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Abstract.
Background: STN-DBS is a cornerstone in the treatment of advanced Parkinson’s disease (PD). The traditional approach
is to use an awake operative technique with microelectrode recording (MER). However, more centers start using an asleep
MRI-guided technique without MER.
Objective: We systematically reviewed the literature to compare STN-DBS surgery with and without MER for differences
in clinical outcome.
Methods: We systematically searched PubMed, Embase, MEDLINE, and Web of Science databases for randomized clinical
trials and consecutive cohort studies published between 01-01-2000 and 26-08-2021, that included at least 10 PD patients
who had received bilateral STN-DBS.
Results: 2,129 articles were identified. After abstract screening and full-text review, 26 studies were included in the final
analysis, comprising a total of 34 study groups (29 MER and 5 non-MER). The standardized mean difference (SMD) in change
in motor symptoms between baseline (OFF medication) and 6–24 months follow-up (OFF medication and ON stimulation)
was 1.64 for the MER group and 1.87 for non-MER group (p = 0.59). SMD in change in levodopa equivalent daily dose
(LEDD) was 1.14 for the MER group and 0.65 for non-MER group (p < 0.01). Insufficient data were available for comparative
analysis of PDQ-39 and complications.
Conclusion: The change in motor symptoms from baseline to follow-up did not differ between studies that used MER and
those that did not. The postoperative reduction in LEDD from baseline to follow-up was greater in the MER-group. In the
absence of high-quality studies comparing both methods, there is a clear need for a well-designed comparative trial.
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INTRODUCTION

Parkinson’s disease (PD) is one of the most com-
mon neurodegenerative diseases, with an incidence
that has doubled over the past 25 years [1]. Bilat-
eral deep brain stimulation (DBS) of the subthalamic
nucleus (STN) has been a well-established treatment
for PD for several decades and has become a cor-
nerstone in the treatment of advanced stages of PD.
Despite the established benefits, an enormous hetero-
geneity exists in the way DBS-surgery is performed
across centers [2]. Traditionally, the surgical proce-
dure is performed awake and under local anesthesia
allowing for intraoperative microelectrode recording
(MER) and test stimulation with clinical testing for
therapeutic benefits and adverse effects.

At the time when STN-DBS first emerged, the STN
could not be visualized directly. Targeting had to be
done indirectly based on stereotactic atlas coordi-
nates and indirect anatomical landmarks that could
be visualized by ventriculography. Therefore, there
was a clear need for intraoperative verification of the
correct target by MER and intraoperative test stim-
ulation to assess the beneficial therapeutic response
and to screen for stimulation side effects. Awake DBS
with MER and intraoperative test stimulation became
the standard of care and still is the preferred method
in most centers around the world that perform DBS-
surgery.

MER involves insertion of microelectrodes into
each side of the brain to electrophysiologically iden-
tify and refine the location and border of the desired
target to accurately determine the location of the
permanent DBS electrode. This method typically
requires one to five passes through each side of
the brain and is often combined with intraopera-
tive stimulation and clinical testing to screen for
relief of motor symptoms such as rigidity, tremor,
and akinesia, and to determine the threshold for
stimulation-related side effects. This requires the
patient to be awake during the procedure. The testing
needs to be done in a practically defined OFF-state,
so the anti-parkinsonian medication must be ceased
for up to 24 hours prior to surgery. Consequently, a
profound OFF-state in the night prior to surgery and
in particular during the operation is typically accom-
panied by considerable discomfort.

A concern is that the traditional indirect targeting
approach does not account for inter- and intra-
individual variation in location, size and orientation
of the STN. Advances in MRI techniques have made
it possible to directly visualize the STN in a reli-

able manner. As a result, some centers have started to
adopt a direct targeting approach where the intended
target is defined on tailored MRI sequences and where
the final electrode position is verified with an imme-
diate postoperative MRI or CT. This approach has
shown to be an alternative method for the more
conventional approach, especially since the posi-
tion of the final electrode within the MRI-defined
STN is the most important predictor of long-term
outcome [3]. Potential advantages of this approach
could be that MER and intraoperative testing are no
longer required, allowing for the entire procedure
to be performed under general anesthesia (GA) and
thereby improving patient comfort and reducing oper-
ative time and costs. Intermediate solutions have also
been considered. Specifically, some studies show that
MER can be used under GA or procedural sedation
[4–6].

