
need to be aware of this syndrome, particularly when an apparent
cause of malfunction is not obvious. Caretakers and patients should
be educated and questioned when DBS malfunction is suspected.
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Deep brain stimulation of the subthalamic nucleus but not the
internal globus pallidus is neuroprotective in a rat model of
Parkinson’s disease
D.L. Fischer, C.J. Kemp, T.J. Collier, S.L. Wohlgenant, B.F. Daley,
K. Steece-Collier, C.E. Sortwell (Grand Rapids, MI, USA)

Objective: To investigate the neuroprotective potential of high-
frequency deep brain stimulation of the globus pallidus interna (GPi
DBS) in the 6-hydroxydopamine (6-OHDA) rat model of Parkinson’s
disease (PD) and to retrospectively compare results to the neuropro-
tection observed in association with subthalamic nucleus (STN) DBS
(Spieles-Engemann et al., 2010).

Background: Our laboratory and others have demonstrated that

DBS of the STN provides neuroprotection for dopaminergic neurons
of the substantia nigra pars compacta (SNc) in the 6-OHDA rat
model of PD. Clinical evidence also suggests that STN DBS may
have a disease-modifying effect in PD patients. A recent clinical trial
showed equivalent efficacy for motor symptoms for DBS that tar-
geted either the GPi or the STN.

Methods: We conducted long-term, HF GPi DBS in male rats
that received unilateral, intrastriatal 6-OHDA. 2 weeks post 6-
OHDA, rats with approximately 50% loss of SNc DA neurons were
randomly assigned to receive ACTIVE or INACTIVE stimulation
continuously for 2 weeks, during which an additional 25% nigral loss
occurs in lesioned, untreated rats. Forelimb use asymmetry was used

to quantify lesion severity and functional efficacy of GPi DBS. Elec-
trode placement in the GPi was verified. Tyrosine hydroxylase immu-
noreactive (THir) neurons of the SNc were quantified to assess
whether GPi DBS affected ongoing loss of nigral DA neurons.
Results from this cohort were retrospectively compared to our previ-
ous STN DBS studies.

Results: All rats exhibited an approximate 75% loss of THir SNc

neurons 4 weeks post-lesion regardless of treatment group; no differ-
ence between ACTIVE and INACTIVE groups receiving GPi DBS
was observed.

Conclusions: Our data reveal that long-term, HF GPi DBS does
not have a neuroprotective effect in the 6-OHDA rat model of PD.
These results are in sharp contrast to our previous work in which

STN DBS provided significant neuroprotection under identical lesion
parameters. Despite equivalent symptomatic efficacy of STN and GPi
DBS in PD patients, these data suggest that stimulation-associated
neuroprotection is specific to STN placement. Further studies will
investigate the mechanism of STN DBS mediated neuroprotection.
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Low-frequency stimulation of the pedunculo-pontine nuclei can
improve gait in parkinsonian syndromes
I. Galazky, L. Büntjen, S. Stallforth, C. Kluge, H.-J. Heinze,
J. Voges (Magdeburg, Germany)

Objective: We report clinical results of deep brain stimulation in

the pedunculopontine nucleus in six patients with parkinsonian disor-
der of different etiologies.

Background: Deep brain stimulation (DBS) of the pedunculo-
pontine nucleus (PPN) has been proved to be effective in severe gait
disorder in idiopathic Parkinson’s disease. Axial motor symptoms
like freezing of gait and postural instability are disabling motor fea-

tures of other parkinsonian disorders too. Since pharmacological
treatment does not improve such disabilities PPN DBS might provide
alleviation of symptoms.

Methods: Six patients with parkinsonian disorders and severe gait
disorders underwent surgery for PPN DBS. Two patients with proba-
ble progressive supranuclear palsy (PSP) were implanted into the

PPN as single target, two patients with idiopathic Parkinson’s disease
and one patient with levodopa-responsive atypical parkinsonian syn-
drome received PPN electrodes in addition to bilateral DBS of the
subthalamic nucleus (STN), one patient with Parkinson’s disease and
dystonia received PPN electrodes in addition to DBS of the internal

pallidum (GPi). Clinical evaluation included history (falls diary, SF
36 [36-Item Short Form Survey]), motor scales (UPDRS [Unified
Parkinson’s Disease Rating Scale] motor scale, PSP-RS [PSP rating
scale], TUG [Timed ‘‘Up and Go’’], Tinetti-Test, posturography,
automatized gait analysis), and cognitive examination.

Results: All patients experienced a relevant stabilisation of gait
which was presented by reduction of start hesitation and freezing in

the clinical exams. The improvement of gait and balance disorders
was varying. Especially PSP patients reported reduced falls. The clin-
ical changes were not sufficiently aquired by the used motor scales.
Detailed posturography and automatized gait analysis provided better
information about clinical changes.

Conclusions: Regarding these first preliminary results we discuss

that PPN DBS could serve as a symptomatic treatment for carefully
selected patients with atypical parkinsonism. For reasoned decision
SWOT analysis is needed in a larger population and the long term
effectiveness has to be evaluated.
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A functional mechanism for deep brain stimulation in
Parkinson’s disease: The slow axon blockade hypothesis
M.R. Garcı́a, B.A. Pearlmutter, P.E. Wellstead, M. Verwoerd,
R.H. Middleton (Maynooth, Ireland)

Objective: To determine the functional mechanisms of Deep

Brain Stimulation for the treatment of parkinsonian tremor.
Background: Deep brain stimulation (DBS) can ameliorate essen-

tial and parkinsonian tremor. The detailed mechanism by which this is
achieved is unclear, but clues to the mechanism may lie in the known
destabilising influence of time delays upon closed-loop systems.

Methods: We hypothesise that DBS tends to stabilise the system
and reduce tremor oscillations by reducing time delays in motor con-

trol system feedback loops. We posit that the reduction is associated
with a partial blockade of axonal pathways by antidromic activation,
with the blockade being less complete for axons with higher propaga-
tion velocities. The inverse relationship between blockade effective-
ness and propagation velocity would be due to the blocking pulses
clearing the axon faster when their velocity is higher, leaving a larger

fraction of the time for signalling activity.
Results: Numeric calculations of effective DBS frequencies given

the length of the involved pathways, the known distribution of axonal
diameters, and the known relationship between axonal diameter and
velocity, are consistent with clinical observations. A simplified model
of the motor control loop [1] and a simple model capturing relevant
features of the parkinsonian pathology in specific neuronal circuits

[2] both exhibit changes under simulated DBS that agree with several
heretofore-unexplained clinical observations. This theory also makes
a variety of strong testable predictions.

Conclusions: The Slow Axon Blockade Hypothesis is a simple
idea, not easily tuned, which naturally accounts for a variety of
known features of DBS not easily explained by other theories.
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Improving deep brain stimulation case efficiency by application
of Virginia Mason Production System (VMPS)
M.T. Gunther, F.R. Farrokhi, J.W. Roberts, J. Berger, K. McHenry
(Seattle, WA, USA)

Objective: Applying lean methodology by way of the Virginia
Mason Production System (VMPS) to improve quality and efficiency
in deep brain stimulation surgery.

Background: The inherent complex and high risk nature of deep
brain stimulation surgery lends itself to the accumulation of large
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