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Medication refractory symptoms and a need for more
efficacious therapies for neurological disorders have
helped to stimulate the growth of surgical
interventions such as deep brain stimulation (DBS). In
1874, Bartholow reported one of the first cases of
‘brain stimulation’; however, the field of therapeutic
brain stimulation did not emerge until over a century
later, when Benabid and colleagues in 1987 proved that
chronic high frequency DBS was useful for the
treatment of tremor.1 DBS is now widely accepted as a
therapy for advanced Parkinson’s disease (PD) and
essential tremor, and it is emerging as a therapy that
may be useful in other neurological and psychiatric
disorders. In this article the authors will explore what
has been learned about DBS and where the field may
be heading.

Adva n t a g e s  a n d  D i s a dva n t a g e s  o f  DB S

DBS has many advantages over other surgical
approaches to PD. It is a reversible procedure that allows
the option for discontinuation for any reason, including
better therapies. Many patients prefer this therapy over
‘lesions’.With stimulation the brain can be stimulated on
both sides with relative safety, unlike lesion therapy.
Settings can be adjusted as often as needed for desired
results, and the efficacy of DBS in PD and essential
tremor is comparable and perhaps even better than
lesion therapy (if used bilaterally).At present, DBS is US
Food and Drug Administration (FDA)-approved for
essential tremor and PD and has received a
Humanitarian Device Exemption (HDE) approval for
the treatment of another movement disorder – dystonia.

Ablative procedures, such as unilateral pallidotomy can
be performed safely and effectively.2 Some groups
believe unilateral pallidotomy to be more effective in
improving the motor symptoms of PD, compared with
bilateral subthalamic nucleus (STN) stimulation, but a
randomized trial comparing the two showed that DBS
was more efficacious.3 It is not surprising that a
unilateral lesioning procedure (or any unilateral
procedure) would be less effective when compared with
bilateral DBS, and it may be more fair to compare
unilateral pallidotomy with unilateral DBS (which has
not been carried out in a large clinical trial to date).

Ablative surgery has some advantages over DBS
including no requirement for DBS programming, and
no long-term infections. Additionally, there are no
hardware-related complications. Lesion therapy is cost-
effective, particularly in countries where DBS cannot
be offered.4 Additionally, there are now several studies
showing the safety and efficacy of bilateral STN
lesions.5–9 There is a need for direct comparison trials
between lesion and DBS; however, these trials are
unlikely to be performed as most patients prefer non-
ablative therapy. Future considerations may also include
lesion on one side of the brain and DBS on the
contralateral side. The relative merits of this mixed
lesion-DBS approach have not been carefully
investigated.

What  H a s  B e e n  L e a r n e d  
A b ou t  t h e  Ta r g e t s ?

S u b t h a l m i c  N u c l e u s  C o m p a r e d  w i t h
G l o b u s  Pa l l i d u s  I n t e r n u s  D B S

It is still not known what the best target for DBS in PD
is. There is a consensus that STN and globus pallidus
internus (GPi) are the preferred targets, and ventralis
intermedius of the thalamus (VIM) is preferred for
essential tremor. While bilateral STN stimulation is
currently the most widely used treatment, there remains
no definitive consensus as to which target is better for
which symptom.10 Historically, GPi has been the
preferred target because of the success with
pallidotomies and pallidal DBS.11 A number of
important studies12–14 focused attention on STN.
Numerous studies emerged soon after about the success
of STN stimulation.15 With preference for STN
growing, very few studies have been published about
GPi stimulation, making the comparison difficult.When
reports of the serious cognitive side effects of STN
stimulation emerged, alternate targets including GPi
were again widely reconsidered. Several large
multicenter studies comparing the two targets were
under way at the time of press. There are no available
well balanced head to head trials comparing the two
targets. Both sites are effective in improving the cardinal
symptoms of PD (bradykinesias, rigidity, tremors and
gait dysfunction), and both sites are efficacious in
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decreasing motor fluctuations and dyskinesias. It has
been argued by several groups that bilateral STN
stimulation may be superior to GPi in improving the
motor scores, tremor and bradykinesia;12,13 however,
other studies have shown the difference to be either the
same16 or not significant.17 STN stimulation is thought
to be superior to GPi in reducing levodopa dosage,
although all published studies have failed to implement
standard dosage reduction strategies. This could be a
significant advantage in patients having medication-
related side effects or issues, something that is commonly
seen in advanced PD. STN stimulation seems to be
associated with a surprising number of mood, cognitive
and behavioral side effects.Though such side effects have
also been reported with GPi stimulation, the difference
between the two sites may eventually prove significant.17

