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Low-frequency stimulation of STN-DBS

reduces aspiration and freezing of gait in
patients with PD

ABSTRACT

Objectives: To study whether 60-Hz stimulation, compared with routine 130 Hz, improves swal-
lowing function and freezing of gait (FOG) in patients with Parkinson disease (PD) who undergo
bilateral subthalamic nucleus (STN) deep brain stimulation (DBS).

Methods: We studied 7 patients with PD who experienced FOG that persisted despite routine
130-Hz stimulation and dopaminergic medication. Each patient received 3 modified barium swal-
low (MBS) studies in a single day under 3 DBS conditions in the medication-on state: 130 Hz,
60 Hz, or DBS off, in a randomized double-blind manner. The laryngeal penetration and aspiration
events were cautiously assessed, and a swallowing questionnaire was completed. The Unified
Parkinson's Disease Rating Scale, Part Ill motor score, axial subscore, tremor subscore, and
FOG by a questionnaire and stand-walk-sit test were also assessed. The best DBS condition
(60 Hz here) producing the least FOG was maintained for 3 to 8 weeks, and patients were
assessed again. Changes in measurements between the 60 Hz and 130 Hz were analyzed using
paired t test, with swallowing function as primary and the remainder as secondary outcomes.
Changes between other DBS conditions were further explored with Bonferroni correction.

Results: Compared with the routine 130 Hz, 60-Hz stimulation significantly reduced aspiration
frequency by 57% on MBS study and perceived swallowing difficulty by 80% on questionnaire.
It also significantly reduced FOG, and axial and parkinsonian symptoms. The benefits at 60-Hz
stimulation persisted over the average 6-week assessment.

Conclusions: Compared with the routine 130 Hz, the 60-Hz stimulation significantly improved
swallowing function, FOG, and axial and parkinsonian symptoms in patients with PD treated with
bilateral STN-DBS, which persisted over the 6-week study period.

Classification of evidence: This study provides Class IV evidence that for patients with PD who
experience FOG, STN-DBS at 60 Hz decreases aspiration events observed during MBS com-
pared with DBS at 130 Hz. Neurology® 2015;84:415-420

GLOSSARY

DBS = deep brain stimulation; FOG = freezing of gait; FU = follow-up; MBS = modified barium swallow; PD = Parkinson
disease; STN = subthalamic nucleus; SWS = stand-walk-sit; UPDRS-IIl = Unified Parkinson’s Disease Rating Scale, Part Ill.

Subthalamic nucleus (STN) deep brain stimulation (DBS) improves the levodopa responsive
cardinal symptoms, and reduces motor fluctuation and dyskinesia in patients with Parkinson
disease (PD)."” However, DBS is less effective at improving the axial symptoms of postural
instability, gait disorders, and speech and swallowing dysfunction. STN-DBS might transiently
improve the axial symptoms, but could make them worse over the course of 2 to 5 years.*"* The
DBS stimulation settings typically used in these studies were high frequency of 130 to 185 Hz.

Recently, a stimulation frequency of 60 Hz has been found to improve the axial symptoms of
freezing of gait (FOG)'*"? and dysarthria'>'” compared with the routinely used 130-Hz stimulation.

However, whether or not the stimulation frequency could also affect another axial symptom,
swallowing function, remains unknown. The answer to this question is critical, because dys-
phagia is frequently present in patients with mid- and late-stage PD***' and is associated with
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high risk of morbidity and mortality. Dyspha-

gia usually does not respond to pharmacologic

management.*>?

Therefore, we hypothesized that low-
frequency stimulation of 60 Hz could similarly
produce better swallowing function compared
with the routinely used 130 Hz, as seen on
other axial symptoms.””™*” This study could
have critical impact on the management of
dysphagia, FOG, and other axial symptoms,
hence potentially decreasing the morbidity
and mortality of these patients.

METHODS Standard protocol approvals, registrations,
and patient consents. The study protocol was approved by the
institutional review board, and written informed consent was
obtained from the patients. The study was listed under
ClinicalTrials.gov (identification number of NCT01935011,
dated August 27, 2013, titded “Effects of the stimulation
frequency of STN DBS on swallowing function in patients
with Parkinson’s disease”). The study was conducted at the
Parkinson’s  Disease and Movement Disorder Center
Department of Neurology, Department of Radiology, Speech
and Swallowing Section of Department of Surgery, and Center
for Research Informatics at the University of Chicago from
August 2013 to June 2014.

