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Abstract.

Background: Bilateral deep brain stimulation of the subthalamic nucleus (STN-DBS) has become a cornerstone in the
advanced treatment of Parkinson’s disease (PD). Despite its well-established clinical benefit, there is a significant variation
in the way surgery is performed. Most centers operate with the patient awake to allow for microelectrode recording (MER)
and intraoperative clinical testing. However, technical advances in MR imaging and MRI-guided surgery raise the question
whether MER and intraoperative clinical testing still have added value in DBS-surgery.

Objective: To evaluate the added value of MER and intraoperative clinical testing to determine final lead position in awake
MRI-guided and stereotactic CT-verified STN-DBS surgery for PD.

Methods: 29 consecutive patients were analyzed retrospectively. Patients underwent awake bilateral STN-DBS with MER
and intraoperative clinical testing. The role of MER and clinical testing in determining final lead position was evaluated.
Furthermore, interobserver variability in determining the MRI-defined STN along the planned trajectory was investigated.
Clinical improvement was evaluated at 12 months follow-up and adverse events were recorded.

Results: 98% of final leads were placed in the central MER-track with an accuracy of 0.88 & 0.45 mm. Interobserver variability
of the MRI-defined STN was 0.84 £ 0.09. Compared to baseline, mean improvement in MDS-UPDRS-III, PDQ-39 and LEDD
were 26.7 +16.0 points (54%) (p<0.001), 9.0 = 20.0 points (19%) (p=0.025), and 794 £ 434 mg/day (59%) (p <0.001)
respectively. There were 19 adverse events in 11 patients, one of which (lead malposition requiring immediate postoperative
revision) was a serious adverse event.

*Correspondence to: R. Saman Vinke, MD, Department of
Neurosurgery (633), Radboud University Medical Center, P.O. 361 64 04; Fax: +31 24 363 51 17; E-mail: Saman.Vinke@
Box 9101, 6500 HB Nijmegen, The Netherlands. Tel.: +31 24 radboudumc.nl.

ISSN 1877-7171 © 2022 — The authors. Published by IOS Press. This is an Open Access article distributed under the terms
of the Creative Commons Attribution-NonCommercial License (CC BY-NC 4.0).


mailto:Saman.Vinke@{penalty -@M }radboudumc.nl
https://creativecommons.org/licenses/by-nc/4.0/

1270 R.S. Vinke et al. / The Role of MER and Stereotactic CT in Awake MRI-Guided STN-DBS for PD

Conclusion: MER and intraoperative clinical testing had no additional value in determining final lead position. These results

changed our daily clinical practice to an asleep MRI-guided and stereotactic CT-verified approach.

Keywords: Deep brain stimulation, microelectrode recording, MRI-guided, subthalamic nucleus, Parkinson’s disease

INTRODUCTION

Bilateral deep brain stimulation (DBS) of the sub-
thalamic nucleus (STN) has become a cornerstone in
the advanced treatment of Parkinson’s disease (PD)
[1, 2]. Although the clinical benefit of STN-DBS is
well-established, there is a significant variation in
the way the surgical procedure is performed across
centers [3]. Most centers adopt a more traditional
approach under local anesthesia with the patient
awake and in the OFF-medication state, to allow for
intraoperative microelectrode recording (MER) and
clinical testing. The intended target is usually deter-
mined based on standard brain atlas coordinates of
the STN in relation to anatomical landmarks, such as
the anterior and posterior commissure, which were
formerly visualized on ventriculography and later on
computed tomography (CT) or magnetic resonance
imaging (MRI) [4]. Since this method of indirect tar-
geting does not account for intra- and interindividual
variability in position, size, and orientation of the
STN [5], MER and intraoperative clinical testing are
used to further refine the final target.

MER involves insertion of several microelectrodes
into the brain and is used as a tool to indirectly iden-
tify the neurophysiological location and borders of
the STN based on typical neuronal firing patterns.
Moreover, it provides the opportunity to apply test
stimulation to immediately assess the clinical benefit
of stimulation and the threshold for adverse effects.
Although it is generally accepted that MER improves
the accuracy of lead placement, some reports ques-
tion the anatomical accuracy of this approach based
on post-mortem histopathological evaluation of lead
placement [6-8]. Furthermore, the use of MER is
associated with a longer operative time, an increase
in costs and some studies report an increased risk of
hemorrhage [9-11].

