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Abstract 

Background: Deep brain stimulation has been used since the 1980s for neurological disorders and the USA and 
Europe have now approved it for Parkinson’s disease, essential tremor, dystonia, and epilepsy. Previous reviews have 
assessed the effects of deep brain stimulation on different neurological disorders. These reviews all had methodologi-
cal limitations.

Methods: This is a protocol for a systematic review based on searches of major medical databases (e.g. MEDLINE, 
EMBASE, CENTRAL) and clinical trial registries. Two review authors will independently extract data and conduct risk of 
bias assessment. We will include published and unpublished randomised clinical trial comparing deep brain stimu-
lation versus no intervention, usual care, sham stimulation, medical treatment, or resective surgery for Parkinson’s 
disease, essential tremor, dystonia, or epilepsy. The effects of deep brain stimulation will be analysed separately for 
each of the different diagnoses. Primary outcomes will be all-cause mortality, disease-specific symptoms, and serious 
adverse events. Secondary outcomes will be quality of life, depressive symptoms, executive functioning, level of func-
tioning, and non-serious adverse events. Data will be analysed using fixed-effect and random-effects meta-analyses 
and Trial Sequential Analysis. Risk of bias will be assessed with the Cochrane Risk of Bias tool—version 2, an eight-step 
procedure to assess if the thresholds for clinical significance are crossed, and the certainty of the evidence will be 
assessed by Grading of Recommendations, Assessment, Development and Evaluations (GRADE).

Discussion: Deep brain stimulation is increasingly being used for different neurological diseases, and the effects are 
unclear based on previous evidence. There is a need for a comprehensive systematic review of the current evidence. 
This review will provide the necessary background for weighing the benefits against the harms when assessing deep 
brain stimulation as intervention for individual neurological disorders.

Systematic review registration: PROSPERO 306,556.
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Background
Description of the conditions
Neurological disorders are the second leading cause of 
death worldwide and encompass a wide range of con-
ditions affecting the brain [1]. Among these, certain 
movement disorders and epilepsy are some of the more 
recognised [1]. Movement disorders cover several dif-
ferent neurological conditions including Parkinson’s 
disease, essential tremor, and dystonia [2].

Parkinson’s disease is estimated to affect 1% of the 
population above 55  years with a rising incidence 
and prevalence [1, 3]. Parkinson’s disease has a com-
plex pathophysiology with neuronal death particularly 
affecting the dopaminergic neurons, which affects neu-
rological pathways through the basal ganglia resulting 
in bradykinesia, tremor, and rigidity [4, 5]. The symp-
toms of Parkinson’s disease are, however, diverse and 
may include motor signs related to non-dopaminergic 
transmission and non-motor features as well [5]. Par-
kinson’s disease is commonly treated pharmacologically 
with levodopa, but many patients become resistant to 
levodopa over time, and levodopa has several adverse 
effects [4].

Essential tremor is estimated to affect 1% of the popu-
lation worldwide [6]. Essential tremor typically affects the 
upper extremities with hyperkinetic tremor, but it may 
spread to additional parts of the body [7]. The precise 
pathophysiology behind essential tremor is controversial 
but probably involves pathological rhythmic oscillation 
[7]. Essential tremor is usually treated pharmacologically 
with propranolol and primidone [7]. While the phar-
macological treatment may result in a 70% reduction in 
tremor, about 50% of the patients have no effect of medi-
cations and propranolol and primidone are often associ-
ated with adverse effects [6, 7].

Dystonia has been estimated to affect 0.7% of the pop-
ulation above 50  years [8]. The disorder covers a group 
of hyperkinetic movement disorders characterised by 
involuntary, sustained, or repetitive muscle contraction, 
affecting one or more body regions [8, 9]. The patho-
physiology behind dystonia is complex with involvement 
of the sensory system, overexcitability in the motor cor-
tex, and alterations in the basal ganglia circuitry [8]. The 
usual treatment is botulinum toxin injection, surgical or 
pharmacologically with anticholinergics, baclofen, ben-
zodiazepines, or levodopa [9, 10].

Epilepsy is a collection of neurological seizure disorders 
affecting 0.5 to 1% of the population [11, 12]. It is char-
acterised by spontaneous and recurring seizures caused 
by an imbalance in the inhibitory and excitatory signal-
ling leading to excessive and synchronous neuronal firing 
[11, 13]. Epilepsy is typically treated with anti-epileptic 

drugs such as valproic acid or carbamazepine or the large 
number of newer anti-epileptic drugs [11, 14]. However, 
40% of the pharmacologically treated patients show drug-
resistant epilepsy while many experience unacceptable 
adverse effects [13].

