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Au topsy study of STN DBS clin i cal ef fi cacy

Ab stract. Ob jec tive/Back ground: Pa -
tients with med i cally re frac tory Par kin son’s
dis ease (PD) ob tain sig nif i cant clin i cal ben e -
fit from subthalamic nu cleus (STN) stim u la -
tion. The de gree to which a suc cess ful out -
come re lates to the an a tomic lo ca tion of the
stim u lat ing elec trode has not yet been clearly
es tab lished. Many stud ies have at tempted to
cor re late the clin i cal re sult with the elec trode
lo ca tion us ing post op er a tive mag netic res o -
nance im ag ing (MRI) and there have been a
few that used au topsy-de ter mined lo ca tions.
In this re port, we de scribe long-term clin i cal
fol low-up in a pa tient with au topsy-de ter -
mined elec trode tip an a tomic lo ca tion. Meth -
ods: A 67-year-old pa tient with a 27-year his -
tory of id io pathic PD com pli cated by dis -
abling mo tor fluc tu a tions and dopaminergic
dyskinesias un der went bi lat eral STN deep
brain stim u la tion (DBS). He was pro spec -
tively fol lowed in a long-term clin i cal pro to -
col un til his death 40 months af ter elec trode
place ment. Post op er a tive mag netic res o -
nance (MR) im ag ing and post mor tem stud ies
of this pa tient’s brain were per formed to lo -
cal ize DBS tip lo ca tions. Re sults: STN stim u -
la tion pro duced im prove ment of the pa tient’s
mo tor fluc tu a tions, dyskinesias and clin i cal
mo tor per for mance, es pe cially appendicular
trem ors, ri gid ity and bradykinesia. MRI
showed the elec trode tips to be within 2 mm
of the in tended tar get. Post mor tem brain anal -
y sis iden ti fied the right DBS tip lo ca tion at
the dorsomedial edge of the STN, with the left 
elec trode in the vi cin ity (but not within) the
STN. Chronic DBS elic ited mi nor re ac tive
changes were con fined to the im me di ate vi -
cin ity of the elec trode tracks. The patho log i -
cal anal y sis dem on strated nu mer ous cor ti cal
Lewy bod ies and de gen er a tive ence phalop -
athy, es tab lish ing the di ag no sis of tran si tional 
type dif fuse Lewy body dis ease (DLBD)
rather than sim ple PD. Con clu sion: This pa -
tient ob tained clin i cal ben e fit from STN stim -
u la tion typ i cal of that seen for most PD pa -

tients. Both the MR anal y sis and the au topsy
dem on strated elec trode place ment at or out -
side the bound aries of the STN, sug gest ing
that that clin i cal ef fi cacy may not de pend on
elec trode lo ca tion within the cen tral re gion of
the STN.

Introduction

Subthalamic nu cleus (STN) stim u la tion is 

an ef fec tive treat ment for ad vanced Par kin -

son’s dis ease (PD) that is com pli cated by se -

vere tremor, wear ing off fluc tu a tions and

drug-in duced dyskinesias [Benabid et al.

1994, Ford et al. 2004, Just and Ostergaard

2002, Limou sin et al. 1995, Volkmann et al.

2001]. The sur gi cal goal is to place the stim u -

lat ing elec trode in the cen tral por tion of the

STN but the de gree to which the out come re -

lates to the an a tomic lo ca tion of the elec trode

has not yet been clearly es tab lished. Pre vi ous

ret ro spec tive re ports have in di cated that ef fi -

cacy may not de pend crit i cally on elec trode

lo ca tion if the elec trode is within a 6 mm di -

am e ter cyl in der cen tered at the STN cen ter

[McClelland et al. 2005a, 2005b]. Al though

many stud ies have at tempted to de ter mine the

elec trode lo ca tion by post op er a tive mag netic

res o nance (MR) im ag ing [Hamid et al. 2005,

Saint-Cyr et al. 2002, Starr et al. 2002], few

re ports have pro vided a cor re la tion be tween

clin i cal out come and the elec trode tip lo ca -

tion as de ter mined by au topsy [Counelis et al.

2003, Haberler et al. 2000, Henderson et al.

2002, Jarraya et al. 2003]. We de scribe the

course and long-term out come of bi lat eral

STN stim u la tion in a pa tient with id io pathic

PD, cor re lated with post mor tem anal y sis.
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Clinical materials and methods