Although operative methods with and without the
use of MER have both been integrated in daily clini-
cal practice, there are no good quality comparative
studies. We conducted a systematic review with a
pooled analysis of the available DBS literature to
search for possible differences in motor outcome, lev-
odopa dose equivalence, complications, and quality
of life between DBS surgery with and without the use
of MER.

METHODS

The systematic review was performed in accor-
dance with PRISMA (preferred reporting items for
systematic reviews and meta-analyses) and MOOSE
(meta-analysis of observational studies in epidemiol-
ogy) guidelines [7, 8].

Search strategy and selection criteria

We systematically searched the PubMed, Embase,
MEDLINE, and Web of Science databases from
January 1, 2000, to August 26, 2021, using a
comprehensive search strategy that was developed
in consultation with a medical librarian. Search
terms included “Parkinson’s disease”, “deep brain
stimulation”, “subthalamic nucleus”, and “Unified
Parkinson’s disease rating scale (UPDRS)”. Details
of the full search strategy are provided in the
Supplementary Material. The date limits of the
search strategy reflect the period in which bilateral
STN-DBS had already become a common and well-
established treatment in the advanced management
of PD. All titles and abstracts were assessed by two
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independent researchers (RSV and MG). In case there
was a conflict between the two researchers whether to
include a study, a third researcher (AKS) assessed the
title and abstract and made the final decision. Studies
were included in the full text review if they met all
the following criteria: at least one group of the study
population received bilateral STN-DBS for PD, the
article was published in English language, the study
was either a randomized controlled trial (RCT) or a
consecutive cohort and the study population consisted
of at least 10 patients with a follow up of at least 6
months and not more than 24 months. The upper limit
of 24 months follow up was chosen to exclude the fac-
tor of disease progression. Studies that were not clear
in describing their operative method were excluded.
Studies that had any pre-operative, intraoperative or
postoperative intervention that could influence the
outcome measures, were only included if there was a
control group that received surgical treatment only. In
case of studies that used the same dataset for posthoc
analyses, only the original study was included. The
search strategy and items for data extraction were
predefined and agreed upon by all authors.

Outcome measures

The primary outcome of this study was the change
in the motor part (part III) of the UPDRS from pre-
operative baseline (medication OFF state) to at least
six months and not more than 24 months of postop-
erative follow up (medication OFF and stimulation
ON). Secondary outcome measures were the reduc-
tion in levodopa equivalent daily dose (LEDD) from
pre-operative baseline to at least 6 months and not
more than 24 months of postoperative follow up and
incidence of adverse effects and complications. The
inclusion of articles for the meta-analysis was done
separately for all outcome measures.

Data extraction and assessment of bias

All selected abstracts were evaluated in a full-text
review and data extraction was performed by two
independent researchers (MG and AKS). A list of
variables that were extracted from each study is pro-
vided in the Supplementary Material. Studies were
excluded from the review if the reported amount of
data was insufficient to contribute to at least one of
the outcome measures mentioned below. If multiple
articles reported results from the same data source,
the article with the most complete reporting of results
was considered. If an article reported multiple groups

with different DBS targets (e.g., internal segment of
the globus pallidus and STN), only the data from the
STN-DBS group were considered. In case a larger
RCT did not provide sufficient data to be included in
the analysis, an email was sent to the corresponding
author to attempt to further complete the missing data.
Due to the extensive search and the large number of
articles, this could only be done for the larger trials
to try to give the meta-analysis more power. Quality
assessment of all individual articles was performed
using the Newcastle-Ottawa Scale [9]. Funnel plot
visualization and Egger’s Regression Test for Funnel
Plot Asymmetry were used to assess for publication
bias and small-study effects for the MER and the
non-MER groups separately.

Data analysis

All data were analyzed descriptively in R [10],
using the packages metaphor [11] and ggplot2 [12]
for visualization. Due to the heterogeneity of the
included studies, a meta-analysis was conducted
for each of the outcome measures separately using
restricted maximum likelihood (REML) in a random-
effects model. Estimates of the two meta-analyses
were compared using a Wald-type test. A p-value of
<0.05 was considered statistically significant.

RESULTS

Our search identified a total of 2,129 unique arti-
cles. 276 of the screened abstracts qualified for a
full-text review of which 30 were included in the
analysis (Fig. 1). 242 studies were excluded based on
the established in- and exclusion criteria. Two stud-
ies were excluded because full text was not available.
Another two studies were excluded because they per-
formed a posthoc analysis of previously published
data. A total of 34 patient groups were identified, 29
in the MER group (26 studies), 5 in the non-MER
group (4 studies). The included studies are described
in Table 1.