Description of the intervention
Deep brain stimulation is a neurosurgical intervention 
for neurological and psychiatric disorders associated with 
pathophysiological neuronal circuits [15]. Deep brain 
stimulation has been used since the 1980s [16]. As inter-
vention for neurological disorders, it is now approved 
in the USA and Europe for Parkinson’s disease, essential 
tremor, dystonia, and epilepsy [16].

Deep brain stimulation uses high frequency stimula-
tion which theoretically has an inhibitory effect on the 
involved pathological neuronal circuits [16]. However, 
the precise mechanisms behind its effects are largely 
unknown [16]. Deep brain stimulation may work by dis-
rupting or counteracting pathological neuronal pathways 
using electrical stimulation with constant current or volt-
age [7, 16]. The high frequency stimulation is thought to 
minimise pathological communication, possibly by jam-
ming the involved area [7, 13]. It has also been proposed 
that the stimulation affects metabolic changes and long-
term neuroplasticity [15, 16].

A pulse generator plus a battery placed underneath the 
collar bone provides the electrical stimulation and records 
the neuronal electrical activity [13, 16]. The pulse generator 
provides the stimulation through wires placed underneath 
the skin which are then connected to one or more elec-
trodes implanted in prespecified brain areas [13, 15]. The 
placement of the electrodes and thereby the stimulation 
site is dependent on the neurological disorder treated [15].

In Parkinson’s disease, the usual placement of the 
electrodes is the subthalamic nucleus or the internal or 
external globus pallidus of the brain [15, 16]. In essential 
tremor, the usual placement is the ventral intermedius 
nucleus [16]. In dystonia, the usual placement is globus 
pallidus while also thalamus and the subthalamic nucleus 
have been used [16]. In epilepsy, the placement of the 
electrodes can be either in an area of the brain thought 
to have a pacemaker, triggering, or gating position in 
the epileptic network, or it can be in the ictal onset zone 
[17]. Hence, the placement of the electrodes in epilepsy is 
often in thalamus, hippocampus, or the ictal onset zone, 
if this has been identified [15, 16].

Why is it important to do this review?
We have identified several previous reviews and meta-
analyses assessing the effects of deep brain stimulation.
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We identified five reviews assessing the effects of deep 
brain stimulation for Parkinson’s disease [18–22]. These 
reviews generally concluded that deep brain stimula-
tion seemed to improve disease progression, severity, 
and quality of life, while there were some risks of adverse 
events [18–22]. Three of these reviews assessed deep 
brain stimulation for Parkinson’s disease comparing dif-
ferent stimulation sites [18, 20, 22], one review compared 
deep brain stimulation versus best medical treatment 
[19], and one review compared different stimulation sites 
and best medical treatment [21]. These reviews have 
been limited by not publishing a protocol before the lit-
erature search began [18–22], not searching all relevant 
databases [18–22], not employing trial sequential analysis 
methods to control random errors [18–22], not assess-
ing adverse effects [18, 21, 22], and not assessing the cer-
tainty of evidence using GRADE [18, 19, 21, 22].

We identified two reviews assessing the effects of deep 
brain stimulation for essential tremor [23, 24]. These 
reviews generally concluded that deep brain stimulation 
seemed to improve symptoms, while there was some risk 
of adverse events [23, 24]. One of these reviews assess-
ing deep brain stimulation for essential tremor compared 
efficacy in patients with different tremor characteristics 
[24]. This review included observational studies in addi-
tion to randomised clinical trials in their meta-analyses 
[24]. The other review compared deep brain stimulation 
versus lesion surgery [23]. This review pooled patients 
with various causes for the tremor in their meta-analyses 
[23]. Hence, no systematic review with only randomised 
clinical trials assessing deep brain stimulation for essen-
tial tremor has been conducted. These previous reviews 
have also been limited by not searching all relevant data-
bases [23, 24], not employing Trial Sequential Analysis 
to control random errors [23, 24], not assessing adverse 
effects [23], and not assessing the certainty of evidence 
using GRADE [23, 24].

We identified one review assessing the effects of deep 
brain stimulation for dystonia [25]. This review con-
cluded that deep brain stimulation seemed to improve 
symptoms, while the improvement of quality of life 
and the risk of adverse events were uncertain [25]. This 
review assessing deep brain stimulation for dystonia 
compared deep brain stimulation versus placebo, sham 
intervention, or best medical care [25].

