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Abstract
Background: The aim of the study is to investigate if deep brain stimulation (DBS) in the subthalamic nucleus
(STN) for Parkinson’s disease (PD) under general anesthesia further improves outcome by lessening postoperative
cognitive, mood, and behavioral adverse effects; shorten surgical time and hospital admittance; and produce
comparable symptomatic and functional improvement to surgery under local anesthesia.
Methods/design: The study will be a single-center, prospective, randomized, open-label, blinded endpoint trial
comparing DBS under general anesthesia with DBS under local anesthesia. The primary outcome measure is a
composite score of the postoperative cognitive, mood, and behavioral adverse effects and will be measured 6 months
after surgery. The secondary outcome measures consist of changes in motor symptoms, adverse effects of stimulation
and surgical complications, surgical time, functional health, quality of life, patient satisfaction with the outcome of
treatment, patient evaluation of the burden of therapy, and medication. A total of 110 patients with advanced PD who
are candidates for DBS will be randomized during a 2.5-year period.
Discussion: The aim of this trial is to further enhance the effectiveness of DBS treatment in PD while reducing
the burden of DBS surgery by studying if DBS surgery under general anesthesia results in less cognitive, mood,
and behavioral adverse effects compared with surgery under local anesthesia.
Trial registration: Netherlands Trial Register, NTR5809. Registered on 23 April 2016.
Keywords: Neurosurgery, Parkinson’s disease, Deep brain stimulation, Prospective randomized open-label blinded
endpoint trial

Background
Continuous deep brain stimulation (DBS) of the subthalamic nucleus (STN) is an effective surgical treatment for
patients with advanced Parkinson’s disease (PD) who have
severe limitations in functioning despite optimal pharmacological treatment [1–5]. Currently, the standard DBS
procedure is performed under local anesthesia, which is
very burdensome for patients. Due to advances in modern
imaging techniques, it is now possible to visualize the DBS
target directly [6–9]. Surgery for DBS could therefore be
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performed under general anesthesia. The literature shows
an overall comparable outcome measured with the
Unified Parkinson’s Disease Rating Scale (UPDRS [10])
and Movement Disorder Society-sponsored revision of the
UPDRS (MDS-UPDRS [11]) motor score in STN DBS
under general anesthesia and STN DBS under local
anesthesia [12–22]. There is little evidence about the rate
of adverse events in STN DBS under general anesthesia
[17, 18, 21]. Furthermore, the effect of general anesthesia
on cognitive, mood, and behavioral adverse effects is
poorly investigated [21, 23]. STN DBS under local
anesthesia is very burdensome for all patients and holds
back some who are actually good candidates for the procedure. We hypothesize that STN DBS under general
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anesthesia would be much less traumatic for patients and
would lead to less cognitive, mood, and behavioral adverse
effects. To our knowledge, no randomized controlled trial
has been done to compare the outcome of STN DBS in
patients who undergo the surgery under general anesthesia
versus local anesthesia. We aim to investigate whether
STN DBS under general anesthesia will further improve
outcome by lessening postoperative cognitive, mood, and
behavioral adverse effects 6 months after surgery; shorten
surgical time and hospital admittance; and produce comparable symptomatic and functional improvement to that
of surgery under local anesthesia.
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neurosurgeon, neuropsychologist, psychiatrist, and specialized nurse in order to decide if the patient is eligible
for surgery.
When the patient is a good candidate for DBS surgery,
the attending neurologist/neurosurgeon will check inclusion and exclusion criteria for the study. If the patient is
eligible, the physician coordinating the study will inform
the patient, hand over written information about the
trial, explain the trial to the patient, and subsequently
ask the patient to consider participation. The consent
procedure is further described below under the “Ethics
approval and consent to participate” heading. After
signing the informed consent form, the patient will be
randomized.

Methods/design
Trial design

In this study, using a prospective, randomized, open-label,
blinded endpoint (PROBE) study design, we will assess the
effectiveness of STN DBS surgery under general anesthesia
compared with the current standard practice of surgery
under local anesthesia. The study schedule is shown in
Additional file 1: Figure S1.
Setting

The protocol of this single-center study was approved by
the Medical Ethics Committee of the Academic Medical
Center (AMC), Amsterdam, The Netherlands. It is registered with the Netherlands Trial Register (NTR5809).
Inclusion and randomization of the study started on
May 23, 2016.
Participants