Patient history/preoperative

evaluation

This pa tient was a 67-year-old right-

 handed pro fes sor who first pre sented with

micrographia and right hand rest ing tremor at

age 40, fol lowed shortly there af ter by tremor

of his right foot and right-sided ri gid ity. He

was for mally di ag nosed with Par kin son’s dis -

ease the same year, and be gan treat ment with

amantadine, do pa mine agonists and anti -

cholinergics. His symp toms pro gressed, and

became gen er al ized. Carbidopa/levodopa was

started af ter 9 years of ill ness, and pro vided

ex cel lent sup pres sion of his symp toms. Over

the next 5 – 10 years, he de vel oped wear ing

off mo tor fluc tu a tions as well as drug-in duced

dyskinesias. Af ter 17 years of dis ease, his ac -

tiv i ties of daily liv ing had be come se verely

com pro mised by peak dose dyskinesias and

ep i sodes of se vere offs, dur ing which he ex -

pe ri enced tachyphemic speech, poor mo bil -

ity, gait freez ing and fall ing (ap prox i mately

once per month). He also de vel oped ep i sodes

of for get ful ness, noc tur nal con fu sion, hal lu -

ci na tions and para noia, some of which was

con sid ered med i ca tion-in duced. De spite his

cog ni tive im pair ment, the pa tient un der went

bi lat eral sub thalamic nu cleus (STN) stim u la -

tion af ter 27 years of Par kin son’s dis ease due

to his se vere dyskinesias and wear ing off mo -

tor fluctu ations.

At the time of sur gery, the pa tient showed

levodopa re spon sive ness, peak dose dys -

kinesias, and a Mini-Men tal sta tus score of 27 

out of 30. More ex ten sive neuro psycho -

logical test ing re vealed im pair ments in im -

me di ate and de layed re call, visuospatial or ga -

ni za tion, at ten tion, plan ning and se quenc ing.

He was fol lowed at reg u lar in ter vals post op -

er a tively as part of a study pro to col, and re -

turned to the Neu ro log i cal In sti tute for de -

tailed neu ro log i cal ex am i na tions in the

un med i cated state 1 year and 30 months af ter

sur gery. At these eval u a tions, his stimu la tors

were as sessed, and tem po rarily turned off so

that the effect on the patient’s symptoms

could be measured.

Operation and postoperative

course

In formed con sent was ob tained prior to

im plan ta tion. The pa tient un der went MER-

 guided bi lat eral im plan ta tion of DBS elec -

trodes di rected to the STN as pre vi ously de -

scribed [Good man et al. 2006], uti liz ing a

func tional Cosman-Rob erts-Wells stereotac -

tic frame (CRW; Radionics Inc., Burlington,

MA, USA) and the Stealth FrameLink 2.0 pro -

gram (Medtronic Inc., Min ne ap o lis, MN,

USA) to yield the STN cal cu lated co or di nates

rel a tive to the inter commisural mid point

(ICM) (4 mm pos te rior, 4 mm in fe rior, and 12

mm lat eral). The stimu la tors (Medtronic quad -

ri polar elec trode model 338940; Medtronic

Inc., Min ne ap o lis, MN, USA) con sisted of

plat i num/irid ium con duc tor wires and elec -

trodes with a poly ure thane/poly tetra fluoro -

ethylene in su la tion. The lead length was 40

cm and 1.27 mm in di am e ter, with four stim u -

la tion con tacts spaced 0.5 mm apart at the tip

of the elec trode. The left STN elec trode was

im planted first to ad dress his right hand

tremor. Two MER passes were con ducted

prior to DBS elec trode place ment. Based on

the MER re sults, the tar get was ad justed 1

mm an te rior and 2.5 mm in fe rior to the ini tial

stereotactic tar get and the DBS elec trode was

placed. His tremor was reproducibly sup -

pressed with 3 volts of stim u la tion us ing 200

Hz and 60 pulse width, with no both er some

side ef fects. The right STN elec trode was

sub se quently im planted fol low ing a sin gle

MER pass con ducted along a mir ror im age to

that for the DBS elec trode on the left side,

with sim i lar con fir ma tion of left hand tremor

sup pres sion (us ing 2 volts of stim u la tion),

with place ment ad justed 1 mm an te rior and 2

mm in fe rior to the ini tial stereotactic tar get. 

Post op er a tive MR im ag ing (Fig ure 1) con -

firmed the lo ca tion of each DBS elec trode in

close prox im ity to each cal cu lated STN tar -

get. Bi lat eral cra nial pulse gen er a tors and ex -

ten sion wires (Medtronic Soletra model 7426

pulse gen er a tors and model 749551 ex ten sion 

wires, Medtronic Inc., Min ne ap o lis, MN,

USA) were un event fully im planted four

weeks later as pre vi ously de scribed [Good -

man et al. 2006]. The pa ram e ters of stim u la -

tion were as fol lows: stim u la tion fre quency

on the right side was 185 Hz, volt age was 2.0

V, and the pulse width was 60 mi cro sec onds;
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stimulator fre quency on the left side was 185

Hz, volt age was 1.8 V, and pulse width was 60 

mi cro sec onds. The pa tient did well post -

operatively, with no com pli ca tions.