Suicide has also been reported to be associated with the
STN target.18 It is also posited that GPi DBS has a more
direct antidyskinetic effect and this may in itself be an
advantage, particularly as PD progresses and more
medications may be needed.19 It is very important that
head to head studies between STN and GPi be
conducted with long-term follow-up to determine
which target is better for which symptom, and for
which patient. There are several on-going studies
including the Veterans Administration (VA) Cooperative
Study on Antihypertensive Agents Parkinsons and DBS,
and the University of Florida study Effects of DBS on
Mood and Cognition in Parkinson’s Disease.

What  H a s  B e e n  L e a r n e d  A b ou t
S c r e e n i n g  Pa t i e n t s  f o r  DB S ?

Over the past decade it has been shown that the most
important step in DBS surgery is identifying the right
candidates. In general, potential candidates have
idiopathic PD, and not a Parkinsonian plus syndrome
(multi-system atrophy, corticobasal ganglionic
degeneration, diffuse Lewy body disease, progressive
supra-nuclear palsy and other causes of secondary
Parkinsonism). The candidate should have had an
excellent response to levodopa and the disease should
have advanced to the stage where symptoms are
refractory to medication changes. These medication
refractory symptoms include wearing off phenomena,
on-off fluctuations, and dyskinesias.The patient should
have no or minimal cognitive dysfunction. Medication
refractoriness should be judged only after a medication
optimization period under the care of an experienced
practitioner. This issue of cognitive dysfunction can
become complicated, and is still unclear, as the more
rigorous the criteria for surgery, the less candidates
there will be.

We have additionally learned the importance of instilling
realistic expectations of the surgery from the outset.20

The response of the DBS, at best, is going to be the best

response from levodopa. DBS also has a powerful effect
on smoothing out on/off fluctuations.Therefore, careful
on/off Unified Parkinson Disease Rating Scale
(UPDRS) ratings should be performed and heart to
heart discussions undertaken between doctors and
families.20 There may be certain circumstances where
DBS will need to be carried out for one refractory
symptom such as tremor or dyskinesia.

T h e  Impo r t a n c e  o f  Tr i a g e  To o l s  S u c h  a s
t h e  F l o r i d a  S u r g i c a l  Q u e s t i o n n a i r e  f o r
PD  f o r  G e n e r a l  N e u ro l o g i s t s  a n d
P r a c t i t i o n e r s

Potential surgical candidates can be triaged by general
neurologists and primary care physicians (PCPs) by
using questionnaires such as the Florida Surgical
Questionnaire for Parkinson Disease (FLASQ-PD)
surgical questionnaire.21 This questionnaire is designed
as a quick triage tool for practitioners to identify and
refer potential DBS candidates to experienced centers.
It gives the criteria for diagnosing probable idiopathic
PD, identifies contraindications to the surgery,
favorable and/or unfavorable characteristics,
medication trials, and medication refractory symptoms.
Patients are given a score, and can be re-evaluated or
‘re-FLASQed’ after optimization. Potential surgical
candidates can then be referred to a movement
disorders multidisciplinary team for a complete work-
up prior to further consideration for surgery. Methods
such as the FLASQ-PD will aid in the post-FDA
approval era of DBS to ensure the right candidates are
receiving the operation.