Primary outcome: UPDRS-III

Our predefined primary outcome is the stan-
dardized mean difference between the preoperative
UPDRS-III assessment in the OFF condition and the
postoperative assessment with the stimulator turned
on (medication OFF) 6–24 months after surgery. No
significant difference was found between the MER
and non-MER groups (MER 1.64 (CI 1.33, 1.96),
non-MER 1.87 (CI 1.69, 2,05); p 0.59) (Fig. 2).
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Fig. 1. Flow diagram summarizing the literature review and the process of selection for the articles ultimately included in the meta-analysis.

Secondary outcomes: LEDD, PDQ-39

21 studies with 24 groups in the MER group and 3
studies with 4 groups in de non-MER group reported
on the LEDD. Here, we found a significant difference
in the standardized mean difference (MER 1.14 (CI
0.95, 1.32), non-MER 0.65 (CI 0.37, 0.93); p < 0.01)
(Fig. 3). For a comparative analysis of the quality of
life (PDQ-39) no sufficient data were available. Only
two studies in the non-MER group reported a PDQ-39
total or summary index score.

Adverse events

Complications were not reported consistently.
There is no consensus on the definition of surgery-
related adverse events, e.g., intracranial hemorrhage.
Some studies reported only symptomatic hemor-
rhages, others reported all hemorrhages that occurred.
Several studies lack any report of adverse events at
all. Hence, no reliable analysis could be performed.

Risk of bias and quality assessment

Most included studies were non-randomized
uncontrolled observational studies. Their quality was
assessed using a modified Newcastle-Ottawa scale

(the items “selection of the non-exposed cohort”
and “comparability of cohorts” were not appropri-
ate for assessing the quality of uncontrolled studies)
(Supplementary Table 1). The main weakness of the
studies is the lack of description whether the position
of the leads was verified postoperatively by CT or
MRI and whether the clinical assessment of our pri-
mary outcome measure (UPDRS-III) was performed
in a blinded fashion. In addition, some studies had a
high number of discontinuations at follow up with no
reason given. Included RCTs were assessed accord-
ing to Cochrane Handbook for Systematic Reviews
of Interventions (Supplementary Table 2).

Publication bias was assessed using Egger’s
regression test for funnel plot asymmetry per-
formed on our primary outcome measure. This
revealed significant publication bias in the MER
group (p = 0.0084), but not in the non-MER group
(p = 0.5236) (Supplementary Figures 1 and 2).

DISCUSSION

This is the first meta-analysis on the use of MER in
STN-DBS-surgery for PD. Our main findings were
as follows. First, descriptive and structured analy-
sis of all included studies in this systematic review,
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Table 1
Study characteristics

Author Year Use of Study Number of Number Male Mean Disease Mean Age Mean UPDRS- Mean UPDRS- Mean LEDD Mean LEDD Follow-Up
MER Design Patients Patients (%) Duration (y) at Surgery III Pre- OP III Post-OP Pre-OP Post-OP (mo)