Postoperative clinical course

Af ter bi lat eral STN stim u la tion, the pa -

tient’s dyskinesias and wear ing off fluc tu a -

tions im proved. His med i ca tion in take was

not sig nif i cantly re duced. On blinded eval u a -

tions of his mo tor ex am i na tion (UPDRS Part

III) at one year, stim u la tion pro duced a 19%

im prove ment in mo tor scores as com pared to

base line [Ford et al. 2004]. The im prove ment

was mainly ac counted for by ef fects on

tremor and appendicular bradykinesia and ri -

gid ity. The ax ial symp toms, in clud ing truncal

flexion, gait, freez ing and bal ance, did not

im prove. In ad di tion, over time, he be came

pro gres sively de mented, with ep i sodes of

con fu sion, re quir ing nurs ing home place -

ment. At the 30-month eval u a tion (un blind -

ed), com par ing the exam in the un med i cated

and off stim u la tion state to the on-stim u la tion

state, DBS con tin ued to show a 20% im -

prove ment in mo tor func tion, es pe cially in -

volv ing the left hand. Of note, the left side

score (right DBS) im proved 60% with stim u -

la tion, while the right side score (left DBS)

ac tu ally wors ened slightly with stim u la -

tion/off med i ca tion. The clin i cal data are

sum ma rized in Ta ble 1. Over the next year,

his de men tia and gen er al ized de cline pro -

gressed, and he died in the nurs ing home 41

months post op er a tively, af ter 31 years of PD,

at age 71. 

Electrode targeting position

Sub se quent merg ing of his pre op er a tive

and post op er a tive MRIs (uti liz ing the Stealth

pro gram) yielded the co or di nates of his elec -

trode po si tions rel a tive to his ICM. His right

elec trode was 9.45 mm lat eral, 5.70 mm pos -

te rior and 5.96 mm in fe rior to the ICM, while

his left elec trode was 10.90 mm lat eral, 6.70

mm pos te rior and 2.36 mm in fe rior to the

ICM. The Stealth pro gram cal cu lated the

length of his an te rior commissure/pos te rior

commissure line to be 25.74 mm.

Pathological findings

The fresh brain was di vided in the

midsagittal plane. The left half brain was ex -

ten sively dis sected at the fresh state, and

blocks were frozen at –180 °C (in clud ing the

left STN, which was later thawed, for ma lin

Au topsy study of STN DBS clin i cal ef fi cacy 3
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Ta ble 1. Clin i cal char ac ter is tics and rat ings.

1Base line

“off”

1Base line

“on”

11 year

off meds

off stim 

11 year

off meds

on stim 

11 year

on meds

on stim 

30 months

off meds

off stim 

30 months

off meds

on stim 

UPDRS Part III

(mo tor) 
36.5 30.5 32 29.5 21.5 39 31 

2UPDRS Part III:

right items
7 4.5 7 7 2.5 6.5 8 

2UPDRS Part III:

left items
10 7 10.5 6.5 4 10.5 4 

Hoehn and Yahr stage 3.0 2.5 4.0 (“off”)  3.0 (“on”) 4.0 (“off”) 4.0 (“on”) 

Schwab and Eng land ADL 

ca pac ity 
40% 65% 40% (“off”)  65% (“on”) 50% (“off”) 50% (“on”) 

MMSE (out of 30) 27  25   21  

Weight (pounds) 154  153   158  

1Rat ings were blinded us ing vid eo tape [ex cept for ri gid ity scores], as de scribed in Ref er ence [Ford et al. 2004]. 2In cludes these 9 items

from UPDRS Part III: arm tremor at rest, leg tremor at rest, arm tremor with ac tion, arm ri gid ity, leg ri gid ity, rapid fingertapping, rapid hand

open ing and clos ing, al ter nat ing hand move ments, and re pet i tive toe tap ping.



fixed, and pro cessed for mi cro scop i cal ex am -

i na tion as de scribed be low). The right

half-brain was im mer sion fixed in 10% for -

ma lin and neuropathologically eval u ated as

pre vi ously de scribed, but with mi nor changes 

[Vonsattel et al. 1995]. Briefly, rep re sen ta tive

blocks of the ce re bral cor tex, amygdaloid nu -

cleus, hip po cam pus, striatum and thalamus

in clud ing the en tire sub thalamic nu cleus,

brainstem and cer e bel lum were em bed ded in

par af fin. Then 7.0 mm thick sec tions were ob -

tained, and stained with Luxol fast blue

counter stained with hema toxylin and eosin

(LHE) for mi cro scopic eval u a tion and as sess -

ment of the course of the DBS elec trode track. 

In ad di tion, se lected sec tions were stained us -

ing Bielschowsky sil ver meth ods, or sub -

jected to the fol low ing an ti bod ies: AT8,

a-synuclein, ubiquitin, or b-am y loid us ing

the immunoperoxidase meth ods.