With the advancements in MRI-techniques, func-
tional neurosurgeons can now rely on direct
visualization of the iron-containing STN on 1.5 Tesla
(T), 3.0T and 7.0T MR scanners. Therefore, some
centers started to adopt an MRI-guided approach,
without the use of MER and intraoperative clini-
cal testing, and with verification of lead placement

on an immediate post-operative CT or MRI. These
procedures were initially performed with the patient
awake, and later under general anesthesia [12, 13].
Long-term clinical outcome has been shown to be cor-
related with the location of the stimulation site within
the MRI-defined STN [14], suggesting that a surgical
procedure under general anaesthesia based on ‘direct
anatomical targeting’ that allows for accurate and pre-
cise lead placement could be a good alternative for
the awake and MER-guided procedure. Furthermore,
direct targeting has the advantage of being able to
optimally correct for inter- and intraindividual vari-
ation in location, orientation and size of the STN
[15].

These technical advancements raise the question
whether MER and intraoperative clinical testing still
have an added value if the quality of MR imaging
and the accuracy of the operative method are suffi-
cient. In this study, we retrospectively evaluated the
added value of MER and intraoperative clinical test-
ing in determining final lead position in an awake
MRI-guided and stereotactic CT-verified approach.
Despite MER can be performed in both awake and
asleep surgery, this study will focus on the added
value of MER only.

METHODS

Patient selection

Data from twenty-nine consecutive patients with
PD, who underwent awake bilateral STN-DBS
between March 2018 and July 2019 at the Radboud
University Medical Center, were reviewed retrospec-
tively. Eligible patients had PD, with an unequivocal
reduction of at least 30% in OFF-phase symptoms
on levodopa, and at least one of the following
symptoms despite optimal pharmacologic treatment:
cumbersome motor fluctuations, dyskinesia, and/or
drug-resistant tremor. Before inclusion, they all
underwent an extensive multidisciplinary screen-
ing to decide on suitability of bilateral STN-DBS.
The screening consisted of a levodopa challenge
test to confirm levodopa-responsiveness based on
the Movement Disorder Society Unified Parkinson’s
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Disease Rating Scale (MDS-UPDRS) part III, a
battery of questionnaires including all other parts
of the MDS-UPDRS and the Parkinson’s Disease
Questionnaire-39, both neuropsychological and psy-
chiatric evaluation to exclude patients with significant
cognitive impairment and/or psychiatric comorbidity,
and a structural MRI to rule out surgical contraindi-
cations. The study was approved by the medical
ethics committee and all patients gave their written
informed consent for their anonymized data to be
used for research.

Surgical procedure

All patients were operated under local anesthesia
and in the OFF-medication state to allow for MER and
intraoperative clinical testing for therapeutic benefit
and side-effects. Anti-parkinsonian medication was
ceased 12h prior to surgery. The first nine patients
underwent a series of MRI sequences the day prior
to surgery on a 3T Siemens Prisma MRI scanner
(Siemens, Erlangen, Germany). Sequences included
a 3D T2 SPACE to visualize the STN and a 3D
T1 after administration of intravenous gadolinium
to plan the trajectory. For scanning parameters, see
the Supplementary Material. On the day of surgery,
a Leksell Vantage stereotactic frame (Elekta Instru-
ment AB, Stockholm, Sweden) was attached to the
head under local anesthesia and a total scalp block.
The patient was transferred to the intraoperative MRI
suite and a stereotactic 3D T1 MPRAGE was acquired
on a 3T Siemens Skyra (Siemens, Erlangen, Ger-
many). The frame was subsequently localized by
co-registering the preoperative MRI dataset to the
intraoperative stereotactic 3D T1 MPRAGE. For the
other 20 patients, all imaging was performed intra-
operatively. They were briefly put under general
anesthesia with short-acting agents that would not
interfere with MER. A Leksell Vantage stereotac-
tic frame was subsequently attached to the head and
the patient was transferred to the intraoperative MRI
suite. MRI sequences were acquired on 3T Siemens
Skyra MRI scanner and included a tailored stereotac-
tic 3D T2 SPACE to visualize the STN and localize
the frame, and a 3D T1 MPRAGE after administra-
tion of intravenous gadolinium to plan the trajectory.
See the Supplementary Material for MRI parame-
ters. Target selection, planning of the trajectory, and
localization of the frame was done by using Brain-
lab Elements software (Brainlab, Munich, Germany).
The STN was defined as the T2-hypointense structure
lateral to the red nucleus. The final target point was