The inclusion criteria are (a) idiopathic PD with bradykinesia and at least two of the following signs: resting tremor,
rigidity, and/or asymmetry; (b) despite optimal pharmacological treatment, at least one of the following symptoms: severe response fluctuations, dyskinesias, painful dystonia, or
bradykinesia; (c) older than 18 years of age; and (d) a life expectancy of at least 2 years. Exclusion criteria are (a) legally
incompetent adults; (b) previous PD-related neurosurgery
(e.g., DBS, pallidotomy, thalamotomy); (c) contraindications
for DBS surgery, such as a physical disorder making surgery
hazardous; (d) Hoehn and Yahr stage 5 at the best moment
during the day; (e) current psychosis; (f) current depression;
and (g) no written informed consent.
Study procedures

Patients are referred to the AMC by their treating
neurologist for the indication of DBS. According to
regular DBS care, the patients are admitted for
several days to evaluate the following: disease severity;
response to PD medication; and cognition, mood, and
behavior. After this screening, the patient is discussed
in a multidisciplinary meeting with the neurologist,

Randomization

The randomization procedure will be website-based
using random blocks and stratified by the response to a
suprathreshold levodopa dose administered in off-drug
phase. This response is measured as the ratio of the
MDS-UPDRS part III score in on-/off-drug phases. The
response to levodopa is a good indicator of the effect of
DBS. A cutoff of 40% improvement in MDS-UPDRS in
on-drug phase was used to separate the two stratification
groups. The cutoff is based on the median improvement
of patients treated with DBS in the STN in a previous
nationwide study on the effectiveness of DBS in patients
with PD [24]. The web-based method of randomization
will provide concealment allocation and prevent the risk
of selection bias. Participants will be randomized using
TENALEA, which is an online, centralized randomization
service. Allocation concealment will be ensured because
the service will not release the randomization code until
the patient has been recruited into the trial, which
takes place after all baseline measurements have been
completed, as shown in Additional file 1: Figure S1.
Intervention

DBS treatment is performed by a team that consists of
various specialties (e.g., neurologist, neurosurgeon, specialized nurses). Treatment is in accordance with the usual
care regarding this procedure. A neurosurgeon places two
electrodes in the brain. These are connected to an
implantable pulse generator. All patients will receive anesthetics during placement of the pulse generator. Currently,
patients are hospitalized for 4 days, on average. On the
day of surgery, patients do not receive PD drugs until the
end of the procedure.
Local anesthesia

The stereotactic technique will be employed for implantation with the Leksell stereotactic frame (Elekta, Stockholm,
Sweden) and guided by magnetic resonance imaging (MRI).
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For this part of the surgery, patients will have the
stereotactic frame attached to the head under local
anesthesia, after which an MRI scan is obtained and
the implantation of electrodes is carried out. The decision for electrode placement is based on MRI scan,
microelectrode recordings (three channels), and intraoperative macroelectrode stimulation effects. Two
electrodes will be implanted, one in each STN. Subsequently, patients will have a second surgery under
general anesthesia to implant the pulse generator subcutaneously in the subclavian area. The electrodes are
connected to the pulse generator.

General anesthesia

The stereotactic technique will be employed for implantation with the Leksell stereotactic frame (Elekta,
Stockholm, Sweden) and guided by MRI. Patients receive general anesthesia before the stereotactic frame
is fitted to the head. The decision for electrode placement is based on MRI and microelectrode recordings
(two to three channels). In contrast to the local anesthesia
group, no macroelectrode stimulation will be performed.
The electrodes will be implanted into the STN. In the
same procedure, patients will undergo implantation of the
pulse generator subcutaneously in the subclavian area.
The electrodes are connected to the pulse generator.
During follow-up, the use of oral comedication is allowed
in both groups just as in regular daily practice and current
DBS treatment. The treating neurologist supervises any
changes in medication. The main motivation for this approach is to stay close to regular daily practice routines for
reasons of generalizability.

Outcome measures
Primary outcome measure

The primary outcome measure is the number of patients
with significant postoperative cognitive, mood, and behavioral adverse effects as indicated by a stringent composite
score of ≥ 1 within 6 months after STN DBS. Significant
cognitive, mood, and behavioral adverse effects are defined
in four areas: (a) deterioration of cognition in three domains or more would lead to assigning a point for cognition on the composite endpoint; a Reliable Change Index
less than or equal to −1.645 on at least one subtest per domain would lead to the conclusion of deterioration in this
domain [25]; (b) loss of professional activity, work, or job;
(c) postoperative delirium assessed with the Confusion
Assessment Method [26] and the Delirium Observation
Scale [27]; or (d) psychosis, depression, or anxiety for a
period of 3 months or longer as defined by the Mini International Neuropsychiatric Interview psychiatric assessment [28] (Additional file 2: Table S1).
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Secondary outcome measures