T h e  C omp l i c a t i o n s  o f  DB S

DBS, like other surgical procedures, has a complication
rate that may be closely related to the experience and
techniques of the neurosurgical team. These
complications can be divided into procedure-related or
device-related. Overall, the procedure-related
complications occur in 5% to 10% of the cases. Some of
these complications include intracerebral hemorrhage,
infection, seizure, confusion, focal neurological signs
(such as transient hemiparesis), paresthesias, abnormal
eye movements, skin erosion, depression, worsening of
speech, and worsening cognition.22–24 The one side
effect that is being watched most carefully is suicide.18

The device-related complications include hardware
problems that may lead to repeat surgery. These have
included lead fractures (3% to 5%), lead migrations (5%
to 14%), and neurostimulator malfunction (2% to 8%).22

A case of brain necrosis has also been reported after
undergoing diathermy.25 Of course the greatest risk of
therapy is that the device does not provide perceived
pre-operative benefits, and in a number of cases this
may be due to lead misplacement.26,27
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Th e  M e c h a n i sm  o f  A c t i o n

The exact mechanism of action for DBS is not yet
known. Based on animal models and human
electrophysiologic monitoring, there are a number of
theories.These include:

• high frequency stimulation inhibiting the target
nucleus by presynaptic release of inhibitory
neurotransmitters in axons, with low frequency
stimulation, leading to stimulation (activation) of the
target nucleus;

• disruption or stabilization of the neuronal firing
patterns in the target area by inducing decay at
downstream synapses;

• plastic changes occurring in the downstream
networks as a result of chronic stimulation; and28

• high frequency stimulation leading to
desynchronization of the network oscillations at the
target nucleus.

Other possible mechanisms of action include
depolarization blockade, channel blocking, synaptic
failure, anterograde effects, retrograde effects, effects on
non-neuronal cells, and effects on local concentrations
of ions or neuroactive molecules, and neuronal energy
depletion.29 The clinical result could well be the sum of
many of these effects. Ultimately, the simplest
explanation is that DBS inhibit cells and excites fibers,
and that functionally it creates an ‘informational lesion’.

T h e  F u t u r e  f o r  DB S

In spite of the tremendous success of DBS in the past
decade, its true potential in treating neurological and
psychiatric diseases is not likely to have been realized.
The long-desired ability to stimulate specific regions of
the brain with positive outcomes has finally become a
reality. Additionally, the concept of ‘brain–machine
interface’ is now a practical reality. The therapeutic
potential of this field will be enormous.Bilateral GPi and
thalamic stimulation are now being used to treat primary
dystonias.30 In patients with medically refractory epilepsy,
stimulation of the anterior nucleus34 and centromedian
nucleus of the thalamus,35 hippocampus,36 and STN37 has

met with promising clinical results. Posterior
hypothalamus has been proposed as a possible target for
the treatment of cluster headaches,38 and preliminary data
is very positive.39 Patients with Tourette’s syndrome have
responded to DBS.40,41 DBS is being actively investigated
in the treatment of central pain.

New avenues are opening in the field of stimulation.
Motor cortex stimulation has now been used with success
in the treatment of neuropathic facial pain,42

deafferentation pain,43 and complex regional pain
syndrome.44 Other potentially useful and emerging targets
over the last decade for the treatment of central pain have
included the ventral posterior lateral (VPL) nucleus of the
thalamus,45 internal capsule,46 peri-aqueductal grey, raphe
nuclei,47 and anterior cingulate cortex.48 DBS has also met
with varying degrees of success in the treatment of some
psychiatric disorders. Stimulation of the anterior limb of
the internal capsule has resulted in clinical benefit in
patients with obsessive compulsive disorder (OCD).49,50

DBS has also shown promise in the treatment of
medically refractory depression.50,51

Imp rovemen t s  i n  DB S  i n  t h e  
N e a r  F u t u r e

In order to improve current systems, there are many
avenues that may be studied. Currently, DBS requires
utilization of a tremendous amount of resources.
Improvements in screening and standardization of
techniques will be needed.There remains no consensus
on best DBS practices and this will be a challenge of the
next decade. In the near future, it should be possible to
remotely program the DBS devices by using telephone
lines and the Internet, as is being carried out for cardiac
pacemakers. Rechargeable batteries will eliminate the
need for the three- to five-year battery replacements.
New designs in electrode arrays will be helpful in
minimizing complications such as lead fractures.

Con c l u s i o n

In conclusion, DBS appears to be a treatment that will
expand its indications and push novel innovations
forward resulting in the better care of patients.As a better
understanding of its uses and limitations is gained, the list
of its indications will grow and the list of refinements and
improvements will increase commensurately. ■

R e f e r e n c e s

1. Benabid A L, Pollak P, Louveau A, Henry S de R J,“Combined (thalamotomy and stimulation) stereotactic surgery of the VIM
thalamic nucleus for bilateral Parkinson disease”, Appl. Neurophysiol. (1987);50(1–6): pp. 344–346.