Fig. 1. Visualization of the STN, MRI-guided targeting and imme-
diate postoperative verification of final electrode position. Axial
stereotactic 3D T2-weighted SPACE MRI at 3.0 T through the
inferior portion of the STN. This sequence is used for both target-
ing the STN and localization of the Leksell Vantage frame. Blue
and red bullets are indicating the patient-specific intended target
at the left and right side respectively, with the corresponding lines
indicating the planned trajectories. The orange metal artefacts indi-
cate the position of the final electrodes of the same patient, verified
by co-registering an immediate postoperative stereotactic CT to the
3D T2-weighted SPACE MRI.

defined at the level of the maximal rubral diameter
(5—6 mm below the AC-PC plane) and just postero-
lateral to the target point described by Bejjani et al.
[16] (Fig. 1). The entry point was defined at the medial
aspect of the middle frontal gyrus, at or just behind
the coronal suture. Care was taken that the trajectory
would avoid sulci, subcortical vessels, the caudate
nucleus, and the ventricular system. General anesthe-
sia was reversed after the MRI scan and the patient
was positioned on the operating table, with the frame
mounted and fixed to the table.

Surgery always commenced on the left side. After
administering local anesthetic, a linear incision was
made to accommodate a 14 mm frontal burrhole in
line with the planned trajectory. A SureTek burrhole
device (Boston Scientific, Valencia, CA, USA) was
placed to fix the definitive lead later. The dura was
opened only locally to facilitate a free pass of the
guide tubes used. During insertion of the guide tubes
copious irrigation with saline minimized CSF-loss
and the associated brain shift. After insertion the
burrhole was filled up with fibrin glue. MER was per-
formed in 1 mm steps starting 10 mm above the target
and 0.5mm steps starting 5Smm above the target,
until typical nigral activity was seen. The number of
microelectrodes used varied between 1 and 4 per side.
The recordings were analyzed by a dedicated neuro-
physiologist. Then, test stimulation was applied with
clinical testing by a DBS neurologist. The optimal
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target was determined by results of MER and intraop-
erative clinical testing. After determining the optimal
target for stimulation, a Vercise Cartesia 8 contact
directional DBS-lead (Boston Scientific, Valencia,
CA, USA, Model DB-2202) was inserted. The depth
of the deepest contact was determined based on the
microelectrode recordings. After the insertion of both
definitive leads, the patient was placed under general
anesthesia and internalization of the extension cables
and arightinfraclavicular Vercise Geviarechargeable
internal pulse generator (Boston Scientific, Valen-
cia, CA, USA, Model DB-1200-S) was performed.
Immediately following surgery, all patients had a
stereotactic CT to confirm lead positions. Surgery
was only considered to be finished if an acceptable
placement of both leads was confirmed. Prophylactic
antibiotics (cefazoline 2000 mg) were administered
intraoperatively and for three more times in the sub-
sequent 24 h.

Calculation of stereotactic targeting error and
postoperative volume of intracranial air

Since depth of the definitive lead was predom-
inantly determined by MER-findings, the error in
depth was considered less relevant than the scalar
error between the intended target and the trajectory of
the definitive lead. The stereotactic targeting error (4)
was therefore defined as the shortest (perpendicular)
distance between the intended target and the trajec-
tory of the lead. For a more detailed and mathematical
description, see Holl et al. [17]. The postoperative
air volume was determined by volumetric segmen-
tation, using the Brainlab Elements software, on the
immediate postoperative CT-scan.

Determination of the MRI-defined STN

Two observers (RSV and AKS), who were blinded
to the MER-results, assessed the T2-weighted MR
imaging along the planned lead trajectory from
10 mm above the target to 5Smm past the target, in
step sizes equal to those used for MER. Based on
imaging alone, they determined whether the planned
trajectory at that particular depth was indeed located
within the STN or not.