Secondary endpoints are the efficacy of treatment on the
following:
a. Motor symptoms as measured by MDS-UPDRS part
III and the Clinical Dyskinesia Rating Scale [29]
b. Daily functioning measured with MDS-UPDRS
part II
c. Nonmotor experiences of daily living as measured by
MDS-UPDRS part I
d. Functional health status measured with the Academic
Medical Center Linear Disability Score [30]
e. Quality of life measured with the 39-item
Parkinson’s Disease Questionnaire (PDQ-39) [31]
f. Treatment satisfaction
g. Burden of therapy
h. Surgical time
i. Duration of hospital admittance
j. Surgery- and stimulation-related side effects
k. PD medication changes
l. Other motor complications measured with UPDRS
part IV
m. Other psychiatric adverse effects as measured with
the Hamilton Depression Rating Scale [32],
Hamilton Anxiety Rating Scale [33], Columbia
Suicide Severity Rating Scale [34], Starkstein Apathy
Scale [35], and Young Mania Rating Scale [36]
See Additional file 3: Table S2 for further details.
Sample size calculation

We estimate that by performing DBS surgery under general anesthesia, a relative reduction of 50% in cognitive,
mood, and behavioral adverse effects will be achieved. To
detect a relative reduction of 50% (52% local anesthesia
versus 26% general anesthesia) using a chi-square test with
an α value of 0.05 (two-sided) and β value of 0.2, we estimated that 110 patients (55 in each treatment group)
would be needed. We expect adequate participant enrollment to reach our target sample size because we operate
on 80 patients with PD per year. Furthermore, in our previous clinical trials, we have always been able to reach an
inclusion ratio of 70% when studying patients with PD.
Statistical analysis

Statistical analyses will be based on the intention-to-treat
principle. Baseline assessments and outcome parameters
will be summarized using simple descriptive statistics.
Change scores are calculated as the score at follow-up
minus the score at baseline. To test the hypothesis that
STN DBS under general anesthesia produces fewer patients
with significant postoperative cognitive, mood, and behavioral adverse effects, the primary outcome score will be
compared using a chi-square test. Adjustments for factors
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that differ at randomization, including the stratification
variable, will be made using regression or multilevel
models. Effect sizes will be expressed as ORs. We will perform additional per-protocol and as-treated analyses.
The mean change in MDS-UPDRS Part III scores
from baseline to follow-up at 6 months will be analyzed
using a two-group t test. With regard to the comparisons of the other secondary outcomes, we will use the
appropriate parametric and nonparametric statistics.
Additionally, we will focus on the MDS-UPDRS part III
scores at 6 months using multivariable linear regression, including the stratification variable and other factors that differ at randomization, in the model. In all
analyses, statistical uncertainty will be expressed with
95% CIs. P values < 0.05 will be considered statistically
significant. We will perform additional per-protocol
and as-treated analyses. A fully specified statistical analysis plan will be written and approved before unlocking
the data blinding, provided in the form of a Trials
Update article.
Data safety analysis

An interim analysis will be performed by a data and
safety monitoring board (DSMB) when half of the
patients (n = 55) are enrolled. In this analysis, unblinded
data are assessed, and the DSMB can advise on adjusting
the study conduct, design, or sample size or on whether
to terminate the study. The justifications for a recommendation to terminate the study due to clear harm will
be based on data showing a notable increase of (serious)
adverse events (including cognitive, mood, and behavioral adverse effects) in the general anesthesia group.