We identified one review assessing the effects of deep 
brain stimulation for epilepsy [26]. This review concluded 
that deep brain stimulation seemed to reduce seizure 
frequency depending on the placement of the electrodes 
[26]. This review compared deep brain stimulation and 
cortical stimulation versus sham stimulation, resective 
surgery, medical treatment or other neurostimulation 
treatments [26]. This review is limited by not employing 

trial sequential analysis methods to control random 
errors [26].

The characteristics and results of these previous 
reviews are summarised in Table 1.

In addition to our critical points, we have identified 
several relevant randomised clinical trials, which were 
not included in the abovementioned reviews [27–34]. 
Moreover, no systematic review has yet assessed deep 
brain stimulation as intervention for all neurological dis-
orders. With an increasing use of deep brain stimulation 
as intervention for neurological disorders, there is a need 
for a comprehensive overview of the current evidence 
assessing both benefits and harms based on randomised 
clinical trials.

Methods
The present protocol has been registered in the PROS-
PERO database (PROSPERO ID number: 306556) and is 
reported in accordance with the guidelines provided in 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis Protocols (PRISMA-P) statement [35, 36] 
(see checklist in Additional file 1).

Criteria for considering studies for this review
Types of studies
We will include randomised clinical trials irrespective of 
publication year, status, and language. We will include 
cross-over trials using only data from the first period 
of the trial. We will not include quasi-randomised tri-
als, cluster-randomised trials, or non-randomised stud-
ies. If the reporting of methodology is limited resulting 
in doubt whether a trial is quasi-randomised or not, this 
will be addressed in risk of bias assessments and the 
interpretation of results.

Types of participants
Participants in all age groups with the diagnosis of either 
Parkinson’s disease, essential tremor, dystonia, or epi-
lepsy will be included. As for the definition of Parkin-
son’s disease, essential tremor, dystonia, and epilepsy, 
we will accept the trialists’ definition. Participants will 
be included irrespective of sex, comorbidities, and risk 
factors.

Types of interventions

Experimental group We will include any type of deep 
brain stimulation as intervention (as defined by trialists) 
independent of target of the electrodes, stimulation set-
tings, unilateral or bilateral, and device used.

Control group As control interventions, we will accept 
no intervention, usual care, sham stimulation, medical 
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treatment, or resective surgery. The results of the differ-
ent comparisons will be reported separately.

Cointerventions We will accept any cointerventions, if 
these are planned to be delivered similarly in the experi-
mental and control groups.

Outcomes
Primary outcomes

1. All-cause mortality.
2. Disease-specific symptoms (continuous outcome). 

For each specific disease, we will accept any valid 
continuous scale assessing symptoms as defined 
by trialist (e.g. Unified Parkinson’s Disease Rating 
Scale for Parkinson’s disease, The Essential Tremor 
Rating Assessment Scale for essential tremor, The 
Burke-Fahn-Marsden Dystonia Rating Scale for 
dystonia, and The Liverpool Seizure Severity Scale 
for epilepsy).

3. The proportion of participants with one or more 
serious adverse events. We will use the International 
Conference on Harmonization of technical require-
ments for registration of pharmaceuticals for human 
use-Good Clinical Practice (ICH-GCP) definition 
of a serious adverse event, which is any untoward 
medical occurrence that resulted in death, was life-
threatening, required hospitalisation or prolonging 
of existing hospitalisation, and resulted in persistent 
or significant disability or jeopardised the participant 
[37]. If the trialists do not use the ICH-GCP defini-
tion, we will include the data if the trialists use the 
term “serious adverse event”. If the trialists do not 
use the ICH-GCP definition nor use the term seri-
ous adverse event, we will then include the data if 
the event clearly fulfils the ICH-GCP definition for a 
serious adverse event.

Secondary outcomes

1. Quality of life assessed on any valid continuous scale
2. Depressive symptoms assessed on any valid continu-

ous scale (e.g. Hamilton Depression Rating Scale)
3. Executive functioning measured on any valid scale 

(e.g. Wisconsin Card Sorting Test)
4. Level of functioning measured on any valid scale (e.g. 

Schwab and England Activities of Daily Living scale)
5. The proportion of participants with one or more 

non-serious adverse events (any adverse event not 
considered serious (see above))

Assessment time points
We will pragmatically use the trial results reported at 
maximum follow-up.