Hung et al. [20] 2013 Yes RC 120 N.A. 9.8 59.3 ± 11.1 45.6 ± 14.7 27.1 ± 11.1 779.1 ± 389.5 425.1 ± 258.4 12
Simuni et al. [21] 2002 Yes PC 12 10 (83%) 12.0 58.0 ± 11.0 43.5 ± 3.6 23.0 ± 2.2 N.A. N.A. 12
Capecci et al. [22] 2005 Yes PC 23 12 (52%) 12.8 59.5 ± 7.5 38.3 ± 11.6 17.9 ± 11.7 987.9 ± 427.0 708.0 ± 311.0 12
Chiou et al. [23] 2016 Yes RC 72 48 (67%) 7.9 61.1 ± 9.7 40.5 ± 15.6 30.5 ± 11.7 N.A. N.A. 6
Rabie et al. [24] 2016 Yes RC 20 6 (30%) 11.7 61.1 ± 8.7 40.0 ± 12.4 19.7 ± 7.1 1570.8 ± 662.9 721.4 ± 312.4 12
Lefranc et al. [5] 2017 Yes RC 10 5 (50%) 12.6 63.1 ± 10.0 33.1 ± 5.4 20.0 ± 10.5 1247.7 ± 579.8 716.8 ± 320.1 12
Lefranc et al. [5] 2017 Yes RC 13 9 (69%) 12.1 62.8 ± 7.1 16.7 ± 5.4 18.0 ± 7.2 1585.1 ± 496.4 519.2 ± 282.7 12
Deuschl et al. [25] 2006 Yes RCT 78 50 (64%) 13.0 60.5 ± 7.4 48.0 ± 12.3 31.8 ± 16.3 1176.0 ± 517.0 597.0 ± 381 6
Lyons et al. [26] 2005 Yes RC 59 44 (75%) 11.9 59.5 ± 9.8 41.3 ± 9.8 24.3 ± 11.2 N.A. N.A. 12
Zibetti et al. [27] 2007 Yes PC 36 22 (61%) 16.7 61.2 ± 6.2 54.5 ± 14.5 25.8 ± 9.9 1023.0 ± 428.9 405.9 ± 306.3 12
Castelli et al. [28] 2006 Yes PC 65 38 (58%) 15.1 60.5 ± 6.5 54.4 ± 13.4 27.2 ± 11.7 1010.5 ± 419.9 447.1 ± 284.8 12
Zhang et al. [29] 2006 Yes RC 17 N.A. 11.3 63.8 ± 7.8 49.2 ± 19.3 38.1 ± 29.7 N.A. N.A. 12
Zhang et al. [30] 2021 Yes RC 57 34 (60%) 10.1 64.1 ± 8 60.0 ± 23.0 30.0 ± 17.0 831.0 ± 453.0 475.0 ± 220.5 6
Lemaire et al. [31] 2016 Yes RC 53 30 (57%) 10.9 60.9 ± 7.4 29.6 ± 9.8 22.9 ± 10.2 1182.3 ± 411.0 1051.3 ± 566.0 12
Chan et al. [32] 2016 Yes PC 25 17 (68%) 13.0 55.0 ± 6.0 45.0 ± 18.6 19.3 ± 14.1 1368.4 ± 1014.0 496.3 ± 491.0 12
Ryu et al. [33] 2017 Yes RC 28 7 (25%) 11.4 56.9 ± 7.7 44.6 ± 11.6 26.6 ± 11.0 1268.1 ± 468.1 830.6 ± 331.4 12
Rahmani et al. [34] 2018 Yes RC 35 22 (63%) 12.0 54.7 ± 8.5 46.0 ± 14.2 22.2 ± 11.3 1237.6 ± 577.4 511.9 ± 368.1 12
Jiang et al. [35] 2019 Yes PC 33 16 (48%) 10.0 N.A. 40.0 ± 11.3 27.8 ± 7.1 848.0 ± 373.7 616.4 ± 331.6 12
Altug et al. [36] 2014 Yes PC 19 9 (47%) 12.6 55.1 ± 9.1 29.2 ± 13.7 10.0 ± 6.7 648.7 ± 446.9 209.2 ± 191.8 6
Tai et al. [37] 2010 Yes PC 12 9 (75%) 11.8 62.5 ± 12.8 41.7 ± 13.5 17.7 ± 9.4 954.2 ± 522.0 495.8 ± 210.5 12
Tai et al. [37] 2010 Yes PC 12 9 (75%) 11.2 60.4 ± 9.4 41.7 ± 13.5 17.7 ± 9.4 954.2 ± 522.0 495.8 ± 210.5 12
Chen et al. [6] 2011 Yes RC 19 N.A. 10.5 53.8 ± 13.4 46.1 ± 13.1 23.2 ± 7.4 849.9 ± 313.8 411.6 ± 274.1 12
Chen et al. [6] 2011 Yes RC 33 N.A. 9.3 59.9 ± 8.8 47.7 ± 17.8 25.2 ± 10.5 972.4 ± 441.7 531.1 ± 291.7 12
Tandra et al. [38] 2020 Yes PC 40 N.A. 7.3 55.5 ± 4.9 61.1 ± 10.8 39.6 ± 10.0 N.A. N.A. 6
Fluchere et al. [39] 2014 Yes RC 213 150 (70%) 12.0 61.0 ± 7.0 33.6 ± 13.3 13.2 ± 9.1 1173.0 ± 495.0 636.0 ± 376.0 12
Shin et al. [40] 2020 Yes RC 49 18 (37%) 15.9 59.5 ± N.A. 39.7 ± 10.7 21.6 ± 9.8 1181.8 ± 420.8 931.8 ± 418.0 12
Li et al. [41] 2015 Yes RC 195 105 (54%) 6.8 58.2 ± 10.0 68.3 ± 12.1 20.2 ± 12.1 802.0 ± 407.0 534.0 ± 327.0 12
Lhommee et al. [42] 2012 Yes PC 63 40 (63%) 10.5 57.8 36.4 ± 12.8 20.3 ± 13.7 1306.0 ± 475.0 400.0 ± 386.0 12
Schuepbach et al. [43] 2013 Yes RCT 124 94 (76%) 7.3 52.9 ± 6.6 33.2 ± N.A. 15.6 ± N.A. 935.6 ± 454.3 572.3 ± 485.8 12
Aviles-Olmos et al. [44] 2014 No PC 41 27 (66%) 12.9 56.2 ± 8.4 50.3 ± 15.8 22.9 ± 12.8 1471.0 ± 515.0 950.0 ± 573.0 12
Foltynie et al. [45] 2011 No PC 79 49 (62%) 13.4 57.3 ± 7.7 51.5 ± 14.9 23.8 ± 11.2 N.A. N.A. 12
Nakajima et al. [46] 2011 No RC 14 8 (57%) 13.8 56.1 ± 6.5 57.9 ± 16.6 27.3 ± 11.8 1505.0 ± 764.0 764.0 ± 435.0 12
Nakajima et al. [46] 2011 No RC 68 45 (66%) 15.2 57.5 ± 7.0 48.2 ± 15.7 23.7 ± 11.8 1138.0 ± 680.0 805.0 ± 596.0 12
Moran et al. [13] 2020 No RC 152 N.A. 11 60.0 ± 9.0 39.0 ± 11.0 20.5 ± 9.5 1230.0 ± 1107.0 793.0 ± 830.0 12

