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Initial Clinical Outcome With Bilateral, Dual-Target
Deep Brain Stimulation Trial in Parkinson Disease
Using Summit RC + S

BACKGROUND: Deep brain stimulation (DBS) is an effective therapy in advanced
Parkinson disease (PD). Although both subthalamic nucleus (STN) and globus pallidus (GP)
DBS show equivalent efficacy in PD, combined stimulation may demonstrate synergism.
OBJECTIVE: To evaluate the clinical benefit of stimulating a combination of STN and GP
DBS leads and to demonstrate biomarker discovery for adaptive DBS therapy in an ob-
servational study.
METHODS: We performed a pilot trial (n = 3) of implanting bilateral STN and GP DBS
leads, connected to a bidirectional implantable pulse generator (Medtronic Summit RC +
S; NCT03815656, IDE No. G180280). Initial 1-year outcome in 3 patients included Unified
PD Rating Scale on and off medications, medication dosage, Hauser diary, and recorded
beta frequency spectral power.
RESULTS: Combined DBS improved PD symptom control, allowing >80% levodopa medi-
cation reduction. Therewas a greater decrease in off-medicationmotor Unified PD Rating Scale
withmultiple electrodes activated (meandifference fromoff stimulation offmedications�18.2,
range�25.5 to�12.5) than either STN (�12.8, range�20.5 to 0) or GP alone (�9, range�11.5
to �4.5). Combined DBS resulted in a greater reduction of beta oscillations in STN in 5/6
hemispheres than either site alone. Adverse events occurred in 2 patients, including a small
cortical hemorrhage and seizure at 24 hours postoperatively, which resolved spontaneously,
and extension wire scarring requiring revision at 2 months postoperatively.
CONCLUSION: Patients with PD preferred combined DBS stimulation in this preliminary
cohort. Future studies will address efficacy of adaptive DBS as we further define bio-
markers and control policy.
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Deep brain stimulation (DBS) is a well-
established symptomatic therapy for ad-
vanced Parkinson disease (PD), improving

tremor and motor fluctuations by increasing “on”
time without dyskinesia.1-5 Clinical trials have

demonstrated that subthalamic nucleus (STN) and
globus pallidus pars interna (GPi) produce equiv-
alent symptom relief.4,6-8 Dual GPi and
STN implantation has shown a synergistic effect on
symptoms and medication reduction.9 Multiple-
target stimulation has been reported in complex
movement disorders,10 tremor,11 and obsessive-
compulsive disorder.12 Adding GPi leads may re-
duce dyskinesia noted with STN stimulation
alone,13,14 and additional thalamic leads may help
refractory tremor.15

Local field potential (LFP) biomarkers correlate
with PD symptoms and therapeutic response to
DBS and levodopa administration.16-18 Because
STN and globus pallidus (GP) display coherent
LFP oscillations in PD,19 dual leads to stimulate
and sense simultaneously between these 2
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NEUROSURGERY VOLUME 00 | NUMBER 00 | MONTH 2022 | 1

RESEARCH—HUMAN—CLINICAL STUDIES

© Congress of Neurological Surgeons 2022. Unauthorized reproduction of this article is prohibited.

https://doi.org/10.1227/neu.0000000000001957
https://orcid.org/0000-0003-4788-1581
mailto:kyle.mitchell@duke.edu


structures may lead to improved biomarkers to develop adaptive
DBS therapy (aDBS).20-23 Investigational, bidirectional implant-
able pulse generators (IPGs) are facilitating this DBS paradigm
shift, including the PC + S and RC + S systems (Medtronic).
We present prospective, 1-year data from 3 patients with bi-

lateral STN and GP leads connected to RC + S in a multiyear
clinical trial (ClinicalTrials.gov No. NCT03815656) with aims of
assessing clinical benefit, discovering biomarkers, and developing
adaptive DBS. This is the first report of chronic sensing and
stimulation from dual bilateral GP and STN DBS.

METHODS

Enrollment Criteria
This study was conducted under Duke University Institutional Review

Board, Medtronic Clinical Board, and Food and Drug Administration
Investigational Device Exemption approval, and subjects signed written
informed consent. Inclusion criteria included diagnosis of PD, disease
duration >4 years, age 75 years or younger, levodopa responsiveness with
at least 30% improvement on Unified PD Rating Scale (UPDRS) part 3,
and motor fluctuations or side effects (ie, dyskinesias and on/off fluc-
tuations) despite medication optimization. Exclusion criteria included
clinical diagnosis of dementia, features of atypical Parkinsonism, Mon-
treal Cognitive Assessment (MoCA) score of less than 26, and high-risk
medical comorbidities. This report focuses on the first 3 patients in this
trial, who have completed 1-year outcome measurements.