2. Vitek J L, Bakay R A, Freeman A et al.,“Randomized trial of pallidotomy versus medical therapy for Parkinson’s disease”, Ann.



Deep Bra in S t imu la t ion – What Has Been Learned and Where i t i s Go ing

B U S I N E S S  B R I E F I N G : U S  N E U R O L O G Y  R E V I E W  2 0 0 5

4

Neurol. (2003);53(5): pp. 558–569.
3. Esselink R A, de Bie R M, de Haan R J et al.,“Unilateral pallidotomy versus bilateral subthalamic nucleus stimulation in PD:

a randomized trial”, Neurol. (2004);62(2): pp. 201–207.
4. Lopez-Flores G, Miguel-Morales J,Teijeiro-Amador J et al., “Anatomic and neurophysiological methods for the targeting and

lesioning of the subthalamic nucleus: Cuban experience and review”, Neurosurg. (2003);52(4): pp. 817–830.
5. Alvarez L, Macias R, Lopez G et al.,“Bilateral subthalamotomy in Parkinson’s disease: initial and long-term response”, Brain

(2005);128(Pt 3): pp. 570–583.
6. Su P C,Tseng H M, Liu H M,Yen R F, Liou H H,“Treatment of advanced Parkinson’s disease by subthalamotomy: one-year

results”, Mov. Disord. (2003);18(5): pp. 531–538.
7. Alvarez L, Macias R, Guridi J et al.,“Dorsal subthalamotomy for Parkinson’s disease”, Mov. Disord. (2001);16(1): pp. 72–78.
8. Patel N K, Heywood P, O’Sullivan K, McCarter R, Love S, Gill S S, “Unilateral subthalamotomy in the treatment of

Parkinson’s disease”, Brain (2003);126(Pt 5): pp. 1,136–1,145.
9. Patel N K, Heywood P, O’Sullivan K, Love S, Gill S S,“MRI-directed subthalamic nucleus surgery for Parkinson’s disease”,

Stereotact. Funct. Neurosurg. (2002);78(3–4): pp. 132–145.
10. Okun M S, Foote K D,“STN versus GPi DBS,The Rematch”, (in press) Arch. Neurol.` (2005), ref. type: generic.
11. Ghika J,Villemure J G, Fankhauser H, Favre J, Assal G, Ghika-Schmid F, “Efficiency and safety of bilateral contemporaneous

pallidal stimulation (deep brain stimulation) in levodopa-responsive patients with Parkinson’s disease with severe motor
fluctuations: a 2-year follow-up review”, J. Neurosurg. (1998);89(5): pp. 713–718.

12. Benabid A L, Pollak P, Gross C et al.,“Acute and long-term effects of subthalamic nucleus stimulation in Parkinson’s disease”,
Stereotact. Funct. Neurosurg. (1994);62(1–4): pp. 76–84.

13. Krack P, Pollak P, Limousin P et al.,“Subthalamic nucleus or internal pallidal stimulation in young onset Parkinson’s disease”,
Brain (1998);121(Pt 3): pp. 451–457.

14. Limousin P, Pollak P, Benazzouz A et al., “Effect of parkinsonian signs and symptoms of bilateral subthalamic nucleus
stimulation”, Lancet (1995);345(8942): pp. 91–95.

15. “Deep-brain stimulation of the subthalamic nucleus or the pars interna of the globus pallidus in Parkinson’s disease”, N. Engl. J.
Med. (2001);345(13): pp. 956–963.

16. Burchiel K J,Anderson V C, Favre J, Hammerstad J P,“Comparison of pallidal and subthalamic nucleus deep brain stimulation
for advanced Parkinson’s disease: results of a randomized, blinded pilot study”, Neurosurg. (1999);45(6): pp. 1,375–1,382.

17. Vitek J L,“Deep brain stimulation for Parkinson’s disease.A critical re-evaluation of STN versus GPi DBS”, Stereotact. Funct.
Neurosurg. (2002);78(3–4): pp. 119–131.