Programming of stimulation

Two weeks after surgery, all patients underwent
structured monopolar review of all lead contacts in
ring mode and with the patient in the OFF-medication

condition. The optimal stimulation contact was
defined as the contact with the largest therapeutic
window and permanent stimulation was initiated sub-
sequently. Stimulation and medication were further
titrated based on clinical response during the follow-
up Vvisits.

Follow-up

All patients were assessed 12 months after surgery.
They were asked to complete the same battery of
questionnaires as preoperatively (including PDQ-
39) and an MDS-UPDRS III score was obtained in
four conditions (OFF-MED ON-STIM, OFF-MED
OFF-STIM, ON-MED OFF-STIM, and ON-MED
ON-STIM). The OFF-medication condition was
defined as the condition of the patient after withhold-
ing antiparkinsonian drugs for 12h overnight. The
ON-medication condition was defined as the condi-
tion 1h after a suprathreshold levodopa dose was
administered. The suprathreshold dose was calcu-
lated by multiplying the total levodopa equivalent
morning dose by 1.2. Clinical assessments in the
ON-stimulation condition were done 15min after
switching on the stimulator. Improvement of motor
function was defined as the difference between pre-
operative MDS-UPDRS-III (OFF medication) and
12 months postoperative MDS-UPDRS-III (OFF
medication and ON stimulation). Pre and postopera-
tive Levodopa Equivalent Daily Dose (LEDD) were
calculated according to the formula described by
Tomlinson et al. [18].

Adverse events

Adverse events were recorded for 12 months after
surgery. Serious adverse events were defined as any
events that lead to permanent disability, death, pro-
longed hospital stay or new hospital admissions.

Statistical analysis

All data are presented as mean = standard devia-
tion (SD). Ranges [min-max] were provided as well.
To quantify interobserver variability, a mean Jac-
card’s index of similarity (JI) [19, 20] was used to
quantify the overlap between MRI observer 1 and
2 in determining the MRI-defined STN. Further-
more, JI was used to quantify the overlap between
the MER-defined STN and the MRI-defined STN for
observer 1 and 2 separately. All data were tested for
normality using a Shapiro-Wilk test. Differences in
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mean changes between MDS-UPDRS-III and PDQ-
39 scores and LEDD at baseline and at 12 months
follow-up were compared using a two-tailed paired
sample t-test, since all data was normally distributed.
Pearson’s r-coefficient was used to evaluate the cor-
relation between air volume and scalar error. Test
results with p-values less than 0.05 were considered
statistically significant.

RESULTS

Twenty-nine consecutive patients underwent
awake bilateral STN-DBS with MER and intraoper-
ative clinical testing in the period from March 2018
to July 2019. Baseline demographic data and clinical
characteristics are shown in Table 1.

Microelectrode recordings

MER was performed in all 29 patients (58 sides)
with a total of 170 MER tracks. The mean number

Table 1
Baseline demographic data and clinical characteristics

of MER tracks used per patient was 2.9 &= 0.6 for the
left side and 2.9 + 0.7 for the right. In 97% of the
left-sided trajectories and 100% of the right-sided
trajectories, MER identified signals typical for the
STN with a mean length of the longest STN trajec-
tory of 5.1 & 1.0 mm and 4.8 &= 1.0 mm, respectively.
In 57 out of 58 (98%) of the sides, the permanent
DBS lead was placed in the central track. Only in 1
out of 58 sides (2%), the permanent DBS lead was
placed in the lateral track. In one patient there were no
MER signals on the left side, due to the interfering
effect of dexmedetomidine. Dexmedetomidine was
stopped immediately and by the time attention was
turned to right side, good quality MER-signals could
be acquired.

Motor function, Quality of Life (QoL), and
LEDD at 12 months follow-up

A four-condition test at 12 months follow-up
was available for all patients. Mean improvement
between preoperative MDS-UPDRS-III (OFF medi-
cation) and at 12 months follow-up (OFF medication
and ON stimulation) was 26.7 + 16.0 points (54%)

Number of patients 29 (p<0.001). Completed PDQ-39 questionnaires at
SCXM —1“0- (%) o (8.8 baseline and at 12 months follow-up were available
Fe?nile 5 ((17.'2%0)) for 28 patients. QoL improved with a mean change

62+7.8 [42-77]
9+4.3[3-21]
1354 +480 [200-2545.5]