The out stand ing changes in cluded se vere

neuronal loss of the pars compacta of the sub -

stan tia nigra, nu cleus caeruleus and dor sal

nu cleus of vagus. Lewy body-con tain ing

neu rons, and neurites were found in the dor sal 

nu cleus of vagus, nu cleus caeruleus, pars

compacta of the sub stan tia nigra, hy po thal a -

mus, sub stan tia innominata, and through out

the neo cor tex. The ex tent of neocortical

neuronal in volve ment with Lewy body met

the di ag nos tic cri te ria of tran si tional type dif -

fuse Lewy body dis ease [Kosaka et al. 1984].

With re gard to the McKeith score [McKeith et 

al. 2005], sec tions of Lewy bod ies sub jected

to a-synuclein an ti bod ies dem on strated the

fol low ing num ber of neu rons per 100 ´ mi -

cro scopic field con tain ing a Lewy body: BA9

(up to 3 neu rons) = 1; BA4 (up to 4 neu rons) = 

1; cingulate gyrus (up to 15 neu rons) = 2;

parahippocampal gyrus (up to 18 neu rons)

= 2; occipitotemporal gyrus (up to 7 neu -

rons) = 2. Fur ther more, oc ca sional lepto -

meningeal and cor ti cal ves sels showed am y -

loid de pos its within their me dia. Scant

neurofibrillary tan gles of Alz hei mer were

con fined to the Sommer sec tor of the hip po -

cam pus, and were not found within the neo -

McClelland, Vonsattel, Garcia et al. 4
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Fig ure 1A. 

Fig ure 1B. 

Fig ure 1. Post op er a tive vol u met ric ax ial T1-

 weighted mag netic res o nance im ag ing (28 1-mm

slices) re for mat ted us ing the Stealth FrameLink 4.0

work sta tion dem on strates place ment of deep brain

stim u la tion elec trodes in the vi cin ity of the STN bi -

lat er ally with no ev i dence of hem or rhage. A) Right

DBS elec trode tip (low sig nal ar ti fact) and the cal cu -

lated right STN tar get (red pixel nnn), B) Left DBS

elec trode tip (low sig nal ar ti fact) and the cal cu lated

left STN tar get (red pixel nnn). 

nnn Fig ures in color or the leg end should be

changed!



cor tex. Rare neu ritic plaques in volved the

prefrontal cor tex (Brodmann area 9) only. 

We cor re lated the post op er a tive lo ca tion

of our pa tient’s STN elec trodes with the clin i -

cal data and the post mor tem ex am i na tion. An

im por tant find ing was that both elec trodes

were lo cated in the vi cin ity of the STN, con -

sis tent with their lo ca tion on post op er a tive

im ag ing (Fig ure 1). By post op er a tive im ag -

ing, the po si tion of the left elec trode was 2.55

mm lat eral, 1 mm pos te rior and 3.6 mm su pe -

rior to that of the right elec trode, which (on

post mor tem exam) clearly ter mi nated in the

dorsomedial por tion of the STN (Fig ure 2C).

Al though both elec trodes gave clin i cal ef fects 

on appendicular func tion, the right elec trode

pro vided su pe rior ef fects on left-sided brady -

kinesia, ri gid ity and tremor items than the left

elec trode (Ta ble 1).

Discussion

We de scribe a pa tient with a 27-year his -

tory of levodopa-re spon sive Par kin son’s dis -

ease, com pli cated by se vere wear ing off mo -

tor fluc tu a tions and dyskinesias, treated us ing 

bilateral STN stim u la tion. The pa tient de rived

Au topsy study of STN DBS clin i cal ef fi cacy 5
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Fig ure 2B. Mi cro graph show ing the right sub -

thalamic nu cleus (ar row) and the right DBS elec -

trode track (op ti cally empty space). The track in -

volves the ven tral an te rior nu cleus of the thalamus

(orig i nal mag ni fi ca tion 1´).

Fig ure 2A. Co ro nal sec tion (pos te rior as pect) of

the right ce re bral hemi sphere pass ing through the

subthalamic nu cleus and red nu cleus. A well-out -

lined tis sue de fect (right DBS elec trode track) with

smooth bor ders in volves the ven tral lat eral nu cleus

and the thalamic fasciculus with en croach ment

upon the dor sal edge of the subthalamic nu cleus

(ar row).

Fig ures 2B through 2E were stained with Luxol fast

blue and counter stained with hematoxylin and

eosin.

Fig ure 2C. Mi cro graph show ing the right sub tha -

lam ic nu cleus about 3 mm cau dal to the pre vi ous

mi cro graph. The right DBS elec trode track in volves

the ven tral lat eral nu cleus and the thalamic fas ci -

culus with en croach ment upon the dor sal edge of

the subthalamic nu cleus (ar row; orig i nal mag ni fi ca -

tion 100´). 



motoric ben e fit from his DBS, in clud ing re -

duc tions in dyskinesias and im prove ments in

mo tor func tion. Thirty months af ter sur gery,

he had de mon stra ble im prove ments in hand

and arm func tion, es pe cially on the left side,

al though his course was marked by pro gres -

sive de men tia, tachy phemia, gait freez ing and 

fall ing, and truncal flexion. He died 40

months af ter sur gery, and 31 years of dis ease,

at age 71.