18. Funkiewiez A,Ardouin C, Caputo E et al.,“Long term effects of bilateral subthalamic nucleus stimulation on cognitive function,
mood, and behaviour in Parkinson’s disease”, J. Neurol. Neurosurg. Psychiatry (2004);75(6):pp. 834–839.

19. Minguez-Castellanos A, Escamilla-Sevilla F, Katati M J et al., “Different patterns of medication change after subthalamic or
pallidal stimulation for Parkinson’s disease: target related effect or selection bias?”, J. Neurol. Neurosurg. Psychiatry
(2005);76(1): pp. 34–39.

20. Okun M S, Foote K D,“A mnemonic for Parkinson disease patients considering DBS: a tool to improve perceived outcome of
surgery”, Neurologist (2004);10(5): p. 290.

21. Okun M S, Fernandez H H, Pedraza O et al., “Development and initial validation of a screening tool for Parkinson disease
surgical candidates”, Neurol. (2004);63(1): pp. 161–163.

22. Oh M Y,Abosch A, Kim S H, Lang A E, Lozano A M,“Long-term hardware-related complications of deep brain stimulation”,
Neurosurg. (2002);50(6): pp. 1,268–1,274.

23. Beric A, Kelly P J, Rezai A et al., “Complications of deep brain stimulation surgery”, Stereotact. Funct. Neurosurg.
(2001);77(1–4): pp. 73–78.

24. Koller W C, Lyons K E,Wilkinson S B,Troster A I, Pahwa R,“Long-term safety and efficacy of unilateral deep brain stimulation
of the thalamus in essential tremor”, Mov. Disord. (2001);16(3): pp. 464–468.

25. Nutt J G, Anderson V C, Peacock J H, Hammerstad J P, Burchiel K J, “DBS and diathermy interaction induces severe CNS
damage”, Neurol. (2001);56(10): pp. 1,384–1,386.

26. Okun M S,Tagliati M, Pourfar M et al., Management of Referred DBS Failures: A Retrospective Analysis from Two
Movement Disorders Centers,American Academy of Neurology, Miami (13 April 2005), ref. type: generic.

27. Metz S, Hagestuen R, Foote K, Fernandez H H, Okun M S, Complications of DBS Therapy: A Survey of the NPF
Centers of Excellence,American Academy of Neurology, Miami (14 April 2005), ref. type: generic.

28. Lozano A M, Dostrovsky J, Chen R,Ashby P,“Deep brain stimulation for Parkinson’s disease: disrupting the disruption”, Lancet
Neurol. (2002);1(4): pp. 225–231.

29. McIntyre C C,Thakor N V, “Uncovering the mechanisms of deep brain stimulation for Parkinson’s disease through functional
imaging, neural recording, and neural modeling”, Crit. Rev. Biomed. Eng. (2002);30(4–6): pp. 249–281.

30. Loher T J, Burgunder J M,Weber S, Sommerhalder R, Krauss J K,“Effect of chronic pallidal deep brain stimulation on off period
dystonia and sensory symptoms in advanced Parkinson’s disease”, J. Neurol. Neurosurg. Psychiatry (2002);73(4): pp.



395–399.
31. Blond S, Siegfried J,“Thalamic stimulation for the treatment of tremor and other movement disorders”, Acta. Neurochir. Suppl.

(Wien) (1991);52: pp. 109–111.
32. Vesper J, Klostermann F, Funk T, Stockhammer F, Brock M, “Deep brain stimulation of the globus pallidus internus (GPI) for

torsion dystonia – a report of two cases”, Acta. Neurochir. Suppl. (2002);79: pp. 83–88.
33. Sellal F, Hirsch E, Barth P, Blond S, Marescaux C,“A case of symptomatic hemidystonia improved by ventroposterolateral thalamic

electrostimulation”, Mov. Disord. (1993);8(4): pp. 515–518.
34. Hodaie M, Wennberg R A, Dostrovsky J O, Lozano A M, “Chronic anterior thalamus stimulation for intractable epilepsy”,

Epilepsia (2002);43(6): pp. 603–608.
36. Velasco M,Velasco F,Velasco A L,Velasco G, Jimenez F,“Effect of chronic electrical stimulation of the centromedian thalamic nuclei

on various intractable seizure patterns: II. Psychological performance and background EEG activity”, Epilepsia (1993); 34(6):
pp. 1,065–1,074.