Mean age at surgery, Mean UPDRS-III and Mean LEDD are displayed as mean ± standard deviation. UPDRS-III, Unified Parkinson’s Disease Rating Scale part III; LEDD, Levodopa equivalent
daily dose; RCT, randomized controlled trial, PC, prospective cohort; RC, retrospective cohort; N.A., not available.
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Fig. 2. Forest plot of the standardized mean difference of the UPDRS-III of A) MER group and B) non-MER group.

shows that there was no difference in the change in
UPDRS part III from pre-operative baseline to follow
up at 6–24 months (medication OFF and stimula-
tion ON) between the cohorts in which DBS-surgery
was performed with MER and the cohorts in which
DBS-surgery was performed without MER.

Second, the postoperative reduction in LEDD from
baseline to 6–24 months follow-up was greater for the

MER-group. However, there was no difference in the
pre-operative LEDD between the two groups. The
largest study in the non-MER group had a relatively
small change in LEDD compared to the other stud-
ies in this group [13]. This could have been related to
different local protocols for stimulation and reduction
of medication. Therefore, the effect of the relatively
small change in LEDD in this single study made the
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Fig. 3. Forest plot of the standardized mean difference of the LEDD of A) MER group and B) non-MER group.

difference in LEDD between the MER and non-MER
group more significant. Hypothetically, this could
mean that, although there is no statistically significant
difference in change in UPDRS part III, the MER-
group may have a potential benefit in terms of reduced
levodopa-induced side effects such as dyskinesias,
wearing OFF, and others.

Finally, not enough studies were identified to pro-
vide sufficient data for a meta-analysis to compare
the quality of life (PDQ-39) and adverse events other
than hemorrhage.

All studies in which DBS-surgery was performed
without MER, used an MRI-guided technique with
direct postoperative verification of lead position
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based on an immediate postoperative MRI or CT.
Only one study directly compared a surgical approach
with and without the use of MER [14]. However, this
study was underpowered and only reported medians
with a confidence interval for UPDRS-III, LEDD and
PDQ-39 and was therefore excluded from analysis.

Clinical relevance

This meta-analysis shows that there is no dif-
ference in clinical outcome between a surgical
technique with and without MER. The success of
both surgical approaches is highly dependent on
the expertise available at any particular center. An
MRI-guided approach without MER requires tailored
MRI sequences that visualize the target and that are
meticulously corrected for MRI distortion. Further-
more, it requires a surgical workflow that includes
immediate postoperative imaging to verify the final
electrode position. On the other hand, an MER-
guided approach requires the expertise of a dedicated
and experienced neurophysiologist to interpret the
MER signals, a neurologist must be present in the
operating theatre to perform intraoperative testing
and patients must be awake and remain in the OFF-
medication state during lead placement. Although
some studies suggest that the use of MER leads to an
improved accuracy of lead placement, other studies
suggest that MER and the number of microelectrode
passes are associated with an increased risk of intrac-
erebral hemorrhage and cognitive decline [15–17].
Advances in MRI techniques have led to a better
visualization of the STN, and more is known about
the correlation between electrode position within the
MRI-defined STN and long-term clinical outcome
[3]. Because of these technological advances and
the growing knowledge of functional anatomy, the
role of MER in today’s DBS surgery is changing.
Although the use of MER is still considered the gold
standard, increasingly more centers are moving to an
MRI-guided and image-verified approach.

