustrative and not in a limiting sense . 

1 . A clinician programmer device for controlling a deep 
brain stimulation ( DBS ) system , the clinician programmer 
device comprising : 

a display ; 
user input circuitry for receiving input from a user of the 

device ; 
memory for storing executable instructions and data ; 
a processor for controlling operations of the clinician 

programmer according to executable instructions ; and 
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wireless communication circuitry for conducting wireless 
communications with an implantable pulse generator 
after implantation within a patient ; 

wherein ( 1 ) the memory stores software code for con 
ducting a screening review of electrodes of an implant 
able stimulation lead coupled to the implantable pulse 
generator , ( 2 ) the electrodes of the implantable stimu 
lation lead include at least one set of segmented elec 
trodes , and ( 3 ) the software code comprises : 
( a ) code for providing one or more interface screens for 

guiding the user of the device through testing of 
electrode configurations of the implantable stimula 
tion lead , wherein the code for providing applies at 
least one testing progression for guiding the user of 
the device through a defined testing order , wherein 
the at least one testing progression includes ( i ) 
testing all segmented electrodes of a common level 
as active DBS electrodes and ( ii ) testing each seg 
mented electrode of the common level as a single 
active DBS electrode ; 

( b ) code for controlling delivery of deep brain stimu 
lation to the patient by communication with the 
implantable pulse generator for each tested electrode 
configuration , wherein the code for controlling 
modifies a DBS pulse amplitude for each tested 
electrode configuration ; and 

( c ) code for receiving identification of a therapeutic 
window for one or more DBS parameters for each 
tested electrode configuration , wherein the therapeu 
tic window is defined by one or more DBS param 
eters used for test stimulation for a DBS benefit and 
a DBS side effect experienced by the patient during 
testing . 

2 . The device of claim 1 wherein the code for receiving 
identification records a side effect amplitude value in 
response receiving input from the user of the device to 
indicate that the patient has experienced a side effect and the 
code for controlling automatically decreases the DBS pulse 
amplitude to an amplitude value below the recorded ampli 
tude value . 

3 . The device of claim 2 wherein the code for controlling 
automatically decreases the DBS pulse amplitude without 
substantially interrupting deep brain stimulation of the 
patient according to an electrode configuration under test . 

4 . The device of claim 1 wherein the software code further 
comprises : 

code for comparing therapeutic windows for each tested 
electrode configuration to a target value and code for 
alerting a user of the device that the target value has 
been reached . 

5 . The device of claim 4 wherein the code for alerting 
receives input from the user of the device whether to skip 
additional electrode screening after the target value has been 
reached . 

6 . The device of claim 1 wherein the software code further 
comprising : 

code for comparing power requirements associated with 
the therapy thresholds for the tested electrode configu 
ration to inform the user of the device whether each 
electrode configuration is likely to provide an optimal 
DBS program for the patient . 

7 . The device of claim 1 wherein the software code further 
comprises : 
code for suggesting omission of testing of one or more 

electrode configurations based on screening review 
data previously recorded for the patient by the code of 
receiving identification . 

8 . The device of claim 1 wherein the software code further 
comprises : code for displaying one or more graphical user 
interface components depicting respective therapeutic win 
dow data for tested electrode configurations . 

9 . A method of programming an implantable pulse gen 
erator to provide a deep brain stimulation therapy to a patient 
using one or more electrodes of a directional lead , the 
method comprising : 

providing one or more interface screens , by a clinician 
programmer device , for guiding a user of the clinician 
programmer device through testing of electrode con 
figurations of the implantable stimulation lead , wherein 
the providing one or more interface screens applies at 
least one testing progression for guiding the user of the 
clinician programmer device through a defined testing 
order , wherein the at least one testing progression 
includes ( i ) testing all segmented electrodes of a com 
mon level of the directional lead as active DBS elec 
trodes and ( ii ) testing each segmented electrode of the 
common level of the directional lead as a single active 
DBS electrode ; 

controlling delivery of deep brain stimulation to the 
patient using the clinician programmer device by com 
munication with an implantable pulse generator for 
each tested electrode configuration , wherein the con 
trolling modifies a DBS pulse amplitude for each tested 
electrode configuration , and 

receiving identification of a therapeutic window by the 
clinician programmer device for one or more DBS 
parameters for each tested electrode configuration , 
wherein the therapeutic window is defined by one or 
more DBS parameters used for test stimulation for a 
DBS benefit and a DBS side effect experienced by the 
patient during testing ; 

defining a deep brain stimulation program using one or 
more electrodes of the stimulation lead with a respec 
tive therapeutic window identified by the receiving 
identification ; and 

communicating the deep brain stimulation program to the 
implantable pulse generator for therapeutic operations 
of the implantable pulse generator . 

10 . The method of claim 9 wherein the receiving identi 
fication records a side effect amplitude value in response 
receiving input from the user of the clinician programmer 
device to indicate that the patient has experienced a side 
effect and the code for controlling automatically decreases 
the DBS pulse amplitude to an amplitude value below the 
recorded amplitude value . 

11 . The method of claim 10 wherein the controlling 
automatically decreases the DBS pulse amplitude without 
substantially interrupting deep brain stimulation of the 
patient according to an electrode configuration under test . 

12 . The method of claim 9 further comprising : 
comparing therapeutic windows for each tested electrode 

configuration to a target value and alerting a user of the 
device that the target value has been reached , wherein 
the comparing and alerting are performed by the clini 
cian programmer device . 
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13 . The method of claim 12 further comprising : 
receiving input from the user of the clinician programmer 

device whether to skip additional electrode screening 
after the target value has been reached . 

14 . The method of claim 9 further comprising : 
comparing power requirements associated with the 

therapy thresholds for the tested electrode configura 
tion by the clinician programmer device and informing 
the user of the clinician programmer device whether 
each electrode configuration is likely to provide an 
optimal DBS program for the patient . 

15 . The method of claim 9 further comprising : 
providing a suggestion message , by the clinician pro 

grammer device , to omit of testing of one or more 
electrode configurations based on screening review 
data previously recorded for the patient . 