Neurostimulator Placement
Stereotaxy planning was performed with 3T MRI 1-mm slice images

on StealthStation (Medtronic), including T1 with contrast and fluid-
attenuated inversion recoveryMRI sequences. STN andGP were targeted
by direct visualization on MRI. Brain trajectories were chosen to avoid
sulci or vessels. After Leksell headframe was applied, intraoperative head
computed tomography (CT) with Airo system was performed (Brainlab)
and then merged to the MRI to determine frame coordinates. Micro-
electrode recording was performed to identify targets using Neuro Omega
system (AlphaOmega).

After physiological identification, STN leads (Medtronic 3389) were placed
with the distal 3 contacts across the span of STN and the proximal contact in
zona incerta (ZI). GP leads (Medtronic 3387) were placed with the distal 2
contacts in GPi and the proximal 2 contacts in globus pallidus pars externa
(GPe) after identifying the physiological border between GPe and GPi with
microelectrode recordings. Placement of 2 contacts in GPe was planned to
facilitate evoked potential recordings between STN and GPe.23 Test stimu-
lation was performed for each target to assess symptomatic response and side
effect thresholds. Postoperative CT was performed to verify lead placement.
Leads were implanted in one surgical procedure for each patient; all leads were
connected to a single Summit RC + S IPG 2 weeks later using 2 “forked”
extensions to allow all 16 channels to be directed into one IPG.

DBS Programming
After IPG implantation, each subject underwent DBS programming

with monopolar review of bilateral STN/ZI leads after withholding
dopaminergic medications overnight. Dopaminergic medications were
adjusted per neurologist discretion based on clinical response and subject

feedback. Two weeks later, each subject returned for bilateral GP pro-
gramming. Two weeks after that, each subject underwent dual lead
programming. Additional visits were performed as needed for adjust-
ments. Subjects were given amplitude control parameters and were in-
structed to toggle between the 3 stimulation groups (STN/ZI alone, GP
alone, and STN + GP) for 1 to 2 weeks before switching to determine
which group provided the most subjective benefit.

Clinical Assessments
Preoperative assessments included MoCA, Hauser Diary, RAND 36-

Item Short Form Health Survey (SF-36), Beck Depression Inventory-II
(BDI-II), levodopa equivalent daily dosing (LEDD), PD Questionnaire-
39 (PDQ-39), UPDRS, and timed up and go (TUG). At 1 year post-
operatively, UPDRS and TUG were performed in both the off and on
medication states for each of 4 conditions: stimulation off, STN/ZI
stimulation, GP stimulation, and combined STN/ZI plus GP stimula-
tion. After subjects withheld dopaminergic medications for >12 hours,
each condition was tested in a blinded, random order, with scales after
5 minutes of stimulation “wash in,” and then a new condition started after
10 minutes with no stimulation. After the 4 off-medication conditions
were measured, the subjects took their morning dose of medication and
trials were repeated after 30 to 60 minutes.

Biomarker Recording
LFPs were collected from the participants during research visits

separate from the 1-year follow-up, with 1 participant (participant 2) off
PD medications. Stimulation occurred in blocks of trials of STN, GP, or
STN + GP DBS. Each trial was 60 or 300 seconds long, with a trial of
DBS off for the same duration immediately preceding each DBS on trial.
Variable medication status was normalized by the preceding trial without
stimulation. Data were streamed to a Windows laptop running custom
implementation of the Summit RC + S toolkit (Medtronic) developed in
Visual Studio (Microsoft). For artifact rejection, differential recordings
were performed with the 2 sensing contacts surrounding the best mo-
nopolar stimulation contact. LFPs were sampled at 500 or 1000 Hz per
lead. Because participant 2 was unable to sit comfortably under sensing-
compatible GPi DBS alone (because of residual tremor in the required
monopolar mode), we did not collect LFP under GP DBS (Figure 1).

Analysis
Primary clinical outcome was change in total UPDRS in each stim-

ulation condition compared with off stimulation, while off medication.
Secondary outcomes included change in on/off medication and stimu-
lation TUG in each stimulation condition and change in individual
subscales of the UPDRS (I, II, III, and IV), Hauser diary, SF-36, BDI-II,
PDQ-39, MoCA, and LEDD at 1 year. UPDRS was rated both pre-
operatively and at 1 year by one unblinded in-person rater (KM) and 2
blinded video raters (BS, SM). Blinded video ratings did not include
rigidity assessments. Subjects were blinded to stimulation condition to
reduce bias. We present descriptive analyses of 1-year outcomes in the
first 3 patients enrolled, with mean and range values. The mean change in
off-medication total UPDRS score in each stimulation condition was
compared with off stimulation.