Awake vs. asleep

A possible advantage of a procedure without MER,
is that the procedure can be performed while the
patient is asleep. A procedure under GA and with-
out discontinuation of anti-parkinsonian medication,
will afford much greater patient comfort and hence
a better patient experience. However, LaHue et al.
[18] show that 12% of the patients who underwent
MRI-guided surgery under GA would have preferred

to have surgery while being awake. Interestingly,
they also showed that only 27% of the patients who
underwent awake surgery would have preferred to be
operated on while asleep. This suggests that there
are certain subgroups of patients that prefer to be
operated awake, while other subgroups prefer to be
operated asleep. This is very much in keeping with
the concept of personalized medicine, including a
shared decision-making approach where patients are
involved in making the choice for the type of surgi-
cal procedure. Nevertheless, several studies show that
an MER-guide procedure could be performed safely
under procedural sedation and GA, even though anes-
thetic agents have shown to alter firing patterns
of the STN [4–6]. Importantly, while most of the
debate in the literature is about asleep versus awake
surgery, an equally relevant question is how the final
electrode position is verified. Using the traditional
awake procedure, this would be the electrophysio-
logical signature of the STN in combination with the
result of test stimulation and intraoperative clinical
testing. Using an MRI-guided procedure, the final
electrode position can be verified by an immediate
postoperative MRI or CT. Furthermore, anatomical
or stereotactical malposition can be corrected within
the same operative session.

Cost-effectiveness

In terms of cost-effectiveness, the use of MER
more than doubles the costs of bilateral STN-DBS.
This significant increase in costs is mainly due to a
longer operating time, the equipment required and
the greater amount of personnel involved during the
operation [19].

Limitations

This meta-analysis has several limitations. Despite
the extensive literature search, only a relatively small
number of studies was included in the meta-analysis.
Unfortunately, there was a clear lack of high-quality
studies providing robust data on methodology, oper-
ative procedure, outcome measures, adverse events,
and follow-up. In- or exclusion criteria were strictly
adhered to. For example, studies that were unclear
about the use of MER or did not explicitly describe
whether their cohort was consecutive, were excluded
from the analysis. Studies that met the inclusion cri-
teria, but only reported one or two of the outcome
measures, were only included in the analysis of that
particular outcome measure. Only RCTs and con-



R.S. Vinke et al. / The Role of MER in STN-DBS for PD: A Systematic Review 2067

secutive cohorts were included in the analysis to
minimize selection bias. Another limitation is that
the number of studies that used MER was consider-
ably larger than the number of studies that did not use
MER. This ratio may very well reflect daily clinical
practice, as MER-guided DBS-surgery remains the
most commonly used surgical technique worldwide
[2]. Because there were no studies that directly com-
pared both treatment groups, a paired meta-analysis
was not an option. The variety in patient selection,
target localization, operative method, hardware used,
postoperative electrode verification, programming
and adjusting stimulation and medication appears to
be considerable. This most certainly has implications
for the results in both treatment groups and how they
compare to each other. In particular, the non-MER
group is susceptible to this critique of the variations
of approach across centers, since the size of the non-
MER group is smaller. Another factor that may have
affected the results is the publication bias in the MER
group.

Future perspectives

An MRI-guided approach is associated with an
outcome that is at least not inferior to the outcome
of the traditional surgical approach with MER. This
notion is in line with the current paradigm shift
towards MRI-guided programming of DBS. Since
electrode designs and stimulation options become
more advanced, the number of possible stimula-
tion settings are almost infinite. The conventional
monopolar review to initiate stimulation appears to
be too time-consuming to obtain all the potential ben-
efit out all these stimulation options. Furthermore,
the role of MER in today’s DBS-surgery should be
further investigated by properly designed prospective
comparative trials, with a back-to-back comparison to
an MRI-guided approach. This is important first and
foremost in light of patient comfort during surgery,
but also from an economical perspective since the use
of MER is associated with higher costs and a financial
burden for the healthcare system.
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