Search methods for identification of studies
Electronic searches
We will search Cochrane Central Register of Controlled 
Trials (CENTRAL), Medical Literature Analysis and 
Retrieval System Online (MEDLINE), Excerpta Medica 
database (EMBASE), Latin American and Caribbean 
Health Sciences Literature (LI-LACS), Science Citation 
Index Expanded (SCI-EXPANDED), Conference Pro-
ceedings Citation Index— Science (CPCI-S), Chinese 
Biomedical Literature Database (CBM), China Network 
Knowledge Information (CNKI), Chinese Science Jour-
nal Database (VIP), and Wafang Database to identify 
relevant trials. We will search all databases from their 
inception to the present date. For a detailed search 
strategy for all electronic databases, see Additional 
file  2. We will include trials irrespective of language, 
publication year, publication status, and publication 
type.

Searching other resources
We will check the reference list of relevant trial publica-
tions for any unidentified clinical trials. We will contact 
the authors of included trials by email asking for unpub-
lished randomised clinical trials. To identify unpublished 
trials, we will search clinical trial registries (e.g. clinical-
trials.gov), websites of US Food and Drug Administration 
(FDA), and European Medicines Agency (EMA). We will 
request FDA and EMA to provide all publicly releasable 
information about relevant randomised clinical trials of 
deep brain stimulation submitted for marketing approval. 
Furthermore, we will hand-search conference abstracts 
from neurosurgical conferences for relevant trials. We 
will search grey literature to include any unpublished 
and grey literature if we identify these and assess relevant 
retraction statements and errata for included trials.

Data collection
We will perform and report the review as recommended 
by the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement. Analyses will be 
performed using Stata (StataCorp LLC, College Station, 
TX, USA) [38] and Trial Sequential Analysis [39, 40].

Selection of randomised clinical trials
Two review authors will independently screen titles and 
abstracts. We will retrieve all relevant full-text study 
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reports/publications, and two review authors will inde-
pendently screen full-text and record reasons for exclud-
ing ineligible trials. Any disagreement will be solved by 
the same two authors by discussion, or if required, they 
will consult with a third author.

Data extraction and management
Two review authors will independently extract data from 
included trials in a predefined form. Disagreements will be 
solved by discussion with a third author. The two review 
authors will assess duplicate publications and companion 
papers of a trial together to evaluate all available data simul-
taneously (to maximise data extraction and correct bias 
assessment). Each trial will be named after the first author 
and year of the primary publication. We will contact the trial 
authors by email to specify any missing data, which may not 
have been reported sufficiently or at all in the publication.

Trial characteristics
We will extract the following data: bias risk components 
(as defined below), trial design (parallel, factorial, cross-
over), number of intervention groups, length of follow-
up, estimation of sample size, inclusion and exclusion 
criteria, for-profit funding of trial, and trial registration 
number.

Participant characteristics
We will extract the following data: number of randomised 
participants, number of analysed participants, number of 
participants lost to follow-up/withdrawals/crossovers, 
age range (mean or median), sex ratio, disease subtype, 
and disease severity at baseline.

Experimental intervention characteristics
We will extract the following data: full description of 
intervention including placement of electrodes, output 
voltage and current, stimulation frequency, pulse width, 
continuous, intermittent or responsive/closed-loop stim-
ulation, device providers, duration of intervention, and 
co-interventions, if any.

Control intervention characteristics
We will extract the following: type of control intervention, 
duration of control intervention, co-interventions, if any. If 
the control intervention is best medical treatment, we will 
extract dose of control intervention. If control intervention 
is sham stimulation, we will extract placement of electrodes 
and device providers. If the control is resective surgery, we 
will extract characteristics of the surgical procedure.

Outcomes
We will extract all outcomes listed above from each ran-
domised clinical trial. For each outcome, we will identify if 

outcomes are missing, inappropriately measured, or selec-
tively reported according to the criteria described later in 
the “missing outcome data” bias domain, the “risk of bias in 
measurement of the outcome” bias domain, and the “risk of 
bias in selection of the reported results” bias domain.

Notes
We will search for information regarding industry fund-
ing of either personal or academic activities for each trial 
author. We will note in the “Characteristics of included 
studies” table if outcome data were not reported in a usa-
ble way. Disagreements will be solved by discussion, or, if 
required, we will consult with a third author.

Assessment of risk of bias in the included studies
Our bias risk assessment will be based on the Cochrane 
Risk of Bias tool—version 2 (RoB 2) as recommended in 
The Cochrane Handbook of Systematic Reviews of Inter-
ventions [41]. Moreover, we will include an assessment 
of for-profit bias [42]. We will judge a publication at high 
risk of vested interests if a trial is sponsored by the indus-
try or if just one author has affiliation to the industry. 
Additionally, we will evaluate the methodology in respect 
of the following bias domains:

Bias arising from the randomisation process
This domain encompasses allocation sequence gen-
eration and concealment as well as baseline differences 
between the trial arms.