Participants. We tested the hypothesis that swallowing function is
better at the low-frequency stimulation of 60 Hz compared with the
routinely used 130 Hz in patients with PD undergoing bilateral
STN-DBS in the medication-on state. We initially aimed to
enroll 8 patients based on the power calculation inferred from the
effect of DBS frequency on speech study,”” because speech and

24 which allows

swallowing function are often affected together,
80% power to detect 25% improvement on the swallowing
function at 60-Hz stimulation compared with 130 Hz at the 2-
tailed o level of 0.05. Because we lost one of the key staff members
performing the swallowing study after we finished 7 patients, we
eliminated enrollment of the last patient to ensure quality of the
study, because a substitute might cause inconsistency in swallowing
assessment. All study patients had advanced PD with bilateral STN-
DBS placement and medication-refractory FOG at routinely used
130-Hz stimulation. The demographics of the 7 patients were 6
men and 1 woman aged 64.0 = 8.0 years and disease duration of
12.9 * 4.9 years, with bilateral STN-DBS activated for 4.4 * 4.9
years on average. Electrode position and active contact position were
verified in all patients as being in the dorsal STN, by postoperative
CT scans with a slice thickness of 1 mm fused with the T2-weighted
stereotactic planning MRI (1 mm) depicting the STN overlaid with
a digital Schaltenbrand Atlas.

Visits and measurements. All patients completed the 2-visit
study. At visit 1, each patient received 3 modified barium
swallow (MBS) studies in a single day under 3 different DBS
frequency conditions (bilateral DBS 130 Hz, DBS 60 Hz, or
DBS off) with their usual DBS voltage (right side 3.1 * 0.4 V;
left side 3.2 £ 0.4 V), pulse width (right 81.4 = 14.6 ws; left
90.0 = 245 ps), contact setting (13 active contacts on
monopolar setting and one active contact on bipolar setting),
and parkinsonian medication-on state (levodopa equivalent
dose of 1,007 £ 402 mg daily) regardless of the stimulation

frequency used. The study was performed in a randomized and
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double-blind manner. The order of the DBS conditions was
determined by the neurologist who randomly picked up one of
the 3 folded sheets with different conditions written on them and
programmed the DBS accordingly, but was not allowed to
participate in any rating or evaluation. All patients, the clinical
rater, the pathologists for speech and swallowing, and the
radiologist were unaware of the DBS stimulation frequency
condition. A single certified rater rated all of the clinical scales
and questionnaires, and a single swallowing team composed of
the radiologist and the speech and swallowing pathologists
conducted all MBS studies and the Penetration-Aspiration Scale
ratings® to ensure consistency and quality of the evaluation.

The MBS protocol consisted of a standardized videofluoro-
graphic recording of oropharyngeal swallow in lateral and
anterior-posterior views. The subjects were given radiopaque lig-
uid, pureed contrast material, and solids coated in barium paste.
The examinations were recorded on the TIMS-DICOM digital
medical recording system at high resolution of 30 frames per
second. Frame-by-frame analysis was used to evaluate oral, pha-
ryngeal, laryngeal, and cricopharyngeal function. For the purpo-
ses of this study, special attention was given to aspiration.
Laryngeal penetration and aspiration events were assessed using
the Penetration-Aspiration Scale. The frequency of aspiration
events was calculated by adding the number of swallows within
each DBS condition that generated a Penetration-Aspiration
Scale rating of 6 or above (6-8) for aspiration. The swallowing
questionnaire was completed by each patient after the MBS study
under each DBS condition.*

The parkinsonian motor, axial, and tremor symptoms as re-
flected by the Unified Parkinson’s Disease Rating Scale, Part I1I
(UPDRS-III) score, axial subscore (including gait, stance, pos-
ture, postural stability, and speech), and tremor subscore, respec-
tively, and the FOG as reflected by a FOG questionnaire score,?”
and stand-walk-sit (SWS) test on FOG spell times and the time
needed to finish the test (seconds) were also assessed before the
MBS study under each DBS condition. The patients underwent
each DBS condition for at least 30 minutes before the study. The
DBS condition producing the best gait function (least FOG,
which was 60 Hz for all of our patients) was continued for an
additional 6 to 8 weeks for repeat MBS study and clinical assess-
ments as in visit 1 but on 60-Hz stimulation only for follow-up
visit 2. There was no change in medications between visit 1 and
visit 2.

One of the patients had to return earlier at 3 weeks to resume
130-Hz simulation because of worsening of resting hand tremor,
which made the average follow-up period 6 weeks (*1.4, ranging
from 3 to 7.5 weeks) for all of the participants. The remaining
patients stayed with the 60-Hz stimulation until completion of
the study and continued that condition thereafter because of the

continuous benefit received.