Con tin u ous elec tri cal stim u la tion of the

STN has been well-doc u mented to pro duce

sus tained im prove ments in tremor, off se ver -

ity/du ra tion and dyskinesias, as well as re duc -

tions in med i ca tion re quire ment [Just and

Ostergaard 2002, Limou sin et al. 1998, Deep

Brain Stim u la tion for Par kin son’s Dis ease

Study Group 2001, Kumar et al. 1998]. Al -

though our pa tient showed post op er a tive

mo tor im prove ment, his most de bil i tat ing

symp toms – pro gres sive de men tia, pos tural

in stability, truncal flexion and dysarthria –

are all symp toms that have not been re ported

to re spond to med i ca tions or DBS ther apy

[Bloem et al. 1996, Ves per et al. 2002].

Many cen ters use microelectrode re cord -

ing (MER) for electrophysiological map ping

to op ti mize DBS elec trode place ment in the

STN [Benabid et al. 1994, Saint-Cyr et al.

2002]. Post mor tem stud ies pro vide a unique

method of cor rob o rat ing the ac cu racy of DBS

place ment with intraoperative elec trophys i ol -

ogy and post op er a tive MR im ag ing. Au topsy

stud ies fol low ing long-term DBS elec trode

im plan ta tion have been re ported but the ma jor -

ity of these re ports describe thalamic im plan -

McClelland, Vonsattel, Garcia et al. 6
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Fig ure 2D. Mi cro graph show ing the left sub -

thalamic nu cleus cut at the same level as in Fig ure

2B.  The left DBS elec trode track in volves the ven -

tral an te rior nu cleus with en croach ment upon the

pos te rior limb of the in ter nal cap sule (orig i nal mag -

ni fi ca tion 1´). 

Fig ure 2E. Mi cro pho to graph. The right DBS elec -

trode track is shown at the lower left cor ner (op ti cally 

empty space). The me dial cap sule of the sub tha -

lamic nu cleus is be tween the track and the two in -

tact neu rons (cen ter) of the STN. A macro phage is

seen within the cap sule (black ar row). (Orig i nal

mag ni fi ca tion 400´).

Fig ures 2B through 2E were stained with Luxol fast

blue and counter stained with hematoxylin and

eosin.

Fig ure 2E. 

Fig ure 2D. 



ta tion for es sen tial tremor or de afferen ta tion

pain [Boockvar et al. 2000, Caparros- Lefebvre

et al. 1994, Kuroda et al. 1991]. Of the four

pre vi ously re ported au topsy stud ies of STN

elec trode im plan ta tion [Counelis et al. 2003,

Haberler et al. 2000, Henderson et al. 2002,

Jarraya et al. 2003], only one pro vided clin i -

cal out comes lon ger than three months

[Jarraya et al. 2003].

As noted ear lier, por tions of the left half of 

the brain (in clud ing the STN re gion) were

pro cessed in a dif fer ent fash ion than the right.

This pre vented us from pro duc ing an equiv a -

lent dem on stra tion of the elec trode ar ti fact at

its ter mi na tion. Some of the anal y sis of the

left STN re gion was com pro mised by freez -

ing ar ti fact. How ever, given the po si tion of

the left elec trode track rel a tive to the right

both prox i mal to ter mi na tion (Fig ure 2D vs.

2B) and in their lat eral/me dial and an te -

rior/pos te rior co or di nates, it is rea son able to

con clude that the left elec trode ter mi nated in

the STN re gion, about 1 mm above the STN

bor der. We do not have an ex pla na tion for the

ap par ent ter mi na tion of the left elec trode

above the STN bor der and the right in the

rostral STN, since the MER re sults were used

to tar get the ven tral STN bor der. One seem -

ingly likely ex pla na tion is that the DBS elec -

trodes re tracted slightly, im me di ately af ter in -

ser tion, and that the tis sue that was only

tran siently af fected by the elec trode tip did

not have any de tect able per ma nent changes.

It is note wor thy that this pa tient’s long-

 term clin i cal im prove ment post op er a tively

was achieved by a right-sided elec trode ap -

par ently ter mi nat ing in the pe riph ery of the

STN, or pos si bly just out side of the STN bor -

der, rather than well within the nu cleus (Fig -

ure 2C). Al though it is not known if greater

clin i cal ben e fit may have been achieved with

an elec trode ter mi nat ing in the cen ter of the

STN, the im prove ment of this pa tient’s Par -

kin son/mo tor syn drome was com pa ra ble to

our other STN DBS pa tients [Ford et al.