Age at implantation — y [Range]
Disease Duration — y [Range]
Levodopa Equivalent Daily Dose —

from baseline to 12 months of 9.0 +20.0 points
(19%) (p=0.025). The mean reduction of the LEDD
from baseline to 12 months was 794 + 434 mg/day

mg [Range] . .
MDS-UPDRS-III OFF Medication 495+ 13.4 [29-90] (59%) (p <0.001). Results are summarized in Table 2.
[Range]
MDS-UPDRS-III ON Medication 18.5+£10.0 [7-42] Stereotactic accuracy and air volume
[Range]

PDQ-39 [Range] 46.9 +£21.5 [12-92]

MDS-UPDRS, Movement Disorders Society Unified Parkinson’s
Disease Rating Scale; PDQ-39, Parkinson’s Disease Question-
naire. The values of age, disease duration, Levodopa Equivalent
Daily Dose, MDS-UPDRS, and PDQ-39 are presented as
mean = standard deviation of the mean.

The mean scalar error of all leads was 0.88 £
0.45 mm. Mean scalar errors of the left and right leads
were 0.92+0.39mm and 0.82+0.50 mm respec-
tively. This difference was not statistically significant
(»p=0.291). The mean volume of air on the immediate

Table 2
Clinical Improvement in UPDRS-III, PDQ-39, and LEDD
Baseline 12 Months Change from baseline 4
Mean &+ SD Mean £+ SD Mean £+ SD
[Range] [Range] (%)
MDS-UPDRS III 495+134 229492 26.7+16.0 <0.001
OFF medication state [29-90] [5-42] (54%)
(OFF meds) (OFF meds / ON stim)
PDQ-39 46.9+21.5 39.2+20.8 9.0+20.0 0.025
[12-92] [10-97] (19%)
LEDD 1354 +480 560 £314 794 +£434 <0.001
mg/day [200-2545.5] [0-1275] (59%)

MDS-UPDRS, Movement Disorders Society Unified Parkinson’s Disease Rating Scale; PDQ-39, Parkinson’s
Disease Questionnaire; LEDD, Levodopa Equivalent Daily Dose.
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Fig. 2. Evaluation of MER signals and inter-observer variability of the MRI-defined STN along the planned trajectory. Visualization of a
one-sided standard evaluation in a particular patient. Depth of the recordings ranges from 7 mm above target (T) to 3 mm below in steps
of 0.5 mm starting from 5 mm above target. MER signals of the central track were visualized at each depth and were interpreted by a
dedicated neurophysiologist. Characterization of the signals as being STN-specific was indicated in the ‘MER’ column. Two independent
observers assessed whether the planned trajectory was located within the MRI-defined STN at every depth. Subsequently, a Jaccard’s Index
of Similarity was calculated for MRI Observer 1 and Observer 2. The Jaccard’s Index of Similarity was defined as the number in both sets
divided by the number in either set (intersection over union; see formula). The ‘Lead’ column indicates the depth of the contacts of the final
lead with the active contact at 12 months follow-up marked in green.

postoperative CT was 5.26 4 9.43 cm>. There was no
correlation between air volume and the scalar errors
of the left (r=-0.140, p =0.468) and right (r=0.154,
p=0.424),

Inter-observer variability in determination of
MRI-defined STN, overlap between MER-defined
STN and MRI-defined STN and active contacts

The mean JI between observers 1 and 2 in deter-
mining the MRI-defined STN along the planned
trajectory on both the left and right side for all patients
was 0.84 £0.09. The mean JI between the MER-
defined STN and the MRI-defined STN by observers
1 and 2 were 0.59 £ 0.25 and 0.66 £ 0.25 respectively
(Fig. 2). 1 out of 58 (2%) active contacts at 12 months
follow-up did not overlap with the MRI-defined STN,
whereas 7 out of 58 (12%) did not overlap with the
MER-defined STN. The one contact that did not over-

lap with the MRI-defined STN did not overlap with
the MER-defined STN either.