36. Velasco F,Velasco M,Velasco A L, Menez D, Rocha L, “Electrical stimulation for epilepsy: stimulation of hippocampal foci”,
Stereotact. Funct. Neurosurg. (2001);77(1–4): pp. 223–227.

37. Benabid A L,Minotti L,Koudsie A, de Saint M A,Hirsch E,“Antiepileptic effect of high-frequency stimulation of the subthalamic
nucleus (corpus luysi) in a case of medically intractable epilepsy caused by focal dysplasia: a 30-month follow-up: technical case
report”, Neurosurg. (2002);50(6): pp. 1,385–1,391.

38. Leone M, Franzini A, Bussone G, “Stereotactic stimulation of posterior hypothalamic gray matter in a patient with intractable
cluster headache”, N. Engl. J. Med. (2001);345(19): pp. 1,428–1,429.

39. Leone M, May A, Franzini A et al., “Deep brain stimulation for intractable chronic cluster headache: proposals for patient
selection”, Cephalalgia (2004);24(11): pp. 934–937.

40. Visser-Vandewalle V,Temel Y, Boon P et al., “Chronic bilateral thalamic stimulation: a new therapeutic approach in intractable
Tourette syndrome. Report of three cases”, J. Neurosurg. (2003);99(6): pp. 1,094–1,100.

41. Houeto J L, Karachi C, Mallet L, Pillon B, Damier P,Agid Y, Tourette disorder and DBS. 9th International Congress of
Parkinson’s Disease and Movement Disorders, New Orleans, LA (6 March 2005), ref. type: generic.

42. Rainov N G, Heidecke V,“Motor cortex stimulation for neuropathic facial pain”, Neurol. Res. (2003);25(2): pp. 157–161.
43. Tsubokawa T, Katayama Y,Yamamoto T, Hirayama T, Koyama S, “Chronic motor cortex stimulation in patients with thalamic

pain”, J. Neurosurg. (1993);78(3): pp. 393–401.
44. Son U C, Kim M C, Moon D E, Kang J K, “Motor cortex stimulation in a patient with intractable complex regional pain

syndrome type II with hemibody involvement. Case report”, J. Neurosurg. (2003);98(1): pp. 175–179.
45. Gerhart K D,Yezierski R P, Fang Z R,Willis W D,“Inhibition of primate spinothalamic tract neurons by stimulation in ventral

posterior lateral (VPLc) thalamic nucleus: possible mechanisms”, J. Neurophysiol. (1983);49(2): pp. 406–423.
46. Adams J E, Hosobuchi Y, Fields H L,“Stimulation of internal capsule for relief of chronic pain”, J. Neurosurg. (1974);41(6):

pp. 740–744.
47. Oliveras J L, Hosobuchi Y, Guilbaud G, Besson J M, “Analgesic electrical stimulation of the feline nucleus raphe magnus:

development of tolerance and its reversal by 5-HTP”, Brain Res. (1978);146(2): pp. 404–409.
48. Davis K D,Taub E, Duffner F et al.,“Activation of the anterior cingulate cortex by thalamic stimulation in patients with chronic

pain: a positron emission tomography study”, J. Neurosurg. (2000);92(1): pp. 64–69.
49. Nuttin B J, Gabriels L A, Cosyns P R et al., “Long-term electrical capsular stimulation in patients with obsessive-compulsive

disorder”, Neurosurg. (2003);52(6): pp. 1,263–1,272.
50. Cosyns P, Gabriels L, Nuttin B,“Deep brain stimulation in treatment refractory obsessive compulsive disorder”, Verh. K.Acad.

Geneeskd Belg. (2003);65(6): pp. 385–399.
51. Mayberg H S, Lozano A M,Voon V et al.,“Deep brain stimulation for treatment-resistant depression”, Neuron. (2005);45(5):

pp. 651–660.
52.Mayberg H S, Lozano A M,Voon V et al.,“Deep brain stimulation for treatment-resistant depression”, Neuron. (2005);45(5):

pp. 651–660.

5

B U S I N E S S  B R I E F I N G : U S  N E U R O L O G Y  R E V I E W  2 0 0 5

Reference Section