Low risk of bias Allocation was adequately concealed, 
AND imbalances across intervention groups at baseline 
appear to be compatible with chance, AND an adequate 
(random or otherwise unpredictable) method was used 
to generate allocation sequence, OR there is no informa-
tion about the method used to generate the allocation 
sequence.

Some concerns Allocation was adequately concealed, 
AND there is a problem with the method of sequence 
generation, OR baseline imbalances suggest a problem 
with the randomisation process, OR no information is 
provided about concealment of allocation, AND baseline 
imbalances across intervention groups appear to be com-
patible with chance, OR no information to answer any of 
the signalling questions.

High risk of bias Allocation sequence was not con-
cealed, OR no information is provided about conceal-
ment of allocation sequence, AND baseline imbalances 
suggest a problem with the randomisation process.
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Bias due to deviation from intended interventions

Low risk of bias Participants, carers, and personnel 
were unaware of intervention groups during the trial, OR 
participants, carers, or personnel were aware of inter-
vention groups during the trial but any deviations from 
intended intervention reflected usual practice, OR par-
ticipants, carers, or personnel were aware of intervention 
groups during the trial but any deviations from intended 
intervention were unlikely to impact on the outcome, 
AND no participants were analysed in the wrong inter-
vention groups (that is, on the basis of intervention actu-
ally received rather than of randomised allocation).

Some concerns Participants, carers, or personnel were 
aware of intervention groups and there is no informa-
tion on whether there were deviations from usual prac-
tice that were likely to impact on the outcome and were 
imbalanced between intervention groups, OR some 
participants were analysed in the wrong intervention 
groups (based on intervention actually received rather 
than of randomised allocation) but there was little poten-
tial for a substantial impact on the estimated effect of 
intervention.

High risk of bias Participants, carers, or personnel were 
aware of intervention groups, and there were devia-
tions from intended interventions that were unbalanced 
between the intervention groups and likely to have 
affected the outcome, OR some participants were ana-
lysed in the wrong intervention groups (on the basis of 
intervention actually received rather than of randomised 
allocation), and there was potential for a substantial 
impact on the estimated effect of intervention.

Bias due to missing outcome data

Low risk of bias No missing data OR non-differential 
missing data (similar proportion of and similar reasons 
for missing data in compared groups) OR evidence of 
robustness of effect estimate to missing data (based on 
adequate statistical methods for handling missing data 
and sensitivity analysis).

Some concerns An unclear degree of missing data or 
unclear information on proportion and reasons for miss-
ingness in compared groups AND there is no evidence 
that the effect estimate is robust to missing data.

High risk of bias A high degree of missing data AND 
differential missing data (different proportion of or 

different reasons for missing data in compared groups) 
AND there is no evidence that the effect estimate is 
robust to missing data.

Bias in measurement of the outcome

Low risk of bias The outcome assessors were unaware 
of the intervention received by study participants, OR 
the outcome assessors were aware of the intervention 
received by study participants, but the assessment of the 
outcome was unlikely to be influenced by knowledge of 
the intervention received.

Some concerns There is no information available to 
determine whether the assessment of the outcome is 
likely to be influenced by knowledge of the intervention 
received.

High risk of bias The assessment of the outcome was 
likely to be influenced by knowledge of the intervention 
received by study participants.

Bias arising from selective reporting of results

Low risk of bias Reported outcome data are unlikely 
to have been selected, on the basis of the results, from 
multiple outcome measurements (e.g. scales, definitions, 
time points) within the outcome domain, and reported 
outcome data are unlikely to have been selected, on the 
basis of the results, from multiple analyses of the data.

Some concerns There is insufficient information available 
to exclude the possibility that reported outcome data were 
selected, on the basis of the results, from multiple outcome 
measurements (e.g. scales, definitions, time points) within 
the outcome domain, or from multiple analyses of the 
data. Given that analysis intentions are often unavailable 
or not reported with sufficient detail, we anticipate that 
this will be the default judgement for most trials.

High risk of bias Reported outcome data are likely to 
have been selected, on the basis of the results, from mul-
tiple outcome measurements (e.g. scales, definitions, 
time points) within the outcome domain, or from multi-
ple analyses of the data (or both).

Overall assessment of risk of bias

Low risk of bias The study is judged to be at low risk of 
bias for all domains for this result.
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High risk of bias The study is judged to be at high risk 
of bias or to be at some concerns in at least one domain 
for this result. Our subgroup analysis will compare the 
intervention effect of trials at low risk of bias with trials 
at high risk of bias, that is one or more domains at some 
concerns or high risk of bias.