Analysis. As the main purpose of the study, changes in meas-
urements between 60 Hz and 130 Hz were analyzed using
paired 7 test, with swallowing function (objective frequency of
aspiration on the MBS study and the subjective perception of
swallowing difficulty on the swallowing questionnaire) as pri-
mary outcomes, and the remainder (FOG scores on the objec-
tive SWS study and subjective questionnaire, and UPDRS-III
score, axial subscore, and tremor subscore) as the secondary
outcomes. Changes between other clinically relevant DBS
conditions, including 60 Hz vs DBS off, 130 Hz vs DBS off,
and 60 Hz vs 60 Hz FU (follow-up for 3-8 weeks), were also
explored and similarly analyzed with Bonferroni correction.
A 2-tailed o level of 0.05 was taken as statistically significant

for the comparisons.


http://ClinicalTrials.gov

Classification of evidence. This study provides Class IV evi-
dence that 60-Hz stimulation improves swallowing function,
FOG, and overall axial and motor function compared with 130

Hz in PD with bilateral STN-DBS.

RESULTS The results are listed in the table and
figure in detail, and a brief data summary is below.

Consistent with our hypothesis on primary out-
come, compared with the routinely used 130 Hz,
the 60-Hz stimulation significantly reduced the aspi-
ration frequency by 57% (p < 0.05) on objective
MBS study, and significantly reduced subjective swal-
lowing difficulty perception on questionnaire by 80%
(p < 0.01) (table, 60 vs 130 Hz). The 60-Hz stim-
ulation also significantly reduced the FOG assessed
by the subjective questionnaire (p < 0.05) and objec-
tive freezing spells (p < 0.05) on SWS test, the axial
symptoms (p < 0.001), and overall parkinsonian
motor symptoms in UPDRS-III (p < 0.01) on our
secondary outcomes, compared with 130 Hz (table,
60 vs 130 Hz). There was no significant change in
tremor because tremor was largely controlled by the
medications, except in one patient whose tremor was
slightly worse on 60 Hz and he had to be switched to
130-Hz stimulation in 3 weeks to control resting
hand tremor.

We then further explored the changes in measure-
ments between other clinically relevant DBS conditions,
including 60 Hz vs DBS off, 130 Hz vs DBS off, and
60 Hz vs 60 Hz FU (follow-up for 3-8 weeks, on
average 6 weeks), with Bonferroni correction for multi-
ple comparisons (table). Both the axial score (p < 0.05)
and the UPDRS-III motor score (p < 0.001) were sig-
nificandy better at 60-Hz stimulation compared with
the DBS-off state. The axial score was worse at 130-Hz
stimulation compared with the DBS-off state (p <
0.05). There was no statistically significant difference
in any of the measurements between 60-Hz stimulation

at visit 1 (60 Hz) and the follow-up visit 2 (60-Hz FU,
all patients) of 6 weeks apart on average, indicating that
the benefits obtained at 60 Hz remained persistent over
the 6-week period studied (table).

The individual patient’s response on each mea-
surement to different frequency of stimulations was
also plotted in the figure.

DISCUSSION We assessed the effect of low-
frequency stimulation of 60 Hz compared with the
routinely used high-frequency stimulation of 130
Hz on swallowing function as primary outcome,
and on FOG and overall axial and motor symptoms
as secondary outcomes, in patients with PD
undergoing bilateral STN-DBS in the medication-
on state, using both objective and subjective
measurements. We found that the low-stimulation
frequency of DBS at 60 Hz improved swallowing
function compared with 130 Hz, by both the
objective MBS study (significantly decreasing
aspiration frequency by 57%) and the subjective
questionnaire (significantly decreasing swallowing
difficulty by 80%), a conclusion of significant
clinical impact. This study also confirmed previous
reports that 60-Hz stimulation improved FOG and

axial symptoms'®"

compared with 130 Hz, and
further extended to the medication-on state, which
means that 60-Hz DBS could potentially provide
benefit to axial symptoms even beyond the
medication effects, and to some nonaxial symptoms
as well, because the overall parkinsonian motor
symptoms also improved. The tremor was not
worse in our patients because tremors largely
responded well to the medications, except in one
patient who had to return to 130-Hz stimulation in
3 weeks because of slight worsening of hand tremor
on 60 Hz. The benefits obtained from 60-Hz