Adverse events

Adverse events were recorded at 12 months follow-
up for all patients. One patient was re-operated after
adisplacement in depth of the right lead was noted on
the immediate post-operative CT. The displacement
appeared to be caused by an erroneous fixation of the
lead in the burrhole device. The retaining clip was not
properly locked, allowing for the lead to migrate. In
the following patients, the retaining clip was locked
meticulously and double checked to prevent more
cases of lead migration from happening. There were
no infections, intracerebral hemorrhages, epilepsy or
hardware failures. All other adverse events are listed
in Table 3. In total, there were 19 adverse events in
11 patients.
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Table 3
Adverse Events
Mild Moderate Severe Total
No. of events No. of events No. of events No. of events (%)
Lead malposition requiring revision - - 1 1 (3%)
Traction on extension cable 1 0 0 1(3%)
Dysarthria 4 0 0 4 (14%)
Gait disorder 1 1 0 2 (7%)
Balance disorder 2 0 0 2 (7%)
Dyskinesia 1 0 0 1 (3%)
Cognitive decline 2 1 0 3 (10%)
Depression 1 0 0 1 (3%)
Impulse control disorder 1 0 0 1 (3%)
Apathy 1 0 0 1 (3%)
Dysphagia 1 0 0 1 (3%)
Hypersalivation 1 0 0 1 (3%)
DISCUSSION found out that there was a short circuit between the

This study evaluates whether MER with intraop-
erative clinical testing has an added value in awake
bilateral STN-DBS surgery when an MRI-guided
and stereotactic CT-verified approach has been used.
Baseline patient demographics in the present study
were similar to those in other comparable studies in
terms of disease duration and severity [1, 21, 22].

Clinical improvement

The mean overall improvement from baseline to 12
months for the MDS-UPDRS-III motor score, PDQ-
39 summary index score and the mean reduction in
LEDD was consistent with other studies [1, 21, 22].

MER tracks and stereotactic accuracy

The definite position of the permanent DBS leads
in this study was solely determined by MER and
the results of intraoperative clinical testing. Based
on these results, 98% of all leads were placed in
the central track. Only one lead (2%) was placed
in the lateral track. During this particular procedure,
we noted that the stimulation over the central micro-
macroelectrode did not work properly, despite good
MER signals prior to the stimulation. Impedances
were checked and revealed an impedance of 0.0 k<2
of the central micro-macroelectrode. The electrode
was replaced with a new micro-macroelectrode, but
the impedance remained 0.0 k2. Finally, the central
MER-cable was switched with one of the unused
channels. Subsequently, impedance was checked and
revealed a normal impedance. Stimulation and clini-
cal testing were then performed in the usual fashion.
Unfortunately, only right after the procedure we

central and lateral channel. So, instead of stimulat-
ing the central electrode, we were in fact stimulating
the lateral electrode. Therefore, the definitive lead
was placed in the lateral track based on incorrect
assumptions. This means that, even in experienced
hands, the technical complexity of MER can induce
errors. Several studies have reported the percentage
of definitive leads that were placed in the central track
[23-28]. These percentages vary from 32% to 73.5%
and are evidently lower than the percentage reported
in this study. This difference may have several dif-
ferent explanations. The MRI-sequences we used are
tailored to accommodate a realistic visualization of
the STN and are corrected for MRI distortion to
localize the stereotactic frame as accurately as possi-
ble. Performing the scans under general anesthesia,
for the last 19 patients, evidently reduced movement
artefacts and therefore improved the quality of the
images. For these 19 patients targeting and localiza-
tion of the frame was performed on the 3D T2 SPACE
only, making CT-MRI or MRI-MRI co-registration
unnecessary. Furthermore, care was taken to mini-
mize the amount of CSF loss during the procedure,
with a mean air volume of 5.26 +9.43cm> on the
immediate postoperative CT. All the items mentioned
above contribute to a reduction of targeting error [29,
30]. Another explanation could be the difference in
mindset, regarding targeting, between MER-guided
and MRI-guided surgeons. An MER-guided surgeon
would rely on the MER and results of clinical test-
ing to determine and confirm the final position of
the definitive lead, whereas and MRI-guided sur-
geon would rely on immediate postoperative imaging
to verify the correct position of the definitive lead.
Therefore, meticulous determination of the intended
target on the preoperative MRI is likely to be more



1276 R.S. Vinke et al. / The Role of MER and Stereotactic CT in Awake MRI-Guided STN-DBS for PD

essential for MRI-guided surgeons since correction
of the final position based on MER and results of
clinical testing is not possible.