LFP data were analyzed using custom scripts in MATLAB 2020b
(MathWorks). Power spectral densities were calculated with the pwelch()
command using the last 40 seconds of each recording. We then calculated
the power in the beta band (13-30 Hz) using a windowed fast Fourier
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transform (1-second windowing). On starting DBS stimulation, large
transients were observed in the recordings for ∼1 to 2 seconds; therefore,
this period was excluded from calculations of beta power. Change in beta
power was determined by subtracting median beta power during the
preceding DBS off trials from that during each type of DBS. DBS off/on
trial pairs were of the same duration. Significant reductions in power were
determined by comparing all beta values for each type of DBS and its
preceding DBS off trials, using Wilcoxon ranked-sum tests, rejecting the
null hypothesis at P < .05. We treated the STN and GP of the right and
left hemispheres independently and reported the response to 3 different
types (STN, GPi, and STN +GPi) of DBS, resulting in a maximum of 18
possible pairings of hemisphere*DBS contact. However, because mo-
nopolar GPi stimulation was not attempted with participant 2, there were
only 16 hemisphere*DBS contact pairs.

RESULTS

Lead Locations and Programming
Leads were confirmed to be in expected nuclei based on post-

operative CT merged with preoperative planning MRI (Figure 2).
Final lead locations for all patients in relation to midcommissural
point and optimized programming settings at 1-year follow-up are
detailed in Table.

Participant Demographics and Stimulation Preferences
The 3 subjects enrolled from 2018 to 2019 and had 1-year

assessments from 2020 to 2021. They ranged from age 55 to
65 years (mean age 60.3 years; 2 male and 1 female), and the range
of disease duration was 8 to 11 years. The mean (range) blinded
preoperative total UPDRS was 66.8 (55-87) off medication and
was 39.2 (25-66) on medication. After programming optimiza-
tion, subjects were allowed to choose between STN only, GP
only, and combined stimulation. All 3 subjects preferred com-
bined stimulation for chronic therapy based on subjective su-
periority for treating motor symptoms.

Primary Outcomes
Mean (range) total UPDRS at 1 year (blinded ratings with ex-

ception of rigidity) when off medication improved from 50 (39-62.5)
off stimulation to 37.2 (30.5-42) STN stimulation alone, 41 (34.5-51)
GP stimulation alone, and 31.8 (26.5-37) STN + GP stimulation.
Greater improvements in STN + GP were seen with unblinded
rigidity scores removed from mean 41 (range 33-49.5) off stim-
ulation to 34.8 (28.5-38) STN alone, 36.7 (32.5-43) GP alone, and
30.5 (26.5-354) STN + GP. The mean difference in motor
UPDRS III score from off stimulation off medication at 1 year to
STN + GP was �18.2 (�25.5 to �12.5), which showed greater
improvement than STN alone (�12.8; �20.5 to 0) and GP alone
(�9; �11.5 to �4.5). Participant 1 developed dyskinesia with
STN stimulation alone and improved with combined stimulation.

Secondary Outcomes
Improvement in motor scores for STN only and GP only was

variable, but there was more robust improvement with combined
stimulation (Figure 3A). Motor score and response to stimulation
were similar in the off medication and on medication states at
1 year (Figure 3A). All 3 participants experienced >80% reduction
in LEDD from amean (range) baseline level of 835 mg (456-1450
mg) to 100 mg (0-200 mg) at 1 year. Complications of therapy
(UPDRS IV) were improved in all 3 participants (Figure 3B), as
was percentage of waking on time without troublesome dyskinesia
(3-day Hauser diary), which improved by a mean of 5.8 hours per
day [from 33% (0%-54.6%) to 71.8% (26.2%-100%)] (Figure
3C). Additional secondary outcomes included minor improve-
ment in TUG on dual stimulation on medications (1.3 [2.8
to�0.4] seconds) compared with off stimulation and inconsistent
changes in MoCA, PDQ-39, and BDI-II compared with baseline.
SF-36 data also revealed inconsistent changes, with improvement
in physical function, energy/fatigue, social functioning, and
perceived change in health but worsening in role limitations