2004]. Us ing the appendicular scores (limb

tremor, ri gid ity and bradykinesia items), even 

at 30 months post op er a tively stim u la tion

through the right elec trode was as so ci ated

with a 62% im prove ment. How ever, stim u la -

tion through the left elec trode at 30 months

post op er a tively was as so ci ated with wors -

ened UPDRS scores, sug gest ing that the tip

lo ca tion out side/above the STN was as so ci -

ated with a lack of clin i cal ben e fit. It is pos si -

ble that the im prove ment in the global mo tor

score may have been pro duced by the ef fec -

tive right- sided stim u la tion alone, with an un -

clear con tri bu tion of the left elec trode.

It cer tainly is pos si ble that the left elec -

trode pro vided less ben e fit than the right be -

cause of its ter mi na tion above the STN bor -

der. This could only have been de ter mined in

this pa tient if re vi sion of the elec trode, to ter -

mi nate in the STN, had im proved the clin i cal

ben e fit. This sug gests that re vi sions should be 

con sid ered for STN DBS elec trodes that are

sus pected to be pro vid ing suboptimal clin i cal

ben e fit. The ob ser va tions in this pa tient sug -

gest that clin i cal ben e fit may not be strictly

con tin gent on DBS tip lo ca tion well within

the STN, but at some dis tance from the cen ter

of the STN (pos si bly out side of its bor der),

the clin i cal ben e fit is re duced. These find ings

are con sis tent with pre vi ous lit er a ture sug -

gest ing that elec trodes within 3 mm of the

STN cen ter pro vide equiv a lent clin i cal ef fi -

cacy, while those greater than 3 mm from the

STN center may not [McClelland et al.

2005a].

It is im por tant to note that the post op er a -

tive im ag ing cor rectly sug gested that the right 

elec trode tip was near or in the STN, while the 

left elec trode tip ap peared likely to ter mi nate

above the STN. Thus, com bin ing the clin i cal

re sponse to each elec trode with the po si tion

of post op er a tive im ag ing may be help ful in

de ter min ing which elec trodes should be con -

sid ered for re vi sion. Also, more patho log i cal

stud ies are war ranted to eval u ate the re la tion -

ship be tween an a tomic electrode tip location

and clinical benefit.

The histopathological find ings we re port

are sim i lar to pre vi ous re ports in hu mans and

an i mals re gard ing deep brain stim u la tion,

con sist ing of mild gliosis around the elec -

trode path, with no neuronal loss close to the

elec trodes [Mar sden and Parkes 1976, Ves per 

et al. 2002]. Our re sults dem on strate that

place ment of DBS elec trodes causes min i mal

tis sue re ac tiv ity, with no def i nite signs of late

tis sue dam age caused by chronic elec tri cal

stim u la tion at dif fer ent fre quen cies, con sis -

tent with pre vi ous find ings [Haberler et al.

2000, Henderson et al. 2002, Jarraya et al.

2003, Stock et al. 1979].
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Conclusion

We re port an au topsy study of long-term

DBS in volv ing a pa tient with levodopa-re -

spon sive PD, who was found to have tran si -

tional type DLBD post mor tem. Intra opera tive, 

ra dio graphic and clin i cal anal y sis dem on -

strated that mo tor symp tom im prove ment was 

achieved by stim u lat ing elec trodes in the re -

gion of the STN, a find ing con firmed by an a -

tom i cal post mor tem anal y sis. The elec trodes

in this pa tient were at the edge of the STN on

the right side and likely out side the bound ary

of the STN on the left side. The right elec trode 

pro vided the an tic i pated clin i cal mo tor ben e -

fit, while the left elec trode did not pro vide

clin i cal ben e fit. These ob ser va tions sug gest

the pos si bil ity that place ment of an elec trode

well within the STN may not be re quired for

sig nif i cant clin i cal ben e fit, but that an elec -

trode placed too far from the bound ary of the

STN may not pro vide clin i cal ef fi cacy. Our

histopathological find ings con firm that

chronic DBS is safe and causes only mild tis -

sue re ac tion. Fu ture au topsy stud ies might aid 

in fur ther elu ci dat ing the re la tion ship be -

tween the neu ro ana tomi cal lo ca tion of im -

planted elec trodes and the clin i cal out come.

Acknowledgments

We would like to thank Dr. Jenny M.

Libien, Eliz a beth Mejia, Dr. John Y. Chen,

Dr. Brian Kim, Dr. Penne Sims and Dr. Mary

Sano for in valu able as sis tance.

Conflict of interest

None of the au thors re ceived any fi nan cial 

sup port in con junc tion with the gen er a tion of

this article.

References

Benabid AL, Pollak P, Gross C, Hoffmann D, Benazzouz

A, Gao DM, Laurent A, Gentil M, Perret J. Acute and

long-term ef fects of subthalamic nu cleus stim u la tion

in Par kin son’s dis ease. Stereotact Funct Neurosurg.

1994; 62 (14): 76-84.