We will assess the domains “missing outcome data”, “risk 
of bias in measurement of the outcome”, and “risk of bias 
in selection of the reported result” for each outcome 
result. Thus, we can assess the bias risk for each outcome 
assessed in addition to each trial. Our primary conclu-
sions will be based on the results of our primary outcome 
results with an overall low risk of bias. Both our primary 
and secondary conclusions will be presented in the sum-
mary of findings tables.

Differences between the protocol and the review
We will conduct the review according to this published 
protocol. Any deviations from this will be described in 
the “Differences between the protocol and the review” 
section of the systematic review.

Measurement of treatment effect
Dichotomous outcome
We will calculate risk ratios (RRs) with 95% confidence 
interval (CI) and Trial Sequential Analysis-adjusted CI 
for dichotomous outcomes.

Continuous outcomes
We will calculate the mean differences (MDs) with 95% 
CI and Trial Sequential Analysis-adjusted CI for continu-
ous outcomes. If comparable continuous outcomes are 
reported, we will consider calculating the standardised 
mean difference (SMD) with 95% CI.

Dealing with missing data
We will use intention-to-treat data if provided by the 
trialists [43]. We will, as the first option, contact all trial 
authors to obtain any relevant missing data (i.e. for data 
extraction and for assessment of risk of bias, as specified 
above), when individual patient data is not available.

Dichotomous outcome
We will not impute missing values for any outcomes in 
our primary analysis. In our sensitivity analyses (see par-
agraph below), we will impute data.

Continuous outcomes
We will primarily analyse scores assessed at maximum 
follow-up. If only changes from baseline scores are 

reported, we will analyse the results together with fol-
low-up scores [41]. If standard deviations (SDs) are not 
reported, we will calculate the SDs using relevant trial 
data (e.g. P values), if possible. We will not use intention-
to-treat data if the original report did not contain such 
data, per protocol data will then be used. In our best–
worst-case and worst-best-case scenarios (see paragraph 
below) for continuous outcomes, we will impute data.

Assessment of heterogeneity
We will primarily investigate forest plots to visu-
ally assess any sign of heterogeneity. We will secondly 
assess the presence of statistical heterogeneity using I2 
statistic [41, 44, 45]. We will investigate evident hetero-
geneity through subgroup analyses (see Subgroup anal-
yses and integration of heterogeneity section below). 
We may ultimately decide that a meta-analysis should 
be avoided if heterogeneity is significant [41].

Assessment of reporting biases
We will use a funnel plot to assess reporting bias if ten 
or more trials are included [41]. We will visually inspect 
funnel plots to assess the risk of bias. We are aware 
of the limitations of a funnel plot (i.e. a funnel plot 
assesses bias due to small sample size) [41]. From this 
information, we will assess possible reporting bias. For 
dichotomous outcomes, we will test asymmetry with 
the Harbord test [46] if τ2 is less than 0.1 and with the 
Rücker test if τ2 is more than 0.1 [41]. For continuous 
outcomes, we will use the regression asymmetry test 
[47] and the adjusted rank correlation [48].

Unit of analysis issues
We will only include randomised clinical trials. For 
trials using crossover design, only data from the first 
period will be included [41, 49]. There will therefore 
not be any unit of analysis issues. We will not include 
cluster-randomised trials.

Data synthesis
Meta‑analysis
We will undertake the meta-analysis according to the 
Cochrane Handbook for Systematic Reviews of Inter-
ventions [41], Keus et  al. [50], and the eight-step pro-
cedure suggested by Jakobsen et  al. [51]. We will use 
the statistical software Stata to analyse data (command: 
meta) [38]. We will assess the intervention effects with 
both random-effects meta-analyses [52] and fixed-effect 
meta-analyses for each comparison separately [53]. We 
will primarily use the most conservative result (highest 
P value) of the two and the least conservative result as 
a sensitivity analysis [51]. We will assess a total of three 
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primary outcomes, and we will therefore consider a P 
value < 0.025 as the threshold for statistical significance 
for the primary outcomes [51]. All other outcomes will 
be considered hypothesis-generating only, and we will 
therefore use a threshold of P < 0.05 for all remaining 
outcomes.