FIGURE 1. Recording contact locations with the Summit RC + S. A, Leads were implanted such that contacts 1, 5, 9, and 13 (the second contact of each lead) were optimally
situated for monopolar stimulation. Differential LFP data were recorded between contacts 0 and 2. In the GP, the lower sensing contact was in the GPi while the upper sensing
contact was in GPe resulting in LFP across the regions. B, Data were transmitted from the Summit RC + S to a CTM over a short-range, proprietary link. The CTM then
connected to a research laptop over Bluetooth. Conversely, control signals (eg, stimulation parameter changes) were sent from the laptop through the CTM to the IPG. C, 125-Hz
STN + GPi DBS pulse timing. Pulses were delivered in each region every 8 ms with 2 ms between delivery in different regions with STN pulses leading the GPi of the same
hemisphere. CTM, communications telemetry module; DBS, deep brain stimulation; GP, globus pallidus; Gpi, globus pallidus pars interna; IPG, implantable pulse generator;
LFP, local field potential (differential sensing between the two contacts adjacent to the DBS electrode); NC, contact not used; STN, subthalamic nucleus.
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because of physical health problems or emotional problems,
emotional well-being, and bodily pain.

LFP Recordings
We recorded LFPs from the participants with either DBS off or

during stimulation of the STN, GPi, or STN + GPi. We provide
an example power spectral density over 40 seconds of DBS off and
STN + GPi DBS (Figure 4A). We then calculated beta power (13-
30 Hz) in 1-second windows. Median beta power in the STN was
reduced in 15 of 16 hemisphere*DBS contact pairs while beta
power in the GP was reduced in 9 of 16 hemisphere*DBS contact
pairs (Figure 4B, Wilcoxon signed-rank P < .05). There was a
trend for combined STN + GPi DBS to show a greater reduction
in STN beta power than STN DBS alone in 5 of 6 STNs.

Adverse Events
Adverse events for the 3 participants included one small, delayed

(24 hours) postoperative cortical hemorrhage (<1 cm diameter) at
the lead entry point. This small hemorrhage was not present on
intraoperative or postoperative CT scans within 12 hours but
present after an isolated generalized seizure at 24 hours postop-
eratively. This subject was placed on levetiracetam for 3 months
without seizure recurrence. A postoperative scan at 2 weeks showed
resolution of the hemorrhage. Another subject developed tightness
of extensions in the neck at 6 weeks postoperatively (related to the
bulky, dual 40-cm forked extensions needed to connect 4 leads to a
single Summit RC + S IPG), fully treated by extension revision
surgery to longer (60 cm) extensions. This subject also developed
postoperative, unilateral leg dyskinesia off all PD medications,

FIGURE 2. Postoperative lead localization example. Lead locations are shown inA, oblique andB, axial 3-dimensional projections from a representative subject. Reconstructions
were created in lead deep brain stimulation using available Montreal Neurological Institute (MNI)-space subcortical atlases.26,27 Globus pallidus externa (blue), globus pallidus
interna (green), subthalamic nucleus (orange), and red nucleus (maroon) are highlighted as volumes, and active contacts are shaded in red.

TABLE. Lead Locations and Dual Stimulation Programming Settings at 1 Year

Subject
no.

Coordinates of deepest active contact (relative to MCP)

STN lead stim settings GP lead stim settingsSTN GP

1 L: X �1*0.33, Y �3.13, Z �5.76
R: 10.73, Y �2.52, Z �4.59

L: X �22.16, Y 5.39, Z �2.64
R: 21.62, Y 2.12, Z �3.81

L: C+1�, 2.3 mA, 60 µs, 125 Hz
R: C+9�, 1.8 mA, 60 µs, 125 Hz

L: C+5�, 2.5 mA, 90 µs, 125 Hz
R: C+13�, 1.6 mA, 90 µs, 125 Hz

2 L: X �9.45, Y 1.91, Z �1.76
R: X 9.64, Y 0.31, Z �3.42

L: X 22.69, Y 3.02, Z �1.31 (not active
at 1 y but later used with benefit)
R: X 21.34, Y 1.15, Z �5.48

L: C+1�, 2.6 mA, 60 µs, 125 Hz
R: C+11�, 1.1 mA, 60 µs, 125 Hz

L: OFF
R: 12�13+, 2.5 mA, 90 µs,
125 Hz

3 L: X �11.21, Y �3.34, Z �5.91
R: X 10.03, Y �3.23, Z �5.60

L: �22.57, Y 7.48, Z 1.09
R: X 21.56, Y 8.96, Z �2.54

L: C+1�, 2.5 mA, 60 µs, 125 Hz
R: C+9�, 3.1 mA, 60 µs, 125 Hz

L: C+5�, 1.5 mA, 60 µs, 125 Hz
R: C+14�, 3.1 mA, 90 µs, 125 Hz

GP, globus pallidus; MCP, midcommissural point; STN, subthalamic nucleus.
X = lateral, Y = posterior, Z = depth compared with MCP. Left STN contacts are labeled (ventral to dorsal) 0-3, right STN contacts 8-11, left GP contacts 4-7, and right GP contacts
12-15.
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which resolved after 2 weeks. There were no other study-related
adverse events in these 3 participants, and these were reported to the
study monitoring committee, Duke Institutional Review Board,
Food and Drug Administration, and Medtronic.