Long term clinical outcomes of DBS have shown
to be highly dependent on accuracy of lead place-
ment. Rolston et al. reported revision or removal of
leads in 15.2-34.0% of the patients. Up to 48.5% of
these revisions were likely due to improper targeting
despite the use of MER and intraoperative clinical
testing [31]. Furthermore, Okun et al. reported that
up to 46% of all treatment failures appeared to be
related to misplaced leads [32]. The accuracy of lead
placement in the present study was similar to those
published in other studies using an MRI-guided tech-
nique [13, 17]. This accuracy was well within the
2 mm interspacing of the different MER tracks.

MER vs. MRI-defined STN in the planned
trajectory and correlation with active contact
localization

In defining the STN along the planned trajec-
tory, there appeared to be relatively high overlap
between the MRI-defined STN of observer 1 and
observer 2. This means that the STN could be defined
quite reliably based on MRI alone. The similarity
of both observers on the one hand and MER-results
on the other are lower, indicating a discrepancy
between the electrophysiologically-defined STN and
the MRI-defined STN. Most likely, this is because
both the STN and the substantia nigra have a similar
hypointense aspect on the targeting MRI. Therefore,
distinction between these two structures can only be
done by indirect anatomical landmarks in an MRI-
guided approach. However, this difference did not
seem to be clinically relevant, since more active con-
tacts did not overlap with the MER-defined STN than
with the MRI-defined STN.

Added value of MER in an MRI-guided approach

Ninety-eight percent of the final leads in this
study were placed in the central track, despite MER
and intraoperative clinical testing. Accuracy of lead
placement in this study was well within the 2 mm
interspacing of the different MER tracks. Consider-
ing our clinical outcome, medication reduction and
incidence of adverse effects at 12 months follow-up
are consistent with other studies, this suggests that
MER would not be of additional value if a solely
MRI-guided and stereotactic CT-verified approach is
used. However, this approach requires that the target

can be determined reliably on tailored MRI sequences
and that the operative technique is accurate enough
to get the definitive lead at the intended target. The
key factor remains how the optimal target should be
determined. MER has shown to increase the opera-
tive time by 3 h and more than doubles the cost of
STN-DBS-surgery, without improving clinical effi-
cacy [11, 33]. These higher costs are due to personnel,
operation time, equipment and anesthesia costs to
perform the procedure awake with MER and intra-
operative clinical testing. Furthermore, some studies
suggest that MER is associated with an increased risk
of hemorrhagic complications [10]. Although DBS
surgeons who are used to MER might not feel com-
fortable without having the intraoperative feedback
of MER and intraoperative clinical testing, omitting
MER may have several advantages. It will likely
result in a reduction of hemorrhagic complications
and a significant reduction in operation time and
costs, especially since omitting MER and intraopera-
tive clinical testing allows for an asleep MRI-guided
and CT or MRI-verified approach. Moreover, patients
do not have to experience the burden of coming off
their anti-parkinsonian medication 12-24h prior to
surgery and undergoing awake surgery. The latter
consideration should, however, not be generalized,
since some patients may prefer to undergo an awake
procedure [34]. Based on the results of this study and
the experience of our team, we changed our practice
to an asleep MRI-guided and stereotactic CT-verified
approach, which created the opportunity to operate
two instead of one patients a day.

Limitations of this study

Although this study evaluates the added value of
MER in MRI-guided STN-DBS in a thorough man-
ner, several limitations should be considered. This
study is limited by its relatively small study popula-
tion and the retrospective study design. Furthermore,
the results of our study are dependent on the quality
of the MR imaging, experience of the team with an
MRI-guided approach and the accuracy of the oper-
ative technique. Therefore, generalizing the outcome
of this study should be done with caution.

CONCLUSION

Since our team has experience in both awake
MER-guided and asleep MRI-guided STN-DBS, we
got the unique opportunity to evaluate the value of
MER in MRI-guided STN-DBS. In this study we
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demonstrated that MER and intraoperative clinical
testing are not of additional value in determination
of the final lead position, if an adequate MRI-guided
and stereotactic CT-verified technique is used. These
results changed our daily clinical practice to an asleep
MRI-guided and stereotactic CT-verified approach.
Howeyver, further research should be directed towards
a properly designed comparative trial that evaluates
the added value of MER and intraoperative clinical
testing and towards giving more insight into optimal
and patient-specific target localization.
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