We will separately assess the effects of deep brain stim-
ulation as intervention for Parkinson’s disease, essential 
tremor, dystonia, and epilepsy. We will present these 
results and analyses in different sections of the same 
review, and in separate meta-analysis and Trial Sequen-
tial Analysis, we will analyse the results according to dif-
ferent control interventions. If we identify trials including 
participants with more than one neurological disorder, 
these will be included in the analyses for both disorders. 
However, we will make it very clear if this is the case. If 
we identify a large number of trials, we may consider 
making separate reviews for each neurological disorder. 
In a separate future review, we will conduct analyses of all 
diseases combined and avoid double counting.

We will investigate possible heterogeneity through 
subgroup analyses. We will use our eight-step procedure 
to assess if the thresholds for significance are crossed 
[51]. This eight-step procedure is comprised of the fol-
lowing steps: (1) obtain the 95% confidence intervals and 
the P values from both fixed-effect and random-effects 
meta-analyses and report the most conservative results 
as the main results; (2) explore the reasons behind sub-
stantial statistical heterogeneity using subgroup and 
sensitivity analyses (see step 6); (3) adjust the thresh-
olds for significance according to the number of primary 
outcomes to take account of problems with multiplicity; 
(4) calculate required information sizes (≈ the a priori 
required number of participants for a meta-analysis to 
be conclusive) for all outcomes and analyse each out-
come with Trial Sequential Analysis. Report whether the 
trial sequential monitoring boundaries for benefit, harm, 
or futility are crossed; (5) calculate Bayes factors for all 
primary outcomes; (6) use subgroup analyses and sensi-
tivity analyses to assess the potential impact of bias on 
the review results; (7) assess the risk of publication bias; 
(8) assess the clinical significance of the statistically sig-
nificant review results [51].

Trial Sequential Analysis
Traditional meta-analysis runs the risk of random errors 
due to sparse data and repetitive testing of accumulat-
ing data when updating reviews [54]. We wish to control 
the risks of both type I errors and type II errors [54]. We 
will therefore perform Trial Sequential Analysis on all 
outcomes, in order to calculate the required informa-
tion size (that is, the number of participants needed in 
a meta-analysis to detect or reject a certain intervention 

effect) and the cumulative Z-curve’s breach of relevant 
trial sequential monitoring boundaries [39, 40, 55–61]. 
A more detailed description of Trial Sequential Analy-
sis can be found in the Trial Sequential Analysis manual 
[40] and at http:// www. ctu. dk/ tsa/. For dichotomous out-
comes, we will estimate the required information size 
based on the observed proportion of patients with an 
outcome in the control group (the cumulative proportion 
of patients with an event in the control groups relative to 
all patients in the control groups), a relative risk reduc-
tion of 10%, an alpha of 2.5% for the primary outcomes 
and 5% for the remaining outcomes, a beta of 10%, and 
the observed diversity as suggested by the trials in the 
meta-analysis. For continuous outcomes, we will in the 
Trial Sequential Analysis use the observed standard devi-
ation (SD), a mean difference equal to the observed SD/2, 
an alpha of 2.5% for the primary outcomes and 5% for 
the remaining outcomes, a beta of 10%, and the observed 
diversity as suggested by the trials in the meta-analysis.

Subgroup analyses and integration of heterogeneity
Subgroup analyses
We will perform the following subgroup analyses when 
analysing the primary outcomes (all-cause mortality, dis-
ease-specific symptoms, and serious adverse events).

• Trials at high risk of bias compared to trials at low 
risk of bias

• Trials without vested interests compared to trials 
with unknown or known risk of vested interests [42]

• Trials published before 2000 compared to trials pub-
lished after 2000

• Target nucleus (e.g. subthalamic nucleus, internal 
globus pallidus, ventral intermedius nucleus)

• Types of comparators (e.g. no intervention, usual 
care, sham stimulation, medical treatment, or resec-
tive surgery)

• Disease subtypes (e.g. generalised epilepsy, focal epi-
lepsy)

• Disease severity

We will use the formal test for subgroup interactions in 
Stata [38].

Sensitivity analysis
To assess the potential impact of the missing data for 
dichotomous outcomes, we will perform the two fol-
lowing sensitivity analyses on all primary and secondary 
dichotomous outcomes.

• Best–worst-case scenario: We will assume that all 
participants lost to follow-up in the experimental 
group survived and had no serious and non-serious 

http://www.ctu.dk/tsa/
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adverse events and that all those participants lost to 
follow-up in the control group did not survive and 
had a serious and non-serious adverse event.

• Worst-best-case scenario: We will assume that all 
participants lost to follow-up in the experimental 
group did not survive and had a serious and non-
serious adverse event and that all those participants 
lost to follow-up in the control group survived and 
had no serious and non-serious adverse event.