Bloem BR, Beckley DJ, van Dijk JG, Zwinderman AH,

Remler MP, Roos RA. In flu ence of dopaminergic med -

i ca tion on au to matic pos tural re sponses and bal ance

im pair ment in Par kin son’s dis ease. Mov Disord. 1996; 

11 (5): 509-521.

Boockvar JA, Telfeian A, Baltuch GH, Skolnick B, Simuni 

T, Stern M, Schmidt ML, Trojanowski JQ. Long-term

deep brain stim u la tion in a pa tient with es sen tial

tremor: clin i cal re sponse and post mor tem cor re la tion

with stimulator ter mi na tion sites in ven tral thalamus.

Case re port. J Neurosurg. 2000; 93:140-144.

Caparros-Lefebvre D, Ruchoux MM, Blond S, Pe tit H,

Perche ron G. Long-term thalamic stim u la tion in Par -

kin son’s dis ease: post mor tem anatomoclin i cal study.

Neu rol ogy. 1994; 44 (10): 1856-1860.

Counelis GJ, Simuni T, Forman MS, Jaggi JL, Trojanowski

JQ, Baltuch GH. Bi lat eral subthalamic nu cleus deep

brain stim u la tion for ad vanced PD: cor re la tion of

intraoperative MER and post op er a tive MRI with

neuropathological find ings. Mov Disord. 2003; 18:

1062-1065.

Deep-Brain Stim u la tion for Par kin son’s Dis ease Study

Group. Deep-brain stim u la tion of the subthalamic nu -

cleus or the pars interna of the glo bus pallidus in Par -

kin son’s dis ease. N Engl J Med. 2001; 345 (13): 956-

 963.

Ford B, Winfield L, Pull man SL, Frucht SJ, Du Y, Greene

P, Chernigal J, Yu Q, Cote LJ, Fahn S, McKhann GM,

Good man RR. Subthalamic nu cleus stim u la tion in ad -

vanced Par kin son’s dis ease: blinded as sess ments at

one year fol low up. J Neurol Neurosurg Psy chi a try.

2004; 75: 1255-1259.

Good man RR, Kim B, McClelland S 3rd, Senatus PB,

Winfield LM, Pull man SL, Yu Q, Ford B, McKhann

GM 2nd. Op er a tive tech niques and mor bid ity with

subthalamic nu cleus deep brain stim u la tion in 100

con sec u tive pa tients with ad vanced Par kin son’s dis -

ease. J Neurol Neurosurg Psy chi a try. 2006; 77 (1):

127.

Haberler C, Alesch F, Mazal PR, Pilz P, Jellinger K,

Pinter MM, Hainfellner JA, Budka H. No tis sue dam -

age by chronic deep brain stim u la tion in Par kin son’s

dis ease. Ann Neurol. 2000; 48 (3): 372-376.

Hamid NA, Mitch ell RD, Mocroft P, Westby GW, Milner

J, Pall H. Tar get ing the subthalamic nu cleus for deep

brain stim u la tion: tech ni cal ap proach and fu sion of

pre- and post op er a tive MR im ages to de fine ac cu racy

of lead place ment. J Neurol Neurosurg Psy chi a try.

2005; 76 (3): 409-414.

Henderson JM, Pell M, O’Sullivan DJ, McCusker EA,

Fung VS, Hedges P, Halliday GM. Post mor tem anal y -

sis of bi lat eral subthalamic elec trode im plants in Par -

kin son’s dis ease. Mov Disord. 2002; 17 (1): 133-137.

Jarraya B, Bon net AM, Duyckaerts C, Houeto JL, Cornu

P, Hauw JJ, Agid Y. Par kin son’s dis ease, subthalamic

stim u la tion, and se lec tion of can di dates: a patho log i -

cal study. Mov Disord. 2003; 18 (12): 1517-1520.

Just H, Ostergaard K. Health-re lated qual ity of life in pa -

tients with ad vanced Par kin son’s dis ease treated with

deep brain stim u la tion of the subthalamic nu clei. Mov

Disord. 2002; 17 (3): 539-545.

Kosaka K, Yoshimura M, Ikeda K, Budka H. Dif fuse type

of Lewy body dis ease: pro gres sive de men tia with

abun dant cor ti cal Lewy bod ies and se nile changes of

vary ing de gree – a new dis ease? Clin Neuropathol.

1984; 3 (5): 185-192.

Kumar R, Lozano AM, Kim YJ, Hutchison WD, Sime E,

Halket E, Lang AE. Dou ble-blind eval u a tion of sub -

thalamic nu cleus deep brain stim u la tion in ad vanced

Par kin son’s dis ease. Neu rol ogy. 1998; 51 (3): 850-

 855.

McClelland, Vonsattel, Garcia et al. 8

NP 7090 /26.07.2007



Kuroda R, Nakatani J, Yamada Y, Yorimae A, Kitano M.