Discussion
Currently, patients need to be awake during surgery to
corroborate optimal placement of the stimulation electrodes in the brain. This procedure is very burdensome
for patients. Their antiparkinson medication is withheld
overnight, which renders their parkinsonism very severe
during the operation. A metal frame is fixed to their
head, after which electrodes are implanted in a lengthy
procedure during which the patients are continuously
tested for the effect of DBS. Due to advances in MRI
techniques, the target for DBS can now be clearly visualized, and therefore it may be possible to perform the
entire procedure under general anesthesia, without the
need for intraoperative clinical testing.
Changing the operative strategy for DBS from local
anesthesia to general anesthesia could make the therapy
more effective by (a) reducing the burden of the procedure, (b) reducing the immediate postoperative side effects,
and (c) increasing the efficiency of the operation. Furthermore, it would make the therapy accessible to those
patients who are currently judged to be unable to
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withstand the procedure because of their generally weakened medical or borderline abnormal cognitive condition.
Also, patients for whom DBS surgery under local
anesthesia is currently not possible due to severe spinal
deformities or due to severe dystonic posturing can be
good candidates for surgery under general anesthesia. This
will expand the target patient group that can benefit from
DBS treatment.
Some of the choices in the study design warrant discussion. First, is the study design. Current literature
comparing STN DBS under general anesthesia with STN
DBS under local anesthesia consists of case series, casecontrol studies, or cohort studies [12–22]. The strength
of our study is the randomization into two groups,
which will provide a higher level of evidence. In this surgical trial, it is impossible to blind the neurosurgeon
and/or patient to treatment assignment. In order to
apply blinding where possible, the study will be conducted using a PROBE design. The assessors of the
primary and secondary endpoints will be blinded.
Patients will be instructed not to reveal the received
treatment to the trial nurse performing the postoperative
assessments or to the psychiatrist and the neuropsychologist performing (respectively) the psychiatric and
neuropsychological evaluation, in order to secure a
blinded endpoint.
Second are the primary and secondary outcome measures. In contrast to researchers in most other DBS trials,
we chose the primary endpoint as a stringent composite
score of cognitive, mood, and behavioral effects. This
score was shown to be of importance in a previous national DBS study comparing internal globus pallidus DBS
with STN DBS in patients with PD [24]. The composite
score is a dichotomous measure and assesses cognitive,
mood, and behavioral adverse effects after DBS surgery. In
contrast to the NSTAPS study investigators [24], we have
chosen to exclude the parameter “loss of an important
relationship” because this does not necessarily imply worsening of disability or perceived quality of life. Instead, we
included the parameter delirium because this is a frequent
known postoperative complication in patients with PD receiving DBS surgery. The composite score will specifically
address clinical measures to determine cognitive, mood,
and behavioral effects, and therefore it has an advantage
regarding use of a more general quality-of-life scale as a
primary outcome measure. In order to be able to compare
our results with those of other trials, the widely used
PDQ-39 will be used in the secondary outcome measurements. Our secondary outcome measurements will further
show the motor function, complications, adverse events,
surgical time, duration of hospital admittance, medication,
and patient satisfaction and burden of therapy.
Third is the sample size motivation. Up to one-third
of our patients currently treated under local anesthesia
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experience moderate to severe postoperative confusion
due to the heavy burden of undergoing a long surgery,
and their necessary dopaminergic medication is withheld
overnight in order to judge the effect of stimulation on
their symptoms during the procedure. Although this postoperative confusion creates an additional burden that
sometimes needs to be managed medically and leads to
longer hospital admittance, this in itself may not necessarily have a negative influence on the long-term outcome of
surgery. However, in the current practice of awake surgery, considerable exploration in the target area is performed to determine the location for implantation, which
we believe is associated with the current incidence of postoperative cognitive, affective, and behavioral adverse
effects. This is supported by some reports describing that
the postoperative decline in cognition, when it occurs, is
not dependent on active stimulation being applied, and
therefore it is believed to be caused by the mechanical impact of surgery itself rather than by the application of
chronic stimulation afterward [37–39]. Electrode implantation under general anesthesia will be focused more on
the imaging to determine the location for implantation,
with the support of microelectrode recordings in the predetermined implantation trajectory. This strategy will lead
to considerably less intraoperative exploration in the STN
of the majority of patients and therefore will likely be
associated with less postoperative sequelae. We therefore
estimate that, by performing DBS surgery under general
anesthesia, a relative reduction of 50% in cognitive, mood,
and behavioral adverse effects may be achieved.
In conclusion, we have developed a protocol for a prospective, randomized, open-label study of STN DBS under
general anesthesia. Our study will provide safety and efficacy results on STN DBS under general anesthesia compared with the current standard, STN DBS with local
anesthesia.
Trial status

The date of first enrollment was May 23, 2016. The estimated study duration will be 2.5 years. Participants are
currently being recruited and enrolled.

Additional files
Additional file 1: Figure S1. Study schedule. (DOCX 31 kb)
Additional file 2: Table S1. Composite score. Legend: a: standard of
care. (DOC 64 kb)
Additional file 3: Table S2. Baseline characteristics and secondary
outcome measures. Legend: a Standard of care. b MDS-UPDRS part III in four
conditions: condition 1 - medication off, stimulation on; condition
2 – medication off, stimulation off; condition 3 – medication on,
stimulation off; condition 4 – medication on, stimulation on. (DOC 81 kb)
Additional file 4: Figure S2. SPIRIT schedule of enrollment, interventions,
and assessments. (DOC 122 kb)
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in a clinical trial protocol and related documents. (DOC 86 kb)
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