We will present results of both scenarios in our review. 
When analysing disease-specific symptoms and quality of 
life, a beneficial outcome will be the group mean plus two 
SDs of the group mean, and a harmful outcome will be 
the group mean minus two SDs of the group mean [51]. 
To assess the potential impact of missing SDs for contin-
uous outcomes, we will perform the following sensitivity 
analysis:

• Where SDs are missing and it is not possible to calcu-
late them, we will impute SDs from trials with similar 
populations and low risk of bias. If we find no such 
trials, we will impute SDs from trials with a similar 
population. As the final option, we will impute the 
mean SD from all included trials.

We will present results of this scenario in our review. 
Other post hoc sensitivity analyses might be warranted if 
unexpected clinical or statistical heterogeneity is identi-
fied during the analysis of the review results [51].

Summary of findings table
We will create a summary of findings table for each com-
parison (deep brain stimulation vs. no intervention, usual 
care, sham stimulation, medical treatment, or resective 
surgery) including each of the prespecified outcomes 
(all-cause mortality, disease-specific symptoms, seri-
ous adverse events, quality of life, depressive symptoms, 
executive functioning, level of functioning, and non-seri-
ous adverse events). We will use the Grading of Recom-
mendations, Assessment, Development and Evaluations 
(GRADE) considerations (bias risk of the trials, consist-
ency of effect, imprecision, indirectness, and publication 
bias) to assess the certainty of evidence [51, 62–64]. We 
will assess imprecision using Trial Sequential Analysis. 
We will downgrade imprecision in GRADE by two lev-
els if the accrued number of participants is below 50% of 
the diversity-adjusted required information size (DARIS), 
and one level if between 50 and 100% of DARIS. We will 
not downgrade if the cumulative Z-curve crosses the 
monitoring boundaries for benefit, harm, or futility, or 
DARIS is reached. We will justify all decisions to down-
grade the certainty of evidence using footnotes, and we 

will make comments to aid the reader’s understanding of 
the review where necessary. Firstly, we will present our 
results in the summary of findings table based on the 
results from the trials with an overall low risk of bias, and 
secondly, we will present the results based on all trials.

Discussion
This systematic review with meta-analyses and Trial 
Sequential Analysis of randomised clinical trials aims at 
assessing the beneficial and harmful effects of deep brain 
stimulation versus no intervention, usual care, sham 
stimulation, medical treatment, or resective surgery for 
participants with Parkinson’s disease, essential tremor, 
dystonia, or epilepsy and the neurological disorders 
combined. Primary outcomes will be all-cause mortality, 
disease-specific symptoms, and the proportion of partici-
pants with one or more serious adverse events. Second-
ary outcomes will be quality of life, depressive symptoms, 
executive functioning, level of functioning, and non-seri-
ous adverse events.

One of the strengths of our protocol is the methodo-
logical approach. The predefined methodology is based 
on Keus et al. [50], our eight-step assessment suggested 
by Jakobsen et al. [51], Trial Sequential Analysis [39], and 
GRADE assessment of the certainty of evidence [62–64]. 
Therefore, we consider both the risk of random errors 
and the risk of systematic errors. Furthermore, we will 
include data from published trials, unpublished trials, 
and clinical study reports and thereby reduce the risk of 
publication bias.

Another strength of this protocol is the intention to 
assess deep brain stimulation for different neurological 
disorders altogether. This allows for an individual assess-
ment of the intervention related to the specific neuro-
logical disorder as well as an overview of the intervention 
related to all the selected neurological disorders.

Our protocol also has some limitations. The primary 
limitation is the risk of identifying a limited number of 
randomised clinical trials. Furthermore, there is a risk of 
high statistical heterogeneity among the included trials. 
This will be addressed in the analyses for heterogeneity, 
subgroup analyses, and sensitivity analyses.

Another limitation is the possibility of many compari-
sons due to different kinds of deep brain stimulation 
and control interventions. This increases the risk of type 
I errors. Although we have adjusted the threshold for 
significance according to the number of outcomes, the 
threshold for significance has not been adjusted accord-
ing to the number of different diseases, number of differ-
ent control interventions, or subgroup analyses.

Lastly, we have decided to only include randomised 
clinical trials. By excluding cluster-randomised trials, 
quasi-randomised trials, and observational studies, there 
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is a risk of overlooking rare and late-occurring adverse 
events. If we do find a beneficial effect of deep brain 
stimulation compared with no intervention, sham stimu-
lation, medical treatment, or resective surgery, it will be 
relevant to assess rare and late-occurring adverse events 
according to cluster-randomised trials, quasi-randomised 
trials, and observational studies.
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