Lo ca tion of a DBS-elec trode in lat eral thalamus for

deafferentation pain. An au topsy case re port. Acta

Neurochir Suppl (Wien). 1991; 52: 140-142.

Limou sin P, Pollak P, Benazzouz A, Hoffmann D, Le Bas

JF, Broussolle E, Perret JE, Benabid AL. Ef fect of

parkinsonian signs and symp toms of bi lat eral sub -

thalamic nu cleus stim u la tion. Lan cet. 1995; 14, 345

(8942): 91-95.

Limou sin P, Krack P, Pollak P, Benazzouz A, Ardouin C,

Hoffmann D, Benabid AL. Elec tri cal stim u la tion of the 

subthalamic nu cleus in ad vanced Par kin son’s dis ease.

N Engl J Med. 1998; 339: 1105-1111.

Mar sden CD, Parkes JD. “On-off” ef fects in pa tients

with Par kin son’s dis ease on chronic levodopa ther apy. 

Lan cet 1976; 1: 292-296.

McClelland S 3rd, Ford B, Senatus PB, Winfield LM, Du

YE, Pull man SL, Yu Q, Frucht SJ, McKhann GM 2nd,

Good man RR. Subthalamic stim u la tion for Par kin son

dis ease: de ter mi na tion of elec trode lo ca tion nec es sary

for clin i cal ef fi cacy. Neurosurg Fo cus. 2005a; 19 (5):

E12.

McClelland S 3rd, Kim B, Winfield LM, Ford B, Ed wards

TA, Pull man SL, Yu Q, McKhann GM 2nd, Good man

RR. Microelectrode re cord ing-de ter mined sub thalamic

nu cleus length not pre dic tive of stim u la tion-in duced

side ef fects. Neurosurg Fo cus. 2005b; 19 (5): E13.

McKeith IG, Dick son DW, Lowe J, Emre M, O’Brien JT,

Feldman H, Cummings J, Duda JE,  Lippa C, Perry

EK, Aarsland D, Arai H, Ballard CG, Boeve B, Burn

DJ, Costa D, Del Ser T,  Dubois B, Galasko D,

Gauthier S, Goetz CG, GomezTortosa E, Halliday G,

Hansen LA,  Hardy J, Iwatsubo T, Kalaria RN, Kaufer

D, Kenny RA, Korczyn A, Kosaka K, Lee VM,  Lees A,

Litvan I, Londos E, Lopez OL, Minoshima S, Mizuno Y, 

Molina JA, Mukaetova Ladinska EB, Pasquier F,

Perry RH, Schulz JB, Trojanowski JQ, Yamada M,

Con sor tium on  DLB. Di ag no sis and man age ment of

de men tia with Lewy bod ies: third re port of the DLB 

Con sor tium.  Neu rol ogy. 2005; 65(12): 1863-1872.

Saint-Cyr JA, Hoque T, Pereira LC, Dostrovsky JO,

Hutchison WD, Mikulis DJ, Abosch A, Sime E, Lang

AE, Lozano AM. Lo cal iza tion of clin i cally ef fec tive

stim u lat ing elec trodes in the hu man subthalamic nu -

cleus on mag netic res o nance im ag ing. J Neurosurg.

2002; 97 (5): 1152-1166.

Starr PA, Chris tine CW, Theodosopoulos PV, Lindsey N,

Byrd D, Mosley A, Marks WJ Jr. Im plan ta tion of deep

brain stimu la tors into the subthalamic nu cleus: tech ni -

cal ap proach and mag netic res o nance im ag ing-ver i -

fied lead lo ca tions. J Neurosurg. 2002; 97: 370-387.

Stock G, Sturm V, Schmitt HP, Schlor KH. The in flu ence

of chronic deep brain stim u la tion on ex cit abil ity and

mor phol ogy of the stim u lated tis sue. Acta Neurochir

(Wien). 1979; 47 (12): 123-129.

Ves per J, Klostermann F, Stockhammer F, Funk T, Brock

M. Re sults of chronic subthalamic nu cleus stim u la tion 

for Par kin son’s dis ease: a 1-year fol low-up study.

Surg Neurol. 2002; 57 (5): 306-313.

Volkmann J, Allert N, Voges J, Weiss PH, Freund HJ,

Sturm V. Safety and ef fi cacy of pallidal or subthalamic

nu cleus stim u la tion in ad vanced PD.  Neu rol ogy.

2001; 56: 548-551.

Vonsattel JP, Aizawa H, Ge P, DiFiglia M, McKee AC,

Mac Don ald M, Gusella JF, Landwehrmeyer GB, Bird

ED, Rich ard son EP Jr  et al. An im proved ap proach to

pre pare hu man brains for re search. J Neuropathol Exp

Neurol. 1995; 54 (1): 42-56.

Au topsy study of STN DBS clin i cal ef fi cacy 9

NP 7090 /26.07.2007