Table Motor, swallowing, and gait function under different DBS conditions
Measurements 60 Hz 130 Hz
UPDRS-III 15.43 + 7.745F 31.29 = 4.79
Axial 2.86 + 2.55¢¢ 9.00 = 2.16¢
Tremor 157 + 2.30 1.71 + 222
Aspiration frequency 1.29 + 1.382 3.00 +2.71
Swallowing Q 0.88 + 0.90° 4.29 + 256
FOG Q 2.29 = 4,422 9.57 + 6.80
SWS FOG spells 0.00 = 0.00° 7.29 = 214
SWS time 22.71 + 7.344 31.29 = 11.90

DBS off 60-Hz FU

29.29 = 11.41 16.71 + 7.97
543 + 3.31 3.00 = 2.58
1.57 + 2.30 214 + 273
1.71 = 3.30 2.86 + 3.48
3.71 = 2.87 243 + 2.51
543 £ 541 3.86 =+ 515
114 +1.77 0.14 +0.38

24.86 = 8.40 2443 = 7.46

Abbreviations: DBS = deep brain stimulation; FOG = freezing of gait; FU = follow up visit 3-8 weeks after visit 1; Q = questionnaire; SWS = stand-walk-sit;
UPDRS-III = Unified Parkinson’s Disease Rating Scale, Part Ill.

Data are mean = SD. A smaller score represents a better function, applied to all measurements here. First, the comparison of DBS 60 Hz vs 130 Hz only,
the main hypothesis of the study: ?p < 0.05; bp < 0.01; °p < 0.001; 9p < 0.1. Then, further comparison of other clinically relevant DBS conditions with
Bonferroni corrections: DBS 60 Hz vs DBS off: ¢p < 0.05; 'p < 0.001; DBS 130 Hz vs DBS off: 9p < 0.05; DBS 60 Hz vs 60-Hz FU: not significant.
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DBS = deep brain stimulation; FOG = freezing of gait; FU = follow-up visit 3-8 weeks after visit 1; MBS = modified barium
swallow; Q = questionnaire; SQ = swallowing questionnaire; SWS = stand-walk-sit; UPDRS = Unified Parkinson’s Disease

Rating Scale.

stimulation on swallowing function, FOG, and
overall axial and motor symptoms persisted over the
3- to 8-week study period (6 weeks on average). Six of
the 7 patients continued on 60-Hz stimulation even
after the study was completed because of the
sustained benefit on swallowing, gait, and overall
axial and other motor symptoms.

Our study was designed in a randomized double-
blind manner to objectively assess the measurements
and offset possible carryover effects between different
DBS settings. We also completed the study under 3
different DBS conditions in a single day to avoid
day-to-day variations and ensure a fair comparison.
We performed the study in medication-on state
(including medication-refractory FOG), which is dif-
ferent from a previous study on FOG assessed in the
medication-off state,'® and could make the data more
applicable to further improve clinical symptoms
beyond what current medication and the routine
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DBS setting could provide. Our study has significant
clinical impact on improving the axial symptoms in
PD, which usually are difficult to manage and often
are associated with increased risk of aspiration pneu-
monia, falls, and death in advanced PD. Hence, our
study results could potentially decrease the morbidity
and mortality in patients with advanced PD treated
with bilateral STN-DBS, at least in the subset of the
patients with medication-refractory FOG.
Nevertheless, our study has limitations. First, the
sample size is small, although a statistical significance
has been reached to support our primary hypothesis
in comparing 60- with 130-Hz stimulation on
swallowing function and other axial and general
motor symptoms. The small sample size makes it dif-
ficult to compare the baseline characteristics to check
for a potential carryover effect. However, our rando-
mized double-blind design with at least 30 minutes
apart on each condition minimizes the carryover



effect, because the tremor and FOG are often imme-
diately changed within a second of the DBS fre-
quency switch, and bradykinesia and rigidity
within seconds to minutes per observation, in con-
trast to the GPi (globus pallidus interna) DBS in pa-
tients with dystonia or a medication trial, which
often has more prominent carryover effect. Second,
all of the patients enrolled had tremors that were re-
sponding well to medications. For those with
medication-refractory tremor as the reason for
DBS, the benefit of the 60-Hz stimulation could
be offset by the usual worsening of the tremors at
60 Hz compared with that at 130-180 Hz (our
unpublished observation), as also suggested by one
of our patients in this study. Third, only laryngeal
penetration/aspiration was evaluated for the pur-
pose of this study. Fourth, we do not know whether
the dysphagia would still be reduced at 60 Hz for
those without FOG because we only enrolled those
with medication-refractory FOG, the most chal-
lenging symptom. Further studies with a larger sam-
ple size in patients with or without FOG, with more
in-depth analysis of swallow physiology and a longer
follow-up period, is needed to corroborate and
extend our conclusions.
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