DISCUSSION

This prospective study of combined STN/ZI and GP stimu-
lation revealed improvement in motor disability scales both off
and on medications compared with preoperative baseline mea-
surements and further improvement compared with single-site
STN or GP stimulation. Participants experienced dramatically
reduced dopaminergic medication requirements. Two adverse
events occurred, one requiring surgical correction, but with no

long-term sequelae and no effect on stimulation benefit. There
may be additional risk for dual-site DBS, as stated in the protocol
and consent.9

Quality-of-life measures did not consistently change in this
small cohort despite the motor improvement. Note that this time
period spanned the COVID-19 social isolation duration, and we
speculate that a dissociation between general quality-of-life
measures and objective motor measures may be related to con-
founding medical and social issues. Although there was a sig-
nificant reduction in daily levodopa, it is unclear whether this had
any relation to quality-of-life measures. Levodopa was reduced to
improve side effects including dyskinesia (2 participants) and
fatigue (1) as well as lack of perceived need for more levodopa for a
wide range of symptom treatment (all; ie, few DBS unresponsive
symptoms were present with the lowered dose). We do not have

FIGURE 3. Primary and secondary outcomes on line charts. A, Change in UPDRS III off and on medications at each time point and stimulation condition (at 1 year, the
patients were briefly off medication for the testing). Baseline preoperative data are shown for comparison with 1-year outcomes. B, Change in UPDRS IV (complications of
therapy) at 1 year compared with preoperative. C, Change in hours per day in each physical state per Hauser diary results. GP, globus pallidus; STN, subthalamic nucleus;
UPDRS, Unified Parkinson Disease Rating Scale.
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enough information from this small cohort to draw conclusions
about dual lead DBS and quality of life.
Dual-site LFP recordings confirm that beta frequency oscil-

lations may provide a suitable biomarker for development of
adaptive stimulation. STN beta band recordings during dual-site
stimulation, in particular, showed the largest reduction. This
greater beta activity reduction with dual stimulation may
strengthen the use of this biomarker in development of adaptive
DBS algorithms by facilitating reliable use of beta thresholds
when ramping up or down stimulation. Furthermore, reductions
in beta power during tremor were cited as a limitation for this
biomarker 24,25; however, dual basal ganglia recordings of beta
activity showed potential utility despite all 3 of the participants
having measurable tremor. We continue to develop adaptive
protocols with additional biomarkers, incorporating both neural
and wearable data.

Limitations
This study has limitations, including most notably a small

sample size which may affect generalizability of the results.
Furthermore, given the goal of designing adaptive DBS, the near-
complete resolution in motor fluctuations as seen on the Hauser
diary and the significant reduction in medications may para-
doxically limit the ability to study adaptive DBS, particularly in
the context of fluctuations. aDBS carries a primary aim of ti-
trating DBS to the amount needed based on motor fluctuations
and concurrent medications. This study is strengthened by
the blinding of both participants and video raters to stimulation
condition on the 1-year outcome assessment and biomarker

exploration across many stimulation conditions for the devel-
opment of aDBS.

CONCLUSION

Dual-site DBS with a chronically implanted bidirectional device
is feasible and effective for the treatment of motor symptoms of PD.
Biomarker discovery from novel multiple basal ganglia chronic
recordings shows promise for the development of adaptive DBS.
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FIGURE 4. Combined STN + GPi DBS reduced beta power. A, Power spectral densities of LFP of the left STN from participant 3 without DBS (black) during a 40-second
period and with combined STN + GPi DBS (blue). B, Change in median 1-second beta power between DBS off and each type of DBS. Several types of DBS stimulation-evoked
artifacts in the beta range caused an increase in estimated beta power. Such stimulation artifacts resulted in a >20 dB increase of beta power in participant 3’s GP LFP whenever
the GPi contact was used in stimulation and are therefore not displayed. DPS, deep brain stimulation; GP, globus pallidus; Gpi, globus pallidus pars interna; LFP, local field
potential; STN, subthalamic nucleus
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